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Dear Colleagues & Friends!

On behalf of the ISIMP 2021 Organizing Committee, we offer a warm welcome to all 

attendees who have gathered here in beautiful Jeju, Korea for conference. ISIMP 2021 is 

the 3rd International Symposium on Innovation in Materials Processing, and we plan to 

hold this conference every two years.

ISIMP 2021 proposes 8 Special Sessions and 6 General Sessions with 260 abstracts 

received from many countries. Furthermore, ISIMP 2021 brings together leading 

scientists, researchers, engineers, practitioners, technology developers and policy makers 

in materials processing to exchange information on their latest research progress and 

innovation.

We are looking forward to meeting you in Jeju for this unique opportunity to exchange 

knowledge and experience with experts and professionals from academia and all 

branches of the industry.

Sincerely

Yong Ho Choa

Symposium Chairs of ISIMP-2021

Welcome to the ISIMP!
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‣ Chairmen
   Yong-Ho Choa (Hanyang Univ)

‣ Co-Chairs
   Chang-Kyu Rhee (KAERI) Ji-Hun Yu (KIMS)

   Doo Hong Kang (ASFLOW) Taek-Soo Kim (KITECH)

‣ Secretary General
   Hwi-Jun Kim (KITECH) Sung-Tag Oh (SEOULTECH)

‣ International Advisory Committee
   Suk-Joong L. Kang (KAIST) Soon Hyung Hong (KAIST)

   Hyoung Seop Kim (POSTECH) Young Do Kim (Hanyang Univ)

   Jan Dusza (Slovak Academy of Science) Paweł Zieba (Polish Academy of Sci)

   Richard Molin (Höganäs Korea Ltd) Hikaru Kobayashi (Osaka Univ)

   Tohru Sekino (Osaka Univ) Junich Matsushita (Tokai Univ)

   Equo Kobayashi (Tokyo Inst. Tech) Yong Liu (Central South Univ)

   Takafumi Kusunose (Kagawa Univ) Tadachika Nakayama (Nagoya Univ)

   Yoshikazu Suzuki (Tsukaba Univ)

‣ Local Program Committee
   Jung Goo Lee (KIMS) Young-In Lee (SEOULTECH)

   Sangsun Yang (KIMS) Suk-Hoon Kang (KAERI)

   Youngmoo Kim (ADD) Bin Lee (KITECH)

   Bum Sung Kim (KITECH) Se-Hoon Kim (KATECH)

   Min-Ha Lee (KITECH) Hanshin Choi (KITECH)

   Young Bum Chun (KAERI) Chan Gi Lee (IAE)

   Jin-Chun Kim (Ulsan Natl Univ) Jin Kyu Lee (Kongju Natl Univ)

   Hojin Ryu (KAIST) Young-Keun Jeong (Pusan Natl Univ)

   Kun-Jae Lee (Dankook Univ) Hyunjoo Choi (Kookmin Univ)

   Seong Hee Lee (Mokpo Natl Univ) Min Cheol Kang (3DP Res Org)

   Si-Young Chang (Korea Aerospace Univ)

‣ Publication Committee
   Kee-Ahn Lee (Inha Univ) Sung-Soo Ryu (KICET)

   Soon-Jik Hong (Kongju Natl Univ) Kyung Tae Kim (KIMS)

   Tae Joo Park (Hanyang Univ) Jongmin Byun (SEOULTECH)

   Woo-Byoung Kim (Dankook Univ)

‣ Committee of International Affairs of KPMI
   Jai-Sung Lee (Hanyang Univ)

Organization
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Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

October 26, 2021 (Tuesday)

12:00- Registration

14:00-16:10

Integrated Computer 
Aided Process 
Engineering I 
(14:00-16:10)

Linking Basic 
Knowledge and 
Industrialization 
Technology I
(14:30-16:00)

-

Coffee Break

16:10-17:50

Integrated Computer 
Aided Process 
Engineering II
(16:20-17:50)

Linking Basic 
Knowledge and 
Industrialization 
Technology II
(16:10-17:30)

October 27, 2021 (Wednesday)

08:30- Registration

09:00- -
Advanced Functional 

Materials I 
(-10:20)

Powder Materials 
Processing I 

(-10:00)

High Performance 
Structural Materials I

(-10:20)09:30-10:20
Integrated Computer 

Aided Process 
Engineering III

Coffee Break

10:10-12:00

Integrated Computer 
Aided Process 
Engineering IV 
(10:45-11:45)

Advanced Functional 
Materials II

(10:30-12:00)

Powder Materials 
Processing II 
(10:10-11:10)

High Performance 
Structural Materials II & 

Biomaterials
(10:30-12:00)

12:00-13:00 Lunch Break

13:00-15:30

Additive 
Manufacturing of 

Functional Materials I 
(13:30-15:30)

Recycling and 
Industrial Technology 

of Rare Metals I 
(13:30-15:20)

Artificial Intelligence in 
Materials and 

Manufacturing I
(13:30-14:50)

Advanced Powder 
Processing and 
Applications I
(13:00-15:00)

Coffee Break

15:00-18:00

Additive 
Manufacturing of 

Functional Materials II 
(15:40-17:50)

Recycling and 
Industrial Technology 

of Rare Metals II 
(15:40-17:40)

Artificial Intelligence in 
Materials and 

Manufacturing II 
(15:00-16:20)

Advanced Powder 
Processing and 
Applications II
(15:10-17:40)Advanced Functional 

Materials III
(16:30-18:00)

Program Overview (East Tower)
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Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

October 28, 2021 (Thursday)

08:30- Registration

09:00-10:20
Advanced Functional 

Materials IV
(09:00-10:20)

Rare Earth and Energy 
Materials I 

(09:00-10:00)

Process and 
Characterization of 
Powder Materials I

(09:00-09:45)

Presentation 
Competition

for Shinhan Diamond 
Award I

(09:00-10:15)

Coffee Break

09:55-11:50
Advanced Functional 

Materials V 
(10:30-11:50)

Rare Earth and Energy 
Materials II

(10:10-10:50)

Process and 
Characterization of 
Powder Materials II 

(09:55-10:40)

Presentation 
Competition

for Shinhan Diamond 
Award II 

(10:25-11:40)

12:00-13:00 Lunch

13:00-13:40 Plenary Lecture - Dr. Jung-Hwan Lee

13:40-14:10 Keynote Lecture – Dr. Chang Sup Shim

14:20-16:20 Porous Materials I
(14:20-15:50)

Nanoscale Materials 
and Coating I 
(14:20-15:50)

Display Target I
(14:20-16:00)

K-Powder Materials 
Innovation

(14:20-16:20)

Coffee Break

16:00-18:00 Porous Materials II
(16:00-17:30)

Nanoscale Materials 
and Coating II 
(16:00-17:30)

Display Target II
(16:10-17:30)

Functional Materials 
(16:30-18:00)

17:40-18:10 KPMI Meeting (Diamond Hall)

October 29, 2021 (Friday)

09:00- Registration

09:30-10:30
Powder Materials 

Processing III 
(09:30-10:30)

Advanced Functional 
Materials VI
(09:30-10:30)

Sintered Materials
(09:30-10:15)

Coffee Break

10:25-11:40
Powder Materials 

Processing IV 
(10:40-11:20)

Advanced Functional 
Materials VII
(10:40-11:40)

Characterization and 
Modeling

(10:25-11:25)

Program Overview (East Tower)
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‣ Tuesday, October 26, 14:00-16:10

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Integrated 
Computer-Aided 

Process Engineering I 
(14:00-16:10)

Chair : Hyunjoo Choi 
(Kookmin Univ)

SA01  Pil-Ryung Cha
SA02  Won Tae Kim
SA03  Heung Nam Han
SA04  Ji Hoon Kim
SA05  Hyo-Sun Jang

Linking Basic 
Knowledge and 
Industrialization 

Technology I 
(14:30-16:00)

Chair : Young In Lee
(SEOULTECH)

SB01(I)  Hyo-Ryoung Lim
SB02(I)  Bin Lee
SB03(I)  Jin Gyeong Park

- -

‣ Tuesday, October 26, 16:10-17:50

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Integrated 
Computer-Aided 

Process Engineering II 
(16:20-17:50)

Chair : Kyoungdoc Kim
(POSTECH)

SA06  Yongwoo Kwon
SA07  Kunok Chang
SA08  Kyoungdoc Kim

Linking Basic 
Knowledge and 
Industrialization 
Technology II 
(16:10-17:30)

Chair : Jongmin Byun
(SEOULTECH)

SB04  Sang-Gyu Kim
SB05  Myeong Jun Jung
SB06  Myeongjun Ji
SB07  Hojun Lee

- -

Scientific Program
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‣ Wednesday, October 27, 09:00-10:30

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Integrated Computer- 
Aided Process 
Engineering III 
(09:30-10:30)

Chair : Yongju Kim
(Kookmin Univ)

SA09  Jaewook Nam
SA10  Hyo-Jong Lee

Advanced Functional 
Materials I

(09:00-10:20)

Chair : Bin Lee
(KITECH)

SB08  Min Seob Lim
SB09  Kyoungho Song
SB10  Han Kim
SB11  Jaeseok Roh

Powder Materials 
Processing I
(09:00-10:00)

Chair : Ji Woon Lee
(Kongju Natl Univ)

SC01  M. W. Khalid
SC02  Sujung Son
SC03  So-Yeon Park

High Performance 
Structural Materials I

(09:00-10:20)

Chair : Dongju Lee
(Chungbuk Natl Univ)

SD01  Cheol Hong Hwang
SD02  Eun Seong Kim
SD03  Jung-Hyun Park
SD04  N. T.-C. Nguyen 

‣ Wednesday, October 27, 10:10-12:00

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Integrated Computer- 
Aided Process 
Engineering IV 
(10:45-11:45)

Chair : Jaewook Nam
(Seoul Natl Univ)

SA11  Kyung Hyun Ahn
SA12  Jung-Keun Yoo

Advanced Functional 
Materials II 

(10:30-12:00)

Chair : Sang Hoon Choi 
(IAE)

SB12(K)  Hojin Ryu
SB13  Seong-Beum Kim
SB14  CANCEL
SB15  Hyun Ah Im

Powder Materials 
Processing II 
(10:10-11:10)

Chair : Chan Gi Lee (IAE)

SC04  Min-Sun Jang
SC05  Seung Hyeok Chung
SC06  A. Sharma
SC07  CANCEL

High Performance 
Structural Materials II & 

Biomaterials 
(10:30-12:00)

Chair : Kyung Tae Kim 
(KIMS)

SD-K1  J. Matsushita
SD05  Seongwon Kim
SD06  Seong Lee
SD07  A. Muhammad

‣ Wednesday, October 27, 13:00-15:30

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Additive 
Manufacturing of 

Functional Materials I
(13:30-15:30)

Chair : Ji-Hun Yu (KIMS)  
Hak Sung Lee 
(KIMS)

SA13  Min Cheol Kang
SA14  M. Brochu
SA15  Joon Phil Choi
SA16  C. Aranas Jr.

Recycling and Industrial 
Technology of Rare 

Metals I
(13:30-15:20)

Chair : Seok-Jun Seo 
(KITECH)

SB16  Maengkyo Oh
SB17  Dongju Lee
SB18  Jungshin Kang
SB19  Sang Hoon Choi

Artificial Intelligence in 
Materials and 

Manufacturing I
(13:30-14:50) 

Chair : Hwi-Jun Kim 
(KITECH)

SC08  Hyoung Seop Kim
SC09  Kee-Sun Sohn
SC10  Ho-Young Hwang
SC11  Jun Ho Hong

Advanced Powder 
Processing and 
Applications I
(13:00-15:00)

Chair : Soon-Jik Hong 
(Kongju Natl Univ)
Bin Lee (KITECH)

SD-K2  C. Suryanarayana
SD08  Taek-Soo Kim
SD09  Paul Kim
SD10  J. M. Torralba

Scientific Program
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‣ Wednesday, October 27, 15:00-18:00

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Additive 
Manufacturing of 

Functional Materials II 
(15:40-17:50)

Chair : Kee-Ahn Lee 
(Inha Univ)
Suk-Hoon Kang 
(KAERI)

SA17  Kyung Tae Kim
SA18  Seung Ki Moon
SA19  Chang-Jun Bae
SA20  Siwon Yu

Recycling and Industrial 
Technology of Rare 

Metals II 
(15:40-17:40)

Chair : Dongju Lee
(Chungbuk Natl 
Univ)

SB20(I) Gian Song
SB21  Jeoung Han Kim
SB22  Seok-Jun Seo
SB23  Kyoung-Tae Park

Artificial Intelligence in 
Materials and 

Manufacturing II 
(15:00-16:20)

Chair : Hyunjoo Choi 
(Kookmin Univ)

SC12  Seok-Jae Lee
SC13  Dong-Eung Kim
SC14  Hyunjoo Choi
SC15  Min-Woo Lee

Advanced Functional 

Materials III 
(16:30-18:00)

Chair : Bin Lee (KITECH)

SC-K1 Takafumi Kusunose
SC-K2 Tohru Sekino
SC-K3 Tadachika Nakayama

Advanced Powder 
Processing and 
Applications II 
(15:10-17:40)

Chair : Paul Kim 
(KOLON)
Myung Seok Song 
(KITECH)

SD11  Dae Hyun Kim
SD12  Hongmoul Kim
SD13  Jae Young Cho
SD14  Ji-Woon Lee
SD15  Duk Hee Lee

Scientific Program
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‣ Thursday, October 28, 09:00-10:20

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Advanced Functional 
Materials IV 
(09:00-10:20)

Chair : Jung Gu Lee 
(Univ of Ulsan)

SA21  Youn-Kyoung Baek
SA22  Hayeol Kim
SA23  Soo Jin Kim
SA24  Subong An

Rare Earth and Energy 
Materials I

(09:00-10:00)

Chair : Hyeondeok Jeong 
(KICET)

SB24  Sung Gue Heo
SB25  Jae-Gyeong Yoo
SB26  Namhun Kwon

Process and 
Characterization of 
Powder Materials I 

(09:00-09:45)

Chair : Jin Kyu Lee 
(Kongju Natl Univ)

SC16  Peyman A. Rad
SC17  Tae-Shik Yoon
SC18  Ju Yong Kim

Presentation 
Competition for Shinhan 

Diamond Award I
(09:00-10:15)

Chair : Gian Song 
(Kongju Natl Univ)

SD16  Myungsuk Kim
SD17  Young Jae Hwang
SD18  Seung Jun Han
SD19  Tae Wan Ko
SD20  Jung-Uk Lee 

‣ Thursday, October 28, 09:55-11:40

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Advanced Functional 
Materials V 

(10:30-11:50)

Chair : Hyunjoo Choi
(Kookmin Univ)

SA25  R. Kreethi
SA26  Ji Young Park
SA27  Jinmyeong Seo
SA28  Taeju Bak

Rare Earth and Energy 
Materials II

(10:10-10:50)

Chair : Myung Seok Song 
(KITECH)

SB27  Hyunchul Kim
SB28  Kyoung-Hoon Bae

Process and 
Characterization of 
Powder Materials II 

(09:55-10:40)

Chair : Jae Bok Seol 
(Gyeongsang Natl 
Univ)

SC19  Jung Woo Nam
SC20  Yu-Jin Hwang
SC21  Dong-Geun Lee

Presentation 
Competition for Shinhan 

Diamond Award II
(10:25-11:40)

Chair : Young Keun Jeong
(Pusan Natl Univ)

SD21  Gyung Bae Bang
SD22  Woo Jin Lee
SD23  Hye-Min Park
SD24  Seung-Hwan Lee
SD25  Jaesoung Lee 

‣ Thursday, October 28, 13:00-13:40

Diamond Hall

Plenary Lecture
Chair : Yong-Ho Choa (Hanyang Univ)
Dr. Jung-Hwan Lee (KIMS)

‣ Thursday, October 28, 13:40-14:10

Diamond Hall

Keynote Lecture
Chair : Ji-Hun Yu (KIMS)
Dr. Chang Sup Shim (KEIT)

Scientific Program
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‣ Thursday, October 28, 14:20-16:20

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Porous Materials I 
(14:20-15:50)

Chair : Man Sik Kong 
(IAE)

SA29(I)  G. Walther
SA30      Kee-Ahn Lee
SA31(I)  In-Hyuck Song

Nanoscale Materials 
and Coating I 
(14:50-15:50)

Chair : Tae-Joo Park 
(Hanyang Univ)

SB29  Hong Ping Ma
SB30  Yuhang Liu
SB31  Se-Hun Kwon

Display Target I 
(14:20-16:00)

Chair : Eun Soo Park 
(EML)

SC22  Jinkyu Lee
SC23  Seong-Ho Ha
SC24  Young-Kyun Kim
SC25  Junseock Park
SC26  Jin-Ju Choi

K-Powder Materials 
Innovation 

(14:20-16:20)

Chair : Sangsun Yang 
(KIMS)

SD26  Seung-Min Yang
SD27  Hye Young Koo
SD28  Gook-Hyun Ha
SD29  Tae Hoon Kim
SD30  Young-Tae Kwon
SD31  Ji Young Byun

‣ Thursday, October 28, 16:00-18:00

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Porous Materials II 
(16:00-17:30)

Chair : In Sung Lee 
(E&KOA)

SA32  Hyung-Tae Lim
SA33  Boyun Jang
SA34  Haewon Seo

Nanoscale Materials 
and Coating II 
(16:00-17:30)

Chair : Byung Joon Choi
(SEOULTECH)

SB32  Seong Keun Kim
SB33  Woo-Hee Kim
SB34  Ji-Hoon Ahn

Display Target II 
(16:10-17:30)

Chair : Dong-Hyun Kim 
(KITECH)

SC27  Seungkook Bang
SC28  Goo Won Noh
SC29  Chun Woong Park
SC30  Chan-Jae Lee

Functional Materials
(16:30-18:00)

Chair : Youn Kyoung Baek 
(KIMS)

SD32  Jeong Pyo Lee
SD33  Yeong Gyun Nam
SD34  Gwang Deok Choi
SD35  Dahee Park
SD36  Soo Ho Jung
SD37  Jin Gyu Lee 

Scientific Program
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‣ Friday, October 29, 09:30-10:30

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Powder Materials 
Processing III 
(09:30-10:30)

Chair : Kun-Jae Lee 
(Dankook Univ)

SA35  Hyeongwoo Lee
SA36  Yong Su Cho
SA37  Mi Se Chang

Advanced Functional 
Materials VI 
(09:30-10:30)

Chair : Sangsun Yang 
(KIMS)

SB35  Gwang-Myeong Go
SB36  Hyung Jin Mun
SB37  Byungkwon Jang

Sintered Materials 
(09:30-10:15)

Chair : Young Tae Kwon 
(KIMS)

SC31  Kyomin Kim
SC32  Ki Hyuk Kwon
SC33  Eung Ryul Baek

‣ Friday, October 29, 10:25-11:40

Diamond Hall Emerald Hall Ruby Hall Sapphire Hall

Powder Materials 
Processing IV 
(10:40-11:20)

Chair : Myung Seok Song 
(KITECH)

SA38  Haishan Shen
SA39  Babu Madavali

Advanced Functional 
Materials VII 
(10:40-11:40)

Chair : Bin Lee (KITECH)

SB38  Hong Baek Cho
SB39  Eunhyeok Seo
SB40  B. Sukhbaatar

Characterization and 
Modeling 

(10:25-11:25)

Chair : Seok-Jun Seo 
(KITECH)

SC34  Seobin Park
SC35  Young Tak Koo
SC36  Taekyeong Kim

Scientific Program
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Diamond Hall

‣ Integrated Computer-Aided Process Engineering I

Chair: Hyunjoo Choi (Kookmin Univ)

14:10 SA01 Integrated Compter-Aided Process Engineering (ICAPE)
Pil-Ryung Cha
Kookmin University

14:30 SA02 Phase-field Simulation of Solidification with Relaxation of Partition Coefficients
S. G. Kim1*, W. T. Kim2*, P-R. Cha3, B. J. Lee4 and J. S. Lee5

1Kunsan National University, 2Cheongju University, 3Kookmin University, 4,5POSTECH

14:55 SA03 A Computational Modelling for Polycrystalline Metallic Materials based on Multi-scale 
Mechanical Behavior and Microstructure Evolution
Kyung Mun Min1, Hyukjae Lee1, Pil-Ryung Cha2, Myoung-Gyu Lee1, and Heung Nam Han1*

1Seoul National University, 2Kookmin University

15:20 SA04 Micromechanical Analysis of Powder Compaction using Crystal Plasticity 
Multi-particle Finite Element Method
Parviz Kahhal1,2, Jaebong Jung1, Hyunjoo Choi3, Pil-Ryung Cha3 and Ji Hoon Kim1*

1Pusan National University, 2Ayatollah Boroujerdi University, 3Kookmin University

15:45 SA05 Modified embedded-atom method interatomic potentials for Mg-Mn and Mg-Cu binary 
systems
Hyo-Sun Jang1* and Byeong-Joo Lee2

1Korea Institute of Materials Science, 2Pohang University of Science and Technology

‣ Integrated Computer-Aided Process Engineering II

Chair: Kyoungdoc Kim (POSTECH)

16:20 SA06 Analysis of Recrystallization Effect During Switching Operation in Phase-change 
Memory Using Phase-field Simulation
Hwanwook Lee, Ho Thi Thu Trang, and Yongwoo Kwon*

Hongik University

16:50 SA07 Effect of Inhomogeneous Elasticity on Microstructure Evolution in Fe-Cr-Al System
Jeonghwan Lee, and Kunok Chang*

Kyung Hee University

17:20 SA08 Phase-Field Model of Oxidation Kinetics
Kyoungdoc Kim*

Pohang University of Science and Technology

Oral Session Tuesday, October 26
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Emerald Hall

‣ Linking Basic Knowledge and Industrialization Technology I

Chair: Young-In Lee (SEOULTECH)

14:30 SB01(I) Nanomaterials and Sensor Integration in Wearable and Implantable Hybrid Devices
Hyo-Ryoung Lim1*, Young-Tae Kwon2, Herbert Robert3, W. Hong Yeo3, and Yong-Ho Choa4

1Pukyong National University, 2Institute of Materials Science, 3Georgia Institute of 
Technology, 4Hanyang University

15:00 SB02(I) Analysis of Densification and Grain-growth during Hybrid-microwave-sintering of 
Alumina and Alumina-based Composites
Muhammad Waqas Khalid1,2, Inyeong Kim1,3, Dongil Jung1, Dae-Kyeom Kim1, 
Sang Chul Park1, Bum Sung Kim1,2, and Bin Lee1*

1Korea Institute of Industrial Technology, 2University of Science and Technology, 
3Korea University

15:30 SB03(I) Novel Approach to Phosphor-in-glass (PiG) Technology for Application in Automotive 
Lighting
Jin Gyeong Park1*, Myeongjun Ji2, Young-in Lee2, and Yong-Ho Choa3

1LG Innotek, 2Seoul National University of Science and Technology, 3Hanyang University

‣ Linking Basic Knowledge and Industrialization Technology II

Chair: Jongmin Byun (SEOULTECH)

16:10 SB04 Effect of Pre-strain on Hydrogen Embrittlement of Intercritically Annealed Fe-6.5Mn- 
0.08C Medium-Mn steels
Sang-Gyu Kim, Young-Chul Yoon, Seok-Woo Ko, and Byoungchul Hwang*

Seoul National University of Science and Technology

16:30 SB05 Changes of thermoelectric characteristics of SnSe powder materials by atomic-layer- 
deposited ZnO thin films
Myeong Jun Jung1, Ye Bin Weon1, Ji Young Park1, Ye Jun Yun1, Jong Min Byun1,2, 
and Byung Joon Choi1,2*

1,2Seoul National University of Science and Technology

16:50 SB06 Defect engineering of metal oxides for the improvement of piezocatalysis and piezo- 
photocatalysis performance
Myeongjun Ji1, Jeong Hyun Kim1, Cheol-Hui Ryu1, and Young-In Lee1,2*

1,2Seoul National University of Science and Technology

17:10 SB07 Synthesis of Ti3AlC2 MAX Phase by Using Ti-based Intermetallic Compound and Carbide
Hojun Lee1, Ye Jun Yun1, Jinkwang Jang1, Woo cheol Kim1, and Jongmin Byun1,2*

1,2Seoul National University of Science and Technology

Oral Session Tuesday, October 26
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Diamond Hall

‣ Integrated Computer-Aided Process Engineering III

Chair: Yong Ju Kim (Kookmin Univ)

09:30 SA09 Coating Research for Mass Production of Energy Storage Devices
Jaewook Nam*

Seoul National University

10:00 SA10 Electrochemical Calculations and Crystallographic Microstructure Analysis at Feature 
Scale 
Hyo-Jong Lee*, Sang-Hyeok Kim, Seong-Jin Kim, Han-Kyun Shin, and Yeon-Soo Jung
Dong-A University

‣ Integrated Computer-Aided Process Engineering IV

Chair: Jaewook Nam (Seoul Natl Univ)

10:45 SA11 Technical Issues in Battery Manufacturing
Kyung Hyun Ahn
Seoul National University

11:15 SA12 Manufacturing Process and Materials for Thick Electrode in High-Energy-Density 
Lithium-ion Batteries
Jung-Keun Yoo*

Korea Institute of Materials Science

‣ Additive Manufacturing of Functional Materials I

Chair: Ji-Hun Yu (KIMS), Hak-Sung Lee (KIMS)

13:30 SA13 Technical issues and applications of copper and its alloys for additive manufacturing 
Mincheol Kang1*, Woojong Kim2, Sungmin Kang2, and Victo Lee3

13D Printing Research Organization, 2Daegun Tech Ltd., 3Seoul Air Cargo

14:00 SA14 Progress in additive manufacturing of Al-Cu alloys via Laser Powder Bed Fusion route 
Mathieu Brochu*, Satish Kumar Tumulu, Zhen Li, Jose Alberto Muniz Lerma, 
and Jason Milligan
McGill University
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14:30 SA15 Current Research and Challenges in Additive Manufacturing of Magnetic Materials
Joon Phil Choi1, Segon Heo1, Pil-Ho Lee1, Yeo-Ul Song1, Min-Kyo Jung1, 
Chang-Woo Lee1, Hak-Sung Lee2, and Taeho Ha1*

1Korea Institute of Machinery & Materials, 2Korea Institute of Material Science

15:00 SA16 Multi-material laser powder bed fusion of cobalt- and iron-based alloys 
Clodualdo Aranas Jr.1*, Yuan Tian2, Jubert Pasco1 and Kanwal Chadha1,3

1University of New Brunswick, 2Voestalpine Additive Manufacturing Centre Ltd., 
3University of New Brunswick

‣ Additive Manufacturing of Functional Materials II

Chair: Kee-Ahn Lee (Inha Univ), Suk-Hoon Kang (KAERI)

15:40 SA17 Additive Manufacturing and Prospect of Bismuth Telluride Based Thermoelectric 
Materials 
Kyung Tae Kim1*, Sooho Jung1, and Jae Sung Son2

1Korea Institute of Materials Science, 2Ulsan National Institute of Science and 
Technology 

16:10 SA18 A data driven design strategy to predict and optimize the performance of additive 
manufactured parts
Yongjie Zhang, and Seung Ki Moon*

Nanyang Technological University

16:40 SA19 High Performance Li-ion Battery fabricated by Ceramic Additive Manufacturing
Chang-Jun Bae*

Korea Institute of Materials Science

17:10 SA20 Analysis of structural hierarchy and anisotropic fracture behavior of 3D-printed 
fiber-reinforced composites
Siwon Yu1,3, Kang Taek Lee2, Soon Hyung Hong1, and Jun Yeon Hwang3*

1,2Korea Advanced Institute of Science and Technology, 3Korea Institute of Science 
and Technology
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Emerald Hall

‣ Advanced Functional Materials (AFM) l
Chair: Bin Lee (KITECH)

09:00 SB08 Constructing Three-Dimensional (3-D) Thermal Networks in Boron Nitride-Epoxy- 
Based Composite for High Thermal Conductivity
Minseob Lim, Jong-sik Lee, Hong-Baek Cho, and Yong-Ho Choa*

Hanyang University

09:20 SB09 Development of TPU/Hybrid filler contained 3d printable composites
Kyoung-ho Song, Hansol Son, Suwon Park, Mi jung Lee, and Hyunjoo Choi*

Kookmin University

09:40 SB10 Graphite nanoplate (GNP) – polyvinylidene fluoride (PVDF) composite coating film 
for anti-corrosive electrothermal layer
Han Kim, Byungkwon Jang, Si-woo park, Jimin Lee, and Yong-Ho Choa* 
Hanyang University

10:00 SB11 The Formation of the HAp/Cu Complex Decorated Electrospun Nylon 6 Nanofiber 
for Antimicrobial Air Filters
Jaeseok Roh1, Myungsuk Kim1, Seyoung Lee1, Yun-Gu Hwang2, and Kun-Jae Lee1*

1Dankook University, 2SM NANO BIO CO., LTD.

‣ Advanced Functional Materials (AFM) ll
Chair: Sang Hoon Choi (IAE)

10:30 SB12(K) Progress in Multifunctional Metal Matrix Nanocomposites
Sung Chan Yoo1, Dongju Lee2, Seong Woo Ryu3, Ho Jin Ryu4*, and Soon Hyung Hong4*

1Korea Atomic Energy Research Institute, 2Chungbuk National University, 3University 
of Suwon, 4KAIST

11:00 SB13 High temperature endurable metal matrix composite reinforced with continuously 
networked TiN
Seong-Beum Kim1*, Soo-Hyun Kim1, and Jung-Wook Cho1,2

1,2Pohang University of Science and Technology

11:20 SB14 CANCEL

11:40 SB15 Effect of Nb/Zr co-addition on the soft magnetic properties of Fe77.5Si11.5B7.5Nbx 

Zr3-xCu1 nanocrystalline alloys
Hyun Ah Im1,2, Subong An1,2, Yeong Gyun Nam1,2, Sangsun Yang1, Jung Woo Lee2, 
and Jae Won Jeong1*

1Korea Institute of Materials Science, 2Pusan National University
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‣ Recycling and Industrial Technology of Rare Metals l

Chair: Seok-Jun Seo (KITECH)

13:30 SB16 Evaluation of solvent extraction for Co and Eu separation from dissolved concrete 
liquor 
Maengkyo Oh1,2, Keunyoung Lee1*, Richard I. Foster1, Ik-Su Kim1, and Chang-Ha Lee2

1Korea Atomic Energy Research Institute, 2Yonsei University

13:50 SB17 Recycling of WC-Co soft scrap via mechanochemical ball milling 
Dongju Lee*, Jaesoung Lee
Chungbuk National University

14:20 SB18 Recent advances in molten salt electrolysis of magnesium oxide using a liquid-metal 
cathode for the production of high-purity magnesium metal 
Jungshin Kang1,2*, Tae-Hyuk Lee1, Hyeong-Jun Jeoung1,3, Dong-Hee Lee1, 
Young Min Kim2,4, Kyung-Woo Yi3, Toru H. Okabe5, and Jin-Young Lee1,2

1Korea Institute of Geoscience and Mineral Resources, 2University of Science and 
Technology, 3Seoul National University, 4Korea Institute of Materials Science, 5The 
University of Tokyo

14:50 SB19 Selection of Crucible for Reduction of Titanium Oxide in Molten Salts 
Sang Hoon Choi, Nak-Kyoon Ahn, Chan Gi Lee, and Hyun-Woo Shim*

Institute for Advanced Engineering

‣ Recycling and Industrial Technology of Rare Metals ll

Chair: Dongju Lee (Chungbuk Natl Univ)

15:40 SB20(I) Development of High-Strength Refractory High Entropy Alloys via Controlling Lattice/ 
Shear Modulus Mismatch
Gian Song1*, Kangjin Lee1, Yunjong Jung1, Junhee Han2, Chanho Lee3, 
and Peter K. Liaw4

1Kongju National University, 2Korea Institute of Industrial Technology, 3Los Alamos 
National Laboratory, 4The University of Tennessee

16:10 SB21 Electrochemical Deoxidation of Titanium and Its Alloy Using Molten Magnesium Chloride
Go Ui Jun1, Hamid1, K.T. Park2, and Jeoung Han Kim1

1Hanbat National University, 2Korea Institute of Industrial Technology

16:40 SB22 Rare Earth Extraction from NdFeB Magnets Using Molten Magnesium Chloride and 
Fluoride
Seok-Jun Seo1*, Yong-Tak Lee1,2, Sung Gue Heo1,3, Yeong-Woo Cho1,2, 
Kee-Ahn Lee2, and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Inha University, 3Korea University

17:10 SB23 Preparation of High Purity refractory metals by Electron beam melting technique
Hyun Chul Kim1,2, Jae Jin-Sim1,3, YongKwan Lee1,3, Seok-Jun Seo1*, and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Korea University, 3Inha University
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Ruby Hall

‣ Powder Materials Processing (PMP) l

Chair: Ji Woon Lee (Kongju Natl Univ)

09:00 SC01 Effect of Microwave-hybrid Sintering and Conventional Sintering on Grain-growth 
Kinetics, Grain Size Distribution and Densification of Al2O3 Slip Casts
Muhammad Waqas Khalid1,2, Young Il Kim2,3, Muhammad Aneeq Haq1,2, 
InYeong Kim2,4, Dongju Lee3, Bum Sung Kim1,2, and Bin Lee2*

1University of Science and Technology, 2Korea Institute of Industrial Technology 
3Chungbuk National University, 4Korea University

09:20 SC02 Superior room and cryogenic tensile properties in CoCrFeNi medium-entropy alloy 
obtained through a powder-metallurgy-based fabrication route 
Sujung Son1*, Peyman Asghari-Rad1, Alireza Zagaran2, and Hyoung Seop Kim1,2*

1,2Pohang University of Science and Technology

09:40 SC03 Compressive Properties and Energy Absorption Characteristics of CoCrMo Shape- 
Optimized Lattices Fabricated by Laser Powder Bed Fusion
So-Yeon Park1, Kyu-Sik Kim1, Bandar AlMangour2, and Kee-Ahn Lee1*

1Inha University, 2King Fahd University of Petroleum & Minerals

‣ Powder Materials Processing (PMP) ll 

Chair: Chan Gi Lee (IAE)

10:10 SC04 Double-layer-insulated iron powders for high-temperature-resistant soft magnetic 
composites
Min-Sun Jang1, Jong Min Park1,2, Bonuk Koo1,2, Hea-Ran Kim1,3, Young-Tae Kwon1, 
Sangsun Yang1 and Jae Won Jeong1*

1Korea Institute of Materials, 2Pusan National University, 3Sungkyunkwan University

10:30 SC05 The quantitative study on hetero-structure parameters to overcome a strength- 
ductility dilemma
SeungHyeok Chung, and Ho Jin Ryu*

Korea Advanced Institute of Science and Technology

10:50 SC06 Understanding the Phase Stability and Twinning in Nano-Oxide Dispersion 
Strengthened High Entropy Alloy
Ashutosh Sharma1, Hansung Lee2, and Byungmin Ahn1,2*

1,2Ajou University

11:10 SC07 CANCEL
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‣ Artificial Intelligence in Materials and Manufacturing l

Chair: Hwi-Jun Kim (KITECH)

13:30 SC08 Applications of Machine Learning in Microstructure, Imaging, and Properties
Hyoung Seop Kim1*, Yongju Kim2, and Jaimyun Jung3

1Pohang University of Science and Technology 2Korea Institute of Materials Science

13:50 SC09 Powder XRD Pattern is All You Need 
Kee-Sun Sohn1*, Jin-Woong Lee1, Byung Do Lee1, Joon Seo Park1, Chaewon Park1, 
Myoungho Pyo2, and Woon Bae Park2

1Sejong University, 2Sunchon National University

14:10 SC10 A Study on The Design of a Cyclone Separator Through Fluid Simulation
Yin Song1, Whi-Jun Kim2, and Ho-Young Hwang2*

1University of Science and Technology, 2Korea Institute of Industrial Technology

14:30 SC11 Development of optimal atomization process conditions using AI machine learning 
technology
Jun Ho Hong*, and Hwi Jun Kim
Korea Institute of Industrial Technology

‣ Artificial Intelligence in Materials and Manufacturing ll

Chair: Hyunjoo Choi (Kookmin Univ)

15:00 SC12 Prediction and optimization of carburizing process by a combination of finite element 
method and machine learning
Seok-Jae Lee1*, and Minsu Jung2

1Jeonbuk National University 2Korea Institute of Industrial Technology

15:20 SC13 Microstructure classification of Aluminum alloys based on deep learning approach
DongEung Kim1*, Moon-Jo Kim1, Sangwoo Kim1, and Chan bin Mo2

1,2Korea Institute of Industrial Technology

15:40 SC14 Optimization of packing fraction of amorphous soft magnetic powders by machine 
learning
Jungjoon Kim1, Sungyeom Kim1, Youngkyun Kim2, Hwi-jun Kim3, Yongjin Kim4, 
and Hyunjoo Choi1*

1Kookmin University, 2Institute of Advanced Engineering, 3Korea Institute of Industrial 
Technology, Incheon, 4Korea Institute of Materials Science

16:00 SC15 The prediction of optimized metalloid content in Fe-Si-B-P amorphous alloys using 
artificial intelligence algorithm
Min-Woo Lee1, Young-Sin Choi1, Do-Hun Kwon1, Eun-Ji Cha1, Hee-Bok Kang2, 
Jae-In Jeong2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2YOUNGIN ELECTRONIC
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‣ Advanced Functional Materials (AFM) lll

Chair: Bin Lee (KITECH)

16:30 SC-K1 Improvement of Thermal Conductivity of Epoxy Composites by Dispersion of 
Polyhedral BN Fillers
Takafumi Kusunose*

Kagawa University

17:00 SC-K2 Nanostructure and Function Tuning of Low-dimensional Titania for Photochemical 
Application
Tohru Sekino
Osaka University

17:30 SC-K3 New ceramic processes by nanosecond pulsed electric fields 
Tadachika Nakayama
Nagaoka University of Technology

Sapphire Hall

‣ High Performance Structural Materials (HPSM) l

Chair: Dongju Lee (Chungbuk Natl Univ)

09:00 SD01 Oxidation Resistance and Microstructure Evolution of Aluminide Coated Stainless 
Steel at High Temperature Exposure
Cheol Hong Hwang1, Hyo Min Lee1, Jeong Seok Oh1, Dong Hyeon Hwang1, 
Yu Seok Hwang1, Jong won lee1, Jeong Mook Choi2, and Joon Sik Park1*

1Hanbat National University, 2Jinhap Corp.

09:20 SD02 Excellent strength-ductility synergy with delayed deformation-induced martensitic 
transformation at cryogenic temperature in laser processed 316L stainless steel
Eun Seong Kim1, G.M. Karthik1, Praveen Sathiyamoorthi1, Alireza Zargaran2, Sang Guk Jeong1, 
Renlong Xiong1, Suk Hoon Kang3, Jung-Wook Cho2, and Hyoung Seop Kim1,2*

1,2Pohang University of Science and Technology, 3Korea Atomic Energy Research 
Institute

09:40 SD03 Effect of heat treatment on the microstructure and mechanical properties of high 
chromium tool steel (AISI D2) fabricated by direct energy deposition
Jung-Hyun Park1, Kyu-Sik Kim1, Jin-Young Kim2, Yong-Mo Koo3, and Kee-Ahn Lee1*

1Inha University, 2Maxrotech Corp, 3Changsung Corp

10:00 SD04 Superplastic behavior of Al0.3CoCrNi medium entropy alloy with multi-phase structure 
Nhung Thi-Cam Nguyen1,2, Peyman Asghari-Rad1,2, Praveen Sathiyamoorthi1,2, 
Eun Seung Kim1, Alireza Zargaran3, and Hyoung Seop Kim1,2,3,4*

1,2,3Pohang University of Science and Technology, 4Tohoku University
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‣ High Performance Structural Materials (HPSM) ll & Biomaterials

Chair: Kyung Tae Kim (KIMS)

10:30 SD-K1 Sintering of Silicon Boride Ceramics 
Junichi Matsushita*

Tokai University

11:00 SD05 Fabrication and Characteristics of YSZ-WC Composite Ceramics 
Seongwon Kim*, Hyeondeok Jeong, Yoonsoo Han, Sung-Soo Ryu, and Sung-Min Lee
Korea Institute of Ceramic Engineering and Technology

11:20 SD06 Evaluation of Heat-shield Property on TB-coated Ti6Al4V alloy
Seong Lee*, SangHoon Kim, DongHoon Kim, JeongHyo Park, and YoungMoo Kim
Agency for Defense Development

11:40 SD07 Reinforcing Equiatomic High Entropy Alloy in Low Elastic Modulus Ti-Nb-Zr Alloy 
using Powder Metallurgy Route for Biomedical Implants
Muhammad Akmal1, Aamir Malik1, Wonjong Jeong2, and Ho Jin Ryu1,2*

1,2Korea Advanced Institute of Science and Technology

‣ Advanced Powder Processing and Applications l

Chair: Soon-Jik Hong (Kongju Natl Univ), Bin Lee (KITECH)

13:00 SD-K2 Mechanical Alloying to Synthesize Advanced Materials
C. Suryanarayana
University of Central Florida

13:30 SD08 Trend and strategic foresight of advanced powder metallurgy
DaeKyoem Kim1, Myung-Suk Song1, and Taek-soo Kim1,2*

1Korea Institute of Industrial Technology, 2University of Science and Technology

14:00 SD09 Development and application of newly-designed Fe-Cr-B based metamorphic alloy 
powders
Choongnyun Paul Kim1*, Gi-Su Ham1, and Kee-Ahn Lee2

1Kolon Industries, 2Inha University

14:30 SD10 Advanced powder metallurgy to develop mass production parts, unique materials and 
outstanding materials
José M. Torralba1,2*, Raquel de Oro3, Elena Bernardo4, Andrea García-Junceda2, 
Marta Cartón-Cordero1,2, Venkatesh Kumaran S.1,2, Soon-Jik Hong5, 
Dariusz Garbiec6, and Mónica Campos1

1Universidad Carlos III de Madrid, 2IMDEA Materials Institute, 3TU Wien, 4Universität 
der Bundeswehr München, 5Kongju National University, 6Zakład Zaawansowanych 
Technologii Kształtowania
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‣ Advanced Powder Processing and Applications ll

Chair: Paul Kim (KOLON Industry), Myung Seok Song (KITECH)

15:10 SD11 Development of metal-alloy powder for low-cost conductive paste for crystalline silicon 
solar cells
Dae Hyun Kim*

Poongsan Holdings

15:40 SD12 Manufacturing research and characterization of 3D printing aluminum alloy powder 
for mobility applications
Hongmoul Kim*, Jiwon Park, and Changhyung Yoo
HanaAMT Co., Ltd

16:10 SD13 Characterization of the Martensite Phase in Ti-6Al-4V Alloy Fabricated by Selective 
Laser Melting (SLM)
Jaiyoung Cho
Hankook tire & Technology LTD., CO

16:40 SD14 Analytical modeling of geometric characteristics in polycaprolactone (PCL) scaffolds 
produced by materials extrusion-based additive manufacturing 
Ji-Woon Lee1*, and Sung Yi2
1Kongju National University, 2Portland State University

17:10 SD15 Preparation of Nanostructured TiO2 Photocatalysts with Different Morphologies using 
Ammonium Hexafluorotitanate by Solution Routes  
Duk-Hee Lee, Chan-Gi Lee, and Kyung-Soo Park*

Institute for Advanced Enginering 
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Diamond Hall

‣ Advanced Functional Materials (AFM) lV

Chair: Jung Gu Lee (Univ of Ulsan)

09:00 SA21 Core-shell Structured Hard Ferrites for Wideband Absorption of Millimeter-wave 
Youn-Kyoung Baek1*, Gi-Ryeon Jo1,2, and Jung-Goo Lee1

1Korea Institute of Materials Science, 2Pusan National University

09:20 SA22 Selective Laser Melting Process for Sensor Embedding into SUS316L with Heat 
Dissipative Inner Cavity Design 
Hayeol Kim1, Min Sik Lee1, Young Tak Koo1, Ji-Hun Yu2, Hayoung Chung1, 
Namhun Kim1, Hyokyung Sung3*, and Im Doo Jung1*

1Ulsan National Institute of Science and Technology, 2Korea Institute of Materials 
Science, 3Gyeongsang National University

09:40 SA23 Pd Deposition on Au via Electrochemical-Atomic Layer Deposition and Pd Film 
Properties 
Soo-Jin Kim1, Sang-Hwa Yoon1, Jinhyun Lee1, Jinyong Shim1, Soobin Park2, 
and Bongyoung Yoo1*

1,2Hanyang University

10:00 SA24 The Effect of Si/B Ratio on the Glass Forming Ability of Fe80+x(Si, B)15-xC1Cu1Nb3 

Nanocrystalline Soft Magnetic Alloy
Su Bong An1,2, Hyun Ah Im1,2, Yeong Gyun Nam1,2, Sangsun Yang1, Jung Woo Lee2, 
and Jae Won Jeong1* 
1Korea Institute of Materials Science, 2Pusan National University

‣ Advanced Functional Materials (AFM) V

Chair: Hyunjoo Choi (Kookmin Univ)

10:30 SA25 Effects of Different Heat Treatment on the Tensile, Impact Toughness and High Cycle 
Fatigue Properties of the AlSi10Mg Alloy Produced by Selective Laser Melting 
R. Kreethi, and Kee-Ahn Lee*

Inha University

10:50 SA26 Simple Design of Nanostructured Chemi-capacitive Gas Sensor with Switchable 
Selectivity Triggered by Frequency Change
Ji Young Park, Min Seob Lim, Byungkwon Jang, and Yong-Ho Choa*

Hanyang University
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11:10 SA27 Electrodeposition of Zinc Telluride Nanofilm on Non-conductive Substrate by 
Chemical Reaction of Tellurium Ions
Jinmyeong Seo, Jungjoon Park, Fan Yang, Insung Hwang, and Bongyoung Yoo*

Hanyang University

11:30 SA28 Accelerated design of high-efficiency lead-free tin perovskite solar cells via machine 
learning
Taeju Bak1, Kyusun Kim2, Eunhyeok Seo1, Jiye Han2,3, Hyokyung Sung4, Il Jeon2,3*, 
and Im Doo Jung1*

1Ulsan National Institute of Science and Technology, 2Sungkyunkwan University, 
3Pusan National University, 4Gyeongsang National University

‣ Plenary Lecture 

13:00-13:40 Carbon Neutral related to Material Industries
Jung-Hwan Lee
President of Korea Institute of Materials Science

‣ Keynote Lecture 

13:40-14:10 Diffusion Strategy of 3D Printing Technology and Industry 
Chang Sup Shim*

Korea Evaluation Institute of Industrial Technology (KEIT)

‣ Porous Materials l

Chair: Man Sik Kong (IAE)

14:20 SA29(I) Metallic Foam for Applications in the Field of Catalysis and Electrolysis 
G. Walther1, T. Büttner1, T. Rauscher1, T. Weißgärber1, J.S. Bae2 and A. Tillmann3

1IFAM, Dresden, 2Alantum Corporation, 3Alantum Europe GmbH

14:50 SA30 Manufacturing, Structural characteristic and Mechanical properties of Additively 
Manufactured CoCrMo Triply Periodic Minimal Surface Sheet Lattices
Kee-Ahn Lee1*, So-Yeon Park1, Kyu-Sik Kim1, and Bandar AlMangour2

1Inha University, 2King Fahd University of Petroleum & Minerals

15:20 SA31(I) Current Trends and Future Directions of Ceramic Membrane Technology for Water 
Treatment 
In-Hyuck Song*, Jang-Hoon Ha, and Jongman Lee
Korea Institute of Materials Science
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‣ Porous Materials ll

Chair: Insung Lee (E&KOA)

16:00 SA32 Single-step Prepared Porous Li2S-P2S5-C Cathode for All-solid-state Lithium Ion 
Batteries
Hyung-Tae Lim1,2*, Gi Hwan Chang1, and Sung Kang3

1,2Changwon National University, 3Research Institute of Industrial and Science 
Technology

16:30 SA33 Nano-porous Seed Layer to Electrodeposit Ultrathin Li-metal for all Solid-state 
Battery’s Anode
Boyun Jang1*, Hyungjin Lee1,2, Daeil Kim1, and Joonsoo Kim1

1Korea Institute of Energy Research, 2Korea University

17:00 SA34 Gas Transport in Anode-supported Solid Oxide Fuel Cells
Haewon Seo1*, Insung Lee2, and Kyung Joong Yoon1

1Korea Institute of Science and Technology, 2E&KOA

Emerald Hall

‣ Rare Earth and Energy Materials (REEM) l

Chair: Hyeondeok Jeong (KICET)

09:00 SB24 Synthesis of Mesoporous Copper Cobalt Oxide (CuCo2O4) Using Inverse Micelle 
Method for Supercapacitors 
Sung Gue Heo1,2, Kyoung-Tae Park1, Soong Ju Oh2, and Seok-Jun Seo1*

1Korea Institute of Industrial Technology, 2Korea University

09:20 SB25 Consolidation of fine-grained anisotropic HDDR powders aligned by a pulsed 
magnetic field during hot-pressing
Jae-Gyeong Yoo1,2, Tae-Hoon Kim1, Hee-Ryoung Cha1, Yang-Do Kim2*, 
and Jung-Goo Lee1*

1Korea Institute of Materials Science, 2Pusan National University

09:40 SB26 Efficient Titanium Deoxidation Process through Molten Salt Electrolytic and Surface 
Modification 
Namhun Kwon1,2, Jongsu Byun1,3, Soong Ju Oh2, Seok-Jun Seo1, 
and Kyoung-tae Park1*

1Korea Institute of Industrial Technology, 2Korea University, 3Inha University
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‣ Rare Earth and Energy Materials (REEM) ll

Chair: Myung Seok Song (KITECH)

10:10 SB27 Analysis of heat-affected-zone in rare metals by electron-beam melting technique 
HyunChul Kim1,2, Young-Kwan Lee1,3, JaeJin-Sim1,3, Seok-Jun Seo1, SoongJu Oh2, 
and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Korea University, 3Inha University

10:30 SB28 Optimization of grain boundary structure on Cu content of multi-main phase 
Nd-Ce-Fe-B sintered magnet
Kyoung-Hoon Bae1, Jung-Goo Lee1*, Sang-Hyup Lee2, and Dong-Hwan Kim2

1Korea Institute of Materials Science, 2Star Group

‣ Plenary Lecture (Diamond Hall)

13:00-13:40 Carbon Neutral related to Material Industries
Jung-Hwan Lee
President of Korea Institute of Materials Science

‣ Keynote Lecture (Diamond Hall)

13:40-14:10 Diffusion Strategy of 3D Printing Technology and Industry 
Chang Sup Shim*

Korea Evaluation Institute of Industrial Technology (KEIT)

‣ Nanoscale Materials and Coating l

Chair: Tae-Joo Park (Hanyang Univ)

14:20 SB29 Composition and Properties Control Growth of High-Quality GaON Film by One-Step 
Plasma-Enhanced Atomic Layer Deposition
Hong-Ping Ma1*, Yu-Hang Liu2, Hong-Liang Lu2, David Wei Zhang2, 
and Qingchun Zhang1

1,2Fudan University

14:50 SB30 Atomic Layer Deposition of ZnO/Ga2O3 Heterostructure for Formation of Quasi-Two- 
Dimensional Electron Gas and Resistive Switching Memory
Xing Li1, Xuefeng Zhao1, Kai Liu2, Dengbang Guo3, and Yuhang Liu3*

1Fudan University, 2Southern University of Science and Technology, 3Shenzhen 
University

15:20 SB31 Atomic Layer Deposition Enabled Surface Functionalization of Nanomaterials
Woo-Jae Lee1,2, Susanta Bera1,2, Hyun-Jae Woo1, and Se-Hun Kwon1,2*

1,2Pusan National University
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‣ Nanoscale Materials and Coating ll

Chair: Byung Joon Choi (SEOULTECH)

16:00 SB32 Structure Engineering of Bi2-xSbxTe3 via Atomic Layer Deposition for High 
Thermoelectric Performance
Seong Keun Kim1,2*

1Korea Institute of Science and Technology, 2Korea University

16:30 SB33 Area Selective Atomic Layer Deposition with Chemo-selective Adsorption of 
Short-chain Alkylating Inhibitors
Woo-Hee Kim*

Hanyang University

17:00 SB34 Large-area Synthesis of Two-dimensional Materials and Various Applications
Ji-Hoon Ahn*

Hanyang University

Ruby Hall

‣ Process and Characterization of Powder Materials l

Chair: Jin-Kyu Lee (Kongju Natl Univ)

09:00 SC16 A fabrication route based on powder metallurgy to achieve TiC-reinforced 
CoCrFeMnNi composite through cold-consolidation and subsequent annealing
Peyman Asghari-Rad1,2, Nhung Thi-Cam Nguyen1,2, Praveen Sathiyamoorthi1,2, 
Yongju Kim1, Alireza Zargaran3, and Hyoung Seop Kim1,2,3*

1,2,3Pohang University of Science and Technology

09:15 SC17 Tensile Properties of Metal Injection Molded Parts of Plasma-Gas Hybrid Atomized 
and Water Atomized 17-4PH Powders
Tae-Shik Yoon1*, Jin-Chun Kim2, Joong-Gyeong Lim3, and Hwi-Jun Kim4

1Be Global Co. Ltd., 2University of Ulsan, 3Daeshin Co, Ltd., 4Korea Institute of 
Industrial Technology

09:30 SC18 Development of additive manufacturing process using material extrusion technology
Ju Yong Kim1*, and Jung-Yeul Yun2

1REPROTECH, 2Korea Institute of Materials Science
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‣ Process and Characterization of Powder Materials ll

Chair: Jae Bok Seol (Gyeongsang Natl Univ)

09:55 SC19 Effect of Post-heat Treatment on Microstructure and Mechanical Properties of 
AlSi10Mg Alloys Additively Manufactured by Selective Laser Melting
Jung Woo Nam1,2, Jeong Min Park1, Yeong Seong Eom1,2, Ji-Hun Yu1, 
and Kyung Tae Kim1*

1Korea Institute of Materials Science, 2Kyungpook National University

10:10 SC20 Manufacturing of MoO3 coating layer by using thermal spray processes and its 
microstructure and mechanical properties
Yu-Jin Hwang1*, Kyu-Sik Kim1, Jae-Sung Park2, and Kee-Ahn Lee1

1Inha University, 2LT Metal

10:25 SC21 Study on Additive Manufacturing Process to Improve Dynamic Properties of 
Ti-6Al-4V Alloy
Dong-Geun Lee1*, Hyung-Giun Kim2, and Chang-Woo Lee2 
1Sunchon National University, 2Korea Institute of Industrial Technology

‣ Plenary Lecture (Diamond Hall)

13:00-13:40 Carbon Neutral related to Material Industries
Jung-Hwan Lee
President of Korea Institute of Materials Science

‣ Keynote Lecture (Diamond Hall)

13:40-14:10 Diffusion Strategy of 3D Printing Technology and Industry 
Chang Sup Shim*

Korea Evaluation Institute of Industrial Technology (KEIT)

‣ Display Target l

Chair: Eun Soo Park (EML)

14:20 SC22 The Study on the Effect of Extrusion Condition on the Texture in Al Alloys 
Jinkyu Lee*, and Sunki Kim
NICELMS Co., Ltd

14:40 SC23 Examination of Purification Effect by Impurity Segregation in Aluminum
Seong-Ho Ha1*, Young-Kyun Kim2, Sun-Ki Kim3, and Jin-Kyu Lee3

1Korea Institute of Industrial Technology, 2Institute for Advanced Engineering, 
3NICE LMS Co., Ltd
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15:00 SC24 Effect of Additive Elements on Electrical Resistivity of Al Thin Films for TFT-LCS
Young-Kyun Kim1*, Sang-min Yoon1, Bo-ram Kim1, Seong-Ho Ha2, Sun-Ki Kim3, 
and Jin-Kyu Lee3

1Institute for Advanced Engineering, 2Korea Institute of Industrial Technology, 
3NICE LMS Co., Ltd

15:20 SC25 Evaluation Method of High-purity Forged Ti for Display and Semiconductor 
Sputtering Target
Junseock Park, Duri Park, Gyeongseok Seo, and SeongHui Han*

GO Element Co., Ltd

15:40 SC26 Development of High-purity Titanium Billet for Display and Semiconductor Sputtering 
Target
Jin-ju Choi, Chan Gi Lee, and Jiwon Kim*

Institute for Advanced Engineering

‣ Display Target ll

Chair: Dong-Hyun Kim (KITECH)

16:10 SC27 Cold Rolling Behavior of Highly (103) Oriented High Purity Ti Plate for Display and 
Semiconductor Sputtering Target
Seungkook Bang1,2, Ro Woon Lee1, Sung Taek Hong1, Sahn Nahm2, 
and Leeseung Kang1*

1Korea Institute of Industrial Technology 2Korea University

16:30 SC28 Evolution of Microstructure and Texture in Mo Sheets during Hot Rolling and 
Recrystallization
Goo Won Noh1, Jongmin Byun2, Seung Gyeom Kim3, and Eun Soo Park1*

1Eloi Materials Lab (EML) Co. Ltd., 2Seoul National University of Science and 
Technology, 3Sewon Advanced Metals Co. Ltd

16:50 SC29 Study on Grain Growth behavior according to the Sintering Process of nano-Mo 
Powder Manufactured by Mechanochemical Process
Chun Woong Park1, Jongmin Byun2, and Young Do Kim1*

1Hanyang University, 2Seoul National University of Science and Technology

17:10 SC30 Mechanical Properties of Molybdenum based Thin Films for Flexible Display
Hyun-Ji Lee, and Chan-Jae Lee*

Korea Electronics Technology Institute

Oral Session Thursday, October 28



International Symposium on Innovation in Materials Processing
SONO Calm, Jeju/Korea, 26-29 October 2021

- xxix -

Sapphire Hall

‣ Presentation Competition for Shinhan Diamond Award l

Chair: Gian Song (Kongju Natl Univ)

09:00 SD16 The Morphology Control of the Porous Hydroxyapatite via Ultrasonic Spray Pyrolysis
Myungsuk Kim, Seyoung Lee, Jaeseok Roh, and Kun-Jae Lee*

1Dankook University

09:15 SD17 Study on microstructural, mechanical and thermal characteristics of Fe-10Cu alloy 
fabricated by selective laser melting with hot isostatic press
Young Jae Hwang1,2, Gyung Bae Bang1, Gun Hee Kim1, Won Rae Kim1, 
Taeg Woo Lee1, Hyuk Su Han2, Kwangchoon Lee3, and Hyung Giun Kim1* 

1Korea Institute of Industrial Technology, 2Konkuk University, 3MTA CO.LTD

09:30 SD18 A study on the change of microstructure and mechanical properties according to 
the stress relief heat treatment temperature of pure titanium manufactured by SLM 
Seung Jun Han1,2, Gyung Bae Bang1, Won Rae Kim1, Gun Hee Kim1, 
Taeg Woo Lee1, Hyuk Soo Han2, and Hyung Giun Kim1 

1Korea Institute of Industrial Technology, 2Konkuk University

09:45 SD19 Effect of pressure on electrical and structural properties of Al2O3 fabricated by hot 
isostatic pressing
Tae Wan Ko1,2, Min Tae Kim2, Hyung Giun Kim2, Oh Hyung Kwon2, DaeHa Kim3, 
Heechae Choi4, Taeg Woo Lee2*, and HyukSu Han1*

1Konkuk University, 2Korea Institute of Industrial Technology, 3DAT Advanced 

Material Co., Ltd., 4Materials Lab

10:00 SD20 Fabrication, microstructure and mechanical properties of Ni based superalloy 
CM247LC using selective laser melting
Jung-Uk Lee1, Young-Kyun Kim1,2, and Kee-Ahn Lee1*

1Inha University, 2Korea Institute of Materials Science
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‣ Presentation Competition for Shinhan Diamond Award ll

Chair: Young Keun Jeong (Pusan Natl Univ)

10:25 SD21 Effect of heat treatment on microstructural, mechanical and electrical characteristics 
of AlSi7Mg and AlSi10Mg alloys manufactured by SLM
Gyung Bae Bang1,2, Young Jae Hwang1, Won Rae Kim1, Gun Hee Kim1, 
Kyung Hwan Jung1, Soong-Keun Hyun2, Eun Sun Jung3, Woo Jin Hwang3, 
Byung Joo Yoo3, and Hyung Giun Kim1*

1Korea Institute of Industrial Technology, 2Inha University, 3TAE SUNG S&E, Inc.

10:40 SD22 Effects of WC particle shapes on laser-exposed microstructures during the directed 
energy deposition process
Woo-Jin Lee1,2, Eun-Ah Kim1,2, Yeong-Jin Woo1,2, Jungho Choe1, Dong-Yeol Yang1, 
Ji-Hun Yu1, Tae-Ho Ha3, Yoon Suk Choi2, and Hak-Sung Lee1* 
1Korea Institute of Materials Science, 2Pusan National University, 3Korea Institute 
of Machinery & Materials

10:55 SD23 Chemical vapor synthesis of non-agglomerated copper nanoparticles by in-flight 
encapsulation
Hye-Min Park1, Yong-Su Jo2, Gwang-Hwa Jin2, and Seung-Min Yang3*

1Kyonggi University, 2Korea University, 3Korea Institute of Industrial Technology

11:10 SD24 Development of High Performance Carbon-Cellulose Based Transpiration Generator 
with Column Structure for Operating Electrodialysis Desalination System
Seung-Hwan Lee1,2, Yong-Ho Choa2, Inhee Cho1, Bum Sung Kim3, 
and Da-Woon Jeong1*

1,3Korea Institute of Industrial Technology, 2Hanyang University

11:25 SD25 Efficient recycling process of cobalt and tungsten carbide from waste cemented 
carbide sludge
Jaesoung Lee1, Mingoo Kim2, and Dongju Lee1,2*

1,2Chungbuk National University

‣ Plenary Lecture (Diamond Hall)

13:00-13:40 Carbon Neutral related to Material Industries
Jung-Hwan Lee
President of Korea Institute of Materials Science

‣ Keynote Lecture (Diamond Hall)

13:40-14:10 Diffusion Strategy of 3D Printing Technology and Industry 
Chang Sup Shim*

Korea Evaluation Institute of Industrial Technology (KEIT)
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‣ K-Powder Materials Innovation

Chair: Sangsun Yang (KIMS)

14:20 SD26 Chemical vapor synthesis of non-agglomerated nickel powder for electrode in 
multilayer ceramic capacitors
Seung-Min Yang1*, Yong-Su Jo1,2, Hye-Min Park1,3, Gwang-Hwa Jin1,2, 
Hui-Jung Lee1,4, Jun-Hee Kim4, and Jai-Joon Lee4

1Korea Institute of Industrial Technology, 2Korea University, 3Kyonggi University 
4Kaon Technology

14:40 SD27 Development of high-grade Cu powder and paste preparing process for MLCC 
external electrodes
Hye Young Koo1*, Yun Chan Kang2, and Byoung-Yoon Lee3

1Korea Institute of Materials Science, 2Korea University Seoul, 3Chang Sung 
Corporation

15:00 SD28 A study on the manufacturing process of high strength hardmetal material for ultra 
high pressure nozzles
Gook-Hyun Ha1*, Min-Soo Park1, Yeon-Woo Kim1,2, Seung-Woo Lee1,3, 
and Kyung Mi Jang1

1Korea Institute of Materials Science, 2Pusan National University, 3Korea University

15:20 SD29 Development of grain boundary diffusion process in Nd-Fe-B based permanent 
magnets
Tae-Hoon Kim1*, Jung-Goo Lee1, Sang-Hyub Lee2, and Dong-Hwan Kim2

1Korea Institute of Materials Science, 2Star Group Ind. Co., Ltd

15:40 SD30 Development of Solid Freeform Soft Magnetic Composites for a Servo-motor Stator
Young-Tae Kwon1, Jae-Won Jeong1, Yong-Jin Kim1, Yong-Gun Cho2, Yunseok Kim3, 
and Sangsun Yang1*

1Korea Institute of Materials Science, 2YUSEUNG Co., Ltd, 3Sungkyunkwan University

16:00 SD31 Development of heat-resistant insulation coatings for pure iron SMCs (Soft Magnetic 
Composites)
Kwangdeok Choi1,2, SoYeon Lee1,3, Hyunyoung Kim1, Jong-seung Hwang4, 
Joo-youl Huh3, Kyung-Woo Yi2, and Ji Young Byun1*

1Korea Institute of Science and Technology, 2Seoul National University, 3Korea 
University, 4Korea Polytechnic University
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‣ Functional Materials

Chair: Youn Kyoung Baek (KIMS)

16:30 SD32 Effect of TiC addition and milling condition on the microstructure and mechanical 
properties of Nb-Ta-V-Ti high entropy alloy
Jeong Pyo Lee1, Jin Gyu Lee1, Jong-Hyeon Lee2, Gian Song1, Soon-Jik Hong1 
and Jin Kyu Lee1*

1Kongju National University, 2Chungnam National University

16:45 SD33 Compositional optimization of Fe82.5(B15-X)Si2C0.5Mox alloys for stable formation of 
high-Ms amorphous soft magnetic powders
Yeong Gyun Nam1,2*, Hyun Ah Im1,2, Su Bong An1,2, Hearan Kim1,3, Jung Woo Lee2, 

Sangsun Yang1, and Jae Won Jeong1*

1Korea Institute of Materials Science, 2Pusan National University, 3Sungkyunkwan 
University

17:00 SD34 Development of heat-resistant insulation coatings for pure iron SMCs (Soft Magnetic 
Composites)
Kwangdeok Choi1,2, SoYeon Lee1,3, Hyunyoung Kim1, Jong-seung Hwang4, 
Joo-youl Huh3, Kyung-Woo Yi2, and Ji Young Byun1*

1Korea Institute of Science and Technology, 2Seoul National University, 3Korea 
University, 4Korea Polytechnic University

17:15 SD35 Study on Ni-Fe-Co Based Metal Composites as a Bifunctional Electrocatalyst For 
Overall Water Splitting
Dahee Park*

Korea Institute of Materials Science

17:30 SD36 Synergetically enhanced thermoelectric power generation of Edge Oxidized 
graphene bridged Cu doped N-type Bi-Te thick film
Soo-ho Jung1, Kyung Tae Kim1*, Yong Uk Kim1, Jeong-Yun Sun2, Jong Min Park3, 
Dong Yeol Hyeon3, and Kwi-Il Park3

1Korea Institute of Materials Science, 2Seoul National University, 3Kyungpook 
National University

17:45 SD37 Microstructure and mechanical properties of Ti-SUS304 dissimilar joints by diffusion 
bonding
Jin Gyu Lee, Bo Hoon Jang, Jeong Pyo Lee, and Jin Kyu Lee*

Kongju National University
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Diamond Hall

‣ Powder Materials Processing (PMP) lll

Chair: Kun-Jae Lee (Dankook Univ)

09:30 SA35 Effect of Heat Treatment on Microstructure and Microhardness of Ti-6Al-4V 
Fabricated by Selective Laser Melting
Hyeongwoo Lee1, June Bae Lee1, Hansung Lee2, and Byungmin Ahn1,2*

1,2Ajou University

09:50 SA36 Chemical vapor synthesis of non-agglomerated nickel nanoparticles by in-flight 
coating
Yong-Su Jo1, Hye-Min Park2, Gwang-Hwa Jin1, and Seung-Min Yang3*

1Korea University, 2Kyonggi University, 3Korea Institute of Industrial Technology

10:10 SA37 New route to synthesize FeCo nano-chained particles with high permeability and 
their electromagnetic wave absorption properties
Mi Se Chang1,2, Min-Sun Jang1, Sang-Sun Yang1, Chong Rae Park2, 
Byeongjin Park3, Jae Won Jeong1, and Young-Tae Kwon1*

1,3Korea Institute of Material Science, 2Seoul National University, Seoul, Republic 
of Korea

‣ Powder Materials Processing (PMP) lV

Chair: Myung Seok Song (KITECH)

10:40 SA38 Cold sintering and canning package of Bi-Te based thermoelectric powders for 
recycling of waste scraps
Haishan Shen1, Kun-Jae Lee2, Hong-Baek Cho1, and Yong-Ho Choa1*

1Hanyang University, 2Dankook University

11:00 SA39 Fabrication of ultrafine powder using processing control agent, and investigation 
of their effect on microstructure and thermoelectric properties of p-type (Bi, 
Sb)2Te3 alloys
Babu Madavali1, Pathan Sharief1, Jun-woo Song2, C. Suryanarayana3, 
Sung Ho Song1, and Soon-Jik Hong1*

1Kongju National University, 2Korea Institute of Industrial Technology, 3University of 
Central Florida

Oral Session Friday, October 29



- xxxiv -

Emerald Hall

‣ Advanced Functional Materials Vl

Chair: Sangsun Yang (KIMS)

09:30 SB35 Synergistic effects of conductive exfoliated graphite and carbon black in ethylene- 
vinyl acetate-based composites to enhance resistance-temperature bahavior
Gwang-Myeong Go, Siwoo Park, Hong-Baek Cho, and Hong-Ho Choa*

Hanyang University

09:50 SB36 Synthesis of Spherical Boron Nitride Particles via Spray Drying and Application for 
the Enhanced Thermal Conductivity of PDMS-based Composites
Hyung Jin Mun, Minseob Lim, Hong-Baek Cho, and Yong-Ho Choa*

Hanyang University

09:50 SB37 Electrochemical Exfoliation of Graphite for Highly Water-Dispersible Graphene 
Nanosheets
Byungkwon Jang, Si-Woo Park, Han Kim, Sung Soo Park and Yong-Ho Choa*

Hanyang University

‣ Advanced Functional Materials Vll

Chair: Bin Lee (KITECH)

10:40 SB38 Effect of reaction parameters on stereoselective hydrogenation of biphenyl-4,4’-diol 
over Pd/C nanocatalyst 
Hong-Baek Cho†, Jai-Hyun Park†, Yong-Ho Choa*, and Yeung-Ho Park*

Hanyang University

11:00 SB39 AI Augmented Digital Metal Component
Eunhyeok Seo1, Hyokyung Sung2, Hayeol Kim1, Taekyeong Kim1, Sangeun Park2, 
Minsik Lee2, Seung Ki Moon3, Jung Gi Kim2, Hayoung Chung1, Seong-Kyum Choi4, 
Namhun Kim1, and Im Doo Jung1*

1Ulsan National Institute of Science and Technology, 2Gyeongsang National 
University, 3Nanyang Technological University, 4Georgia Institute of Technology

11:20 SB40 Cobalt and Nitrogen-Doped Carbon-Based Electrocatalyst for Hydrogen Evolution 
Reaction
Bayaraa Sukhbaatar, Byungkwan Kwak, Haneul Han, Yunha Song, 
and Bongyoung Yoo*

Hanyang University
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Ruby Hall

‣ Sintered Materials

Chair: Young Tae Kwon (KIMS)

09:30 SC31 Analysis of Thermal Conductivity of Nickel-based superalloy CM247LC Fabricated 
by SLM
Kyomin Kim1, Jageon Koo2, Eunju Park2, Namhun Kim2, and Woochul Kim1*

1Yonsei University, 2Ulsan National Institute of Science and Technology

09:45 SC32 Development Strategy of a powder-based Fe-6.5%Si steel for traction motors of EV
Ki Hyuk Kwon1*, Do Hee Kim1, Eon Sik Lee2, Taeg Woo Lee3, Tae-Wook Na3,
Yong Seok Choi4, and Min Ho Kwon4

1Research Institute of Industrial Science and Technology, 2Pohang University of 
Science and Technology, 3Korea Institute of Industrial Technology, 4ZENIX Co., Ltd.

10:00 SC33 Massive Phase Transformation of Additive Manufactured Ti-6Al-4V
Eung Ryul Baek*, and Desrilia Nursyifaulkhair
Yeungnam University

‣ Characterization and Modeling (CAM)

Chair: Seok-Jun Seo (KITECH)

10:40 SC34 Artificial intelligence for aluminum alloys design
Seobin Park1*, Saif Haider Kayani2*, Kwangjun Euh3, Eunhyeok Seo1, Hayeol Kim1, 
Sangeun Park2, Bishnu Nand Yadav1, Seong Jin Park4, Hyokyung Sung2*, 
and Im Doo Jung1*

1Ulsan National Institute of Science and Technology, 2Gyeongsang National 
University, 3Korea Institute of Materials Science 4Pohang University of Science and 
Technology

11:00 SC35 AI prediction of 3D printed metal mesh structure via wifi signal disturbance
Young Tak Koo, and Im Doo Jung*

Ulsan National Institute of Science and Technology

11:20 SC36 Convolutional Neural Network for Surface Roughness Prediction in Direct Energy 
Deposition of Ti-6Al-4V Powder
Taekyeong Kim1, Sangeun Park2, Jung Gi Kim2, Hyokyung Sung2, 
Hyoung Seop Kim3, and Im Doo Jung1*

1Ulsan National Institute of Science and Technology, 2Gyeongsang National 
University, 3Pohang University of Science and Technology
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‣ Linking Basic Knowledge and Industrialization Technology

SP01 Microstructural Characterization and Densification of W-1 wt% La2O3 composite powders 
synthesized by Ultrasonic Spray Pyrolysis
Eui Seon Lee1, Youn Ji Heo2, Jeong Hyun Kim1, Young-In Lee1,2, Young-Keun Jeong3, 
and Sung-Tag Oh1,2*

1,2Seoul National University of Science and Technology 3Pusan National University

SP02 Fabrication of Porous Tungsten by Freeze Drying Method using Tert-butyl Alcohol as 
Sublimable Vehicles
Eui Seon Lee1, Youn Ji Heo2, and Sung-Tag Oh1,2*

1,2Seoul National University of Science and Technology

SP03 Synthesis and Characterization of W Composite Powder with La2O3-Y2O3 Nano-dispersoids 
by Ultrasonic Spray Pyrolysis
Youn Ji Heo2, Eui Seon Lee1, Jeong Hyun Kim1, Young-In Lee1,2, Young-Keun Jeong3, 
and Sung-Tag Oh1,2*

1,2Seoul National University of Science and Technology 3Pusan National University

SP04 Optical, Electrical, and Structural Properties of ZnO Films Grown by Thermal Atomic Layer 
Deposition
Ji Young Park, Ye Bin Weon, Myeong Jun Jung, and Byung Joon Choi*

Seoul National University of Science and Technology

SP05 Atomic Layer Deposition of ZnO on n-InP Substrates and Current Transport Mechanisms 
in Pt/ZnO/n-InP Schottky Contacts
Myeong Jun Jung1, Byung Joon Choi1, and Hogyoung Kim2*

1,2Seoul National University of Science and Technology

SP06 Fabrication of polycrystalline n-type SnSe by mechanical alloying & pressureless sintering
Jinkwang Jang1, Hojun Lee1, Yejun Yun1, Woocheol Kim1, and Jongmin Byun1,2*

1,2Seoul National University of Science and Technology

SP07 Environmental Degradation Behavior of TiO2/Polypropylene-Based Backsheet for Photovoltaic 
Cell 
Beomsu Shin-il Kim1,2, Min Jung2, and Jai-Won Byeon3*

1,3Seoul National University of Science and Technology, 2LG Electronics

SP08 CANCEL

SP09 In-Situ Observation of Acicular Ferrite Transformation in High-Strength Low-Alloy Steel Using 
Confocal Laser Scanning Microscope
Seung-Hyeok Shin1, Sang-In Lee1, Hyeonwoo Park2, Hansoo Kim2, Joonho Lee2, 
and Byoungchul Hwang1*

1Seoul National University of Science and Technology, 2Korea University
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SP10 Anisotropy of Tensile Properties in High-Strength API X70 Linepipe Steel
Dong-Kyu Oh1, Seung-Hyeok Shin1, Sang-Min Lee2, and Byoungchul Hwang1*

1Seoul National University of Science and Technology, 2Hyundai Steel Company

SP11 Surface Damage Evaluation of Complex surface-treated SKD61 Steel by using Magnetic 
Barkhausen Sensor
Dong-O Kim1, Jin-Yeong Kim1, Woo-Lim Choi1, Min-Hyeok Park1, Jeong-Won Eom1, 
Jun-Jae Lee1, Jae-Yeon Kim1, Su-Seong Oh2, Won-Jon Yang3, Seung-Hun Nam4, 
Dong-Ha Shim5 and Jai-Won Byeon1*

1,5Seoul National University of Science and Technology, 2Gumsung Heat Treatment Co. 
Ltd., 3Korea Institute of Materials Science, 4Korea Research Institute of Standards and Science

SP12 Size-controlled synthesis of Cu powders via high concentration Cu ion complex precursors
Cheol-Hui Ryu1, Myeongjun Ji1, Jeong Hyun Kim1, Seungheon Han1, and Young-In Lee1,2*

1,2Seoul National University of Science and Technology

SP13 Effect of sub-micron Fe precursor on the fabrication of Nd2Fe14B magnet in reduction-diffusion 
process and sintering
Jeong Hyun Kim1, Myeongjun Ji1, Cheol-Hui Ryu1, Dong Hoon Lee1, and Young-In Lee1,2*

1,2Seoul National University of Science and Technology

SP14 Versatile and Facile Self-assembled Fabrication of Hydrophilic Polymer Substrate using 
Metal Oxide Nanoparticle Immobilized Electrospun Fibers
Mi-Jeong Park, Myeongjun Ji, Jeong Hyun Kim, Cheol-Hui Ryu and Young-In Lee*

Seoul National University of Science and Technology

SP15 Synthesis of Platinum Nanotube for Flexible and Stretchable Electrodes using Electrospinning 
Method
Hee Yeon Jeon1, Myeongjun Ji1, Jeong Hyun Kim1, Cheol-Hui Ryu1, and Young-In Lee1,2*

1,2Seoul National University of Science and Technology

SP16 Synthesis of Na2Ti6O13 nanorods by Ultrasonic Spray Pyrolysis with Molten Salt Synthesis 
and their sorption capacity
Hajin Kim1, Myeongjun Ji1, Jeong Hyun Kim1, Cheol-Hui Ryu1 and Young-In Lee1,2*

1,2Seoul National University of Science and Technology

‣ Additive Manufacturing of Functional Materials

SP17 Parametric Study of Selective Laser Melting Using Ti-6Al-4V Powder Bed for Concurrent 
Control of Volumetric Density and Surface Roughness
Jeongmin Woo1,2, Ji-Yoon Kim1,2, Yongho Sohn1, and Kee-Ahn Lee3* 
1University of Central Florida, 2,3Inha University
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SP18 Manufacturing CM247LC Ni-based superalloy using selective laser melting process, and 
its microstructure and high-temperature oxidation behavior
Jung-Uk Lee1, Young-Kyun Kim1,2, and Kee-Ahn Lee1*

1Inha University, 2Korea Institute of Materials Science

SP19 Effect of Energy Density on Quasi-static and Dynamic Mechanical Properties of Ti-6Al-4V 
Alloy by Selective Laser Melting
Ji-Hoon Jang1, Young-Sin Choi2,3, Kyung-Hwan Jung4, Hyung-Giun Kim4, and Dong-Geun Lee5*

1MTIG Co.,Ltd, 2Hanyang University, 3,4Korea Institute of Industrial Technology, 5Sunchon 
National University

SP20 Optimization of process parameters for Ti6Al4V alloy manufactured by Laser Powder Bed 
Fusion and its macroscopic properties
Ji-Yoon Kim1,2, Jeongmin Woo1,2, Jeong Ho Kim1, Yongho Sohn2, and Kee-Ahn Lee3*

1,3Inha University, 2University of Central Florida

SP21 Manufacturing and Microstructural analysis of STS316L - Al - Cu composite by Powder 
Bed Fusion process
Dong-Wan Lee, Jin-Woo Kim, Su-Gwan Lee, Jin-Chun Kim* 
University of Ulsan

SP22 Analysis and Evaluation of Ti Alloyed Medical Products Manufactured by Powder Bed Fusion 
Process
Jin-Woo Kim1, Dong-Wan Lee1, Sung-Ho Ju2, and Jin-Chun Kim1*

1University of Ulsan, 2MP Works

SP23 Design for additive manufacturing inspired by crystal structure
Eun-Ah Kim1,2, Yeong-Jin Woo1,2, Woo-Jin Lee1,2, Jung-Ho Choe1, Se-Hun Kwon2, 
Dong-Yeol Yang1, Ji-Hun Yu1 and Hak-Sung Lee1*

1Korea Institute of Materials Science, 2Pusan National University

SP24 Effect of aluminum matrix composition on the strengthening efficiency of carbon nanotubes 
in additive manufactured aluminum matrix composites
Juyeon Han, Hansol Son, and Hyunjoo Choi*

Kookmin University

SP25 Improvement of interfacial properties wrought Al compound castings through an Al-Si-Zn 
alloy coating layer 
Dagam Park, Yongwook Song, and Hyunjoo Choi*

Kookmin University

SP26 Microstructural analysis of a solid-state joint between additive manufactured maraging and 
AISI410 stainless steel alloys
Stephen Yeboah Boakye1, Sam Yaw Anaman1, Shengwei Zhang2, Sung-Tae Hong2, 
Dong-Hyun Kim3, and Hoon-Hwe Cho1*

1Hanbat National University, 2 University of Ulsan 3Korea Institute of Industrial Technology
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SP27 WC-Co Paste Manufactured by Solvent Substitution Process for Extrusion-based 3D Printing
Hakhyun Kim1,2, Dagyeong Lee1,3, Jong-Il Kim1, Young Do Kim2, Hyeondeok Jeong1*, 
and Sung-Soo Ryu1*

1Korea Institute of Ceramic Engineering and Technology, 2Hanyang University, 3Sungshin 
Women’s University 

SP28 ZrO2-Cu composites fabricated using digital light processing with pressureless melt infiltration 
under various temperature conditions
Seong-Jun Ha1,2, Young-Kook Lee1, JiHoon Kang3, ISeul Ryu3, Seok-Jin Oh2, 
Kyung-Chai Jeong2, Hyun Gil Kim4, and Jeong-Yong Park2*

1Yonsei University, 2Korea Atomic Energy Research Institute

SP29 Effect of heat treatment on phase fraction of additively manufactured Super Duplex Stainless 
Steel
Yeong Seong Eom, Jeong Min Park, Ji-Hun Yu, and Kyung Tae Kim*

Korea Institute of Materials Science

SP30 CANCEL

SP31 Insight into 3D Printed Ultra High Energy Densified Cathode in Micro and Macro Levels
Sujin Park, and Chang-Jun Bae*

Korea Institute of Materials Science

SP32 CANCEL

SP33 CANCEL

SP34 CANCEL

SP35 Clogging-free 3D Printing of Reactive Nickel Ink
Seongwan Jang, Sujin Park, and Chang-Jun Bae* 
Korea Institute of Materials Science

SP36 CANCEL

SP37 Thermodynamic Assessment of the Ternary Ga-In-Te system for the Applications in 
Thermoelectric Materials
Varinder Pal1, Bhupendra Kumar1, Min-Kyu Paek2, Joon Phil Choi3, Chandra S. Tiwary1, 
and Manas Paliwal1*

1Indian Institute of Technology Kharagpur, 2Hanyang University, Republic of Korea, 3Korea 
Institute of Material Science
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‣ Advanced Powder Processing and Applications

SP38 A study on high-speed manufacturing of lightweight molds with PBF metal 3D printing
Yeong-Jin Woo1,2, Eun-Ah Kim1, Woo-Jin Lee1, Jung-Ho Choe1, Dong-Yeol Yang1, 
Ji-Hun Yu1, Yong-Ho Park2, and Hak-Sung Lee1*

1Korea Institute of Materials Science, 2Pusan National University

SP39 Conformal heterogeneous coating on particles by modified DC magnetron sputtering system
Sungjin Kim1,2, Yeon Su Jung1, Hyun-Jong Kim1, Ho-Nyun Lee1, Tae Joo Park2, 
Young Min Park1* 
1Korea Institute of Industrial Technology, 2Hanyang University

SP40 Strengthening effect of modified TiN reinforcements in CoCrFeNi matrix composites
Muhammad Aneeq Haq1,2, Yoseb Song2, Sang-min Park2, Da-Woon Jeong3, Mi Hye Lee2, 
Kyoung-Tae Park2 and Bum Sung Kim1,2*

1University of Science and Technology, 2,3Korea Institute of Industrial Technology

‣ Artificial Intelligence in Materials and Manufacturing

SP41 Real-Time Surface Defect Detection on Extruded Aluminum Profiles with Computer Vision 
and Artificial Intelligence
Young-Chul Shin, and Soh-Joong Kim
Korea Institute of Industrial Technology

SP42 Inverse design for predicting thermal properties of Fe-based bulk metallic glasses using 
machine learning
Junhyub Jeon1, Namhyuk Seo1, Hwi-Jun Kim2, Min-Ha Lee3, Hyun-Kyu Lim4, 
Seung Bae Son1, and Seok-Jae Lee1*

1Jeonbuk National University, 2,3,4Korea Institute of Industrial Technology

SP43 Effect of real-time collected input parameters on the properties of Al67-Cu33 wt.% powder 
under various manufacturing conditions of VIGA process: Artificial Neural Network
Do-Hun Kwon1,2, Eun-Ji Cha1,2, Min-Woo Lee1, Kee-Ahn Lee2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2Inha University

SP44 The impact of process parameter on the flowability and apparent density during VIGA 
process : linear regression model and response surface methodology
Sung-Min Kim1.2, Eun-Ji Cha1.2, Do-Hun Kwon1,2, Kee-Ann Lee2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2Inha University

SP45 Effect of cooling rate on the microstructure and mechanical properties of Al-33wt.%Cu alloy 
Yeon-Joo Lee1,2, Do-Hun Kwon1, Eun-Ji Cha1, Jeong-Min Lee1, Hyun-Joo Choi2, 
Yong-Wook Song2, Sung-Uk Hong3, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2Kookmin University
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SP46 Effect of process parameters on particle size distribution and aspect ratio of Al67-Cu33 wt.% 
alloy powders during VIGA process: linear regression analysis
Dae-Won Jung1.2, Eun-Ji Cha1.2, Do-Hun Kwon1,2, Kee-Ann Lee2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology 2 Inha University

SP47 Effect of process parameters on particle distribution, flowability, apparent density and aspect 
ratio of Al-33 wt.% Cu powders during VIGA process: Response surface methodology
Eun-Ji Cha1.2, Do-Hun Kwon1,2, Jeong-Min Lee1, Kee-Ann Lee2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2Inha University

SP48 The optimization of metalloid contents in Fe-Si-B-C based amorphous alloys using artificial 
intelligence method
Young-Sin Choi1,2, Do-Hun Kwon1, Min-Woo Lee1, Eun-Ji Cha1, Yeon-Joo Lee1, 
Jongryoul Kim2, and Hwi-Jun Kim1*

1Korea Institute of Industrial Technology, 2Hanyang University

‣ Integrated Computer-Aided Process Engineering

SP49 Prediction and feature analysis of tempered martensite hardness in low-alloy steels using 
machine learning algorithms and SHAP
Junhyub Jeon1, Namhyuk Seo1, Gwanghun Kim1, Jungbin Park1, Seung Bae Son1, 
Minsu Jung2, and Seok-Jae Lee1*

1Jeoubnk National University, 2Korea Institute of Industrial Technology

‣ Nanoscale Materials and Coating

SP50 Improvement of weldability of hot-dip galvanized steel products by anti-galvanizing coating 
with Si-based oxide compound
Seong-Min So, Ki-Yeon Kim, Chang-U Jeong, Jae-Hyeon Kim, Seok-Jae Lee, 
and Min-Suk Oh*

Jeonbuk National University

SP51 Effect of Atmospheric plasma treatment on surface properties of hot-dip Zn-Mg-Al alloy 
coated steel product
Chang-U Jeong, Seong-Min So, Ki-Yeon Kim, Jae-Hyeon Kim, and Min-Suk Oh*

Jeonbuk National University

SP52 Characterization of Transport Properties of Bi2Te3 Nanowires with controlled defects 
Jiwon Kim1, Chan Gi Lee1, and Nosang V. Myung2* 
1Institute for Advanced Engineering, 2University of Notre Dame

SP53 Fast relaxation process of diffusive memristors by using lithium as active metal
Ju Hwan Park and Byung Joon Choi* 
Seoul National University of Science and Technology
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SP54 Inhomogeneous Schottky barrier observed in Pt/Gd2O3/n-GaN Schottky diodes
Ha Young Lee1, Byung Joon Choi1, and Hogyoung Kim2*

1,2Seoul National University of Science and Technology

SP55 Pt-decorated SnO2 nanoparticles for detection of NOx gas
Dong Eung Kim1, Jeongmin Lee1, Myung Sik Choi2, and Sangwoo Kim1*

1Korea Institute of Industrial Technology, 2Kyungpook National University

SP56 Gadolinium doped CeO2 nanoparticles for detection of H2S gas
Dong Eung Kim1, Myung Sik Choi2, and Sangwoo Kim1*

1Korea Institute of Industrial Technology, 2Kyungpook National University

SP57 Numerical Designs of Photonic Nanostructures to Enhance Photocurrents in Ultrathin Silicon 
Solar Cells
Sung-Min Lee*

Kookmin University 

SP58 Consideration of the reason of reset power reduction in phase change memory by formation 
of conducting filament in HfO2 interfacial layer
Ju Hwan Park, Hee Ju Yun, Jeong Hwan Han, and Byung Joon Choi*

Seoul National University of Science and Technology

SP59 Low resistivity ruthenium thin film by atomic layer deposition
Eun Chong Ko and Jeong Hwan Han*

Seoul National University of Science and Technology

SP60 Synthesis of highly flexible and chemically-stable metallic glass thin film for encapsulation
Sun-Young Park1, Jeong-Hyun Woo2*, and Ju-Young Kim2*

1Korea Atomic Energy Research Institute, 2Ulsan National Institute of Science and Technology

‣ Porous Materials

SP61 Fabrication of Porous Silica Fibers by Electrospinning for Super Adsorbent of Oils
Young-Sang Cho1*, So-hyeon Sung1, Hoai Han Nguyen1, Thi Thu Hien Nguyen1, 
and Young Seok Kim2*

1Korea Polytechnic University, 2Korea Electronics Technology Institute

SP62 Analysis of Microstructure and Pore Characteristics of SUS316L Gas Filter having Double 
Pore Structure Manufactured by WPS Process
Min-Jeong Lee1,2, Hyeon-Ju Kim1, Yu-Jeong Yi1,2, Manho Park3, and Jung-Yeul Yun1* 
1Korea Institute of Materials Science, 2Pusan National University 3ASFLOW CO. Ltd

SP63 Fabrication of Metal Gas Filter by Material Extrusion Additive Manufacturing Process
Yu-Jeong Yi1,2, Min-Jeong Lee1,2, Su-Jin Yun1, Manho Park3, and Ju-Yong Kim4, 
and Jung-Yeul Yun1*

1Korea Institute of Materials Science, 2Pusan National University, 3ASFLOW CO. Ltd, 
4REPROTECH
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SP64 Fast formation of intermetallic compounds by transient liquid phase bonding with porous 
Cu for interconnection of power modules
Jun-Ho Jang, Kyung Deuk Min, and Seung-Boo Jung*

Sungkyunkwan University

SP65 Fabrication of ultraporous silica aerogel films with hydrophobic surfaces
Jae Min Lee, Ki Sun Nam, and Haejin Hwang*

Inha University

SP66 Fixed Bed System Packed with Porous Materials for Removal of Organic Dye in 
Wastewater
Young-Sang Cho* and So-hyeon Sung
Korea Polytechnic University

‣ Recycling and Industrial Technology of Rare Metals

SP67 Extraction effect of rare earth elements from waste Nd-Fe-B magnets by hydrogenation- 
disproportionation
Hong Min, Minhye Seo, Sungsu Cho, and SooYoung Lee*

Institute for Advanced Engineering

SP68 A Study on Recovery of Cerium from Hydroxide Rare Earth Powder by Solvent
Bo-Ram Kim1, Dae-Weon Kim1, and Hee Lack Choi2*

1Institute for Advanced Engineering 2Pukyong National University

SP69 Optimization Plating Process and Consideration Reaction Kinetic of Element Selective 
Galvanic Displacement 
Yoseb Song1*, HanSaem Lee1, Muhammad Aneeq Haq2, Kyoung-Tae Park1, Mi Hye Lee1, 
Jeong Gon Kim3*, and Bum Sung Kim1,2*

1Korea Institute of Industrial Technology, 2University of Science and Technology, 3Incheon 
National University

SP70 Consideration of diluent input amount and process temperature during Hunter process for 
the production of high purity tantalum powder
Yong-Kwan Lee1,2, Jae-Jin Sim1,2, HyunChul Kim1,3, Kee-Ahn Lee2, Seok-Jun Seo1, 
and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Inha university 3Korea University

SP71 Study on the valuable metal recovery of melting process of aluminum can scrap
Chulwoong Han, Song-Yi Kim and Yong Hwan Kim*

Korea Institute of Industrial Technology
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SP72 Optimization of the recovery of valuable metal from waste sludge obtained in PCB 
manufacturing by arc smelting process
Chulwoong Han, Song-Yi Kim and Yong Hwan Kim*

Korea Institute of Industrial Technology

SP73 Recovery behavior of valuable metals in the spent LIBs by pyrometallurgy process
Chulwoong Han, Sung Cheol Park, Sung Ho Son and Yong Hwan Kim*

Korea Institute of Industrial Technology

‣ Advanced Functional Materials (AFM)

SP74 Phase and Morphology Controlled Molybdenum Oxide Powders by Ultrasonic Spray Pyrolysis 
Process
Seyoung Lee, Jaeseok Roh, Myungsuk Kim, Jeongha Lee, Jeong Eun Park, 
and Kun-Jae Lee*

Dankook University

SP75 A study on improvement of surface roughness of stainless-steel tube through current-voltage 
monitoring during the electropolishing process
Hyunseok Yang, Deok-Hyun Han, Woo-Chul Jung, and Man-Sik Kong*

Institute for Advanced Engineering

SP76 Evaluation of electropolishing characteristics according to electrolyte flow rate to improve 
surface roughness of stainless 316L tube
Woo-Chul Jung, Hyunseok Yang, Deok-Hyun Han and Man-Sik Kong*

Institute for Advanced Engineering

SP77 Enhancements the Hardness and Structural Stability of AAO Template with Interface Impurity 
Removal 
Jae-Ho Yi, Ji Young Park, and Yong-Ho Choa*

Hanyang University

SP78 Synthesis and Characterization of Platinum Catalyst Supported on ZIF-8 derived Mesoporous 
Carbon
Jun Young Kim, Byungkwon Jang, Min Seob Lim, and Yong-Ho Choa* 
Hanyang University

SP79 High-Performance Nd2Fe14B Magnetic Nanoparticle Synthesis via Self-combustion process
Saemee Yun, Jimin Lee, and Yong-Ho Choa*

Hanyang University

SP80 Ultrafine SmFeN Nanoparticle Preparation and Their Excellent Magnetic Performance
Kangmo Koo, Jimin Lee, Eun Jae Lee, and Yong-Ho Choa*

Hanyang University
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SP81 Enhancement electrical capacitance of carbon-based supercapacitor by simple heat 
treatment at air atmosphere
Duk Ju Han, Byungkwon Jang, and Yong-Ho Choa*

Hanyang University

SP82 CANCEL

SP83 Investigation on mechanical properties of Fe powder embedded polymer matrix
Yunhyeok Huh, Jiyeon Kim, Chaemin Hong, and Jinnil Choi*

Hanbat National University

SP84 Corrosion behavior of the FeCrMoBC amorphous alloys under corrosive environment 
Song-Yi Kim1,2, Min-Ha Lee1, Kee-Ahn Lee2, and Hyunkyu Lim1*

1Korea Institute of Industrial Technology, 2Inha University

SP85 Preparation and Characterization of Low-k and high thermal conductive polymer composites
Jae Hyun Park, Min Seob Lim, Gwang Myeong Go, and Yong-Ho Choa*

Hanyang University
SP86 Synthesis of color-tunable ZnSe/ZnS Core/Shell by hydrothermal method

Geum Ji Back, Yu Jin Kang, and Hyun Seon Hong*

Sungshin Women’s University

SP87 A simple synthetic route for the preparation of sulfur doped graphene quantum dots by pulsed 
laser ablation for enhancing optical properties
Sukhyun Kang, and Kang Min Kim*

Korea Institute of Industrial Technology

SP88 A facile approach to synthesize graphene oxide quantum dots via pulsed laser ablation for 
bio-imaging applications 
Sukhyun Kang, and Kang Min Kim*

Korea Institute of Industrial Technology

SP89 A study on electropolishing according to the temperature of stainless steel 316L pipe for 
semiconductor process
Deokhyun Han, Hyeonseok Yang, Woo-Chul Jung, and Man-Sik Kong*

Institute for Advanced Engineering

SP90 Effect of Ball on SPS and Characteristics of High Energy Ball Milled Ti-Al-Nd Powders
Hyunseung Lee, Hoseong Rhee, and Si Young Chang*

Korea Aerospace University

SP91 Characteristic Optical Properties of Graphene Quantum Dots Passivated by Polyethylene Glycol
Byoung Min Ko1, Bo Hyun Kim1, Kwang Hyun Park1, Chengai Li1, Nam Chul Kim1, 
Kwang Young Jeong2, and Sung Ho Song1*

1,2Kongju National University
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SP92 Multipurpose and Tunable Electrical Properties of Doped Defect Free Graphene Flakes Using 
Alkali Metal Chlorides
Junyong Yang 1, Bo Hyun Kim1, Kwang Hyun Park1, Chengai Li1, Nam Chul Kim1, 
Kwang Young Jeong2, and Sung Ho Song1*

1,2Kongju National University

SP93 Controling the Size of MoS2 Quantum Dots as a Hole-Transport Material for Boosting 
Photovoltaic Characterist in Organic Solar Cells
Sunggyeong Jung1, Bo Hyun Kim1, Kwang Hyun Park1, Chengai Li1, Nam Chul Kim1, 
Kwang Young Jeong2, and Sung Ho Song1*

1,2Kongju National University

SP94 Fabrication of aluminum matrix composite reinforced with HEA particles
Min Sang Kim1,2, Han Sol Son3, Hyun Joo Choi3, Young Do Kim1, and Se Hoon Kim2*

1Hanyang University, 2Korea Automotive Technology Institute, 3Kookmin University

SP95 Low temperature sintering of AlN Ceramics with MgO-CaO-Al2O3-SiO2 Glass Additives by 
Hot-pressing for Ceramic Heater Application
Jong-Il Kim1, JangSoo Kim1,2, KyeongMin Cho1, Hyeondeok Jeong1, Sung-min Lee1, 
and Sung-Soo Ryu1*

1Korea Institute of Ceramic Engineering and Technology, 2Korea Aerospace University

SP96 Synthesis of Spherical Boron Nitride–Epoxy Composite and Its Enhanced Thermal 
Conductivity
Jong-sik Lee, Minseob Lim, Hong-Baek Cho, and Yong-Ho Choa*

Hanyang University

SP97 Mechanical properties of boron nitride nanoplatelets reinforced epoxy nanocomposites 
Joon Hui Kim1, Sung Chan Yoo2, and Dongju Lee3*

1Korea Institute of Science & Technology Evaluation and Planning (KISTEP), 2Korea Atomic 
Energy Research Institute, 3Chungbuk National University

SP98 A New Strategy to Overcome a Long-Standing Obstacle of Trade-Off Between Response 
and Humidity-Independence in Metal-Oxide Gas Sensors
Kyungmin Kim, and Young Kyu Jeong*

Korea Institute of Industrial Technology

SP99 Ultrathin and flat calcium silicate nanosheets for highly stable gas detection under humid 
conditions
Kyungmin Kim, and Young Kyu Jeong*

Korea Institute of Industrial Technology
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‣ Biomaterials

SP100 Effect of Orodispersible Hyaluronic Acid Film on Wound Healing Using a Human Oral 
Mucosa Equivalent Ex Vivo Model
Jeong Hyun Lee1, Seung Hwan Park1, Myoung-Han Lee2, Dong-Keon Kweon2, Ko Eun Lee1, 
Hyo-Seol Lee1,3, Sung Chul Choi1,3, and Ok Hyung Nam1,3*

1,3Kyung Hee University, 2Jinwoo Bio Co., Ltd.

SP101 Thermodynamic Parameters and Micros tructure of Co-rich CoNiCrFeMo High-entropy 
Alloys Designed for Vascular Stent Applications 
Doori Kang, Eunchan Ko, Hyunyup Lee, and Kwangmin Lee*

Chonnam National University

SP102 CANCEL

SP103 Effert of heat treatment on the microstructural and mechanical properties of Ti6Al4V-equine 
bone nanocomposites
Wonki Jeong1, Se-Eun Shin1*, Hansol Son2, and Hyunjoo Choi2
1Sunchon National University, 2Kookmin University

SP104 High-entropy Cox(CrNiMoW)100-x (x=50, 40, 30, 20) Alloys Designed for Metallic Biomaterials: 
Thermodynamic Parameters, Microstructure and Mechanical Behaviors
Doori Kang, Seongi Lee, and Kwangmin Lee*

Chonnam National University

SP105 Effect of Oxygen Content on Mechanical Properties of Ti-39Nb-6Zr Alloy
Chan Byeol Han, Pyeong Seok Jo, and Dong-Geun Lee*

Suncheon National University

SP106 Microstructures and Mechanical Properties of Ti-20Mo-0.5Equine Bone biocomposites 
Suhyun Bae, Wonki Jeong, Yujeong An, and Se-Eun Shin*

Sunchon National University

SP107 In-vitro test of cold sintered hydroxyapatite as bone graft material.
Dohyeong Kim1, Ho Jin Ryu1*, Jun Young Paeng2, and Juyeun Kim2

1KAIST, 2Samsung Medical Center

SP108 Preparation of Hydroxyapatite with Al2TiO5 Ceramics
Naoya Kizuka* and Junichi Matsushita
Tokai University
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‣ Characterization and Modeling (CAM)

SP109 Image Processing Approach for Transient Liquid Phase Bonding of Inconel617 with MBF30
Hyeon Jeong Park, Sang-Kon Lee, Myeong-Sik Jeong, In-kyu Lee, Sung Yun Lee, 
Yong-Jin Choi, Young Rok Moon, and Dong Yong Park*

Korea Institute of Industrial Technology

SP110 Effect of Welding Conditions on Microstructural Evolution of Friction-Stir-Welded Ti-Cu Plate 
Yong-Jae Lee1, Won-Ki Jeong1, Seung-Jun Lee2, Hidetoshi Fujii3, Se Eun Shin1, 
and Dong-Geun Lee1*

1Sunchon National University, 2Korea Polytechnic University, 3Osaka University

‣ High Performance Structural Materials (HPSM) 

SP111 Effect of Heat Treatment on Microstructural Heterogeneity and Mechanical Properties of 
1%C-CoCrFeMnNi Alloy Fabricated by Selective Laser Melting
Jeong Min Park1, Eun Seong Kim2, Hyeonseok Kwon2, Praveen Sathiyamoorthi2, 
Kyung Tae Kim1, Ji-Hun Yu1, and Hyoung Seop Kim2,3*

1Korea Institute of Materials Science, 2,3Pohang University of Science and Technology 

SP112 Carbon-bearing Ultra-High Strength Martensitic Steel (High Co-Ni) Fabricated by Laser 
Powder Bed Fusion: Effect of Post Heat Treatments on Microstructure Evolution and 
Mechanical Properties
Kyu-Sik Kim, Jung-Hyun Park, and Kee-Ahn Lee*

Inha University

SP113 Microstructure and High Temperature Compressive Properties of Carbon-Doped NiCoCr 
Medium Entropy Alloy Fabricated by Laser Powder Bed Fusion
So-Yeon Park1, Jieun Ahn1, Sangsun Yang2, and Kee-Ahn Lee1*

1Inha University 2 Korea Institute of Materials Science

SP114 Mechanical properties for processing parameters of thermoplastic composite using light 
induction tooling forming
Bo-Kyung Choi1, Myeong-Han Yoo1, Chang-Soo Kang1, and Min-Kang Seo2*

1,2Korea Carbon Industry Promotion Agency

SP115 A Study on Rolling Deformation of LA111 Alloy by ESAR Process
Seong Lee1*, DoHeun Jeong2, HongMool Kim3, and HyoTae Jeong2

1Agency for Defense Development, 2Gangneung-Wonju National University, 3HANAAMT

SP116 Strain Response of Precipitations in Al 2014 Alloy during Severe Plastic Deformation by 
Biaxial Alternate Forging
Young-Chul Shin1*, Abdul Wahid Shah1, Seong-Ho Ha1, and Sung-Hwan Lim2

1Korea Institute of Industrial Technology, 2Kangwon National University
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SP117 Effect of Temperature on Strain Accumulation in AZ31 Mg Alloy during Severe Plastic 
Deformation by Biaxial Alternate Forging
Young-Chul Shin*, Abdul Wahid Shah, and Seong-Ho Ha
Korea Institute of Industrial Technology

SP118 A study on microstructure and mechanical properties of (TiB2+TiC)/steel composites 
fabricated by gas pressure infiltration process 
Jihye Lee1,2, Seungchan Cho1, Hansang Kwon2, Sang-Bok Lee1, Sang-Kwan Lee1, 
and Junghwan Kim1*

1Korea Institute of Materials Science 2Pukyong National University

SP119 Development of Aluminum Alloy Conductor with Improved Mechanical Properties for 
Lightweight Transmission Line Applications 
Geon Hong Kim*and Min Chul Oh
Institute for Advanced Engineering

SP120 Study on the improvement of electrical conductivity of low alloying electrical aluminum alloys
Min Chul Oh* and Geon Hong Kim
Institute for Advanced Engineering

SP121 Changes of High Temperature Deformation Behaviors by Difference in Energy Dissipation 
Efficiency of Ti-6Al-4V Alloy
Pyeong-Seok Jo1, Jae-Gwan Lee1, kwang-Seok Lee2, Hee-Sang Park3, and Dong-Geun Lee1*

1Suncheon National University, 2Korea Institute of Materials Science, 3Felix Tech

SP122 Effect of Changes in Evaporation Environment According to External Wind Speed on Power 
of Eco-friendly Transpiration Generators
Seung-Hwan Lee1,2, Yong-Ho Choa2, Min-Su Kim3, Bum Sung Kim4, and Da-Woon Jeong1*

1,3,4Korea Institute of Industrial Technology, 2Hanyang University

SP123 Effects of Mg addition on microstructure, mechanical properties and thermal conductivity 
of the Al6013-1.5Si alloys
Yong-Ho Kim, Byong-Kwon Lee, and Hyeon-Taek Son
Korea Institute of Industrial Technology

SP124 A study of microstructure, thermal properties and mechanical properties of Fe-Cu alloys 
for injection mold application for 3D printing process
Yong-Ho Kim, Byong-Kwon Lee, and Hyeon-Taek Son*

Korea Institute of Industrial Technology

SP125 Effect of compositional variation on the precipitation hardening and tensile properties of 
Al–Mg–Si casting alloys 
Abdul Wahid Shah1,2, Seong-Ho Ha2, Bong-Hwan Kim2, Young-Ok Yoon2, and Shae K. Kim1,2

1University of Science and Technology, 2Korea institute of industrial Technology
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SP126 Effect of Enhanced Grain Refinement in Friction Welded SUS316L Alloy
Youngkyu Kim, Yongsoo Park, and Kukhyun Song*

Jin-A Steel Inc.

SP127 Properties of Friction Welding on SUS304 Alloy
Youngkyu Kim, Euihyeon Hong and Kukhyun Song*

Jin-A Steel Inc.

SP128 Excellent combination of strength and ductility of stainless steel 316L fabricated by directed 
energy deposition 
Jung-Min Kim1,2, and Suk Hoon Kang2*

1University of Science and Technology, 2Korea Atomic Energy Research Institute

SP129 Effects of Cold Rolling on Precipitation Process in 7000 Series Aluminium Alloys 
Yujin Rhee1, Minho O1, Jun’ya Kobayashi2, Masato Ohnuma3, Shigeru Kuramoto2, 
Goroh Itoh2, and Equo Kobayashi1* 
1Tokyo Institute of Technology, 2Ibaraki University 3Hokkaido University

SP130 Synthesis of Anatase-type TiO₂ Ceramics
Kazuhiro Terada* and Junichi Matsushita
Tokai University

‣ Powder Injection Molding (PIM)

SP131 Effects of Sintering Parameters on Piezoelectric property of PZT manufactured by Powder 
Injection Molding
Jin Man Jang*, and Wonsik Lee
Korea Institute of Industrial Technology

SP132 Evaluation of Repetitively Used Feedstock for Powder Injection Molding
Jin Man Jang*, and Wonsik Lee
Korea Institute of Industrial Technology

‣ Rare Earth and Energy Materials (REEM)

SP133 Characteristics of Compaction and Sintering of CeO2

Kweon Ho Kang*, Sun Seok Hong, Jae Won Lee, Chang Hwa Lee, and Yong Jun Cho
Korea Atomic Energy Research Institute

SP134 The Separation Behavior of the REEs-Mg by Vacuum Distillation Process
Sangmin Park1,2, Myung-Suk Song2, Sun-Woo Nam2, Yujin Kang3, Mi-Hye Lee2, 
and Taek-Soo Kim1,2*

1University of Science and Technology, 2Korea Institute of Industrial Technology, 3Sungshin 
Women’s University
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SP135 Fabrication of Tungsten Carbide Powder using WO3 by Self-propagating High-Temperature 
Synthesis
Shin-Young Choi1,2, Jae-Jin Sim1,3, Yong-Kawn Lee1,3, Il Sohn2, Seok-Jun Seo1*, 
and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Yonsei University, 3Inha university

SP136 Changes in microstructure and magnetic properties of Nd-Fe-B sintered magnets by HDDR 
process
Tae-Sung Noh1,2, Hee-Ryoung Cha1, Tae-Hoon Kim1, Yang-Do Kim2*, and Jung-Goo Lee1*

1Korea Institute of Materials Science, 2Pusan National University

SP137 Influence of Ce or Ce-La substitution on texture development in Nd-Fe-B hot-deformed 
magnets
Ga-Yeong Kim1,2, Tae-Hoon Kim1, Hee-Ryoung Cha1, Yang-Do Kim2*, and Jung-Goo Lee1*

1Korea Institute of Materials Science, 2Pusan National University

SP138 Extraction of Rare-Earth by Magnesium Halide Exchange Reaction from NdFeB Waste 
Magnet
Yong-Tak Lee1,2, Sung Gue Heo1,3, Yeong-Woo Cho1,2, Kee-Ahn Lee2, Kyoung-Tae Park1*, 
and Seok-Jun Seo1*

1Korea Institute of Industrial Technology, 2Inha University, 3Korea University

SP139 Various processes of manufacturing technology from tantalum smelting-based coltan ore 
to semiconductor raw material manufacturing. 
Jae-Jin-Sim1,2, Yong-Kwan Lee1,2, Hyun-Chul Kim3, Soong-Keun-Hyun2, and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Inha University 3Korea University

‣ Powder Materials Processing (PMP)

SP140 Properties of dense TiC-Mo2C-WC-Ni cermets fabricated by a combined high-energy ball- 
milling/spark plasma sintering 
Jeong-Han Lee, and Hyun-Kuk Park*

Korea Institute of Industrial Technology

SP141 Microstructure and mechanical properties of additive manufactured metastable-beta Ti-Nb-Zr 
alloy
Dae-Kyeom Kim1,2, Young Il Kim1, InYeong Kim1, Sangcheol Park1, Javid Hussain1, 
Mi-Hye Lee1, Young Do Kim2, Bin Lee1*, and Taek-Soo Kim1*

1Korea Institute of Industrial Technology, 2Hanyang University

SP142 Evaluation of Mechanical Properties and Microstructural Behavior of WC-Co cemented 
carbides
Junwoo Song1, Song-Yi Kim1, Junhee Han1, Luong Van Duong2, and Hyoseop Kim1*

1Korea Institute of Industrial Technology, 2Institute of Materials Science
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SP143 Magnetic properties and microstructure of Strontium fexaferrite by adding various alkali ions
Jae-Young choi1,2, Jung-Min Lee1, Youn-Kyung Baek1, Jung-Goo Lee1, and Young-Kuk Kim1*

1Korea Institute of Materials Science, 2Pusan National University

SP144 Microstructure and wear property of newly-designed Fe-Cr-B based metamorphic coating 
layers manufactured by HVOF spray process
Yong-Hoon Cho1, Gi-Su Ham2, Kyoung-Wook Kim1, Geun-Sang Cho2, Choongnyun Paul Kim2, 
and Kee-Ahn Lee1*

1Inha University, 2KOLON Industries

SP145 Fabrication of TiO2 coated Si nano particle using recycling process
Dong Hyeok Seo, Ryun Na Kim, Won Jin Kim, Ho Yoon Na, Hyeon-Min Yim, 
and Woo-Byoung Kim*

Dankook University

SP146 The microstructure and mechanical properties of cemented carbides with AlCoCrCuFeNi 
high entropy alloy binders
Jinwoo Seok1,2, Song-Yi Kim1,2, Juree Jung1,2, Jun-woo Song1, Hyoseop Kim1, Jiwoon Lee1,3, 
Kee-Ahn Lee2, and Junhee Han1*

1Korea Institute of Industrial Technology, 2Inha University, 3Kongju National University

SP147 Microstructure of Aluminum / C60-Fullerenes composite additively manufactured via laser 
powder bed fusion
Se Eun Shin1*, Sang Min Yoo1, and Naoki Takata2

1Sunchon National University Suncheon, 2Nagoya University

SP148 Improvement of the mechanical properties for manufacturing a powder-based Fe-6.5%Si 
steel
Ki Hyuk Kwon1*, Do Hee Kim1, Eon Sik Lee2, and Taeg Woo Lee3

1Research Institute of Industrial Science and Technology, 2Pohang University of Science 
and Technology, 3Korea Institute of Industrial Technology

SP149 Mechanical properties of aluminum matrix composites reinforced by high-entropy nano-particles
Chahee Jung1, Hansol Son1, Jaewon Jung2, and Hyunjoo Choi1*

1Kookmin University, 2Korea Institute of Materials Science

SP150 Effects of Ultrasonic Energy on Recovery of Copper Powder from Wasted COF Etchant
Bo-Ram Kim, Dae-Hwan Jang, and Dae-Weon Kim*

Institute for Advanced Engineering

SP151 Effect of microstructure and crystallization behavior of melt spun ribbons on spark plasma 
sintering Dy-Nd-Fe-B magnets
Dao Van Nguyen1, Sun-woo Nam2, Taek-soo Kim2, and Soon-jik Hong1* 
1Kongju National University, 2Korea Institute of Industrial Technology

Poster Session 



International Symposium on Innovation in Materials Processing
SONO Calm, Jeju/Korea, 26-29 October 2021

- liii -

SP152 Fabrication and Characterization of Fe-Mn based Oxide Dispersion Strengthening Alloys 
for High-Performance Brake Disc
Sumin Lee, Juwook Lee, Junho Bang, Taeyeong Oh, Dongkyu Lee, Hyo Seong Kim, 
and Sanghoon Noh*

Pukyong National University

SP153 Residual stress analysis according to press-fitting process of sintered mold using indentation
Kyung Il Kim*, and Gue Serb Cho*

Korea Institute of Industrial Technology

SP154 Effect of TiO2 Addition on Alumina Sintering of Insulators
Hyun Seon Hong1*, Geum Ji Back1, Ri Ju Kim1, Da Yeon Choe1, Han Gyeol Jung1, 
Sol Ji Jun1, and Sang Ki Ko2

1Sungshin Women’s University, 2Konics

SP155 Magnesium Thermal Reduction Using Chromium Oxide by Self-Propagating High-Temperature 
Synthesis Method 
Yeong-Woo Cho1,2, Jae- Jin Sim1,2, Yong-Kwan Lee1,2, Sung-Gue Heo1,3, Hyun-Chul Kim1,3 
Kee-Ahn Lee2, Seok-Jun Seo1*, and Kyoung-Tae Park1*

1Korea Institute of Industrial Technology, 2Inha University, 3Korea University

SP156 Effect of strain rate on mechanical and microstructural properties of Fe-10Mn fabricated 
by powder metallurgy
Namhyuk Seo, Junhyub Jeon, Gwanghun Kim, Jungbin Park, Seung Bae Son, 
Min-Suk Oh, and Seok-Jae Lee*

Jeonbuk National University

SP157 Mechanical Properties and Austenite Stability of Nanocrystalline FeNiCrMoMnSiC Alloy 
Fabricated by Powder Metallurgy
Jungbin Park, Junhyub Jeon, Namhyuk Seo, Gwanghun Kim, Jaegil Jung, Seung Bae Son, 
and Seok-Jae Lee*

Jeonbuk National University

SP158 Influence of carbon content on microstructure and hardness of nanocrystalline Cu-22%Sn 
alloy
Gwanghun Kim1, Jungbin Park1, Seung Bae Son1, Seok-Jae Lee1, and Hee-Soo Kim2*

1Jeonbuk National University, 2Chosun University

SP159 Iron Nitride (α”-Fe16N2) Magnetic Nanoparticles with Air Stability
Gi-Ryeon Jo1,2, Da-young Jeong1, Seung-hoon Song1, Young-Guk Son2, and Youn-Kyoung Baek1*

1Korea Institute of Materials Science, 2Pusan National University

SP160 Analysis of Microstructure and Physical Property of Co–Cr Alloy Obtained by 3D Printing
Hyo-Sang Yoo*, Yong-Ho Kim, and Hyeon-Taek Son*

Korea Institute of Industrial Technology

Poster Session 



- liv -

SP161 Magnetic properties of Fe@SiOx soft magnetic composites after high-temperature heat 
treatment
Jong-Min Park1,2, Min-Sun Jang1, Bonuk Koo1,2, Hea-Ran Kim1,3, Young-Tae Kwon1, 
Sangsun Yang1, Jung Woo Lee2, and Jae Won Jeong1*

1Korea Institute of Materials Science, 2Pusan National University, 3Sungkyunkwan University

SP162 A Study on the Absorption of Lead through Modification(Mg2+, Ca2+, K+)) of Na-Zeolite
Jei-Pil Wang1*, Byeong-Woo Lee2, Min-Seok Go3, Dong-Hun Lee3, and Min-Yong Shin3

1,2,3Pukyong National University

SP163 Strengthening Mechanisms of Nanoparticle Dispersed FeNiCoMnCu High Entropy Alloy 
Fabricated by Powder Metallurgy
Hansung Lee1, Ashutosh Sharma2, Sangyeob Lee3, and Byungmin Ahn1,2*

1,2Ajou University, 3Hanbat National University

SP164 Effects of Milling Time on Microstructural Evolution of Mechanically Alloyed FeCoMnNiCu0.5 

Cr0.5 High Entropy Alloy
Rahul Kumar Singh1, Ashutosh Sharma2, Hansung Lee1, Sangyeob Lee3, and Byungmin Ahn1,2*

1,2Ajou University, 3Hanbat National University

SP165 Study on improvement of surface properties of laser cladding of SKD61 powder on S45C
Cheol-Woo Kim*, Hyo-Sang Yoo, Young-Chan Kim, Jae-Yeol Jeon, and Kyun-Taek Cho
Korea Institute of Industrial Technology

SP166 Oxidation Behavior of TiC addition of Al₂O₃
Junichi Morita* and Junichi Matsushita
Tokai University

SP167 Characterization on LuBi Intermetallic Compound in Liquid Bi Pool Electrode
Sungjune Sohn1*, Jungho Hur2, Jae-woong Hwang1, Heejae Ju1, Yong-Hoon Shin1, 
Jaeyeong Park2, and Il Soon Hwang2

1Korea Atomic Energy Research Institute, 2Ulsan National Institute of Science and Technology 

SP168 Utilizing high-pressure torsion as a cold consolidation technique to fabricate high entropy 
alloys
Praveen Sathiyamoorthi1, Peyman Asghari-Rad1, Gangaraju Manogna Karthik1, 
Alireza Zargaran2, and Hyoung Seop Kim1,2,3*

1,2,3Pohang University of Science and Technology

Poster Session 



Plenary Lecture



- 2 -

Carbon Neutral related to Material Industries

Ph.D. Jung-Hwan Lee

President of Korea Institute of Materials Science (KIMS)

- Chair of Policy System, Presidential Advisory Council on Education, Science & 

Technology (Special Committee of Materials, Components & Equipment)

- Committee Member of Strengthen Competitiveness of Materials, Components & 

Equipment (MOTIE)

- Expert Member of Gyeongnam Economic Innovation Promotion Committee

- Auditor of Korea Institute of Metals and Materials (KIM)

- Ex-President of The Korean Society for Technology of Plasticity (KSTP)

PL01



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 3 -

Carbon Neutral related to Material Industries

Jung-Hwan Lee
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*Corresponding author: ljh1239@kims.re.kr 

The transition to a sustainable economy through carbon neutrality is no longer a choice, but an unavoidable 

reality, and a problem directly related to future survival. To realize carbon neutrality, the government is 

announcing and promoting various carbon-neutral industrial ecosystem transformation policies, such as 

cessation of sales of internal combustion engine vehicles, expansion of eco-friendly mobility and renewable 

energies, and reduction of waste by establishing a recycling system. In particular, in the case of the steel 

industry, which is a large-scale energy-intensive industry, a huge amount of money is invested in a hydrogen 

energy-based green steel production system. Accordingly, a rise in product price is expected to lower 

competitiveness, which can act as a new obstacle to export. However, carbon neutrality is not the only 

negative factor in the materials industry. As new markets related to renewable energy such as wind power 

and solar power and demand industries are formed and expanded as the carbon-neutral policy is promoted, 

the need for new materials required in the carbon-neutral energy ecosystem is expected to increase, which 

also serves as an opportunity to create new jobs. you will be able to use In this lecture, we examine the 

risks and opportunities of the materials industry in the carbon-neutral era and look at strategies that can 

use carbon neutrality as a new opportunity for the materials industry. We would like to introduce the 

material-related research being promoted for this purpose.

Keywords: Carbon Neutral, Renewable Energy, Future Mobility, Hydrogen Industry, Materials Industry
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Diffusion Strategy of 3D Printing Technology and Industry 

Chang Sup Shim*

Office of Strategic R&D Planning, Korea Evaluation Institute of Industrial Technology (KEIT), 

Seoul 06152, Republic of Korea

*Corresponding author: caleb92@keit.re.kr

3D printing technology is a representative technology that converges materials, parts, equipment, and 

processes. In the meantime, there has been a lot of progress in the development and commercialization 

of 3D printing technology through steady investments from the government, research institutes, companies, 

etc. However, as the use of 3D printing increases, there is a dilemma in which the dependence of materials 

and equipment on foreign countries increases. Therefore, our technological development needs to be promoted 

in the form of convergence of materials, equipment, and software. In particular, participation and 

demonstration of companies wishing to actually commercialize products manufactured with 3D printing 

technology are required. Through such 3D printing convergence technology development and company 

demonstration, the ecosystem of the domestic 3D printing industry will be developed, and it is expected 

that professional companies in the 3D printing field will also grow.

Keywords: 3D printing materials and equipment, ecosystem of 3D printing industry, convergence of 3D 

printing technology
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Improvement of Thermal Conductivity of Epoxy Composites by 

Dispersion of Polyhedral BN Fillers

Takafumi Kusunose*

Kagawa University, Takamatsu, Kagawa, Japan

*Corresponding author: Kusunose.takafumi@kagawa-u.ac.jp

Hexagonal boron nitride (h-BN) ceramics have been widely applied in the field of high-temperature 

structural materials because of their excellent corrosion resistance to molten metal, high refractoriness, good 

thermal shock resistance, and good machinability. Recently, h-BN has attracted the attention of researchers 

in polymer science as a high-thermal-conductivity filler in electrical insulation because of its intrinsically 

high thermal conductivity, which is a consequence of its strong covalent bonds between light elements B 

and N. The crystal structure of h-BN is analogous to that of graphite, comprising layers of six-membered 

rings of alternating, covalently bonded B and N atoms in the c-plane direction, where the layers are stacked 

and weakly bound in the c-axis direction by van der Waals forces (Fig. 1C). Therefore, this anisotropic 

crystal structure of h-BN leads to faster crystal growth in the c-plane direction and to the formation of 
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platelet particles (Fig. 2A) that exhibit anisotropic properties. The thermal conductivity in the planar direction 

(a-axis) of h-BN platelets is potentially higher (390 W/ m·K) than that in the thickness direction; the thermal 

conductivity in the thickness direction is only approximately 2 W/m·K (Fig. 1A). As a consequence, the 

conventional h-BN plate particle dispersed composites did not indicated so high thermal conductivity because 

of significant anisotropic thermal conductivity (Fig. 1B). In this study, the improvement of thermal 

conductivity of the composites was performed by dispersion of equiaxed h-BN fillers synthesized by heat 

treatment with oxide additives [1]. By adding Y2O3 to h-BN powder and heat treatment at 1900 °C, equiaxed 

polyhedral of h-BN were synthesized (Fig. 2B). The composite fabricated by hot-pressing the mixture of 

epoxy resin of 30 vol.% and polyhedral h-BN filler of 70 vol.% showed the high thermal conductivity 

of 16.0 W/mK parallel to the hot-press direction and 17.5 W/mK perpendicular to the hot-press direction.

Keywords: h-BN, epoxy, composite, thermal conductivity, anisotropy

Reference
[1] “Isotropic enhancement of the thermal conductivity of polymer composites by dispersion of equiaxed 

polyhedral boron nitride fillers”, T. Kusunose, Y. Uno, Y. Tanaka, T. Sekino, Comps. Sci. Technol., 
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Nanostructure and Function Tuning of Low-dimensional Titania 

for Photochemical Application

Tohru Sekino*

SANKEN, Osaka University, Ibaraki City, Osaka, Japan 

*Corresponding author: sekino@sanken.osaka-u.ac.jp

Nanostructured titania and/or titanate has attracted much attention due to its excellent physical, chemical, 

photochemical and semi conductive functions owing to synergy with its nanostructure. In this study, chemical 

modification, nanocompositing and nanohybridization have been attempted to the nanotubular titania (titania 

a/o titanate nanotube; TNT) to add or enhance its unique function for environmental, energy and sensing 

application. It was found that visible light responsibility was realized for TNT by chemical modification 

using hydrogen peroxide. In addition, novel facile and direct bottom-up formation of the peroxide-modified 

TNTs could be realied by solution chemical synthesis protocol from titanium-peroxide complex molecules 

as a starting material. The both methods realized tuning of band structure of titania nanotubular crystals 

by the formation of peroxo functional groups on the surfaces, which provided yellowish-colored TNT powder 

products. Resultant TNT exhibited better photocatalytic activity under the visible light irradiation. In addition, 

various metals such as Cu and Ni were successfully be immobilized to pristine TNT and peroxo-modified 

TNT in a form of ion and/or nano-scale clusters. The metal-modified TNTs could be synthesized by solution 

chemical routes, and they exhibited visible light responsibility to show the photocatalytic functions. The 

photochemical properties were investigated to clarify the role of modification of TNTs and to understand 

redox characteristics in relation to the energy band structures. In this paper, detailed design concept, synthesis 

processes, nanostructures and function of various TNT-based nanocomposites/nanohybrids will be discussed.

Keywords: Titania Nanotubes, Chemical Synthesis, Visible-light Responsibility, Chemical Modification, 

Photocatalytic Properties
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New ceramic processes by nanosecond pulsed electric fields 

Tadachika NAKAYAMA

EDI, Nagaoka Univ. of Tech., Nagaoka Japan
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　A nanosecond pulsed electric field is an electric field in which a high voltage or current is applied for 

a short period of time, around 100 nanoseconds. It differs significantly from the application of high frequency 

waves in that it consists of positive or negative polarity. Such nanosecond pulsed electric fields are 

characterized by the following four features: 1. the voltage can be reduced to zero before dielectric breakdown 

begins, so that a higher voltage than the breakdown voltage can be applied; 2. the effect of the resonant 

frequency can be used by varying the repetition frequency; 3. the DC electric field, which is a common 

feature of pulsed electric fields; 4. the DC electric field can be used as a source of energy. 3. it is far 

more energy efficient than a DC electric field.

　The following applications are being investigated by our group: 1) electric field orientation of particles 

in organic-inorganic hybrid materials, 2) poling treatment of dielectric materials, 3) sewage treatment by 

electrocoagulation, 4) pyroelectric power generation using temperature change, and 5) low temperature 

sintering technology in high electric field environment.

　In this talk, I will give an overview of these technologies and introduce the physical phenomena induced 

by nanosecond pulsed electric fields and new developments in materials processing using these fields.

Keywords: Nanosecond Pulsed Electric Field, Ceramics Process, Hybrid Materials, Poling, Rapid Sintering
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Sintering of Silicon Boride Ceramics

Jun-ichi MATSUSHITA*

Department of Materials Science, Tokai University, Hiratsuka, Japan
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Silicon boride as boron silicide was discovered over 100 years ago when a mixture of silicon (Si) and 

boron (B) were melted. After this report, there were many reports about silicide (stable compounds) such 

as B3Si and B6Si (besides, B12Si). After that, both SiB4 (rhombohedral crystal structure) and SiB6 

(orthorhombic crystal structure) are recognized with the stable compound as silicon boride, SiB4, SiB6, SiB6-x, 

SiB6+x, Si11B31 on ICDD (International Centre for Diffraction Data). Then, SiB6 (high temperature phase 

of silicon boride) is a prospective material for use as a thermoelectric semiconductor, and has high hardness, 

moderate melting point, and low specific gravity. As for natural boron, it has two naturally occurring and 

stable isotopes, boron 11 (11B) and boron 10 (10B). The neutron absorption 10B is included about 19-20 

% with 81-80 % 11B. Boron is similar to carbon in its capability to form stable covalently bonded molecular 

networks. The mass difference results in a wide range of d values between the 11B and 10B. The 10B isotope, 

stable with 5 neutrons is excellent at capturing thermal neutrons. In this study, the samples of silicon boride 

ceramics for capturing thermal neutrons were investigated in order to determine the suitability of this material 

for nuclear power generation such as a control rod material and neutron cover material. The sample of 

monolithic SiB6 had good densification made by hot-pressing at 1973 K, and the relative density of the 

sample was over 99 %. The X-ray diffraction pattern of sintered body was detected only SiB6 peaks. The 

Vickers hardness at room temperature of the monolithic SiB6 was about 19 GPa. The SiB6 sample was 

higher than monolithic SiB4 sintered body. The Vickers hardness of the SiB6 sintered body changed from 

19 to 13 GPa from room temperature to 1073 K in vacuum atmosphere. The thermal conductivity of the 

SiB6 sintered body changed from 9.1 to 2.4 W/mK in the range of room temperature to 1273 K. The samples 

were oxidized at room temperature to 1173 K for 25 h in air. The weight changes were measured to estimate 

the oxidation resistance. The oxidation of samples oxidized for short oxidation time of 5min started at 973 

K, and the weight gain increased with increasing oxidation temperature. On the other hand, at the oxidation 

time of above 1 h, a maximum weight gain value at 973 K was observed. After that SiB6 oxidized at 

973 to 1073 K for 25 h exhibited weight gain with increasing oxidation temperature; the oxidation changed 

in accordance with the parabolic law during the initial oxidation stage. Base on the result of X-ray diffraction 

showed SiO2 crystalline phase other than SiB6 in the sample. However, the peaks of B2O3 could not be 

identified. Finally, the SiB6 showed a good oxidation resistance at high temperature, because the surface 

film of oxide formed by oxidation acted as an oxidation resistant layer.

(No conflicts of interest requiring disclosure in relation to this abstract.)

Keywords: Silicon boride, Sintering, Hardness, Ceramics
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Mechanical Alloying to Synthesize Advanced Materials
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Mechanical alloying is a powder processing technique that involves repeated cold welding, fracturing, 

and rewelding of powder particles in a high-energy ball mill. Originally developed to produce oxide-dispersion 

strengthened superalloys, it has been later recognized that a variety of metastable phases can also be 

synthesized. These metastable phases include, among many others, supersaturated solid solutions, 

quasicrystalline alloys, amorphous alloys, nanocomposites, and high entropy alloys. Most of these alloy phases 

are in the nanocrystalline state, unless they happen to be amorphous in nature. 

After presenting a brief survey of the process and the mechanism of formation of metastable phases, 

we will present a brief description of the characteristics and properties of these different advanced materials. 

Emphasis will be placed on the very recent results on nanocomposites and high-entropy alloys. 

Nanocomposites contain either the matrix or the reinforcement or both in the nanocrystalline state. 

Mechanical alloying is probably the best technique to synthesize nanocomposites with a high volume fraction 

of nano-sized reinforcements. Our results on Al-Al2O3 system will be presented to demonstrate this aspect. 

Results on the Ti5Si3-TiAl system will demonstrate the feasibility of achieving superplastic deformation at 

temperatures much lower than at temperatures normally observed for superplastic deformation. The mechanical 

deformation behavior of Al-metallic glass composites showed that abnormal deformation behavior was 

observed when the composite showed higher strength at room temperature and lower strength at higher 

temperatures than the monolithic Al7075 alloy, indicating excellent hot workability.

High entropy alloys are recent developments, and these have also been developed by mechanical alloying 

methods. The advantages of synthesizing these alloys by the solid-state mechanical alloying versus traditional 

casting methods will be highlighted.

The presentation will conclude the present and potential applications of mechanical alloying to synthesize 

advanced materials.

Keywords: Mechanical alloying, Recent developments, Amorphous alloys, High entropy alloys, Industrial 

applications
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The progress in the fabrication processes, microstructural controls, structural and functional properties, 

and application areas of nanomaterial-filled metal matrix nanocomposites was reviewed. metal matrix 

nanocomposites can overcome the limitations of conventional materials because the strengthening and 

functioning effects are more superior and diverse compared to those of conventional MMCs because of 

the outstanding intrinsic properties of nanomaterials and extremely large interfacial areas between the 

nano-sized fillers and matrices. Various fabrication processes have been developed to circumvent these issues 

by processing them in different physical states or chemically modifying the nano-sized fillers. As the 

nanomaterials having large surface areas tend to aggregate and agglomerate within a metallic matrix, the 

incorporation of nanomaterials as effective fillers for metal matrix nanocomposites has been a challenging 

issue. The enhancement of the structural and functional properties is significantly affected by the homogeneity, 

interfacial characteristics, volume fraction, and alignment of nano-sized fillers within the matrices. It has 

been confirmed that the enhancement of mechanical properties, such as strength and modulus, is outstanding 

when the nano-sized fillers are homogeneously distributed and strongly bonded with the matrices. The 

functional properties, including thermal conductivity and CTE, can be improved or controlled to meet the 

design requirements. metal matrix nanocomposites show great potential for use in a wide range of structural 

applications in the automobile, aerospace, machinery, and sports industries owing to their mechanical 

properties. In addition to structural applications, metal matrix nanocomposites are also promising for functional 

applications such as electronic components, sensors, biomedical implants, thermal management, and 

corrosion-resistant materials. It is expected that the metal matrix nanocomposites can be designed to have 

outstanding and controlled properties for multifunctional applications in future industries based on a 

combination of attractive properties of nano-sized fillers and versatile properties of metallic matrices.

Keywords: Metal Matrix Nanocomposites, Nanomaterial Fillers, Multifunctional Properties, Applications
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Integrated Compter-Aided Process Engineering (ICAPE)

Pil-Ryung Cha*

School of Advanced Materials Engineering, Kookmin University, Seoul, 02707, Republic of Korea

With the explosive development of computational power and artificial intelligence (AI) algorithms, efforts 

are being made worldwide to accelerate the process from materials design to commercialization based on 

new research methodologies such as integrated computer-aided engineering (ICME) and AI. The representative 

examples of the efforts include the PRISMS center in US, Sweden’s hero-m program, and Japan’s SIP 

program. In line with this global trend, the Ministry of Science and ICT (MSIT) recently launched a new 

program called 'Integrated Computer-Aided Process Engineering (ICAPE)'. The purpose of this program is 

to develop a platform that accelerates the development of a scale-up process for mass production of materials 

developed at laboratory scale, which is the most time/cost-consuming step in the process from materials 

design to commercialization, by combining ICME and AI. In this presentation, a brief introduction to the 

ICAPE program and the background of this symposium will be explained.
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Phase-field Simulation of Solidification with Relaxation of 

Partition Coefficients
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 1Department of Materials Science and Engineering, Kunsan National Univ., Kunsan, Republic of Korea
2Department of Optical Engineering, Cheongju Univ., Cheongju, Republic of Korea
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*Corresponding author: wontae@cju.ac.kr

Most phase-field models (PFMs) for diffusional phase transformation in alloys employ the equal diffusion 

potential (EDP) condition to eliminate the contribution of bulk free energies to the interface energy. For 

engineering alloys where their thermodynamic properties are often given by a very complex database, however, 

solving the EDP condition can substantially limit the computational efficiency of the PFMs. In this study, 

we present a method to effectively solve the EDP condition. By modifying the PFM with finite interface 

dissipation, a relaxation equation for the partition coefficient is extracted. We adopt this relaxation equation 

to replace the EDP condition in a conventional PFM. This relaxation equation is straightforwardly extended 

to a multicomponent and multiphase system. We obtain a criterion for the relaxation parameter to effectively 

maintain the EDP condition in the interfacial region. Using the PFM coupled with the relaxation equation, 

we simulate the dendritic growth in an Al-Si alloy with a full thermodynamic database and compare the 

results with the predictions obtained from the relaxation equation. The relaxation kinetics in the simulations 

is in excellent agreement with the predictions. We apply the present PFM to simulate the microstructure 

evolution for early stage solidification during continuous casting of a quaternary steel alloy under real process 

conditions. We systemically examine the effects of the relaxation parameter. The present criterion for the 

choice of the relaxation parameter can be used for multicomponent non-dilute alloys.

Keywords: Phase field simulation, Solidification, Equal diffusion potential, Relaxation, Dendritic growth
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A Computational Modelling for Polycrystalline Metallic 

Materials based on Multi-scale Mechanical Behavior and 
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*Corresponding author: hnhan@snu.ac.kr

It is known that most structural metallic materials are generally produced by thermo-mechanical processes 

such as hot rolling, cold rolling, and annealing. In a series of these processes, the metallic materials undergo 

elasto-plastic deformation along with recovery, recrystallization, and sometimes phase transformation, and 

therefore the microstructural characteristics such as grain size, dislocation distribution, and crystallographic 

orientation are evolved, which directly affect the mechanical properties of the final product. Therefore, in 

order to develop materials with better mechanical performance, it is very important to understand how process 

parameters, microstructures, and mechanical properties are linked at the material and process design stage. 

In this study, a numerical approach integrating the crystal plasticity and phase field model is presented. 

In the proposed computational modeling, in addition to the local slip activities of polycrystalline metals, 

the non-crystallographic shear band formation is formulated and implemented in the crystal plasticity finite 

element. Then, the local inhomogeneity of microstructure including the shear band formation in the cold 

rolling process is simulated and its effect on the texture evolution during deformation and recrystallization 

is analyzed. The texture change in the annealing process is predicted by generalizing the strain energy release 

maximization model into the phase field model. The calculated rolling, recrystallization textures, and the 

anisotropic mechanical properties of the metallic sheets are compared with corresponding experiments for 

the validation of the proposed modeling. The anisotropic mechanical properties predicted through the virtual 

mechanical tests are validated by the comparison with those of experiments to confirm the accuracy and 

robustness of the proposed approach. It is expected that the developed multi-scale approach can be helpful 

for better understanding the relationship between process, property, and microstructure.

Keywords: Crystal plasticity, Phase field, Multi-scale approach, Texture, Finite element method
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Crystal Plasticity Multi-particle Finite Element Method

Parviz Kahhal1,2, Jaebong Jung1, Hyunjoo Choi3, Pil-Ryung Cha3, and Ji Hoon Kim1*

1School of Mechanical Engineering, Pusan National University, Busan, Republic of Korea
 2Department of Mechanical Engineering, Ayatollah Boroujerdi University, Boroujerd, Iran
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*Corresponding author: kimjh@pusan.ac.kr

Cold compaction of powders is one of the important processes in powder metallurgy. During the 

compaction process, powder becomes dense and cohesive, and thus can be formed into a desired shape. 

In order to analyze compaction of iron powder, a cubic representative volume element (RVE) of powder 

is developed. Particles are considered as spheres having crystalline constitutive behavior. A cohesive zone 

model is used for defining the contact between particles. Boundary conditions are implemented in the RVE 

to achieve various loading paths and consequently obtain yield surfaces. The evolution of the particle and 

grain shapes as well as the grain orientations during compaction is calculated. The results of the developed 

model can be directly used for subsequent process modeling, i.e., phase-field modeling of sintering. 

Keywords: Powder compaction, Crystal plasticity finite element method, Multi-particle finite element 

method, Yield strength, Cohesive contact, Representative volume element
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Magnesium, the lightest structural metal, needs to improve its strength and formability at room temperature 

for commercialization. Manganese and copper are alloying elements that can improve the strength of 

magnesium through forming intermetallic compounds. However, their effects on the formability of magnesium 

have not yet been clarified. To identify those effects, interatomic potentials for Mg-Mn and Mg-Cu binary 

systems have been developed on the basis of the second nearest-neighbor modified embedded-atom method 

formalism. The Mg-Mn and Mg-Cu potentials reproduce structural, elastic, and thermodynamic properties 

of compound and solution phases of the associated alloy systems, consistent with experimental data and 

higher-level calculations. The applicability of the developed potentials is demonstrated by calculating the 

generalized stacking fault energy for various slip systems and the segregation energy on twin boundaries 

of the Mg-Mn and Mg-Cu alloys.

Keywords: 2NN MEAM, Interatomic potential, Mg-Mn, Mg-Cu, Atomistic simulation
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A fully-coupled simulation of electrothermal and phase-field models for switching operations of 

phase-change memory (PCM) was established and used to analyze recrystallization effects. The PCM utilizes 

a chalcogenide material, most commonly Ge2Sb2Te5 (GST), as its active material whose amorphous and 

crystalline phases have high and low resistivity values, respectively. The typical switching pulse is a constant 

current or voltage pulse with sharp rising and falling times (typically, ~10 ns). In case of reset operation 

to make high-resistance state (HRS), a high-power pulse is used to melt and quench the GST material. 

In case of set operation to make low-resistance state (LRS), a long and moderate-power pulse is used to 

anneal the amorphous GST. However, some recrystallized phases randomly appear during the falling time 

in the reset operation although the falling time is so short as ~10 ns, which acts as a source for variability 

in the cell resistance. Using our PCM device simulation, the variability due to the recrystallization is analyzed 

for the device architectures including the geometric structure and phase-change materials. Also, the pulse 

schemes are compared in the viewpoint of low-power consumption. 

Keywords: Phase-change memory, Phase-field model, Device simulation, Chalcogenide, Nucleation and 

growth
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Fe-Cr-Al based alloys are widely used in various industries due to their excellent corrosion resistance, 

mechanical properties, and radiation tolerance. Although an increase in the Cr concentration in Fe-Cr-Al 

systems improves the corrosion resistance, embrittlement caused by the Cr-rich (αʹ) phase, which reduces 

the structural integrity, has reported. In addition, Al concentration affect mechanical properties in the system. 

Therefore, understanding of phase separation process in Fe-Cr-Al system is important to determine the optimal 

composition for maintaining the structural integrity. 

The effect of Al concentration on the microstructure evolution of the Fe-Cr-Al system considering 

inhomogeneous elasticity was investigated using a phase-field model. The elasticity caused by inhomogeneity 

affects the interface energy and total free energy, it is main factor which influences phase separation process. 

In addition, it is well known that elasticity is caused by lattice mismatch between different phases, and 

lattice mismatch in Fe-Cr-Al system is larger than Fe-Cr system due to radius of Al atom smaller than 

Cr and Fe atoms. Therefore, evaluation of elasticity in Fe-Cr-Al system is important to characterize the 

system. Herein, we quantitatively estimated characteristics of precipitates in terms of average size, number 

density, and phase fraction. When the elasticity was considered, phase separation was accelerated as the 

Al concentration increased 1% to 2%, and phase separation was suppressed in the Al content range of 

2% to 4%.

Keywords: Phase-field, Inhomogeneous elasticity, Fe-Cr-Al system, Microstructure evolution
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Here, we examine the kinetics of oxidation using a phase field model of electrochemistry when oxide 

film is smaller than the Debye length. The phase-field model agrees with the Wagner parabolic growth 

law for diffusion-limited growth in the thick film where charge neutrality holds in the oxide film. There 

is a transition in the kinetics of metal oxidation from a parabolic to linear growth rate depending on the 

value of the phase-field mobility. In the thin film limit where charge neutrality is not satisfied, we find 

that the growth rate deviates more readily from the parabolic law than in the thick film limit. We also 

explore the perturbed morphological changes of oxide-metal interface during metal oxidation in two 

dimensions and find a planar thin film results for the diffusion-limited growth where the local electrochemical 

equilibrium is maintained. Lastly, we discover that the nonplanar interface also becomes flat during oxidation 

for the reaction-limited growth due to non-uniform gradients of electrochemical potential through the whole 

oxide film. This is consistent with the dynamic behavior of the Cu nanowires observed by a transmission 

electron microscope (TEM) with a specialized in-situ gas environmental holder.

Keywords: Phase-field model, Microstructure evolution, Oxidation kinetics, Cu nanowire
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High-performance, multi-function, and flexibility are often requirements for next-generation electronics 

devices and systems, such as flexible display and energy storage devices. Key components of these devices 

are a film, typically a polymer or soft substrate that contains several superimposed layers made from 

electrically conducting, semiconducting, and insulating materials. Such layers can be deposited via various 

coating processes. Among them, the continuous liquid coating process, a type of roll-to-roll process, is widely 

recognized as an attractive route to produce cost-effective, high-throughput, and large-area coated layers. 

The coating liquid that contains various types of particles, additives (such as binder), and solvents may 

show complex rheological properties. The key issues in this process are how one can control flows inside 

macro-sized manufacturing machines to control microscopic features, including thickness uniformity, 

microstructures of particles inside coated layers, etc. Physical or chemical phenomena behind such issues 

need to be understood from an engineering fundamental point of view. Such understanding could be useful 

in the analysis and design of the process. For example, the rheological properties of a coating liquid need 

to be taken into account in the analysis of complex film formation flow in various types of applicators, 

such as slot die, roll and spray. Also, an index or indicator for the microstructures needs to be developed 

to aid the design of the drying machine. In this presentation, some aspects of such coating issues will be 

discussed, and several research attempts to tackle them will be presented.

Keywords: Coating flows, Coating process, Thin film, Electrodes
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A nanoscale damascene process is used to electrically connect numerous devices formed on a silicon 

substrate, and a tens of microscale TSV process is used to connect between stacked silicon wafers. In addition, 

in order to integrate these silicon devices and other electronic components on the main board, a PCB wiring 

process of tens to hundreds of microscales is used. In order to electrically connect these electronic devices, 

a metal layer having a size of several nanometers to several hundreds of micrometers must be selectively 

formed. In general, an electrochemical copper reduction reaction, that is, an electroplating process is used. 

The reduced copper appears in the form of crystal grains having a nanosize or a microsize. In other words, 

copper ions receive electrons and form metallic copper with various crystallographic microstructures through 

'nucleation and growth' and recrystallization by heat treatment, starting with copper in a monoatomic state. 

This study contains the explanation of the crystallographic microstructure measured through EBSD in 

connection with the electrochemical calculation results at the feature scale. First of all, for mass transfer 

in aqueous solution, copper ions, Cl-, and organic additives are known to have a diffusion coefficient of 

~10-10 m2s-1, which can be inferred to have an average movement distance of ~10㎛ per second. It can 

Fig. 1. Cross-sectional image of PCB pattern filling and its calculation results by Comsol software
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be expected that the concentration gradient of these materials in the pattern is not large at the nanoscale, 

and in filling the nanoscale pattern, the competitive adsorption of organic additives and their accumulation 

by the surface curvature reduction are the main factors, and it is well known for the ‘curvature enhanced 

accelerator coverage (CEAC)’ model. However, when the pattern scale is tens of micrometers or more, 

the concentration gradient inside the pattern by mass transfer plays an important role. When a suppressor 

exists, electroplating is suppressed at the upper part of the pattern with high concentration, whereas 

electroplating is accelerated at the bottom of the pattern, which causes superfilling. In the PCB pattern, 

there is a wide pattern on the scale of several tens to hundreds of microns. At the corners of the pattern, 

the CEAC phenomenon is observed, whereas at the center of the pattern bottom, the pattern is filled due 

to the concentration gradient due to mass transfer. In addition, in the nanoscale plating by CEAC, it can 

be seen that the initial crystal grains are very fine in nanosize, so that grain growth occurs through 

recrystallization at room temperature, and this recrystallization structure also appears in the PCB. However, 

it can be seen that in the TSV pattern, the plating rate difference occurs at the upper and lower portions 

of the pattern by the concentration gradient of mass transfer, rather than the CEAC model, resulting in 

pattern filling. The influence of organic additives on pattern filling can be estimated by measuring the EBSD 

microstructure. In addition, for the appearance of coarse <110>//ND grain at the bottom of the TSV pattern, 

it seems necessary to analyze the crystallographic anisotropy of Cl- and organic additive adsorption.

Keywords: Copper, EBSD, Electroplating, Crystallography, Pattern
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Due to the issues in global warming and carbon neutrality, automobile industry recently experiences 

a dramatic paradigm shift. Major companies already declared that they would not produce combustion engine 

vehicles anymore no later than 2030. As the only option to replace combustion engine is the electric vehicle, 

battery market is growing rapidly much faster than expected. The global sales are already $120.4 billion 

in the year 2020 and is expected to be $279.8 billion in the year 2027. As the change is so dramatic, 

the market is in short supply with a lot of technical issues. The suppliers have to secure both productivity 

and quality, but it is not so easy to make both ends meet. The problem is that we don’t have enough 

knowledges to settle down all technical issues and make money. In most cases, the batteries are manufactured 

by coating process, which is defined as a process in which gas is replaced by liquid on a substrate. The 

coating process consists of three unit processes. As the materials typically contain a large amount of particles 

(active materials and conducting particles) with polymers (binders) and solvents, they continuously change 

microstructures during slurry preparation, flow, and even drying. However, little is known about the flow 

characteristics of such complex fluids and less is known about how to design and control the process. 

Therefore, for better control of the process and for better quality of the product, we need to understand 

the transport phenomena of these complex fluids, which rarely has been studied in the past. Since the materials 

experience high shear flow due to the small gap of tens of micrometers and the dispersion of pigment 

is critical to the coating performance, it is important to precisely control the flow behavior, which is highly 

dependent upon the rheology of the material. Therefore, it is necessary to incorporate the concept of transport 

pheneomena into materials processing and to develop the methodology to quantitatively analyze the complexity 

observed in both materials and processing. And it should be reflected in the material design. It will be 

a big challenge to establish a systematic protocol to characterize the materials and maintain uniform quality 

during manufacturing. In this presentation, I will talk about the technical issues in battery manufacturing 

and propose the strategy to get over these issues. They are not only the issues of manufacturers alone, 

but require all the competences of our society including government and universities. It is a new challenge 

and will determine the prosperity of our society. Let me begin talking about the knowledges we have and 

we don’t have but we should have.

Keywords: Battery, Slurry, Coating, Drying

SA11



- 26 -

Manufacturing Process and Materials for 

Thick Electrode in High-Energy-Density Lithium-ion Batteries

Jung-Keun Yoo*

Carbon Composites Department, Korea Institute of Materials Science (KIMS), 

Changwon, Republic of Korea 

*Corresponding author: yoojk@kims.re.kr

The demand for lithium-ion batteries (LIBs) in electric vehicles (EVs) continues to grow, and the 

development of high-energy-density batteries is needed for further extension of the operation time and driving 

range of EVs. In recent years, extensive efforts have been focused on developing high-capacity cathode 

and anode materials for high-energy-density LIBs. Despite the development of novel and high-capacity 

compounds, some problems, such as unstable powder properties and a swelling issue during the cycling, 

hindered the practical application of high-capacity active materials. Therefore, a more realistic and practical 

approach to realize a high-energy-density LIBs is to fabricate the thick electrode (> 6 mAh/cm2) including 

high active material loading, which implies a reduction of non-active materials, such as binder and conductive 

additives in the electrode. 

Herein, we demonstrate that inactive materials such as conductive additives and binder are key component 

for the thick electrode. We introduce carbon nanotubes (CNTs) as conductive additives and organic-inorganic 

hybrid materials as a new type of binder and report the effect of CNTs and binder on the slurry, the electrode 

and the electrochemical performance of a cell. We applied an individually dispersed carbon nanotubes (CNTs) 

Figure. Schematic illustration of the Li-ion battery electrode fabrication process.
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solution with high content of CNTs (5 wt%). The individually dispersed CNTs solution allows not only 

for a homogeneous slurry without agglomeration, but also makes it possible to achieve a high electric 

conductivity and stable network in the electrode. Also, a binder solution with high content of crosslinkable 

binder (> 50 wt%) enables a high adhesion property of the electrode coating layer, resulting in enhanced 

electrochemical properties. Furthermore, we conducted in-depth analysis on slurry and electrode to understand 

the relationship between the properties of the electrode and the properties of slurry. Through detailed 

rheological analysis, resistance analysis and computational fluid dynamics, we found that the rheological 

properties of CNTs and binder solution have a strong impact on the quality of the coated layer, as well 

as the electrical/mechanical properties of the electrode  

Keywords: Lithium-ion batteries, Thick electrode, Slurry, CNTs, Binder 
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Recent advances in nanomaterial and system integration technologies have provided a unique opportunity 

to design various types of wearable and implantable hybrid devices for advanced human healthcare and 

human–machine interfaces. Integrating nanostructured, soft, and biocompatible materials with miniaturized 

wireless networking systems is undoubtedly an attractive prospect in the sense that the successful device 

performance requires high degrees of sensing capability, mechanical robustness, and operational flexibility. 

To achieve the most accurate, reliable, and user-specific healthcare monitors that are integrated into a small, 

wearable, and often stretchable platform, a combination of fundamental studies of materials and engineering 

efforts to endow those materials with the required degree of robust performance is mandatory. Here, the 

most up-to-date technologies to develop advanced wearable and implantable devices (e.g., clinical-grade 

wireless ion sensors and soft membrane pressure sensors) are provided. The improvements in the quality 

of wearable healthcare devices by a comprehensive understanding of materials' interface, sensors' working 

principle, and a more accurate assessment of their unique intersections. Challenges and opportunities at the 

intersection of nanotechnology and human body integration pursue a multidisciplinary approach to healthcare, 

which transforms patient care and health care attributed to the tremendous efforts from materials' engineering 

division. Collectively, a review of the newly developed wearable and implantable devices along with a 

summary of imperative requirements of material properties, sensor capabilities, electronics performance, and 

body integrations is provided.

Keywords: Wearables, Implantable devices, Nanomaterials, Integration strategies, Sensor technologies
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Achieving a fully dense body and controlled microstructure during sintering are the key issues for structural 

ceramic materials. In this study, microwave sintering, which is one of the field-assisted sintering technologies, 

was adopted for consolidation of Al2O3 and Al2O3-based composites. Microwave hybrid sintering has high 

heating rate that results in short sintering times with high energy efficiency. It can also produce homogeneous 

microstructures. Sintering kinetics i.e., densification kinetics and grain-growth kinetics during microwave 

sintering were explored. Large-sized green samples were fabricated by slip casting process.

The densification kinetics of Al2O3 and Al2O3-based composites were measured using dilatometry system 

for the microwave sintering that was designed for this research. The average activation energy values for 

densification during intermediate stage of sintering were estimated to be 246 ± 11 kJ/mol for pure Al2O3, 

319 ± 71 kJ/mol for Al2O3–cubic-ZrO2, and 342 ± 77 kJ/mol for Al2O3–tetragonal-ZrO2. 

The grain-growth kinetics were analyzed in different zones of Al2O3 slip casts, and were compared with 

conventional sintering process. The sample consolidated by microwave sintering had a larger average grain 

size at center (5.65 µm for 120 min holding) than on surface (5.38 µm for 120 min holding). The grain-growth 

rate measured for the microwave sintering was around three times higher than that for conventional sintering 

(it depended on the zone of the sample). Through the in-depth analysis of densification and grain-growth 

mechanisms, a microwave sintering strategy for manufacturing ceramic parts with desired properties was 

derived. 

Keywords: Hybrid-microwave-sintering, Alumina-zirconia composite, Slip casting, Activation energy for 

sintering, Grain-growth kinetics  
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The automotive lighting market is expected to increasing triple times from $1.4 billion in 2020 to $3.9 

billion in 2024 with electric vehicles and intelligent lighting trends. This market trend is led by WLED 

(White Light Emitting Diode) lighting technology, which is well-known as an eco-friendly lighting solution 

with superior luminance efficiency and low power consumption compared to existing lighting systems. In 

case of lighting for automotive headlamp, the operating temperature is higher than 100 oC, resulting in 

degradation of general polymeric phosphor encapsulation due to their low thermal stability. Therefore, 

phosphor-in-glass (PiG) technology was introduced. PIG technology displacing the polymer binder into a 

transparent glass is free from the issue because the glass is no damage at the operating temperature. The 

PiG plate is prepared by a common powder metallurgy process which is consisted with a mixing the phosphor 

powder and glass frits, pressing and sintering. Although the PiG technology is a high-durability material 

based on a ceramic, it also has some limitations to apply on LED. It is necessary to overcome the difference 

in refractive indies between material layers in the sandwich-like stacked structure and the manufacturing 

cost increasing by loss of raw materials from high accuracy ceramic processing. These limitations were 

effectively overcome by introducing functional ceramic nanoparticles with high reflective index and 

architectural approach of phosphor layers with different color. Based on these technologies, we were able 

to competitively expand the application from headlamps to tail lamps (brand named by NexslideTM). 

Collectively, a review of the newly developed automotive lighting trends, powder metallurgical based PiG 

technology, materials science for control optical property and these industrial significance and value are 

provided.

Keywords: Automotive lightings, White LED, Phosphor-in-glass, Optical materials, Reflective index
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In order to reduce carbon emissions and improve collision safety in the automobile industry, medium-Mn 

steels with 3-12 wt% Mn have been regarded as one of the most promising candidate for automotive steels 

because of its good combination of high strength and ductility. Medium-Mn steels have a complex 

microstructure with ferrite and retained austenite (RA) after intercritical annealing and exhibit excellent 

mechanical properties due to the transformation-induced plasticity (TRIP) effect of the RA during deformation. 

Additionally, the RA can act as an irreversible hydrogen trap site to immobilize the diffusible hydrogen 

and thus improve the hydrogen embrittlement resistance as well as mechanical properties of medium-Mn 

steels. However, as the RA transforms to strain-induced martensite (SIM) during deformation, the hydrogen 

trap site can change to reversible hydrogen trap site that lowers the hydrogen embrittlement resistance of 

medium-Mn steels. On the other hand, it is also important to investigate the effect of pre-strain on hydrogen 

embrittlement behavior of medium-Mn steels because automotive steels such as medium-Mn steels are mostly 

subjected to a forming processing accompanied by plastic deformation. In this study, therefore, medium-Mn 

steels were fabricated by varying intercritical annealing and pre-strain condition, and their microstructure 

was analyzed by using OM, SEM and EBSD. After electrochemical hydrogen charging, a slow strain-rate 

tensile (SSRT) test and thermal desorption spectroscopy (TDS) analysis were performed to understand the 

hydrogen embrittlement behavior of medium-Mn steels.

Keywords: Medium-manganese steel, Hydrogen embrittlement, Intercritical annealing, Pre-strain, Slow 

strain-rate tensile (SSRT) test, Tensile property
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Thermoelectric device, one of energy harvesting can recycle wasted heat energy from several heat source 

into electrical energy. However, traditional thermoelectric device has limits at high temperature window 

and low efficiency because of low thermoelectric efficiency. Therefore, several methods have been attempted 

to improve thermoelectric efficiency; one of which is interface modifying by introducing atomically thin 

film. Especially, atomic layer deposition (ALD) is suitable because its uniformity and conformal deposition 

at irregular materials like rough powders. ALD coating layer can also prevent from degradation or pyrolysis 

in high temperature to give thermal resistance. It has been proven that interface modifying by ALD coating 

on the thermoelectric powder materials could form heterogeneous grain boundaries, which resulted in phonon 

scattering and energy filtering effect, so that thermoelectric performance could be significantly improved.

In this study, surface modifying by ZnO ALD is chosen for increasing figure of merit (zT) of SnSe 

powders. SnSe powders were ground by ball mill (250 RPM, 50hr). ALD coating process on SnSe powders 

was proceeded with rotary type ALD reactor. For comparing the thickness effect, 10, 40, and 100 cycles 

of ZnO thin films were grown with DEZ (diethylzinc) source and H2O (water) reactant at 100◦C. Uncoated 

SnSe powder was also used as a control group. SnSe pellets were produced through Spark plasma sintering 

at 60MPa, 723K for 6 minutes. Scanning and transmission electron microscopy combined with energy- 

dispersive spectroscopy (EDS) were used to confirm the uniform growth of thin film and its physical and 

chemical properties. X-ray photoelectron spectroscopy was used to analyzed chemical binding energy of 

each element. Hall-effect measurement was used to analyze carrier mobility and concentration to compare 

the improvement in the thermoelectric performance. Thermal analysis was proceeded for the pyrolysis analysis 

at high temperature. Thermoelectric performance like thermal conductivity, thermal diffusivity, electrical 

resistivity, and Seebeck coefficient was measured by laser flash analysis and Seebeck and electrical resistivity 

measurement system.

Keywords: Thermoelectric materials, SnSe, atomic layer deposition, interface engineering, thermoelectric 

performance
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The piezoelectric effect has recently been emerged as an emerging property of material due to its 

expediency to harvest the various mechanical energy forms in nature, e.g, ultrasonic, acoustic wave, wind, 

and tide. This phenomenon is attributed to the non-centrosymmetric structure under mechanical stress or 

strain, resulting in the built-in electric field in the entire area of piezoelectric material. The combination 

of the piezoelectric effect with the catalytic process has been gathered a lot of attention for alleviating 

environmental and energy crises. Since the redox reaction is a thermodynamically favorable phenomenon 

when charge carriers with sufficient energy exist on the catalyst surface, superior charge separation from 

bulk to the surface is a critical requirement of catalyst to promote the degradation of harmful substances. 

In this point of view, piezocatalysis or piezo-photocatalysis using a piezoelectric material as a catalyst or 

combined with a photocatalyst is a rational concept for achieving the high catalytic performance. However, 

the carriers in the piezoelectric materials mainly contribute to generating piezoelectric potential, where they 

are not in a free state capable of the reaction but are confined to a displaced charge center. This characteristic 

of piezocatalyst deteriorates the degradation rate of contaminants and requires high mechanical energy such 

as ultrasonic to excitation of the free carrier. By contrast, in piezo-photocatalysis, the photo-excited charge 

carriers are continuously supplied from photocatalyst into piezoelectric materials through the piezo-phototronic 

effect by heterojunction. The heterojunction with piezoelectric materials modulates the band structure of 

photocatalyst from bulk to the surface, enhancing the degradation performance of harmful matters by the 

efficient charge separation. However, complex processes and delicate conditions are required to realize 

heterojunction between piezoelectric material and photocatalyst. Therefore, there is still a need for an 

appropriate technique for synthesizing the catalyst capable of improving the redox reaction by utilizing the 

piezoelectric effect.

Crystallographic defects are defined as the places where the perfect periodic arrangement of atoms in 

crystalline materials is disrupted or broken. Recently, as the positive effect of crystallographic defects on 

improving material properties has been reported, defect engineering has been attracted numerous attention 

in various applications. In particular, the self-modification that introduces the oxygen vacancies and low 

valence metal ions has been actively studied in metal oxide nanomaterial after a pioneering report on black 

TiO2 that extremely enhancing the light absorption property. Therefore, numerous reports have been proved 
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that the formation of oxygen vacancies modulates the response to electromagnetic waves by generating 

electrons localized at the vacancies with energy between the bandgap. However, there are still few studies 

of self-modified metal oxides on piezocatalysis or piezo-photocatalysis under mechanical energy. In this 

work, the self-modified metal oxides were prepared by a facile method that introduces the oxygen vacancies 

during the crystallization. The correlation between harvesting mechanical energy to induce redox reactions 

and atomic defects is discussed by examining the physicochemical properties of self-modified metal oxide 

in various analyses. 

Keywords: Piezoelectric effect, Piezocatalysis, Environmental remediation, Defect engineering, Metal oxide
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MXene, a transition metal-based two-dimensional material, is attracting a lot of interest due to its high 

electrical conductivity, diversity of composition, and excellent mechanical properties. MXene is generally 

fabricated via etching the A layer of MAX Phase, a three-dimensional material composed of M meaning 

early transition metal, A meaning 13 or 14 group elements, and X meaning carbon or nitrogen. This is 

due to the structural characteristics of the MAX Phase. It is a structure in which the bonding layer of 

M and X and the A layer are repeatedly connected, and the bonding energy between M and X is relatively 

larger than M-A and X-A. MXene can be synthesized by removing only the A layer through etching using 

this difference in bonding strength. Because Ti-based MAX Phase is easy to fabricate with MXene, various 

studies have been conducted on Ti-based MXene.

In the case of Ti-based MAX Phase, various studies have been conducted to produce high purity MAX 

Phase with a simple process, but it is insufficient. During the process of MAX Phase synthesis, if elemental 

powder were used such as Ti, Al and C, Ti-Al and Ti-C reaction occur thermal explosion. The thermal 

explosion reaction lead to a high reaction rate. It is possible to maintain enough Al which is low melting 

point and high vapor pressure. But the combustion temperature exceeding 2000 ℃ causes decomposition 

of the generated MAX Phase and also produces binary compounds such as TiC and Al4C3. Therefore, to 

lower the thermal explosion reaction, a study was also conducted to make a MAX phase with the high 

purity by adding a carbide or intermetallic compound.

In this study, instead of elemental powder which can occur thermal explosion, pre-synthesized intermetallic 

compound and carbide as an initial powder used. In addition, forming mechanism and reaction route of 

MAX Phase were investigated.

Keywords: MAX Phase, MXene, Ti-based intermetallic compound, Reaction route, Heat treatment
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Recently, research and application of additive manufacturing technology for copper and its alloys are 

being actively carried out. Copper has lower strength than other metals and has a higher density than aluminum 

and titanium alloys, but has the advantages of high electrical and thermal conductivity. The additive 

manufacturing method for copper uses a laser as a heat source to realize freedom of design, and the Powder 

Bed Fusion(PBF) method is the most widely used. Research and development of methods using electron 

beams and binder jetting are also being actively investigated. The electrical conductivity of pure copper 

is greatly affected by porosity and impurities such as oxygen. Copper has a high reflectivity by lasers, 

so there are many difficulties in manufacturing parts depending on the laser wavelength. 

In this study, the technological trends of methods for overcoming the limitations of additive manufacturing 

parts with copper are reviewed. In addition, the development and componentization trends of copper's main 

application fields, such as electrical contacts, induction coils, aerospace combustion chambers, heat 

exchangers, and electric motors, will be reviewed.

Keywords: Additive manufacturing, copper and its alloys, laser reflectivity, powder bed fusion, electrical 

conductivity
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Laser power bed fusion (LPBF) route of additive manufacturing (AM) has successfully fabricated complex 

metal components and has become of research interest among researchers due to its potential to remove 

the limitations of conventional manufacturing processes. As opposed to the well-known Al-Si-Mg alloys, 

the LPBF of aluminium copper-containing alloys have received lower attention from their challenging 

solidification behavior. This presentation aims at providing an understanding of the relationships between 

alloy composition, LPBF processing and the corresponding heat treatment cycle to be used enhance strength. 

This presentation will present results and correlations for alloys such as AA2024, AA2219, A205 and 

Al9Si3Cu alloys. A comparative understanding with the known AlSiMg alloys will also be presented. For 

all samples, high density samples were produced. The microstructure obtained will be correlated with 

solidification models for a better understanding of the segregation behavior. The heat treatment study will 

demonstrate how the as-built segregation dictates the hardening cycles.

Keywords: Laser powder bed fusion, aluminum alloys, heat treatability
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Magnets are the core components of motors that convert electrical energy into mechanical one. It plays 

a key role in the development next-generation products such as special medical devices, robots, and electric 

vehicles. The magnetic materials for the electric motor can be typically classified into soft and hard magnetic 

materials. A soft magnetic core is manufactured by overlapping two-dimensional electrical steel sheets, and 

a permanent magnet is formed using a mold. Recently, the motor components are required for high 

performance and small batch production. However, the conventional manufacturing method cannot achieve 

maximum performance due to design constraints. In addition, a mold is required even for small-volume 

production. Additive manufacturing (AM) is an attractive technology to directly fabricate net shape with 

increasing the design flexibility, which could offer the potential to produce new electric motors for low 

volume production in various industries. In this study, we would like to introduce the current status and 

challenges on additive manufacturing of magnetic material. The ISO/ASTM 52900-15 standard classifies 

additive manufacturing technology into seven processes: Material Jetting (MJ), Binder Jetting (BJ), Material 

Extrusion (ME), Vat Photopolymerization, Powder Bed Fusion (PBF), Directed Energy Deposition (DED). 

Among them, the present study will focus on the additive manufacturing of magnetic materials using PBF, 

BJ, and DED methods. In addition, we will present the research directions for the development of magnetic 

materials, processes, and equipment specialized for additive manufacturing of the Korea Institute of Machinery 

& Materials (KIMM) and Korea Institute of Materials Science (KIMS).

Keywords: Additive Manufacturing, Magnetic materials, Electric motor, Soft magnetic materials, Hard 

magnetic materials
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The laser powder bed fusion (LPBF) technology has been expanded to process multiple alloy systems, 

known as Multi-Material Additive Manufacturing (MMAM). In this work, powders of two different alloys, 

maraging steel and Stellite alloy, were processed using this technique. To accomplish this, the Stellite powders 

were placed on top of the maraging steel powders in the powder delivery system, followed by laser melting. 

A highly dense material was fabricated. Based on the electron backscatter diffraction (EBSD) analysis of 

the as-printed sample, the preferred texture after solidification is <110>||building direction (BD) in the 

cobalt-based material side, while the iron-based alloy region exhibits <111>||BD and <100>||BD fiber textures. 

Note that the former is predominantly face-centered cubic while the latter is a martensitic phase with a 

body-centered tetragonal structure. A distinct interface between the cobalt- and iron-based alloys was formed 

with negligible diffusion depth, which restricts the formation of unexpected precipitates. The hardness profile 

across the interface revealed that the maraging steel region is around 20% harder than the cobalt-based 

alloy. Then, a customized single heat treatment schedule compatible with these materials was applied to 

alter its mechanical properties. The EBSD data indicated that the crystallographic texture on both sides 

of the alloy was maintained in the heat-treated state; <110>||(BD) fiber texture for the iron-based region 

and <111>||BD and <100>||BD fiber textures for the cobalt-based side. On the other hand, the diffusion 

calculations suggest that a significant diffusion distance of about 100 μm, which may lead to unexpected 

precipitation, can occur. It has also been observed that Cr and Fe diffuse much faster than Ni and Co 

after heat treatment. Based on the EBSD data, it appears that the actual interface length is about 200 μm 

(with no unexpected structures). Moreover, the nanoindentation results showed that the modified heat treatment 

increased the maraging steel’s hardness by about 80%; however, this resulted in lower hardness of the Stellite 

(about 25%). Despite the latter’s slightly inferior hardness, its ductility improved drastically. The present 

work showed the potential of MMAM of cobalt- and iron-based alloys employing a single manufacturing 

parameter and a single heat treatment strategy. 

Keywords: additive manufacturing, multi-material additive manufacturing, laser powder bed fusion, 

maraging steel, Stellite 
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Energy technology using thermoelectric(TE) has attracted much interest in waste-heat recovery and active 

cooling/heating due to its reversible conversion between temperature difference and electricity. Since TE 

phenomena have been realized by TE device where p- and n-type TE materials are arrayed on the substrate, 

the performance of the device tends to be significantly depending on materials properties, expressed as 

dimensionless figure of merit (ZT). Of many TE materials, Bi2Te3 alloys are very promising in 

commercialization because they show superior ZT performance in the low temperature range of 273-473 

K, which is occupied most of waste heat in the world. However, there are limitations to respond to the 

huge demand of small-sized and shape-conformable devices in simple TE ingot-cutting-based conventional 

fabrication process. Thus, recently, various types of 3D printing techniques as advanced fabrication process 

has been significantly considered. In this talk, we would introduce not only concept on fabrication of TE 

device using 3D printing processes but also latest R&D strategy (based on TE Powders) and results at 

KIMS in development of novel bismuth telluride materials for the 3D printing process.

Keywords: Thermoelectric, Bi-Te alloy, 3D printing

SA17



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 43 -

A data driven design strategy to predict and optimize the 

performance of additive manufactured parts

Yongjie Zhang, and Seung Ki Moon*

Singapore Centre for 3D Printing, School of Mechanical and Aerospace Engineering 

NanyangTechnologicalUniversity,Singapore,Singapore

*Corresponding author: skmoon@ntu.edu.sg

Additively manufactured end part has been gaining lots of attention and interest in the recent years in 

various industries. However, there still exist significant barriers to adopt additive manufacturing (AM) parts 

for loaded components. Due to certification requirements, which requires assurance of part mechanical 

strength. Extensive testing is required to take into account confounding and interactions between the process 

parameters on the responses of interest, due to property structure process linkage. As such, to fully understand 

and characterise the design space to ensure AM designers produce an optimised AM component, the cost 

is extremely high. In this research, we propose a data-driven design framework to characterise the design 

space and optimise AM component designs efficiently and effectively. The proposed data driven design 

framework consists of five steps, including embodiment design, validation of process parameters and validation 

of final part performance. The proposed framework is driven primarily by empirical data and evidence from 

experimentations, which are subsumed within a knowledge database. Also, the proposed framework enables 

AM designers to navigate the high dimensional design space rapidly and efficiently using surrogate models 

and classifiers. In the proposed framework, Gaussian Process Regression surrogate modelling is applied to 

characterise the design space. Process maps can be generated from surrogate models to understand the change 

in response of interest due to variation in parameter, and the confounding between different parameters. 

Through the proposed framework, prediction and optimisation of response of interest can be achieved and 

allows for selecting the optimal process parameters for AM parts. To validate the proposed framework, 

a case study is performed to identify the trade-off between mechanical strength response with prediction 

of surface roughness for Fused Deposition Modelling™ ULTEM™ 9085 parts.

Keywords: Additive manufacturing, Data driven design, Material characterization, Optimization, Surrogate 

model
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Advances in material and electrode architecture have facilitated remarkable improvements in the power 

performance of rechargeable batteries over the past decade. However, even the most advanced of today’s 

batteries continue to have poor materials utilization, with only ~50% of cell volume devoted to active materials 

in cells designed for high-energy density. By eliminating electrochemically-inert additives, and achieving 

lower pore tortuosity, this new architecture permits higher density, greater thickness electrodes that increase 

the volumetric and gravimetric utilization of active material at the cell level. As electrode thickness increases 

and pore fraction decreases, transport in the pore phase becomes limiting. In order to maximize rate capability 

at any given electrode thickness and density, tailoring the pore topology is a useful approach. In this talk, 

I will discuss theoretically and experimentally an ordered, “dual-scale” porosity distribution which facilitates 

electrochemical lithiation/de-lithiation and maximizes power available from dense, thick electrodes targeting 

high energy density. In comparison to controls of homogeneous porosity, discharge timescales are reduced 

by a factor of 2-3, yielding an attractive combination of thickness, density and rate performance, with ~80% 

of capacity delivered at 2C in electrodes with areal capacity exceeding twice the value for conventional 

lithium-ion electrodes.

Keywords: Additive Manufacturing, Li-ion Battery, High energy, Tortuosity
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The leading-edge 3D printing technology is opening a new era in manufacturing industries. Due to its 

merits in design freedom, mass customization, and fabrication feasibility, the 3D printing process is becoming 

a new attractive production to replace the existing process in designing and manufacturing complex structural 

composites. The 3D printing process of polymer-based composites promises to be applied to various industrial 

fields such as the high-strength, lightweight structural engineering, electrical and electronic engineering, and 

biomedical engineering. Since 3D printing deposits the feedstock material layer-by-layer, reinforcing fiber 

and interfacial voids are hierarchically distributed in every corresponding layer plane, rendering the material 

to be more strongly subject to the planar anisotropic effect. Thus, an analytic method for quantifying the 

microstructure of 3D-printed composites is of particular interest with regard to predicting and optimizing 

the performance thereof. The contributions of each individual component must be accurately identified and 

quantified as control parameters. Here, we sought to examine in detail the internal morphology of fibers 

and voids in 3D-printed composites by 3D X-ray microscopy to explore their anisotropic architecture. The 

position, length, and alignment of fibers and voids were identified, visualized, and quantitatively characterized 

with a help of computational tomography (CT). Furthermore, the anisotropy approximation of the 3D-printed 

composites, precisely predicted through CT-assisted simulation, was derived based on the quantitative data 

obtained from the 3D reconstruction image. These measurements were effective in exploring the process-induced 

alignment nature of fibers and voids in the local interface region on microscopic scale, and the corresponding 

microstructure resulted in a change in the elastic modulus of the composites with the printing direction. 

In-situ X-ray tomography provided successive 3D images of fracture initiation and propagation at each tensile 

load increment to clearly define the progressive fracture mechanisms. The color-coded segmentation images 

described in detail the crack growth process during the uniaxial tension and highlighted the different fracture 

modes between specimens. Our investigation will add a step to understand the origins of the structural hierarchy 

and anisotropic fracture behaviors of 3D-printed fiber-reinforced composites.

Keywords: 3D printing, fiber-reinforced composites, X-ray microscopy, in-situ tension, fracture behavior
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The generation of large quantities of waste as part of nuclear decommissioning activities poses a significant 
problem for the nuclear industry worldwide. Many of the wastes are classified as radioactive wastes, which 
are disposed of at radioactive waste disposal sites. However, if radioactive materials and non-polluting 
materials are effectively separated, the efficiency of waste valorization could be improved. This study was 
conducted to treat acidic radioactive wastewater, containing 60Co and 152Eu, which is generated during the 
volume reduction of radioactive concrete from nuclear facilities undergoing decommissioning. Separating 
the radioactive Co and Eu from wastewater below the discharge criteria could enable the treated wastewater 
to be regarded as industrial wastewater, not radioactive wastewater, and be released to the environment 
under industrial waste guidelines. Further, the volume of radioactive concrete waste requiring long-term 
disposal could be significantly reduced. With a variety of methods for separating the radioactive nuclides, 
we evaluated the applicability of solvent extraction as a separation method, which is known to be effective 
for the selective separation of metal ions.

An acidic (HCl) solution containing non-radioactive Co and Eu, both with and without Ca, was used 
to simulate the wastewater conditions. Extraction of Co and Eu was confirmed by acidic (D2EHPA, 
Cyanex272, Cyanex301, PC-88A), chelating (APDC, HTTA) and basic extractants (Alamine336), respectively, 
which were diluted by some organic solvents such as n-Dodecane, Kerosene, MIBK and m-Xylene. Extraction 
behavior of Co and Eu was evaluated by observed changes in pH, and calculation of extraction yield, 
distribution ratio, and separation constants for each extractant. It was confirmed that Co and Eu could be 
selectively and easily separated from the simulant wastewater solution using Cyanex 301 (Co extraction 
(%) 99.8, distribution ratio 508) and PC-88A (Eu extraction (%) 99.9, distribution ratio 5654), respectively. 
Selective separation of Co from Eu was also achieved by using a stepwise combined extractant and 
pH-controlled process. Therefore, it has been shown that Co and Eu could be separated effectively from 
the simulated solution, thus reducing the large volume of the radioactive wastewater. In addition, it may 
be possible to reuse separated Co and Eu for research and industrial applications by realizing waste 
valorization, and could be applied for various Co and Eu-containing wastewater.

Keywords: Solvent extraction, Radioactive wastewater, Waste valorization, PC-88A, Cyanex 301
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Demand for tungsten (W) and cobalt (Co), the key raw materials for WC-Co hard metals, iis rapidly 

increasing, which is driving up their prices. Accordingly, a variety of recycling methods are currently used 

in the hard metal industry, and others are under development. Sustainable recycling of cemented tungsten 

carbide is essential to solve supply issues and natural resource exhaustion caused by increasing demand 

in the fields of tooling materials and secondary battery. The recycling process should be efficient, ecofriendly, 

and economically viable, and the resulting product must have quality that is comparable or better than that 

of cemented WC prepared from virgin raw materials. 

Herein, we describe an efficient process for recycling cemented WC soft scrap using mechanochemical 

ball milling in the presence of sulfuric acid. The process is based on the synergetic effect of mechanical 

milling of scrap and chemical leaching of cobalt (Co). This method has the advantage that WC can be 

recovered without oxidation or phase change. Consolidation of the recovered WC particles provided recycled 

cemented WC having excellent mechanical properties. In addition, the applicability of the recycled cobalt 

element as a battery cathode material was evaluated.

Keywords: WC-Co soft scrap, Recycling
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Magnesium (Mg) metal is the lightest structural metal, making it essential for the reduction of carbon 

dioxide (CO2) emissions by vehicles. Mg metal is commercially produced by the Pidgeon process and 

electrolytic processes. However, these processes lead to environmental issues, such as the generation of 

sulfur oxide (SOx) and chlorine (Cl2) gases. In order to develop an efficient and green technology for the 

production of Mg metal, molten salt electrolysis of magnesium oxide (MgO) using a liquid-metal cathode 

and vacuum distillation were investigated. In this process, high-density Mg alloy is produced at the bottom 

of an electrolysis cell through the electrolysis of MgO using tin (Sn), copper (Cu), or silver (Ag) as the 

cathode and graphite or platinum (Pt) as the anode in magnesium fluoride (MgF2) – lithium fluoride (LiF) 

molten salt at 1053 K. Subsequently, high-purity Mg metal with a purity of 99.999 % is produced through 

the vacuum distillation of the Mg alloy at 1200 – 1300 K. This method offers the advantages of high current 

efficiency, no generation of harmful gases, the use of a simple cell design for electrolysis, and the production 

of high-purity Mg metal. To establish a more effective and environmentally-friendly process, the use of 

secondary MgO-containing resources as feedstock for the electrolysis, development of inert electrode 

materials, and scale-up of the process have been investigated. Therefore, in this study, recent advances in 

the novel Mg production process will be discussed.

Keywords: Magnesium, magnesium oxide, molten salt electrolysis, vacuum distillation
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Selection of structural materials such as materials of crucible and reactor is very important. In particular, 

it is considered more important in the process for the production of reactive metals like as titanium. Because 

titanium and titanium alloys highly reactive with other materials as well as interstitially dissolve an amount 

of impurities which kind of oxygen, nitrogen and hydrogen. Many researchers have conducted studies on 

the reduction of titanium oxide in molten salts. However, study on the structural materials for reduction 

of titanium oxide have not been made clear even though it is very interesting for research. In this study, 

the thermodynamic stability of the crucible material that can be used in the reduction of titanium oxide 

using molten salts was evaluated. Crucibles which are CaO, MgO, Al2O3, Ti, W were recommended as 

the experimental material and then thermo-chemistry stability is calculated by factsage program. Depending 

on the result, two kinds of crucible materials were selected subsequently carried out the experiment. MgTiO3, 

Mg-Cu alloy with BaF2 and MgF2 molten salts are used as raw materials and then experiment is performed 

at 1050℃. After the experiment, the crucible and the solidified product were separated and microstructure 

analysis was performed using SEM and EDS. It was confirmed that MgO crucible was thermodynamically 

stable in reduction process of titanium oxide using molten salt therefore, MgO crucible is selected as an 

optimal material.

Keywords: Titanium, Crucible Materials, Electrolytic Reduction, Molten Salt, Thermodynamic Stability
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Refractory High-Entropy Alloys (RHEAs) have attracted extensive attention, due to their outstanding 

properties and microstructural stability at elevated temperature. In many RHEAs, solid-solution strengthening 

mechanism plays an important role in enhancing their mechanical properties, because most of RHEAs contain 

a BCC-type single solid-solution phase. The solid-solution strengthening in RHEAs is affected by the lattice 

and shear modulus distortion factors caused by lattice misfit, bonding energy misfit and different crystal 

structure among alloying elements. Recently, many RHEAs with enhanced yield strength have been developed 

by maximizing the lattice distortion factor.

In the present study, our objective is to develop high strength RHEAs via maximizing the lattice and 

shear modulus distortion, Therefore, we systematically designed a series of RHEAs to quantitatively evaluate 

the effect of the lattice and shear modulus distortion on the strength of the RHEAs. Specifically, we prepared 

a number of equi-atomic refractory alloys, which consist of a BCC-type single solid-solution phase, and 

the microstructure and mechanical properties are investigated using X-ray diffraction, Scanning Electron 

Microscope, nano-indenter and compressive test. 

Keywords: Refractory High Entropy alloys, Lattice distortion, Shear modulus mismatch, Mechanical 

Properties
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Titanium is used in a large amount, accounting for 15% of the weight of the aircraft due to its light 

weight and stable properties, but only about 5% of the input material is actually used in the manufacturing 

process, so the remaining 95% is scrap processed. In addition, about 200 tons of titanium scrap generated 

through machining such as lathe, milling, grinding, and CNC is generated in Korea alone per year. In order 

to reuse titanium scrap, deoxidation technology that removes oxygen in the scrap is essential. However, 

there is no deoxidation technology in Korea, so titanium scrap is being exported abroad. In this study, 

electro-chemical electrolytic deoxidation was used as a titanium scrap deoxidation process. The oxygen 

concentration of the deoxidized scrap was measured, and the oxygen change was confirmed through 

thermodynamic calculations in the scrap.

Keywords: Titanium, Reduction, Deoxidation, Oxygen
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Recycling of rare earth elements(REEs) from NdFeB magnets is becoming increasingly important due 

to an increasing demand for high performance magnets for electric vehicles and wind turbines. In this study, 

REEs were extracted from NdFeB magnets using molten magnesium halides. Based on thermodynamic 

calculation, magnesium chloride and fluoride were confirmed as extraction reagents, and ternary halides 

compositions with alkali metal salts were selected in order to reduce the process temperature. The extraction 

was proceeded by reacting crushed NdFeB magnet with molten halides at temperatures of 500-800℃ in 

an argon atmosphere. The microstructure, phase and composition of the samples were analyzed using SEM, 

XRD, and ICP-OES. Fluorides-based salts showed an excellent extraction rate of over 99.36%, showing 

better extraction properties than chlorides.

Keywords: Rare-earth metal, NdFeB magnet, recycling, extraction, magnesium halides
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Electron beam melting (EBM) has been considered as one of the key steps for preparing high purity 

tantalum, molybdenum and titanium ingots. To produce qualified metal ingots by EBM, it has to be premised 

that reasonable setting of process parameters, as well as it is difficult way to select suitable process parameters 

of beam power and duration time for a homogeneous fabrication of high purity rare metal ingots, at that 

time every cases of melting conditions are difference such as melting pot size, coolant contact conditions 

and etc. Especially, electron beam power (Acceleration voltage*Beam current) parameter is closely related 

to melting temperature in the rare metals. But, decision is quite hard on how much beam power is require 

for melting of rare metals. In this study we can offer the information on temperature could be reached 

and which amounts could be melted. Firstly, in order to exact prediction the temperature of rare metals 

after EBM process which is conducted by the computational simulation on our reactor with exact specification 

of our EBM device and this calculation was compared with melted ingot properties for pursuing effectiveness. 

Secondary, optimization of shape of electron beam irradiation by the parameters condition of beam power 

and magnet coil (Object lens) current are discussed by finite elements method (FEM) simulation which 

is obtained the optimum process parameters from statics electric, magnet and particle tracking simulation. 

Third, the correlation between the optimization beam parameter and the degree of rare metal melting was 

analyzed using by heat transfer simulation for compare to EBM experimental process. And Ingot produced 

were analyzed about crystal structure, mechanical properties and concentration of inorganic and organic 

impurities after process.

Keywords: Electron beam melting (EBM), Rare metals, Finite element method (FEM), High Purity, 

Refractory 
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Data-driven approaches enable a deep understanding of microstructure and mechanical properties of materials 
and greatly promote one’s capability in designing new advanced materials. Deep learning-based image processing 
outperforms conventional image processing techniques with unsupervised learning. This study employs a 
variational autoencoder (VAE) to generate a continuous microstructure space based on synthetic microstructural 
images. The structure-property relationships are explored using a computational approach with microstructure 
quantification, dimensionality reduction, and finite element method (FEM) simulations. The FEM of representative 
volume element (RVE) with a microstructure-based constitutive model is proposed for predicting the overall 
stress-strain behavior of the investigated dual-phase steels. Then, Gaussian process regression (GPR) is used 
to make connections between the latent space point and the ferrite grain size as inputs and mechanical 
properties as outputs. The GPR with VAE successfully predicts the newly generated microstructures with 
target mechanical properties with high accuracy. This work demonstrates that various microstructures can 
be candidates for designing the optimal material with target properties in a continuous manner. In addition, 
the digitized format of microstructures, or digital microstructures, plays a crucial role in modern-day materials 
research. Unfortunately, the acquisition of digital microstructures through experimental means can be unsuccessful 
in delivering sufficient resolution that is necessary to capture all relevant geometric features of the microstructures. 
The resolution-sensitive microstructural features overlooked due to insufficient resolution may limit one’s 
ability to conduct a thorough microstructure characterization and material behavior analysis such as mechanical 
analysis based on numerical modeling. Here, a highly efficient super-resolution imaging based on deep learning 
is developed using a deep super-resolution residual network to super-resolve low-resolution (LR) microstructure 
data for microstructure characterization and finite element (FE) mechanical analysis. Microstructure 
characterization and FE model based mechanical analysis using the super-resolved microstructure data not 
only proved to be as accurate as those based on high-resolution (HR) data but also provided insights on 
local microstructural features such as grain boundary normal and local stress distribution, which can be 
only partially considered or entirely disregarded in LR data-based analysis. In this presentation, an overview 
of machine learning in connection with microstructure and mechanical properties developed and applied 
by the authors is demonstrated. 

Keywords: Machine Learning, Microstructure, Imaging, Finite Element Method, Super-Resolution
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Here, we report a data-driven symmetry identification and property prediction using powder XRD patterns 

of all entries in inorganic crystal structure database (ICSD) and materials project (MP) using fully convoluted 

neural network (FCN), transformer encoder (T-encoder), and variational autoencoder (VAE). The result was 

compared to those from crystal graph convolutional neural network (CGCNN). A specified dataset focusing 

on a well-categorized narrow material system is out of our concern. Neither knowledge(rule)-based handcrafted 

feature engineering nor descriptor extraction resulted from the severe data dimension reduction is of our 

concern as well. The conventional powder XRD pattern that is being most widely utilized in the materials 

research domain was proven to be an informative material descriptor. Both the XRD-driven FCN and 

T-encoder outperformed CGCNN for the symmetry classification. In addition, FCN concatenated with 

multi-layer perceptron (MLP) worked out for property prediction and reached the performance level of 

CGCNN. Finally, all ICSD entries are embedded on the VAE-reduced latent space and a clear trend elucidating 

symmetry was detected in this latent embedding space.

Keywords: XRD, ICSD, Material Project, FCN, Transformer, VAE, Transformer

SC09



- 58 -

A Study on The Design of a Cyclone Separator Through Fluid 

Simulation

Yin Song1, Whi-Jun Kim2, and Ho-Young Hwang2*

1Industrial Technology, University of Science and Technology, Daejeon, Republic of Korea
2Smart Liquid Processing R&D Department, Korea Institute of Industrial Technology, 

Incheon, Republic of Korea

*Corresponding author: hyhwang@kitech.re.kr

The cyclone separator is widely used in the separation of particles from industrial gases due to its simple 

structure, low cost, free of temperature and pressure limitations, and high separation efficiency. 

Particle-containing gas flow tangentially into the cyclone separator. Subsequently, due to the structure of 

the cyclone separator, the gas will flow to the bottom of the cyclone separator in a spiral pattern. This 

flow pattern makes the particles with larger mass obtain higher centrifugal force, causing the particles to 

strike the wall of the cyclone separator and lose kinetic energy. Eventually, the particles that have lost 

their kinetic energy will fall to the bottom of the cyclone separator under the influence of gravity.

The most important parameters in the design of a cyclone separator are separation efficiency and pressure 

drop. The factors that can affect these two parameters are inlet velocity, gas viscosity, gas density, particle 

density, and the structure of the cyclone separator. So far, many researches have been done on cyclone 

separators and several standard cyclone separator design dimensions have been provided. For example, 

standard models such as Lapple, Stairmand, Peterson Whitby, Swift, etc.

Cyclone separators are generally used to separate particles above 5μm from the gas. However, the purpose 

of this study is to design a series of cyclonic separators for separating steel particles with diameters greater 

than 45 μm, greater than 35 μm, and greater than and equal to 20 μm and smaller. Particles with diameters 

greater than 50 μm can be mechanically separated using sieves of various scale sizes, but less than 50 

μm is difficult to separate. The difference in density between particles and gas is relatively large, which 

makes it easier to separate particles and gases, whereas it is not easy to separate particles with a mixture 

of fine particles of 50 μm or less of the same density according to their size. In this study, the commercial 

software ANSYS FLUENT was used to perform numerical simulation and determine the design size and 

boundary conditions of the cyclone separator to achieve the purpose of separating less than 50 μm steel 

particles.

Keywords: Cyclone separator, Numerical simulation, Separation efficiency, Pressure drop, Steel particles
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In the atomization process, the molten metal is separated into small droplets and frozen rapidly before 

the drops come into contact with each other or with a solid surface. A molten metal stream is disintegrated 

by the impact of high-energy jets of gas or liquid. In principle, this process is applicable to all metals 

that can be melted and is used commercially for the production of iron, copper, alloy steels, aluminum, 

and titanium etc. 

In order to improve the production capacity and recovery rate of Ti powder using the atomization process, 

the influence of melt temperature, gas pressure, gas flow rate, which are control factors in the EIGA(Electrode 

Induction melting Gas Atomization) process, on the particle size, shape, flow chart, and apparent density 

of the powder, is analyzed by artificial intelligence.

In the first step, in order to find the most efficient AI analysis model, the accuracy of several 

regression-based machine learning models and the self-developed DNN(Deep Neural Network) model were 

compared. Following are some popular regression-based models that we discuss in this research.

• Linear regression (Multiple, and Polynomial)

• Decision tree regression

• Random forest trees

• Gradient boosted trees

And then, the optimal process conditions were derived using the trained AI model.

Keywords: Process optimization, Atomization process, Artificial intelligence, Regression, DNN
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Carburizing is an old-fashioned surface hardening method of steels and metals but most widely used 

in the heat treatment industry. Carbon atoms diffuse into a matrix through the surface of steel part at a 

high temperature where the austenite phase is solely stable. The surface of the carburized steel part is hardened 

due to high carbon concentration and shows a compressive residual stress condition which can restrict a 

crack propagation. Thus, the mechanical properties of the carburized steel part are strongly dependent on 

the carbon profile from the surface. The carburizing process condition such as carburizing temperature and 

time, diffusion temperature and time mainly affects the variation of the maximum carbon concentration 

at the surface and the carbon profile with the surface depth. During quenching after the carburizing process, 

the difference phase transformations occur depending on the carbon concentration and cause various 

microstructures near surface, resulting in final properties and distortion. The determination of the carburizing 

process condition is a key factor to develop new surface-hardened steel component to achieve a target surface 

carbon concentration, carbon profile, and hardness distribution. The carburizing process condition has been 

determined by trial and error in typical. Some empirical equations were derived to determine the condition 

with limited experimental data. In this presentation we simulated the carburizing process with various process 

condition by finite element method and secured the simulation database for carburization. A predictive model 

based on machine learning was derived with the simulation database and used to optimize to obtain the 

target properties of the carburized steel component. An experimental validation was carried out for the 

accuracy of the model optimization.

Keywords: Carburizing process, Prediction, Optimization, Finite element method, Machine learning
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The quantitative analysis of microstructural properties in aluminum alloys, as in other metals, is very 

important for understanding the mechanical properties of alloys. The microstructure is mainly measured 

by the equipment such as optical microscope(OM), scanning electron microscope(SEM), transmission electron 

microscope(TEM), etc. and usually starts with the simplest level, OM measurement. The microstructural 

classification of the measured microstructure images is mostly done by field experts manually, which may 

cause uncertainties. It is also necessary to modify the parameters of the image analysis software every time 

for each image in order to obtain the optimal image. Recently, deep learning approaches have shown high 

performance in the field of vision applications by learning the features from the original images, and are 

being used in various fields of material science and engineering. In this work, we use deep learning approach 

for the microstructural classification for the example of the hypereutectic Al-Si alloys and compare the 

performance of the prediction with different hyper-parameters for the deep learning model training. The 

image data augmentation techniques such as cropping, spatial level transformation and pixel level 

transformation are also applied to see how they affect the overall performance. The Resnet18 model is 

utilized as a backbone model for the deep learning approach and the stochastic gradient descent with 

momentum is used for the optimization algorithm for the training in this work. 

Keywords: Microstructure, Deep learning, OM measurement, Hyper-parameters, Classification
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Recently, amorphous powder has received considerable attention as a soft magnetic material because 

of its low coercivity, high permeability, and low core loss. However, it cannot be plastically deformed, 

and therefore, the initial packing fraction is essential to be high to attain a high relative density of final 

products to prevent magnetic dilution. 

Herein, we suggest increasing the initial packing fraction of the amorphous powder by mixing it with 

various average sizes. We also examined the change of the packing fraction by varying the mixing ratios 

of different-sized powders. We monitored the mixing ratio of high-density powders on packing behavior 

through various approaches such as simulation, theoretical modeling, experimental verification, and optimized 

the mixing ratio using machine learning. Therefore, we could achieve results similar to those obtained when 

simulating the behavior of an actual powder. This is because the angle of repose can describe the interaction 

of the powder. Finally, a packing fraction improvement of ~8.97% was achieved through machine learning.

Keywords: Packing fraction, Amorphous powder, Soft magnetic, Simulation, Machine learning
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The discovery, design and development of new alloys have long been an important component of advanced 

engineering system. However, this design process is often too slow due to chemical and structural complexity. 

During the last century, ferroalloy design was essentially an empirical iteration, based on lesson learned 

from industrial use and human experience. Alloy design and development is costly, slow and does not take 

full advantage of the data that exist in the Fe alloy metallurgy field. In the present work, an attempt was 

made to utilize a scientific approach to data to develop an artificial neuron network (ANN) model for alloy 

design.

Fe-based amorphous alloys have been used in commercial industry because of their high saturation 

magnetization and cost competitiveness as soft magnetic core materials. Two conditions are required to 

produce excellent Fe amorphous alloys. The first is a very high cooling rate, and the second is the difference 

in radius between the additive elements and the matrix Fe atom. Metalloid additives like Si, B, C and 

P can be located in the interstitial site of lattice because of their small atomic radius. It also prevents 

crystallization when cooled from liquid to solid. An amorphous alloy can be produced by an appropriate 

combination of these elements. However, discovery of multi-component alloys take a lot of time to be 

experimentally proved at the time of design. 

In this study, we tried to design amorphous alloys of Fe-Si-B-P using artificial intelligence algorithm. 

In addition, we tried to find the optimal combination ratio of Si, B, C, and P, which are additive elements, 

by linear regression or artificial intelligence neural network method. The amorphous forming ability (AFA) 

and magnetic properties (Ms, Hc) of the alloys designed by artificial intelligence were evaluated, and the 

soft magnetic properties of optimized Fe-Si-B-P alloy were compared with those of the actually manufactured 

alloys.

Keywords: Fe based amorphous, soft magnetic, artificial intelligence, artificial neural network, metalloid 

element

SC15



Special Session

Advanced Powder Processing 

and Applications



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 65 -

Mechanical Alloying to Synthesize Advanced Materials

C. Suryanarayana

University of Central Florida, Orlando, FL. 32817-5208, USA

*Corresponding author: surya_orlando@hotmail.com 

Mechanical alloying is a powder processing technique that involves repeated cold welding, fracturing, 

and rewelding of powder particles in a high-energy ball mill. Originally developed to produce oxide-dispersion 

strengthened superalloys, it has been later recognized that a variety of metastable phases can also be 

synthesized. These metastable phases include, among many others, supersaturated solid solutions, 

quasicrystalline alloys, amorphous alloys, nanocomposites, and high entropy alloys. Most of these alloy phases 

are in the nanocrystalline state, unless they happen to be amorphous in nature. 

After presenting a brief survey of the process and the mechanism of formation of metastable phases, 

we will present a brief description of the characteristics and properties of these different advanced materials. 

Emphasis will be placed on the very recent results on nanocomposites and high-entropy alloys. 

Nanocomposites contain either the matrix or the reinforcement or both in the nanocrystalline state. 

Mechanical alloying is probably the best technique to synthesize nanocomposites with a high volume fraction 

of nano-sized reinforcements. Our results on Al-Al2O3 system will be presented to demonstrate this aspect. 

Results on the Ti5Si3-TiAl system will demonstrate the feasibility of achieving superplastic deformation at 

temperatures much lower than at temperatures normally observed for superplastic deformation. The mechanical 

deformation behavior of Al-metallic glass composites showed that abnormal deformation behavior was 

observed when the composite showed higher strength at room temperature and lower strength at higher 

temperatures than the monolithic Al7075 alloy, indicating excellent hot workability.

High entropy alloys are recent developments, and these have also been developed by mechanical alloying 

methods. The advantages of synthesizing these alloys by the solid-state mechanical alloying versus traditional 

casting methods will be highlighted.

The presentation will conclude the present and potential applications of mechanical alloying to synthesize 

advanced materials.

Keywords: Mechanical alloying, Recent developments, Amorphous alloys, High entropy alloys, Industrial 

applications
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Powder metallurgy (PM) technology is considered as the next-generation flagship technology in the root 

technologies (casting, molding, plastic working, welding, heat treatment, surface treatment, 3D printing, 

injection molding press, and so on) which are the foundation of Korean manufacturing industry. PM technology 

has been widely used as the alternatives for the existent forming technologies such as forging and metal 

casting, because it is advantageous in the area of material utilization, shape complexity, near-net-shape 

dimensional control, volume production, and so on. In particular, it is essential in the 3D printing 

manufacturing technology which is one of the mainstreams in the 4th industrial revolution. This presentation 

shows the current status and strategic outlook of the manufacturing process for PM technology and, especially, 

the fabrication of powder and evaluation to apply for 3D printing manufacturing industry.

Keywords: Powder metallurgy, 3D printing, Root technology, Powder fabrication
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Metallic glass has a short-range ordered structure and homogeneous distribution of the alloying elements. 

Therefore, this material has a very high hardness, strength and elasticity due to difficult displacement of 

atoms to accommodate dislocation. Although metallic glass has these attractive properties, they are difficult 

to manufacture and unstable at high temperatures, so they are finding key application field. So, We developed 

novel Fe-Cr-B based metamorphic alloy powders(product codes: CM, CM1, CM2) that complemented the 

shortcoming while maintaining the advantages of the metallic glass. A coating layers were manufactured 

using the most representative thermal spray coating processes such as APS(Atmospheric Plasma Spray) and 

HVOF(High Velocity Oxy-Fuel) spray, using the novel Fe based metamorphic alloy powders. And the 

microstructure and wear characteristics of the novel Fe based metamorphic coating layers were investigated. 

The coating layers consisted of un-melted powder and splat particle structures, At this time, the un-melted 

powder consisted of the same Fe(BCC) and (Fe, Cr)2B phases as the initial powder, but in the splat particles 

area, zero-solution(metallic glass) and the (Fe, Cr)2B phase in which some decomposition occurred less 

were observed. As a results of the pin on disk wear test, the wear volume is Plasma CM : 0.46 mm3, 

Plasma CM1 : 0.74 mm3, Plasma CM2 : 0.31 mm3, HVOF CM : 0.033 mm3, HVOF CM1 : 0.15 mm3, 

HVOF CM2 : 0.016 mm3, respectively. It was confirmed that HVOF materials had superior wear resistance 

than plasma materials. In particular, it was found that HVOF CM2 material has about 2 to 46 times better 

wear resistance than other metamorphic coating layers. In addition, as a result of the salt water electrochemical 

corrosion test, it was confirmed that the thermal sprayed CM, CM1 and Cm2 materials had slightly superior 

corrosion resistance than the 316L material. Based on the above results, wo would like to propose and 

apply a new application field for novel Fe based metamorphic alloy powders.

Keywords: Novel Fe based metamorphic alloy powder, Development, Microstructure, Properties, 

Application
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Powder Metallurgy (PM) is a technology developed in the early 20th century that now is recognized 

as a ‘green technology’. From its early days, the technology was developed to produce materials that could 

not be produced by other alternative routes (i.e. W wires) and to produce mass production parts at lower 

prices than alternative or competing methods. 

When some advanced technologies were developed in the second half of the century, such as hot isostatic 

pressing, it became clear that PM was also capable of developing materials with unique and outstanding 

properties. Today the so-called “advanced technologies” have been used to develop PM materials in these 

three niches of applications: mass production parts, unique materials, and outstanding materials. In this work, 

a brief overview of the three application fields is given, through some specific examples where some advanced 

production methods or some advanced testing methods are used to develop materials. 

Four examples are used: how new testing methods can allow a better understanding of parts obtained 

by mass production processes (of low alloyed steels using liquid phase sintering) and how new technologies 

are used to produce unique materials (such as new cemented carbides with alternative binders) or outstanding 

materials (new Co-based superalloys and high entropy alloys for high-temperature applications).

Keywords: Advance PM methods, low alloyed steels, hard metals, Co base superalloys, high entropy 

alloys
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We developed metal-alloy for double printing and the development of fine pattern printing technology 

to reduce use of silver paste. In order to reduce silver, paste was prepared through hybridization of low-cost 

metal composite materials. Silver paste and copper material that can control fine line width and thickness 

as the lower finger electrode material were developed with a over 99% of purity, 3 microns average sized 

particles, and less 0.2% oxygen contents. In addition, printability and electrode characteristics were evaluated 

following the sintering temperature of the electrode of the crystalline silicon solar cell through the setting 

of dispersion conditions using pre-treatment and high-pressure dispersion technology, and classification of 

fine powder and coarse powder. In order to improve the properties of the electrode, the composition window 

range such as the content of alloy powder, binder, propellant, and vehicle was set and a screen capable 

of fine line width printing was designed and manufactured. Through evaluation of printable squeegee speed 

and pressure characteristics, a 19.2% grade silicon-based solar cell applied with a new electrode material 

was researched.

Keywords: Solar cell, Silver paste, Silicon
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Manufacturing research and characterization of 3D printing 

aluminum alloy powder for mobility applications

Hongmoul Kim*, Jiwon Park, and Changhyung Yoo

HanaAMT Co., Ltd., Cheongju, Republic of Korea

*Corresponding author: davidkim@hanaamt.com

Metal 3D printing additive manufacturing technology is a technology that welds thin sections layer by 

layer by selectively repeating melt-solidification by applying a laser to the applied powder based on a 

three-dimensional digital drawing. It is attracting attention as a core technology that can reduce material, 

design innovation, and strengthen characteristics compared to conventional cutting, as it can realize complex 

shapes or spatial structures that were previously difficult to implement, and improve mechanical properties.

However, the types of metal powder for 3D printing are limited, and research and development cases 

that consider application fields and characteristics are rare so far, and alloy powders generally used in 

traditional powder metallurgy or casting processes are classified and utilized to suit the lamination method. 

has exist. In this study, spherical (Sphere, sphericity 1.04), low oxygen (320ppm), and miniaturization (20~63

㎛) characteristics were performed by controlling the composition of an aluminum alloy material applied 

to mobility equipment to be suitable for metal 3D printing. Manufactured by gas atomization manufacturing 

method. Conducted research to manufacture and evaluate laminated specimens (density and tensile strength) 

using PBF (powder bed fusion)-based metal 3D printing technology, and to implement mobility prototypes.

Keywords: Aluminium alloy powder, Metal 3D printing, Mobility, additive manufacturing, Selective laser 

melting
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Characterization of the Martensite Phase in Ti-6Al-4V Alloy 

Fabricated by Selective Laser Melting (SLM)

Jaiyoung Cho

R&D center, Hankook tire & Technology LTD., CO., Daejeon, Republic of Korea

*Corresponding author: jaiyoung.cho@hankooktech.com

The α'-martensite phase in Ti-6Al-4V alloy, commonly found in the alloy manufactured by selective 

laser melting (SLM), has been investigated. The phase is categorized into four types, which are primary, 

secondary, tertiary and quaternary, in accordance with their size and location in prior-β grains. The 

SLM-fabricated Ti-6Al-4V alloy that has smaller prior-β grain sizes (1033.15 μm2) and a larger amount 

(26.29 %) of primary and secondary martensite plates exhibit better tensile strength (1034 Mpa) and ductility 

(11.1 %) than another SLM-fabricated Ti-6Al-4V. Furthermore, the slice-and-view technique with FIB/SEM 

dual beam system has been used to further investigate the three dimensional (3D) morphology of the martensite 

phase. Even though several different morphological features are observed in 2D micrographs, it is confirmed 

that the 3D morphology of the martensite phase in Ti-6Al-4V is only in a plate- or patch-like shape irrespective 

of their size. It proves that the martensite phase is formed in sequence from primary to quaternary matensite 

in a manner of filling the space generated between the martensite plates that are formed earlier than those 

to be formed.

Keywords: Additive manufacturing, Ti-6Al-4V, Microstructure, SLM

SD13



- 72 -

Analytical modeling of geometric characteristics in 

polycaprolactone (PCL) scaffolds produced by materials 

extrusion-based additive manufacturing 

Ji-Woon Lee1*, and Sung Yi2

1Division of Advanced Materials Engineering, Kongju National University, Cheonan, Republic of Korea
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*Corresponding author: jwl@kongju.ac.kr

Materials extrusion-based additive manufacturing is known as a promising technique to fabricate the 

scaffolds due to affordability, versatility, and wide acceptance of various materials. The reliability and 

controllability of the printing process are necessary to produce scaffolds with desired properties for tissue 

engineering. Analytical models are developed in this study to simulate the geometric characteristics of 

cylindrical polycaprolactone (PCL) scaffolds produced by the materials extrusion-based additive 

manufacturing technique using fluid mechanics. The geometric characteristics of the PCL scaffold can be 

predicted by using extrusion pressure, temperature, nozzle diameter, nozzle length, and printing speed. The 

effectiveness of models is verified through comparison with the experimental results. Simulation results show 

that geometric characteristics have a strong relationship with processing parameters, and the developed models 

are useful in predicting the geometric characteristics of the scaffold structure produced by the materials 

extrusion-based additive manufacturing technique. 

Keywords: Additive manufacturing, Polycaprolactone, Scaffold, 3D bioprinting, Porosity
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Preparation of Nanostructured TiO2 Photocatalysts with 

Different Morphologies using Ammonium Hexafluorotitanate by 

Solution Routes 

Duk-Hee Lee, Chan-Gi Lee, and Kyung-Soo Park*

Advanced Materials & Processing Center, Institute for Advanced Engineering (IAE), 

449-863, Yongin-si, Republic of Korea

*Corresponding author: kspark@iae.re.kr

TiO2 is one of the most widely researched semiconducting metal oxides and it often used in various 

industrial fields such as photocatalyst, Li ion battery, solar cell, sensor, pigments, cosmetics because of 

its unique structure, nontoxicity, low cost, chemical properties. Up to now, numerous studies have revealed 

that the performance of TiO2 nanostructures is generally determined by the physical properties such as crystal 

structure, surface, morphologies and phase. Moreover, considerable efforts have been devoted to developing 

various TiO2 nanostructure and morphologies of 0D to 3D and other hierarchical nanostructures using 

solution-based routes including sol-gel, precipitation, hydrothermal, solvothermal and so on.

In this study, various TiO2 nanostructures (nanoparticles, hollow, flower-like) were prepared via facile 

wet chemical approach with ammonium hexafluorotitanate ((NH4)2TiF6, AHFT) as precursor. Field emission 

scanning electron microscope (FESEM) and transmission electron microscopy (TEM) result showed that 

nanoparticles, hollow and flower-like structures of TiO2 easily obtained. The UV-light photocatalytic 

performance as photocatalyst for degradation of Rhodamine B (RhB) aqueous solution is evaluated by using 

UV-vis absorption spectroscopy at room temperature. Significant improvement in photocatalytic efficiency 

of synthesized TiO2 materials was observed and discussion of relationship between enhanced photocatalytic 

activity and structural and surface were addressed. Based on our research, there are clearly many opportunities 

for structural development of TiO2 materials using ammonium hexafluorotitanate for highly efficient 

photocatalytic applications.
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Metallic Foam for Applications in the Field of Catalysis and Electrolysis 
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2Alantum Corporation, Seongnam-City, Korea 
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Metal and metal alloy foams are suitable for a wide range of applications as materials for filters, catalyst 

supports for heterogeneous catalysis and electrodes in batteries, fuel cells and electrolyzers due to their 

excellent heat and mass transfer, low pressure drop, good electrical conductivity and high chemical and 

physical resistance. 

The foam can be produced in a wide range of pure metals like nickel, iron, silver, copper by an 

electroplating process using PU-foam as a precursor. 

By means of a patented powder metallurgical coating and sintering process, the metal foam can be 

converted into an alloyed foam. Depending on the application, high high-temperature, oxidation and corrosion 

resistance can thus be achieved. In addition, it is possible to increase the specific surface area by several 

orders of magnitude. The porosity is > 90 % and cell sizes in the range of 450 µm to 5000 µm can be 

produced via this process.

In the current paper, results for application in catalysis and electrolysis are presented and discussed. 

Using the example of steam reforming of methane by means of supported nickel catalyst, it is shown that 

high specific thermal conductivity by convection and radiation, low pressure drop and high heat tolerance 

represent an advantage of metal foam made of a NiFeCrAl alloy over ceramic supports. This is manifested 

by a reduction in the energy required for firing and compressors as well as a longer service life of the 

catalyst and reactor tubes. 

In the partial oxidation of methanol for the production of formaldehyde using a pure silver foam catalyst, 

the good heat conduction, heat tolerance and narrow residence time distribution are decisive advantages 

over conventional catalysts. This is primarily demonstrated by higher selectivity, catalyst lifetime and 

improved catalyst activity.

Due to the increasing importance of water electrolysis using regeneratively generated electricity, research 

work is focusing on efficient electrode materials for electrolyzers. In this context, modified nickel foam 

and foams based on Ni alloys show a significant advantage in terms of efficiency in alkaline electrolysis 

compared to simple nickel sheets, which are currently mainly used. Electrochemical investigations show 

that the foam materials exhibit a lower overvoltage and thus the operating costs of electrolyzers can be 

significantly reduced. 

Keywords: metal foam, catalyst, powder metallurgy, heterogeneous catalysis, electrolysis
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Manufacturing, Structural characteristic and Mechanical 

properties of Additively Manufactured CoCrMo Triply Periodic 

Minimal Surface Sheet Lattices

Kee-Ahn Lee1*, So-Yeon Park1, Kyu-Sik Kim1, and Bandar AlMangour2
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 2Department of Mechanical Engineering, King Fahd University of Petroleum & Minerals, 
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This study involves the fabrication of triply periodic minimal surface sheet lattices possessing two different 

topologies―Neovius and Schoen’s IWP. The structural characteristics of these materials, which were 

fabricated by laser powder bed fusion using CoCrMo alloy powder, were investigated. The tensile and 

compressive properties and deformation behaviors of the materials were evaluated by increasing the unit 

cell size (1, 2.5, and 5 mm) for each topology. The results of the tensile tests showed that the yield strengths 

and Young’s moduli of both topologies decreased, and that their elongations increased with decreasing unit 

cell size. We compared the mechanical properties of the Neovius and IWP lattices, which had the same 

unit cell size, and found that the former exhibited higher yield strength, tensile strength, and elongation. 

Further, the tensile deformation behavior of the specimens was analyzed by applying the Gibson–Ashby 

analytic model. In the compressive results, Neovius lattices also represented higher yield strength and first 

peak strength compared to IWP lattice regardless of direction of lattice. Compressive stress-strain curves 
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showed no abrupt stress drop phenomena in either topology. Neovius maintained the plateau strength longer 

than the IWP, and IWP showed a steady strain hardening behavior with increasing flow stress. Neovius 

also had higher energy absorption efficiency and ideality than IWP. Neovius lattice accommodated more 

uniform deformations in a greater number of cell layers. These experimental observations and the use of 

a simplified model of the lattice structure can enhance the understanding of the mechanisms of the tensile 

and compressive deformations of Neovius and IWP sheet-based lattice structures.

Keywords: TPMS sheet-based lattice structure, Laser powder bed fusion, CoCrMo, Unit cell topology, 

Mechanical Property
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Current Trends and Future Directions of Ceramic Membrane 

Technology for Water Treatment 

In-Hyuck Song*, Jang-Hoon Ha, and Jongman Lee
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 Changwon, Gyeongnam 51508, Republic of Korea
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Ceramic membranes can be applied under extreme operating conditions such as low pH, high pressure 

and high temperature. Especially, the inherent limitations of conventional polymer membranes can be 

overcome by adopting ceramic membranes simply to the existing water treatment systems. Moreover, there 

are a lot of potential applications of ceramic membranes such as distillation, adsorption and extraction in 

various industrial areas. Therefore, the ceramic membrane technology is not a mere ceramic processing 

technology, but a highly influential technology to the overall environment technology.

In this study, we focused the current status and prospects of ceramic membrane for water treatment 

by adopting various kinds of ceramic materials such as alumina, silicon carbide and natural materials. We 

would like to present the ceramic membrane research results conducted by KIMS so far. Especially, the 

ceramic membrane fabricated by extrusion process was introduced in various applications such as industrial 

wastewater, and pretreatment in desalination. This presentation consists of three parts: (1) Tailoring pore 

structures of MF, UF, NF ceramic membrane, (2) Functionalizing the coating layer of ceramic membrane, 

and (3) Extrusion process of ceramic membrane. 

Keywords: Ceramic, Membranes, Filter, Pore structure, Water treatment 
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Single-step Prepared Porous Li2S-P2S5-C Cathode for 

All-solid-state Lithium Ion Batteries

Hyung-Tae Lim1,2*, Gi Hwan Chang1, and Sung Kang3

1School of Materials Science and Engineering, Changwon National University, 
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3Analysis and Assessment Center, Research Institute of Industrial and Science Technology, 
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All-solid-state-batteries (ASSBs) consisting of a porous Li2S-P2S5-C composite cathode, sulfide-based glass 

(Li2S⋅P2S5) and an In anode are prepared via a single-step cathode preparation method. The great advantage 

of the single-step preparation is that the solid electrolyte synthesis process is carried out simultaneously 

with the process for preparing the composite cathode. This improves the cathode morphology and the three- 

phase distribution and saves preparation time. The results of impedance spectroscopy and the galvanostatic 

intermittent titration technique indicate that making ASSBs with the single-step cathode brings about a much 

lower charge transfer and interfacial resistance compared to that with the two-step cathode, which is due 

to the improved electrode microstructure. Consequently, an ASSB with a single-step cathode demonstrates 

higher charge-discharge capacities. Moreover, much higher (~8 times higher) areal capacities are achieved 

in comparison with the reported values while the reasonable gravimetric capacities are maintained. Thus, 

it can be said that the single-step preparation method is effective for achieving high area capacity in 

all-solid-state Li2S-P2S5 batteries. 

Keywords: All-solid-state lithium ion batteries, Li2S-P2S5-C composite cathode, Interfacial resistance, Areal 

capacity 
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Nano-porous Seed Layer to Electrodeposit Ultrathin Li-metal for 

all Solid-state Battery’s Anode
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Li-metal is a promising candidate for anode for all solid-state battery due to its high theoretical capacity 

(3,860 mAh/g) and low electrochemical potential (-3.04 V vs. SHE). While there have been enormous 

researches on interlayer to suppress dendritic growth, few researches on Li-metal itself has been reported. 

Conventional Li-metal foil has been produced by roll processing process, which limits the minimum thickness 

of the foil. The minimum Li-metal thickness is 50 µm, which can be considered as approximately 10 mAh/cm2. 

Corresponding loading of cathode in case of LiNi0.6Co0.2Mn0.2O2(NCM622) is 50 mg/cm2 to obtain 1 of 

N(Negative)/P(Positive) ratio, and it is almost impossible to fabricate cathode with such high loading. 

Therefore, ultra-thin Li-metal is needed to realize Li-metal anode by another process. Electrodeposition is 

traditional process to fabricate thin metal layer, but not proper to Li-metal anode because of difficulty of 

homogenous and dense deposition on Cu foil, especially at high current density. We applied nano-porous 

seed layer consisted of lithiophilic Si and C nanoparticles. This seed layer enables electrodeposition of 

homogeneous ultra-thin Li-metal due to porosity of the seed layer even at as high current density 10 mA/cm2
. 

We fabricated Li-metal battery with NCM622 cathode and PVDF-ceramic composite based solid electrolyte. 

Effect of nano-porous seed layer and N/P ratios on electrochemical behaviors were investigated. In addition, 

suppression of dendritic Li-growth by solid-state electrolyte was also observed.

Keywords: Porous seed, Li-meal, Anode, All solid-state, Battery
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In this work, a gas diffusion process of hydrogen gas in anode-supported solid oxide fuel cells (SOFCs) 

is quantitatively discussed. A 20-mm-diameter anode-supported button SOFC with the NiO–(Y2O3)0.08(ZrO2)0.92
 

(YSZ)/YSZ/Gd0.1Ce0.9O1.95 (GDC)/La0.6Sr0.4Sr0.2Co0.8O3-δ (LSCF)–GDC structure is prepared. A NiO–YSZ 

anode support layer (ASL) is prepared by tape casting, which is followed by fabrication of a NiO–YSZ 

anode functional layer, YSZ electrolyte, and GDC barrier layer by slurry spin coating. Subsequently, an 

LSCF–GDC cathode is formed by screen printing. After that, the structural analysis and electrochemical 

characterization of the cell are carried out. The three-dimensional (3D) microstructures of the ASL and 

AFL are analyzed by focused ion beam (FIB) scanning electron microscopy (SEM) to quantify their 

microstructural parameters—the phase volume fraction, particle and pore sizes, and tortuosity factor. The 

current–voltage (i–V) and AC impedance characteristics of the cell are evaluated at an operating temperature 

of 700 °C and various H2 partial pressures. After analyzing the electrochemical impedance spectroscopy 

(EIS) data measured under open-circuit voltage (OCV) using the complex nonlinear least-squares (CNLS) 

method, gas diffusion resistance in the cell is compared with those estimated on the basis of Fick’s laws 

of diffusion, Maxwell–Stefan diffusion, and Knudsen diffusion. It is confirmed that the gas diffusion resistance 

estimated by the dusty-gas model, which considers not only collisions between gas molecules but also those 

between a gas molecule and a pore wall, well agrees with the measured data; on the other hand, gas diffusion 

models in which the effect of Knudsen diffusion is not considered do not reproduce the measured data. 

This indicates that both molecular and Knudsen diffusions occur inside the ASL and AFL in which the 

characteristic length of the pore phase is on the order of 0.1–1 µm (Kn = 0.4–1.6). To investigate the effect 

of Knudsen diffusion, the gas diffusion resistance in the cell is compared with those in other cells whose 

anode microstructures are deliberately changed. Consequently, it is found that a decrease in the tortuosity 

factor of a pore phase is more effective in reducing gas diffusion resistance than an increase in average 

pore size. Therefore, it can be expected that introducing finger-like microchannels in ASLs reduces the 

contribution of Knudsen diffusion by decreasing the tortuosity factor of a pore phase, resulting in improvement 

in a gas diffusion process in anode-supported SOFCs.

Keywords: Dusty-gas model, Gas transport, Knudsen diffusion, Porous electrode, Solid oxide fuel cell
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In this study, high-quality nano-scale GaON thin films were successfully deposited on a one-step atomic 

layer deposition (ALD) cycle by introducing NH3 and O2 into the chamber simultaneously. Benefiting from 

the atomic scale film growth mechanism of ALD technique, the oxygen and nitrogen composition could 

be precisely controlled in the GaON film. The composition of the oxygen increased quickly as a little of 

O2 was led into the chamber. It was found that the growth rate of the obtained film presented different 

behavior based on the relative proportion of O2 and NH3. The control growth of the GaON film with a 

desired composition was obtained by adjusting the O2: NH3 ratio. The GaON films exhibited lower surface 

roughness than the GaN and Ga2O3. The XPS analyzation showed that the GaON film was consisted of 

Ga-N, Ga-O, and N-Ga-O bonds. The TEM and GDOES were used to analyze the film structure and element 

Fig.1: Film composition of the GaON films 

with varying O2 ratios, neglecting surface 

O and C components.

Fig.2: Energy bandgap of GaON films change 

as a function of the O2 ratios.
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distribution, combined with the XPS analyzation results. The interface and surface of the GaN, GaON, and 

Ga2O3 films on the Si substrate were characterized in detail, then a possible growth mechanism was 

demonstrated based on the chemical valence and microstructure of the film. The optical measurements showed 

that the obtained GaON films exhibited higher refraction values and absorption coefficients than the Ga2O3 

one. The energy band-gap changed from 3.45 eV to 4.75 eV when the oxygen concentration increased in 

the GaON film. The VBM and CBM of the GaON film were determined by detailed analysis of the valence 

band spectra combined with the band-gap. The result indicated that the VBM increased monotonously as 

the O2 ratios increased. At last, the electrical tests indicated that the GaON film present good passivation 

quality and ultrahigh breakdown voltage, suggesting a promising application prospect for next-generation 

electronics. Overall, the one-step growth method of GaON film could be further used to manufacture high 

performance devices like high-voltage devices, photoelectrical detectors, and photoanode materials for solar 

water splitting. Additional research is needed to explore new properties and applications, to fully utilize 

the GaON film.

Keywords: Wide bandgap semiconductor, GaOxNy, Atomic layer deposition, Band alignment, ultrahigh 

breakdown voltage.
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A two-dimensional electron gas (2DEG) was constructed at the interface of an ultrathin ZnO/Ga2O3 

heterostructure deposited by atomic layer deposition (ALD) at 200 oC on SiO2/Si substrate. It is found that 

the sheet resistance decreases steeply to ~104 Ω/□ as the thickness of ZnO layer increases to a certain 

extent, and an optimal thickness of top layer is determined. The ~50 nm thick of β-phase Ga2O3 layer 

was formed after annealing at 800 oC, and the 12 nm thick of amorphous ZnO layer was observed by 

X-ray diffraction (XRD) and transmission electron microscope (TEM). The oxygen defects were analyzed 

by X-ray photoelectron spectroscopy (XPS). The defect energy levels of oxygen vacancies in Ga2O3 and 

ZnO thin films were calculated by first principle simulation, and oxygen vacancies were generated at the 

interface of ZnO/Ga2O3 thin film heterostructure to form 2DEG, which is demonstrated experimentally and 

theoretically. An assumption is proposed that oxygen vacancy plays a role of donor of free electrons at 

ZnO/Ga2O3 interface because of the small energy level between oxygen vacancy defect level and conduction 

band minimum (CMB) of ZnO layer, which could easily trigger the charge transfer in the interface region. 

The 2DEG can be realized on the partially ordered microstructure of Ga2O3 layer. Meanwhile, the resistive 

switching behavior in resistive random access memories (RRAMs) using atomic-layer-deposited ZnO/Ga2O3 

composite film as the dielectric was investigated. With assistance of atomic layer deposition technique, the 

thickness of ZnO/Ga2O3 heterostructure can be thin as ~65 nm, which is favorable for devices of stack 

or ultra-thin structures. By alternatively atomic-layer-depositing Ga2O3 and ZnO with different thickness, 

we can accurately control the oxygen vacancy concentration. When regulating ZnO to ∼31%, the RRAMs 

exhibit a forming-free property as well as outstanding performance, including the ratio of a high resistance 

state to the low resistance state of 1000, retention time of more than 1x104 s, and the endurance of 100. 

By preparing RRAMs of different Zn concentration, we carried out a comparative study and explored the 

physical origin for the forming-free property as well as good performance. Finally, a unified model is proposed 

to account for the resistive switching and the current conduction mechanism, providing meaningful insights 

in the development of high-quality and forming-free RRAMs for future memory and neuromorphic applications.

Keywords: ALD, ZnO/Ga2O3, 2DEG, first principal simulation, RRAM 
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Various nanomaterials including nanoscale and/or nanostructured materials, have been attracted special 

attention because of their unique physical and chemical properties. Also, potential applications for these 

nanomaterials have been expanded through the efforts of several researchers. Nevertheless, there are still 

many obstacles that should be overcome. One of the important direction for engineering various nanomaterials 

is to functionalize the surface of nanomaterials for obtaining improve performance and stability. Depending 

on the application of nanomaterials, surface of nanomaterials needs to be properly and carefully tuned. Of 

various methods, atomic layer deposition (ALD) has its inherent merits in this approach. Because ALD 

is a vapor-phase non-line-of-sight deposition process, it can provide excellent control over the film thickness 

at the sub-angstrom scale and over the film composition at the sub-atomic-percent scale. Also, it can be 

used to create highly conformal coatings of various inorganic materials even on nanomaterials with the 

complex shapes. Moreover, the recent progress on the ALD process is opening various surface modification 

strategy by forming conformal, porous, as well as selective deposition on nanomaterials. 

Herein, we will introduce our recent results of ALD approach for surface modification of nanomaterials, 

mainly focused on the surface protection and electrochemical applications of nanomaterials. Precisely 

controlled ALD surface modification method showed many beneficial points in terms of the performance 

and stability. Also, some limitation and drawbacks of ALD that needs to be further improved will be discussed.

Keywords: Atomic Layer Deposition, Surface Modification, Nanomaterials, conformal and porous coating
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Recently, thermoelectric materials combined with nanotechnology have shown possibility of greatly 

improving thermoelectric performance based on nanometer-scale phenomena such as electric filtering and 

phonon scattering. For practical uses of thermoelectric materials, it is considered that figure of merit (ZT) 

of 2 or above should be met, although the reported ZT has been obtained to 1 near room temperature. 

In this study, we develop a novel bismuth antimony telluride (BST) alloy made of BST powders coated 

with nanometer-scale metal-oxide layer (ZnO) using conventional atomic layer deposition technique. In order 

to evaluate the effect of such core-shell type materials, we measure ZT of the ZnO / BST alloys over 

a temperature range of 300-500 K. The ZnO layer serves to reduce thermal conductivity without the decrease 

of electrical conductivity, leading to the enhancement of ZT. Thin ZnO layer is believed to scatter 

short-wavelength phonons while enables the electrical transport without the loss of electrical conductivity. 

The detailed thermal and electrical properties of the ZnO coated BST alloys will be discussed in terms 

of ZnO/BST core-shell structure.

Keywords: Thermoelectric material, Bi2Te3, ZnO, Atomic layer deposition, Structure engineering
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Area Selective Atomic Layer Deposition with Chemo-selective 
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As the Si-based semiconductor industry goes into the sub-10 nm scale of its physical limit, conventional 

patterning processes, based on photolithography and etching, are facing fundamental limits for device 

downscaling. Accordingly, the deposition of atoms at specific locations on a desired surface can boost advances 

in catalysis, energy harvesting as well as semiconductor device fabrication. Of several paths being explored 

for novel bottom-up nanopatterning, area-selective atomic layer deposition (AS-ALD) has attracted 

considerable interest as a means for enabling versatile fabrication of selectively formed thin films in both 

vertical and lateral direction in extremely downscaled 3D semiconductor devices. Herein, we report a 

methodology for an enhanced selectivity ALD process with a discrete feeding method (DFM), capable of 

improving the chemisorption density of small alkylating agents onto desired substrates. Using the DFM 

strategy of (N, N-diethylamino)trimethylsilane as an aminosilane inhibitor to render surface alkyl groups, 

we explored its efficacy with regard to improving its blocking capability against subsequent Ru ALD on 

various substrates such as Si, SiO2, and SiN substrates to provide H-, OH-, and NHx-terminated surface 

groups, respectively. As a result, a denser chemisorption layer could be selectively obtained on OH-terminated 

SiO2 and NH-terminated SiN but not on H-terminated Si, which in turn led to significant growth retardation 

on both SiO2 and SiN during Ru ALD. Adding a process sequence composed of intermittent Ru etching 

followed by DFM retreatment on both SiO2 and SiN allowed for selective removal of Ru moieties and 

restoration of inhibitory alkyl groups. In this way, we finally achieved enhanced deposition selectivity with 

a combination of sequential DFM and Ru ALD-etch supercycles. we expect that continuous efforts advance 

practical applications that require area-selective coating of surfaces in a variety of nanostructures.

Keywords: Area-selective atomic layer deposition, Discrete feeding method, Small alkylating agents
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Large-area Synthesis of Two-dimensional Materials and 

Various Applications

Ji-Hoon Ahn*

Department of Materials Science and Chemical Engineering, Hanyang University, ERICA, Repulic of Korea

In recent years, two-dimensional (2D) materials, such as graphene, hexagonal BN, and transition metal 

dichalcogenides (TMDs), have received significant attention owing to their unique physical properties that 

are in contrast to those of their bulk counterparts, and for potential applicability in emerging electronic 

and optoelectronic devices. In the past few years, the physical, electrical, and optical properties of 2D materials 

synthesized by exfoliation techniques have been investigated because exfoliation is one of the most accessible 

methods to obtain different types of high-quality layered structures. However, in practice, there are limitations 

to the technique of exfoliation with respect to device integration because of the difficulty in obtaining large 

surface area and uniform 2D layers. Among the various deposition methods for 2D TMDs, chemical vapor 

deposition (CVD) using powder precursors is widely used for obtaining ultra-thin TMDs thin films with 

high crystallinity and large grain size. However, the CVD process has low reproducibility because it is 

highly dependent on growth conditions such as temperature and pressure. More crucially, it requires a high 

growth temperature over 600°C, but it is not easy to secure large-area uniformity because it uses a powder 

source that has low-volatility. Thus, because device fabrication requires high-quality crystals with a large 

surface area on wafer-scale, it is important to develop a method that can grow large-area, high quality 

2D crystals directly on the substrate. Therefore, in this presentation, we will introduce the recent research 

results about the synthesis of versatile 2D semiconductor materials using various deposition technique. And, 

we will discuss the application feasibility of these materials to next-generation semiconductor based devices.

Keywords: 2-dimensional materials, Transition metal dichalcogenides, Large-area synthesis, Atomic layer 

deposition
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The Study on the Effect of Extrusion Condition on the 

Texture in Al Alloys 

Jinkyu Lee*, and Sunki Kim
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Pure Al and Al alloys are used as main alloys in sputtering processes to replace Cu and its alloy in 

the field of electronic materials, and their use is increasing worldwide. Especially, in recent sputtering 

processes using Al alloy, various target manufacturing processes have been developed and applied to increase 

deposition efficiency of the sputtering process. The Al target can manufacture the mainly both process which 

the powder sintering process and extruding after casting process. In particular, the importance of Al casting 

and extrusion is increasing as it is a process that enables mass production of targets. In addition, the effect 

of changes in texture due to extrusion of Al on sputtering efficiency has increase the importance in the 

field of sputtering process. In this study, the effect of extrusion ratio on microstructure, properties and 

resistivity was investigated by controlling the extrusion process, which is one of the manufacturing processes 

of Al targets. And the effect of changes in extrusion process parameters on texture and sputtering efficiency 

was examined. For this study, the structure and microstructure were evaluated using Al extruded plates 

manufactured under various extrusion process conditions, and the correlation between each experimental 

result was investigated through EBSD analysis.

Keywords: Al sputter target, Extrusion, Microstructure, Texture
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Sputtering targets of aluminum and its alloys are widely used in various fields such as thin film deposition, 

semiconductor, fuel cell, decoration, LED, display, and photovoltaic devices, glass coating, etc. Pure aluminum 

with 99.999% (5N) purity at least is required for the high-quality aluminum sputter target. The high purity 

aluminum can be produced by the impurity segregation. Segregation of impurities can occur by the 

redistribution of solute during solidification as the solute is generally absorbed into the liquid. Directional 

solidification by zone melting is one of the effective ways of removing impurity elements from base metals 

because the equilibrium partition coefficients of metals between the solid and liquid states are small. Before 

the zone melting, a pretreatment of entire sample body by induction heating is usually conducted for the 

metals. During the pretreatment, surface enrichment and vaporization of impurity elements occur and possibly 

increase the purity of samples. This effect would depend on the impurity metals in starting materials. Industrial 

pure aluminum has various impurity elements such as Fe, Si, Ti, Mg, Zn, etc. In this study, segregation 

behaviors of impurities in 2N aluminum during directional solidification using zone melting method were 

experimentally investigated. Thermodynamic calculation by FactSage 7.3 was also carried out to estimate 

surface segregations of metallic impurities by oxidation. 

Keywords: Aluminum, High purity, Zone melting, Segregation, Impurity
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Effect of Additive Elements on Electrical Resistivity of Al Thin 

Films for TFT-LCS
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Al(99.999%) and Al alloy, one of the wiring materials for transmitting switching signals to the thin-film 

transistor(TFT), have a significant impact of TFT-LCD performance. The forming process of thin films 

for wiring is a sputtering process and the sputtering target is provided in a specific form (shape and size) 

in accordance with the requirements of TFT-LCD panel manufacturers. Although pure-Al target with high 

purity (99.999%) mainly has been used, Al alloy targets continuously have been developed to reduce sputtering 

defects such as hillock, electromigration(EM) and splash, etc. Because of the purpose of the material for 

wiring, the Al target should not have a significantly lower electrical conductivity than the pure Al target. 

Therefore, the type and amount of additive elements that can be used as sputtering targets are limited due 

to the lower electrical conductivity. The electrical conductivity in the manufacturing process can be controlled 

by a plastic deformation process to control the particle size or heat treatment process to precipitate the 

intermetallic compounds from Al matrix. In this study, additive elements were selected as Mg, Ca, and 

RE(rare earth) elements. The manufacturing process for sputtering target(2-inch) was both high vacuum 

casting and extrusion and the manufactured sputtering target formed a thin films with DC sputtering. The 

formed thin films were characterized by the variation of microstructure and electrical conductivity.

Keywords: Aluminum, Aluminum alloy, Sputtering target, Electrical conductivity
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A sputtering target is used to deposit a desired film on a wafer or glass using sputtering phenomenon 

in equipment called sputter. In semiconductor, aluminum, titanium, copper and tantalum are used as metal 

film wires and their barriers, and in display, aluminum, titanium and molybdenum are mainly used in thin 

film transistors. The increase in semiconductor integration density is related to the high power of sputtering 

equipment, which means that higher power must be applied to the sputtering target. As a result, the possibility 

of local fracture or cracking of the sputtering target increases, thereby increasing particle generation and 

reducing yield. Therefore, there is a continuous need to improve the uniformity of the sputtering target 

itself.

The sputtering target manufacturing process generally starts from a metal ingot or billet, which is a 

raw material with a high purity of 99.99% or more, and is then manufactured for sputtering equipment 

through forging, rolling, heat treatment, bonding and machining. Here, forging is a process that breaks the 

Fig. 1 a) Forged Ti b) Hardness of Ti billet and forged c) Electrical conductivity of Ti billet and forged
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cast structure and improves the uniformity, which greatly affects the uniformity of the subsequent process. 

In this study, a hydraulic press that can pressurize at a constant speed was used to obtain a uniform forging 

material. To prevent buckling, the deformation rate during cold forging was limited to within 1 mm/sec, 

and forging was performed under forging conditions in which discontinuous forging was not performed. 

Measurements were carried out at room temperature after a certain period of time has elapsed after forging. 

In particular, in the case of electrical conductivity measurement, temperature correction is possible, but 

measurements were made at room temperature to prevent malfunction of the measuring instrument.

In this study, non-destructive measurements were reviewed to check forging uniformity in forging process, 

and the possibility of uniformity confirmation was verified by measuring hardness and electrical conductivity.

Keywords: High-purity titanium, Sputtering target, Forged Titanium, Hardness, Electrical conductivity
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The purpose of this study is to develop a method to control the shape and physical properties of titanium 

billets so that they can be applied to display and semiconductor sputtering target manufacturing. In particular, 

the titanium billets are required to show such initial physical properties; for example, purity, Fe and O 

contents, crystal grain distribution, and orientation, depending on the use of target applications therefore 

it is essential to develop the physical properties control techniques for raw material billets. Appropriate 

temperature ranges and post-heat treatment temperature of the forging process for the fabrication of titanium 

billets depend on the purity and grain size of the early titanium ingots. Especially titanium, which is easy 

to oxidize at high temperatures, can minimize oxidation through low temperature forging and reduce the 

process cost. In order to achieve the above objectives, VIM process for manufacturing 3N titanium billets 

with a uniform grain size is developed, and grain size and internal cracks of titanium billets are controlled 

through precise forging and post-heat treatment temperature. In addition, precise physical properties analysis 

(XRD, EBSD, GDMS, C-scan) for titanium billets that rely on full imports and forging process variables 

are provided.

Keywords: High-purity titanium, Sputtering target, Titanium billet, VIM, Forging
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Sputtering targets of high purity metals such as Al, Ti, Mo are widely used for the semiconductors including 

solar cells and thin-film transistors and/or flat panel display. Al sputtering targets are used for metallization 

in thin-film transistors for LCD monitors, television sets and cell phone displays, and Mo sputtering targets 

are adopted for back contacts in solar cells. Ti sputtering targets have attracted significant attention due 

to their various applications, not only display industry but also semiconductor industry. Especially, Ti 

sputtering targets used in the semiconductor industry must satisfy the following specifications: highly (1 

0 3) orientation and an average grain size of less than 20 μm. The degree of (1 0 3) orientation relates 

to the sputtering deposition rate through the collimator, and the average grain size affects the uniformity 

of the films deposited on the substrate.

To fabricate sputtering targets, forging and rolling process are generally employed. Through these 

processes, forging might control the orientation and grain size of the sputtering target, but rolling can affect 

Fig 1. XRD patterns of (a) as-received Ti plate and (b) the ND direction of high 

purity Ti rolled to thickness reduction of 65% and subsequently heat-treated
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both orientation and grain size dominantly. According to the recent research trend, however, most of rolling 

studies for Ti plate so focused on strength improvements and microstructure analysis, that few studies have 

been done on achieving high orientation in certain plane. 

Therefore, in this study, cold rolling and heat treatment were systematically performed to enhance (1 

0 3) orientation for high purity Ti plate. The high purity Ti plates were rolled by reduction per pass of 

12% and final reduction rate of 65%, and subsequently heat treated under various conditions. X-ray diffraction 

(XRD) patterns were analyzed and using this, texture coefficients were calculated for certain planes to compare 

(1 0 3) orientation before and after cold rolling and heat-treatment. Pole figures and orientation distribution 

function (ODF) maps were investigated using electron backscatter diffraction (EBSD) analysis to reveal 

crystallographic information. 
Through this study, highly (1 0 3) oriented high purity Ti plates were successfully fabricated, and also 

cold rolling behavior of high orientation in specific plane was methodically explored. We consider that 

fabricated highly (1 0 3) oriented high purity Ti plate could be used in the semiconductor industry for 

sputtering target. 

Keywords: High-purity titanium, Sputtering target, Cold-rolling, High orientation, Crystallographic analysis
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Molybdenum is a widely used refractory metal. Due to its high melting point (~2700°C), high-temperature 

strength, high Young's modulus, low coefficient of thermal expansion, and excellent thermal and electrical 

conductivity, it is used in applications in the display, automotive, nuclear industry and electronics. In particular, 

the low coefficient of thermal expansion and excellent electrical conductivity are the most used as a barrier 

layer for thin-film transistors (TFT), which are core materials of displays. The TFT manufacturing process 

mainly consists of Physical Vapor Deposition(PVD) coating, which affects the properties of the coating 

according to the purity, density, microstructure, and texture formation of the target. Recently, studies have 

been conducted to prove the effect of the yield of single-crystal Mo sputtering with each crystal orientation. 

However, in the case of a high melting point material, it is very difficult to form a uniform microstructure 

and texture because molybdenum is mainly manufactured as a sputtering target through powder metallurgy 

and hot rolling.

In this study, the microstructure and texture behavior of Mo sheets through hot rolling and recrystallization 

were studied. Asymmetric rolling and symmetric rolling were performed to observe the microstructure change 

according to the stress applied to the Mo sheet. After rolling at a reduction ratio of 30% and 40%, the 

X-ray diffraction (XRD) pattern was analyzed and the texture behavior was confirmed through electron 

backscatter diffraction (EBSD) analysis. It was confirmed that a specific microstructure and texture were 

formed according to the stress applied to the Mo plate through recrystallization after hot rolling, and this 

result is judged to be able to manufacture an industrial molybdenum target with excellent coating properties.

Keywords: Molybdenum (Mo), Sputtering target, Hot rolling, Powder metallurgy, Microstructure
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Molybdenum (Mo), one of the refractory metals, not only has a high melting point and thermal conductivity, 

but also excellent high-temperature mechanical properties. As these properties, Mo alloy is material with 

various applications such as high-temperature and high-strength structural materials, military materials, 

electrodes for glass melting, and sputtering targets for thin film deposition of displays. In general, Mo is 

produced by powder metallurgy process due to its high melting point. In order to have a relative density 

of 90% or more, sintering at a high temperature of 1800℃ or higher for several hours is required, and 

in order to obtain a density of 98% or more, a higher temperature of longer sintering is required. However, 

when using nano-sized powders having a high specific surface area, it is possible to obtain a high-density 

sintered compact at a relatively low temperature due to a high sintering driving force. For this reason, various 

studies on sintering properties using nano-sized powder are being conducted.

In this study, a study on the sintering behavior according to the sintering conditions was conducted using 

nano-Mo powders prepared through a mechanochemical process. To prepare nano-Mo powder, Mo oxide 

(MoO3) powder was ball milled using a planetary mill and then subjected to mechanochemical process 

of hydrogen reduction to prepare Mo powder. The prepared nano-Mo powder was fabricated as a compact 

by uniaxial press molding, and a sintering was prepared by applying various temperature conditions using 

a tube furnace. For the analysis, phase analysis was performed using XRD, and shrinkage behavior was 

confirmed through dilatometer analysis. In addition, the microstructure was analyzed using SEM and the 

density of the sintered specimen was measured by applying the Archimedes method. The driving force for 

sintering and grain growth was confirmed by calculating the activation energy according to the sintering 

conditions and the activation energy according to the grain growth using the shrinkage behavior, density 

and microstructure analysis data according the sintering conditions.

Keywords: Molybdenum (Mo), Powder metallurgy, Mechanochemical process, Sintering property, 

Activation energy
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Recently, electronic devices such as TVs and smart phones employing flexible displays such as rollable 

and foldable displays have been newly released. In order to realize the deformable flexible display such 

as rollable or foldable, each component including the substrate and its materials inside it must withstand 

deformation and have durability against repeated deformation. In particular, since the mechanical deformation 

limit of each material is different depending on the deformation degree and method of the rollable or foldable 

display, it is necessary to analyze the suitability of the existing material and its limitations.

Therefore, in this study, when molybdenum, which is widely used as a metal electrode among various 

materials constituting a display, was deposited on a polymer film substrate, the difference from the existing 

glass substrate was analyzed and the stability against mechanical deformation under various conditions was 

measured. As a result of the evaluation, in the case of the only molybdenum electrode, a problem of very 

low mechanical stability occurred, such as cracks occurring even after hundreds of bending tests due to 

the high modulus. In order to solve this problem, a multilayer thin film structure containing Mo and an 

alloy thin film were fabricated and their properties were evaluated. The multilayer thin film structure was 

fabricated with Al that has excellent ductility. Also, as the alloy, Ti having excellent adhesion to the polyimide 

substrate was used. It was confirmed that both the fabricated structures can improve stability against repeated 

deformation compared to the Mo mono layer structure.

Keywords: Flexible display, Molybdenum(Mo), Folding, Rolling, Mechanical reliability 
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Nickel (Ni) powder prepared through vapor-phase synthesis (VPS) is preferred for multilayer ceramic 

capacitor electrodes due to their high purity and crystallinity advantages. Faceted, agglomerated, and coarse 

Ni particles are usually generated using VPS but are undesirable because they cause various problems such 

as low packing density and electric shorts. 

In this study, we investigated the cause of the formation of these undesirable particles during chemical 

vapor synthesis (CVS), and improved the design of reactor to suppress the formation of them and to prepare 

Ni powder with a spherical shape and uniform size distribution. Ni powder prepared by CVS was observed 

by image analysis using field-emission scanning electron microscopy (FE-SEM), X-ray diffraction and X-ray 

fluorescence. Furthermore, we prepared Ni paste after washing and dispersing the powder prepared with 

CVS, and analyzed by FE-SEM and dilatometer.

Keywords: Nickel powder, multi-layer ceramic capacitors, vapor synthesis, agglomerate, crystal shape
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The Multilayer ceramic capacitors (MLCCs) are composed of dielectric layer (Ceramic body), inner 

electrode (Internal electrode) and an external electrode (Termination). BaTiO3 is mainly used as dielectric 

materials, Ni and Cu are mainly used for the internal electrodes, and Cu is mainly used for the external 

electrodes. Dielectric and internal electrodes are stacked alternately about 500 to 600 layers, and for the 

external electrode material, copper powder with various particle sizes and shapes is mixed with glass powder 

and resin. For controlling packing density, sintering temperature, and firing rate, in the case of spherical 

copper powder with several hundred nm to several ㎛ size and flake copper powder with ㎛ size flakes 

are applied. In this study, we aim to develop a process for synthesizing Cu powder in various sizes of 

spherical shape and flakes and preparing paste using these powders.

Keywords: Multilayer ceramic capacitors, MLCC, external electrode, Cu, Copper 
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The mechanical properties of cemented carbide are controlled by its particle size and composition. The 

hardness of cemented carbide increases with finer particle size and lower amount of the Co binder. Recently, 

the demand for ultra-high strength material has been increasing for use high pressure nozzles, which requires 

the development of binderless cemented carbide without cobalt binder. Since sintering of binderless WC 

hardmetal alloys is densified only by solid sintering without liquid phase, it’s densification is very difficult, 

and so the sintering temperature greater than 1900°C is necessary. 

In this study, high density binderless hardmetal alloys were manufactured using vacuum sintering and 

HIP processes to control pores, with a hardness of up to 2,800 kgf/mm2.

Keywords: WC, binderless, hardness, density, hardness 
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The Nd-Fe-B based permanent magnets are a key component in high efficiency electric motors for the 

electric vehicles and wind turbine [1-5]. The grain boundary diffusion process using heavy rare-earth (HRE) 

elements, such as Dy or Tb, is an essential industrial process to obtain high coercivity in Nd-Fe-B permanent 

magnets [1-5]. In this presentation, we report recent microstructure analysis works revealing the 

microstructural characteristics of HRE (Heavy Rare-earth)-rich shells and Nd-rich phases in grain boundary 

diffusion processed Nd-Fe-B permanent magnets [1-5]. A different diffusion behavior of HRE within the 

magnets depending on the form of diffusing materials (HRE fluoride or hydride) was characterized [1, 2], 

and the systematic changes in structure and chemistry of the Nd-rich grain boundary phases in the course 

of Dy-vapor grain boundary diffusion process were analyzed [3]. Through the detailed microstructure 

observation using the SEM and HAADF-STEM combined with the EDS and WDS, the formation mechanism 

of HRE-rich shell could be established from two perspectives: ⅰ) solid diffusion of HRE [4] and ⅱ) 

chemically induced liquid film migration (CILFM) [5]. Thereby, the origin of the asymmetric feature of 

HRE-rich shells along the grain boundary phases was also clarified [4, 5]. Based on the results from 

microstructure characterization, a method to further improve the coercivity of Nd-Fe-B permanent magnets 

by the grain boundary diffusion process will be proposed.

Keywords: Electric motor, Nd-Fe-B based permanent magnet, Grain boundary diffusion process, 

Infiltration, Coercivity
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To preserve a livable climate, the government of South Korea announces pledges to achieve net-zero 

emissions by 2050. One of the promising approaches for net-zero is the increase in efficiency of future 

mobility components, including the permanent magnet rotator and the soft magnet stators. Recent researches 

have been reported for the enhancement of the motor output using the permanent magnet and the soft magnet 

with high solid freeform. This presentation introduces the servo-motor stators developed using the soft 

magnetic composite (SMCs) with increased magnetic permeability and reduced core loss. The use of SMCs 

in devices for energy conversion offers high magnetic permeability, small core losses as well as reduced 

weight and size of devices. These unique characteristics of the SMCs lead to new design options for 3D 

solid freeform, compared to previous electric-steel based servo-motors. Here, we report a new class of soft 

magnetic composites of Fe-Si-M (M= B, P, C, Mo) alloy that enables 3D solid freeform for servo-motor 

stators though the compression-molding and the thermal treatment methods. The stator core manufactured 

by the mixture of the Fe-Si-M powder and chips shows high magnetic performances.

Keywords: Servo-motor, Stator, Soft magnets composites, Solid freeform, Fe-Si-M alloy
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Pure iron SMCs (Soft Magnetic Composites) exhibit high magnetic flux density, excellent formability, 

low core loss, and high magnetic permeability. However, strain is generated in the iron powder during 

compaction for making SMCs causes and the residual strain increases the core loss of SMCs. In order 

to remove the strain, a high-temperature annealing process is needed. But, the annealing temperature is 

limited due to deterioration of insulation layers which causes increase in inter-particle eddy current loss. 

The heat-resistance temperature of typical phosphate insulation coatings is known to be 400oC which is 

not sufficient enough to remove the residual strain. In the present paper, a new insulation coating method 

is suggested to improve the heat-resistance of SMCs. Surface of pure iron powders (Hoganas ABC100.30) 

are coated with an oxide material by a high-temperature oxidation. When combined with a silicone resin 

coating, it was observed that the heat-resistant temperature increased up to 600oC. Detailed discussions on 

analysis of the insulation layer and effects of annealing temperatures on magnetic properties of SMC cores 

are remained for the presentation.

Keywords: Soft Magnetic Composites, pure iron, insulation layer, heat-resistance
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High-performance electromagnetic wave absorbers are required for electromagnetic wave control 

particularly at a broad bandwidth in millimeter-wave spectrum, which will play a big role in future 5 G 

and 6G wireless networks. Traditional radar absorbing materials (RAMs) comprised of metals or soft ferrites 

and metamaterial absorbers (MA) have been developed for millimeter-wave absorption, but lack of widening 

the absorption bandwidth hinders their practical applications. In this study, we developed a facile and scalable 

method to synthesize the core-shell structured magnetic particles showing wideband absorption of 

millimeter-wave. The resulting ferrite composites show two different absorbance peaks around 54 and 84 

GHz, measured by a vector network analyzer. It is note that broadband absorption from V (40~75 GHz) 

and W band (75~100 GHz) was shown in the magnetic loss particles. 

Keywords: Millimeter-wave, Magnetic loss material, 6G, Ferrite, Core-shell particle
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Artificial intelligence and Internet of Things (IoT) technology, which are the core of the 4th industrial 

revolution, can resolve many problems that optimization of production times in the manufacturing process 

and reduction of materials required etc. In order to utilize the 4th industrial revolution technology, real-time 

monitoring technology of metal parts is essential, so technology for embedding sensors and IC chips into 

parts is essential. Using metal 3d printing technology, it is possible to embed IC chips into metal parts, 

which was impossible because of the existing high-temperature metal manufacturing process of casting or 

forging. Here we introduce a novel new method for sensor embedding into SUS316L by hemisphere design 

to avoid direct laser exposure onto sensors during selective laser melting process. Thermal and microstructural 

analysis was carried out to characterize the property of inner hemisphere for safe thermal couple embedding 

into SUS316L. 

Keywords: Laser powder bed fusion, Stainless steel 316L, Sensor Embedding, Computational analysis, 

Microstructural Characterization
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Palladium has a high hydrogen affinity, and it is the least dense and has the lowest melting point of 

the platinum group metals. Properties such as the ability to absorb hydrogen selectively, the development 

of Palladium is a major concern. Palladium thin film can be used extensively for H storage devices, as 

sensors for H2 gas, and a fuel cell catalyst. As the importance of nanotechnology increases, the formation 

of ultra-thin metal with perfect structure and unique functions becomes an important goal. Metal thin films 

can be grown by electrochemical atomic layer deposition. Electrochemical atomic layer deposition aimed 

to deposit epitaxial and conformal thin films of metals and alloys. The first step is the electrodeposition 

of an atomic layer of a sacrificial element by underpotential deposition. Then the monolayer of sacrificial 

metal is replaced by exposure to a solution containing precursor ions of a more noble element than sacrificial 

metal at open circuit potential. The deposition of metal occurs by an irreversible surface limited redox 

replacement reaction (SLRR) as a building block reaction. For Pd catalyst nanoclusters obtained by SLRR 

of Cu underpotential deposition monolayer, a recent study showed oxygen reduction reaction on the different 

substrates (carbon, nickel) and different solutions (alkaline, acid) for fuel cell applications. These techniques 

were widely used for the synthesis of catalytic monolayers for fuel cell applications. Few studies were 

conducted to explore the properties of the palladium thin film by changing the controllable parameter. In 

this research, palladium deposition was conducted on Au substrate via SLRR that the underpotential deposition 

of Cu monolayer and Cu was displaced by palladium. The properties of the palladium thin film were 

investigated by controlling parameters such as temperature, concentrations of ion precursors, agitation, 

potential, relaxation time, and etc. Atomic force microscopy (AFM) and scanning tunneling microscopy (STM) 

were used to analyze the morphologies of the deposited thin film. X-ray photoelectron spectroscopy (XPS) 

was used to measure the incorporation of Cu in the palladium thin film. Transmission electron microscopy 

(TEM) and ellipsometry were used to characterize the thickness of the deposited thin film.

Keywords: Palladium, E- ALD, Thin film, SLRR
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In this study, we attempted to optimize the composition of Fe-based nanocrystalline alloys with high 

saturation flux density, low coercivity and low core loss. To improve the saturation flux density, the alloy 

used in experiment is made up of over 80 at% of Iron. As the iron content of the alloy increases, the 

metalloid content of the alloy decreases, resulting in a decrease in glass forming ability (GFA). To improve 

the GFA and to obtain high Bs, we have researched to achieve optimal composition by adjusting the ratio 

of boron and silicon (B:Si = 1~5). Moreover, the metalloids elements, carbon, and the transition element, 

niobium, are added. The transition element, Nb, is known as an important element of nanocrystals by impeding 

a grain growth distinctly. The Cu can be a base of nanocrystalline alloy to form nucleation sites where 

nanocrystals occur. We fabricated a ribbon using Rapid Solidification Process (RSP). To find optimal 

temperature for heat treatment, thermal analysis was performed using Differential Scanning Calorimetry, 

DSC. After that, we measured coercivity, permeability, core loss and saturation flux density using DC Loop 

Tracer, BH Analyzer and Vibrating-sample magnetometer (VSM). Finally, we found optimized composition 

of the alloy with B to Si ratio of 5:1, and this alloy showed high GFA as well as remarkable magnetic 

properties.

Keywords: Soft magnetic materials, Rapid solid process, Glass forming ability, Nanocrystals, Magnetic
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Aluminum alloy is one of the widely used metals in industrial components due to its excellent properties. 

It is essential to understand the mechanical response in different loading and working conditions. The selective 

laser melting (SLM) method, an additive manufacturing (AM) technology, has attracted widespread attention 

because it provides the opportunity to fabricate complex geometries. The objective of this work was to 

investigate the tensile, impact toughness, and high cycle fatigue properties of AlSi10Mg alloy manufactured 

by selective laser melting (SLM). Also, a complete investigation was carried out in understanding the 

mechanical properties of SLMed AlSi10Mg alloy under the influence of different heat treatment conditions 

viz. T6 and direct aging (DA). At room temperature, the tensile results show that the DA alloy possesses 

higher yield strength and ultimate tensile strength whereas, T6 has lower yield strength and ultimate tensile 

strength as would be expected. The differences in tensile properties were attributed to the morphology and 

size of the Si particles obtained during heat treatment. Impact energy absorption value of DA specimens 

obtained higher than the T6 specimen; however, lower than the as-built condition. Fractographic examination 

revealed that the mechanism of crack growth was propagated along the molten pool boundary and high-density 

precipitated Si particles were also observed inside the fine dimple in DA condition. High cycle fatigue 

results showed that fatigue strength decreases as the number of cycles increases along with the estimated 

endurance limit for all three conditions. Fatigue fracture samples revealed that the DA alloy had evenly 

distributed dislocations along the cellular boundaries, and fine Si particles were attained to avoid fatigue 

crack propagation, thereby enhancing fatigue properties. The reliability of the fatigue life of the DA alloy 

is relatively high. The results concluded that an appropriate DA process of AlSi10Mg alloy exhibits excellent 

tensile, impact toughness, and fatigue life, which is highly promising for industrial needs.

Keywords: AlSi10Mg alloy, Heat treatment, Tensile properties, Impact toughness, High cycle fatigue

SA25



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 115 -

Simple Design of Nanostructured Chemi-capacitive Gas Sensor 

with Switchable Selectivity Triggered by Frequency Change

Ji Young Park, Min Seob Lim, Byungkwon Jang, and Yong-Ho Choa*

Materials Science and Chemical Engineering, Hanyang University, Ansan 15588, Republic of Korea
 

*Corresponding author: choa15@hanyang.ac.kr

Recently, reported chemi-capacitive gas sensors have not selectivity and low sensitivity performance at 

room temperature due to low signal-to-noise. To overcome these limitations, we here first report a capacitive 

gas sensor that monitors acetone and methanol with controllable and switchable gas selectivity at room 

temperature. The superior selectivity was obtained by developing high-surface-area capacitive sensor materials 

composed of exfoliated graphene sheets (EGs) on anodized aluminum oxide (AAO) template, where simple 

control and gas monitoring capabilities rely solely on a detection frequency. The sensitivity of present sensor 

at the optimized frequencies was much higher than existing capacitive gas sensors, showing a 0.177% at 

500 Hz for acetone and 0.125% at 1 MHz for methanol, respectively. The main achievement of this paper 

is to enable the high selectivity at room temperature with rapid response and recovery times (52.2 s for 

acetone; 23.4 s for methanol; both at 100 ppm), which is highly required for personal protection in the 

event of hazardous gas exposure. We also provide a comprehensive study of the sensor materials on the 

detection range, reliability, and selectivity as well as the surface properties of the nanoporous structures. 

The work paved a way to fabricate a chemicapacitive sensor with adjustable selectivity by tuning the 

measurement frequency

Keywords: methanol, acetone, frequency, selectivity, capacitive gas sensor
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Electrodeposition, which is the process of depositing materials onto a conducting surface from a solution 

consisted of ionic species, has emerged as a promising approach to yield metal chalcogenide nanostructures 

in a scalable and cost-effective manner. Despite the practical aspects of depositing nanomaterials with an 

excellent control of electrical and optical properties, the electrodeposition has an underlying issue of exfoliating 

the electrodeposits affixed to a conductive substrate for precise characterization and advanced device 

fabrication. 

Herein, direct electrodeposition of low-dimensional layered zinc tellurides on a silicon dioxide (SiO2) 

insulator and its use of gas sensor application were investigated for the first time. 

For sensor device application, the working electrode, which is a SiO2 substrate patterned with Au 

micro-electrode (3 μm gap), was prepared by conventional lift-off process. Electrodeposition of zinc telluride 

was conducted in the electrolyte consisting of zinc ion and tellurium ion (IV, HTeO2
+). With the negative 

potential, zinc telluride was deposited on gold electrode, and excess tellurium metal was reduced to tellurium 

hydrogen (H2Te), which has the oxidation state as minus two (-II). Electrochemically reduced H2Te (-II), 

which was generated on the gold electrode, was diffused to SiO2, and it allowed chemical reaction of HTeO2
+

 

and H2Te, resulting in the production of zero valent metal tellurium nanorod on the SiO2 surface with the 

following reaction:

2H2Teaq + HTeO2
+

aq → 3Tes + 2H2O + H+

After the connection of tellurium nanorod to gold electrode, zinc telluride can be deposited and propagated 

onto SiO2 via the direct charge transport of electron through tellurium nanorod. This study accounts for 

the growth mechanisms of zinc telluride nanofilm on the SiO2 insulator through an understanding of 

electrochemical analysis and morphological changes. This finding dispels prejudice of the electrodeposition 

by a success of complex chalcogenide deposition on the insulating substrate that enlarges its applications 

in fields for advanced electronics. 

Keywords: Tellurium nanorod, Chemical reaction, Hydrogen telluride, NO2 gas sensor
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Tin (Sn) perovskite solar cells (PSCs) are the most promising candidates to replace lead (Pb)-PSCs, 

which poses a theoretical efficiency limitation and environmental threat. However, Sn-PSCs are still in the 

Fig. a. Illustration of designing optimal Sn-PSC structure. ML model learns the perovskite 

structure of Sn perovskite, the material used in each layer, and their respective performance results. 

b. Design recommendation framework of novel Sn-PSCs.
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early stage of development when compared to conventional Pb-PSCs, which still require much time and 

effort to find an optimum structure with manual trial and error method. Here, we present a machine learning 

(ML) approach to accelerate the design of optimized Sn-PSCs structure that give high efficiency. The proposed 

method uses K-fold cross validation based deep neural network, maximizing the prediction and 

recommendation accuracy with given limited amount of experimental data recorded for Sn-PSCs. Our approach 

finds a new proper Sn-PSC design quickly at once with ML recommendation algorithm. The validation 

experiment showed more than 3 times higher efficiency of quick ML first designed Sn-PSC (5.57%) than 

that of unguided fabrication trials (avg. 1.72%).

These authors contributed equally: Taeju Bak, Kyusun Kim

Keywords: Machine learning, Deep neural network, Recommendation algorithm, Perovskite solar cells, 

Lead-free perovskites.
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Powder bed fusion (PBF) process is one of the most popular metal additive manufacturing (AM) 

technologies that produces parts with stacking powders layer by layer. Since parts are produced by irradiating 

laser on the selective area of each layer, it is easy to design complex shapes. Among the PBF techniques, 

selective laser melting (SLM) is attractive for minimizing contaminations in final products. However, in 

the case of Ti-6Al-4V alloy manufactured by SLM, the mechanical properties are known to be relatively 

inferior to those from traditional machining due to the formation of defects, microstructural anisotropy, and 

martensitic α' phase attributed to rapid heating and cooling rate during SLM process. Those mechanical 

properties can be improved by appropriate heat treatment which refines the martensitic α' phase to α 

+ β phases and mitigates residual stresses. In this study, Ti-6Al-4V alloy was built using SLM method 

and subsequently heat treated in the temperature range of 650~1050°C. The phase evolution and mechanical 

property before and after the heat treatment were investigated. The microstructural characterization was 

conducted using optical microscope and scanning electron microscope. The hardness measurement was 

performed using micro-Vickers tester. The effect of heat treatment on the microstructural evolution and 

hardness variation was discussed in detail.

Keywords: Selective laser melting, heat treatment, microstructure evolution, anisotropy
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Multi-layer ceramic capacitors (MLCC) are a key component of modern electronics. MLCC has a structure 

in which metal and ceramic dielectric layers are intersected with each other, and the capacity increases 

as the number of intersecting layers increases. Due to the recent high integration of electronic products, 

high-capacity MLCC is also required, and metal nanoparticles (NPs) used as raw materials are also preferred 

with small particle sizes.

Besides, metal NPs of low crystallinity in the MLCC manufacturing process causes many problems such 

as capacitance loss and electrical short circuits due to electrode discontinuity and low thickness homogeneity. 

Therefore, we prefer nickel (Ni) NPs prepared via vapor phase synthesis (VPS), which have the advantage 

of high crystallinity. However, in general, VPS has a very high probability of forming agglomerated Ni 

NPs and becomes more severe as the particle size decreases. Therefore, this study proposes the use of 

coating-assisted chemical vapor synthesis (CVS) for agglomeration suppression using NaCl or KCl as a 

coating agent.

We have found that the agglomeration ratio, 34.40% for conventional CVS, can be reduced to 4.80% 

in the proposed method by in-flight coating with KCl at 900 °C by image analysis using field-emission 

scanning electron microscopy. Furthermore, the X-ray diffraction and X-ray fluorescence analyses confirm 

that the NaCl and KCl coating agents can be removed by washing with distilled water. We believe that 

this coating process can be used to inhibit the formation of agglomerates during the CVS of Ni NPs.

Keywords: MLCC, Nickel, Coating, Nanoparticles, agglomeration
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To meet the consumer demands in high-speed wireless communications, fifth generation (5G) 

telecommunications are rapidly developing for reliable data transmission and better connection in users. 

However, the high frequency bands around 26-30 GHz have an effect on serious problems in human health 

and malfunctioning in devices. Notable examples are the recent breakthroughs in electromagnetic wave 

absorbing materials (EWAMs), composed of dielectric and magnetic materials for eliminating or attenuating 

electromagnetic waves. From this point of view, FeCo-based soft magnetic alloys is particularly attractive 

EWAMs due to their performances, including high saturation magnetization (Ms) of 2.45 T, small coercivity 

(Hc), and complex permeability. In addition, a structural modulation of the soft magnetic materials provides 

the magnetic anisotropy, resulting in enhancing the limit of ferromagnetic resonance (fmr) to achieve high 

initial permeability.

Here, we prepare the FeCo nanochains using a highly-productive thermal plasma synthesis to be utilized 

as an electromagnetic absorber with exceptionally low reflection loss in the high frequency bands. The 

composition of FeCo nanochains ranging from 7:3 to 3:7 shows high saturation magnetization of 151 – 
227 emu g-1. Subsequently, the planetary ball milling is also implemented for a shape modulation in order 

to enhance the complex permeability and the reflection loss performance. The shape-modulated FeCo 

nanochains offer the enhancement in the imaginary part of the complex permeability. The shape modulation 

is one of the technological advancements in improving the complex permeability of FeCo alloys. 

Keywords: Electromagnetic absorbing materials, FeCo nanochain, Thermal plasma synthesis, Shape 

modulation, and Permeability
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Bi-Te based materials were used for low-temperature application of thermoelectric materials (TE) whose 

ability of direct energy conversion between heat and electricity. These have a great attention for power 

generation through waste heat recovery and thermoelectric cooling. The thermoelectric property can be 

evaluated by the figure-of-merit, ZT=S2σT/κ (S: Seebeck coefficient, σ: electrical conductivity, κ: thermal 

conductivity, T: absolute temperature). Generally, TE module chips were fabricated by dicing bulk Bi-Te 

based compounds which is synthesized by zone-melting method. During the device dicing process, many 

scraps of materials are produced, resulting in wastes and expensive cost of materials. Besides, many researches 

compacted the powders using spark plasma sintering (SPS), and hot pressuring sintering to improve 

thermoelectric properties. However, those processes are complex and not cost-effective. In this research, 

we fabricated Bi-Te based sample by cold sintering process to reuse and recycling scraps of Bi-Te based 

compounds for environmental and economic impact. The XRD, SEM and TEM results were displayed that 

the sample highly compacted via high pressure assisted. To improvement of thermoelectric properties, the 

canning package and annealing process were induced this research. The canning package prevents the 

evaporation of tellurium element during high annealing temperature. The highest thermoelectric properties 

were obtained by high annealing temperature without phase separation. The mechanism of improvement 

of thermoelectric properties for cold sintered system will be discussed in the future. 

Keywords: Bi-Te based material, recycling of waste scraps, cold sintering, canning package
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Low dimensional materials have been promisingly enhanced the efficiency of thermoelectric materials 

for power generation and cooling applications. In the present work, the stearic acid was used as a process 

control agent (PCA) to fabricate the nanostructured p-type 25%Bi2Te3 + 75%Sb2Te3 alloys using high energy 

ball milling. The effect of PCA on microstructure, and transport properties have been investigated 

systematically. Further, the stearic acid added powder subjected to calcination (removal of stearic acid 

(Cal-PCA)); and subsequently consolidated all powder, and compared the microstructure, and thermoelectric 

properties thoroughly. The powder size was drastically decreased upon the PCA, and strongly influenced 

the electronic properties. The partial existence of the stearic acid layers at the grain boundaries were strongly 

inhibit the transport of the carriers that severely decrease the carrier mobility, reflecting the severe reduction 

in electrical conductivity for PCA added samples. The lowest thermal conductivity (κ) of 0.745 W/mK 

was achieved for the PCA added sample, which is 19%, 12% lower than that of Non-PCA, and Cal-PCA 

samples. The strong reduction in κ was mainly attributed to the dramatic decreasing in lattice thermal 

conductivity due to scattering of carriers, and phonons at partial presence of stearic acid layers, and numerous 

fine grain boundaries. The maximum ZT of 1.1 at 350K was achieved for Cal-PCA sample, which is 27%, 

and 47% higher than that of the Non-PCA sample at room temperature, and 350K, respectively. The 

combination of grain growth mechanism, and partial presence of stearic acid greatly improves the 

thermoelectric properties of p-type 25%Bi2Te3 + 75%Sb2Te3 alloys.

Keywords: thermoelectric materials, p-type 25%Bi2Te3 + 75%Sb2Te3 alloys, processing control agent, 

thermal conductivity
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Recently, there have been great needs for miniaturization as well as a lightweight of semiconductor devices 

and electronic modules. Because it allows to generate intensive heat on the small pieces of the devices, 

high-performance thermal interface materials (TIMs) should be needed. With this regard, organic−inorganic 

polymer composites have been studied as potential TIMs in electronic packaging applications. For achieving 

high thermal conductivity, carbon-based materials (e.g., carbon nanotubes, carbon fibers, graphene) have 

been mainly used as a filler that enables heat dissipation. However, their high electrical conductivity causes 

low breakdown voltage, thereby it is difficult to apply to some devices that require electrical insulation.

To overcome that situation, the filler that possessing both high thermal conductivity and electrically 

insulating function could be considered as an alternative: such as graphitic nanomaterial, metal oxides (Al2O3), 

metal nitride (AlN, BN), and silicon carbide (SiC). So far, many studies on these fillers have been reported, 

some of which emphasize the filler geometry (e.g., one-dimensional multiwall carbon nanotubes (1-D CNTs), 

two-dimensional boron nitride nanosheets (2-D BNNSs), graphite nanoplatelets (GNPs), and SiC whisker/SiC 

particle (SiCw/SiCp), graphene, and graphene nanosheets). Among them, hexagonal boron nitride (h-BN), 

with a high aspect ratio, allows to effectively form surplus heat transfer pathways in the polymer matrix 

with poor thermal conductivity.

In this work, we fabricated a hexagonal boron nitride (h-BN)–epoxy composite by using an etched copper 

(Cu) plate. The undulating patterns of the Cu plate enabled to form a dense-structured composite, leading 

to enhanced thermal conductivity. The morphology of the h-BN filler was analyzed by using a scanning 

electron microscope (SEM). The thermal conductivity and thermal resistance of the composites were measured 

by means of a laser flash method (LFA) and a heat transfer method, respectively.

Keywords: Hexagonal boron nitride (h-BN), Polymeric composite, Heat dissipation, Thermal interface 

materials (TIMs), Thermal conductivity
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A piezoresistive composite, which contains conductive filler in the flexible matrix and makes a change 

in electrical response during its deformation with external force, is continuously increasing in demand in 

the high technology markets such as flexible displays, robots, and wearable computer. Especially, with the 

growth of the smart fashion field, there are tremendous needs to produce a piezoresistive sensor for detecting 

changes in pressure or movement. However, due to the difficulty in fabricating engineering materials with 

functionality and flexibility, developing this smart material is proceeding with difficulty. This study explores 

thermoplastic polyurethane (TPU)/ hybrid composites prepared using 3D printing. The hybrid fillers were 

consisted of copper (Cu) and multi wall carbon nanotube (MWCNTs) and used as a conductive filler in 

the flexible TPU matrix to form conductive network without difficulty of dispersion. Scanning electron 

microscopy (SEM) analyses of the degree of dispersion contributes understanding about structures of 

Cu/CNTs. Interrogation of the electrical conductivity by using the 4-point-probe method provided insights 

about how the percolation threshold varied with the amount of filler. The piezoresistive behaviors and 

reproducibility of TPU/hybrid composites were investigated by using a multimeter while applying and 

removing tension by using Universal tensile machine (UTM).

Keywords: 3DP, piezoresistive material, Conductive polymer composites
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In many industrial fields such as electronics, automobiles, and buildings, the durability of metals as an 

active material (ex; copper (Cu) - electrode, aluminum (Al) - framework, iron (Fe) - rebar) is a crucial 

factor because this property is closely related to the lifetime of applications. Unfortunately, the active materials 

are vulnerable to moisture, seawater, and acid, it is easily degraded by corrosion which reaction mechanism 

is similar to the electrochemical reaction. To endure this problem, electrically insulating layer fabrication 

is commonly regarded as a simple and proper solution. It allows suspending or preventing the corrosive 

behavior of these materials. 

Meanwhile, in several applications such as electrothermal heaters, anti-icing, energy storage system, 

electromagnet shielding (EMI), etc., the conventional strategy shows a limit because these applications require 

not only anti-corrosion properties but also electrical conductivity. Considering the conflict between these 

properties, a composite system that consists of carbon material that has both electrical conductivity and 

anti-corrosive behavior, and insulating material would be a breakthrough. 

To investigate this idea, we simply prepared GNP-PVDF composite ink for anti-corrosive electrothermal 

layer fabrication using screen printing on polyimide (PI) substrate. The anti-corrosive property was analyzed 

by electrochemical analysis such as Tafel plot and electrochemical impedance spectroscopy (EIS) and 

electrothermal performance was characterized by infrared (IR) camera systems. In this composite system, 

GNP-as an electrically conducting filler and retardant for corrosion reaction, and PVDF-as a binder and 

main anti-corrosive matrix, showed the electrically conductive anti-corrosion property.

Through further optimization of the process of film fabrication and composite ink stability, we believe 

that our work will contribute to providing performance stability of devices in industrial sites with harsh 

environments such as near seawater, mine, and so on.

Keywords: Anti-corrosion, Electrical conductivity, Graphite nanoplate, Functional coatings, Polymer- 

carbon composites
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Air filters effectively removes toxic airborne particles. However, captured microorganisms in the filter 
may grow, and be resuspended. To prevent this issue, numbers of considerable studies about filters with 
antimicrobial properties have been conducted. Also, the interest in antimicrobial air filter technologies is 
constantly increasing as the COVID-19 pandemic being the world's worst public health emergency. 
Antimicrobial filters should have both filtering and antimicrobial performance. Filters require high filtration 
efficiency, low pressure drop, strong durability and moisture resistance. In order to perform these requirements, 
polymer nanofibers are used since having high specific surface area and high porosity, and it is mainly 
synthesized through electrospinning. Also, to perform antimicrobial properties, catalysts such as 
hydroxyapatite (HAp) can be decorated or coated on the base filters. Also, atomic substitution or doping 
of HAp with certain metal ions, including silver (Ag), copper (Cu), and zinc (Zn), is an attractive approach 
to improve its antibacterial properties. It is believed that copper ions form strong bonds with thiolic, imidazole, 
amine, and carboxylic groups of proteins, causing structural changes, permeability increase and hence, 
membrane transport dysfunction and cell death. However, since copper ions are known to be essential for 
cellular physiology but toxic, adhesion between catalyst and filter is crucial.

Therefore, in this work, HAp/Cu complex containing antimicrobial filters were made by following two 
steps. First, HAp/Cu antimicrobial complex was synthesized and decorated on the nonwoven filter by 
ultrasonic spray pyrolysis (USP). USP is known to be a useful method for the synthesis of HAp containing 
hydroxyl groups with high purity and narrow particle size distribution. During USP, as adding a copper 
precursor or collecting HAp on the copper base, HAp/Cu complex was synthesized. As the second step, 
electrospinning of polymer was conducted to increase the adhesion between complex and filter. Here, Nylon 
6 was electrospun since it has an advantages of high heat resistance, chemical resistance and strength. Also, 
as manufacturing nanofibers by electrospinning includes complex systems such as electrodynamics and fluid 
mechanics, optimum parameters for filters were studied. Phase structure, particle size, microstructure and 
specific surface area of complex were analyzed through XRD (X-ray Diffractometer) and DLS (Dynamic 
Light Scattering). Also, the morphologies of complex and nanofiber were analyzed with FE-SEM (Field 
Emission Scanning Electron Microscopy).

Keywords: Antimicrobial filter, Electrospinning, Ultrasonic spray pyrolysis, Hydroxyapatite, copper
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The progress in the fabrication processes, microstructural controls, structural and functional properties, 

and application areas of nanomaterial-filled metal matrix nanocomposites was reviewed. metal matrix 

nanocomposites can overcome the limitations of conventional materials because the strengthening and 

functioning effects are more superior and diverse compared to those of conventional MMCs because of 

the outstanding intrinsic properties of nanomaterials and extremely large interfacial areas between the 

nano-sized fillers and matrices. Various fabrication processes have been developed to circumvent these issues 

by processing them in different physical states or chemically modifying the nano-sized fillers. As the 

nanomaterials having large surface areas tend to aggregate and agglomerate within a metallic matrix, the 

incorporation of nanomaterials as effective fillers for metal matrix nanocomposites has been a challenging 

issue. The enhancement of the structural and functional properties is significantly affected by the homogeneity, 

interfacial characteristics, volume fraction, and alignment of nano-sized fillers within the matrices. It has 

been confirmed that the enhancement of mechanical properties, such as strength and modulus, is outstanding 

when the nano-sized fillers are homogeneously distributed and strongly bonded with the matrices. The 

functional properties, including thermal conductivity and CTE, can be improved or controlled to meet the 

design requirements. metal matrix nanocomposites show great potential for use in a wide range of structural 

applications in the automobile, aerospace, machinery, and sports industries owing to their mechanical 

properties. In addition to structural applications, metal matrix nanocomposites are also promising for functional 

applications such as electronic components, sensors, biomedical implants, thermal management, and 

corrosion-resistant materials. It is expected that the metal matrix nanocomposites can be designed to have 

outstanding and controlled properties for multifunctional applications in future industries based on a 

combination of attractive properties of nano-sized fillers and versatile properties of metallic matrices.

Keywords: Metal Matrix Nanocomposites, Nanomaterial Fillers, Multifunctional Properties, Applications
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A novel metal matrix composite (MMC) material with continuously networked TiN was developed and 

fabricated by powder metallurgy method to maintain its shape and endure immersion in steel melts at 

temperature (1540 ℃) far higher than the melting temperature (1430 ℃) of matrix AISI 316L stainless 

steel. In this continuously networked structure, the reinforcements of TiN are continuously interconnected 

like spider web throughout the material. Such a structure was built when the size difference between matrix 

and reinforcement powders and when the size difference was small, reinforcements were well distributed 

in matrix and there was no interconnected structure (Fig.1). Even when immersed in steel melts, the material 

can maintain its shape and mechanical strength and toughness were enhanced (Fig.2). During dipping in 

steel melts or heat treatment at elevated temperatures, the continuously-networked structure of TiN was 

significantly strengthened by sintering. In addition, during dipping or heating, the formation of various oxides 

like alumina and silica was greatly helpful to improve the connectivity of the structure, and yields increases 

in both its strength and toughness. By adding some Si and Al in the MMC, the connectivity of the structure 

were improved and mechanical properties were slightly enhanced. With the help of TEM work, the coherent 

relationship between TiN and silica or alumina was observed. Therefore, the increase of interconnectivity 

and mechanical properties are originated from these coherent relationships. Because of these unique structure 

and properties, this material may be useful to be the successful candidate to handle molten metallic melts 

as tapping materials in steelmaking process, and separators in dual-casting molds.

Fig. 1 OM images of (a) MMC reinforced with continuously networked TiN and 

(b) MMC with dispersed TiN
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Fig.2 The images of the MMC reinforced with continuously networked 

TiN: (a) Before dipping, (b), (c) After

Keywords: Metal matrix composites (MMC), TiN, AISI 316L stainless steel, Continuously networked 

structure
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Soft magnetic materials require magnetic properties such as high permeability(μ), high saturation magnetic 

flux density (Bs), and low core loss. Electrical steel is widely used due to high saturation flux density and 

low material cost, however, it is difficult to satisfy low coercivity (Hc) and low core loss. Soft magnetic 

Fe-Si-B-Nb-Cu(Finemet) nanocrystalline alloys have been used as magnetic components in high frequency 

transformers, inductors due to their low coercivity and high permeability. However, Finemet alloy has a 

lower saturation magnetic flux density (1.23T) than electrical steel. Therefore, it is inevitable to develop 

Fe-based nanocrystalline soft magnetic materials with high saturation magnetic flux density and excellent 

soft magnetic properties. Nanocrystalline materials have the best soft magnetic properties when the crystal 

size is 10-15 nm. The purpose of this study is to minimize grain size and to enhance the soft magnetic 

properties. Zr distributed in amorphous residual matrix suppress grain growth, increasing the permeability 

and lowering the core loss and coercivity. Nb atoms also suppress grain growth and impending Fe2B 

formations. However, Nb is problematic in terms of cost.

We have designed our nanocrystlline alloys substitute Nb with Zr. According to previous studies (W. 

Lu et al.), it has been reported that simultaneous co-addition of transition elements resulted in a significant 

reduction in grain size to 10-20 nm. In this study, nanocrystalline ribbons with a composition of 

Fe77.5Si11.5B7.5NbxZr3-xCu1(x=0-3) have been fabricated by rapid-quenching melt spinning and thermal 

annealing. The effects of Zr/Nb ratio on the microstructure and magnetic properties have been investigated. 

Among the alloys investigated in this work, Fe77.5Si11.5B7.5Nb1Zr2Cu1 nanocrystalline ribbon annealed at 580 
oC exhibits excellent soft-magnetic properties including low coercivity, low core loss, and high saturation 

magnetization. The uniform nanocrystallization in Fe77.5Si11.5B7.5Nb1Zr2Cu1 alloy has also been confirmed 

through high-resolution TEM analysis.

Keywords: soft magnetic materials. nanocrystalline, amorphous, magnetic properties, microstructures

SB15



- 132 -

Synthesis of Mesoporous Copper Cobalt Oxide (CuCo2O4) Using 

Inverse Micelle Method for Supercapacitors 

Sung Gue Heo1,2, Kyoung-Tae Park1, Soong Ju Oh2, and Seok-Jun Seo1*

1Korea Institute for Rare Metals, Korea Institute of Industrial Technology, Incheon, Republic of Korea

 2Department of Materials Science and Engineering, Korea University, Seoul, Republic of Korea
 

*Corresponding author: sjseo@kitech.re.kr

Metal oxides have attracted attention for electrode materials and supercapacitor application due to their 

superior electrochemical property. Since only the surface of metal oxides can effectively contribute to the 

total capacitance, the preparation of porous metal oxide nanostructures represents a promising solution toward 

harvesting their full capacity. In addition, pore sizes and their distribution directly affect the ability of a 

material to function effectively as a supercapacitor. Therefore, development of nanoporous materials, 

especially metal oxides can be an effective method for improving the capacitive performance by enhancing 

surface area and obtaining short electron ion transport pathways. Among the various types of these structures, 

spinel cobaltites are an ideal candidate because of the presence of mixed valence metal cations that provide 

high electronic conductivity and electrochemical activity. Inverse micelle methods can also suppress hydrolysis 

reactions and synthesize mesoporous oxides of various compositions. In this study, inverse micelle synthesis 

conditions were optimized to form ordered mesoporous CuCo2O4 structure by adjusting concentration of 

the precursor and heat treatment temperature of the reactants. Finally, more than 100m2/g of surface area 

of mesoporous CuCo2O4 were successfully synthesized by inverse micelle method.

Keywords: Transition metal oxide, Mesoporous, Copper cobalt oxide, Inverse micelle, Sol-gel process
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The hot-deformation process is one of the promising industrial process to fabricate fine-grained anisotropic 

Nd-Fe-B bulk magnets. However, the hot-deformed magnets produced from the isotropic melt-spun powders 

have a critical problem, i.e., the abnormal grain growth easily occurs during the hot-deformation process 

or the grain boundary diffusion process at ~700 °C due to the ultra-fine nature of grains in the initial melt-spun 

powders. One way to suppress the abnormal grain growth is to use the isotropic HDDR powders with a 

relatively larger grain size as an initial powder to fabricate the anisotropic hot-deformed magnets. However, 

the hot-deformed magnet produced from isotropic HDDR powders is difficult to obtain high remanence, 

Br, because the [001] texture is not well developed during the hot-deformation caused by the higher 

deformation resistance of the HDDR powders. Therefore, aligning the anisotropic HDDR powders 

magnetically prior to the densification can be a solution for achieving higher Br of the magnets. Furthermore, 

if the anisotropic HDDR powders can be magnetically well aligned before the densification, the fine-grained 

anisotropic bulk magnet could be obtained by the hot-press alone without undergoing subsequent die-upsetting 

process. Thus, in this study, we fabricated the anisotropic hot-pressed Nd-Fe-B magnets using the anisotropic 

HDDR powders aligned by a pulsed magnetic field, and observed the influences of the magnetic and 

microstructural properties of initial HDDR powders on the magnetic alignment and hot-press behaviors. 

Interestingly, we found that the higher Br is obtained after the hot-press of the anisotropic HDDR powders 

when the remanence of the HDDR powders are controlled to be lower. This implies that higher-remanence 

HDDR powders generate stronger local magnetic field during the magnetic alignment, thereby disrupting 

the alignment of adjacent particles as observed by R. Soda et al [1]. Therefore, in order to obtain higher 

remanence in hot-pressed magnets using the HDDR powders aligned by a pulsed magnetic field, the 

lower-remanence HDDR powder is more advantageous than the higher-remanence HDDR powder. In this 

talk, a detailed method to control the magnetic and microstructural properties of the initial anisotropic HDDR 

powders will be explained, and the magnetic and microstructural differences between the hot-pressed magnets 

produced from the low- and high-remanence HDDR powders will be discussed. 

[1] R. Soda et al, Scr. Mater., 41-44, 120 (2016).

Keywords: Nd-Fe-B, HDDR powder, alignment, hot-pressing
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To overcome the problems of environmental in commercial methods including chlorination and 

hydrometallurgical, the deoxidation study of Ti scrap was proceeded through electrolytic refining and chemical 

reaction in the MgCl2 molten salt, by using the cathode made of Ti scrap and the anode made of carbon 

electrode. In the case of titanium scrap, which is generally used for recycling of used Ti metal, oxygen 

solubility is usually measured on averagely 5000 to 7000 ppm. Since the oxygen concentration is exceeding 

the minimum titanium grade range (Gr.5 > 4000 oxygen ppm) for the manufacture of commercial Ti products, 

so it is hard to proceed normal recycling process. Thus, oxygen and other impurities present in Ti scraps 

were removed by element substitution-based principle through electrochemical and chemical reactions 

generated by the molten salt electrolysis process. The optimum conditions for the titanium deoxidation process 

through the molten salt electrolysis process were derived by controlling the conditions and variables from 

various thermodynamic approaches. The correlation between the deoxidation efficiency and the behavior 

of the current of voltage was confirmed by setting the conditions of the electrolysis process in various 

voltage ranges. In addition, it was attempted to investigate the correlation between the presence of impurities 

and the measured oxygen concentration, and confirmed that the impurity particles formed contained a certain 

amount of oxygen concentration by the surface element analysis. Therefore, the removal efficiency of impure 

elements and particles by deriving various post-treatment process conditions was observed. As a result, it 

was confirmed that the most stable, and efficient current was formed at a specific higher voltage, and the 

measured result with the most excellent deoxidation result was 2362 ppm, which of reducing oxygen by 

50% compared to the initial Ti scrap. 

Keywords: Titanium, Deoxidation, Electrolytic-refining, Recycling, Rare-earth
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For fabrication of high purity rare metals, the electron beam melting (EBM) is used. However, there 

is a lack of understanding of the heat source energy distribution and the melting mechanism of the material 

in the EBM process. Especially, In EBM method is can be generated high heat source by electron energy 

than the Vacuum Arc Re-melting (VAR) or Plasma Arc Melting (PAM). In order to analyzed of the 

heat-affected zone (HAZ) while the Electron beam irradiation with electron beam power variables. It conducted 

the finite element method (FEM) simulation inclusive electro-magnetic, heat transfer and particle tracing 

to predict distribution of temperature in rare metals. Also, EBM process by each experimental and prediction 

value by FEM simulation was compared. In this result, Suggestion can be applying of electron beam drip 

melting process and refining which is playing an important role in the ingot production of refractory metals.

Keywords: Electron beam melting, Refractory materials, Finite element method, Ingot, Heat-affected-zone
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As the demand for Nd-Fe-B magnets increases, replacing Nd in the magnets with abundant and inexpensive 

Ce has become an important technology to develop cost-effective Nd-Fe-B magnets. Developing a multi-main 

phase (MMP) microstructure by the mixture of Ce-free and Ce-containing powders is an efficient way to 

improve the coercivity (Hc) and to minimize the remanence reduction of Nd-Ce-Fe-B sintered magnets. 

Nevertheless, the insufficient Hc of the MMP Nd-Ce-Fe-B sintered magnet, owing to the low intrinsic magnetic 

properties of the Ce2Fe14B phase, is still a major obstacle to be overcome. The practical Hc of Nd-Ce-Fe-B 

sintered magnet can be improved when the 2:14:1 grains are magnetically isolated by continuous and uniform 

non-magnetic grain boundary phase (GBP). Addition of Cu in Nd-Fe-B sintered magnet promotes the 

uniformity and continuity of a Nd-rich GBP during post-sintering annealing (PSA) because of the reduced 

melting point of the Nd-rich GBP. However, in the case of MMP Nd-Ce-Fe-B sintered magnet, the role 

of Cu in the rare-earth (RE)-rich triple junction and GBPs has not yet been clearly elucidated. In addition, 

since the melting temperature of the RE-rich phase is sensitive to the Cu content, the effect of the Cu 

content on the optimal PSA conditions should be considered. Therefore, we investigated the effects of various 

amounts of Cu addition on the microstructural and magnetic property changes of MMP Nd-Ce-Fe-B sintered 

magnet and clarified the optimum PSA temperature for the Cu-doped MMP sintered magnet. 

Ce-free and Ce-containing magnetic powders with nominal compositions of (Pr,Nd)31.0Febal.M1.90B1.0 and 

[(Pr,Nd)19Ce12]31.0Febal.M1.90B1.0 M(wt.%, M=Al, Ga, Nb, Cu, and Co) were prepared using the powder 

metallurgical method. Ce-free and Ce-containing powders, with a mean particle size of less than 3.0 ㎛, 

were mixed (ratio of 80:20) and these powders were mixed with Cu powder (0.05 and 0.15 wt.%). The 

Cu contents of the magnets were 0.15, 0.2, 0.3 wt.%. The green compacts were sintered at 1040°C for 

2h. The 1st PSA temperatures were varied from 850 to 600°C to optimize the PSA temperature, then annealed 

again at 480°C for 2h (2nd PSA). The microstructure, phase identify and magnetic properties of samples 

were investigated by using EPMA, HRTEM, DSC, and BH-tracer. In this presentation, the role of Cu in 

MMP Nd-Ce-Fe-B sintered magnets and the change in the grain boundary structure will be discussed, and 

the optimum PSA temperature according to the Cu content will be proposed. 

Keywords: Nd-Ce-Fe-B sintered magnet, Coercivity, Core-shell microstructure, Grain boundary phase, 

Post-sintering annealing
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Organic–inorganic polymer composites with enhanced electrical, thermal, and mechanical properties have 

attracted significant attention for various applications owing to their favorable properties, such as good 

flexibility, facile processability, and corrosion resistance. Electrically conductive polymer composites (CPCs) 

are key components in flexible electronic devices, actuators, sensors, and electromagnetic interference shields. 

The positive temperature coefficient (PTC) is the capability of a CPC to increase its electrical resistance 

with temperature. PTC behavior exhibits a change in the conductive network that increases the filler-to-filler 

distance owing to the volume expansion of the polymer matrix with increasing temperature. Generally, for 

PTC behavior, a crystalline polymer should be considered to ensure the capability of drastic thermal volume 

expansion when compared to the amorphous polymer at the melting point. PTC behavior is also closely 

related to the volume of the filler-based percolation threshold theory and, geometrical and physicochemical 

factors, such as dispersibility, intrinsic electrical conductivity, dimensional characteristics of the fillers, and 

interfacial interactions between the polymer and filler materials. PTC composites with a single filler exhibit 

drawback, such as low intensity and poor reproducibility. Many researchers have investigated methods to 

overcome intensity and reproducibility issues through using high-molecular-weight polymer matrix, chemical 

crosslinking, and hybrid fillers.

Herein, we present ethylene-vinyl acetate (EVA)-based PTC composites with enhanced intensity and 

reproducibility. We used a combination of zero- and two-dimensional hybrid carbon filler networks. The 

amount and morphology of the as-prepared exfoliated graphite (ExG) was varied and applied as a secondary 

filler for tuning the conductivity and PTC behaviors of composites induced by the carbon networks. We 

attempted to investigate the effects of percolation theory, synergistic hybrid filler, and conductive network 

on PTC behavior. The CB/ExG/EVA composites exhibited the highest PTC intensity and superior 

reproducibility resulting from repeated thermocycles. The synergistic effects of the 0-D and 2-D carbon 

fillers were elucidated as the formation and inhibition of conducting networks on the controlled filler 

combination.

Keywords: polymer nanocomposites, positive temperature coefficient, exfoliated graphite, hybrid filler
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Thermal interface materials (TIMs) have become increasingly critical in order to remove the heat for 

the longevity, performance and reliability of electrical devices which have become more integrated or 

miniaturized in the field of semi-conductor industry. It is widely agreed that the use of novel polymer 

composites is effective to improve the thermal conductivity as TIMs. However, most neat polymers have 

poor thermal dissipation ability with lower than 0.5 W/mK of the thermal conductivity, which limits the 

range of their applications. Although the metals, ceramics and carbon-based materials are impregnated with 

polymers to improve the thermal conductivity, the addition of metals and carbon-based materials usually 

involves the increase of electrical conductivity, which confines their usage in the field with the requirement 

of electrical insulation. Hexagonal boron nitride (h-BN), 2-dimensional platelet-structured material, has been 

extensively investigated as one of the most crucial thermally conductive fillers due to its excellent electrical 

insulation, thermal conductivity, breakdown strength and chemical stability etc. However, because thermal 

anisotropic nature of the h-BN (in-plane thermal conductivity : 600 W/mK and through-plane thermal 

conductivity : 30 W/mK) results in high thermal conductivity along in-plane direction, converting the h-BN 

into spherical structure is essential to achieve high through-plane thermal conductivity of the h-BN loaded 

polymer composites. Although previous work proposed spherical h-BN granulation via spray drying process 

and improvement of out-of-plane thermal conductivity, there were voids result from volatilization of solvent 

through the surface of the particles, which causes the phonon scattering.

In this study, spherical h-BN was prepared via spray drying method using h-BN that synthesized by 

gas-liquid reaction. The morphology of the spherical h-BN was analyzed using a scanning electron microscope. 

The crystal and functional structure of the spherical h-BN was identified by X-ray diffraction and Fourier 

transform infrared. As-synthesized particles were then used as fillers to add into polydimethylsiloxane 

(PDMS). Thermal stability of h-BN/PDMS composites was confirmed by thermogravimetric analysis. Thermal 

conductivity of the h-BN/PDMS composites was measured using laser flash method.

Keywords: Hexagonal Boron nitride (h-BN), Spray drying process, Thermal conductivity, Polymer 

composites
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The electrochemical exfoliation of graphite has been considered to be an effective approach for the 

mass-production of high-quality graphene due to its easy, simple, and eco-friendly synthetic features. However, 

water-dispersion of graphene produced in the electrochemical exfoliation method also has been a challenging 

issue because of the hydrophobic properties of resulting graphene. 

In this work, we report the preparation of highly water-dispersible graphene through the mild in-situ 

sulfate functionalization of graphite manipulated by controlling the reaction of persulfate (S2O8
2-) ions to 

graft sulfate (R–OSO3-) groups onto the graphene sheets during the electrochemical reactions. The 

as-functionalized sulfate groups on graphene are believed to induce the stable water-dispersion of graphene 

than the conventional oxygen functional groups such as carboxyl and hydroxyl group; the strongly acidic 

sulfate groups are expected to be fully dissociated and induce strong negative charges in all relevant solution 

conditions, but the carboxyl or hydroxyl groups offer negative charges at a relatively higher pH value.

In our electrochemical regime of mild in-situ sulfate functionalization, the highly water-dispersible 

graphene could be prepared with a relatively low oxygen-content <10 % without any assistant dispersing 

agents. We found the resulting graphene sheets to be with the high crystalline basal planes, lateral sizes 

of several μm, and thickness <5 nm. Furthermore, the high aqueous dispersion stability of as-prepared 

graphene could be demonstrated using a multi-light scattering technique, showing very little change in the 

optical transmittance and the terbiscan stability index over time.

Keywords: Graphene, Sulfate-Functionalization, Electrochemical Exfoliation, Water-Dispersion, Edge- 

Functionalization
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Catalytic hydrogenation of biphenyl-4,4’-diol (BP) was studied for the stereoselective synthesis of trans, 

trans-bicyclohexyl-4,4'-diol (trans, trans-BHD) over sodium-promoted Pd/C catalysts. [4-(4-Hydroxy-phenyl)- 

cyclohexanone] (HPCN), [bicyclohexyl-4,4’-dione] (BHDN), [4-(4-Hydroxy-phenyl)-cyclohexanone] (HCP) 

and HBN are obtained as major intermediates products during total hydrogenation of BP to BHD, where 

HCP, HBN and BHD have isomers. The trans, trans-BHD composing three stereo isomers of BHD is used 

as an important raw materials to synthesize liquid crystal display compounds. However, the study over 

increasing the selectivity of trans, trans-BHD in the consecutive BP hydrogenation is yet challenging because 

the reaction networks are very complicated and selectivity is susceptible to change by subtle reaction 

parameters. Here, the effects of reaction variables including alkali promotion, catalyst reduction, catalyst 

Figure 1. Pd/C catalyst prepared by precipitation and deposition method
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loading, pressure, temperature, type of impellers and solvent were investigated in the stereoselective 

hydrogenation of BP. Furthermore, the reaction rate and distribution of isomers of hydrogenation intermediates 

are compared as a function of reaction parameters. The relationship between the yield & selectivity to trans, 

trans-BHD and isomer ratio of reaction intermediates are considered in order to secure the optimized reaction 

conditions and to elucidate the stereoselective hydrogenation mechanism of BP.

Keywords: Pd/C catalyst, Steroselective hydrogenation, Biphenyl-4,4’-diol, trans, trans-bicyclohexyl-4, 

4'-diol (BHD), Sodium promotion
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The aim of this work is to propose a new paradigm that imparts intelligence to metal parts with the 

fusion of metal additive manufacturing and artificial intelligence (AI). Our digital metal part classifies the 

status with real time data processing with convolutional neural network (CNN). The training data for the 

Fig. 1. Overview of the AI augmented digital metal component. (A, B) A strain gauge is embedded 

in the T-shaped AI-augmented metal with selective laser melting process. (C) Four states of the metal 

component were assumed and used for classification. (D) This metal component can generate physical 

data due to the sensor, and the CNN acts like its brain to diagnose the condition. (E) After learning 

spectrograms labeled with four states, the CNN classifies the results via t-SNE 3D plot.
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CNN is collected from a strain gauge embedded in metal parts by selective laser melting process. We 

implement this approach using additive manufacturing, demonstrate a self-cognitive metal part recognizing 

partial screw loosening, malfunctioning, and external impacting object. The results indicate that metal part 

can recognize subtle change of multiple fixation state under repetitive compression with 89.1% accuracy 

with test sets. The proposed strategy showed promising potential in contributing to the hyper-connectivity 

for next generation of digital metal based mechanical systems.

Keywords: 3D Printing, Artificial Intelligence, Selective Laser Melting, Convolutional Neural Network 
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Research interests in inexpensive, highly efficient, and durable non-precious electrocatalyst for hydrogen 

evolution reaction (HER) have increased in the past decade. Especially, carbon-based catalysts, including 

metal and non-metal-doped carbon structures, are being promising candidates. Herein, we report Cobalt (Co) 

and Nitrogen (N)-doped nanoporous carbon catalyst (Co@SCG-KU), which was prepared by urea and cobalt 

salt impregnation from spent coffee grounds (SCG) derived carbon. SCG derived carbon was obtained by 

pyrolysis under high temperature with KOH. Characterization of carbon catalysts confirmed Co and N-doping 

and porosity with field-emission scanning electron microscopy (FE-SEM), transmission electron microscopy 

(TEM), X-ray diffraction (XRD), Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS). 

Co@SCG-KU possesses a high BET surface area (1413.2 m2 g-1) and highly distributed nano-sized pores. 

HER electrocatalysts are performed in an alkaline medium. The electrocatalytic properties better result than 

non-doped SCG derived carbon and are comparable to higher activity commercial catalysts such as RuO2 

and 20% Pt/C. The chronopotentiometry test revealed better stability at 5.0 mA cm-2 for eight hours. The 

results of this work offer novel ideas for the tremendous preparation of better efficient carbon-based 

electrocatalyst from SCG in the application of HER.

Keywords: HER, carbon-based catalyst, spent coffee grounds, N-doped carbon, Co-doped carbon
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Microwave sintering is regarded as an economical process for sintering ceramics with relatively low 

temperatures and time durations. However, the mechanisms governing microwave sintering remain vague 

to date, and the sintering results are often unpredictable. Herein, cylindrical alumina (Al2O3) green bodies 

with 30 mm diameter were fabricated by slip casting. Microwave hybrid sintering and conventional sintering 

of the slip casts were carried out to observe the effects on densification, grain-growth kinetics and grain 

size distribution in different zones of samples. Different holding times were used at 1550 °C. Microwave 

hybrid sintering resulted in higher densification than conventional sintering, and it was higher at center 

(98.7% for 120 min holding) than on surface (98.1 for 120 min holding). Similar trend was followed by 

average grain size, where microwave hybrid sintering resulted in larger average grain size at center (5.65 

µm for 120 min holding) than on surface (5.38 µm for 120 min holding). In addition, the grain size distribution 

was broader, with a shift towards larger grain size range for the highest volume percentage of grains in 

case of this novel sintering technique than conventional sintering. Significantly, the grain-growth rate with 

microwave hybrid sintering was more than three times higher at the sample center ((62.07 ± 0.06) × 10–21 

m3/s) than on the sample surface ((18.75 ± 0.11) × 10–21 m3/s) with conventional sintering. The grain-growth 

for all the samples, irrespective of the sintering technique and the zone of interest, was governed by volume 

diffusion more dominantly. Primary reasons for the outcomes are regarded to the microwave effect due 

to the electric field of microwaves and interface temperature gradient.

Keywords: Alumina, Slip casting, Microwave hybrid sintering, Grain-growth kinetics, Grain size 

distribution
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The cold-consolidation process using high-pressure torsion has been studied due to their impressive 

densification at room temperature and the advantage of avoiding the undesired oxides and intermetallic during 

sintering at high temperature. The microstructural evolution and mechanical behavior of CoCrFeNi 

medium-entropy alloys fabricated by the cold-consolidation process and subsequent annealing were 

investigated. The cold-consolidated microstructure is verified to have a high density of 8.16 g/cm3 and the 

fine grains smaller than 1 μm after annealing at 700 ℃ for 1 hour. During cold-consolidation process, 

the extreme deformation leads to the microstructural evolution like BCC martensite, profuse dislocation 

density, and fine grain size improving the strengths of cold-consolidated samples to 1.94 GPa at room 

temperature and 2.71 GPa at cryogenic temperature. Tuning the mechanical properties with subsequent 

annealing provides a desirable combination of strengths and ductility. These results demonstrate that the 

cold-consolidation of CoCrFeNi medium-entropy alloys is the unique method to give exceptional mechanical 

properties unachievable in conventional processes.

Keywords: High-entropy alloys, Powder Metallurgy, High-pressure Torsion, Cold-consolidation, 

Mechanical properties
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Evolution of additive manufacturing technology has greatly affected the lattice structure field, and research 

on the unit cell topology optimization of the lattice structure has been actively made recently. Sheet triply 

periodic minimal surfaces (TPMS) lattices, known as bio-mimicked optimization structures, have a larger 

specific surface area, and superior specific strength and stiffness. In this study, a shape-optimized lattices 

using CoCrMo alloy as parent material was fabricated by laser powder bed fusion. Unit cell topologies 

were designed with two types of sheet TPMS: 1. Neovius, 2. Schoen’s IWP (hereinafter referred to as 

IWP). Structural characteristics were analyzed, and compressive properties and energy absorption 

characteristics were investigated. Relative densities were calculated as 28% (Neovius) and 25% (IWP), 

respectively. As a result of the compression test, 0.2% offset yield strength was obtained at 80.8 MPa (Neovius) 

and 70.4% (IWP), and Young's modulus at 3.3 GPa (Neovius) and 3.5 GPa (IWP). As a result of measuring 

the energy absorption efficiency, Neovius showed a Maximum absorption efficiency of 54.3% at strain=59.0%, 

and IWP showed a Maximum absorption efficiency of 37.3% at strain=55.5%. With the above results, the 

analysis was conducted considering real-time deformation observations, and based on this, the compressive 

deformation behavior and compressive energy absorption characteristics of CoCrMo shape-optimized lattices 

manufactured by laser powder bed fusion were identified.

Keywords: CoCrMo, sheet TPMS lattices, Laser powder bed fusion, Compressive properties, Energy 

absorption characteristics
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Soft magnetic composite (SMC) which can produce an innovative 3-dimensional core has been much 

attraction as the potential in various electrical machinery fields because of their superior soft magnetic 

properties such as a high magnetic permeability and a low core loss at a high frequency range [1]. In 

general, SMC is composed of Fe-based ferromagnetic particles, and the surface of the iron particles is covered 

with an inorganic or organic insulation layer. It is possible to improve the surface resistance and thus form 

an insulated space between them, which can remarkably reduce the eddy-current losses [2]. SMC is generally 

used as a part of a machine, but in the case of some electric machines, the need for developing high-strength 

SMC parts is being raised against the material is damaged by fatigue due to exposure to continuous vibration 

or external shock. There is a method to develop high-strength SMC by the densification of the surface 

insulating materials through annealing at high temperature (600 °C~1000 °C). However, in general, there 

is a disadvantage in that insulation is weakened after annealed at high temperature, so an evaluation is 

necessary to secure both strength characteristics and insulation coating layer retention. Herein, SMC with 

different inorganic coating materials which is well-known to withstand at high temperature; SiO2, MgO, 

and PO4 and stacking layer; mono or double parameters have been considered for magnetic characterization. 

All of the coated iron particles were prepared by a chemical sol-gel method, and the thickness of the formed 

coating layer was confirmed to be 500-600 nm on average through a scanning electron microscope and 

an energy dispersive X-ray spectrometer. Based on the excellent insulating layer condition (i.e. mono-layers 

and double-layers, @SiO2@MgO and @MgO@SiO2), the core loss evaluation were conducted at high 

temperature (> 600 °C). Toroidal cores with an outer/inner diameter of 25/15 mm and a thickness of 3 

mm were manufactured by cold pressing under a pressure of 500 MPa and then annealed for 1 h at 600 

°C, 700 °C, 800 °C, and 900 °C, respectively, in Ar atmosphere to figure out the retention of insulation 

layer. As a result, as the annealing temperature increased, the core loss with phosphating layer rapidly increased 

at 1 kHz and 1T because it was carbonized and lost above 650 °C. As compared to the phosphating layer, 
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on the other hand, the SMCs coated with SiO2 or MgO or double layers annealed at 800 °C exhibited 

higher retained flux density as well as a significantly low increasing rate of core loss as the frequency 

and external magnetic field strength increased (at 0.05~1 kHz and 0.3~1 T). This work might be offered 

a noticeable ideal to design inorganic insulation layer for SMC applications under the high temperature 

atmospheres.

Keywords: Fe-based soft magnetic composite, Core loss, Insulation coating layer, Chemical coating method 
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The traditional strengthening strategies that impede dislocation movement lead to a ductility reduction 

in general, and this dilemma is referred to as a strength-ductility trade-off. Materials with microstructural 

heterogeneity consisting of soft and hard domains have been widely reported due to their synergetic 

enhancement of strength and ductility by delaying plastic instability. However, not all alloys with 

microstructural heterogeneity can overcome the strength ductility trade-off. Since the understanding of which 

microstructural parameters are dominant and their quantitative effects on that synergy are still not clear, 

the present study aims to understand the quantitative effect of hetero-structure parameters such as a volume 

fraction, strength and ductility of each domain. To make it clear, each domain forming powders were prepared 

by the powder metallurgical method to prepare the heterostructure alloy with intended microstructure control 

including high energy ball milling and wet-mixing in ethanol to achieve the homogeneous mixing of powder 

to eliminate the agglomeration of a certain domain. The tensile properties estimated from the consolidated 

bulks were shown the elongation of the hard domain, rather than the strength, dominantly affect the 

strength-ductility synergy of heterostructure alloy. With the results, we suggest an effective way to design 

the heterostructure alloy with a quantitative microstructure criterion of strengthening without the ductility 

loss.

Keywords: Heterogeneous microstructure, High entropy alloy, Quantitative analysis, Strength ductility 

synergy, Powder metallurgy
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In this study, we have studied the effect of weight fractions (x=0, 1, 3, 5 wt%) of WO3 nanoparticles 

(NPs) on the microstructural evolution of CoCuNiFe5Mn35 high entropy alloy (HEA). The so-called nano-oxide 

dispersion strengthened high entropy alloy (NDS-HEA) was processed by mechanical alloying (MA) and 

spark plasma sintering (SPS) methods. MA was performed for 45h and milled HEAs were consolidated 

by SPS at 900℃. The microstructural evolution and distribution of the WO3 NPs in HEAs was observed 

by X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy 

(TEM). The experimental results indicate an in-situ reduction of WO3 NPs (⁓30-40nm) to W NPs and 

simultaneous transformation of Mn to MnO2 during early stages of SPS. In addition, formation of nanotwins 

in the face-centered cubic (FCC) HEA matrix was noticed containing W NPs. The microhardness of the 

NDS-HEAs was found to lie in the range of 600-1000 HV due to the various strengthening contributions 

from nanotwins, MnO2 and fine W NPs dispersed in the matrix. The amount of the WO3 had a great impact 

on the twin lamellae size, as well as a higher weight fraction of WO3 NPs (⁓5 wt%) in the HEA caused 

undesirable segregations that deteriorated the mechanical properties. The optimum fraction (x=3 wt%) of 

WO3 NPs was recommended for better realization of the microstructural and mechanical performance of 

NDS-HEA developed in this study.

Keywords: High entropy alloy, spark plasma sintering, mechanical alloying, powder metallurgy, dispersion 

strengthening
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The attainability of high tensile strength and large elongation is ambitious on alloys fabricated by powder 

metallurgy. In addition to the reduced strain hardening ability with an increase in strength, factors such 

as residual porosity, contamination, and unfavorable microstructural evolution in powder metallurgy routes 

make it very challenging to achieve reasonable mechanical properties. Here, a composite of nanostructured 

CoCrFeMnNi high-entropy alloy (HEA) reinforced with TiC nanoparticles was fabricated through 

cold-consolidation using high-pressure torsion followed by annealing. The microstructural evolutions and 

mechanical properties of the HEA-TiC composite have been compared with the monolithic HEA sample 

(without TiC) fabricated by a similar route. The HEA-TiC composite with high densification of 99.5% and 

uniform distribution of TiC nanoparticles showed retarded grain growth due to the pinning effect and enhanced 
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hardness compared to monolithic HEA. Also, the Cr-carbide formation was detected along with TiC 

nanoparticles. This approach has resulted in an exceptional synergy of high yield strength of 754 MPa with 

an ultra-high tensile elongation of 58% in monolithic HEA sample which has never been achieved in alloys 

fabricated by powder metallurgy routes. The present fabrication route can be applied for the fabrication 

of HEA-matrix composites using alloys, metals, and ceramic powders to achieve controllable microstructure 

and eminent tensile properties.

Keywords: High-entropy alloys, Powder metallurgy, Cold-consolidation, Grain growth, High-pressure 

torsion
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17-4PH is the most widely used material in MIM applications such as foldable smartphone hinge, medical 

devices, and aerospace applications because they exhibit relatively good corrosion resistance, excellent strength 

and hardness by precipitation hardening. Plasma-Gas Hybrid Atomization (PGHA) technology is a new method 

to produce powders by combining plasma flame and nitrogen gas atomization.

In this presentation, the powder characteristics and sintering properties of 17-4PH by newly developed 

Plasma-Gas Hybrid Atomization (PGHA) and water atomization (WA) were investigated. The sintered parts' 

microstructure and density, and tensile strength and hardness were investigated. Also, the dimensional accuracy 

of the sintered samples was evaluated.

Mean particle size(D50) of WA and PGHA powders was 7 µm and 10 µm. Tap density of WA and 

PGHA was 4.4 g/㎤ and 4.7 g/㎤ respectively. The powder loading of two powder mixtures were 63.2vol%. 

After sintering at 1340℃, 2hrs in vacuum, sintered density of WA compact was 7.65 g/㎤ and PGHA 

compact was 7.74 g/㎤ which means relative density of WA compact is 98.3% and PGHA compact is 

99.5%, respectively. Sintered hardness of WA compact was 30HRC and PGHA compact was 32HRC. Sintered 

and heat-treated tensile strength and hardness will be presented.

Keywords: Metal Injection Molding, Plasma-Gas Hybrid Atomization, 17-4PH, Precipitation hardening, 

Tensile strength
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Recently, in order to apply the three-dimensional additive manufacturing technology to metal and ceramic 

materials from plastic materials, various techniques have been developed. Additive manufacturing using metal 

and ceramic materials is required in a wide range of industries, from existing main industries such as 

automobiles, aerospace/aerospace, and marine vessels to high-tech industries such as national defense, 

bio/medical, and electromagnetics, and its applicability is increasing. 

In this study, the powder injection molding (PIM) method, which can manufacture precision parts using 

metal or ceramic materials, and rapid prototyping (RP) are fused and combined to produce material extrusion 

additive (Materials Extrusion Additive). Manufacturing, MEAM) process technology was developed.

To apply MEAM technology, a 3D printing system (Model: RPT_ME-300) was developed, and Stainless 

steel 17-4PH(SUS630) and an organic binder were mixed using this additive manufacturing system to obtain 

a powder content of 60 vol.% (90wt.%) or more. Tensile specimens were laminated with 20%, 50% and 

80% infill using rod-type filaments, and mechanical properties were compared by degreasing and sintering.

This research is supported by the Startup Growth Technology Development Project (innovative type, 

2 years) by the Small and Medium Venture Business Department

Keywords: Material extrusion additive manufacturing, 3D printer, powder injection molding, metal, ceramic
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Post-heat treatment is the most common post-processing method for relieving large residual stress in 

metallic products produced by selective laser melting (SLM). Moreover, since the mechanical properties 

that are deemed superior for desirable can be often obtained after heat treatments in materials by controlling 

the secondary phases or precipitates, it is necessary to investigate the structural transitions and property 

changes of the SLM-processed material after the annealing process to provide theoretical support for obtaining 

the desired performance. In this study, the effect of post-heat treatment on microstructural evolution and 

property change in the SLM-processed AlSi10Mg alloy was investigated. The post heat treatments were 

performed at different temperature in the range from 270 ℃ to 320 ℃. From the results of the tensile 

test, as the heat-treatment temperature increases from 290 ℃ to 300 ℃, the strengths decrease while the 

elongation increases by 2.2 %. Microstructures and tensile properties of two heat-treated samples at 290 

℃ and 300 ℃, respectively, were representatively characterized and then compared to those of as-built 

one. Interestingly, Si phases that networks in the as-built state were discontinuously separated and 

semi-homogenized especially when heat-treated above 300 ℃. It contributes to significant increase of total 

elongation of the alloy by delaying the melt pool boundary decohesion during tensile deformation. 

Consequently, the combination of strength-ductility could be successfully enhanced in the annealed samples 

as compared with those in the as-built samples. In this regard, the post-heat treatment can be a strategy 

to ensure the reliability of product quality and improve the mechanical properties of SLM-processed AlSi10Mg 

alloys. Moreover, this work will facilitate the beneficial tailoring of the heterogeneous microstructure for 

desirable performance used in high-tech applications by offering the theoretical guidelines to optimize the 

heat treatment condition of SLM-processed materials.

Keywords: Microstructure, Mechanical property, AlSi10Mg, SLM, Post heat-treatment
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The MoO3 thin film has been used as sensors, catalysis, electrochromic devices, and lithium secondary 

batteries based on its wide bandgap, high work function, superior electrical conductivity. In order to fabricate 

the high-quality MoO3 thin layers, high purity plate, disk or round bar type targets should be used. The 

ceramic-base sputtering targets are manufactured by sintering process up to now, however, there is a critical 

disadvantage that having low economical and energy efficiency. In this study, for the first time, plasma 

spray and high velocity oxygen fuel (HVOF) processes were newly applied to fabricate MoO3 coating layers. 

Unfortunately, unsound coating layers were deposited by the HVOF process because MoO3 powder was 

not sufficiently melted. On the other hand, plasma spray could manufacture MoO3 coating layer by increasing 

the heat input to the MoO3 powder. The average thickness of plasma sprayed coating layer was 89.6 μm 

and could observe multiple piling-up splats. As a result of microstructure observation of the coating layer, 

numerous pores and inter-lamellar crack was observed along the splat boundary. To evaluate mechanical 

property, nano indentation test was performed. Reduced Young’s modulus and hardness of coating layer 

were 16.40 GPa and 0.47 GPa, respectively. Based on the aforementioned results, the possibility and 

application of thermal sprayed MoO3 coating layer were also discussed. 

Keywords: thermal spray coating, plasma spray coating, high velocity oxygen fuel, MoO3
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The additive manufacturing process of titanium is more difficult than additive manufacturing process 

of other metals due to its strong oxygen affinity and high melting point, and the change in mechanical 

properties by manufacturing process technology can be large. Electron beam melting (EBM), selective laser 

melting (SLM), and plasma arc additive manufacturing method, etc. are typically used. Since the powder 

is melted and solidified under nearly no pressure, the shrinkage and expansion of the powder volume 

accordingly occur rapidly, so that lamination defects may inevitably occur inside the additive matrix. These 

internal defects have a great influence on not only the quasi-static properties but especially the dynamic 

properties. Therefore, a technology to improve the dynamic properties of additive-manufactured Ti-6Al-4V 

alloy parts in various aspects, such as the main additive manufacturing process parameters in the additive 

manufacturing of Ti-6Al-4V alloy, and the effect of post-treatment process technology would like to discuss 

them in this presentation.

Keywords: Ti-6Al-4V, additive manufacturing, selective laser melting, electron beam melting, dynamic 

property
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Additive manufacturing (AM) is a promising technology for implementing complex cooling design of 

turbine components to improve turbine efficiency. However, the thermal properties of the material depending 

on the manufacturing conditions. To analyze the thermal conductivity of nickel-based superalloy CM247LC, 

it was fabricated by changing the control parameters of selective laser melting (SLM). As a result, as the 

density of the sample decreased, the thermal conductivity decreased. In addition, when the relative density 

was less than 99%, anisotropy of thermal conductivity was exhibited. At a relative density of 94%, the 

in-plane direction showed about 7% higher thermal conductivity than the cross-plane direction. The anisotropy 

of thermal conductivity was different depending on the pore structure. The flat pore formed during manufacture 

has a different elastic modulus due to the difference in bonding strength between layers. The square root 

of the elastic modulus is proportional to the difference in lattice thermal conductivity. Therefore, the anisotropy 

of thermal conductivity at low density is due to the difference in elastic modulus due to the pore structure. 

The results of this study will be useful for manufacturing materials where thermal properties are important.

Keywords: Additive manufacturing, Selective laser melting, Superalloy, Thermal conductivity, Anisotropy
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In order to manufacture the high performance of high speed and high horsepower electric vehicles, it 

is essential to use the traction motors that operate efficiently in higher frequency. However, since the core 

loss of soft magnetic materials increase in the high frequency band, it is required to develop the soft magnetic 

material capable of exhibiting low core loss with high magnetic flux density even in high frequency. Among 

the several soft magnetic materials, Fe-6.5%Si steel is a promising candidate because it can simultaneously 

show high magnetic flux density, low core loss and low magnetostriction in high frequency compared to 

the existing Fe-3.5%Si steel and amorphous materials. However, in order to realize the mass production 

of this material, it is needed to develop the new manufacturing process with lower cost compared to the 

commercial CVD process even using SiCl4 toxic gas.

Among the various candidate of manufacturing processes, the powder rolling process is promising with 

the advantage of low cost and being able to manufacture alloys containing high Si and Al, which are 

traditionally difficult to cast. In order to commercialize this process, manufacturing the steel sheets with 

high density and design of manufacturing process are important. In this study, the technical idea for the 

densification of steel sheet will be verified, and the development strategy of manufacturing technology based 

on powder rolling will be introduced.

Keywords: High silicon steel, powder densification, powder rolling, liquid phase sintering, traction motor
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The massive phase transformation in Ti-6Al-4V additively manufactured by directed energy deposition 

(DED) has been investigated in this study. Microstructural design is generally applied to improve the 

mechanical property of titanium alloy by introducing different phase transformations and thermomechanical 

treatments. Aside from the martensitic and diffusion transformation, the occurrence of massive transformation 

occurs in Ti alloy. Massive transformation is categorized as civilian phase transformation, which resulted 

in the change of crystal structure of an alloy with a given composition without changing the chemical 

composition of its initial phase. It happened when the body centered-cubic β phase changed into hexagonal 

closed-pack α phase without decomposing into α+β. Massive transformation involves a diffusion and 

growth mechanism in a short-range and generally occurs during the introduction of high cooling rates to 

restrict the full diffusion mechanism. Owing to the nature of a rapid cooling rate as a requirement for 

massive transformation, the massive phase is normally found together with the product of martensitic 

transformation. During the DED process, the higher powder feed rate led to the higher cooling rate. As 

high cooling rates occurred in the DED process, which can beyond 4000 K·s-1, the α martensite (α’) 

and α massive phase (αm) were observed. In the top layer, the α’ and the αm appeared as needle-shaped 

and sub-lamellar morphology, respectively. However, the α’ and the αm in the bottom layer were 

decomposed into α and β phases, owing to the repeated heating as the characteristic of DED process. 

Keywords: Massive phase, Massive phase tramsformation, Ti-6Al-4V alloy
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In this study, we report an artificial intelligence (A.I.) recommended aluminum alloy with high mechanical 

properties based on the data learning and explainable A.I. algorithm. Local interpretable model-agnostic 

explanations algorithm (LIME) revealed the importance of specific chemical compositions and processing 

parameters to enhance the mechanical properties of 7xxx series aluminum alloys. With a 90.1% accuracy 

of AI for the prediction, A.I. designed new aluminum alloys which had improved mechanical properties. 

A.I.-designed fabrication had an improvement of yield strength of 58.0%, tensile strength of 41.1 %, and 

elongation of 36.9% compared to the average values of the existing data. 
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Fig. 1. Graphical abstract of the study. A DNN model for predicting mechanical properties was 

demonstrated based on commercial data and experimentally fabricated data of 7xxx series of aluminum 

alloys. The prediction reliability of the DNN model was verified by explaining the contribution of each 

input variable to the prediction results using the LIME algorithm. The process conditions and chemical 

composition of alloys with enhanced mechanical properties were obtained using and A.I.-based 

recommendation algorithm. The results obtained as recommendations can be used again to increase the 

prediction accuracy of the DNN model.

Keywords: Deep neural networks, Aluminum alloys, Hyperparameter tuning, Explainable algorithm, 

A.I.-based recommendation algorithm
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The porosity of 3D-printed metal parts has been tested with the tomography techniques like X-ray computed 

tomography (XCT). Due to the high equipment cost of tomography, a low-cost practical option needs to 

be developed. We present a novel porosity prediction system to obtain the porosity of complex metal structures 

using a WiFi network and artificial intelligence (AI). Multiple subcarriers of WiFi radio signals vary sensitively 

by surrounding objects and conditions. The transmitted WiFi signals being scattered by the metal parts have 

a different loss in amplitude depending on the density of the mesh structures. Five metal part samples are 

printed by selective laser melting (SLM) with stainless steel powder (SUS316L). The uniform mesh structures 

have a mesh thickness of 500μm with different widths for each sample. DenseNet model based on Short-time 

Fourier transform (STFT) is applied to predict the scattered signals and metal parts. This low-cost prediction 

system can be a new application as a monitoring system to analyze the internal material discontinuities 

in the field of complex metal parts manufacturing.

Keywords: WiFi sensing, porosity prediction, artificial intelligence
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The direct energy deposition (DED) process, which is one of the additive manufacturing (AM), sprays 

metal powder directly into a high-power laser and takes melting and solidification. Because it can achieve 

relatively high mechanical properties, it is useful for manufacturing large metal parts. However, there is 

a limitation that surface roughness is relatively inferior compared to other AM methods. In this work, we 

dealt with three process variables that significantly affect surface roughness during the DED process with 

titanium alloy powder and conducted the convolutional neural network-based model based on 2D scanned 

images of the product surface manufactured accordingly. By applying data augmentation, we predicted the 

process conditions of scanned images with less than 12% of MAPE based on test sets. In addition, the 

generative adversarial network was employed to visualize the expected surface. It is expected that artificial 

intelligence will be used to improve surface roughness in a cost-effective way during the DED process 

for the powder materials.

Keywords: Convolutional Neural Network, Directed Energy Deposition, Ti-6Al-4V Powder, Process 

Condition Optimization, Generative Adversarial Networks
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Stainless steel, a type of steel used for high-temperature parts, may cause damage when exposed to 

high temperatures, requiring additional coatings. In particular, the Cr2O3 product layer is unstable at a high 

temperature of 1000°C or higher, so it is necessary to improve the oxidation resistance. In this study, an 

aluminide (Fe2Al5 and FeAl) coating layer is formed on the surface of SUS 630 specimens through Al 

diffusion coatings at 500°C to 700°C for 6 h to 25 h. Since the coating layers of Fe2Al5 and FeAl could 

not withstand temperatures above 1200°C, an Al2O3 coating layer were created on the surface through static 

oxidation at 500°C for 10 h. In order to confirm the ablation resistance of the resulting coating layer, dynamic 

oxidation tests were conducted at 1350°C for 5 to 15 minutes. As a result, excellent oxidation resistance 

was confirmed in the coated base material on which the aluminide layer was formed. The conditions of 

the flame tests and coating conditions are discussed in terms of microstructural variations.

Keywords: pack cementation coatings, stainless steel, dynamic flame tests, oxidation behaviors
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The use of metal Additive Manufacturing (MAM) technology for cryogenic applications has developed 

rapidly in recent years. The material produced by the MAM process has a microstructure with a hierarchical 

heterogeneous structure, unlike the material produced by conventional methods. In this study, the mechanical 

properties and deformation behavior of 316L stainless steel manufactured by direct energy deposition (DED) 

process at room temperature (298 K) and cryogenic (77 K) temperatures were analyzed. The DED material 

obtained improved mechanical properties at 297 K and 77 K with a better strength-ductility than the processed 

samples. At 297 K, the twinning induced plasticity (TWIP) behavior was more active than that of the wrought 

processed samples. At 77 K, it showed a delayed transformation induced plasticity (TRIP) behavior than 

the wrought processed samples. Compared to the wrought samples, the activated TWIP and delayed TRIP 

in laser processed 316L samples led to an excellent strength-ductility synergy at room and cryogenic 

temperatures.

Keywords: Direct Energy Deposition, Stainless Steel, Cryogenic Properties, Transformation Induced 

Plasticity, Twining Induced Plasticity
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AISI D2, a high-carbon high chromium cold work tool steel, exhibits high strength through secondary 

hardening after heat treatment. Recently, Direct energy deposition (DED), one of the metal additive 

manufacturing techniques, can have advantageous with regard to reduced manufacturing costs for optimized 

metal parts, repair, bonding of multi-material. It can be applied in industrial applications such as dies and 

cold forming dies that use tool steels. In this study, DED was used to fabricate AISI D2. Samples were 

fabricated in bulk type with nearly defect free. Heat treatment (austenizing and tempering) was applied 

to the as-built specimens. characterizations in microstructure, hardness, tensile, compression properties were 

examined before and after heat treatment. As-built specimens showed eutectic structures in the interdendritic 

region and the major phase was found to be austenite. However, martensite matrix and secondary Cr-rich 

carbide were mainly observed after heat treatment. Vickers hardness before and after heat treatment were 

measured as 480 HV and 720 HV. In the tensile results, ultimate tensile strength was obtained as 1016 

MPa, yield strength was 784 MPa, and elongation was 2.4 % in the case of as-built sample. After heat 

treatment, the maximum tensile strength increased up to 1794 MPa and yield strength 1480 MPa and the 

elongation decreased slightly to 0.8 %. Especially, eutectic structure served as the main path of crack 

propagation. In the compressive results, the yield strengths of the as-built and heat-treated samples were 

confirmed to be 1010 MPa and 2260 MPa, respectively. Based on the above results, the deformation 

mechanism of AISI D2 tool steel manufactured with DED was also discussed.

Keywords: Direct energy deposition, AISI D2, Mechanical properties, Microstructure, Heat treatment
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The Al0.3CoCrNi medium-entropy alloy was annealed to achieve nano-precipitation of B2 in FCC 

microstructure then subjected to a high-pressure torsion process. The Al0.3CoCrNi alloy then exhibited 

superplastic elongation of 1900% at the strain rate at 5×10-3 s-1 after tensile deformation at 1073K. The 

microstructure analysis revealed that grain boundary sliding is the primary mechanism with intragranular 

dislocation as an accommodation mechanism. The Al0.3CoCrNi alloy after superplastic deformation consists 

of 80 % FCC, 12% B2, and 8% sigma in volume phase fraction. The superplasticity was contributed from 

ultrafine grain with an average grain size of 410 nm. Comparing this multi-phase structured alloy with 

similar microstructured Al0.5CoCrFeMnNi high-entropy alloy suggests that increment of B2 and sigma phase 

fraction is beneficial to promote high-strain rate superplasticity by limiting grain growth.

Keywords: Superplasticity, High-entropy alloy, High-Strain Rate Superplasticity, Phase Fraction
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Yttria-stabilized zirconia (YSZ) is one of the most commonly used structural ceramics due to its excellent 

mechanical properties such as high fracture toughness and flexural strength. These distinguished properties 

are attributed to the phase transformation toughening, which refers to the phenomenon that tetragonal phase 

experiences a phase transition to the stable and large monoclinic phase around a propagating crack. Adding 

dispersed particles, like oxides or non-oxides, to zirconia would additionally be enhancing mechanical 

properties of zirconia.

In this study, YSZ materials with WC dispersion are fabricated by hot pressing as well as vacuum sintering. 

With different amount of WC addition, the mechanical properties are examined. The relation between 

microstructures and those properties is discussed as well.

Keywords: Zirconia, Carbide dispersion, Tungsten Carbide, Mechanical Property, Electric Conductivity
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In general, thermal barrier coating on Ni-based superalloys is a representative heat resistant coating method 

used in internal combustion engines and aerospace engine components. Structural metal materials used at 

lower temperatures than superalloys are representative materials such as Ti alloys and SUS alloys. However, 

structural metal materials that can be used in the temperature range between Ni-based superalloys and 

conventional Ti alloys or SUS alloys are required. Few studies have been reported by thermal barrier coating 

on Ti6Al4V alloy. Therefore, in this study, we applied the thermal barrier coating process applied to Ni-based 

superalloys to determine the possibility of thermal shielding effect of Ti6Al4V alloy. If this possibility is 

confirmed, it is expected that the optimal coating process will be developed and the gap between the Ti6Al4V 

alloy and the Ni-based superalloys can be filled by maximizing heat shielding through this study.

Keywords: TBC (Thermal Barrior Coating), Ti6Al4V alloy, APS(Air Plasma Spray)
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Improving the mechanical properties of metal matrices requires critical control of the matrix-reinforcement 

interfaces; the reinforcements are either micro or nanoscale. Incorporation of shell-like morphology around 

the reinforcements can help mitigating lattice or thermal mismatch and considerably improve the mechanical 

properties of the alloy without a significant increase in the elastic modulus. In the study, the required 

morphology is introduced by reinforcing up to 30 weight percent of MoNbTaTiZr high entropy alloy to 

low elastic modulus Ti-Nb-Zr alloy using powder metallurgy route. The matrix alloy has predominantly 

a bcc structure while reinforcement consists of two types of bcc phases. The spark plasma sintering of 

mixed powder gave a core-shell-like structure in Ti-Nb-Zr alloy, considerably improving its mechanical 

properties. The wear resistance and strength of the alloy are improved as a function of reinforcement. The 

novel way of mixing two-phase high entropy alloy in bcc matrix alloy can improve wear resistance of 

the biomedical implant material without enormously affecting the elastic modulus.

Keywords: High Entropy Alloys, Biomedical Implants, Low Elastic Modulus, Heterostructures, Core-Shell

SD07



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 173 -

The Morphology Control of the Porous Hydroxyapatite via 

Ultrasonic Spray Pyrolysis

Myungsuk Kim, Seyoung Lee, Jaeseok Roh, and Kun-Jae Lee*

Department of Energy Engineering, Dankook University, Cheonan 31116, Republic of Korea

*Corresponding author: kjlee@dankook.ac.kr

Hydroxyapatite (HAp) is a calcium phosphate-based biocompatible ceramic which has the deodorizing, 

antibacterial and heavy metal adsorption properties. Due to these properties, HAp is attracting material that 

can remove the toxic substances such as the fine dust and VOCs caused by rapid industrialization and 

climate change. In general, HAp is manufactured by various methods such as molten salt method, hydrothermal 

method, solvothermal method, and ultrasonic spray pyrolysis (USP). Among them, unlike other methods, 

the USP has the advantage of being simple, fast, continuous, and capable of the mass production. This 

method is following the process that the precursor solution is sonicated to form droplets, and dried and 

pyrolyzed in the chamber to synthesize spherical particles. However, the USP process has a problem in 

that the specific surface area is relatively small compared to general nanoparticles because the nanoparticles 

are aggregated to form the submicrometer sized particles.

In this study, to improve the specific surface area, HAp was synthesized as the porous structure using 

polymer by the USP process. The addition of polymer such as polyvinylpyrrolidone (PVP) or polyethylene 

glycol (PEG) plays an important role on forming pores on the particle surface. Since the polymer has a 

lower decomposition temperature, it is pyrolyzed in the USP process to form the porous powder structure 

to synthesize HAp. Through this process, the HAp particles were synthesized by controlling the type and 

concentration of the polymer. The effect of each condition on the properties of the HAp particles was 

investigated through various analysis. The morphology and particle size of the synthesized HAp were 

confirmed by field emission scanning electron microscopy (FE-SEM) and dynamic light scattering (DLS). 

The phase structure was analyzed by X-ray diffraction (XRD) and the specific surface area was measured 

using a specific surface area analyzer (BET).

Keywords: Hydroxyapatite, Toxic substance removal, Porous powder, High specific surface area, 

Ultrasonic spray pyrolysis 
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Fe-10Cu is a new and promising alloy which can replace hazardous beryllium copper alloys due to its 

high thermal conductivity (rivals that of copper) as well as excellent mechanical property (rivals that of 

iron). In Fe-10Cu, sub-micron sized Cu particles are homogeneously precipitated in Fe matrix. This provides 

dual advantages from each of Cu and Fe phases to a single Fe-10Cu alloy. Fe-10Cu is expected to be 

applied to high value-added industries such as injection mold materials where hazardous beryllium copper 

alloys have been typically used for a long time. Notably, in selective laser melting (SLM) process, increasing 

heat transfer efficiency and controlling heat exchanges become significantly crucial to fabricate high quality 

products. Therefore, it is necessary to study relationships between the SLM processing variables and 

microstructural/thermal/mechanical characteristics of Fe-10Cu. However, during the rapid cooling of the SLM 

process, defects like pore and thermal residual stress are formed due to the temperature gradient and improper 

energy density. In addition, the dispersed Cu particles tend to dissolve in the Fe matrix during cooling 

process resulting in that thermal conductivity drastically decreased. Therefore, in this study, in order to 

improve the above problems, Cu precipitation in the defect-free Fe-10Cu alloys fabricated by the SLM process 

was firstly controlled through hot isostatic press (HIP) to secure excellent thermal and structural properties. 

HIP processes were performed at different temperature such as 570, 770, 970, and 1170°C to control Cu 

precipitation, while the pressure and time were fixed at 1,000 bar and 1 hour, respectively. The structural 

and mechanical properties of the resulting specimens were analyzed to study relationships between Cu 

precipitation and thermal/mechanical properties in Fe-10Cu alloys.

Keywords: Selective laser melting, Immiscible alloy, Fe-10Cu, Hot Isostatic Press, Cu-Precipitation
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Pure titanium (Ti) is a representative material in the medical field based on its high specific strength, 

good corrosion resistance, and excellent biocompatibility. Ti based patient-specific medical products with 

complex shapes can be fabricated through additive manufacturing (AM) process, significantly enhancing 

quality of the final products. Although, there has been a big breakthrough for developing AM process, the 

residual stress remained in the as-built part during rapid cooling still blocks its further improvements. Hence, 

post-heat treatments for the as-built Ti products are essential to relieve the residual stress, but it has been 

rarely studied up to date. Thus, we studied the effects of post-heat treatment temperature on the mechanical 

properties and residual stress of Ti produced by selective laser melting (SLM) technique. Different heat 

treatment temperatures were used from 490°C to 890°C 100°C intervals on the as-built Ti specimens. The 

heat treatment conditions were the same for each temperature where heating rate of 10° C/min and dwelling 

time of 2h were used. The resulting specimens after heat treatments were analyzed to study interrelationships 

in microstructural and mechanical characteristics. Moreover, the relationships between post-heat treatment 

conditions and the residual stress in the Ti samples were systemically analyzed. To this end, we have 

determined an optimal heat treatment conditions for effectively relieving residual stress in a pure titanium 

produced by SLM.

Keywords: 3D Printing, Selective Laser Melting, Titanium, Stress Relief, Residual Stress
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In recent semiconductor industries, much attention has been focused on developing high-performance 

electrostatic chucks (e.g., longer life time or high resistance for plasma etching) for the advanced 

semiconductor processing to integrate more devices under high-power operating conditions. So far, co-fired 

or hot-pressed aluminum oxides (Al2O3) have been widely used for fabricating electrostatic chucks due to 

its high-resistance for plasma etching and good mechanical properties. However, the sintered Al2O3 via typical 

co-firing or hot-pressing methods often possess residual pores inside which is detrimental for improving 

electrical or mechanical properties, especially under high-power operating conditions. Thus, a development 

of new sintering process to fabricate Al2O3 without residual pores is urgently indispensable but challenging. 

In this research, we firstly report a novel manufacturing technology using hot isostatic press for the 

next-generation Al2O3 electrostatic chuck with excellent characteristics. In particular, in order to investigate 

the correlations between the HIP pressure and the characteristics of sintered alumina, different pressures 

such as 100, 150, and 200 MPa are tested and the structural, mechanical and electrical properties of each 

sintered body are systemically analyzed. As a result, it is confirmed that the HIP sintered Al2O3 exhibit 

strong processing-property relationships, where excellent plasma resistance as well as mechanical properties 

can be achieved by optimizing processing variables for the HIP.

Keywords: Semiconductor, Hot isostatic press, Electrostatic chuck, Alumina, Dielectric material

Taeg Woo Lee and HyukSu Han equally contributed to this work.

SD19



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 177 -

Fabrication, microstructure and mechanical properties of Ni 

based superalloy CM247LC using selective laser melting

Jung-Uk Lee1, Young-Kyun Kim1,2, and Kee-Ahn Lee1*

1Department of Materials Science and Engineering, Inha University, Incheon 22212, Republic of Korea
2Korea Institute of Materials Science, Changwon 51508, Republic of Korea

 

*Corresponding author: keeahn@inha.ac.kr

 

CM247LC is a well-known Ni-based superalloy, and it is commonly used as a structural alloy for high 

temperatures due to its outstanding high-temperature oxidation resistance and corrosion resistance. This study 

manufactured CM247LC Ni-based superalloy, which has outstanding mechanical properties, using a laser 

powder bed fusion (L-PBF) method, selective laser melting (SLM). Furthermore, the influence of hot isostatic 

pressing (HIP) post-treatment on the microstructure and mechanical properties of SLM-built CM247LC was 

investigated. The defect characteristics of SLM-built superalloy changed significantly according to scan speed 

and hatch space, and it achieved the optimal microstructure at an intermediate scan speed (600 mm/s). SEM, 

EBSD, and ECCI analyses of the as-built alloy identified grains developed in the build direction and sub-grains 

and MC carbides consisting of dislocation networks. In addition, γ’ phase formed evenly throughout the 

sample after HIP post-treatment. The as-built CM247LC revealed a yield strength of ~0.9 GPa and tensile 

strength of ~1.1 GPa, respectively. In the case of the HIP alloy, the yield strength remained at a similar 

level, but tensile strength increased significantly up to ~1.4 GPa, and the tensile elongation increased 4 

times compared to the as-built alloy. Based on the above novel findings, this study discussed the correlations 

between microstructure, improved tensile properties and deformation mechanism. 

Keywords: Ni-based superalloy, Selective laser melting, Processing optimization, Microstructure, Tensile 

property
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Si based Al alloys have been used in various industrial fields because of their excellent specific strength 

and thermal/electrical conductivity even also with excellent flow ability to cast. Main mechanism for the 

properties is the precipitation behavior of Si and Al-Si-Mg intermetallic compounds on Al matrix, thus various 

optimized thermal processes like solution heat treatment and aging are required. In addition, since the 

optimized heat treatment conditions are depend on the primary microstructure, the process optimization for 

the Al alloy having unique microstructure fabricated by selective laser melting (SLM) is essential, by 

understanding the Si precipitation mechanism. Therefore, in this study, for the purpose of simultaneously 

achieving high strength and conductivity through this Si precipitation control, the effect of heat treatment 

of AlSi7Mg and AlSi10Mg alloys manufactured by SLM was studied. Microstructural study was conducted 

by means of 3D-CT, XRD, OM, and SEM. Mechanical test to investigate the tensile and hardness properties 

were carried out for each conditions, including electrical conductivity. Consequently, based on these analytical 

results, the precipitation mechanism of Si related on the mechanical and electrical properties was established.

Keywords: Selective laser melting, AlSi alloy, heat treatment, Mechanical properties, Electrical 

conductivity
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Directed Energy Deposition (DED) is one of the metal 3D printing process and actively applied to 

fabricating of large component and, repairing and maintaining the component. Especially, DED has ability 

to fabricate composite materials, FGMs, coatings which improve the existing product properties. However, 

non-uniformity of microstructure like segregation, depletion and degraded particles generate in these composite 

materials because of the difference of each materials’ properties. There is a correlation among the laser, 

powder and melt pool and they affect the final microstructure formation. Accurate understanding of the 

Fig 1. (a) Irregular shape of WC (b) Spherical shape of WC based Ni composite powder

(c) Non-destructive observation of DED specimens with irregular WC and spherical WC

(d) Schematic figures of irregular WC and (e) spherical WC in melt pool 
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morphology of the power is lacking, and research on the power shape is necessary for applying of AM 

technology and expending the type of AM powders. 

In this study, WC-Ni based matrix powder were fabricated by DED process. The effect of the particle 

shape on laser process were researched as we observed the final microstructures according to WC particle 

shapes. Laser affected WC particles were observed in the specimen of the irregular WC composite powder. 

Through the model simulation with Finite Point Method, the time for particles sinking into the melt pool 

were compared according to the particle shapes. As a result, it was confirmed that the influence of laser 

and the behavior in the melt pool are different according to particle shapes. 

Keywords: Additive manufacturing, Directed energy deposition, Tungsten Carbide, Finite Point Method
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Multi-layer ceramic capacitors (MLCC), a core component of electronic products, have recently increased 

in demand for high frequencies such as 5G, electric vehicles, and IoT, and thus high performance is required 

so that they can be used at high frequencies. MLCC has a structure in which dielectric layers and metal 

electrode layers are alternately stacked, and the capacity increases as the number of stacks increases. 

High-capacity MLCC is required due to the high integration of electronic products. Accordingly, the metal 

powder used as a raw material is also required to be atomized. The metal electrode of the high-performance 

MLCC is made of copper (Cu) nanoparticles manufactured using the vapor phase method (VPS), which 

has the advantage of high crystallinity. However, in general, vapor phase methods are very likely to form 

agglomerated Cu NPs, which get worse with decreasing particle size. Therefore, in this study, we propose 

the use of coating-assisted chemical vapor synthesis (CVS) to inhibit agglomeration using KCl as a coating 

agent.

In the case of conventional CVS, the agglomeration ratio of 47.00% can be reduced to 2.60% by in-flight 

coating with KCl at 950 °C by image analysis using field-emission scanning electron microscopy. Furthermore, 

the X-ray diffraction and X-ray fluorescence analyses confirm that the KCl coating agent and residual CuCl 

can be removed by washing with ammonia water. It has been confirmed that this coating process is effective 

in suppressing the formation of agglomerates of Cu NPs in CVS

Keywords: MLCC, Copper, Nanoparticles, Aggregation, Chemical vapor synthesis
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Recently, low-carbon, eco-friendly energy has been actively researched due to temperature rise, 

environmental destruction, and natural disasters. Among them, there are devices that generate electricity 

using water, which is infinitely present in nature. In this study, an eco-friendly generator that spontaneously 

generates electricity by simulating the absorption and evaporation mechanism of plants was developed. In 

principle, electricity is produced using the potential difference due to capillary flow in the wet and dry 

parts of the generator. In addition, as the water attached to the carbon surface evaporates, energy is 

simultaneously generated. The developed generator can easily increase power by connecting in series and 

parallel. In order to reduce the output drop of the generator due to the change of the evaporation environment, 

a study was conducted on the shape and structure of the module. When 90 generators are connected in 

series to the developed module, the resistance is about 500 kΩ, the voltage is 22 V, and the current is 

40 μA. It was demonstrated that more than 90% of desalination was achieved by using it as a power 

source for an electric desalination system. In the future, we plan to conduct research on the production 

of an eco-friendly generator-electric desalination integrated system.

Keywords: Transpiration generator, carbon, cellulose, eco-friendly, electrodialysis desalination 
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With the recent industrial development, electric vehicles, artificial intelligence and aerospace industries 

are attracting attention. Accordingly, the demand for secondary batteries or advanced tool materials, which 

are essential parts in the field, is increasing, and the demand for cobalt is increasing accordingly. However, 

since cobalt is rare ore and concentrated in the Congo, it is necessary to solve the growing cobalt supply 

shortage. For this reason, the process of recovering of cobalt from waste batteries or waste cemented carbide 

powder is important.

In this study, we recovered high purity tungsten carbide a ball milling process and the recovered cobalt 

through solvent extraction. First, the waste WC-Co scrap was ball milled with an aqueous sulfuric acid 

to cause a mechanochemical reaction to separate it into tungsten carbide (WC) and cobalt salts (CoSO4). 

Subsequently, the leached cobalt aqueous salts were titrated with NaOH based on the pourbaix diagram 

to remove impurities (Al, Fe, Cr, etc) except nickel and the cobalt aqueous salts was recovered by separating 

cobalt and nickel through solvent extraction. In solvent extraction, after separation into cobalt salt and 

impurities through cyanex 272 as extractant, heat treatment was performed to obtain high-purity cobalt powder. 

The purity of tungsten carbide was 98.4%. The purity of cobalt was 98.12% for solvent extraction.

Keywords: Waste WC-Co scrap, recycling, mechanochemical
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High entropy alloys (HEAs) are defined a class of multicomponent alloys consisting of five or more 

principal elements with equal or near equal compositions. In general, refractory high entropy alloys (RHEAs) 

have been produced by vacuum arc melting due to the high melting temperature of component elements. 

As-casted RHEAs generally exhibit coarse dendritic structures and segregation which leading to undesirable 

the mechanical properties. HEAs prepared by mechanical alloying and subsequent consolidation process are 

a promising method to obtain the homogeneous microstructures and enhanced mechanical properties. Recently, 

the study of TiC particle reinforced HEA matrix composites has attracted among the scientist interest due 

to properties such as high temperature strength promising resistance to wear oxidation.

In this study, the effect of TiC addition and milling conditions on the microstructure and mechanical 

properties of Nb-Ta-V-Ti HEAs was investigated. The HEA matrix composites were synthesized by high 

energy ball milling followed by spark plasma sintering. Structural characterization was performed using 

X-ray diffractometry (XRD), scanning electron microscopy (SEM) with energy dispersive spectrometer (EDS) 

and electron backscatter diffraction (EBSD). Compressive strength of HEAs were measured at room and 

elevated temperature with a strain rate of 1x10-3s-1.

Keywords: Refractory High entropy alloy, Composite material, Powder metallurgy, Mechanical alloying, 

Spark plasma sintering
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As the operating frequency of the power conversion devices increases for the purpose of miniaturization 

and weight reduction, it is required to develop a soft magnetic material with high saturation magnetization 

to cope with the increase in current while exhibiting low iron loss even at high frequencies above 100 

kHz. In the case of crystalline powder materials such as Fe-Ni, Fe-Si-Al, and Fe-Si, which are used in 

the past, as the frequency increases above 100 kHz, the iron loss rapidly increases due to the generation 

of eddy currents, which limits the use at high frequencies. an amorphous soft magnetic powder material 

is emerging as an alternative because it has no crystalline magnetic anisotropy and high specific resistance 

compared to the existing crystalline powder material, so it shows low iron loss even at high frequencies. 

For the preparation of amorphous powders, the gas atomization method using inert gas is used because 

the water atomization method has effects such as reduction in saturation magnetization and increase in iron 

loss due to oxidation. It is important to achieve high GFA (glass forming ability), because it is difficult 

to make amorphous powder in the gas injection method due to limited cooing rate. In this study, to achieve 

high saturation magnetization and high GFA, the composition was designed with a Fe content of 80% or 

more. Based on the high-Ms Fe82.5B15Si2C0.5 quaternary composition, 1 to 2% of transition metal Mo was 

added in a direction to raise GFA. The characteristics of the amorphous alloys were evaluated by fabricating 

specimens in the form of a ribbon through arc melting and melt spinning. Magnetic properties of the ribbon 

were measured using a vibrating sample magnetometer, DC loop tracer, and BH analyzer. As a result, 

Mo-containing Fe82.5(B15-X)Si2C0.5Mox alloy showed high saturation magnetization of >1.5 T and high GFA 

for stable formation of high-Ms amorphous soft magnetic powders.

Keywords: Fe amorphous material, GFA(Glass forming ability), Soft magnetic, amorphous metal, metallic 

glass, high saturation magnetization
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Pure iron SMCs (Soft Magnetic Composites) exhibit high magnetic flux density, excellent formability, 

low core loss, and high magnetic permeability. However, strain is generated in the iron powder during 

compaction for making SMCs causes and the residual strain increases the core loss of SMCs. In order 

to remove the strain, a high-temperature annealing process is needed. But, the annealing temperature is 

limited due to deterioration of insulation layers which causes increase in inter-particle eddy current loss. 

The heat-resistance temperature of typical phosphate insulation coatings is known to be 400oC which is 

not sufficient enough to remove the residual strain. In the present paper, a new insulation coating method 

is suggested to improve the heat-resistance of SMCs. Surface of pure iron powders (Hoganas ABC100.30) 

are coated with an oxide material by a high-temperature oxidation. When combined with a silicone resin 

coating, it was observed that the heat-resistant temperature increased up to 600oC. Detailed discussions on 

analysis of the insulation layer and effects of annealing temperatures on magnetic properties of SMC cores 

are remained for the presentation.

Keywords: Soft Magnetic Composites, pure iron, insulation layer, heat-resistance
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Electrocatalytic water splitting is an essential research to produce a green oxygen(O2) and hydrogen(H2) 

as a sustainable renewable energy source. Currently, the noble-metals and noble-metal oxide materials(Pt, 

IrO2/RuO2) are mainly used in the oxygen evolution reaction(OER) and hydrogen evolution reaction(HER), 

respectively. In this study, Ni-Fe-Co based metal mixed composites are synthesized as an effective alternative 

material and modified a structural properties with a carbon nanotube(CNT) and graphene nanosheets. The 

structure and surface active sites of this material as a catalyst can be controlled by a spray pyrolysis to 

improve the electrocatalytic activity. The obtained Ni-Fe-Co metal alloy and the carbon mixed metal 

composites which is Ni-Fe-Co/CNT and Ni-Fe-Co/Graphene have a spherical particle structure with an average 

size range of ~500nm and the CNT and graphene is dispersed within the spherical particles. The Ni-Fe-Co 

metal alloy, Ni-Fe-Co/CNT and Ni-Fe-Co/graphene metal composites exhibit a specific surface area(SBET) 

of 44.9, 66.5, and 89.1 m2g-1,respectively. These results indicate that the surface active sites are improved 

by tuning of the structural property with a carbon materials which means enhance the catalytic activity 

of Ni-Fe-Co metal composites under overall water splitting reaction.

Keywords: Ni-Fe-Co, metal alloy, Electrocatalyst, Water Splitting
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To maintain enough ΔT in thermoelectric(TE) power generation, submillimeter thick films is preferred 

than micron-scale or less thin film. Most TE films fabricated using printing technology has low electrical 

conductivity due to porous structure after the sintering of the organic binder mixed TE ink. In this study, 

we report Edge Oxidized Graphene(EOG) dispersed Cu doped Bi2Te2.7Se3.0 powder TE ink and TE thick 

film fabricated by bar coating. EOG provides electrical bridging between the porous structure between BST 

grains. Unique structure provided by EOG enhances both electrical conductivity and Seebeck coefficient 

of TE thick film. 0.01wt% EOG added TE film shows the power factor of 1.54 mW/m-1·k-2. Moreover, 

0.01wt% EOG added TE thick film single element showed power output of 1.65μW at ΔT=80K. This 

value is 5 times higher compared to TE thick film without EOG and Cu. Utilization of EOG with metal 

dopants exhibits synergetic enhancement of the electrical output performance of TE thick films for 

thermoelectric power generation.

Keywords: edge-oxidized graphene, n-type Bi2Te3, thermoelectric paste, thermoelectric thick film, power 

factor
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Recently, as the demand for excellent corrosion resistance and high temperature stability has increased 

in the fields of medical, space, aviation, chemical, and marine industries, the requirement for dissimilar 

bonding with Ti alloys and stainless steel alloys in various fields of products has also increased. In dissimilar 

bonding, it is important to obtain a uniformity of bonding interface and to control intermetallic compounds 

that are detrimental to mechanical properties.

In this study, the intermetallic compounds formed on the bonding interface were controlled using the 

V and Cu intermediate layers, and the microstructure of Ti-SUS304 dissimilar joints by diffusion bonding 

were investigated. The microstructure of the diffusion joint was investigated by scanning electron 

microscopy(SEM) with electron probe micro-analysis(EPMA). Mechanical properties of the joints were 

measured using tensile test at room temperature with a strain rate of 1x10-3s-1. The surface of fractured 

specimen was observed by SEM.

Keywords: Ti, Stainless steel, Diffusion bonding, Dissimilar, Intermediate layer
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Due to the excellent characteristics of tungsten (W) in which high melting point, low coefficient of thermal 

expansion and high strength, it can be applied in various fields such as aerospace, fusion reactor, high 

temperature structural parts. But the serious brittleness and high ductile-brittle transition temperature induce 

the fatal drawbacks at processing. Its poor machinability and formability, fortunately, can be overcome simply 

by powder metallurgy through compacting and sintering even if the shape is complex. One of the ways 

to make tungsten powder is the ultrasonic spray pyrolysis which is widely utilized for producing spherical, 

uniform, and fine-grained powders although the compositions are complicated. In the powder metallurgy, 

the characteristics of its uniformity and sphericity are suitable for direct fabrication of sintered bodies and 

deriving of dispersion strengthening by distributing dispersoids homogeneously. The aim of this work is, 

therefore, to investigate the uniformly isolated La2O3 nano particles in grain and at the grain boundaries 

within micron-sized W powders and deriving effect of oxide dispersion strengthening in densified W-based 

pellets which are processed by spark plasma sintering. Thus, the polymeric addition method and wet chemical 

process is applied in this work for dispersing the La-oxides particles. The composites crystalline state, oxides 

dispersibility and presence are investigated through the X-ray analysis by XRD, XPS and EDS. Then sintering 

the composites at 1400-1600oC for 10 min in vacuum under a pressure of 50MPa. Consequently, there 

was a noticeable difference in the density of the sintered bodies depending on the powder manufacturing 

methods, whether synthesized or fabricated. These results indicate that the oxide dispersion strengthening 

is effectively achieved compared with pure W but, the influence of the residual oxide in W during the 

reduction couldn’t be neglectable.

Keywords: Tungsten, La2O3 nano particle, Spark plasma sintering, Wet chemical method, Polymeric 

addition, Spray pyrolysis
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Freeze drying technique has become a popular method for preparing porous materials because of its 

versatile and simple method to control the pore structure. The technique consists of unidirectional freezing 

the slurries of sublimable vehicle with lower solid contents, followed by sublimation of the vehicle crystals, 

and subsequent sintering to consolidate the walls, leading to a porous body with unidirectionally aligned 

channels, where pores are a replica of the solvent crystals. For control of pore structure, a range of sublimable 

vehicles such as water, camphene, naphthalene-camphor, and tert-butyl alcohol (TBA) has been used in 

freeze drying process. In the present study, we have attempted to fabricate the porous tungsten with controlled 

pore structure by using TBA and to analysis the effect of freezing conditions on the pore characteristics. 

TBA slurries with a WO3 content of 5 and 10 vol% are prepared by mixing with a small amount of dispersant 

and binder at 30oC. The slurries are frozen at -25oC and dried at different temperatures. After hydrogen 

reduction at 800oC and sintering at 1000oC, the green body of WO3 is completely converted to porous 

tungsten. The sintered body showed aligned pores to the TBA growth direction, and the porosity and pore 

size decreased as the amount of WO3 increased from 5 vol% to 10 vol%. As the drying temperature of 

the frozen body increased from -25oC to -10oC, the pore size and thickness of the struts increased. The 

change of microstructural characteristics according to the amount of powder added and the drying temperature 

was explained by the growth behavior of the freezing agent and the degree of rearrangement of the solid 

powder during the solidification of the slurry.

Keywords: Porous tungsten, TBA slurry, Freeze drying, Hydrogen reduction, Pore structure
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Tungsten (W) is suitable for high temperature materials because of the following advantages: high strength, 

high melting point, high thermal conductivity and low thermal coefficient. On the other hand, tungsten has 

disadvantages such as poor ductility, high ductile-brittle transition temperature (DBTT), low fracture toughness 

and low recrystallization brittleness. To compensate with these drawbacks especially brittleness, W-based 

composite materials with dispersion of nano-sized oxide particle was fabricated by mechanical alloying and 

wet chemical process. However, these methods have challenges which are inhomogeneous distribution of 

oxide dispersion and segregation of oxide particles at grain boundaries. Also, for recent research, the strength 

and ductility at room temperature and mechanical property at high temperature of refractory metal dispersed 

with nano-sized oxide particle was improved. Therefore, we synthesized W-based composite powder which 

is homogeneously dispersed with La2O3 and Y2O3 by using ultrasonic spray pyrolysis due to overcome 

limitations of the conventional methods. W powder with dispersed nano-sized La2O3 using ammonium 

metatungstate hydrate and lanthanum nitrate as precursor was fabricated by ultrasonic spray pyrolysis and 

hydrogen reduction. The composite powder was coated Y2O3 on their surface by Y-nitrate polymer addition 

solution method using yttrium nitrate and polyvinyl alcohol and synthesized by calcination and hydrogen 

reduction. After synthesis, FE-SEM, XRD, XPS and HR-TEM were conducted. It is confirmed that W 

composite powder was homogeneously dispersed with nano-sized La2O3 and Y2O3 through quantitative 

analysis. From these analysis, it suggests that the synthesis combined ultrasonic spray pyrolysis with polymer 

addition solution method is one of the prospective ways to synthesis W-based composite.

Keywords: W composite, La2O3-Y2O3 dispersion, Ultrasonic spray pyrolysis, Chemical method, 

Homogeneous dispersion
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ZnO is a wide bandgap material that is chemically and thermally stable. It has interesting dielectric, 

piezoelectric, and transparent properties, so it is one of the prospect candidates for the functional electronics. 

Recently, the research on the low temperature growth of ZnO films is attracting attention because of its 

low thermal budget expanding diverse applications, such as glass, organic, and biomaterials. In general, 

thin film deposition on organic substrates are heavily affected by growth temperature. Low temperature 

growth of ZnO films would be widely used for optoelectronic and photovoltaic applications such as transparent 

conducting oxide, transparent thin film transistor, solar cells, gas sensors, and light emission diodes. 

In this study, ZnO thin films were grown by thermal atomic layer deposition (ALD). ALD is the promising 

technology of thin film deposition tool. It is useful to produce a few nano-meter-thick uniform thin films 

with fewer voids and pinholes. In addition, its self-limiting property makes films have outstanding step 

coverage and uniformity. ZnO thin film was deposited using Dielthylzinc (DEZ, Zn(C2H5)2) and water (H2O) 

as precursors. The deposition temperature was set widely; from 35 °C to 150 °C. The analysis of ZnO 

thin films grown on SiO2 and glass substrates were performed. ZnO thin films grown by ALD were 

characterized by X-ray diffraction (XRD), Hall measurement and UV-visible spectroscopy. The electrical 

properties (carrier concentration, mobility, and resistivity) and crystal structure changes of the films as a 

function of deposition temperatures were analyzed. The direct bandgap of thin films were examined by 

using tauc plot from absorbance of ZnO film on the glass.

Keywords: Thermal atomic layer deposition, ZnO, n-type semiconductor, Optical property, Electrical 

property, Structural property
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Atomic layer deposition (ALD) growth of ZnO has been researched intensively because it can be grown 

at low temperatures with highly conformal and uniform film quality. It has been employed various devices 

such as active medium for fiber-optic Fabry–Perot interferometer, photocatalysis, electron transporting layers 

in organic solar cells, and thin film transistor circuits. ALD grown ZnO was also used to modify the interfacial 

properties of metal/semiconductor contacts. In this respect, we grew ALD grown ZnO on n-InP substrates 

with different thicknesses (5, 10 nm) and investigated electrical properties of Pt/ZnO/n-InP Schottky diodes. 

It was found that the effective barrier height reduced with a ZnO interlayer (IL). The interface state density 

for 10 nm thick ZnO was calculated to be lower than 5 nm thick ZnO. Both the forward and reverse leakage 

currents were explained well using the thermionic emission model. Based on the results, surface passivation 

and interfacial dipole were suggested to explain such modification of Schottky barrier at the Pt/ZnO/n-InP 

interface.

Keywords: Atomic layer deposition, ZnO, n-InP, Barrier height, Thermionic field emission
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Today, due to environmental pollution and resource depletion caused using fossil fuels, interest in energy 

recycling continues to increase. In particularly, thermoelectric materials capable of converting waste heat 

(thermal energy) generated from transportation means such as automobiles and ships as well as factories 

into electrical energy are emerging as an alternative. In general, thermoelectric materials exhibit different 

performance depending on their chemical composition and operating temperature. In the mid-temperature 

region (450K~900K), selenide-based thermoelectric materials that show excellent figure of merit based on 

low thermal conductivity due to atomic bonds in which covalent bonds and Van der Waals bonds are repeated 

are attracting great attention. In particularly, single-crystal SnSe has been reported to have a very high figure 

of merit of 2.6, but it has problems in manufacturing process and cost and relatively weak mechanical 

properties. For this reason, recently, research to increase the figure of merit of polycrystalline SnSe through 

doping and microstructure control has been widely conducted worldwide. In addition, studies have been 

conducted to manufacture SnSe, which is basically a p-type, into n-type for thermoelectric device 

configuration, but due to limited doping concentrations, studies on production and characteristics of n-type 

SnSe are very scarce.

Therefore, in this study, n-type SnSe was manufactured through Bi addition and mechanical alloying, 

and the mechanical alloying behavior and characteristics of the powder according to the Bi addition amount 

and heat treatment conditions were studied.

Keywords: N-type SnSe, Thermoelectric materials, Powder metallurgy, Doping 
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Backsheet is a major component material that requires high reliability for photovoltaics (PV). However, 

backsheet cracking has been a critical issue for reliability assurance in the PV industry. Nevertheless, it 

is not still clear that standardized qualification tests, such as IEC61215, are suitable for predicting field 

failure because the information on regional climatic and environmental differences were not considered.

This study examines rutile Titanium dioxide (TiO2)/Polypropylene (PP) film as a representative commercial 

material of backsheet. TiO2 forms radical induced photoactivity in the presence of sufficient moisture and 

Ultraviolet light (UV). Especially, subtropical climates, where backsheet cracking is observed, can easily 

induce photoactive reactions.

In this review, cracked backsheets used in the field for 5 years and pristine backsheets were prepared 

to compare and investigate the degradation behavior in response to weathering factors. We examined using 

a modified ASTM D 7869 environment test to simulate a subtropical climate and provide an adequate level 

of moisture to the backsheet. The environment test results showed that the same failure mode was successfully 

reproduced when similar amount of field UV irradiation was reached. These findings will be useful for 

field results for the service life prediction of PV backsheet materials.

Keywords: Photovoltaic modules, Backsheet, Environment test, UV irradiation, Reliability
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Acicular ferrite has been reported as a microstructure with the potential of achieving both high strength 

and good toughness because the plates of acicular ferrite nucleate intragranularly on non-metallic inclusions 

within large austenite grains in weld steels, and then grow in many different orientations maintaining an 

orientation relationship with the austenite. In the high-strength low-alloy (HSLA) steels, however, the acicular 

ferrite is defined as a highly substructured and non-equiaxed ferrite that forms on continuous cooling. Despite 

the morphological similarity, the condition for forming acicular ferrite in HSLA steels differs significantly 

from weld steels because non-metallic inclusions for nucleation sites are extremely limited in HSLA steels. 

Therefore, researchers confuse the naming of the acicular ferrite although there are differences in the 

classification methods of acicular ferrite between weld steels and HSLA steels. For these reasons, the 

morphological characteristics and transformation behavior of the acicular ferrite are still controversial and 

remained unresolved, so it is necessary to elucidate the mechanism of acicular ferrite transformation in 

the HSLA steels. 

On the other hand, confocal laser scanning microscopy (CLSM) is regarded as an effective approach 

to analyze the dynamic phase transformation behavior and can be used to directly observe the nucleation 

and growth of phase in steels during the heating, continuous cooling, and isothermal transformation processes. 

Nevertheless, the direct observation of acicular ferrite transformation in HSLA steels according to the rolling 

process and heat treatment conditions has rarely been carried out. In this study, therefore, in-situ observation 

of the acicular ferrite transformation was conducted by using the CLSM. During the CLSM analysis, the 

HSLA steel specimen was deformed at the non-recrystallization austenite regions and then was 

accelerated-cooling to room temperature in order to simulate the transformation behavior of acicular ferrite 

in the HSLA steels. Microstructure characteristics of the low-alloy steel specimen analyzed by the CLSM 

were observed through electron backscatter diffraction analysis. 

Keywords: Acicular ferrite, Phase transformation, Confocal laser scanning microscopy (CLSM), 

High-strength low-alloy (HSLA) steel, In-situ observation

SP09



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 199 -

Anisotropy of Tensile Properties in High-Strength API X70 

Linepipe Steel

Dong-Kyu Oh1, Seung-Hyeok Shin1, Sang-Min Lee2, and Byoungchul Hwang1*

1Department of Materials Science and Engineering, Seoul National University of Science and Technology, 

Seoul 01811, Republic of Korea 
2Hyundai Steel Company, Dangjin-Si, Chungnam, 31719, Republic of Korea

*Corresponding author: bhwang@seoultech.ac.kr

API (American Petroleum Institute) linepipe steels have been required to have a higher strength to 

effectively transport natural gas in long-distance and high-pressure environments. In addition, API linepipe 

steels are increasingly expected to have good deformability such as continuous yielding, low yield-to-tensile 

ratio, high uniform elongation, and strain hardening exponent. These characteristics improve the resistance 

to unexpected deformation caused by earthquakes, deep sea, and discontinuous permafrost regions. However, 

API linepipe steel plates have mostly anisotropy of mechanical properties because of asymmetric deformation 

during hot rolling. In UOE forming and electric resistance welding (ERW) processes to manufacture final 

linepipe products, API linepipe steels are subjected to different deformations for each direction. To optimize 

the design of linepipe steels by preventing excessive stress as well as formation in the uniform elongation 

range, the anisotropy of API linepipe steels should be considered. Moreover, recently produced high-strength 

API linepipe steels are often manufactured through a thermomechanical control process (TCMP) by controlled 

rolling and accelerated cooling to satisfy required properties. As a result, complex microstructures such as 

polygonal ferrite (PF), quasi polygonal ferrite (QPF), granular bainitic ferrite (GB), bainitic ferrite (BF), 

and acicular ferrite (AF) are formed, which complicate understanding the correlation between microstructures 

and tensile properties. Furthermore, because of these problems, it is more difficult to analyze the anisotropy 

of tensile properties in relation to microstructure. In this study, microstructure of the API X70 linepipe 

steels is characterized by using OM, SEM, and EBSD, and tensile tests are conducted according to various 

directions such as 0° (rolling direction), 30°, 45° (diagonal direction), 60°, and 90° (transverse direction). 

Based on the results, the anisotropy of tensile properties such as yield-to-tensile ratio, uniform elongation, 

and strain hardening exponent are discussed in terms of effective grain size and crystallographic texture.

Keywords: Linepipe steels, Anisotropy, Tensile property, Texture, Microstructure
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Among the motor components, the shaft needs to be operated in a harsh environment such as high speed 

rotation and as it is exposed to a fatigue environment, the fatigue strength must be increased due to a 

load applied to the end of the rotating shaft during the actual use. In order to improve the reliability, it 

is required to manufacture high-reliability parts with improved life through complex surface treatment on 

existing parts and life diagnosis evaluation technology to manage the using cycle of the parts. Generally, 

surface hardness or microstructural features can be a health indicator to evaluate degree of surface degradation. 

But these methods are not only cumbersome but also makes it difficult to use it in a repeatable manner. 

Therefore, if it is measured in the field by a non-destructive method, it will be possible to reduce maintenance 

costs. Based on the proven idea that the magnetic strength (magnetic Barkhausen signal) parameter of the 

surface will vary depending on the surface degradation (i.e., wear condition, residual stress degree), the 

lifetime diagnosis and maintenance work can be performed more efficiently by developing a measurement 

technique. In this study, the ultimate goal is to measure surface degradation by non-destructive method.

Keywords: SKD61 steel, magnetic Barkhausen signal, surface treatment
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Metal particles of various sizes are widely used in high catalytic, optical, and electrical conducting 
properties applications. In particular, precious metals such as gold and silver or nickel powders have many 
important industrial electronic applications as pastes and films. Gold and silver, which are precious metals, 
have high thermal and electrical conductivity and have low reactivity with oxygen, so they are being applied 
to electronic devices such as electrodes. However, they are expensive materials and are only partially used 
in electronic devices. Nickel is cost-effective compared to the aforementioned metals and has relatively 
high electrical conductivity, but it has the disadvantage of being a toxic substance. Accordingly, there is 
growing interest in copper powder, which is more economical than precious metals, has similar performance, 
and is relatively less toxic than a nickel.

Solution-based chemical reduction synthesis has been a representative metal particle synthesis method 
due to economical and simple characteristics compared to other processes. However, the conventional 
solution-based techniques, which control the nucleation and growth of copper species, are incompatible with 
the cost-effective mass production because of the low nucleation rate induced by low concentration precursor. 
In addition, this process requires control of the size by optimizing experimental parameters such as the 
ratio of chemical additives to the precursor salt, resulting in special arranged synthetic conditions. In general, 
the nucleation rate is faster at higher precursor concentrations, which means that the particles can be 
synthesized in large quantities. However, there is no research on the synthesis of copper particles using 
high-concentration precursors produced. 

In this study, a solution-based gram-scale production of copper particles was attempted using high 
concentration metal complex precursors produced from various reducing agents. Under the conditions of 
room temperature and pressure, the initial nucleation rate and frequency were simply controlled by reducing 
agents with various reduction potential. Through this simple process, copper particles with sizes of 70nm, 
300nm, and 1.4μm were successfully synthesized and the physicochemical properties were systematically 
investigated through various analysis methods.

Keywords: Copper, Sub-micron powder, High concentration precursor, Chemical reduction, Reduction 

potential
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In the tendency of the demand for permanent magnets to continuously increase as the necessity for 

renewable energy and high energy efficiency, Nd2Fe14B magnets, which possess the highest energy products, 

have been actively studied about process optimization in an attempt to obtain high performance. The coercivity, 

a performance that can be improved from material processing, reaches a maximum at the grain size 

corresponding to the formation of a single domain based on the size dependence of the coercivity, with 

Nd2Fe14B being about 260nm. It is clear that precisely controlled sub-micron magnetic particles lead to 

coercivity enhancement, but generally, Nd2Fe14B magnets are manufactured in micron size through powder 

metallurgy or rapidly quenching techniques. These top-down methods have several limitations including high 

energy consumption, the requirement of high purity metals, oxidation during crushing of flake, and 

inhomogeneous microstructure. Therefore, the chemical-based synthesis incorporating the reduction-diffusion 

(R-D) process for Nd2Fe14B magnets has attracted considerable attention, because of easier controlling of 

the microstructure, crystal orientation, and using lower cost metal oxide-based precursor. However, 

nanoparticles synthesized by bottom-up process still have a large challenge with regard to coarsening during 

reduction which hindering the diffusion of Nd, and degradation in magnetization value due to oxidation 

ascribed to high surface energy. Attributed to these obstacles, there is a lack of chemical-based methods 

that can attain sub-micron particle sizes without uncontrolled grain growth. On the other hand, when the 

R-D process is performed using oxide with complex chemical bonds of multiple components, the reduction 

of Nd-based oxide will require harsh conditions if sub-micron size rather than nano is intended, so the 

mixing of target-sized powder is judged that more advantageous for the preparation of precursor. It is known 

that the microstructure of the magnetic powder after the R-D process is greatly affected by the size of 

the transition metal precursor into which rare earth element is solid phase diffused. Hence, in order to fabricate 

high-performance Nd2Fe14B magnets, a novel method for synthesizing single domain-sized Fe powder is 

required.

In this study, ultrasonic spray pyrolysis and subsequent hydrogen reduction process were applied for 

the synthesis of sub-micron Fe powder. The R-D process was carried out to fabrication of Nd2Fe14B magnetic 
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powder using Fe particles with a specific size distribution, and as a result, the grain size and magnetic 

properties of sintered magnets were investigated. In the ultrasonic spray pyrolysis process, the spherical 

oxide particles with controlled size and free from agglomeration were synthesized by using droplets of uniform 

composition as a microreactor. A novelty of the method for synthesizing Fe particles with a size of 300~400nm 

after hydrogen reduction was focused. Finally, the effect of the sub-micron Fe precursor on the Nd2Fe14B 

powder and sintered magnet was systematically elucidated based on the variation of physical properties 

depending on size. This method, which can implement sub-micron size, can expect improved physical 

properties under the optimized conditions of the R-D process and the introduction of the oxidation-restricted 

washing process.

Keywords: Nd2Fe14B magnet, Sub-micron Fe, Reduction-diffusion process, Grain size, Magnetic properties
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Polymer substrates are widely used due to their advantages such as non-toxicity, cost-effectiveness, ease 

of manufacture, and low density. However, the hydrophobicity of the polymer surface limits its prominent 

applications in biomaterials, filtration, and catalysis, etc. Therefore, hydrophilic surface modification of 

polymeric materials is a major challenge of polymer science. Conventional physicochemical treatments, which 

include UV/Ozone, grafting, and plasma treatment, have been utilized to produce the hydrophilic polymer 

by introducing the hydrophilic functional groups or molecules on the surface of various polymers. However, 

these methods induce environmental pollution and require high energy facilities, and there is a still limitation 

of the aging effect that decreases hydrophilicity over time due to the instability of the surface functional 

groups. The immobilization of metal oxides nanoparticles on the polymer surfaces is a prominent method 

with low toxicity and cost-efficiency that can hinder the aging effect and guarantee a longer lifetime because 

of its thermodynamical stability. Polymers cannot be processed at high temperatures, so methods for fixing 

nanoparticles are limited and there is still a need to develop a facile and efficient method that can solve 

the above problems. Self-assembly is a technology in which regular alignment between molecules and 

nanoparticles occurs spontaneously by chemical reaction and electrostatic attraction. Since this reaction 

reduced the chemical potential of the entire system, it is a thermodynamically stable reaction resulting in 

advantages of high stable and strong bond between polymer and nanoparticles. In order to improve the 

efficiency of the self-assembly reaction, it is an important factor to secure a large surface area of the polymer 

substrate. Among the fabrication processes of polymer material, electrospinning is a simple and cost-effective 

method to fabricate the one-dimensional polymer nanofibers with a large specific surface area and is applicable 

at various substrates and versatile practical fields of photocatalysis, membrane, etc.

In this study, the polymeric fibers with immobilized metal oxide nanoparticles were successfully fabricated 

by electrospinning combined with the self-assembly technique. For the fabrication of hydrophilic polymer 

material, the self-assembly agent was introduced in the electrospinning solution and evaluated the 

hydrophilicity of the immobilized metal oxide nanoparticles. Moreover, the morphology, chemical, and 

hydrophilic properties of fabricated electrospun fiber or hydrophilic polymer substrates were systematically 

characterized by various analyses.

Keywords: Polymer substrate, Metal oxide nanoparticle, Electrospinning, Self-assembly, Hydrophilicity
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Wearable health monitoring systems, which can continuously manage health conditions such as heart 

rate, blood pressure, and respiration rate, have attracted lots of attention recently. Because not only high 

electric conductivity but also mechanical properties such as low stiffness are a critical component of wearable 

health monitoring devices for real-time health management, many efforts have been conducted to develop 

the flexible conductive substrate.

In order to improve the electric conductivity of the flexible substrate, the structure of the electrode layer 

has been variously studied from a dimensional perspective, such as nanoparticle(0D) nanotube(1D), and 

thin film(2D). The substrate layer of the flexible electrode in general consists of a polymer which is an 

electrically insulating material, the electrical conductivity of the electrode increases only when the direct 

contact between materials constituting electrode layers is increased. For that, the 1D nanomaterials with 

a large aspect ratio that have more electrical junctions than nanoparticles and better flexibility than thin 

films should be applied as electrode layers. Among them, metal nanotubes are one-dimensional nanostructures 

with low critical density for conduction according to percolation theory. There are various methods such 

as melt-blown process and flash spinning to synthesize 1D nanomaterials with randomly distributed orientation. 

However, these processes require high temperatures, or the synthesized fibers had short lengths and 

non-uniform diameters. On the other hand, sputtering combined with electrospinning is the most suitable 

process for the synthesis of 1D conductive nanomaterials with continuously and randomly distributed 

orientations like non-woven fabric. This process is regarded as an uncomplicated and cost-effective process 

to synthesize nanofibers with a uniform diameter. The electrospinning process provides templates that have 

a uniform network structure with a lot of fiber-to-fiber junction because the precursor droplets are split 

randomly up fibers by a strong electric field. In addition, the sputtering process has few restrictions on 

the target material and can deposit flexible metal materials with a uniformly low thickness that can be 

controlled at a relatively low temperature. Furthermore, since, the electrode that manufactured by these 

methods are interconnected to form a network structure during the sputtering, generation of large junction 

resistance can be suppressed. Therefore, it has outstanding properties such as high conductivity, superior 

deformability, and mechanical properties that can be applied to flexible electrodes.
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In this study, platinum nanotubes (Pt-NTs) electrodes were successfully fabricated by sputtering Pt on 

electrospun PVP nanofibers and transferring them into polydimethylsiloxane (PDMS) substrate. In this process, 

the effect of heat treatment to remove PVP on electrical conductivity before the transfer process was 

investigated, and then the mechanical and electrical properties of fabricated flexible electrodes were 

investigated by various methods. The fabricated electrode, compared with the thin film electrode, exhibited 

good flexible and stretchable properties and electric conductivity despite being under extreme stress. Moreover, 

the flexible electrodes are confirmed that can be used as an electrode of a piezoelectric element even under 

repeated stress situations because of better mechanical properties than Pt thin film electrodes.

Keywords: Health monitoring, Flexible and stretchable electrodes, Pt nanotube, Electrospinning, 

Polydimethylsiloxane
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Radionuclide and heavy metal contamination of wastewater is a harmful problem for environment and 

human health. It is important to remove radionuclide and heavy metal from wastewater, and also essential 

to prevent secondary emission of hazardous substances into water. Sorption is an effective method for water 

purification to remove radionuclide and heavy metals. Nanomaterials have high sorption efficiency because 

of their large specific surface area and some of the nanomaterials can trap and immobilize hazardous 

substances through specific structures including void section, enabling irreversible sorption. Research 

synthesizing nanomaterials with high irreversible sorption capacity and applying them to sorption of 

radionuclide and heavy metal is an important issue. Sodium hexa titanates(Na2Ti6O13) have attracted attention 

because it is the nanomaterials that can sorb radionuclide and heavy metal ions by ion exchange with sodium 

cations and sorbed hazardous substances can be immobilized and entrapped. Na2Ti6O13 is the one of the 

alkali metal titanate which structure is consisted of zigzag ribbons by sharing TiO6 octahedra edges. This 

configuration results Na2Ti6O13 into a one-dimensional nanorod and tunnel structure. Sodium ions located 

in the tunnel structure can be reversibly inserted and exchanged with other cations and sorbed cations which 

have different size with Na+ ions are captured into void space of tunnel. Thus, sodium hexa-titanate exhibits 

ideal properties for removal of radionuclide and heavy metal cations from wastewater such as Sr2+ and 

Ra2+. 

Currently, several synthesis processes including sol-gel, hydrothermal method are used to prepare sodium 

hexa titanates. In order to industrially apply Na2Ti6O13 nanorods to water purification, it is necessary to 

improve the sorption capacity and increase the process efficiency by enabling mass production of Na2Ti6O13 

through simple steps in short time. However, current synthesis processes are difficult to control agglomeration 

of reactants, have slow reaction rate and need high pressure and thermal energy. Since these shortcomings 

with current synthesis methods reduce efficiency of Sr2+, Ra2+ sorption and Na2Ti6O13 synthesis, a new 

synthesis method is needed to overcome disadvantages of existing methods. 

In this study, we introduce different synthetic method to prepare one-dimensional nanorod Na2Ti6O13, 

ultrasonic spray pyrolysis(USP) with molten salt synthesis(MSS), and evaluate sorption capacity of Sr2+, 

Ba2+ ions (as a substitute for Ra2+). Conventional ultrasonic spray pyrolysis(USP) has very short reaction 

time, so it is difficult to synthesize complete one dimensional nanorods. Therefore, a large amount of salts 
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was added to enhanced the mobility of reactive ions and also prevent agglomeration between reactant. This 

ultrasonic spray pyrolysis(USP) combined with molten salt synthesis(MSS), added sodium chloride(NaCl), 

can provide the reactors in which reactive ions can rapidly move and continuously synthesize homogeneous 

one dimensional sodium hexa-titanate nanorods in large quantities. After washing process, removing NaCl, 

sodium hexa-titanate nanorods were successfully obtained. The physicochemical characteristics of obtained 

samples were observed by transmission electron microscopy(TEM), field emission-scanning electron 

microscopy(FE-SEM) and x-ray diffraction patterns(XRD) analysis. Before and after sorption test, metal 

ions concentration was measured by energy dispersive spectrometer(EDS), and inductively coupled plasma 

optical emission spectroscopy(ICP-OES).

Keywords: Sodium hexa titanate(Na2Ti6O13), Nanorod, Ultrasonic spray pyrolysis(USP), Molten salt 

synthesis(MSS), Sorption
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Ti-6wt.%Al-4wt.%V (Ti6Al4V) alloy has a wide range of applications, ranging from turbine blades that 

require smooth surfaces for aerodynamic purposes to biomedical implants where a certain surface roughness 

promotes biomedical compatibility. Therefore, it would be advantageous if the high volumetric density is 

maintained while the surface roughness can be controlled during LPBF of Ti6Al4V. In this study, volumetric 

energy density is varied by independently changing the laser power and scan speed to document the changes 

in relative sample density and surface roughness. Then results where the energy density is similar but the 

process parameters are different are compared. When the energy density is similar but the laser power and 

scan speed are higher, the relative density remain similar at about 99 %. However, the surface roughness 

varies, and its maximum increase rate is about 172 %. To investigate the cause of increased surface roughness, 

nonlinear finite element heat transfer analysis is conducted to compare the maximum temperature, cooling 

rate, and lifetime of the melt pool with different process parameters. [This research was supported by the 

MOTIE (Ministry of Trade, Industry, and Energy) in Korea, under the Fostering Global Talents for Innovative 

Growth Program (P0008750) supervised by the Korea Institute for Advancement of Technology (KIAT)]

Keywords: Additive manufacturing, Laser powder bed fusion, Ti-6Al-4V, Surface roughness, Finite 

element analysis
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CM247LC is a well-known Ni-based superalloy, and it is commonly used as a structural alloy for high 

temperatures due to its outstanding high-temperature oxidation resistance and corrosion resistance. In this 

study, CM247LC Ni-based superalloy was manufactured using the selective laser melting (SLM) process, 

which is one of the laser powder bed fusion (L-PBF) methods. Heat treatments were also conducted to 

control microstructure and properties. The high temperature oxidation behavior of L-PBF CM247LC was 

investigated in this study. As a result of observing the microstructure of the fabricated material, epitaxial 

grain growth appeared along the building direction, and dislocation networks and nm-sized MC carbide 

distributed in the sub-structures were detected. After heat treatment, the cuboidal type-γ' phase was uniformly 

formed on the matrix. As a result of high temperature oxidation experiment (1100°C/24hr) of SLM-built, 

HIPed SLM-built and direct solidification (DS)-CM247LC, the weight gains were measured as 2.21, 1.98, 

and 2.28 mg/cm2, respectively. The CM247LC material manufactured by the SLM process showed relatively 

superior oxidation resistance at high temperatures compared to the convention DS material. Based on the 

above results, the high-temperature oxidation mechanism of the CM247LC manufactured by the SLM was 

suggested in related to the microstructural factors.

Keywords: Ni-based superalloy, Selective laser melting, Microstructure, High temperature oxidation 

property, Oxidation mechanism
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In SLM (Selective Laser Melting) process, Various defects such as low-temperature transformation 

structure (martensite), pore, un-melted powder, lack-of-fusion, etc. in products inevitably occur by rapid 

melting and solidification process of metallic powders without external pressure. Because the defects degrade 

mechanical properties of products, optimizing the process conditions of SLM is required. Moreover, it analyzed 

the change in texture and ratio of the disordered and ordered regions according to the energy density. The 

microstructural evolution and porosity were investigated for the SLM-printed and hot isostatic pressed 

specimens with different energy density(E), and the effects of microstructural evolutions and porosity by 

difference in energy density on quasi-static and dynamic (high cycle fatigue) mechanical properties were 

analyzed. This study could take high-cycle fatigue strength (714 MPa), which was an excellent dynamic 

property compared to the wrought Ti-6Al-4V alloy by improving resistance against fatigue crack propagation. 

Keywords: Selective laser melting, Ti-6Al-4V, energy density, high cycle fatigue, dynamic property
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Since the quality of parts by additive manufacturing (AM) using titanium alloy is highly dependent on 

various process parameters, research on parameter optimization is very important. When additive manufactured 

titanium alloy using laser powder bed fusion (LPBF), pore defects should be primarily examined. One of 

the main goals for controlling process parameter is to maximize the parts (specimens) density. In this study, 

part density and surface roughness according to hatching space, laser power, and scan rotation were examined 

and their optimal parameters were investigated. It was found to have a high-density in hatching space 

(0.06~0.16 mm), laser power (125~375 W), scan rotation (15~30 °). In addition, the root mean square (RMS) 

roughness, it has a value of 10 micron or less at hatching space (0.06~0.14 mm), laser power (225~325 

W), scan rotation (0~15 °, 90 °). Based on the above results, the improving method to increase density 

of parts and the deposition behavior of LPBF Ti6Al4V were also discussed. [This research was supported 

by the MOTIE (Ministry of Trade, Industry, and Energy) in Korea, under the Fostering Global Talents 

for Innovative Growth Program (P0008750) supervised by the Korea Institute for Advancement of Technology 

(KIAT)]
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In this study, a Powder bed fusion (PBF) process using metal powders, one of the Additive Manufacturing 

(AM) technology, was used. PBF process is a bottom-up method in which very fine powder layers are 

continuously stacked using CAD data to form three-dimensional shapes and then laser is injected to produce 

desired products. Process variables in the PBF process include laser power, laser speed, powder shape, powder 

size, laminating thickness and laser diameter, etc.

The STS316L has excellent high temperature creep strength, corrosion resistance, and weldability, making 

it widely applicable to corrosion-resistant parts in more complex forms than required mechanical strength. 

Aluminum (Al) is often used as raw materials and materials because it is light, durable, and has excellent 

formability. Copper (Cu) has high thermal and electrical conductivity. Adding Cu or Cu alloy elements 

to STS316L can improve sinterability and improve corrosion resistance in chlorine atmosphere. Aluminum 

is expected to be able to lighten STS316L due to its low specific density, and to improve printability of 

PBF process by reacting with Cu.

In this study, specimens were produced using STS316L-5wt%Al-5wt%Cu mixed powders by PBF process. 

STS316L-Al-Cu mixed powder was prepared by considering the alloy composition ratio from each phase 

diagram of STS316L-Cu, STS316L-Al and Cu-Al. The process parameters of the PBF process were fixed 

as laser power; 144W, laser speed; 750mm/s, hatch distance; 60μm, layer thickness; 20μm, and laser 

pattern; chessboard. The microstructures and mechanical properties of the PBF process specimens were 

analyzed.

Keywords: Additive manufacturing, STS316L, Al, Cu, Microstructure, Powder Bed Fusion
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Additive Manufacturing (AM), a technology that allows various manufacturing of complex components, 

is bottom-up technology that builds directly large products from raw materials or thin layers, contrasting 

with top-down technology which cuts from large-scale materials to form shapes.

AM is classified into seven processes depending on how the product is manufactured and what materials 

are used. One of the methods, the Powder Bed Fusion (PBF) process, is a very commercialized AM technology 

in which metal material powders are laid flat on a powder bed, selectively irradiated and melted to form 

a specimen into the shape desired by the manufacturer.

Titanium is a lightweight material with excellent corrosion resistance and small specific gravity. And 

titanium is a material with excellent mechanical properties at high temperatures, which is widely used as 

a space industry or medical material. Ti-6Al-4V, or Ti64, is an alloy containing 6% Al and 4% V based 

on Ti and is a material used in healthcare based on excellent corrosion resistance.

In this research, Ti alloyed medical products were manufactured by PBF method and quantitatively 

analyzed to observe changes or differences in quantitative aspects.

Keywords: Additive Manufacturing, Powder Bed Fusion, Ti-6Al-4V, Medical product, Quantitative 

analysis
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Recently, the design for additive manufacturing makes it possible to implement complex design. Especially, 

lattice structures in additive manufacturing plays an important rule on design for light weighting. It was 

reported that crystal inspired structures including interfaces can dramatically increase the mechanical properties 

such as damage-tolerance. However, the effect of the single interface was not still systematically investigated 

due to the lack of proper models. The selected CSL interface model can be a good candidate such as in 

atomic level simulation, bi-crystal approaches make it possible to understand polycrystalline structure. 

In this presentation, crystal-inspired lattice structure with designed grain boundaries was systematically 

introduced and examined experimentally. It was found that the GB core structures dominated mechanical 

properties similar to the effect of interfaces on materials. The crystal inspired structures give us the design 

rule for newly lightweight and damage tolerant structures. With the combination of CSL lattice model and 

experiments, the effect of interfaces can be examined carefully, which enhance the strong impact on 4th 

Industrial Revolution. 

Keywords: Additive Manufacturing, Crystal-inspired microstructure, Coincidence site lattice, Grain 

boundary, DfAM
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The interest in aluminum matrix composites containing carbon nanotubes (CNTs) has been growing 

significantly over the past decades because of their high specific strength, hardness and wear resistance. 

However, the mechanical properties of AMCs are still far below the expectation based on superior mechanical 

properties of CNTs. One of the most critical issues is the poor wetting ability and consequent weak interface 

between CNTs and aluminum matrix. Recently, the alloying element of the aluminum matrix has been reported 

to act as a bridging atom to strengthen the interfacial bonding between aluminum and CNTs. Hence, it 

is worth investigating the effect of type and content of bridging solute atoms in the matrix on strengthening 

efficiency of CNTs in the composites.

In this study, aluminum matrix composites were produced by additive manufacturing for various matrix 

compositions. First, composite powder containing 3 vol% CNTs was produced for the three types of aluminum 

matrixes (i.e., Al-12Si, Al-12Cu, and Al-12Zn) using a high-energy attrition mill, and the morphology of 

the powder was optimized to be suitable for additive manufacturing. Various combinations of the composite 

powder were additive manufactured by direct energy deposition (DED) with laser powers of 500, 550 and 

600 W. Effect of composition of aluminum matrix on strengthening efficiency of carbon nanotubes will 

be discussed.

Keywords: Aluminum matrix composites, carbon nanotubes, additive manufacturing
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Rapid growth of the electronic vehicle (EV) market promotes the development of lightweight and thermally 

conductive materials with low processing cost. With this regard, combining the low process cost of cast 

aluminum and high thermal conductivity of wrought aluminum, enabled by insert casting (or compound 

casting), is receiving a world-wide attention to solve this trade-off issue. However, nature oxide on the 

surface of the wrought aluminum disturbs wetting between wrought and cast aluminum, forming interfacial 

voids to weaken interfacial bonding and reduce thermal conductivity. Therefore, this study aims to improve 

the interfacial properties by forming a coating layer containing Zn, a low-melting metal, on the surface 

of the wrought to minimize interfacial voids after insert casting.

To evaluate the role of the coating layer, an Al-Si-Zn alloy coating layer was deposited on an Al 6061 

plate and casting was performed thereon. To form the coating layer, a direct energy deposition (DED) process, 

one of additive manufacturing, was performed. By applying this process, it is possible to form a coating 

layer with various compositions within a short time. Thereafter, OM and SEM analysis were performed 

to observe the interfacial voids according to the presence or absence of the coating layer and the composition 

of the coating layer, and thermal conductivity analysis and Vickers hardness test were performed to evaluate 

thermal conductivity and mechanical properties of the interface.

Keywords: Insert, Interfacial properties, Low-melting metal, Coating layer, Direct energy deposition 
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Solid-state joint of an additive manufactured maraging (AMM) steel and AISI410 steel is fabricated by 

electrically assisted pressure joining (EAPJ). The microstructure reveals a reduction in grain size in the 

joint between AISI410 and AMM steel alloys. The addition of a porous layer to the joint resulted in a 

larger average grain size compared to the non-porous layer joint due to the higher temperature and lower 

plastic deformation experienced. The martensitic transformation in the joint is also characterized. The 

measured microstructure shows that dynamic recrystallization and phase transformation may occur during 

the EAPJ process.

Keywords: Electrically assisted pressure joining, additive manufacturing, porous layer, microstructure
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Tungsten carbide-cobalt (WC-Co), also known as tungsten cemented carbide, is a widely used alloy to 

manufacture high-performance tools for mining, drilling, cutting, and machining applications. Due to the 

high melting point of WC, it is challenging to cast it to manufacture products. Therefore, in this study, 

we investigated a method for manufacturing cutting tools from WC-Co alloy using material extrusion 

three-dimensional (3D) printing technology. In this study, paste was manufactured by mixing WC-10 wt.%Co 

raw materials, Polystyrene–block–Polyisoprene–block-Polystyrene (SIS) binders, and N-methyl-2-pyrrolidone 

(NMP) solvents. For homogeneous paste production, THF, a highly soluble solvent for SIS, was used. THF, 

SIS, and WC powders were ball-milled to coat the powder surface with SIS. The coated powder was obtained 

by volatilizing THF. The coated powder were than mixed with NMP by 3-roll mill process. The rheological 

properties of paste were evaluated according to the powder solid loading and dispersant content to optimize 

paste composition. After printing the green body with the paste, it was sintered at 1400 °C in a vacuum 

atmosphere. The printed sample exhibited identical characteristics (microstructure, hardness, and fracture 

toughness) to those of conventional press-molded sample. The results of this study confirm that complex 

cutting tool manufacturing is possible without using expensive metal molds. The presented approach is 

expected to significantly reduce the cost and time incurred during the product development stage involving 

multiple designs.

Keywords: WC-Co, cutting tool, paste, Extrusion-based 3D Printing, sintering

SP27



- 220 -

ZrO2-Cu composites fabricated using digital light processing 

with pressureless melt infiltration under various 

temperature conditions

Seong-Jun Ha1,2, Young-Kook Lee1, JiHoon Kang3, ISeul Ryu3, Seok-Jin Oh2, 

Kyung-Chai Jeong2, Hyun Gil Kim4, and Jeong-Yong Park 2*

1Department of Materials Science and Engineering, Yonsei University, 03722 Seoul, Republic of Korea
2Next-Generation Fuel Technology Development Division, Korea Atomic Energy Research Institute,

 34057 Daejeon, Republic of Korea
3Materials Safety Technology Development Division, Korea Atomic Energy Research Institute,

 34057 Daejeon, Republic of Korea
4Nuclear Fuel Safety Research Division, Korea Atomic Energy Research Institute,

 34057 Daejeon, Republic of Korea
 

*Corresponding author: parkjy@kaeri.re.kr

Composite fuels are commonly fabricated using the mixture of fuel and metal particles by hot isostatic 

pressing, spark plasma sintering, etc. It is difficult to control the distribution of fuel particles. Shapes of 

composite fuels are only limited to relatively simple forms. In this study, additive manufacturing (AM) 

with subsequent melt infiltration was introduced to fabricate the composite fuels with various shapes in 

which UO2 particles are uniformly distributed with metal matrix. Preforms with a diameter of 10 mm and 

a height of 10 mm were printed by digital light processing (DLP) using ZrO2 (substitute for UO2) with 

solvent-based binder. As-printed ZrO2 preforms were heated to debind and control the porosity by various 

sintering conditions. The composite materials were fabricated using the sintered preforms by pressureless 

melt infiltration using Cu under various temperature conditions. Characterization of the microstructure on 

the infiltrated ZrO2-Cu composites was performed to investigate the optimized fabrication condition. The 

feasibility on the fabrication of composite fuels using AM with subsequent melt infiltration was evaluated 

as a promising method for manufacturing of composite fuels.

Keywords: Additive manufacturing, Melt infiltration, Composite, Fuel
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Recently, as studies related to multi-materials have been actively conducted, an additive manufacturing 

process using laser metal deposition (LMD) or directed energy deposition (DED) has received a lot of attention. 

The DED process not only enables the fabrication of multi-materials, but also has a degree of freedom 

in geometric design and relatively high productivity. In this study, multi-materials of stainless steel 316L 

(SS316L) and super duplex stainless steel (SDSS) were manufactured by DED process. The manufactured 

multi-materials had good bonding conditions so that no major defects were observed. However, contrary 

to the expectation that the ferrite fraction of SDSS would be 40 - 60 %, the measurement result was more 

than 70 %. In order to lower the ferrite fraction of SDSS, heat treatment over 1000 degrees was performed, 

and the phase fraction was analyzed by observing the microstructure. The heat treatment temperature condition 

was selected by calculating the equilibrium phase for each temperature. As a result, it was possible to obtain 

a desired ferrite fraction of about 60 % between 1000 and 1030 ℃.

Keywords: Directed Energy Deposition, Heat treatment, Super duplex stainless steel. Phase fraction
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Lithium ion batteries (LIBs), considered to the best candidate among various energy storage systems 

have demonstrated remarkable improvement of energy density. However, commercialized monolithic 

electrodes have been suffered by long and tortuous Li diffusion pathways leading high resistance and poor 

electrochemical performances especially in thick electrode. Herein, we propose ultra-high energy densified 

electrode fabricated by 3D printing with fundamental understanding including thermal degradation, 

densification behavior, effective Li-diffusion and printability. Firstly, thermal degradation above the critical 

temperature of 1150 oC results in oxygen evolution, CoO phase, cation mixing as well as decomposition 

into nonstoichiometric phase of LiyCo2-yO2 (y < 1). Secondly, densification and coarsening behavior was 

studied to determine sintering condition without rapid grain growth, giving significant influence on Li ion 

diffusion. At longer sintering time, densification is sluggish, monotonous increment of 2.5 %/hour, but grain 

sizes greatly increased to 8.37 um which lead to isolated pores breaking. The effective Li-ion diffusion 

based on electrochemical properties was investigated to understand the influence of grain size and tortuosity 

on intra and inter diffusion. Lastly, we studied rheological behavior of 3D printable battery ink for extrusion. 

Our finding indicates the dominant factors of degradation for fast Li-ion diffusion are tortuosity and diffusion 

coefficient in highly densified electrode.

Keywords: lithium ion batteries, sintered electrode, highly energy densified electrode, grain growth, 3D 

printing
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Reactive inks are attracting increasing interest owing to clogging-free and facile preparation in 5G antennas, 

micro-batteries, displays, and flexible electronics. In the development of reactive ink for clogging-free printing, 

the instability of silver and the poor solubility/reducibility of nickel remain problems for researchers. In 

this study, we not only developed a highly soluble reactive nickel ink, but also provided design principles 

for the reactive ink using insoluble metal salt. The first principle is design mononuclear complexed inks 

by controlling the formation constant and coordination mode of the nickel-ethylenediamine complexes. Given 

the design rule, we successfully defeats ink precipitation down to 2.4%. The second is formation mechanism 

of inter-particle networks during thermal treatment. The growth of Ni pattern controlled by reactive sintering 

at 220 oC promotes the formation of inter-particle networks, resulting in 3.3 times higher conductivity than 

that of 180 oC and 7.3 times much higher thermal oxidation resistance than the Ag pattern at 400 oC. The 

last is a pressure-assisted capillary printing of the ink for micro Ni patterns with a width of 26 μm. These 

design principles highlight the potential for fabricating a highly thermal-stable microdevice and fundamental 

printing solution of insoluble metal salt.

Keywords: 3D Printing, Reactive ink, Clogging-free, mononuclear complex, reactive sintering

SP35



- 224 -

Thermodynamic Assessment of the Ternary Ga-In-Te system for 

the Applications in Thermoelectric Materials

Varinder Pal1, Bhupendra Kumar1, Min-Kyu Paek2, Joon Phil Choi3,

 Chandra S. Tiwary1, and Manas Paliwal1*

1Department of Metallurgical and Materials Engineering, Indian Institute of Technology Kharagpur, India
 2Research Institute of Engineering and Technology, Hanyang University, Republic of Korea

3Department of 3D Printing Materials, Korea Institute of Material Science, Changwon, Republic of Korea
 

*Corresponding author: manas.paliwal@metal.iitkgp.ac.in

 

Thermoelectric materials containing tellurium have received greater attention because they can enable 

the direct conversion between electric and thermal energy. Various materials such as skutterudites, clathrates, 

intermetallic alloys, eutectic alloys, chalcogenides have been explored for thermoelectric applications in order 

to replace the environmentally harmful production of lead and cadmium telluride based alloys. Amongst 

the eutectic alloys, the Ga-In-Te system exhibits promising potential as a thermoelectric material by its 

low melting temperature with enhanced mechanical properties. Therefore, in the present study, the ternary 

Ga-In-Te system and its sub-binaries such as Ga-In, Ga-Te, and In-Te systems were thermodynamically 

optimized based on the critical evaluation of available experimental data of phase diagram information, 

thermodynamic properties and crystal structure data. The liquid phase was described by the modified 

quasichemical model to explain the asymmetry and the short-range ordering behavior between atoms exhibited 

in the liquid solution. All solid phases were described using compound energy formalism for representing 

the structure and stability of the solid solution phases. By integrating the binary optimization results with 

a proper interpolation method, the phase diagram and thermodynamic properties in the Ga-In-Te system 

were successfully reproduced. The accuracy of the calculated phase diagrams in the ternary system was 

confirmed by measuring the phase transition temperature of the ternary alloys with various composition 

using the differential scanning calorimeter. The present modeling result was used to predict the ternary 

eutectic composition for designing the specific thermoelectric alloy. The effect of alloy composition on the 

hardness and yield strength will be also discussed depending on the ternary eutectic composition and its 

primary solid phase distribution.

Keywords: Thermoelectric material, Eutectic alloy, Ga-In-Te system, Thermodynamic assessment
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Additive manufacturing technology is being actively applied to various fields, and many successful cases 

have been reported mainly in the medical and aerospace industries. Recently, 3D printing technology is 

used to manufacture parts of complex designs. Metal 3D printing mold making is an efficient and promising 

method for initial product development and management, and has many advantages such as product design, 

reduction in process time and cost. The existing mold manufacturing method had to go through several 

processes, but additive manufacturing using a metal 3D printer achieved product weight reduction and high 

productivity through DfAM. High-speed additive manufacturing of molds can control product quality by 

designing molds under optimal conditions.

In addition, although stainless steel and nickel-based alloy materials, which have been widely studied 

in the existing PBF additive manufacturing, have strong corrosion resistance, it is difficult to be compatible 

with the corrosion process for precise pattern implantation, so it is necessary to search and analyze materials 

suitable for the requirements. The properties of low alloy steel powder (SAE-1524) were analyzed using 

metal 3D printing equipment, and samples were produced according to the PBF process parameters to find 

the optimal process conditions with excellent surface and high density, and internal micropores and mechanical 

properties were analyzed.

Next, in order to manufacture a shoe mold with a complex pattern, an additive manufacturing specialized 

design method was applied to secure a lightweight design including a lattice structure and a high-speed 

manufacturing technology. Then, the powder coating process during simulation and modeling for predicting 

AM failure that may occur during additive manufacturing was analyzed, and internal defect non-destructive 

analysis of the final product was performed.
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The heterogeneous surface coating on metal and non-metal particles has attracted highly interests in variety 

of industries to grant enhanced multifunctional properties. In previous researches, the wet processes have 

been widely explored to modify the surface of materials for enhanced or additional physical and chemical 

properties. [1,2] However, the wet-based chemical synthesis for the heterogeneous coating on particles is 

known to have disadvantages, such as non-uniformity, environmental harmless and long operation time. 

Moreover, the wet process was hard to uniformly control the shell thickness of the core-shell structure 

because the particle is easily aggregated in suspension resulting in random configuration of chemical solution 

near target particles. Herein, we developed the new magnetron sputtering system allowing for heterogeneous 

coating of metal or non-metal on the surface of particles directly with rotating reactor. The reactor equipped 

with rotating impellers enable each particles to be uniformly exposed to the direction of deposition. For 

better understanding of the metal atoms deposition behavior on the particles, rigorous simulation on the 

particle fluidics are carried out with deposition time, rotation speed and geometry of impellers. In addition, 

we also investigated the meticulous conditions for the deposition process with sputtering power, deposition 

time and rotation speed. Microstructural and chemical analysis reveals that the sputtered target species, Cu 

here could be uniformly deposited on the surface of both Al2O3 and SiO2 particles with our process. Since 

the dry-based coating on particles has advantages of limited impurity, simplicity to control and versatility 

in the selection of materials, [3,4] our sputtering system and process will be beneficial in various fields 

which is expected to employ heterogenous particles such as battery, photocatalyst, hydrogen production and 

ultralight materials. 

Keywords: Particle coating, DC magnetron sputtering, Core-shell structure, Dry process, Heterogeneous 

coating 
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In metal matrix composites, the load transfer, deformation, dislocation generation and interaction 

mechanisms show major dependence on the reinforcement morphology. In particular, high contiguity of 

the reinforcement phase markedly increases the strength of the composite. However, increased contiguity 

is usually achieved by adding high concentrations of reinforcements leading to brittle fracture response. 

To counter this problem, here we propose the incorporation of low concentration of highly contiguous TiN 

reinforcement inside a CoCrFeNi matrix composites. To achieve high contiguity, the TiN is coated on the 

surface of CoCrFeNi powder. The TiN coated powder is then added in uncoated powder and sintered using 

spark plasma sintering. As a result, TiN/CoCrFeNi composite with TiN concentrations ~4.4 vol. % and 

~6.5 vol. % were obtained. The TiN reinforcements were well dispersed in the CoCrFeNi matrix in the 

shape of large spheres with reinforcement lean cores. The tensile test of the composites showed a strong 

stress-strain response of the composites with a good retention of ductility. The yield strength of the composite 

with 6.5 vol. % reinforcement showed a 59% increase yield strength while maintaining a significant amount 

of ductility. The initial study shows much promise and merits further studies to explore full potential of 

similar structured composites
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As the transition from internal combustion engine cars to electric cars has recently begun in earnest, 

there is also a change in automobile manufacturing method. In this flow, the application of aluminum extrusion 

profiles is expanding further, increasing the need for rapid and robust extrusion production procedures. 

Real-time detection of surface defects in profiles during extrusion is essential for improving production yield 

and speed of production. This paper proposes an approach method to obtain images of extrusion profiles 

through computer vision and use deep learning to detect and classify surface defects of extrusion profiles 

during aluminum extrusion processes. In this study, detection of four types of defects was performed: crack, 

pick-up, die line, and blister. The maximum detectable extrusion speed was specified at 10 m/min, and 

the high speed CMOS global shutter camera and flicker-free high luminance LED light were used to obtain 

a clear image of surface defects at such high speeds. Furthermore, deep learning was performed by applying 

YOLOv3 algorithm, one of the fastest detection algorithms for real-time defect detection. The developed 

system confirmed that the accuracy of defect detection was 90% or more as a result of demonstration on 

samples that were applied to learning. The proposed defect inspection system can be applied in industry 

for on-line monitoring of aluminum extrusion processes.
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Fe-based bulk metallic glasses (BMGs) are attracting attention in a wide variety of applications owing 

to their thermal properties, mechanical properties, et al. Several studies have developed and predicted the 

relationships between alloy composition and thermal properties of BMGs using an artificial neural network 

(ANN). The limitation of the wide-scale use of these models is that the required composition is yet to 

be found despite numerous case studies. To address this issue, we trained an ANN to design Fe-based BMGs 

that predict the thermal properties. Models were trained using only the composition of the alloy as input 

and were created from a database of more than 150 experimental data of Fe-based BMGs from relevant 

literature. We adopted these ANN models to design BMGs with thermal properties to satisfy the intended 

purpose using particle swarm optimization. A melt spinner was employed to fabricate the designed alloys. 

X-ray diffraction and differential thermal analysis tests were used to evaluate the specimens.

Keywords: Fe-based bulk metallic glasses, materials design, machine learning, thermal properties
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Additive manufacturing (AM), colloquially known as three-dimensional (3D) printing, is one of emerging 

technologies to fabricate 3-dimensional complicated components compared with the traditional manufacturing 

processes like casting, plastic deformation, and machining. AM process involves repetitive spreading of 

powder and selective fusing or binding of particles in the spread layer until the entire geometry is 3D 

built up. Therefore, it is essential to understand how to optimize the manufacturing parameters for 

manufacturing metal powders like melt temperature, gas pressure, gas flow rate and aspect ratio during 

VIGA(Vacuum Induction Melt Gas Atomization) process, because the quality of final component depends 

on the powder properties such as size distribution, shape, flowability, and apparent density.

In this study, Al67-Cu33 wt.% alloy powders were prepared under various manufacturing conditions by 

controlling process parameters such as melting temperature, gas pressure, and gas flow rate during the VIGA 

process. And the prepared powder was measured for particle size distribution, aspect ratio, flowability, and 

apparent density. In addition, the properties of powders under various manufacturing conditions and the 

effects of the collected real-time data were investigated using artificial neural network analysis.

Eventually, our research will be able to reduce the manufacturing cost by improving the quality and 

optimizing the manufacturing parameters when manufacturing powders used in additive manufacturing using 

the VIGA process.

Keywords: Gas Atomization, VIGA process, Al-Cu powder, Additive manufacturing, Artificial neural 

network, Real-time data
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The reports on additive manufacturing of Al alloy powders have increased exponentially over the last 

decade, and Al powders have become the third most studied metal alloy composition for L-PBF. It is essential 

to understand how to optimize the manufacturing parameters like melt temperature, gas pressure and gas 

flow rate during VIGA(Vacuum Induction Melt Gas Atomization) process because the quality of final built 

component depends on the powder properties such as size distribution, aspect ratio, flowability and apparent 

density.

In this study, Al67-Cu33 wt.% alloy powders were prepared under various manufacturing conditions by 

controlling process parameters such as melting temperature, gas pressure, and gas flow rate during the VIGA 

process. The flowability and apparent density of fabricated Al67-Cu33 wt.% alloy powders were measured. 

The effects of various manufacturing conditions on their flowability and apparent density were investigated 

by means of linear regression model and response surface methodology. It was found that the flowability 

and apparent density of Al67-Cu33 wt.% alloy powders were optimized through the control of various 

manufacturing conditions in the VIGA manufacturing process.

Keywords: Al67-Cu33 wt.% alloy powders, additive manufacturing, Vacuum Induction Melt Gas 

Atomization Process, linear regression analysis , response surface methodology, flowability, apparent density
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Aluminum is a representative lightweight metal, and its alloy is used in various industries because it 

has high heat conductivity, abundant malleability and excellent corrosion resistance. In particular, Al-33 

wt.% Cu alloy is widely used as a representative composition in which the cooling rate during processing 

can be calculated by measuring the lamellar space of microstructure after solidification. 

By means of additive manufacture process, it is possible to produce the 3 dimensional complicate 

components without mold, its application fields have been expanding to various industries such as electrical 

and electronic fields, architecture fields, automobile industry, tissue engineering, and aerospace fields. As 

the lamination build-up method is diverse according to the additive manufacturing system, the mechanical 

properties such as hardness and strength may vary depend on the energy density of the heating source.

In this study, the mechanical properties and microstructure like surface porosity and lamellar space were 

investigated after irradiating laser beams with various energy densities into the surface of Al-33 wt.% Cu 

plates prepared by vacuum centrifugal casting. In order to estimate the effects of various laser conditions 

such as energy densities, laser power and laser scan speed on the mechanical properties and microstructure, 

the change of porosity and lamellar space were observed before and after laser melting process. The cooling 

rate was calculated by observing the microstructure of the molten part and the micro-Vickers hardness was 

measured through the Al-33 wt.% Cu plates. Furthermore, Al-33 wt.% Cu powder was manufactured using 

the vacuum induction melt gas atomization, the microstructure and hardness of the built-up samples were 

measured to investigate the effect of cooling rate on the microstructure and mechanical properties during 

direct energy deposition process.

Keywords: Al-33wt.%Cu alloy, Semi-centrifugal Casting, Vacuum Induction Melt Gas Atomization, Laser 

Melting, Lamellar structure, direct energy deposition
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The reports on additive manufacturing of Al alloy powders have increased exponentially over the last 

decade, and Al powders have become the third most studied metal alloy composition for L-PBF. It is essential 

to understand how to optimize the manufacturing parameters like melt temperature, gas pressure and gas 

flow rate during VIGA(Vacuum Induction Melt Gas Atomization) process because the quality of final built 

component depends on the powder properties such as size distribution, aspect ratio, flowability and apparent 

density.

In this study, Al67-Cu33 wt.% alloy powders were prepared under various manufacturing conditions by 

controlling process parameters such as melting temperature, gas pressure, and gas flow rate during the VIGA 

process. The particle size distribution and aspect ratio of fabricated Al67-Cu33 wt.% alloy powders were 

measured. The effects of various manufacturing conditions on their particle size distribution and aspect ratio 

were investigated by means of linear regression analysis. It was found that the powder particle size distribution 

and aspect ratio were optimized through the control of various manufacturing conditions in the VIGA 

manufacturing process.

Keywords: Al67-Cu33 wt.% alloy powders, additive manufacturing, Vacuum Induction Melt Gas 

Atomization Process, linear regression analysis, particle size distribution, aspect ratio
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The study on additive manufacturing of Al alloy powders increased exponentially over the last decade, 

and Al powders have become the third most studied metal alloy composition for L-PBF. It is essential 

to understand how to optimize the manufacturing parameters like melt temperature, gas pressure and gas 

flow rate during VIGA (Vacuum Induction Melt Gas Atomization) process for manufacturing Al powders 

because the quality of final built component depends on the powder properties such as size distribution, 

aspect ratio, flowability and apparent density.

In this study, Al-33 wt.% Cu powders were prepared under various manufacturing conditions by controlling 

process parameters such as melting temperature, gas pressure, and gas flow rate during the VIGA process. 

The particle distribution, flowability, apparent density and aspect ratio of fabricated Al-33 wt.% Cu powders 

were measured. The effects of process variables on their properties like particle distribution, flowability, 

apparent density and aspect ratio were investigated by means of response surface methodology. In the VIGA 

manufacturing process, it was possible to optimize the powder particle distribution, flowability, apparent 

density and aspect ratio through the control of process variables.

Keywords: Al-33 wt.% Cu powders, additive manufacturing, Vacuum Induction Melt Gas Atomization 

Process, Response surface methodology, particle distribution, flowability, apparent density and aspect ratio
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Fe amorphous soft magnets are the advanced materials used in industry such as parts of the motor core 

and inductor core. Fe amorphous alloys exhibit high saturation magnetization and low coercivity due to 

non-crystalline structure with high Fe contents, therefore these have been used in high frequency areas and 

these materials have been studied how to improve the soft magnetic properties such as low core loss and 

high magnetic flux density. Soft magnetic properties are fixed by elements contents and ratio by alloy design. 

In recent literatures, Fe amorphous alloy design has been carried out using empirical rules like heat of 

mixing data, atomic radius difference between additive alloys and Fe matrix atom, Miedema’s model suggested 

the relationship of heat value and calibrating amorphous forming ability. 

Unfortunately, the data of the alloys fabricated by fast cooling system were not corresponded with the 

theoretical data. Therefore, new discovery method to optimize the content of additive elements in Fe-based 

amorphous alloy has been required. Various methods such as linear regression model, response surface design 

model, artificial neural network (ANN) and deep neural network (DNN) were used to enhance the soft 

magnetic properties of Fe-based alloys.

In this study, the contents of metalloid elements in Fe-based amorphous alloys were optimized using 

the statistic models like linear regression model and response surface design model. Furthermore, artificial 

intelligence algorithms like ANN and DNN were utilized to optimize the contents of transition metal elements 

in Fe-based amorphous alloys. The Fe-Si-B-C amorphous ribbons with optimized composition were fabricated 

by rapid solidification process and their soft magnetic properties were measured by vibrating sample 

magnetometer (VSM). 

Keywords: Fe amorphous, Soft magnetic properties, Amorphous forming ability, Artificial neural network, 
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Control the mechanical properties of low-alloy steels in tempering process is important because of 

requirement of industrial fields. Several studies have investigated the relationships between the features and 

properties of materials using machine learning algorithms. Despite numerous case studies, confirmation of 

how the features affect the properties is challenging because of their black box region of machine learning 

algorithms. To address this issue, we trained four machine learning algorithms to control the hardness of 

low-alloy steels under various tempering conditions. The models were trained using the tempering temperature, 

holding time, and composition of the alloy as the inputs. The input data were drawn from a database of 

more than 1900 experimental datasets for low-alloy steels created from the relevant literature. We selected 

the random forest regression (RFR) model to analyze its mechanism and the mechanism of the input values 

using Shapley additive explanations (SHAP). The prediction accuracy of the RFR for the tempered martensite 

hardness was better than that of the empirical equation. The tempering temperature is the most important 

feature for controlling the hardness, followed by the C content, the holding time, and the Cr, Si, Mn, Mo, 

and Ni contents.

Keywords: Low-alloy steels, tempering, tempered martensite hardness, machine learning, SHAP
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Hot-dip galvanizing technology is a surface treatment method that improves the corrosion resistance of 

steel through the sacrificial protection and barrier effect by coating Zn on the Fe substrate. Therefore, it 

is widely used in automobiles, shipbuilding, and construction industry. However, when welding galvanized 

steel products, Zn with a low melting temperature tends to evaporate due to high welding heat. It causes 

welding defects as well as respiratory diseases that adversely affects the health of workers. Therefore, it 

is necessary to develop a technology to prevent Zn coating on the part to be welded. Currently, only simple 

masking methods such as duct taping or shop primer painting are widely used but those coatings are easily 

damaged by high pot temperatures of 450 ℃, resulting in Zn residues on the steel surface. In addition, 

it requires an additional removing process, which wastes time and labor. In this study, an oxide film was 

coated using a Si-Fe-Al ternary oxide compound(SFA) to prevent formation of a zinc coating on the welding 

site, and anti-galvanizing properties were evaluated according to the mixing ratio of each component. In 

the case of specimens pretreated with SFA with the optimum composition, zinc coating was effectively 

prevented, and residues were easily removed. There was less welding fume compared to the conventional 

method during arc welding, and the microstructure analysis showed that welding defects were reduced due 

to reduction of zinc vaporization.

Keywords: Hot-dip Galvanizing, Anti-Galvanizing, Weldability
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Hot-dip Zn-Mg-Al ternary alloy coated steel sheet is a high corrosion resistance product developed to 

solve the problem of Zn resource depletion and meet the market demand for high corrosion resistance. 

When Al and Mg are added, the corrosion product is suppressed from changing to zinc oxide, and the 

corrosion resistance is improved by forming a stable corrosion product through amorphous crystallization 

and grain growth. Surface treatment technology using plasma is a technology that changes the physical 

and chemical properties of the material surface by irradiating ionized radicals on the material surface. This 

process is widely used in various processes because it is effective in improving various physical properties 

such as cleaning and adhesion improvement. In this study, plasma treatment was performed on the surface 

of Zn-Mg-Al ternary alloy coated steel sheet. The supply gas was changed during operation, and the change 

in the surface properties of the coating layer according to the radical change was observed. The AFM 

measurement results showed that the surface roughness increased after plasma treatment, and surface energy 

measurement by measuring contact angles indicated that the surface energy increased as the treatment time 

increased.

Keywords: Zn-Mg-Al coatings, Plasma treatment, Surface energy
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The template-directed electrodeposition was utilized for systematical research on transport properties of 

single BixTey nanowire with controlled defects. The single-phase BixTey nanowires with highly textured 

orientation to (110) direction were galvanostatically electrodeposited in acidic nitrate baths. Mott-Schottky 

analysis was employed to determine the doping type and carrier concentration of the composition-controlled 

BixTey nanowire arrays, verifying that the nanowire arrays were p-type and their carrier concentration was 

consecutively modulated by approaching the composition to intrinsic. Electrical transport measurements on 

a single nanowire were also performed by using lithographical procedure that p-type of nanowires had the 

electrical resistivity in the range of 10-5 Ωm. Moreover, electrodeposited nanowires showed excellent FET 

mobility of 9800 cm2V-1s-1 and low carrier concentration of 1.76x1016 cm-3. The magnetoresistance (MR) 

in present of magnetic fields perpendicular and parallel to the nanowire [110] axis demonstrated that the 

dependence of the MR was parabolic at 5 K, signifying the strong anisotropic positive MR behavior of 

the nanowire.

Keywords: Bismuth telluride, Nanowires, Electrodeposition, Electrical property
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As the research on neuromorphic computing is ever increasing, diffusive memristors are attracting attention 

due to their similar dynamics with spike which is found in biological cells. Diffusive memristors have very 

interesting structure: diffusive metal dispersed in dielectric film at nanoscale. These devices are mainly 

operated by the electromigration/out-diffusion of active metal ions which present in metal-dielectric-metal 

stack. When being applied voltage in the device exceeds threshold voltage, threshold switching occurs with 

the formation of conductive filaments (CFs) composed to active metal ions in switching layer. When the 

applied voltage falls below the hold voltage, the CFs are dissolved by diffusing out of active metal ions 

spontaneously to minimize their surface energy. Most diffusive memristors use relatively heavy active metals 

such as silver and copper. However, by using lithium (Li) as active metal, it is expected to have a fast 

diffusion because of its light mass and high mobility.

In this work, Li-doped HfOx switching layer was deposited on Pt substrates as bottom electrode by 

co-sputtering of Li and HfO2 target with a sputtering power of 10 – 40 W for Li and 150 W for HfO2, 

respectively. Then the top Pt electrode was deposited on as-deposited switching layer by using a shadow 

mask by RF sputtering. The electrical properties of the device were characterized by measuring the static 

and dynamic current-voltage hysteresis using semiconductor parameter analyzer and pulse measurement 

system. Through this work, the advantages of Li as active metal for diffusive memristors were confirmed. 

Especially, faster relaxation process was investigated owing to the out-diffusion of Li ions from the CFs.

Keywords: Diffusive memristor, co-sputtering, lithium, threshold switching, out-diffusion
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Gallium nitride (GaN) has been considered as a promising material for various devices such as light 

emitting photonic devices, and high-power/high-frequency/high-temperature devices. In order to reduce 

threading dislocation density present in the overgrown GaN epilayer, the homo-epitaxy on native GaN substrate 

has been studied to realize low defect density and better vertical electrical and thermal conductivity. 

Metal/semiconductor contacts can be used to understand the nature of defects and the current transport 

mechanisms, which will provide some guidance to improve the device performance. Here, we deposited 

about 1.5 nm thick Gd2O3 on GaN substrate by atomic layer deposition and investigated the electrical properties 

using current–voltage (I–V) and capacitance–voltage (C–V) measurements. From the forward I–V 

characteristics, we observed a temperature dependence of barrier height, which were associated with 

inhomogeneous Schottky barrier. The reverse leakage current was shown to involve the thermally activated 

process, and were found that the Poole-Frenkel model with the trap energy of 0.78 eV was a dominant 

current transport mechanism. From the analysis on C–V data, very low interface state density was obtained, 

suggesting that Gd2O3 is a promising material to passivate GaN surfaces. 

Keywords: GaN, Gd2O3, inhomogeneous Schottky barrier, Poole-Frenkel
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Platinum nanoparticles synthesized using magnetron sputtering for SnO2 particles were used to fabricate 

the gas sensor for detection of the toxic gas NO2. In this study, we investigated NO2 gas sensing properties 

of pristine SnO2 and Pt-decorated SnO2 nanoparticles (NPs). In the first step, they were characterized by 

various methods to have an insight about their chemical composition, morphology, phases and crystallinity. 

In the next step, gas sensors were fabricated using electrode configuration a Pt-layer electrode. Based on 

NO2 gas sensing studies, it was revealed that Pt-decorated SnO2 gas sensor had higher gas response to 

NO2 gas at 50 – 150°C relative to pristine SnO2 gas sensor. In addition, it showed selectivity towards NO2 

gas. Enhanced response to NO2 in Pt-decorated SnO2 gas sensor was mainly related to formation of oxygen 

defects as a result of SnO2. This study demonstrates promising role of Pt for enhancement of gas sensing 

properties of SnO2. We believe that platinum is enhancing the feasibility about gas sensor.

Keywords: Tin oxide, Platinum, Gas sensor, Toxic gas
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H2S gas is one of the most toxic gases and even small amounts of high-concentration sulfide can be 

fatal to human in a short period of time. In this study, we investigated H2S gas sensing properties of pristine 

ceria and gadolinium doped ceria (GDC) nanoparticles (NPs). In the first step, they were characterized by 

various methods to have an insight about their chemical composition, morphology, phases and crystallinity. 

In the next step, gas sensors were fabricated using top-electrode configuration a bi-layer (Au/Ti) electrode. 

Based on H2S gas sensing studies, it was revealed that Gadolinium doped ceria gas sensor had higher gas 

response to H2S gas at 350°C relative to pristine ceria gas sensor. In addition, it showed selectivity towards 

H2S gas. Enhanced response to H2S in Gadolinium doped ceria gas sensor was mainly related to formation 

of oxygen defects as a result of GDC. This study demonstrates promising role of Ga for enhancement of 

gas sensing properties of CeO2, which can be applied to the similar systems.

Keywords: Ceria, Gadolinium, Gas sensor, Toxic gas
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Alleviation of material consumption by designing an ultrathin form of constituent cell layers is a 

conceptually unequivocal route to diminish the cost of solar cells. Ultrathin solar cells enable not only decrease 

in the cell cost, but also configuration of a flexible device mode from mitigation of the flexural rigidity. 

Their photovoltaic performance, however, is inevitably limited by the weak solar photon absorption associated 

with an optically thin absorber. In this regard, photonic nanostructures that are formed on high-index cell 

surfaces are of considerable interest as they can provide a route to maintain the superior absorption properties 

even at limited cell thicknesses by the photon trapping behavior. Here, we study efficient nanostructures 

of silicon solar cells through the 3-dimensional numerical modeling based on the finite-difference time-domain 

method. Optimized nanopost arrays on both front and rear surfaces can effectively augment the photon 

absorption by anti-reflection and anti-transmission, thereby enhancing the photocurrent of below 5 μm-thick 

Si solar cells.

Keywords: finite-difference time-domain, ultrathin silicon solar cells, photonic nanostructures, light 

trapping
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Phase change memory (PCM) is one of the strong candidates for next-generation memory and 

neuromorphic computing hardware because of its outstanding properties such as scalability and nonvolatility. 

PCM stores data with a large difference in resistance between crystalline and amorphous structure of phase 

change materials. However, conventional PCM has some issues to overcome, such as high reset current 

and asymmetric set/reset operation parameters. Poor adhesion between the phase change materials and SiO2 

inter-layer dielectric (ILD) may also cause reliability issues during memory operation as well as the fabrication 

process.

We observed the significant reduction of reset current by inserting the HfO2 interfacial layer (IL) between 

GeTe and TiN heater materials. 2-nm-thick HfO2 and SnS layer was deposited with atomic layer deposition 

(ALD) on the bottom electrode surrounded by SiO2 ILD, and then 20-nm-thick GeTe phase change layer 

was deposited thereon with ALD. Then, TiN blanket was deposited by sputtering on photolithographically 

defined pattern and conventional lift-off process was proceeded to define the top electrode. PCM device 

without IL and PCM device with SnS IL showed abrupt set and reset switching with high voltage, meanwhile 

PCM with HfO2 IL showed more gradual transition with reduced power. To understand the electrical properties 

of PCM with IL, electrothermal simulation was conducted. Formation of conducting filament (CF) was 

essential to explain the efficient thermal insulation and Joule heating effect. 

Keywords: Phase change memory, interfacial layer, atomic layer deposition, conducting filament, thermal 

insulation, Joule heating
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Dimension of copper (Cu) interconnect in back-end of line (BEOL) has continuously shrunk accompanying 

with device scaling in the semiconductor industry. However, the reduced dimension of the Cu interconnects 

results in dramatic increase in electrical resistance due to severe resistivity size effect of Cu film in spite 

of a low bulk resistivity (1.68 μΩ⋅cm). This resistivity size effect of the Cu film is attributed to surface 

scattering and grain boundary scattering, which originates from relatively long electron mean free path (EMFP; 

39.9 nm) of the Cu compared to extremely scaled dimension of local interconnect [1]. In addition, reliability 

issues such as electromigration and stress migration make the use of Cu more difficult. In this regard, 

development of alternative interconnect material replacing Cu has been demanded. Among them, ruthenium 

(Ru) is regarded as a promising candidate because it is not only refractory and low-resistivity (7.8 μΩ⋅cm) 

metal but also has a short EMFP (6.6 nm) which can alleviate the sharp increase in film resistivity by 

size effect [2]. 

In this study, Ru film was deposited using atomic layer deposition (ALD) technique which is suitable 

for the fabrication of three-dimensional structure. ALD-Ru films were grown on SiO2 substrate using a 

sequentially supply of Ru precursor and oxygen as a reactant. Ru ALD process showed a high growth 

rate of 0.89−1.44 Å/cycle at 240−300 ℃, and film resistivity as low as 16 μΩ⋅cm was obtained at 

300 ℃. The crystallographic, morphological and chemical properties of Ru films were investigated by XRD, 

AFM and XPS. Finally, the change in film resistivity depending on the ALD and PDA temperatures was 

elucidated based on the impurity scattering, Fuchs-Sondheimer surface scattering and Mayadas-Shaztkes grain 

boundary scattering models. 

Keywords: Ruthenium, atomic layer deposition, resistivity, interconnect, size effect
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Wearable and flexible devices are attracting attention in these days and various researches have been 

reported as next-generation displays and electronics. To actualize wearable and flexible devices, flexible 

encapsulation materials and techniques should be developed simultaneously. Encapsulation is an essential 

technique to protect the devices from the oxidation caused by water and oxygen penetration and mechanical 

impact externally, leading to prolong the lifetime of the devices. The most popular encapsulation technique 

is to use glass lid with epoxy resin. It is the most effective for prevention of moisture penetration, but 

it makes the size of devices to increase and epoxy sealing can be shown as penetration path of oxygen 

and moisture. Most of all, it cannot be applicable to flexible, wearable, and stretchable devices since glass 

lid can be broken easily when folding or stretching. Metallic glass has disordered structure that behave 

mechanically like solids but show catastrophic failure due to short range order structure, and they are generally 

produced by quenching. Recently, it is observed that the slower cooling rate provides the larger time available 

for atoms to rearrange structure before freezing in glassy state, leading to glass transition temperature and 

thermal stability. These glasses with enhanced glass transition temperature synthesized by controlled cooling 

rate make it useful for various technologies such as wear or oxidation protection material. In this research, 

we developed ultra-stable metallic glass thin film for flexible encapsulation materials by physical vapor 

deposition process at ambient temperature. The novel encapsulation thin film was manufactured by adding 

Ti element to binary metallic glass thin film for improving mechanical properties and corrosion resistance. 

Mechanical properties and thermal stability of binary and ternary thin films were investigated using in-situ 

tensile testing and corrosion tests under 85 °C in 85% relative humidity condition. 

Keywords: Flexibility, sputtering, thermal stability, metallic glass thin film, encapsulation

SP60



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 249 -

Fabrication of Porous Silica Fibers by Electrospinning for 

Super Adsorbent of Oils

Young-Sang Cho1*, So-hyeon Sung1, Hoai Han Nguyen1, 

Thi Thu Hien Nguyen1, and Young Seok Kim2*

1Department of Chemical Engineering and Biotechnology, Korea Polytechnic University, 

Siheung-si, Republic of Korea
 2Display Components & Materials Research Center, Korea Electronics Technology Institute, 

Seongnam-si, Republic of Korea

*Corresponding author: yscho78@kpu.ac.kr, vis4freedom@keti.re.kr

Removal of spilled oil from aqueous medium is important issue to protect biosphere including human 

being. Development of oil adsorbents composed of suitable material like silica has been carried out as 

promising research, because silica is one of main component in earth’s crust. Thus, silica can be considered 

as safe and non-toxic candidate to prepare nano-structured material for useful applications. In this study, 

we fabricated porous silica fibers by electrospinning for adsorption of oil as potential application of oil 

adsorbent.

From tetraethylorthosilicate (TEOS) as starting material, spinning solution was prepared by adding PS 

nanospheres synthesized by emulsion polymerization to form macropores. After electrospinning under high 

voltage and heat treatment at 500 °C, surface modification was carried out to fabricate hydrophobic silica 

fibers for oil adsorption. Figure 1(a) contains SEM image of silica fibers having spherical macropores. 

After fabrication of the porous fibers, surface modification was performed using trichloromethylsilane 

(TCMS), and the existence of methyl groups on the fibers was confirmed by FT-IR spectrometer, as shown 

in Figure 1(b). 

Figure 1. (a) SEM image of macroporous silica fibers, (b) FT-IR spectrum of microporous silica before 

and after treatment using TCMS, (c) Change of amount of adsorbed silicone oil as a function of the 

amount of TCMS during surface modification of the porous silica fibers.
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Because void space between silica fibers as well as numerous macropores in each fiber provides sufficient 

space to capture oil, adsorbed amount of oil by unit mass of microporous silica fibers was measured as 

large value compared to that of microporous silica microspheres. As displayed in Figure 1(c), oil adsorption 

capacity of the porous silica fibers increased with increasing value of TCMS, indicating that modification 

of surface hydroxyl groups in the fibers is important for adsorption of oil. 

Keywords: Electrospinning, Porous silica fibers, Oil adsorption
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The continued increase in semiconductor device sophistication require cleaner components throughout 

process gas delivery systems. Therefore, it is important to develop gas filters that are used to manufacture 

semiconductors. Gas filters of commonly used polymer, ceramic materials have a low range of availability 

and are difficult to handle. Recently, it is intended to manufacture a gas filter having double pore structure 

that exhibits excellent filtration performance due to its coarse pore layer and microporous layer using metal 

powder that is easy to manufacture, high temperature, and corrosion resistant. In this study, a double pore 

structure was fabricated by coating on a pre-sintered 316L stainless steel support tube (Φ30 mm x 70 

mm) with metal powder having a flake shape using the WPS (wet powder spraying) process. In the WPS 

process, slurry composed of metal powder, solvent, and binder is sprayed onto the surface of a porous 

support tube with a single pore structure. And then, it is possible to manufacture a tubular metal porous 

body having a double pore structure of fine + coarse pores through drying and sinter processes. A slurry 

used in this study was prepared by mixing powder, ethanol, and MC in an appropriate ratio. The process 

variables include powder characteristics, support size, tube rotation speed, coating times, etc. In this study, 

characteristics according to coating time and tube rotation speed were analyzed. The thickness of the 

manufactured gas filter having double pore structure was checked through OM and porosity was measured 

using the Image analysis program using OM photographs. In addition, air permeability measurements 

confirmed the pore characteristics of the double pore structure. In the WPS process, the optimal rotation 

speed of the support tube is 200 rpm. Gas filter having double pore structure with coating time increased 

coating thickness and coating amount as coating time increased, and porosity also increased. 

Keywords: metal gas filter, double pore structure, WPS (Wet Powder Spraying), coating thickness, 
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The continued increase in semiconductor device sophistication require cleaner components throughout 

process gas delivery systems. Metal gas filters apply to remove particulate contamination with no other 

effect on the inlet gas purity. The metal gas filter is mainly manufactured in a disk shape or a cylinder 

shape. In order to maintain high purity gas purity, it is necessary to develop various types of filters having 

excellent air permeability characteristics and particle filtration performance. Recently, the 3D printing process 

is being developed as a process for manufacturing complex-shaped structures. In this study, metal powder 

filters of various shapes are manufactured using the metal extrusion additive manufacturing (MEAM) process, 

which is one of the 3D printing processes and the pore characteristics are controlled by the size of the 

metal powder in the filament. The MEAM process is a process similar to the metal powder injection molding 

process, and it is a process of manufacturing a three-dimensional structure by extruding a filament 

manufactured using a metal powder and a binder. Firstly, filaments were prepared by appropriately mixing 

SUS316 powder with a size of 8㎛ to 100㎛ and a binder composed of PW, SA, PE, and EVA. These 

filaments are extruded at a temperature of 100℃ to 160℃ depending on the type of filament manufactured 

and form four types of cylindrical filters such as normal-wheel type, zigzag-wheel type, straight-sawtooth 

type and screw-sawtooth type. Specimens are subjected to solvent-debinding in hexane for 24hr to get rid 

of PW and SA and thermal-debinding in Ar atmosphere furnace at 800 ℃ for 1 hour to remove PE, EVA 

and residual binder. Then, a sintering process is performed in a high vacuum atmosphere furnace at 850℃ 

to 1050℃ for 1 hour. The specimens were analyzed for permeability by a capillary flow porometer, porosity 

was obtained by applying Archimedes' law and microstructure was observed using SEM.

Keywords: Gas Filter, Additive manufacturing, Stainless steel, Porosity, Powder size.
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In recent days, demand for power modules have increased drastically due to the development of electrical 

vehicles and hybrid electrical vehicles. Power semiconductors such as SiC or GaN are suitable materials 

for power modules because they have three times the energy band gap than conventional Si semiconductors 

and have high breakdown voltage. However, Sn-based solder joint between power modules and Cu circuit 

could re-melt as the operating temperature of modules increase. The re-melting problem cause deterioration 

in mechanical properties and cause short-circuit near the circuits. Transient liquid phase (TLP) bonding 

has been spotlighted for interconnecting method of power modules. TLP bonding formed full intermetallic 

compounds (IMCs) which have good properties with high heat resistance and corrosion resistance at the 

interconnection. 

We studied the TLP Cu–Cu bonding with porous Cu to form the stable joint under a high temperature. 

The porous Cu contributed to the fast formation of IMCs by promoting diffusion and inter-reaction between 

Cu and Sn. The porous Cu with 70~80% porosity and two Sn sheets with 100 μm thickness were used 

for the bonding materials. The Cu–Cu bonding was conducted at 280 ℃ for the various bonding time (10, 

20, and 30 min) with the bonding pressure of 0.5 MPa under the vacuum condition. The field emission 

scanning electron microscopy was used to investigate the cross-sectional microstructures of the TLP joints. 

There were porous Cu and Cu–Sn IMCs (Cu6Sn5 and Cu3Sn) without the residual Sn at the TLP joint after 

the bonding time of 30 min. The high temperature storage test (HTST) was performed to evaluate the high 

heat resistance at 150 ℃ for 300 h, 500 h, and 1000 h. Further, the die shear test was conducted to estimate 

the bonding strength of the TLP joints. TLP joints indicated the stable joints without drastic change of 

microstructures as the HTST time increased. The bonding strength of TLP joints with porous Cu was up 

to 52 MPa as the bonding process and was 45 MPa after 1000 h at 150 ℃.

Keywords: Transient liquid phase bonding, Intermetallic compound, Porous Cu, Bonding strength
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Silica aerogel is a highly porous material with pore diameters between 10 nm and 100 nm. With a 

porosity of 75∼99% and nanometer pore size, aerogels are highly insulating materials with a thermal 

conductivity lower than that of air. However, due to several key limitations, only bulk silica aerogels have 

been used in practical applications. Also, it is very difficult to fabricate bulk aerogels as transparent as 

pure silica glasses using either a supercritical drying or an ambient pressure drying process. To date, silica 

aerogels have been manufactured using the supercritical drying method. Supercritical aerogel processing 

is very energy intensive and often dangerous. Furthermore, metal alkoxides such as TMOS or TEOS, which 

are used as precursors, are toxic. The present work introduces a new process, called ambient pressure drying, 

for the synthesis of aerogels. A window coated with silica aerogel film, which is more transparent than 

a monolith aerogel, can be used in many applications in transparent super insulation materials. Two notable 

methods to fabricate insulating systems are (1) placing the aerogel between two layers of glass and (2) 

applying gas and granular silica aerogel in a double skin sheet [5]. The silica aerogel thin film has three 

times greater thermal conductivity than double-layered glass filled with argon. In this study, a silica aerogel 

thin film was prepared from an inexpensive water glass (sodium silicate) solution using an ambient pressure 

drying process. A wet gel film obtained by dip coating was prepared by solvent exchange and surface 

modification, similar to the aerogel monolith. The optical and physical properties of the aerogel thin films 

were also investigated. A nano structured silica aerogel thin film was manufactured from inexpensive sodium 

silicate (water glass) using an ambient pressure drying method. High purity silicic sol was prepared by 

passing a water glass solution through an ion exchange resin, and the gel films were prepared on a modified 

glass via dip coating. The dip coating conditions, such as coating time and solvent, were optimized. The 

optical and physical properties of the obtained silica aerogel thin film were characterized using a UV-visable 

spectrometer and a scanning electron microscope.

Keywords: Silica aerogel, porous, hydrophobic surface, water glass, thin film
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Thus far, porous particles synthesized in laboratory-scale experiments have been employed in slurry-type 

batch catalytic reactors or adsorbers for removal of organic dyes, toxic chemicals like phenols, or polymeric 

materials dissolved in aqueous medium, because batch-mode slurry-type experiments can be carried out 

conveniently. Significant experimental set-ups for continuous mode operation have been also carried out 

using fluidized bed or tubular packed bed reactors. However, such researches are mainly limited to gas-phase 

reactions for removal of VOCs or NOx gases. Thus, it is still important to develop continuous reaction 

system using tubular reactors packed with porous catalytic materials or adsorbent particles for purification 

of wastewater. In this presentation, the results on removal of organic contaminant in aqueous medium will 

be introduced by focusing on tubular system for photocatalytic reaction or adsorption containing porous 

particles. For adsorption or decomposition of model contaminant, methylene blue, porous silica or titania 

particles were packed inside the tubular system, respectively. The packed particles were synthesized using 

emulsion droplets as micro-reactors from liquid precursors for SiO2 or TiO2. Continuous operation was carried 

out by feeding the wastewater to the reactor at constant flow rate, while outlet stream was collected for 

Figure 1. Schematic figure of the synthesis of porous silica particles from emulsion droplets without 

(a) or with (b) PS nanospheres as sacrificial templates. (c) Schematic figure for wastewater treatment 

system using continuous tubular reactor packed with porous particles with or without photocatalytic activity.
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measurement of the organic dye using UV-visible spectrometer. Recycle of the packed adsorbent or catalytic 

particles was also tested by repeated uses of the particles for several cycles. The removal efficiency was 

maintained for a few cycles, implying that industrial application of the tubular reactor system is possible, 

if successful scale-up can be studied.

Synthesis mechanism of porous micro-particles are presented schematically in Figure 1a and 1b for particles 

without or with macropores, respectively. When PS nano-spheres were not used as templating material, 

gelation of silicic acid inside shrinking emulsion droplets resulted in formation of surface-wrinkled silica 

particles, as dis-played schematically in Figure 1a. When PS nanospheres were included inside emul-sion 

droplets, composite particles formed after heating the droplets were calcined to fabricate macroporous silica 

particles, as shown in Figure 1b. In this case, tetraethy-lorthosilicate (TEOS) or silicic acid can be adopted 

as silica precursor, whereas the same strategy can be applied to synthesize microporous titania micro-particles 

using titanium diisopropoxide bisacetylacetonate (TDIP) as titania source.

Keywords: porous particles, photocatalytic decomposition, adsorption, tubular reactor, packed bed reactor
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Nd-Fe-B permanent magnets are used in various industry, from motors of small home appliances to 

those power tools and automobiles. In particular, the demand for them is sharply increasing due to the 

recent development of the hybrid/electric vehicle industry and the wind power industry. However, Because 

the supply-demand imbalance problem causes by the scarcity of rare earth elements such as Nd and Dy, 

it is necessary to secure the stable supply of Nd and Dy. To solve the problem, various studies were proceeded 

to extract rare earth elements from waste Nd-Fe-B permanent magnets. Among them, Liquid Metal Extraction 

(LME) process selectively extracted rare earth elements (Nd, Dy etc.) by reacting waste Nd-Fe-B permanent 

magnets with Magnesium (Mg). In previous studies, it was reported that the lower oxygen concentration 

of the waste Nd-Fe-B permanent magnets, the better extraction efficiency of rare earth elements. 

In this study, Extraction effect of rare earth elements from waste Nd-Fe-B permanent magnets was 

discussed by correlation of oxygen content with Hydrogenation-Disproportionation (HD). Prior to the Liquid 

Metal Extraction (LME), Nd-Fe-B powders were manufactured by using a cutting mill under Ar atmosphere. 

And then, Hydrogenation-Disproportionation (HD) was carried out under 4kPa of H2 atmosphere at 1073K. 

The microstructure of Nd-Fe-B powder was analyzed by Scanning Electron Microscope (SEM). Liquid Metal 

Extraction (LME) was carried out ratio of 1(Nd-Fe-B powder):2(Mg) under Ar atmosphere at 1093K over 

3h. Extraction of rare earth elements was confirmed by X-ray fluorescence analyzer (XRF) and calculation 

formula. As a result of Liquid Metal Extraction (LME), Extraction of rare earth elements was increased 

according to increasing Hydrogenation-Disproportionation (HD) process time.

Keywords: Recycling, Nd-Fe-B, Hydrogenation-Disproportionation, Liquid Metal Extraction
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The spent nickel metal hydride (NiMH) batteries contain about 11% of rare earths, which are mainly 

composed of Ce, La, Pr, and Nd. In the previous study, the authors conducted a study to separate and 

recover rare earths from spent NiMH batteries [1-2]. However, the recovered powder is a complex in which 

NaREE(SO4)2⋅H2O (REE: Ce, La, Pr, and Nd). Since this is difficult to use industrially, it is necessary 

to separate rare earth element. In this study, to separate cerium from rare earth composite powder, it was 

converted to rare earth hydroxides by ion substitution using NaOH solution. It was then converted to Ce3+ 

to Ce4+ in the oxidation reaction to separate the cerium by using a difference by a rare earth element solubility. 

An experiment was carried out under various conditions to investigate the separation and recovery of the 

Ce corresponding to the type of the solvent (sulfuric acid, hydrochloric acid) in the process. The recovery 

rate and purity of the recovered cerium powder were 97% and 56%, respectively, under the conditions 

using sulfuric acid, and 98% and 72% when hydrochloric acid was used.

  

Fig. 1. Rare earth element leaching rate according to pH of rare earth hydroxide powder after oxidation 

process.(A: Sulfuric acid solvent, B: Hydrochloric acid solvent)
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Electroless plating is used in various fields and is also used to form a core-shell structure of magnetic 

particles. Among them, if the element-selective galvanic displacement reaction, which is a modified method 

of the galvanic displacement reaction, is used, it is possible to remove a specific phase and recycle a specific 

element included in the removed phase to use it as a plating source. Magnetic particle core-shell plating 

using this method has never been reported, so we will introduce it in this study. The Nd2Fe17 phase generated 

as a by-product during NdFeB magnetic powder synthesis was selectively removed, and the removed Fe 

was recycled and used as a plating source to plate FeCo on Nd2Fe14B. Through XRD analysis, the Nd2Fe14B 

and FeCo peak intensity ratio by analyzing the reaction kinetics, we proceeded to examine the reaction 

kinetics. The experiment was conducted with temperature, time, pH, and Co concentration as variables, and 

by observing the change in the reaction rate according to each variable, it was compared with the theoretical 

equation for the reaction rate, and the damage to Nd2Fe14B that may be caused by the reaction was minimized. 

The condition with the highest plating speed was set as the optimal experimental condition

Keywords: Galvanic displacement, Electroless plating, Core-shell structure, Magnetic powder, 

Element-selective reaction
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Hunter process has the advantage of simple reaction process, experiment method, and device types, but 

has the disadvantage of being expensive overall. In this study, we selected NaCl as a diluent with good 

heat absorption property and cheap price compared to KF and KCl, which are diluents for commercial Hunter 

process. And in order to decrease the process temperature below 850℃, the amount of diluent was selected 

through thermodynamic calculation using the KF, TaF5 and NaCl database of FactSage Software. The process 

was performed at the temperature range between 690~800℃ where K2TaF7 and NaCl were melted, and 

1.222 ~ 26.027 mol of the diluent NaCl were added according to the thermodynamic calculation for each 

temperature. After the process, the characteristics of the prepared Ta metal powder were analyzed according 

to the amount of NaCl added at each temperature. As a result, in optimized process condition, it was confirmed 

that Ta metal powder had a recovery rate of up to 98%, single phase of Ta, an oxygen content of 447 

ppm, and a D50 size of 6.215 μm, and a tantalum powder with a purity of 99.99% was prepared.

Keywords: Tantalum, Hunter process, Potassium heptafluorotantalate, Diluent, Reduction temperature
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Recycling and reuse of industrial waste and by-products are subjects of great importance today in any 

sector and more so in automobile and air-flight technology. Aluminum alloys are second only to steels 

in use as structural metals. Scraps generated in industry are found to be toxic and hazardous waste for 

the environment, hence recycling or handling of this waste is very crucial. The scrap is mainly composed 

of aluminum, thus salt process is employed to recycle aluminum from the scrap.

In this study, the process of making aluminum alloy material for automobiles is investigated by using 

scrap generated during the production process of aluminum cans through sorting. When the scraps of the 

aluminum cans are collected, they are sorted by material and heat treated to remove the polymer coating 

layer on the scrap surface. In the refining process, impurity and gas removal, etc., are confirmed according 

to the flux and GBF conditions. The result of melting behavior with flux showed that the flux components 

with the highest recovery ratio of aluminum was NaCl-KCl 70 wt.%/MgCl2 30 wt.%. It is considered that 

the MgCl2 prevents the oxidation of magnesium in the aluminum scrap during the melting process.

Keywords: Aluminum can scrap, Refining, Recovery, Flux, Aluminum alloy.
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Since 1990, there has been a massive increase in the production of electric and electronic equipment; 

approximately 51 million tons of e-wastes were generated worldwide in 2020. The manufacture of PDB 

(Printed Circuit Boards) often releases a huge amount of sludge, which contains copper, while the rates 

of recycling are still quite low. Considering the depletion of resources for metal extraction, it is necessary 

to optimize the recovery process for metals and valuable products. This study investigated the recovery 

behavior of valuable metals from PCB waste sludge in the Al2O3-SiO2-CaO slag systems by reduction smelting 

process. The phases and composition of sludge were identified by X-ray diffraction and SEM-EDX, The 

reduction behavior of valuable metals in the Al2O3-SiO2-CaO slag system was investigated by using the 

thermodynamic phase equilibrium modeling. The chemical compositions of valuable metals obtained after 

arc smelting were analyzed by ICP-AES. The recovery rate of valuable metal in slag was increased with 

the increase in slag basicity.

Keywords: Printed Circuit Boards, Pyrometallurgy, Al2O3-SiO2-CaO, Recovery, Thermodynamic
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In this study the recovery behavior of valuable metals from the spent LIBs (lithium-ion batteries) cell 

powder was investigated based on Al2O3-SiO2-CaO-Fe2O3 slag system by high temperature reduction smelting 

process. The cell powders were calcined at 800 °C for 60 min in air for the pre-treatment to remove the 

excess organic carbon which affects the recovery behavior of valuable metals due to the generation of excess 

CO and CO2. In the based on the Al2O3-SiO2-CaO-Fe2O3 slag system, the valuable metals were recovered 

93.9 wt.% after calcination at 1,250 ℃ for 30 min. The analyzed results from the recovery metals indicated 

that Fe2O3 and Al2O3 acted as basic oxides to depolymerize SiO3 and AlO4, when the Fe2O3 was added 

more than 20 wt.% in the slag system. As a result of thermal analysis according to the Fe2O3 content, 

the melting point of slag was low in the composition with 20 to 30 wt.% Fe2O3.

Keywords: Pyrometallurgy, Spent LIB, Al2O3-SiO2-CaO-Fe2O3, Recovery, Thermodynamic
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Molybdenum (Mo) oxides such as MoO3 and MoO2 have the wide industrial applications such as the 

gas sensors, supercapacitors, and lithium-ion batteries due to their good chemical and electrical properties. 

Mo oxides are synthesized to a variety of morphologies including spherical, flower-like, sheet, and rod shape. 

Especially, spherical Mo oxide with a porous structure has a relatively good gas detecting ability due to 

its large specific surface area, so it is suitable for a gas sensor. In general, various methods are used to 

prepare Mo oxides such as the hydrothermal synthesis, sol-gel process, solution combustion synthesis (SCS), 

and ultrasonic spray pyrolysis (USP) process. Among them, USP has the advantages of being simple, fast, 

continuous, and cost-effective, unlike other methods. In this method, the precursor contained solution is 

vibrated by ultrasonic waves to form droplets, which are thermally decomposed in a chamber to synthesize 

spherical particles. Therefore, the USP method is a suitable way for synthesizing a spherical porous structure 

by appropriately controlling the process conditions, since the particles are synthesized from the droplets 

generated during the process. 

In this study, Mo oxide was synthesized by the USP method using the precursor ammonium heptamolybdate 

tetrahydrate (AHM) and polymer such as polyvinylpyrrolidone (PVP) and polyacrylic acid (PAA). The use 

of polymer in this process plays an important role in forming pores on the particle surface. And it is suggested 

that the polymer acts as the reducing agent since carbon monoxide generated by the decomposition of the 

polymer changes the phase of Mo oxide. During the USP process, while the sprayed droplets pass through 

the thermal reactor by the carrier gas, the solvent vaporizes and causes agglomeration between AHM and 

polymer. In this agglomerate, Mo oxide is synthesized from AHM and the morphology of Mo oxide becomes 

the porous structure due to the decomposition of the polymer having a relatively low decomposition 

temperature. Mo oxide particles were synthesized through this process and controlled by the type of polymer 

and its concentrations. The effect of each condition on the properties of Mo oxide particles was investigated 

by various analysis. The phase of the ultrasonic spray pyrolyzed Mo oxide particles were confirmed by 

X-ray diffraction (XRD), and its morphologies were characterized using field emission scanning electron 

microscopy (FE-SEM) analysis.

Keywords: Molybdenum oxide, Ultrasonic spray pyrolysis, Porous particles, Sphere, Plate
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In this study, an electrolytic polishing process was conducted to improve the surface roughness of the 

inner wall for high-clean stainless-steel tubes. Current-voltage monitoring of the rectifier was performed 

at a rate of 0.1 V/s for each passivation region, electrolyte temperature and flow condition, and based on 

this, the surface roughness before and after electrolytic polishing for each process condition was compared. 

Based on the monitoring results, etching, polishing, and pitting were checked for each passivation section 

of the current under constant voltage, and it was confirmed that the current increased and the surface roughness 

was stabilized as the temperature and flow rate of the electrolyte increased. It was confirmed that the polishing 

effect was very low under the condition of high surface roughness of the inner wall surface before polishing. 

On a rough surface, the change in the amount of current is high, and the flow of the electrolyte is also 

affected, so that the bubbles generated during polishing cannot easily escape from the large irregularities, 

and the time it stays on the surface becomes longer, resulting in pitting.

Keywords: Surface roughness, stainless-steel tube, electropolishing, I-V curve, electrolyte
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In the semiconductor manufacturing process, stainless steel pipes and tubes are used as transport pipes 

for high-purity gases and chemicals. these pipes and tubes do not have impurities on the surface and require 

high purity and high quality and for this purpose, an electropolishing process is required. Oxygen gas formed 

during electropolishing moves to the electrolyte along the surface of the oxide layer to remove the surface 

portion of the oxide layer and promotes preferential dissolution of the surface protrusions. However, a large 

amount of oxygen gas will turn into bubbles and form the pit on the metal surface, which adversely affects 

the product. The amount of bubbles generated is expected to depend on the circulation rate of the electrolyte. 

In this study, electropolishing of stainless 316L tube was performed by controlling the circulation rate of 

the electrolyte. During electropolishing, the current density was 0.24A/cm2, the temperature was fixed at 

50℃, and the flow rates of the electrolyte were 0.5 ~ 3.5L/min. As a result of image analysis and surface 

roughness measurement of the inner surface after electropolishing, it was confirmed that the surface roughness 

was significantly improved when the electrolyte flow rate was 2.5L/min or more, and relatively good surface 

roughness was confirmed.

Keywords: STS 316L, Electropolishing, Surface Roughness, Electrolyte, Flow rate
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The AAO template is a porous metal oxide by an electrochemical method using aluminum metal. Porous 

characteristics can be used in 1D nanomaterials synthesis such as nanowire, nanotube, nanorods and 3D 

interconnected nanostructures. These structures have applications in many fields’ semiconductor, gas sensing, 

catalysis and thermoelectricity. Particularly, AAO template was frequently occur micro-cracks due to 

amorphous structure with low hardness in semiconductor process. Therefore, AAO template require fabricate 

with superior hardness and structural stability without micro-crack.

In this study, we fabricated AAO template by controlling anion-contaminated Al2O3 impurity and structure 

(eg., pore size and thickness) in anodizing process. Anodizing reactions were carried out at under 20°C 

to reduce the growth rate and impurity production. Then, heat treat at 1300℃ for amorphous to α-Al2O3 

phase. The heat treated AAO template was increased Vickers hardness about 3 times compared to the 

amorphous phase AAO template and increased structural stability without heat treatment. These α-Al2O3 

phase AAO template has potential for used in semiconductor processes in plasma and acid environments 

and multi-layer ceramic of probe cards.

Keywords: AAO template, Hardness, Heat treatment, α-Al2O3, Impurity
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As the use of chemical energy is rapidly increasing, the use of eco-friendly energy that does not pollute 

the environment is required. Among eco-friendly energy, fuel cell is an environmentally power generation 

method because there is no combustion process and the final product is water, not carbon dioxide. Among 

them, platinum catalysts are used in both the cathode and anode materials of fuel cells. However, as the 

usage of platinum increases, the price also rises, making it difficult to commercialize fuel cells. When platinum 

is supported on a highly conductive support, catalytic properties are improved and high efficiency can be 

obtained even with a small amount, which is emerging as a new catalyst treatment process.

Zeolitic Imidazole Framework (ZIF-8) is a type of metal organic framework (MOF) and is manufactured 

by mixing zinc nitrate and 2-methylimidazole. It usually has the shape of a rhombic dodecahedron and 

can be transformed into a cubic or truncated rhombic dodecahedron. ZIF-8 is a porous structure with 

micropores, and based on this structure, it is possible to implement catalytic properties by supporting transition 

metals.

In this study, a platinum catalyst was prepared in the direction of calcining after supporting platinum 

on carbon-based ZIF-8 with high conductivity. We performed microstructural and electrochemical analyzes 

that depended on the amount of platinum supported. The electrochemical properties of the platinum catalyst 

prepared this time confirmed the improved current density compared to the existing platinum catalyst. From 

the BET measurement results, it was confirmed that most of the micropores were changed to mesopores 

as platinum influenced the shape of ZIF-8 according to the concentration. In addition, it was confirmed 

that platinum nanoparticles were supported on ZIF-8 through transmission electron microscopy (TEM) analysis 

method.

Keywords: ZIF-8, Pt catalyst, High conductivity, Mesoporous Carbon, Electrochemical catalyst
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In hybrid electric vehicle industries, the demand for high-efficiency magnetic motors has been drastically 

increasing to meet requirements including miniaturization, weight lightening, and high efficiency of the 

product. Generally, neodymium-iron-boron (Nd-Fe-B; Nd2Fe14B is the main crystal phase) having the greatest 

magnetic performance has been commonly adopted as a main component of the magnetic motor. The 

conventional method for Nd2Fe14B preparation is based on top-down approaches (e.g., melt-spinning, 

mechanical alloying, and HDDR). But too high temperatures at about 1000oC for facilitating the metal alloying 

lead to the micron-scale product (far from the single domain size, 250 nm). The highest intrinsic coercivity 

could be achieved at single domain size. Besides, the micron-scale product with a broad size distribution 

of its grains causes somewhat less magnetic performance, especially in terms of intrinsic coercivity.

Considering that, introducing bottom-up approaches (e.g., sol-gel process, microwave-assisted combustion, 

and self-combustion) that are based on a chemical reaction at the molecular level would be a great solution, 

that enabling to synthesize a uniform particle with nano regime. Among those methods, self-combustion 

process allows to produce nanoparticles on a large-scale in a short process time. Since there have been 

no studies on the preparation of Nd2Fe14B nanoparticles via the self-combustion process, we attempted to 

synthesize the magnetic nanopowder through that chemical synthetic method for the first time. In this study, 

glycine and each metal precursor (i.e., Nd nitrates, Fe nitrates, and boric acid) were used as starting materials 

for a self-combustion reaction to synthesize metallic oxides. The oxide particles went through a series of 

Figure 1. (a) Photographs of the process of self-combustion within 5 seconds. 

(b) FE-SEM micrographs of as-rinsed Nd-Fe-B nanopowder.
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annealing processes including calcination, H2 reduction, and calciothermic reduction, followed by a reduction 

to intermetallic Nd2Fe14B.

To investigate the effect of calciothermic reduction temperature on the magnetic properties of the 

nanomagnet, we conducted the reduction-diffusion process with different temperatures, 750, 800, 850, and 

900oC, respectively. Compared to the magnetic properties of Nd2Fe14B nanoparticles prepared through the 

other chemical processes (e.g., USP-HR process, polymerized-complex method, and co-precipitation), our 

Nd2Fe14B showed the highest magnetic properties (e.g., larger intrinsic coercivity) resulting from single phase.

Keywords: Nd-Fe-B, Self-combustion, Magnetic properties, Nanoparticle, Bottom-up method.
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Since Low-carbon, Green Growth policy has accelerated, the demands for both high-performance electric 

vehicles and those essential components (i.e., permanent magnetic motor) have been expanding. Recently, 

there have been many studies on SmFeN magnetic material as the next generation of permanent magnets, 

far beyond the magnetic performance of NdFeB magnet.

Generally, SmFeN can be prepared by top-down pulverization method. However, this approach easily 

leads to the micron product with inhomogeneous chemical composition, surface defect, and broad size 

distribution, resulting in deteriorated magnetic properties. According to a single-domain theory, the highest 

magnetic properties (i.e., intrinsic coercivity) in SmFeN could be attained at submicron scale (i.e., 300-400 

nm) of the particle diameter.

With this regard, a self-combustion process, one of the bottom-up approaches, would be considered as 

an appropriate method to synthesize nanoparticles. By simply mixing metal precursors (e.g., Sm- and Fe 

nitrates) and glycine in distilled water and then annealing at above 120 oC, a vigorous ignition occurred 

within a couple of seconds followed by the formation of uniform, and ultrafine SmFe oxide nanoparticles. 

Through a calciothermic reduction and subsequent nitridation, we can obtain SmFeN nanoparticles. However, 

to the best of our knowledge, there has been a lack of experimental studies on SmFeN particle synthesis 

by using the self-combustion process. Thus, we believe that optimizing process conditions of the 

self-combustion for SmFeN nanoparticles preparation will be a meaningful, and significant study.

In this study, the single-phase SmFeN (generally Sm2Fe17N3) magnetic nanoparticles were successfully 

synthesized through self-combustion and subsequent reduction-diffusion processes. The phase and crystal 

structure of the particles were characterized by using an X-ray diffractometer (XRD). The particle size and 

morphology were analyzed by means of field emission scanning electron microscopy (FE-SEM). Room 

temperature magnetic behaviors were recorded by using a vibrating sample magnetometer (VSM). We tried 

to compare the magnetic performance of the as-synthesized Sm2Fe17N3 nanomagnet and the commercial 

micron powder, then to evaluate the potential of the Sm2Fe17N3 nanomagnet.

Keywords: Self-combustion, Permanent magnet, Nanoparticle, Magnetic properties, Calciothermic 

reduction
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Eco-friendly energy development trends have generated a strong demand for high-performance electrical 

energy storage devices. Especially, a supercapacitor is in the spotlight due to its high electrical density, 

fast charge/discharge capability, and electrochemical stability.

Carbon-based materials such as activated carbon, have been widely studied for supercapacitors. However, 

conventional carbon materials are commonly mixed with a binder and coated on a metal current collector 

which increases the weight and volume of supercapacitor devices, makes decrease efficiency. Polyacrylonitrile 

(PAN) based Carbon fabrics are emerging as a new class of electrodes as a supercapacitor electrode due 

to their light weightiness, high electrical conductivity, high flexibility, and easy processability although the 

specific capacitance is very low.

PAN-based carbon fabric is decomposed at 400 to 450 °C in air and simultaneously, the production 

of carbon dioxide makes porous structure at the surface. Based on this information, in this paper, to increase 

surface area, just simply heat treatment to carbon fabric at air condition near decomposing temperature. 

To check porous structure, SEM analysis was performed, and to check surface area increased, BET analysis 

was performed. Also, electrical capacitance increased dramatically after heat treatment by using 

electrochemical analysis to evaluate the characteristics of the supercapacitor. These results are likely to be 

applicable to PAN base carbon material.

This research was just simply conducted to find optimum time and temperature to make the best electrical 

capacitance values for supercapacitor applications.

Keywords: Carbon fabric, Supercapacitor, Heat treatment, PAN, Porous structure
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In order to satisfy soft magnetic and mechanical properties, soft magnetic composite materials (SMCs) 

form a structure in which a ferromagnetic core powder is coated with an insulator. The insulator could 

be classified as a ceramic or a polymer material. The SMCs based on a polymer matrix can be produced 

with high throughput and require a simple curing process after coating on core powder. However, its relatively 

weak mechanical properties could be disadvantageous.

In order to overcome these problems, the diameter of the ferromagnetic core powder, the amount of 

the core powder, and the dispersion uniformity were investigated using the discrete element method (DEM) 

numerical model.

In addition, important parameters such as interface between the core powder and the polymer matrix, 

material properties of the polymer coating layer/core powder, and interaction between materials were analyzed.

Also, numerical model for stress and strain analysis was developed to evaluate durability of the SMCs 

structure. Effects of different amount of polymer matrix, different mean size of the core powder are 

highlighted.

Keywords: Soft magnetic composite materials (SMCs), Polymer-Fe powder composite, Numerical analysis, 

Discrete element method (DEM), micro structure
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In this study, we investigate the effect of alloying elements on the corrosion properties of new designed 

Fe-based amorphous alloys which has improved thermal properties and corrosion resistance. The Fe-base 

amorphous ribbons with alloying element of Mo, B and C synthesize d by arc melting and melt spinning 

technique and we evaluated the variation of glass forming ability and thermal property of Fe-based amorphous 

ribbons by additional alloying elements. Corrosion properties of Fe-based amorphous alloy were tested by 

weight loss of initial materials for 50 days immersion in two difference environment at room temperature. 

The characterizations for FeCrMoBC alloy were through scanning electron microscopy (SEM), X-ray 

diffraction (XRD) analysis and differential scanning calorimetry (DSC) analysis. The weight reduction ratio 

by increasing time from 0 to 50 days under corrosive environment of borate buffer solution and 1M acid 

solution was measured and evaluated the corrosion resistance of Fe-based amorphous alloys.

Keywords: Corrosion behavior, Fe-based amorphous alloys, Acid corrosion, Borate buffer solution, metallic 

glass
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Recently, low-k materials have been emerged as inevitable research field owing to overcome limitations 

of developing ultra-high-integration semiconductor materials. In addition to formation of the ultra-fine pattern 

technology and the realization of high-k thin films for gates, a low-k interconnect layer film has been essential 

research field for the improvement of capacitor structures in DRAM and multi-layer metal wire structures 

in semiconductor devices. Nevertheless, due to the acceleration of the minimization was occur the multilayer 

metal wire process, the resistance-capacitance and the resistance of the fine metal wire increased, resulting 

in a large delay effect of the RC(Resistance-Capacitance) Delay time, this caused a problem of lowering 

the operation speed of the device. According to the ITRS (International technology road semiconductor) 

roadmap, as of 2007, the value of the dielectric constant of the polymer film to be demanded to semiconductors 

was below k < 2.1. Air dielectric constant was 1, it was an attractive alternative to the fabrication method 

of a polymer film that lowers the dielectric constant. However, the porous structure was thermally unstable 

and the pores could be easily absorption of moisture (k = 80). because of, it will be increased the k value. 

Therefore, the hydrophobic surface of the porous polymer structure was a very important factor for control 

of the water absorption. 

In this Research, we fabricated a hBN/Porous PDMS-based composite with the aim of developing a 

composite material with low dielectric constant and high heat dissipation properties. Used materials of the 

porous silica [Compared to Bulk Silica(4)] and porous PDMS-based were relatively lower dielectric constant 

than exisiting materials and then, used hBN was an inorganic filler with promising thermal properties, its 

relatively low dielectric constant makes it an attractive material.

Keywords: Low-k, Thermal conductivity, Porous structure, Nanocomposite 
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Quantum dots are widely regarded as next-generation semiconductor materials because of their excellent 

electrical and optical properties due to their discontinuous energy band gap. In particular, it is actively applied 

in the display and solar cell industries and is a key material that supports the growth of the 4th industrial 

revolution field. Cadmium-based quantum dots are being studied for their excellent optical properties, but 

recently, as the regulation of heavy metals harmful to the human body is strengthened, the importance of 

researching quantum dot materials to replace cadmium is emerging. In addition, the wet process of quantum 

dots has a limitation in using an organic solvent that adversely affects the environment to improve physical 

properties. Accordingly, in this study, ZnSe/ZnS quantum dots were stably synthesized in an aqueous 

atmosphere. Mn and Cu metal ions were used as doping materials and the surface charge was stabilized 

using ligands. The synthesized ZnSe/ZnS particles showed different colors through metal ion doping. The 

optical properties of ZnSe/ZnS were characterized using analytical instruments such as UV-Vis, PL, and 

PSA methods.

Keywords: ZnSe, nanoparticle, aqueous atmosphere, quantum dots
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To tune the electronic and optoelectronic properties of graphene quantum dots (GQDs), heteroatom doping 

(e.g., Nitrogen (N), Boron (B), and Sulfur (S)) is an effective method. However, it is difficult to incorporate 

S into the carbon framework of GQDs because the atomic size of S is much larger than that of C atoms, 

compared to the N and B. Here, we present a facile and one-step method for the synthesis of sulfur-doped 

GQDs (S-GQDs) via the pulsed laser ablation (PLA) process. The as-prepared S-GQDs exhibited enhanced 

fluorescence quantum yields (0.8% → 3.89%) with a huge improved absorption band in ultra-violet (UV) 

region (200 ~ 400 nm) and excellent photo stability under the UV radiation at 360 nm. In addition, XPS 

results revealed that the PLAL process can effectively facilitate the incorporation of S into the carbon 

framework compared to those produced by the chemical exfoliation method (e.g., hydrothermal method). 

And also, the mechanisms related with the optical properties of S-GQDs was investigated by time-resolved 

photoluminescence (TRPL) spectroscopy. We believe that the PLAL process proposed in this study will 

serve as a simple and one-step route for designing S-GQDs and opens up to opportunities for their potential 

applications.

Keywords: Graphene quantum dots, pulsed laser ablation, hetero atom, quantum yield, sulfur
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Graphene oxide quantum dots (GOQDs) are nanometer-sized graphene oxide fragments that exhibit unique 

properties, making them potential candidates for a wide range of applications. However, GOQDs are usually 

prepared using expensive carbon precursors such as carbon nanotubes (CNT) or graphene under the strong 

acidic condition, which requires an additional complex purifying process. Here, we first develop a facile 

pulsed laser ablation in liquid (PLAL) technique for preparing GOQDs using earth-abundant and low-cost 

coal as a precursor. Only ethanol and coal are used to produce high quality of GOQDs. Ablated carbon 

clusters from the coal can be completely transformed to GOQDs in 5 min. The mechanism for the formation 

of GOQDs was revealed by ex-situ TEM analysis. The prepared GOQDs exhibit excellent optoelectronic 

properties which can be successfully utilized in bio-imaging applications.

Keywords: Graphene oxide quantum dots, pulsed laser ablation, bio-imaging, optical properties, coal
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The stainless 316L pipe used in the semiconductor process is used as a high-clean steel pipe for gas 

transport. In particular, the grade of stainless 316L material varies due to the difference in the content of 

impurities depending on the melting/refining method. High-grade stainless-steel material that has undergone 

a high-purity process is used as a corrosive gas pipe for semiconductors through a drawing process. To 

manufacture a high-clean stainless-steel tube without such impurities and foreign substances, an electrolytic 

polishing process capable of high-precision polishing and passivation layer formation is required for the 

inner wall surface of the tube after drawing.

In this study, the polishing characteristics of the inner wall surface were checked according to the 

temperature of the solution during the electropolishing of stainless 316L tubes. The polishing conditions 

were selected by monitoring the current and voltage according to the temperature of the electrolyte. The 

samples polished under the polishing conditions at each temperature were analyzed with a surface roughness 

analyzer, an optical microscope, and a scanning electron microscope to check the surface change. In the 

electrical conductivity of the electropolishing solution, the difference in current and voltage curves occurred 

as the temperature changed. In addition, it was confirmed that the viscosity of the solution decreased as 

the temperature increased, and the flow rate was increased, indicating a difference in the surface roughness 

of the inner wall surface.

Keywords: Solution temperature, Stainless-steel 316L tube, Electropolishing, Current-Voltage curve, 

Surface roughness.
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In this study, effects of different kinds of balls on SPS (Spark Plasma Sintering) and characteristics 

of high energy ball milled Ti-Al-Nd powders were investigated. Pure Ti, 48wt% Al and 4wt% Nd mixed 

powders were milled with STS balls and zirconia balls in a powder to ball weight ratio of 1:20 at 800 

rpm for 3 h in Argon atmosphere. The average particle sizes of the Ti-Al-Nd alloy powders milled with 

STS balls and zirconia balls were approximately 11µm and 5 µm, respectively. The shape factor of the 

powders was about 0.8, and there was almost no difference. From XRD results, the peaks of second phases 

such as TiAl, TiAl3 and NdAl3 were detected in both powders, which indicates the successful alloying and 

the size of second phases was approximately 15-20nm. The obtained Ti-Al-Nd alloy powders were 

consolidated by SPS technique at 1373K for 15 min under a pressure of 50 MPa in vacuum, resulting 

in high density of more than 99%. EDS and XRD analyses showed the formation of TiAl3, TiAl, NdAl3, 

Ti3Al5 and TiAl20Nd phases after SPS in both cases of STS and zirconia balls. However, the size of second 

phases in the sintered body prepared with zirconia balls was slightly smaller than that in the body prepared 

with STS balls. On the other hand, the Ti-Al-Nd alloy SPSed with the powders milled by STS ball showed 

460 Hv in micro-hardness, while, in the case of the zirconia ball, it was 790 Hv. More details on the 

relationship of microhardness and microstructure were investigated based on the SEM and TEM observation.

Keywords: High energy ball milling, STS and Zirconia ball, SPS, Ti-Al-Nd alloy, Microhardness
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The emergence of fluorescent graphene quantum dots (GQDs) is expected to enhance the usefulness 

of quantum dots (QDs), in terms of their unique luminescence, photostability, low toxicity, chemical resistance, 

and electron transport properties. Here, we prepared blue photoluminescent polyethylene glycol GQDs 

(PEG-GQDs) through PEG surface passivation. The photoluminescence (PL) quantum yields (QYs) of 

PEG-GQDs with 360 nm excitation was about 4.9%, which was higher than that of pure GQDs. The 

as-fabricated PEG-GQDs with high QYs were then used as light-emitting diode (PGQD-LED) emitters, in 

which the GQDs were incorporated into polymeric host layers in a multilayer electroluminescent device; 

blue emission with a luminance exceeding 800 cd/m2 was achieved, thus demonstrating the potential of 

PEG-GQDs as emitters in electroluminescence applications. Furthermore, the fluorescence mechanism of 

PEG-GQDs are investigate and proved that the origin of strong fluorescence of PEG-GQDs will allow new 

devices, such as multicolor LEDs, to be developed with extraordinary properties, by tailoring the intrinsic 

and extrinsic states.

Keywords: Graphene, Quantum dots, Polyethylene glycol GQD, Photoluminescence, Quantum yield
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With the quick growth of wearable and flexible devices, graphene has been intensively studied for the 

transparent, hole transport electrode layer (HTL) of field-effect transistors, light-emitting diodes, and organic 

photovoltaic (OPV) cells. To regulate the sheet resistance and the work function of graphene as a HTL, 

the surface doping is multipurpose while maintaining high transparency. In this work, we used a chemical 

doping method to control the charge carrier density, band gap, and work function of graphene with minimizing 

the damage of the carbon network, for which metal chlorides (NaCl, KCl, and AuCl3) were used as chemical 

dopants. The high-quality graphene flakes were produced with large length and width sizes of more than 

5 μm using ternary graphite intercalation compounds. Interestingly, the AuCl3-doped graphene flake film 

with a film thickness of about 20 nm showed the lowest reported sheet resistance of ∼249 Ω/sq with 

∼75% transmittance. Furthermore, it could control the work function from 4.32 to 5.1 eV. The interfacial 

dipole complexes of metal cations with a low work function and the reactive radicals such as −OH were 

discussed to explain this result. For the practical application, an OPV device using the AuCl3-doped graphene 

flake film as the HTL was fabricated and it demonstrated enhanced power conversion fficiency while 

maintaining high optical transparency in visible light.
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The design of photoactive materials and interface engineering between organic/inorganic layers play a 

crucial role in making enhanced performance in energy-harvesting devices. Twodimensional transitional 

dichalcogenides (TMDs) with excellent optical and electronic properties are promising candidates in this 

regard. In this study, we prove the make of size-controlled MoS2 quantum dots (QDs) and present fundamental 

studies of their optical characters and their application as a hole-transport layer (HTL) in organic solar 

cells (OSCs). Optical and structural analyses expose that the as-prepared MoS2 QDs show a fluorescence 

mechanism with respect to the quantum confinement effect and intrinsic/extrinsic states. Moreover, when 

incorporated into a photovoltaic device, the MoS2 QDs exhibit a significantly enhanced performance 

(5/10-nanometer QDs: 8.30%/7.80% for PTB7 and 10.40%/10.17% for PTB7-Th, respectively) compared 

to those of the reference device (7.24% for PTB7 and 9.49% for PTB7-Th). We confirm that the MoS2 

QDs clearly offer enhanced transport characteristics ascribed to higher hole-mobility and smoother root mean 

square (Rq) as a hole-extraction material. This approach can enable significant advances and facilitate a 

new avenue for realizing high-performance optoelectronic devices.

Keywords: quantum dot, transition metal dichalcogenide, hole-transport layer, polymer solar cells, 
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Aluminum alloy has excellent specific strength and productivity, thermal conductivity and recyclability 

so is applied not only to structural material but also to various parts to reduce weight. However, aluminum 

alloy has a disadvantage in that properties deteriorate at high operating temperatures so the range of use 

is limited. Therefore, many researchers are study on aluminum matrix composite to improve the thermal 

stability of aluminum alloy, but it is difficult to show an ideal microstructure and mechanical properties 

because of poor wettability between aluminum matrix and reinforcement. So, it is very important to select 

a reinforcement that has good wettability with an aluminum matrix, mechanical properties and thermal 

stability. Among various metal-based reinforcement, high entropy alloys (HEAs) has outstanding mechanical 

properties and thermal stability, and HEAs are suitable as reinforcement in aluminum matrix due to their 

sluggish diffusion properties.

In this study, the effect of HEA added and uniformly dispersed in an aluminum matrix was evaluated. 

HEA with a composition of Al0.5CoCrCuFeNi, which used as reinforcement with single phase solid solution, 

was fabricated through high-energy ball milling for 72 h. Using this powder, Al- 1, 3, 5 wt.%HEA composite 

in which HEA was uniformly dispersed in an aluminum matrix was fabricated through stir casting method. 

The microstructures of HEA powder and as-cast composite was analyzed by FE-SEM and tensile tests were 

conducted to evaluate whether HEAs could act as reinforcement in the aluminum matrix.

Keywords: Aluminum matrix HEA alloy, Stir casting, Microstructure, Mechanical properties, Dispersion
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Aluminum nitride (AlN) has been applied as ceramics heater in the semiconductor industry due to the 

high thermal conductivity, high electrical resistivity, and good mechanical properties. However, AlN has 

a covalent bonding, which requires a high temperature (above 1800 oC) to achieve the full density. In such 

applications, high-temperature sintering leads to a increasing the product cost. A lot of studies were research 

about additives for decreasing the sintering temperature of AlN. It is known that densification to theoretical 

density of AlN is obtained through liquid phase sintering by addition the rare earth or alkaline earth as 

sintering aids. In this study, the effects of low sintering temperature on the sintered AlN with MCAS 

(MgO-CaO-Al2O3-SiO2) glass additive were investigated to achieve a high density with reasonable properties. 

The mechanical properties, thermal conductivity and volume resistance of sintered AlN with MCAS additives 

were evaluated and compared to the reference sample which prepared with 5 wt% Y2O3 addition and sintered 

at 1750 oC for 8 h on 10 MPa. The dosage of MCAS glass additive was controlled as 0, 0.1, 0.5, and 

1 wt% for the comparison of the characteristics of sintered AlN. The dense sintered body can be obtained 

at 1500 oC for 3 h on 30 MPa with a small amount of MCAS glass. The flexural strength was 550 MPa, 

which is higher than that of reference sample. Although the thermal conductivity was much lower than 

reference sample at room temperature, there was no significant difference at the heater operating temperature 

of 500 °C. In addition, the behavior of volume resistance for MCAS additive was higher than that of reference 

sample at 500 oC. Indeed, the suitable AlN can be fabricated with small MCAS additives when applying 

ceramics heater in the semiconductor industry.

Keywords: Low sintering temperature, AlN, MCAS additives, Mechanical properties
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In the fields of semiconductor devices and electronic modules, due to intensive heat generation, only 

a marginal improvement in thermal performance has been achieved. Organic−inorganic polymer composites 

have been studied for their efficiencies as thermal interface materials (TIMs) in electronic packaging 

applications. For high thermal conductivity, carbon-based materials (e.g. carbon nanotubes, carbon fibers, 

graphene) have been used as fillers as heat dissipation materials. However, these have high electrical 

conductivity, the breakdown voltage was low, so there were some limitations in using them as TIMs by 

electric packaging devices requiring electrical insulation.

Enhancement of the thermal properties in the functional polymer composites has extensively been obtained 

by adopting those fillers with high thermal conductivity and electrically insulating. In terms of filler geometry, 

one-dimensional (1D) multiwall carbon nanotubes (CNTs), two-dimensional (2D) graphene flakes, 2D BN 

nanosheets (BNNSs), graphite nanoplatelets (GNPs) and SiC whisker/SiC particle (SiCw/SiCp), graphene, 

graphene nanosheets. Hexagonal boron nitride(h-BN) has a high aspect ratio as a 2-dimensional structure 

used to thermally functionalization a form of assistance heat transfer pathway in poor thermally conductive 

polymer matrices.

In this work, we fabricated a hexagonal boron nitride (h-BN) – epoxy composite by using an etched 

copper (Cu) plate. The undulating patterns of the Cu plate enabled to form a dense-structured composite, 

leading to enhanced thermal conductivity. The morphology of the h-BN filler was analyzed by using a 

scanning electron microscope (SEM). The thermal conductivity and thermal resistance of the composites 

were measured by means of a laser flash method (LFA) and a heat transfer method, respectively.

Keywords: Heat dissipation, Hexagonal boron nitride (h-BN), Thermal interface materials (TIMs), Thermal 

conductivity, Composite
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Engineered polymers have drawn attention due to their high specific strength, flexibility, processability, 

and relatively low cost. However, unreinforced polymers have low absolute strength and poor fracture 

toughness, thus limiting their general usage in mechanical components. Numerous attempts such as mixing 

with superior nanofillers, in various dimensional forms (fibers, whiskers, sheets, particles, or nanoparticles) 

have been made to improve the mechanical properties of polymers. Two-dimensional (2D) materials have 

unique mechanical, thermal, electrical, and optical properties and are particularly interesting as novel 

reinforcing fillers in polymer matrix, However, when blended into a fluid polymer matrix, the large surface 

area of 2D nanomaterials causes them to aggregate via van der Walls interactions. Achieving a stable, uniform 

dispersion of nanomaterials in the polymer matrix is vital to realizing the full potential of a given polymer 

nanocomposites.

In the study, boron nitride nanoplatelets (BNNPs) were incorporated into an epoxy matrix to yield a 

nanocomposite material with enhanced mechanical properties. BNNPs inderwent non-covalent 

functionalization in order to minimize aggregation and maximize interfacial bonging between BNNPs and 

polymer matrix. The BNNP/epoxy nanocomposites exhibited superior mechanical properties than the neat 

epoxy and this simple and scalable functionalization process facilitate the development of 2D 

nanomaterial based polymer nanocomposites.

Keywords: Boron nitride nanoplatelets, Epoxy, Nanocomposites, Mechanical property
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Chemiresistive gas sensors based on semiconductor metal oxides are a subject of growing interest in 

the detection of trace levels of hazardous gases, owing to their intriguing properties such as high sensitivity, 

high thermal and mechanical stabilities, a capability for wide-range detection of target gases, as well as 

low production costs. However, despite such potential, they do not accurately detect target gases in real-world 

settings; this is particularly observed in humid conditions, where atmospheric water vapor has a deactivating 

effect on the active sites of the sensor. In dry air, oxygen species (O2- or O-) tend to get adsorbed on 

the active sites of metal-oxide surfaces and then chemically react with the target gases, leading to changes 

in electric resistance; these changes manifest as the signals interpreted by the sensor to detect gases. In 

humid environments, however, water vapor, in the form of hydroxyl groups, gets preferentially adsorbed 

over air, leading to the hydroxyl poisoning of active sites. This enables a donation of electrons to the sensing 

layers, causing undesired modulations in electrical resistance and thereby a significant decrease in the gas 

response. Since the presence of water vapor in atmospheric air is inevitable, gas sensors that are highly 

resistive to cross-interference from humidity are essential for practical applications. In this study, we developed 

a novel approach to improve sensor sensitivity and humidity-independence by incorporating yttrium into 

the host SnO2 sensor. The Y-doped SnO2 nanofibers developed herein were highly resistive toward humidity 

variations and provided improved gas response to NO2. Our experimental and vdW-corrected DFT calculations 

results indicated that it was the oxygen vacancies created by the aliovalent Y-substitution that were primarily 

responsible for the improved NO2 response. At the same time, the Y2O3 nanoparticles formed on the SnO2 

nanofibers appeared to play a critical role in making the sensor surface hydrophobic. We believe that this 

synergistic effect caused by the incorporation of Y, having solved the long-standing obstacle of the trade-off 

between the two essential parameters of a chemiresistive gas sensor, will pave the way for its 

commercialization.

Keywords: Gas sensor, Metal oxide, Rare-earth, humidity independence
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We developed a new hybrid sensor in which the two-dimensional (2D) anhydrous calcium silicate (ACS) 

nanosheet, as a water-trapping layer, was hybridized with the host sensing material of SnO2 nanowires (NWs). 

The ACS nanosheet in this hybrid sensor was grown between the empty spaces of the spider-web-like networks 

of SnO2 NWs with an ultrathin and flat morphology. Owing to these unique morphologies, the ACS-SnO2 

hybrid sensor achieved high resistivity toward humidity variations, and simultaneously provided improved 

gas sensing responses to NO2. We identified that the superior humidity immunity is ascribed to the preferential 

adsorption of “adsorbed water” on the ACS nanosheets through a single hydrogen bond. Simultaneously, 

our density functional theory calculations indicated that the improved gas response is driven by the additional 

formation of oxygen vacancy in SnO2 due to the diffusion of aliovalent Ca ions from the nanosheet. We 

believe that this approach demonstrates a potential for solving the long-standing obstacle of water-poisoning 

effect in semiconductor metal oxide sensors and will pave the way for their commercialization in the field 

of disease diagnosis and medical disinfection.

Keywords: Calcium silicate nanosheet, humidity independence, gas sensor
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A humid environment of oral cavity can hardly allow for precise delivery of wound healing materials. 

We developed an orodispersible film for hyaluronic acid (HA) delivery. The purpose of this study was 

to evaluate wound healing effects of HA film using a human oral mucosa equivalent ex vivo model. A 

total of 18 three-dimensionally cultured oral mucosa models (Neoderm®-OD) were divided into 3 groups 

based on wound healing materials: none (control), HA gel, HA film (n = 6 for each group). A 4-mm punch 

biopsy wound was formed on the center of each model. After wound formation, the materials were applied 

to the defects. Then, the models were incubated at 37℃ with 10% CO2 atmosphere. To measure healing 

rates, the models were histologically processed. The results were statistically analyzed using Shapiro-Wilk 

test, Kruskal-Wallis test (p < 0.05) and Mann-Whitney test (post-hoc analysis; p < 0.0167). The HA film 

group showed the highest healing rate (98.37%) among the groups (p < 0.002). And there were no significant 

differences in healing rate between the control and HA gel group (p > 0.05). Within the limits of this 

study, orodispersible characteristic of HA film facilitated oral wound healing. 

Keywords: Hyaluronic acid, Re-epithelialization, 3-dimensonal cell culture model, Wound healing
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ASTM F562 (MP 35N◯R ; Co-35Ni-20Cr-10Mo) alloy is conventionally used in medical implants with 

high strength, sufficient toughness, excellent biocompatibility compared to Co- or Ni-alloys. High-entropy 

alloy (HEA) composed of solid solution phase provides unique properties. Most HEAs are designed for 

high-temperature material applications. The present study is focused on the development of bio-HEA for 

vascular stent applications. The thermodynamic equilibrium conditions for Bio-HEAs of Cox(CrNiFeMo)100-x 

(x=50, 40, 30, 20) were estimated using FactSage 8.1 software. The alloy samples were fabricated by vacuum 

arc re-melting (VAR) process. The ingot was re-melted at least 5 times and homogenized at a temperature 

of 1250 °C for 4 h in a vacuum atmosphere. The microstructures of the alloys were investigated by means 

of X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray 

spectroscopy (EDX). FactSage modeling suggested an existence of solid-solution with the structures of face 

centered cubic (FCC). The determined thermodynamic values of the valance electron configuration (VEC), 

the Ω-parameter and the atomic size difference (δ) for the Cox(CrNiFeMo)100-x (x=50, 40, 30, 20) bio-HEAs 

were to be in the range of VEC ≤ 8.1, Ω ≥ 7.85, and δ ≤ 2.69 %, suggesting the HEAs were effective 

at forming solid solutions. The SEM-EDX revealed that individual elements of Co, Cr, Ni, Fe, and Mo 

were homogeneously distributed in the matrix. XRD analysis showed that the as-homogenized Co-rich 

Cox(CrNiFeMo)100-x (x=50, 40, 30) alloys had a single FCC solid-solution phase, while CoCrNiFeMo HEA 

had BCC+FCC solid-solution phases.

Keywords: Cox(CrNiFeMo)100-x, Bio-HEA, FactSage, VAR, SEM-EDX
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To improve the osteointegration of titanium alloy as an implant material without separation problem, 

hybrid Ti6Al4V- natural equine bone composites (Ti6Al4V-EB) were successfully synthesized by ball milling 

and spark plasma sintering (SPS). For biomedical application, the low elastic modulus of the composites 

was achieved by phase transformation through SPS temperature and additional heat treatment. The α' 

martensite phase formed during SPS was decomposed into α-Ti and β-Ti phases after heat treatment, 

increasing the fraction of β-Ti, which has a low elastic modulus. The case of Ti6Al4V/0.05EB composite 

fabricated by SPS at 800 °C after heat treatment at 880 °C for 60 min exhibited a Vickers hardness and 

modulus of 517.1 HV and 119.6 GPa, respectively. Thus, heat treatment effectively reduced the elastic modulus 

without affecting the hardness. In this study, eco-friendly fabricated Ti6Al4V-EB composites show a high 

osteointegration and could achieve a reduced healing period for biomedical applications.

Keywords: Metal-matrix composites (MMCs), Powder metallurgy, Microstructures, Phase transitions, 

Metallography
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ASTM F90 (L 605◯R ; Co-20Cr-15W-10Ni) alloy has been used in vascular stent with high strength 

and density, sufficient elastic modulus and excellent biocompatibility compared to 316 L stainless steel. 

High-entropy alloy (HEA) composed of 5 elements or more provides unique properties because the HEA 

has four core effects; high entropy effect, sluggish diffusion effect, severe lattice distortion effect, and cocktail 

effect. The present study is focused on high entropy Cox(CrNiMoW)100-x (x=50, 40, 30, 20) alloys for 

cardiovascular stent applications. The thermodynamic equilibrium conditions for HEAs of Cox(CrNiMoW)100-x 

(x=50, 40, 30, 20) were estimated using FactSage 8.1 software. The alloy samples were fabricated by vacuum 

arc re-melting (VAR) process. The ingot was re-melted at least 5 times in a vacuum atmosphere. The 

microstructures of the alloys were investigated by means of X-ray diffraction (XRD), field emission scanning 

electron microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDX). The hardness of HEAs was 

measured using a micro-Vickers hardness tester (Innovatst Nova 130, Europe) with a load of approximately 

10 N load for a holding time of 15 s. FactSage modeling suggested co-existence of solid-solutions with 

the structures of face-centered cubic (FCC) and body-centered cubic (BCC). The determined thermodynamic 

values of the valance electron configuration (VEC), the Ω-parameter and the atomic size difference (δ) 

for the HEAs of Cox(CrNiMoW)100-x (x=50, 40, 30, 20) were to be in the range of VEC £7.4, Ω ³ 7.22, 

and δ £ 3.15 %, suggesting the HEAs were effective at forming solid solutions. . The SEM-EDX revealed 

that the elements of Co, Cr, Ni and Mo were found in the inter-dendrite, while the element of W in the 

dendrite region. XRD analysis showed that the as-cast Cox(CrNiMoW)100-x (x=50, 40, 30, 20) alloys had 

mixed solid-solution phases with FCC and BCC. The Micro-vickers hardness of the as-cast Cox(CrNiMoW)100-x 

(x=50, 40, 30, 20) alloys was decreased as the Co content increased. The mechanical behaviors of 

Cox(CrNiMoW)100-x (x=50, 40, 30, 20) alloys were discussed compared to the L 605 (Co-Cr alloy) from 

the viewpoint of cardiovascular stent applications.

Keywords: Cox(CrNiMoW)100-x, HEA, FactSage, SEM-EDX, Micro Vickers hardness 
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In the biomaterials industries, Development of Ti-alloy have been made to reduce the toxicity of alloying 

elements and to protect Stress shielding effect which is caused by relatively high young’s modulus in 

comparison to bone. Ti-39Nb-6Zr(TNZ40) alloy have non-toxic alloying elements and exhibit about 40GPa 

of young’s modulus in the case of beta single phase. However, its strength is lower than the other type 

of Ti-alloys. Interstitial oxygens in titanium is well known as solid solution hardening method. To improve 

the strength, we fabricated TNZ40 with different Oxygen content, 0.16wt%, 0.26wt%. In addition, We 

conducted heat treatment, cold swaging and aging treatment under various conditions. After the aging in 

a certain temperature range, ω-phase is observed in Ti-alloy. These ω particles can effectively be controlled 

on microstructure and mechanical properties. In this study, the effect of Oxygen content and precipitation 

on the mechanical properties was investigated.

Keywords: Ti-39Nb-6Zr alloy, beta titanium alloy, solid solution hardening, heat treatment, implant alloy
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In this study, Ti-Mo-EB composites were prepared through ball-milling and spark plasma sintering (SPS) 

to obtain low elastic modulus and high strength, and evaluate microstructure and mechanical properties 

according to the process conditions. As the milling time and sintering temperature increased, Mo, as a β-Ti 

stabilizing element, diffused, and the microstructure of β-Ti increased. In addition, the size of the observed 

phase was small, so the modulus and hardness of each of α-Ti and β-Ti were measured using 

nano-indentation equipment. In both phases, as the milling time and sintering temperature increased, the 

modulus of elasticity decreased and the hardness increased. After 12h milling, the specimen sintered at 

1000°C showed the lowest values are 117.52 and 101.46 GPa for α-Ti and β-Ti respectively, confirming 

that it had a lower modulus of elasticity compared to the previously reported studies.

Keywords: Powder metallurgy, Spark Plasma Sintering, Microstructures, Mechanical properties, 

Biomaterials

SP106



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 297 -

In-vitro test of cold sintered hydroxyapatite

 as bone graft material

Dohyeong Kim1, Ho Jin Ryu1*, Jun Young Paeng2, and Juyeun Kim2

1Department of Nuclear & Quantum Engineering, KAIST, Daejeon, Republic of Korea
2Department of Oral and Maxillofacial Surgery, Samsung Medical Center, Seoul, Republic of Korea.

 

*Corresponding author: hojinryu@kaist.ac.kr

An alveolar bone to support the implant is required, when dental implants are used procedures to cure 

tooth damage or congenital problems. When the alveolar bone is insufficient, there is a need to graft the 

alveolar bone. Hydroxyapatite is used as a dental bone graft material. Typical hydroxyapatite is manufactured 

by a high temperature sintering process, with a sintering temperature of over 900℃ and a sintering time 

of more than 60 minutes. However, it has been found that sintering at high temperatures and a long period 

of time causes changes in stoichiometry and grain growth and decreases biocompatibility.

In order to compensate for the known problems of conventional hydroxyapatite for a dental bone graft 

material, the cold sintering process is used instead of the high temperature sintering process. The 

hydroxyapatite powder was synthesized using the wet precipitation method, and the synthesized powder 

was sintered at 200℃ for 10minutes under uniaxial pressure of 500MPa. To compare with cold sintered 

samples, half of the samples were heat treated at 400℃ for an hour in an argon environment. The 

microstructure and crystal structure of sintered samples were analyzed by scanning electron microscopy and 

X-ray diffraction analysis. Fourier transform infrared spectroscopy was used to investigate the ions and 

chemical bonds. Cellular activity was evaluated on days 1, 3 and 7 using osteoblastic cell line MC3T3-E1.

Cell proliferation of osteoblastic cell line on cold sintered bone graft increased, compared to control 

group that did not use graft material. In addition, cell proliferation of the heat treated samples was less 

than the sample that was not heat treated. It was concluded that the biocompatibility of hydroxyapatite 

bone graft material by cold sintering process was increased compared to the control group.

Keywords: Hydroxyapatite, Dental bone graft material, Cold sintering process, In-vitro test
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The importance of bioceramics used for regenerative medicine such as artificial bones is increasing with 

the expansion of regenerative medicine needs due to the advent of a super-aging society. Bioceramics is 

a type of biocompatible material and is mainly used for artificial bones, artificial joints, teeth, artificial 

tooth roots, and the like. It is required to be non-toxic to the human body, familiar with living tissues, 

and durable. 

Hydroxyapatite (HAp) is the most noticeable bioceramic. This HAp is a kind of calcium phosphate, 

and since it is originally a tissue component of bones and teeth, it is easily familiar to living organisms. 

In addition, there is aluminum titanate (Al2TiO5) as a material showing biocompatibility. Aluminum titanate 

is a compound of titanium and alumina, and is a material having a high melting point and a small coefficient 

of thermal expansion. Moreover, since it is a bioactive material, it does not show binding to bone.

The purpose of this study is to add Al2TiO5 to HAp and investigate whether it has biocompatibility. 

Several different amounts of Al2TiO5 powder were prepared in the HAp powder, and pine tar was added 

thereto and mixed using a mortar and pestle. The mixed powder was sintered in an electric furnace at 

different temperatures to form a bulk body. Next, the molded sample was immersed in a simulated body 

fluid (SBF) for 7 and 30 days, The molded sample was then analyzed using X-ray diffraction (XRD) and 

a scanning electron microscope (SEM).

From the experimental results, the samples are dipended on sintering temperature and the amount of 

addition, the more the peak of Al2TiO5 appeared. It was also found that the half-value width was narrower 

and the crystallinity was better after immersion. Base on the result of the SEM, white precipitates adhered 

to the surface of many of the samples immersed in the SBF solution. It was confirmed that osteoblasts 

that make bone were generated. From this result, it is considered that Al2TiO5 is biocompatible with HAp.

Keywords: Bioceramics, Biocompatibility, Hydroxyapatite, Aluminum titanate, Simulated body fluid 
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Image processing was developed to identify MoxBy and Mox1Crx2By phases on the transient liquid phased 

bonded joints. The intermetallic compounds such as MoxBy and Mox1Crx2By have been determined by electron 

probe x-ray microanalyzer and transmission electron microscope in other studies. These methods are 

influenced by the lightweight components and amount of specimen, which reduce the accurate of quantitative 

analysis. The developed image processing for quantification employed backscattered electrons images. The 

algorithm was based on the thresholding that extracted the distributed regions of intermetallic compounds 

on the bonded interface. The validation of identified intermetallic compounds on the backscattered electrons 

image. For the validation of identified algorithm with backscattered electrons image, electron probe x-ray 

microanalyzer maps were employed. The bright regions on the backscattered electrons image match the 

distributed regions of MoxBy and Mox1Crx2By phases on the mapping images by identified processing. The 

determination of MoxBy and Mox1Crx2By phases was conducted by x-ray diffraction and transmission electron 

microscopy. The borides such as MoB, Mo2B, Mo0.4Cr0.6B2 and MoCrB4 enriched in the joints of Inconel617 

with MBF30. Quantification based on the image processing was performed for the thickness of interlayer 

and distributed length of the borides. The interlayer became wider with bonding temperature of 1050, 1100, 

1150 and 1200℃. The melting point depressant element such as boron affects the diffusion rate with bonding 

temperature. An increase of temperature led to the increase of diffusion rate until 1150℃. As the diffusion 

rate of boron decreased, the growth rate and length of borides increased along the diffusion direction. The 

developed image processing makes it possible to identify and quantify MoxBy and Mox1Crx2By phases on 

the joints. 

Keywords: Image Processing, Transient Liquid Phase Bonding, Ni based Superalloy
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Fusion welding of Ti-Cu is difficult because of big difference of melting points and formation of brittle 

intermetallic compounds. Friction stir welding is carried out by solid-state joining, thermo-mechanical stirring, 

and friction heat. Ti-Cu FSW dissimilar welding can supply a very sound joint area with a few intermetallic 

compounds. Optimized welding process conditions are essential to obtain suitable microstructure and 

mechanical properties of welded zones. Different welding speeds affect the evolution of microstructure and 

mechanical properties due to changes of input heat and internal stored deformation energy. The correlation 

of microstructure and mechanical properties of Ti-Cu welded zone according to welding speeds were 

investigated and analyzed. As the higher the welding speed, the lower the heat input and the lower the 

temperature rise. Ti-Cu 75 has the smallest grain size at 13.9 μm, but the optimum mechanical properties 

and the integrity of welding were shown in Ti-Cu 50.
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In this study, we quantitatively investigated the effect of heat treatment on microstructural evolution 

and mechanical properties in the selective laser melting (SLM) processed 1%C-CoCrFeMnNi high-entropy 

alloy (C-HEA). The addition of carbon atoms resulted in a nano-sized Cr23C6 carbide phase in the 

SLM-processed C-HEA, significantly retarding the kinetics of recrystallization and grain growth during the 

annealing heat treatment. The volume fraction of the carbide in SLM-processed C-HEA increased after 

exposure to the annealing heat treatment in the temperature range of Cr-rich carbide formation. After 

annealing, the combination of ultimate tensile strength and uniform elongation is improved with enhanced 

strain hardening ability. The increased volume fraction of finely distributed nano-carbides at cell boundaries 

in the annealed C-HEA can effectively generate high back stress by profuse geometrically necessary 

dislocations (GNDs) during plastic deformation. This work demonstrates that the heat treatment of the 

SLM-processed C-HEAs is an attractive method to enhance mechanical properties and the reliability of product 

quality used in high-tech applications. This work also provides theoretical support to beneficially control 

the microstructural heterogeneity in the SLM-processed alloys to obtain the desired performance in structural 

parts.

Keywords: Selective laser melting, High-entropy alloy, Heat treatment, Microstructural heterogeneity, 

Mechanical properties.
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The carbon-containing high Co-Ni steels have been used in critical structural components for aviation 

and aerospace vehicles owing to its high strength, fracture toughness, and fatigue resistance. In this study, 

crack-free samples with relative densities above 99% can be fabricated using laser powder bed fusion (LPBF). 

Several multi-step heat treatments were performed to get a greater strength-elongation combination: hot 

isostatic pressing, annealing, cryogenic treatment, tempering. As-built LPBF steels consist of solidification 

cell/dendrites (martensite) with retained austenite located in the interdendritic region regardless of processing 

parameters. As-built sample shows 1.25 GPa of yield strength and 1.84 GPa of tensile strength, with 6.4% 

of elongation at fracture. Changes in microstructure characteristics were analyzed quantitively by OM, SEM, 

EBSD, and TEM. Mechanical properties were evaluated by compression and tensile tests. After three different 

post-heat treatments (A. hot isostatic pressing (HIP), B. direct tempering (DT) with different time), the 

effective martensite block size increased regardless of the conditions, and the dislocation density decreased 

significantly. However, as the M23C6 and M2C carbides were formed, the mechanical properties were 

significantly enhanced. Depending on the heat treatment conditions, uniform plastic strain appeared in the 

order of AB>HIPT>DT5.0>DT2.5. The effect of post-treatments on the strengthening mechanism are discussed 

by considering element segregation, austenite stability, dislocation density, formation of various carbides, 

etc.

Keywords: Carbon-bearing high Co-Ni steel, Additive manufacturing, Microstructure, Post heat treatment, 

Mechanical properties

SP112



International Symposium on Innovation in Materials Processing

SONO Calm, Jeju/Korea, 26-29 October 2021

- 303 -

Microstructure and High Temperature Compressive Properties of 

Carbon-Doped NiCoCr Medium Entropy Alloy Fabricated by 

Laser Powder Bed Fusion

So-Yeon Park1, Jieun Ahn1, Sangsun Yang2, and Kee-Ahn Lee1*

1Department of Materials Science and Engineering, Inha University, Incheon 22212, Republic of Korea 
 2Korea Institute of Materials Science, Changwon 51508, Republic of Korea

 

*Corresponding author: keeahn@inha.ac.kr

 

NiCoCr medium entropy alloy (MEA) is a material with excellent chemical resistance and mechanical 

properties that has great potential for application as structural materials for extreme environments. In particular, 

when additive manufacturing processes are applied, it is possible not only to manufacture alloys with uniform 

composition distribution without complex conventional processes, but also to manufacture optimized feature 

parts. Thus, attempts have recently been made to apply additive manufacturing technologies into the MEA. 

In this study, NiCoCr MEA was manufactured using the Laser powder bed fusion (LPBF) process. In addition, 

for the first time, the high temperature compressive properties and deformation behavior of LPBF NiCoCr 

MEA were investigated. The porosity was measured less than 1%. In the initial microstructure observations 

results, the heterogeneous grain structures appeared, and epitaxial growth grains was found along the building 

direction. There was also a sub-structures within the grains consisting of dislocation networks. The room 

and high temperature compression tests were performed at 25℃, 500℃, 600℃, 700℃ and 800℃. The 

compressive results showed that the yield strengths were measured as 786.2 MPa, 589.9 MPa, 562.9 MPa, 

527.4 MPa and 431.6 MPa from lower temperatures, respectively, showing better mechanical properties 

than the Cantor high entropy alloy manufactured by LPBF process. The microstructure observation of 

deformed specimens showed a large amount of deformation twinning even after high temperature compression. 

Based on the above results, the high-temperature deformation mechanism of LPBF NiCoCr MEA was 

discussed in relation to microstructural factors.

Keywords: NiCoCr medium entropy alloy, Laser powder bed fusion, High temperature, compressive 

properties, deformation twinning
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Carbon fiber (CF) composites have excellent stiffness and strength properties at low bulk densities. Recent 
efforts in industrial composite material development have focused on replace thermoset matrices with 
thermoplastics in CF reinforced composites products. High-performance thermoplastic-based composites (TC) 
such as poly ether ether ketone (PEEK), ployamide 6 (PA6), polyethlenimine (PEI), poly phenylene sulfide 
(PPS) are promising materials for structural applications in aerospace and automotive. They have a high 
impact resistance as well as they have a very good maintenance of their mechanical properties under fire 
conditions. However, the interfacial bonding strength and impregnation between the fiber and matrix of 
TC is very low due to the poor interfacial bonding strength (low surface free energy), the high melting 
temperature and the viscosity of the thermoplastic resin.

In this study, a three different press temperature was applied to TC. The longitudinal (0o) and transverse 
(90o) tensile strength, longitudinal (0o) and transverse (90o) compression strength, and interlaminar shear 
strength (ILSS) tests of TC were performed. All tests were performed by the test method of ASTM. The 
TC used in this study were PPS uni-directional (UD) tape, from TenCate advanced composites, Toray. It 
consisted of PPS matrix and CF (AS4A fiber with a volume fraction of 59%). The glass transition temperature 
(Tg) of the material was 90 oC and its melting temperature (Tm) was 280 oC. The 6-ply UD tape were 
pressed (at three different temperatures: 300 oC, 340 oC, and 380 oC) according to a [0o, 0o] / [90o, 90o] 
stacking sequence, and the thickness was 1 mm (and 2 mm), respectively. Scanning electron microscope 
(SEM, JEOL JSM-840 A) was used to observe the morphology of the TC. The tensile strength was carried 
out using a universal testing machine (Instron 5982) at a constant loading rate of 2 mm/min at ambient 
temperature according to ASTM D 3039. The specimens were fixed to the machine using a pair of hydraulic 
clamps. The compression strength of the TC was measured according to ASTM D 3410. The ILSS of the 
TC was measured by a short beam shear test according to ASTM D 2344. The span-to-depth ratio of the 
specimen was 4:1, and the width was 2 times the specimen thickness. FST (fire, smoke, toxicity) test measured 
on FST test system (SD-2/MP-1, DEATAK, USA). In the spread of flame test, the specimen was mounted 
vertically and exposed to a pilot burner and radiation from a radiation panel according to ISO 5658-2, 
using lateral flame spread equipment from Fire Testing Technology. The smoke chamber testing of FRPs 
was conducted in accordance with EN ISO 5659-2 with a smoke chamber from Fire Testing Technology 
coupled with additional FTIR equipment (Thermo Scientific Antaris IGS Analyzer, Waltham, MA, USA) 
from Nicolet for toxic gas analysis.

Keywords: Carbon fibers, Thermoplastic composites, Light induction tooling, Mechanical properties
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Mg alloys, which have low formability because of the limited slip systems in the hexagonal close packed 

crystal system, are limited in their commercial and military component applications despite their best 

advantages as ultralight structural metal. To overcome this, many researchers are making great efforts to 

improve their deformation properties. Recently, our group applied a new severe plastic process called MADF 

to the AZ80 alloy to improve the rolling deformation properties at room temperature by more than 50%, 

and to lower the rolling process temperature by about 100°C. The cause of this result is grain refinement 

of approximately 2 micrometer by the MADF process. Nevertheless, still limited to its superior benefits 

due to lack of deformation, and in this study, we would like to announce the results of our study to improve 

the rolling deformation behavior by applying ESAR rolling process to MgLi alloys with beta body centered 

cubic system.

   

Keywords: ESAR (Equal Speed Asymmetric Rolling), LA111 alloy
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Al 2014 alloy is one of the age-hardenable Al-Cu based alloys, which possess excellent mechanical 

properties. It also has good corrosion resistance and machinability. It is generally used for structural 

components in aircraft and military vehicle and in ship-building industries where high strength and good 

workability are required. After proper heat treatments, the precipitates including Al2Cu (θ) phase as one 

of the main strengthening agents are distributed in the alloy. The precipitation particles will act as obstacles 

to dislocation motions by strains. This study is focused on the correlations between dislocation motions 

and precipitates depending on the amounts of strain in Al-Cu based alloys by severe plastic deformation. 

In a previous study, a biaxial alternate forging system to allow continuous strain accumulations on the 

work-pieces of light-metal alloys using octagonal rod shaped dies was developed. This die system can 

characterize the formability limit by accumulating strains to the specimens. However, it also can be employed 

to make the materials severely strained with desired amounts. The aim of this study is to investigate strain 

response of precipitations in Al 2014 alloy during severe plastic deformation by biaxial alternate forging. 

The distribution behaviors of dislocations around precipitations in the alloy samples were studied using 

transmission electron microscopy. 

Keywords: Al 2014 alloy, Precipitation, Severe plastic deformation, Dislocation, Transmission electron 

microscopy
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Mg alloys are one of the most potential materials to replace aluminum alloys. They are increasingly 

used in various fields due to their ultra-light weight, high weight-to-strength ratio, remarkable anti-shock 

resistance, and excellent recyclability. However, there are obstacles which limit practical application of Mg 

alloys. One is their poor formability at ambient temperature because of hexagonal close packed structure, 

which has limited number of slip systems. Therefore, temperature dependence in the deformations of Mg 

alloys has been examined by many researchers. The formability limit can be evaluated by accumulating 

strains to the specimens. In a previous study, a biaxial alternate forging system to allow continuous strain 

accumulations on the work-pieces of light-metal alloys using octagonal rod shaped dies was designed. The 

aim of this study is to investigate the formability limits of AZ31 Mg alloy using biaxial alternate forging 

die system at room and high temperatures. The microstructural evolution depending on strain amounts was 

examined. And also, effect of temperature on strain accumulation in AZ31 Mg alloy during severe plastic 

deformation was discussed. 

Keywords: AZ31 Mg alloy, Severe plastic deformation, Formability, Microstructure, Strain
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The demands for weight reduction and high performance of structural materials have spurred the use 

of metal matrix composites (MMCs), which can get over the limitations of mono metal materials and have 

superior mechanical properties such as high specific strength and wear resistance, high temperature strength. 

Among material combinations of metal matrix and ceramic reinforcement, Fe-TiC and Fe-TiB2 have been 

studied widely because of superior interface formation by good wettability 

In this study, microstructure and mechanical properties of titanium carbide (TiC)+titanium diboride (TiB2) 

reinforced low carbon steel(S20C) matrix composite fabricated by gas pressure infiltration process were 

investigated at various TiC/TiB2 ratio and two different size of TiB2 powder. The analysis of microstructural 

characteristic of fabricated composites was carried out using X-ray diffractometer (XRD) and Scanning 

electron microscopes (SEM), and Energy-dispersive X-ray spectroscopy (EDS). By measuring various 

mechanical properties, the effect of TiC/TiB2 ratio and TiB2 size on the strengthening of the composites 

was investigated.

Keywords: Gas Pressure Infiltration, Metal Matrix Composites, TiC, TiB2, S20C
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High-conductivity aluminum alloy has a low density, so it is in the spotlight as a material that can 

replace copper. In order to develop an aluminum alloy that satisfies high strength and high conductivity 

characteristics, an appropriate strengthening mechanism should be considered. In the case of solid solution 

strengthening, the strength is improved by the addition of alloying elements, but the electrical conductivity 

is reduced. Therefore, it is necessary to study a mechanism for improving strength without lowering electrical 

conductivity.

The electrical conductivity of the aluminum alloy is greatly affected by the solid solubility of solute 

atoms (Matthiessen's rule), so the improvement of mechanical properties using a large amount of added 

elements is limited. Accordingly, in this study, Al-xFe-0.25Si-0.15Mg with varying Fe content (x, 0.5, 0.8, 

1.0, and 1.2 wt.%) alloys were newly developed. The alloys were produced by vacuum casting and hot 

extrusion. In both the casted and extruded material, the electrical conductivity decreased as the amount 

of Fe added increased. After hot extrusion, precipitates are formed in the matrix in which the additive element 

is dissolved, thereby improving mechanical strength and electrical conductivity. Finally, while the electrical 

conductivity satisfies 55% IACS, an Al alloy with excellent mechanical properties of 160 MPa or more 

was newly developed.

Keywords: Al alloy, Electrical conductivity, Hot extrusion, Specific stress 
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In this paper, the correlation between microstructure and electrical conductivity of Al-0.2Y-xSc alloy 

with varying scandium content (0.05, 0.1, 0.2, and 0.3 wt.%) was studied. Also, the combined effects of 

heat treatment and hot extrusion on the tensile and conductive properties of Al–0.2Sc–xSc alloys were 

investigated. The alloys were produced by induction casting and hot extrusion. After the alloy is manufactured 

by induction heating casting method, hot extrusion was performed. As the amount of added Sc increases, 

the electrical conductivity of the cast material decreases from 57% IACS to 52% IACS, and Scandium 

induces solid solution strengthening of aluminum, and a very small amount of scandium increases the 

mechanical properties. In addition, in the extruded material, Y and Sc dissolved in the Al matrix were 

precipitated as intermetallic compounds during the hot extrusion process. And it was confirmed that both 

electrical conductivity and mechanical properties were increased due to the uniform dispersion of the formed 

precipitates. In addition, the electrical conductivity has been improved by more than 60% through heat 

treatment.

Keywords: Al alloy, Electrical conductivity, Hot extrusion, Low alloying, Heat treatment
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Ti-6Al-4V alloy, which is widely used as a system material in a high-temperature and high-pressure 

environment in various industrial fields, is difficult to machine, so high-temperature processing methods 

such as hot forging, rolling, and hot forming are mainly applied. High-temperature processing of titanium 

alloys mainly proceeds above the beta single-phase region, and the grain size after processing is determined 

by the grain size of the beta phase at high temperature. Therefore, controlling the grain size of the prior 

beta through the adjustment of process variables is essential. In this study, high temperature compression 

experiments were performed on Ti-6Al-4V alloys. The temperature range was set at 50°C intervals from 

800°C to 1200°C, and the strain rate was set at 10-1/sec intervals from 1x100/sec to 1x10-3/sec. Based on 

the experiments conducted, flow stress, processing maps were derived and the prior beta grain size according 

to the difference in energy distribution efficiency for each condition was explained in relation to the 

high-temperature deformation mechanism and dynamic recrystallization.

Keywords: Ti-6Al-4V, High temperature deformation, microstructure, processing map
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Recently, research for harvesting eco-friendly energy has been actively conducted due to adverse weather 

conditions such as global warming. In particular, the development of a device for generating electricity 

using water abundantly present in nature is being introduced. In this study, a columnar structure was fabricated 

using cellulose and dip-coated with carbon to increase electrical conductivity. The principle of energy 

generation is that by injecting water into one side of the generator, electrons flow with the difference in 

potential energy between the wet and dry parts. Therefore, to keep one part wet, a deliquescent material 

is injected to one end area so that it can always absorb moisture. By using deliquescent powders, it is 

possible to control the wetting asymmetry without human assistance. Also, the generator output change was 

compared according to the change of the evaporation environment according to the external wind speed. 

The developed generator was column-type structure with length of 25 mm and diameter of 6.6 mm. Each 

generator can generate 150 μA and 0.3 V current and voltage respectively, and can be connected in series 

or parallel to increase the output. The developed generator is expected to be utilized as a power source 

for low-power devices in the future.

Keywords: Eco-friendly, transpiration generator, external wind speed, carbon
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Laser powder bed fusion (L-PBF) is an emerging Additive Manufacturing (AM) technique by which 

successive powder layers are consolidated to make complex geometry parts in a near-net-shape manner. 

Besides allowing to fabricate components with intricate geometry, L-PBF also constitutes a tool to design 

and process novel advanced materials, since the high cooling rates involved, which are much faster than 

the rates associated to conventional processing methods, may give rise to notable changes in the solidified 

microstructure, including grain refinement, precipitation of out-of-equilibrium phases, increased solid 

solubility and reduced segregation. To date, the Al12Si and AlSi10Mg aluminum alloys have been the most 

utilized Al-based L-PBF feedstock because of their good weldability, excellent castability and low shrinkage, 

resulting from the presence of a large fraction of Al–Si eutectic. However, the thermal conductivity is low 

due to the high Si content, so there is a limit to its application to heat dissipation parts. Therefore, the 

development of new aluminum alloys for additive manufacturing with high thermal conductivity appears 

as particularly desirable and challenging. Al–Mg–Si alloys have a wide range of applications due to their 

high strength to weight ratio, good corrosion resistance and thermal conductivity as well as excellent 

extrudability. Si and Mg is one of the important alloy elements for the strength and thermal conductivity 

of Al alloy. In this study, effects of Mg addition on microstructure, thermal conductivity and mechanical 

properties of Al-Mg-Si based alloys were investigated. Al6013-1.5Si alloys with Mg addition were prepared 

under an induction melting furnace in a graphite crucible. The alloy melts were cast into pre-heat steel 

mold at 200 ºC. The cast billets were extruded into 12mm bar shape with extrusion ratio 39 at 350 ºC. 

Microstructure and mechanical properties of as-extruded alloys was examined by FESEM, EBSD and universal 

material test machine. And thermal conductivity was measured using laser flash method.

Keywords: Al-Mg-Si alloy, Thermal conductivity, Microstructure, Mechanical properties, Laser powder 

bed fusion
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The mold industry is a base industry with the greatest ripple effect on major domestic export industries 

such as automobiles, IT, and home appliances, and is the field receiving the most attention among the 

application fields of metal 3D printing technology. In the case of an injection mold manufactured through 

the CNC process, which is a conventional manufacturing method, the shape of the cooling channel is simple 

due to the limited processing method, and uniform cooling of the injection product is not possible. The 

cooling core in the mold manufactured by 3D printing technology can implement a complex cooling channel 

inside, thereby improving cooling efficiency by uniformly controlling the flow of cooling water. Through 

this, thermal deformation due to the difference in cooling rate can be greatly reduced, thereby minimizing 

defects and maximizing productivity. 

In this study, a study on the suitability of 3D printing was performed by manufacturing Fe-Cu-based 

alloy powder. Fe-Cu-based alloy powder was manufactured using a gas atomizer process, and the 3D printing 

process was used to classify powders of 15 to 45 ㎛. Using the David 1.0 equipment(Merain), which is 

the future of the PBF(powder bad fusion) method, laminated samples were prepared according to conditions 

such as laser output and speed. The microstructure of specimens was examined by field emission scanning 

electron microscopy and electron backscatter diffraction. The thermal conductivity of the Fe-Cu based 

specimens was investigated with addition of additive elements. 

Keywords: Fe-Cu based alloy, Thermal conductivity, Microstructure, Powder bed fusion
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Al–Mg–Si based casting alloys are considered as promising alloys for automotive applications because 

of their high strength along with high ductility. Recently, the yield strength of these alloys was tried to 

enhance through the aging-treatment (T5- temper), which, however, led to only slight increase in the yield 

strength compared to as-cast condition. However, few studies have been regarding the response of Al–Mg–Si 

based alloys to the T6- heat-treatment. The subjecting of these alloys to solution heat treatment (SHT) process 

can lead to a more saturated solid solution and as a result, enhanced precipitation hardening response is 

expected. Furthermore, there is also need to study the effects of compositional variation on the T6- heat 

treatment response of Al–Mg–Si based alloys. Therefore, the aim of the current study was to investigate 

heat-treatment response of Al–Mg–Si alloys with varying Mg/Si ratios. 

Keywords: Al–Mg–Si based alloys, compositional variation, heat treatment, tensile properties
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In order to investigate the solid-state-welding properties, this study was carried out. Friction welding 

as a solid-state-welding, applicable to rod and tube type materials, was selected, and the material was chosen 

SUS316L with tube type. For this material, the welding was carried out at a condition of variable upset 

pressure from 40 to 80 MPa under the constant rotation speed (2,000 RPM) and friction pressure (25 MPa). 

After welding, to evaluate the grain boundary characteristic distribution of the welds such as grain size, 

orientation, misorientation angle and so on, electron backscattering diffraction method was introduced. In 

case of mechanical properties, the classical method such as Vickers microhardness and tensile test was applied, 

Fig. 1. Orientation image maps of base and friction welded SUS316L alloys with variable upset pressure. 

(a) base material and (b-d) upset pressure of 40, 60 and 80 MPa, respectively.
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and the relationship between microstructures and mechanical properties was evaluated. the application of 

the friction welding on SUS316L tube was contributed to the notable grain refinement in the welds, which 

was gradually accelerated by increase in upset pressure as shown in Fig. 1. Moreover, refined grain size 

in the welds showed the sound Vickers microhardness relative to the base material zone, approximately 

72% versus base material. Tensile properties such as yield and tensile strengths were slightly lower relative 

to the base material without notable decrease in elongation. This study systematically explained the relationship 

between microstructures and mechanical properties on friction welded SUS316L tube.

Keywords: Fiction welding, SUS316L tube, Grain boundary characteristic distribution, Electron 

backscattering diffraction method, Mechanical properties.
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To evaluate the friction welding properties on stainless steel which mainly used energy and chemical 

plant industries due to its excellent corrosion resistance and high strength, this study was carried out. Hot 

extruded SUS304 alloy as an initial material was introduced, and friction welding as solid-state-welding 

process, applicable to the rod and tube typed materials, was adopted. For welding, the materials were prepared 

by a size of 12 mm diameter × 120 mm length, and friction welding was carried out at a condition of 

2,000 RPM (rotation speed), 65 MPa (friction force), 155 MPa (upset force) and 3 – 7 mm (burn-off length). 

In order to investigate the macro and microstructures, the analyzation through optical microscope was 

introduced, in particular, electro backscattering diffraction (EBSD) method was adopted to analyze the grain 

Fig. 1. Orientation image maps of base and friction welded SUS304 alloys with variable burn-off length. 

(a) base material and (b-d) burn-off length of 3, 5 and 7 mm, respectively.
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boundary characteristic distributions (GBCDs) such as grain size, orientation, misorientation angle and so 

on. In case of the evaluation of mechanical properties, Vickers microhardness and tensile test were applied 

to the welds as a classical method. Application of friction welding on SUS304 alloy leads to the significant 

grain refinement in the weld zone (7.45 μm) relative to the base material (48.09 μm), which accompanied 

by the dynamic recrystallization due to the friction heat and metallic flow occurring during the welding. 

Moreover, grain refinement in the welds was directly affected to the obtaining in sound microhardness, 

and yield and tensile strengths, consequently, its values occupied to 90, 93 and 102 % relative to the base 

material. Lower mechanical properties in the welds (approximately 90% to the base material) is caused 

by the initial material manufactured by hot extrusion, correctly insufficient stress release, in contrast, the 

welds were enough stress release due to the dynamic recrystallization during the welding. Hence, we identified 

that the application of friction welding on SUS304 is effective to develop the mechanical properties based 

on the microstructure development.

Keywords: Fiction welding, SUS304, Grain boundary characteristic distribution, Electron backscattering 

diffraction method, Mechanical properties
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Stainless steel 316L was successfully fabricated by additive manufacturing (AM) with a directed energy 

deposition (DED) process. AM 316L exhibits an excellent combination of strength and ductility. The dendritic 

cellular structure is responsible for the high yield strength of the AM 316L. twin boundaries were observed 

in deformed AM 316L. It is expected that twinning-induced plasticity (TWIP) to be responsible for the 

excellent ductility of AM316L. This study provides a good understanding of the mechanical behavior of 

additively manufactured stainless steel.

Keywords: Additive manufacturing, Stainless steel 316L, Twinning-induced-plasticity
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7000 series aluminium alloys are widely used for the field of aircrafts and railway vehicles due to their 

high strength and low density. The mechanical properties of these alloys are mainly determined by the 

precipitates using artificial aging processes. Along with precipitation hardening, strain hardening and grain 

refinement are expected to increase strength as well which are closely related with cold rolling process 

before artificial aging. However, the effect of cold rolling on precipitation process in 7000 series aluminium 

alloys is not clear yet. Precipitation hardening behaviors of Al-Zn-Mg alloys by cold rolling of 30%, 60% 

and 90% were investigated by using micro Vickers hardness measurement, electrical conductivity 

measurement, DSC, EBSD, and TEM analyses. The results showed that the amount of precipitates increases 

with the increasing cold rolling. The hardness of cold rolled samples at 30% and 60%, showed plateau 

with aging time due to the positive effect on precipitation and negative effect on recovery happened 

simultaneously in the beginning, but after an hour, the hardness increased. Cold rolled sample at 90% did 

not show a significant change in hardness with aging time. TEM observation revealed that 90% cold rolling 

accelerates the aging and precipitation processes and the main strengthening phase that affects strength of 

these alloys is η’ phase regardless of the cold rolling ratio. 

Keywords: Aluminum alloys, Cold rolling, Mechanical properties, Precipitates, η’ phase
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In recent years, when the new coronavirus Covid-19 is prevalent, the demand for antibacterial materials 

has increased. Among them, photocatalysts using TiO2 and the like have been confirmed to be effective 

for Covid-19. A photocatalyst is a substance that can remove harmful substances such as organic compounds 

and bacteria that are in contact with each other by generating strong oxidizing power on the surface when 

irradiated with sunlight or light from a fluorescent lamp. There are three main types of TiO2, rutile, anatase, 

and brookite, and the anatase-type is used as a photocatalyst. Therefore, the purpose of this study was to 

synthesize high strength anatase-type TiO2 ceramics. Anatase-type TiO2 transitions to rutile-type when heated 

to 650 ℃ or higher. However, it is considered that TiO2 does not sufficiently proceed by heat treatment 

at 650 ℃ or lower. Therefore, by adding a sintering aid, heat treatment is performed at a high temperature 

to proceed with sintering, and a condition for maintaining the anatase-type is appeared. The oxide powder 

with addition of the TiO2 powder were molded into pellets using a press machine. The molded samples 

were sintered in an electric furnace at 1000 to 1100 ℃. X-ray diffraction analysis was performed on the 

sintered sample to confirm the crystal structure. After that, the surface of the samples was observed using 

a scanning electron microscope to confirm the progress of sintering. The Vickers hardness test of the sintered 

sample was performed. In the TiO2 ceramics to which SiO2 was added, the anatase-type peak could be 

strongly confirmed even after sintering.

Keywords: Ceramics, Anatase, Sintering, Titanium oxide, Photocatalyst
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PZT-based piezoelectric ceramic material is a material capable of converting mechanical energy into 

electrical energy or electrical energy into mechanical energy. Due to its characteristics, it is widely used 

in various fields such as microphones, ultrasonic transducers, and actuators. As the manufacturing process 

of piezoelectric material, research on various near-net shape manufacturing processes such as powder injection 

molding, casting, and embossing for the purpose of manufacturing complex shapes and mass production 

is in progress. Among them, powder injection molding is a field of increasing interest because it has the 

advantage of being able to manufacture complex micro-parts as well as massive production with high precision. 

In this study, piezoelectric ceramic parts were manufactured by powder injection molding, and for this, 

a feedstock capable of low-temperature molding was developed to enable injection molding regardless of 

the mold material, and the process was optimized for each step. 

The feedstock was prepared by mixing PZT powder with a particle size of D50 of 0.5 μm and a wax-based 

binder system, and the optimum solid loading was determined to be 49 vol.% using a torque rheometer. 

The homogeneity of feedstock was evaluated using by thermal analyzer and pycnometer, and the rheological 

properties were observed using a capillary rheometer. The green part was debound through solvent extraction 

and thermal debinding to obtain a brown part without defects, and then a sintering process was carried 

out in a PbO rich atmosphere. To optimize the sintering condition, the sintering temperature was changed 

from 1200°C to 1350°C and PZT powder and PbO powder were applied as the atmospheric powder, 

respectively. After that, it was determined to the sintering temperature of 1250°C and PbO powder as the 

atmospheric powder through the evaluation of microstructure, density, crystal structure, and piezoelectric 

properties using each sintered body.

Keywords: Powder injection molding, PZT, Atmospheric powder, Sintering, PbO
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This study investigate the effects of repetitive injection molding on the properties of feedstock using 

a commercial AISI 4140 feedstock. The properties of feedstock are evaluated from rheological and mechanical 

properties, the mixing homogeneity of powder and binder, and dimensional accuracy of parts sintered. The 

weight loss and viscosities of recycled feedstocks show slight differences with those of the as-recieved 

feedstock until the 4th molding injection. However, although some rheological parameters like the moldability 

index sharply increased on increasing the number of injections, the shrinkage ratio decreased slightly. Powder 

clusters with high packing ratios formed in the feedstock by the shear and compressive stresses that occurred 

during repeated injection molding. Those clusters allowed for more of the binder to act as a lubricant.

Keywords: Powder injection molding, Homogeneity, Rheology, Recycling, Feedstock
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To confirm the compactability and sintering behavior of big size UO2 block, compaction and sintering 

tests were performed using CeO2 as a surrogate of UO2. Acrawax was used as a binder to improve the 

strength of green body of CeO2 powder, and mixed powder of CeO2 and 2wt% Acrawax was compacted 

with a compaction pressure of 2.78 ~ 3.70 t/cm2. The sintering was carried out in air at a temperature 

of 1400 ℃ and 1600 ℃ for 10 hours.

As the compaction pressure increased from 2.78 t/cm2 to 3.70 t/cm2, the compaction density increased 

linearly from 64.39% to 66.73% of the theoretical density. The sintered density increased from 85.95% 

to 87.88% of the theoretical density at 1400 ℃ and from 90.37% to 90.90% of the theoretical density 

at 1600 ℃. After sintering, the shrinkage of length and diameter was inversely proportional to the compaction 

pressure. 

As the compaction pressure increased from 2.78 t/cm2 to 3.70 t/cm2, the length shrinkage decreased from 

11.59 to 11.08, and the diameter shrinkage decreased from 12.15 to 11.47. 

Keywords: CeO2, Compaction, Sintering, Shrinkage, Density
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Liquid metal extraction regards as one of the superior alternatives of hydro-metallurgical recycling process 

of permanent magnet as increasing interests of environmental aspect. Magnesium (Mg) is now used as solvent 

metal for LME due to adequate melting point and its selective reactivity with rare earth elements (REEs) 

in magnet. Product after LME process is REEs-Mg alloy fabricated by diffusion of REEs in magnet to 

Mg. Separation process after LME is not observed even though researches about LME process is actively 

investigated. Vacuum distillation (VD) process is suitable for separation process between Mg/REEs due to 

high vapor pressure of Mg. Recycling of whole elements can be achieved by VD process since recycling 

is available not only REEs but also Mg. Therefore, recovery behavior of the REEs-Mg was investigated 

by observing phase transformation, recovery efficiency and purity with changing process parameters in this 

study. Mg-Nd and Mg-Dy alloys were used as raw material and VD process was proceeded in high frequency 

induction furnace under 0.03 torr pressure. In the results, phases of both Mg-REEs were converted to pure 

REEs metal and highly purified Mg was gained. REEs metals and Mg are recovered with high purity and 

high recovery efficiency as increasing process parameters. Finally, whole elements in Mg-REEs were 

successfully recovered in this study. 

Keywords: Pyrometallurgy, Separation, Rare earth elements, Phase transformation
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Commercially, carbothermal reduction process is used to produce tungsten carbide (WC) powder from 

tungsten trioxide (WO3). However, it has high energy consumption due to long-term of reaction times with 

high temperature. A quest to search for alternate ways of producing WC are being researched todays. Among 

them, the self-propagating high-temperature synthesis (SHS) provides low energy consumption because it 

only requires thermal energy from exothermic reaction and takes very short time to synthesize. Thus, WC 

powder was synthesized from WO3 powder by SHS process with magnesium powder as a reducing agent. 

After the synthesize, magnesium and magnesium oxide by-products were then removed by acid leaching 

under different leaching conditions. The effect parameters such as the mole ratio of green compact, the 

mole ratio between carbon and WO3 on synthesis were also investigated. The observed particle phase was 

confirmed by x-ray diffractometer (XRD). 

Keywords: Tungsten carbide, self-propagating high-temperature synthesis, tungsten oxide, acid leaching
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The Nd-Fe-B based sintered magnets are widely used in applications due to their high magnetic properties. 

Recently, there is a strong demand for high coercive Nd-Fe-B permanent magnets for hybrid electric 

vehicle/electric vehicle. Currently, heavy rare earth (HRE) element such as Dy or Tb is used to the Nd-Fe-B 

magnets due to its poor thermal stability. However, the HRE resources are scarcity and high-cost. Therefore, 

there is demanded technology of increasing coercivity without HRE resources. The coercivity is improved 

by reducing the grain size of Nd-Fe-B magnet to a single domain size (~300nm). Especially, it is important 

to improve the microstructure of the magnet surface because the nucleation of reverse domains is more 

easily appeared than the inner region by oxidation and demagnetization field. The Hydrogenation- 

Disproportionation-Desorption-Recombination (HDDR) process is one of the methods to obtain Nd-Fe-B 

magnetic powder with the single domain sized grains. In this study, the HDDR process was performed 

on Nd-Fe-B bulk magnet despite powder metallurgy method. We investigated change of microstructure and 

magnetic properties with HDDR treatment temperature and HD reaction time in order to optimize the HDDR 

conditions on Nd-Fe-B bulk magnet. The HDDR treatment was performed in the range of 810℃ to 1000℃, 

and HD reaction time was changed from 0.5h to 2h during the HDDR treatment. When the HDDR treated 

on Nd-Fe-B bulk magnet at 810℃ and 920℃, it was observed that the grain size of Nd-Fe-B bulk magnet 

was refined from surface to a depth of 200㎛ and 50㎛, respectively. However, after the HDDR treatment, 

the Nd-rich phase was changed non-uniformly and discontinuously. It was determined that the main reason 

of the decrease in coercivity despite the refinement of the grain size on the surface of the bulk magnet 

after HDDR treatment. It was observed through kerr-microscopy that the domain of particular Nd-rich phase 

was reversed previously. Based on the above results, we will be discussed the HDDR behavior of the Nd-Fe-B 

sintered magnet surface and proposed the method to improve the coercivity of the HDDR treated Nd-Fe-B 

bulk magnet.

Keywords: Nd-Fe-B, HDDR, Nd-rich
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Nd-Fe-B magnets have been used for the traction motor of hybrid or electric vehicles due to its excellent 
magnetic properties. With increasing demand on Nd-Fe-B magnets, the shortage of Nd resource is becoming 
more serious. Therefore, the current issue in Nd-Fe-B magnets is to achieve high coercivity and remanence 
while reducing the Nd content of the magnets. Ce or La substitution for Nd in the magnets has attracted 
much attention as a promising method for the development of Nd-saving Nd-Fe-B magnets because a 
significant amount of Ce or La are produced during the Nd extraction from the rare-earth ore, but most 
of them are piling-up owing to the lack of link to the industry. However, the inferior intrinsic magnetic 
properties of Ce2Fe14B phase (4πMs = 11.7 kG, Ha = 26 kOe) and La2Fe14B phase (4πMs = 13.8 kG, 
Ha = 20 kOe) compared to Nd2Fe14B phase (4πMs = 16 kG, Ha = 73 kOe) creates a technical challenge 
to achieve high coercivity and remanence in the Ce or La substituted magnets. It is well known that the 
hot-deformation process is very effective industrial process to improve the coercivity and remanence of 
the Nd-Fe-B magnets because the grain size of hot-deformed magnets is several hundred nanometers, which 
is one order of magnitude smaller than that of sintered magnets. Therefore, we investigated the influence 
of the Ce or Ce-La substitution for Nd on the magnetic and microstructural properties of the Nd-Fe-B 
hot-deformed magnets. Initial ribbons with the nominal compositions of (Nd1-xMx)30.0FebalB1.0Ga1.0Co6.0 (x=0, 
x=0.3/M=Ce and x=0.3/M=Ce+La, wt.%, named as ND, CE0.3 and CELA0.3, respectively) were prepared 
by melt-spinning process and were then pulverized into powders. The melt-spun powders were then hot-pressed 
and subsequently die-upsetted. We have found that both the [001] texture and microstructure of RE-rich 
grain boundary phases, the factors that determine the remanence and coercivity of hot-deformed magnets, 
were deteriorated by the Ce- or Ce-La substitution. The volume fraction of RE-rich liquid formed at the 
grain boundaries during hot pressing and hot deformation is decreased by Ce or Ce-La substitution, increasing 
the friction between the 2:14:1 grains while the c-axis of grains are aligned by grain rotation and decreasing 
the RE concentration of grain boundary phases. In particular, Ce-La co-substitution further prevents liquid 
formation within the grain boundaries of the magnet during hot pressing and hot deformation because the 
wettability of the RE-rich liquid to 2:14:1 grains decreases. As a result, Ce-La substituted magnets show 
lower remanence value than the Ce- substituted magnets after the hot-deformation. Based on the results 
from the microstructure analysis, we can expect that the remanence and coercivity of Ce- and Ce-La substituted 
hot-deformed magnets can be improved when a large amount of RE-rich liquid is present at the grain 
boundaries prior hot-deformation process. In this presentation, the detailed method to improve the remanence 
and coercivity of the Ce- and Ce-La substituted hot-deformed magnets will be explained.

Keywords: Nd-Fe-B, rare-earth, Hot-press, Hot-deformation, grain-boundary 
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Neodymium(Nd) metal was recovered from NdFeB waste magnets through halide reaction with molten 

magnesium halides. To lower process temperature, fluoride of alkali metals were using as binary salts by 

calculating thermodynamic factors through a thermodynamic program (HSC Chemistry, Factsage). 

Fluoride-based salts were confirmed to be suitable for the use of Mg halide as a reactant for the halide 

reaction with the NdFeB waste magnet. Rare-earth extraction was proceeded by mixing crushed NdFeB 

waste magnets with molten halide salt and reacting them at 900℃ in argon atmosphere. The extraction 

rate was calculated according to the various sizes of the particles of the NdFeB waste magnet, and it was 

calculated to be more than 90% in particle sizes of 0.3-0.7 mm and 0.7-1.0 mm through ICP-OES result. 

The microstructure of the sample was observed through SEM, phase analysis was performed by using XRD. 

The extraction rate 
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Tantalum has high melting point of 3,017 oC, high density of 16.69 g/cm3, low temperature coefficient 

of resistance, stable specific resistance, and excellent corrosion resistance. Unless it is well using in many 

of industries with outstanding properties, Ta is also importantly using in military and space industries. In 

particular, tantalum is well used as an anode material for solid electrolyte capacitors due to its dielectric 

properties that can be formed the most stable anodized film, in compared to other metallic materials. Also, 

high-purity tantalum is also being considered as the most suitable material for semiconductor sputtering 

target.

Tantalum metal is usually produced through various processes after removing impurity such as niobium 

from the raw ore coltan. However, coltan production is classified as a strategic commodity mined in conflict 

zones of 10 African countries including the Congo. Therefore, use of ore for the produce of tantalum metal 

is strictly regulated internationally. As a result, a small number of companies from advanced countries 

monopolize the tantalum market, and the domestic tantalum industry is dependent on imports for all raw 

materials, and there is lack of domestic tantalum smelting technology. 

Thus, in this study, the development of smelting technology was mainly studied and various process 

steps from ore to final tantalum productions are introduced such as hydrometallurgical method, Hunter and 

combustion synthesis method, and electron beam melting technology. As a result, the purity of the metal 

powder and ingot were analyzed to be 3N5 grade, and 5N grade, respectively. In addition, physical properties 

in particle size, shape, oxygen content, phase analysis, and etc., were confirmed to evaluate the properties 

by each materials from different processes.
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The TiC-Mo2C-WC-Ni alloy cermet was fabricated by high-energy ball-milling (HEBM) and in situ 

consolidation through spark plasma sintering (SPS). TiC-based powders were synthesized from different 

milling times (6, 12, 24, and 48) h and subsequently consolidated by rapid sintering under 1300℃ dwelling 

a load of 60 MPa. With the increase of HEBM time, it was led to improved sinter-ability as the sufficient 

driving force between inter-particles during the densification. The core-rim structures such as (Ti, W)C and 

(Ti, Mo)C carbides (rim) were formed by Ostwald ripening while inhibiting the coarsening of TiC (core) 

grains. As the TiC particles become fine (41.23 to 7.8) nm with thickly dispersed rims was improved fracture 

toughness (10.0 to 13.8) MPa·m1/2, which provides alleviated crack deflection and propagation by a 

transgranular fracture at the rims.

Keywords: TiC-based cermet, core-rim structure, high-energy ball-milling, spark plasma sintering
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Additive manufactured (AM) titanium alloy is an attractive application as orthopedic implant. It has an 

advantage in customization, processing time reduction, and osseointegration. However, in the case of 

commercial Ti alloys powders used in AM, bio-toxic V and Al elements are present. In addition, it consists 

of an α-Ti phase with high elastic modulus. High elasticity modulus induces a stress shielding effect that 

causes osteoporosis. Therefore, there has been a need to develop bio-compatible Ti alloy powder with excellent 

biomechanical properties for additive manufacturing.

In this study, biocompatible Ti-39Nb-6Zr alloy designed with low elastic modulus was fabricated by 

laser powder bed fusion. Detailed characterizations of the specimens, as-built and heat-treated, were carried 

out. Microstructural analysis was executed by FE-SEM and EBSD. It was found that all the specimens 

contained β-phase. Tensile and hardness tests were performed to analyze mechanical properties. It was 

concluded that the additive manufactured Ti-39Nb-6Zr alloy exhibited a lower modulus than that of 

commercial Ti alloys, and the other mechanical properties were suitable for orthopedic implant applications.
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WC-Co and other similar cemented carbides have been widely used as hard materials in industrial cutting 

tools (high hardened steel, CFRP, heat resisting alloys, titanium alloy) and as mold metals; and a number 

of techniques have been applied to improve its microstructural characteristics, hardness, and wear resistance. 

Cobalt is used primarily to facilitate liquid phase sintering and acts as a matrix, i.e. a cementing phase 

between WC grains. A uniform distribution of metal phase in a ceramic is beneficial for improved mechanical 

properties of the composite. WC-Co, starting from initial powders, is mainly used for a variety of machining, 

cutting, drilling, and other applications because of its unique combination of high strength, high hardness, 

high toughness, and moderate modulus of elasticity, especially with fine- grained WC and widely distributed 

cobalt.

This study, aims to highlight the changes in mechanical properties WC-Co chemical compositions that 

were experimented in with various milling and sintering conditions. High-energy ball milling with varying 

duration was employed for generating well dispersed nano-sized powder types. Mechanically alloyed powders 

with compositions of WC-(4, 6, 8, 10, 12, 14)wt% Co were used, followed by applying 50MPa pressures 

at 1,200℃ to form the spark plasma sintered bulks. In addition, changes in the density and hardness of 

the sintered WC-Co which have been fabricated through the spark plasma sintering process, and additionally 

measured using Archimedes method, Vickers hardness, and fracture toughness. 

Keywords: Cemented Carbide, Hardness, Fracture Toughness
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A large portion of important commercial products of hexaferrites are based on Lanthanum, Cobalt- 

containing composition. However, recent surge of cobalt price disturbs large-scale production of ferrite 

magnets and rare element-free synthesis of hexaferrites is required. Here, we studied the effect of effect 

of alkaline salt addition for improved microstructure and magnetic properties. The successful synthesis of 

monophasic Strontium hexaferrite was identified with XRD analysis even after addition of alkaline salt during 

the processing. Uniform microstructure with enlarged grains was developed with addition of alkaline salts. 

Densification of sintered bodies were identfied for Strontium hexaferrite with alkaline salt. The saturation 

magnetization of strontium hexaferrite were improved from 70 emu/g to 79 emu/g by addition of alkaline 

salts although coercivity was almost unchanged.

Keywords: hexagonal ferrite, solid state reaction, magnetic properties, alkaline salt
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Novel Fe-Cr-B metamorphic coating layers were manufactured using a high velocity oxygen fuel spray 

(HVOF) process, and the microstructure and wear properties of the fabricated coating layers were investigated. 

Here, a typical Fe-Cr-B based metamorphic coating layer, which normally applied, was used as a comparative 

material. In the XRD analysis results, all the coating layers consisted of Fe (BCC), (Cr, Fe)2B and amorphous 

phases. Initial microstructures observation results showed a combination of fine crystalline and metallic glass 

in the splat region. On the other hand, unmelted regions were composed of crystalline and a little metallic 

glass. The average Vickers hardness of each coating layer was 725.7 Hv (M coating layer), 616.5 Hv (M1 

coating layer), and 760.4 Hv (M2 coating layer), respectively. Wear test results demonstrated that the M2 

coating layer had lower wear loss (higher wear resistance) compared to M and M1 coating layers. In particular, 

it is noteworthy that HVOF sprayed M2 coating layer had about 37% better wear resistance than the vacuum 

plasma sprayed (VPS) metallic glass coating layer. All of the coating layers revealed abrasive wear behavior. 

On the wear surface, some oxides generated during abrasion were found. Based on the above results, the 

wear mechanism of the novel Fe-based metamorphic coating layers manufactured by the HVOF spray process 

was also discussed in relation with the microstructures.

Keywords: Fe based metamorphic alloy, Thermal spray coating, High velocity oxygen fuel, Microstructure, 

Wear
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The production of silicon waste sludge is increasing due to the revitalization of the silicon industry. 

High-purity silicon nanoparticles in waste sludge can be applied to various fields such as batteries, LEDs, 

and semiconductors, but they are thrown away due to lack of recycling technology. In the field of secondary 

batteries, silicon is used as an anode material because of its high energy density and fast charging/discharging 

speed. However, there is a problem in that a rapid capacity decrease occurs during charging and discharging 

due to volume expansion in the process of silicon reacting with lithium ions. To control the volume change 

of silicon during charging and discharging of lithium-ion batteries, various researches on silicon coating 

are being conducted. 

Therefore, in this study, high-purity silicon particles generated from waste sludge were manufactured 

in nano size and coated with TiO2 to prevent volume expansion. Waste sludge generated in the seed production 

process of silicon ingot was used. Impurities were identified through X-Ray Diffraction (XRD) and Scanning 

Electron Microscopy- Energy-dispersive X-ray spectroscopy (SEM-EDS) before the nanopowder was 

prepared. The waste sludge was composed of silicon and partially oxidized silica. As a result of analyzing 

the waste silicon through SEM, the particle size of the sludge showed a wide distribution ranging from 

20 nm to 2 μm. A planetary mill process was performed to prepare the waste silicon powder in nano 

size, and the particle size was reduced to 10-50 nm. Silicon nanoparticles prepared through planetary mill 

were confirmed to have a specific surface area of   15.9 m2/g through Brunauer–Emmett–Teller (BET) analysis. 

In addition, through the Thermogravimetric analysis (TGA) result, the oxidation temperature of the silicon 

nanopowder was 599 °C, which coincided with the oxidation temperature that occurred when the size of 

the silicon particles was nano sized. To improve cycle stability in the use of silicon nanopowder secondary 

batteries, TiO2 coating was performed. By stirring the silicon nanopowder together in PTC-ion, TiO2 can 

be coated on the particles simply and uniformly. To find the optimal coating ratio, experiments were conducted 

with TiO2 mass ratios 0, 10, 20, 30, and 40%. The prepared Si/TiO2 powder had a core-shell structure 

through SEM-EDS and Transmission electron microscopy (TEM) analysis. A cell test of Si/TiO2 powder 

was conducted, and cycle stability was improved as the amount of TiO2 increased.

Keywords: Si NPs, Recycling, Si/TiO2, Lithium Ion Battery
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Cemented carbide composed of Tungsten carbide (WC) and a metal binder (Co, Co-Ni etc.) is a 

representative material widely used for cutting tools because of its superior mechanical properties. On the 

other hand, high-entropy alloys (HEA) a new class of alloys are known to exhibit improved mechanical 

properties and thermal resistance compared to conventional alloys. In this study, we apply the concept of 

High entropy alloy to cemented carbide (WC-Co) by substituting the cobalt binder with high-entropy alloys. 

Tungsten carbide (WC) metal matrix composites with Al0.2CoxCrCuFeNi2 (x=0 and 1) high entropy alloy 

(HEA) binder were successfully prepared by mechanical alloying and spark plasma sintering. Sintering was 

performed in a vacuum atmosphere at a temperature of 1200°C for 10 min. Microstructure, phase 

transformation and chemical composition of the sintered Cemented Carbide(WC-HEA) were investigated 

by X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Energy Dispersive X-ray 

Spectroscopy (EDS). Furthermore, hardness (Hv) and fracture toughness were also investigated in comparison 

with conventional WC-Co cemented carbide. Based on the experimental results, the applicability of 

high-entropy alloys in developing a new type of cemented carbide of cutting tools is discussed.

Keywords: Cutting tool, Cemented carbide, High entropy alloy, Microstructure, Mechanical properties
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In this study, high-strength lightweight metal composites were manufactured to realize the weight reduction 

of high-strength parts by utilizing 3D printing selecting aluminum as the base metal and fullerene (C60) 

as reinforcing materials. In order to design composite powder suitable for selective laser melting (SLM) 

of the 3D printing process, we manufactured composite powder with 1 vol% C60 dispersed on aluminum 

bases with rotational speed and milling time as variables during ball milling. The manufactured composite 

powder through this process was manufactured through the LPBF process under 25 different conditions 

by varying the process parameters of laser power and scan speed. As a result of observing the microstructure 

of LPBFed composites with an optical microscope and a scanning electron microscope, the most favorable 

sintering behavior was observed comparatively high energy density conditions of about 85 J/mm3. It was 

observed that the lower energy density condition, the higher the amount of pores in the fabricated specimens. 

These results have been observed to be more influenced by laser power than scan speed. Furthermore, it 

is expected that it will be possible to prove the manufacturing suitability of the manufactured Al/C60 composites 

through the LPBF process by evaluating the mechanical properties.

Keywords: Powder metallurgy, Laser powder bed fusion, Al alloy, Fullerene, Ball milling
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In order to manufacture the high performance of high speed and high horsepower electric vehicles, it 

is essential to use the traction motors that operate efficiently in higher frequency. However, since the core 

loss of soft magnetic materials increase in the high frequency band, it is required to develop the soft magnetic 

material capable of exhibiting low core loss with high magnetic flux density even in high frequency. Among 

the several soft magnetic materials, Fe-6.5%Si steel is a promising candidate because it can simultaneously 

show high magnetic flux density, low core loss and low magnetostriction in high frequency compared to 

the existing Fe-3.5%Si steel and amorphous materials. However, in order to realize the mass production 

of this material, it is needed to develop the new manufacturing process with lower cost compared to the 

commercial CVD process even using SiCl4 toxic gas.

Among the various candidate of manufacturing processes, the powder rolling process is promising with 

the advantage of low cost and being able to manufacture alloys containing high Si and Al, which are 

traditionally difficult to cast. In order to commercialize this process, manufacturing the steel sheets with 

high density and design of manufacturing process are important. In this study, the technical ideas for the 

densification of steel sheet were verified such as a modification of powder size distribution and addition 

of metal powders with low melting point resulting in a liquid phase sintering. For improving a cold rolling 

properties, the degree of silicon diffusion was optimized to avoid a brittle phase of B2/DO3.

Keywords: High silicon steel, powder densification, powder rolling, liquid phase sintering, traction motor
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The high entropy alloy is an alloy with high mixing entropy consisting of 5 or more elements. HEAs 

have recently attracted a great deal of attention because of their excellent mechanical properties stemming 

from severe lattice distortion of the alloy. Aluminum matrix composites have also attracted continuing attention 

particularly in future mobility industries because of their high specific strength. To date, ceramic or 

carbon-based reinforcement, such as SiC, TiB2 and nano-carbon materials, have been widely used to increase 

the strength of the aluminum matrix. However, these reinforcing materials have the disadvantage of low 

wettability with Al, reducing ductility of the composites. To solve this problem, an HEA, which has relatively 

high wettability with Al as well as high strength, was used as a reinforcement to improve strength of the 

Al matrix.

In this study, Al matrix composites reinforced by nano-scale CoCrFeMnNi HEA particles were produced 

by powder metallurgical routes. First, equiatomic CoCrFeMnNi powder was produced by attrition milling 

for 72 h at 500 rpm in Ar atmosphere. After that, the HEA particles were subjected to a thermal plasma 

process to make them nano-sized. These nanoparticles were then further ball-milled with Al powder with 

the fixed volume fraction of 2% by using a planetary mill and an attrition mill, respectively. The composite 

powder was hot-rolled to produce the composite sheet at 480 ℃. Effect of HEA nano-particles on 

microstructures and mechanical properties of the Al matrix composites will be discussed. 

Keywords: High-entropy alloys, Aluminum Matrix Composite, Milling, mechanical alloying, Thermal 

Plasma, Hot Rolling
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A lot of waste etching solution contained copper is rapidly increased with the growth of COF (Chip 
on film) in the display market. The authors have previously been reported a study on the characterization 
for the effective recovery of copper powder from the wasted etchant according to the shape of the iron 
samples [1]. Iron samples such as a plate, chip, and powder were reacted in the wasted etching solution 
by cementation as a function of the surface area. In this study, the copper powder from the wasted COF 
etchant was recovered by applying ultrasonic energy for increasing of the reaction efficiency to a continuous 
surface reaction of the iron samples compared to simple stirring process. After 25 min, the recovery of 
the copper from iron samples cementation was improved from 9.5% to 56.6% in a plate, 14.0% to 46.1% 
in a chip, and 41.9% to 77.2% in a powder. The recovery of copper by ultrasonic energy was increased 
by about 6, 3, and 1.8 times for plate, chip, and powder, respectively. The recovered copper powder also 
showed a tendency to decrease in particle size by ultrasonic energy.

 

Fig. 1. Recovery of copper according to the shape of iron samples. 

(a: simple stirring, b: ultrasonic energy)

Keywords: Copper powder, wasted etchant, cementation
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In this work, we investigated the magnetic properties and microstructure of Dy-Nd-Fe-B magnets fabricated 

by spark plasma sintering (SPS) technique from the melt spun ribbons at different wheel speed. 

Nd28.5Fe66.5Dy4B1 (wt%) ribbons were prepared by melt-spinning technique at the wheel speed from 15 m/s 

to 35 m/s to investigate the effects of wheel speed on the microstructure and crystallization behavior of 

ribbons. It was found that the ribbons produced at lower wheel speeds have shown an increase of crystalline 

phase and magnetic properties. In addition, the microstructure analysis showed the significance of 

microstructural changes at various wheel speed and the different microstructure between wheel surface and 

air surface of the ribbons. The obtained ribbons were ball-milled in the Ar atmosphere and consolidated 

to near full density bulks by SPS system at temperature of 700⁰C, under a pressure of 50 MPa for 5 min. 

The microstructures of the ribbons and magnets were characterized by scanning electronic microscope (SEM) 

while the phase constitution was studied by X-ray diffraction (XRD) using Cu-Kα radiation. The magnetic 

properties at room temperature were measured with BH curver tracer. The connection between microstructure, 

magnetic properties of melt spun ribbons and SPSed magnets was also discussed in detail.

Keywords: Dy containing NdFeB magnets, Melt spinning, Spark plasma sintering, Microstructure, 

Magnetic properties
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The Cast iron is widely used materials for brake discs of automobiles because of relatively good mechanical 

properties and low price. However, the fuel efficiency is reduced due to the high specific gravity, and there 

are some problems with the braking power lost, severe cracks due to high frictional heat. There are also 

reports that Cu dust added as an alloying element causes the road pollution. Therefore, various studies are 

being conducted to develop a durable and eco-friendly brake disc materials for automobiles. Fe-Mn based 

alloy is one of the considerable materials for various structural parts, including brake discs, because of 

their excellent low temperature mechanical properties and low specific gravity. In this study, based on the 

chemical composition of the Fe-Mn alloy, an oxide dispersion strengthened alloy with excellent mechanical 

properties over a wide temperature range was fabricated and the basic properties were investigated. The 

alloy powder was prepared by a 3D mechanical alloying process to mix raw material powders such as 

Fe, Mn, Cr, Ti, and Y2O3 powder. Oxide dispersion strengthened alloy specimens were fabricated by a 

spark plasma sintering process. The powder characteristics including particle size analysis, shape observation 

on the alloy powder were identified. Microstructural observation and mechanical property evaluation were 

also performed. Through the results of this study, we intend to examine the applicability of oxide dispersion 

strengthened alloys for high-performance, durable and eco-friendly brake discs.

Keywords: brake disc, oxide dispersion strengthening, Fe-Mn alloy, mechanical alloying, spark plasma 

sintering
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Recently, numerous research has been done to extend the life of the cold forging mold (WC-Co alloy) 

made by sintering. Several factors such as microstructure and powder composition are important for cold 

forging mold. However, fundamentally, the residual stress generated during the press-fitting process of the 

mold into the outer ring has a greater effect on the mold life. In fact, mold life made in developed countries 

is 2~3 times higher depending on residual stress even if the composition and microstructure are similar. 

Therefore, in order to control the residual stress, accurate measurement should be preceded in cold forging. 

In this study, the state of the residual stress during the press-fitting of the mold into the outer ring was 

confirmed using the indentation test, and the stress on the surface of the mold was confirmed by comparing 

it with the residual stress state before and after being used for cold forging. Based on these results, the 

effect of residual stress on mold life was also analyzed.

Fig. 1 Indentation results (Load-Depth graph) of (a) G5 mold and (b) G8 mold

Keywords: Residual stress, Indentation, Cold forging, Sintering
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The memory semiconductor industry is a field in which Korea dominates the global market (more than 

70-80%), and is a core industry that is applied to almost all fields such as home appliances, automobiles, 

industrial machines, and mobile phones. However, most of the companies that supply key equipment and 

materials for operating the semiconductor process are foreign firm. Among them, the ceramic disk is a 

key component used in the semiconductor etching process and has a very large ripple effect throughout 

the semiconductor industry. Therefore, the need for localization of core parts for semiconductor processes 

is emerging by reducing dependence on foreign imports and securing technology. Accordingly, in this study, 

an experiment was conducted to develop an isolator made of Al2O3 material with uniformity and high durability 

with uniform characteristics throughout the product. To develop a ceramic disk-type material with low 

dielectric loss, TiO2 was added as a dopant to analyze the microstructure. Phase analysis was performed 

through XRD analysis of each specimen, and the generation of the secondary phase and residual porosity 

were confirmed through microstructure analysis of FE-SEM (EDS).
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The process of manufacturing Cr oxide into Cr powder requires a process such as thermal reduction 

or electrolysis, but problems are found due to high energy consumption and generation of harmful gases.

In this study, the production of Cr powder was investigated using the self-propagating high-temperature 

synthesis (SHS) method, which rapidly reacts at high temperature.

Formula: Cr2O3 + 3Mg = 2Cr + 3MgO 

Chromium oxide (Cr2O3) and magnesium (Mg) were predominant, and to suppress exothermic 

temperature, sodium chloride (NaCl) was added and milled to make a green compact. A pressure of 25 

atm of argon gas was injected under vacuum and ignited on the green compact surface through a tungsten 

wire electrode. After crushing the ignited body, the reaction by-products were removed using acetic acid 

and nitric acid to reduce the exothermic reaction. It was shown that the use of MgO as the reaction medium 

resulted in the formation of complex oxide MgCr2O4 as an impurity in the Cr powder, whereas the formation 

of non-agglomerated single-phase powders of Cr in the presence of NaCl. The approximate mechanism for 

forming the final chromium powder is discussed. As a result, chromium powder having an average particle 

size of 10 μm and more with a purity of 98.5% was recovered.

Keywords: Chromium, self-propagating high-temperature synthesis, Magnesium Thermal Reduction, acid 

leaching, sodium chloride
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In this study we fabricated the Fe-10Mn alloy by spark plasma sintering method. The alloy powder 

was milled in inert gas by using ball milling. The milled powder was sintered rapidly to a temperature 

of 1000°C at a heating rate of 1000°C/min, following furnace cooled without holding time. The mechanical 

properties and microstructural characteristics were analyzed according to the different strain rate of the 

samples. The tensile tests were carried out the three strain rates of 10-2, 10-3, and 10-4/s. The density 

measurement by Archimedes method to confirm completeness of sintering. The X-ray diffraction analysis 

was performed to confirm that phase was changed by plastic deform. To identify the influence of the strain 

rate on the microstructure, electron backscatter diffraction was performed. The strengthening mechanisms 

were discussed with compressive stress-strain curves and analysis of EBSD patterns.

Keywords: Spark plasma sintering, Transformation-induced plasticity, Medium Mn steel, Powder 
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In this study, the mechanical properties, microstructure and austenite stability of nanocrystalline 

FeNiCrMoMnSiC alloy fabricated trough powder metallurgy was investigated. High-energy ball milling and 

spark plasma sintering methods were used to obtain the sintered FeNiCrMoMnSiC alloy samples with 

nano-sized crystalline. The sintering behavior was investigated by measuring the displacement according 

to the temperature of the sintered body. The hardness of the sintered alloy was 60.4 HRC, which was up 

to 2.4 times higher than that of comparable Ni-Cr-Mo wrought steel such as AISI 4340 steel. Through 

microstructure analysis, it was confirmed that a dense sintered body with few pores was fabricated and 

some cementite was formed. The stability of the austenite phase in the sintered samples was evaluated by 

X-ray diffraction analysis and electron backscatter diffraction. As a result, it was measured by 51.6%, which 

was found to have 7 times more austenite stability than wrought steel.
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Cu-Sn alloy which has been called bronze since ancient times is used as a material for tableware and 

musical instruments. Cu-22%Sn alloy manufactured by hot processing copper and tin with a weight ratio 

of 78%:22% is a traditional Korean high tin bronze. The tin content is 22 percent, which is more than 

twice that of bronze ware traditionally used in China and the West. Copper and tin have a carbon solubility 

of several ppm at room temperature, making Cu-Sn-C alloys difficult to manufacture by common casting 

methods. Research on the production of carbon-added copper alloys has been reported through a manufacturing 

method different from the conventional casting method. Studies on the addition of carbon to Cu-Sn alloys 

with high tin content are insufficient. In this study, a Cu-22%Sn alloy with added carbon was fabricated 

by mechanical alloying and spark plasma sintering. The microstructural characteristics and mechanical 

properties of a Cu-22%Sn alloy with added carbon were evaluated. The characteristics according to the 

amount of carbon added were performed through x-ray diffraction and microscope analysis. The hardness 

of Cu-22%Sn alloys manufactured by the casting and forging method was compared with that of Cu-22%Sn-xC 

alloy manufactured in this study. The hardness change characteristics of the alloy were compared in 

consideration of the microstructural characteristics.

Keywords: Cu-Sn alloy, Carbon addition, Microstructure, Hardness
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Iron nitride (α”-Fe16N2) has been attention to rare-earth free permanent magnet candidate due to its 

abundant amount of Fe source, large magnetocrystalline anisotropy, and large saturation magnetization. 

However, the α“-Fe16N2, as metastable phase, is difficult to synthesize since it is required to occupy the 

interstitial sites of Fe with only 11.1 at.% nitrogen. Many researchers have attempted the various synthesis 

methods such as wet chemical, ball milling and plasma process etc. The traditional approaches such as 

ball milling have limitations in decreasing the particle size down to nanometer scale. Wet chemical or plasma 

based synthesis enable to fabricate fine powders with the size below than 100 nm. However, the resulting 

particles still exhibit low coercivity as compared to theoretical values. It might be attributed to intensive 

surface oxidation of the particle surface or aggregation of nanoparticles. Herein, α“-Fe16N2@SiO2 

nanoparticles were synthesized by hydrothermal synthetic process combined with sol-gel based coating, 

followed by hydrogen (H2) reduction and ammonia (NH3) nitridation. Thus, the fabrication of air-stable 

α”-Fe16N2 nanoparticles will provide opportunities to realize practical Fe based permanent magnets.

Keywords: Iron nitride, permanent magnet, nitridation, air-stability, silica coating 
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Cobalt-chromium (Co-Cr) alloys have been widely used in dentistry, mainly because alloys are high 

strength, corrosion resistance and good biocompatibility, when compared to gold alloys and some all-ceramic 

materials. Also, Co-Cr alloy powders are most commonly used for additive manufacturing due to its relatively 

low cost and good physical properties. Base metal alloys may be preferable over noble alloys for implant 

retained structures. However, the fabrication process for alloys is usually difficult because of their hardness, 

ductility and high melting point. In the 3D printing process, laser speed, power, hatching interval and stacking 

angle are the main variables that affect the microstructure of the processed product. The aim of this work 

is to analyze the microstructure and Physical Property of the Co–Cr alloy obtained by 3D printing. Co-Cr 

alloy specimens were prepared according to 3D prnting conditions (laser power, degree, speed and hatch). 

The microstructure of the prepared specimens was analyzed using field emission scanning electron microscopy 

and electron backscatter diffraction. As a physical property, the density was analyzed using the Archimedes 

method.

Keywords: Co-Cr, 3D printing, Microstructure, Density
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Soft magnetic composite (SMC) has the advantages of excellent magnetic properties and the three 
dimensions shape core manufacturing with insulation coated Fe powder [1]. In addition, SMC is attractive 
because it can overcome the output density limit of the currently produced electric motors made with two 
dimensions shape electrical steel plate. In the case of SMCs, comprising Fe@PO4 powders, which is currently 
widely used, heat treatment above 650 °C damage of insulation properties. In order to solve this problem, 
this study focused on manufacturing SMC with low core loss characteristics, excellent magnetic properties, 
and maintaining insulation at heat treatment above 650 °C. Herein, SiO2 coating was performed on the 
surface of Fe powder to reduce eddy current loss [2]. Fe powder was coated with tetraethyl orthosilicate 
by sol-gel method, and core was prepared by pressing and heat treatment for 1 hour at 600 °C, 700 °C, 
and 800 °C in the argon atmosphere. The phase identification was carried out by X-ray diffractometer (XRD) 
and the insulation coating layer was measured by scanning electron microscope and energy dispersive X-ray 
spectroscopy. Also, magnetic characteristics were figured out through vibrating sample magnetometer (VSM) 
as well as the core loss value were compared for each frequency band; 0.05 kHz, 0.4 kHz, and 1 kHz 
using AC BH analyzer (AC) and DC BH loop tracer (DC). XRD patterns were observed the α-Fe peak, 
VSM results suggested that the saturation magnetization value was reduced, which confirmed the existence 
of coating layers. The results of AC and DC measurements on the cores heat-treated at 600 °C, 700 °C, 
and 800 °C have presented that core loss increase rate is higher for the Fe@PO4 than that for the Fe@SiO2 
because SiO2 has superior ability to retain the coating layer at high temperature. Therefore, SiO2 coated 
Fe powder has potential in high temperature atmosphere applications.

Keywords: soft magnetic composite, sol-gel, magnetic properties, heat treatment
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In this study, the removal rate of lead(Pb) in wastewater solutions was compared using modified zeolite 

made by reforming Na-zeolite with three types of cations (Mg2+, Ca2+, K+). Cationic modified zeolite was 

prepared under the following conditions. As reagents for cation modification, MgCl2·6H2O, CaCl2·2H2O, 

and KCl were used. Each cationic material and distilled water were mixed to prepare 1 L of a solution 

having a concentration of 1 M, mixed with 5 g of Na-zeolite, and stirred at 300 rpm for 24 hours. After 

24 hours, the supernatant was removed and the process of replacing with the same solution was repeated 

3 times. After all the processes were completed, the washing was done with distilled water and dried at 

a temperature of 95°C or higher for 24 hours or more to remove moisture. The removal rate of heavy 

metal was measured by adding 2 g of zeolite to 50 ml with a 100 ppm Pb solution, stirring for 30 minutes, 

and separating the heavy metals from the solution. Both cation-modified zeolite showed Pb removal rate 

of 90% or more. Although 98% of Pb was removed from the existing Na-Zeolite, it was possible to remove 

more than 99% of Pb for all three types of cation-modified zeolite.
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In this study, FeNiCoMnCu high entropy alloy (HEA) dispersed with WO3 nanoparticles (0, 1, 3, and 

5 wt%) were fabricated by mechanical alloying (MA) and spark plasma sintering (SPS) techniques. MA 

was performed for 45 h at 300 rpm and 10:1 ball to powder weight ratio in high energy mill. The alloyed 

composite HEA powder was compacted and SPSed at a temperature of 900℃. The results show that the 

WO3 nanoparticles (30 - 40 nm) were evenly distributed in the face-centered cubic (FCC) matrix in powder 

HEAs. However, phase transformation of WO3 nanoparticles to W and simultaneous oxidation Mn to MnO2 

was noticed with the formation of nano-twins. The formation of twinning improves while the weight fraction 

of reinforcement is up to 3 wt%. A reduction in grain size contributed to the twin assisted grain size 

strengthening. The composite mechanical properties were improved due to the severe lattice distortion and 

dispersive strengthening by WO3 nanoparticles. In addition, a higher weight fraction of WO3 nanoparticles 

(5 wt%) in the HEA matrix resulted in undesirable segregation of nanoparticles. The findings suggest that 

the additive amount of WO3 nanoparticles for achieving a set of optimum mechanical properties should 

not exceed 3 wt. % in the HEA matrix.

Keywords: High entropy alloy, nanoparticle dispersion strengthening, mechanical alloying, powder 
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In this study, we have studied the effect of milling time on the microstructural evolution and densification 

of FCC FeCoMnNiCu0.5Cr0.5 high entropy alloy (HEA). The FeCoMnNiCu0.5Cr0.5 HEA was fabricated via 

mechanical alloying (MA). The MA was performed for 5, 10, 15, 20, 25, and 30 h in 300 rpm with 10:1 

ball-to-powder ratio in a high energy ball mill. The MAed HEA powders were consolidated using spark 

plasma sintering under the conditions of 100°C/min heating rate, 1000°C sintering temperature, 8 min sintering 

time, and 50 MPa pressure. The thermal property was investigated using simultaneous thermal analysis, 

the structural evolution was analyzed by X-ray diffraction, and the morphological evolution was observed 

via scanning electron microscopy. The density variation was evaluated using gas pycnometer for materials 

in all process stages; MAed powders, green pellets, and sintered pellets. The experimental results indicate 

that as the milling time was increased, the alloying behavior is improved, and FCC phase was evolved 

with Cu-rich phase until 20 h. The Cu-rich phase was kept on decreasing with increasing milling time 

up to 25 h which indicates that increasing milling improved the mixing of constituents. As the milling 

time increased up to 25 h, a decrease in density was observed. The correlation between the milling time 

and properties was discussed in detail.

Keywords: High entropy alloy, mechanical alloying, particle size analysis, powder metallurgy, high energy 

ball mill
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The materials of the die-casting mold are usually consisting of alloy tool steel (core, SKD61) that allows 

the molten metal to directly contact to produce products, and structural carbon steel (mold base, S45C) 

to protect the core for product production and injection structure application. In this study, we investigated 

the effect of cladding on structural carbon steel (S45C) using 5%Cr-1.5%Mo-Fe powder (SKD61), which 

is expected to show economically efficient production of die-casting parts. The process conditions were 

performed under argon atmosphere using a diode laser source with specialized wavelength of 900-1070 

nm, and the output conditions were 3, 4, and 5 kW, respectively. After the cladding was completed, the 

surface coating layer's shape and the microstructure were analyzed. The hardness test was carried out with 

Micro Vickers hardness tester under 100 gram-force along the normal line at the interval of 0.1 mm from 

the surface to core direction on the cross-sectional area. In addition, polarization curve test of the surface 

coating layer was performed to investigate the corrosion resistance characteristics.

Keywords: laser cladding, micro Vickers hardness, microstructure, polarization curve
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A photocatalyst is an environmental material that can remove harmful substances from the air by oxidizing 

and decomposing them on its surface when exposed to ultraviolet light or other light. It was discovered 

as the Honda-Fujishima effect, and research is still ongoing.

Currently, anatase type titanium dioxide (TiO2) is used as photocatalytic ceramics. Titanium dioxide (TiO2) 

is classified as a semiconductor, which translates into a wavelength of about 388 nm. TiO2 is classified 

as a semiconductor, with a band gap of about 3.2 eV, which translates into a wavelength of about 388 

nm. In general, light with a wavelength of 400-800 nm is classified as visible light, and light with a shorter 

wavelength is classified as ultraviolet light, so titanium dioxide (TiO2) only reacts to ultraviolet light. Thus, 

research is being conducted to develop photocatalysts that are effective in visible light. High activation 

effect can be obtained by oxidizing titanium (Ti)-based non-oxides. It has also been found that the band 

gap can be narrowed by the addition of metal ions, metal oxides, and non-metals. If photocatalysts that 

react in both ultraviolet and visible light are realized, it will be possible to apply them in a wide range 

of fields such as interior construction materials, and further development of photocatalysts is expected.

In this study, titanium carbide (TiC) as Ti-based non-oxide was oxidized with aluminum oxide (Al2O3) 

and the photocatalytic effect was investigated.

Aluminum oxide (Al2O3) was added to TiC and oxidized at 400 -700 °C for 5 h. The oxidized samples 

were analyzed by X-ray diffraction (XRD) to confirm the presence of anatase type peak values.

Base on the result of XRD analysis, neither anatase nor rutile type reaction was observed at 400 °C 

oxidized sample. At 500 °C, anatase type reaction was observed at 600 °C and 700 °C, rutile type reaction 

was observed. At 500 °C, anatase type reaction was observed, and at 600 °C and 700 °C, rutile type reaction 

was observed. From these results, the participation condition of 500 °C for 5 h was considered to be the 

best for obtaining the anatase type peak value of the sample.

Keywords: Photocatalyst, Anatase, Titanium dioxide, Aluminum oxide, Titanium carbide
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Lutetium has a low composition in spent nuclear fuel which is discharged from the light water reactor 

but it has a high neutron cross-section. This characteristic could hinder the performance of transmutation 

target fabricated from spent nuclear fuel due to the neutron poison effect, therefore, Lu is desirable to be 

separated from spent nuclear fuel. In this study, we produced Lu-Bi alloys by metallurgical and electrochemical 

methods, and characterized intermetallic compound formed in the alloy to explore further applicability on 

liquid Bi medium for spent nuclear fuel partitioning as a dense medium separation.

Before the alloy formation, electrochemical behaviors of Lu(III) were investigated by using an inert 

electrode and Bi coated electrode in the LiCl-KCl eutectic electrolyte at 773 K. Cyclic voltammograms 

show that apparent potential is positively shifted as Lu reacts with Bi and forms an intermetallic compound. 

Metallurgical alloy formation was carried out by directly inserting Lu powder into liquid Bi pool. Electrolytic 

alloy formation was carried out by galvanostatic electrolysis in LiCl-KCl/Bi system at 773 K. For all cases, 

ultrasonic vibration was applied to provide an indirect stirring effect to the liquid Bi pool electrode. The 

intermetallic compound formed in the liquid Bi medium was identified to be LuBi by X-ray diffraction 

and scanning electron microscope with energy dispersive spectroscopy. In addition, it is presented that the 

LuBi is vertically placed in liquid Bi depending on the density information of LuBi and liquid Bi, suggesting 

the possibility of dense medium separation using Bi medium.

Keywords: Intermetallic compound characterization, LuBi, Liquid Bi, LiCl-KCl, cyclic voltammetry, spent 

nuclear fuel
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Powder metallurgy is widely used to fabricate parts that are impossible to achieve via conventional 

fabrication techniques such as melting. Powder metallurgy fabrication usually involves powder processing 

and sintering to get a bulk product. Despite the uniqueness of the powder metallurgy techniques in fabricating 

complicated and difficult parts, they generally lack good tensile properties due to the presence of porosity 

and unwanted secondary phases. To overcome this disadvantage, we approached a unique method of cold 

consolidating powders by utilizing high-pressure torsion. Here, we demonstrate almost full densification at 

room temperature by utilizing the high-pressure torsion technique and subsequent heat treatment to control 

the microstructure to get a superior combination of tensile strength and ductility in monolithic CoCrFeMnNi 

high entropy alloys and multi-metal CoCrFeMnNi-Inconel 718 lamellar composite. The tensile properties 

achieved in these alloys are far superior to the other reported alloys prepared by powder metallurgy techniques 

and on par with the alloys produced by casting routes.
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