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Preface 
 

 The International Workshop for East Asian Young Rheologists (IWEAYR) is a 

prestigious event organized with a motivation to the academicians, researchers, and 

budding students in Asia to share their research findings with the experts in rheology 

and material science. This is a relatively informal workshop, and its basic idea is to 

highly encourage the young researchers to communicate/discuss/interact in a friendly 

and informal atmosphere. The conference is to provide young researchers in the various 

aspects of rheology an opportunity to present their work and to enhance contacts among 

the Asian community and colleagues in other countries. 

 IWEAYR is an annual event that started in 2006 and has been held in Korea, 

Japan, China, and Thailand in a circulating manner. The 16th workshop will be held in 

Udon Thani, Thailand from February 18th to February 21st, 2023. The host for an 

organization is the Department of Chemistry, Faculty of Science, Udon Thani Rajabhat 

University. 

 We hope the conference will also serve to boost rheology research and related 

issue in east Asian communities. The young researchers willing to start-up his/her 

future collaboration as well as professors wishing to help it are highly welcome to join 

the workshop. 

 Finally, we would like to express a warm welcome to all participants and offer 

a sincere word of gratitude to the sponsors who made this workshop possible. 

 

 

   Aphirak Loykaew, Ph.D 

 Dean of Faculty of Science 

  The chair of IWEARY-16 
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Organization 
 

Chairman of Conference 

 Aphirak Loykaew, Ph.D. (Udon Thani Rajabhat University) 

 

International Advisory Committee 

 Prof. Hiroshi Watanabe (Kyoto University, Japan) 

 Prof. Chen-Yang Liu (Institute of Chemistry, China) 

 Prof. Wei Yu (Shanghai Jiao Tong University, China) 

 Prof. Kang Sun (Shanghai Jiao Tong University, China) 

 Prof. Shin-Ichi Sakurai (Kyoto Institute of Technology, Japan) 

 Prof. Shigeru Okamoto (Nagoya Institute of Technology, Japan) 

 Prof. Masataka Sugimoto (Yamagata University, Japan) 

 Prof. Kyung Hyun Ahn (Seoul National University, Korea) 

 Prof. Kwang Soo Cho Kyungpook (National University, Korea) 

 Assoc. Prof. Visit Vao-soongnern (Suranaree University of Technology, Thailand) 

 

Local committee 

 Asst. Prof. Dr. Kanisara Thanyasunthornsakun (Udon Thani Rajabhat University) 

 Exkarach Deenang, Ph.D (Udon Thani Rajabhat University) 

 Assoc. Prof. Dr. Krit Somkantha (Udon Thani Rajabhat University) 

 Wiwat Kaensa, Ph.D (Udon Thani Rajabhat University) 

 Jiradet Yarsiasat, Ph.D (Udon Thani Rajabhat University) 

 Asst. Prof. Poosanapas SomnilDr.   (Udon Thani Rajabhat University) 

 Sureerat Sanguthai, Ph.D (Udon Thani Rajabhat University) 

 Adisak Takhulee, Ph.D (Udon Thani Rajabhat University) 
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Supports 
 

 The IWEAYR-16 conference is financially supported by the following 

organization and corporations; we would express sincere appreciation for the great 

contributions. 

 

 Udon Thani Rajabhat University 
 

 

 Faculty of Science, Udon Thani Rajabhat University 

 

             Department of Chemistry, Udon Thani  

    Rajabhat University 
 

 

  Thai synchrotron national lab 

 

 

     Materials Research Society of Thailand 

 

 

  Anton Paar (Thailand) Ltd. 

 
 

  

  Adlib management Co., Ltd.     

 
 

Venues 
Centara Hotel & Convention Centre, Udon Thani 

and 

Montatip Hall Expo & Convention Centre, Udon Thani
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Timetable 

 

February 18, 2023 
Centara Hotel & Convention Centre, Udon Thani 

13:00 ~ Registration and check-in the hotel 

18:30 ~ 22:00 Welcome Reception  

February 19, 2023 
Montatip Hall Expo & Convention Centre, Udon Thani 

08:30 ~ 09:00 Opening Remark 
 
09:00 ~ 10:15 

Invited speaker:  
Assoc. Prof. Dr. Pakorn Opaprakasit 
Long-oral Session: A (12 min + 3min) 

10:15 ~ 10:20 Coffee break 

10:20 ~ 12:00 Long-oral Session: A (12 min + 3min) 

12:00 ~ 13:00 Lunch 

13:00 ~ 14:05 Short-oral Session: (3 min + 1 min) 

14:05 ~ 14:10 Coffee Break 

14:10 ~ 16:38 Short-oral Session: (3 min + 1 min) 

16.40 ~ 18.40 Poster Session 

19:00 ~ 22:00 Diner 

February 20, 2023 
Montatip Hall Expo & Convention Centre, Udon Thani 

09:00 ~ 10:15 Long-oral Session: B (12min + 3min) 

10:15 ~ 10:20 Coffee Break 

10:20 ~ 12:05 Long-oral Session: B (12min + 3min) 

12:05 ~ 13:00 Lunch 

13:00 ~ 14:20 Long-oral Session: B (12min + 3min) 

14:20 ~ 18.00 Student Activity 

18:30 ~ 22:00 Banquet  

February 21, 2023 
Centara Hotel & Convention Centre, Udon Thani 

Before 12.00 Checking out hotel 
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Participants 
 

No. Name Title Country University E-mail 

1 Kyu Hyun Prof. Korea Pusan National University kyuhyun@pusan.ac.kr 

2 Myung Ho Kim Prof. Korea Hannam university mhkim@hnu.kr 

3 Seong Jae Lee Prof. Korea University of Suwon sjlee@suwon.ac.kr 

4 Heon Sang Lee Prof. Korea Dong-A University heonlee@dau.ac.kr 

5 Wook Ryol Hwang Prof. Korea Gyeongsang National University wrhwang@gnu.ac.kr 

6 Kwang Soo Cho Prof. Korea Kyungpook National University polphy@knu.ac.kr 

7 Jun Dong Park Prof. Korea Sookmyung Women's University jdpark@sookmyung.ac.kr 

8 Youngdon Kwon Prof. Korea Sungkyunkwan University kwon@skku.edu 

9 Jaewook Nam Prof. Korea Seoul National University jaewooknam@snu.ac.kr 

10 Keon-Soo Jang Prof. Korea University of Suwon ksiang@suwon.ac.kr 

11 Kyung Hyun Ahn Prof. Korea Seoul National University ahnnet@snu.ac.kr  

12 Hiroshi Watanabe Prof. Japan Kyoto University hiroshi@scl.kyoto-u.ac.jp 

13 Yumi Matsumiya Prof. Japan Kyoto University matsmiya@scl.kyoto-u.ac.jp 

14 Takeshi Sato Dr. Japan Kyoto University takeshis@scl.kyoto-u.ac.jp 

15 Harumi Miyake Ms. Japan Kyoto University miyake@scl.kyoto-u.ac.jp 

16 Tadashi Inoue Prof. Japan Osaka University tadashi@chem.sci.osaka-u.ac.jp 

17 Osamu Urakawa Prof. Japan Osaka University urakawa@chem.dci.osaka-u.ac.jp 

18 Hiroshi Suzuki Prof. Japan Kobe University hero@kobe-u.ac.jp 
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No. Name Title Country University E-mail 

19 Ruri Hidema Prof. Japan Kobe University hidema@port.kobe-u.ac.jp 

20 Takashi Taniguchi Prof. Japan Kyoto University taniguch@cheme.kyoto-u.ac.jp 

21 Sathish K. Sukumaran Prof. Japan Yamagata University sa.k.sukumaran@gmail.com 
22 Ju Min Kim Prof. Korea Ajou University jumin@ajou.ac.kr 

23 Natthida Rakkapoa Dr. Thailand Prince Of Songkla University dearnattida@hotmail.com 

24 Tanissara 
Pinijmontree 

Dr. Thailand Rajamangala University of 
Technology Lanna 

arassinat@gmail.com 

25 Jedsada Sodtipinta Dr. Thailand Khon Kaen University jedsso@kku.ac.th 
L01 Visit Vao-soongnern Prof. Thailand Suranaree University of Technology visit@sut.ac.th 

L02 Takato Ishida Dr. Japan Nagoya University ishida@mp.pse.nagoya-u.ac.jp 

L03 Kyeong Jin Kim Ms. Korea Seoul National University victoria1169@snu.ac.kr 

L04 Gyeong Min Choi Mr. Korea Dong-A University redkies55@naver.com 

L05 Xuesi Gao Mr. Korea Gyeongsang National University gaoxuesi@gnu.ac.kr 

L06 Yan Xu Mr. Japan Kyoto University xu.yan.63z@st.kyoto-u.ac.jp 

L07 Dongkeun Yu Mr. Korea Seoul National University ydkdong1243@snu.ac.kr 

L08 Si Yoon Kim Ms. Korea Pusan National University sooy.k.1219@gmail.com 

L09 Tochukwu Olunna 
Nnyigide 

Mr. Korea Pusan National University tochimailbox@gmail.com 

L10 Min Hwan Jeong Mr. Korea Seoul National University jsh0426@snu.ac.kr 

L11 Fumiaki Nakai Mr. Japan Nagoya University nakai.fumiaki.c7@s.mail.nagoya-u.ac.jp 

L12 Kyengmin Min Mr. Korea Seoul National University minsstar@snu.ac.kr 
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No. Name Title Country University E-mail 
L13 Nayeon Park Ms. Korea Seoul National University nypark1997@snu.ac.kr 

L14 Minhyuk Im Mr. Korea Seoul National University ttackpool@snu.ac.kr 

L15 Souta Miyamoto Mr. Japan Kyoto University s.miyamoto@cheme.kyoto-u.ac.jp 

L16 Byung Min Lee Mr. Korea Gyeongsang National University lbm4948@gnu.ac.kr 

L17 Yeseul Kim Ms. Korea Sookmyung Women's University yeseulkim@sookmyung.ac.kr 

L18 Jehyeok Choi Mr. Korea Kyungpook National University wpgur7199@naver.com 

L19 Hyo-Jeong Lee Ms. Korea Sookmyung Women's University h829j@sookmyung.ac.kr 

L20 Takuya Kobayashi Mr. Japan Kyoto University kobayashi@cheme.kyoto-u.ac.jp 

L21 Eunhui Jeong Ms. Korea Sookmyung Women's University novv12@naver.com 

L22 Soyun Moon Ms. Korea Sookmyung Women's University dnfxmfkzosel@sookmyung.ac.kr 

L23 Khongvit Prasitnok Prof. Thailand Mahasakham University khongvit.p@msu.ac.th 

L24 Seong-ju Han Ms. Korea University of Suwon gkstjdwn1217@naver.com 

L25 Eunheui Gwag Ms. Korea Seoul National University ehgwag@snu.ac.kr 

L26 Hyojin Jung Ms. Korea Seoul National University gywls2690@snu.ac.kr 

L27 Daekwon Jin Mr. Korea Ajou University eornjs3435@ajou.ac.kr 

L28 Won Jun Lee Mr. Korea Ajou University vkfksqkek33@ajou.ac.kr 

L29 Jee In Park Ms. Korea Ajou University potassium@ajou.ac.kr 

L30 Tongsai Jamnongkan Dr. Thailand Kasetsart University jamnongkan.t@ku.ac.th 

P01 Sang Ryoul Park Mr. Korea Seoul National University pullenpark@snu.ac.kr 

P02 Takaya Inaba Mr. Japan Nagoya Institute of Technology t.inaba.658@stn.nitech.ac.jp 

P03 Kanjana Sirirak Ms. Thailand Suranaree University of Technology kanjanasirirak2@gmail.com 
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No. Name Title Country University E-mail 
P04 Min Chan Kim Mr. Korea Pusan National University kmc7332@pusan.ac.kr 

P05 Haruka Fukunishi Ms. Japan Nagoya Institute of Technology h.fukunishi.358@stn.nitech.ac.jp 

P06 Keigo Enomoto Mr. Japan Nagoya University enomoto.keigo.j7@s.mail.nagoya-u.ac.jp 

P07 Ji Hun Gil Mr. Korea Korea University jhgil@grtrkr.korea.ac.kr 

P08 Benjatham 
Sukkaneewat 

Dr. Thailand Udon Thani Rajabhat University benjatham.su@udru.ac.th 

P09 Yuseok Kang Mr. Korea Hannam University yuseok110@gmail.com 

P10 Daisuke Kita Mr. Japan Kobe University dice1028came@gmail.com 

P11 Keun Young Jang Mr. Korea University of Suwon 0829aaa@naver.com 

P12 Tatsuya Aoyama Mr. Japan Nagoya Institute of Technology t.aoyama.711@stn.nitech.ac.jp 

P13 Kanokporn Rueangsri Ms. Thailand Suranaree University of Technology kanokporn.nok.nok@gmail.com 

P14 Ji Youn Kim Ms. Korea Seoul National University jiyoun92.kim@snu.ac.kr 

P15 Suhnue Kim Mr. Korea Konkuk University jaromekom@naver.com 

P16 Shogo Sasaki Mr. Japan Kobe University chocoronpu@gmail.com 

P17 Heeyeol Lee Mr. Korea Kyungpook National University lhyknu@gmail.com 

P18 Jinya Kitamura Mr. Japan Nagoya University kitamura.jinya.h0@s.mail.nagoya-u.ac.jp 

P19 Woohyeon Jo Mr. Korea Seoul National University whdngus147@snu.ac.kr 

P20 Seung Chang Lee Mr. Korea University of Suwon gywlslover@naver.com 

P21 Yuta Nakamura Mr. Japan Kobe University nakamuro29@gmail.com 

P22 Punyarat Jantachum Dr. Thailand Udon Thani Rajabhat University punyarat.ja@udru.ac.th 

P23 Shuya Ayaguchi Mr. Japan Nagoya University ayaguchi.shuya.d8@s.mail.nagoya-u.ac.jp 
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No. Name Title Country University E-mail 
P24 Bogyoung Kim Ms. Korea Chonnam National University rlaqhrud016@jnu.ac.kr 

P25 Seunggeon Lee Mr. Korea Seoul National University chong2@snu.ac.kr 

P26 Tatsuma Oishi Mr. Japan Nagoya University oishi.tatsuma.u3@s.mail.nagoya-u.ac.jp 

P27 Tatsuya Shiraishi Mr. Japan Nagoya University shiraishi.tatsuya.x9@s.mail.nagoya-u.ac.jp 

P28 Da Rae Lee Ms. Korea Konkuk University leedarae7408@naver.com 

P29 Ju Yeon Lee Ms. Korea Korea University jylee@grtrkr.korea.ac.kr 

P30 Shoichi Yasui Mr. Japan Nagoya University yasui.shoichi.e6@s.mail.nagoya-u.ac.jp 

P31 GAH HYUN LEE Ms. Korea Konkuk University aileebrown95@gmail.com 

P32 Kento Shigekura Mr. Japan Nagoya University shigekura.kento.v3@s.mail.nagoya-u.ac.jp 

P33 Chiharu Ichikawa Mr. Japan Nagoya University ichikawa.chiharu.d2@s.mail.nagoya-u.ac.jp 

P34 Eunseok Yang Mr. Korea Konkuk University agstone5@naver.com 

P35 Kaito Suzuki Mr. Japan Nagoya University suzuki.kaito.z0@s.mail.nagoya-u.ac.jp 

P36 Seunghoon Kang Mr. Korea Seoul National University eloykang@snu.ac.kr 

P37 Ryuya Isoda Mr. Japan Nagoya University isoda.ryuya.m4@s.mail.nagoya-u.ac.jp 

P38 Chan Hyeok Ahn Mr. Korea Seoul National University ach0820@snu.ac.kr 

P39 Chidapha Kusinram Ms. Thailand Suranaree University of Technology chidapha223@gmail.com 

P40 Byungwook Youn Mr. Korea Chonnam National University zoeiscuxy8@naver.com 

P41 Gyuhyeon Cho Mr. Korea Kyungpook National University rbgus8282@gmail.com 

P42 Shumpei Yamakami Mr. Japan Nagoya University yamakami.shumpei.e3@s.mail.nagoya-u.ac.jp 

P43 Uijung Hwang Ms. Korea Korea University dmlwjd@grtrkr.korea.ac.kr 
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No. Name Title Country University E-mail 
P44 Soo Hyung Lee Mr. Korea Seoul National University scottlee410@snu.ac.kr 

P45 Yuya Yamawaki Mr. Japan Nagoya University yamawaki.yuya.a5@s.mail.nagoya-u.ac.jp 

P46 Hye Yeong Lee Ms. Korea Seoul National University hyeyeong_98@snu.ac.kr 

P47 Takuya Shoda Mr. Japan Nagoya University shoda.takuya.s7@s.mail.nagoya-u.ac.jp 

P48 Hyunjoon Jung Mr. Korea Seoul National University hhjj7210@snu.ac.kr 

P49 Kyobu Tomita Mr. Japan Nagoya University tomita.kyobu.h3@s.mail.nagoya-u.ac.jp 

P50 Saowalak Samudsorn Ms. Thailand Khon Kaen University jedsso@kku.ac.th 

P51 Adisak Takhulee Dr. Thailand Udon Thani Rajabhat University adtakhulee@udru.ac.th  

P52 Ha-Yeong Lee Ms. Korea The University of Suwon hana9616661@suwon.ac.kr  

P53 Yangyul Ju Mr. Korea Chonnam National University 198888@jnu.ac.kr 

N01 Daehan Oh Mr. Korea Pusan National University tg4345@pusan.ac.kr 

N02 Jeonghyeon Lee Ms. Korea Pusan National University dlwjdgus99@pusan.ac.kr 

N03 Jeong Hun Jin Mr. Korea Dong-A University 1630643@donga.ac.kr 
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Program 

Long Oral Session: A 

(February 19, 09:00 ~ 12:00) 

09:00 L01 
Visit Vao-soongnern, Assoc. Prof. Dr. 
(Suranaree University of Technology), p.1 
Monte Carlo simulation of dynamic properties of polymers with 
different monomer stereochemistry and sequences. 

09:15 L02 
Takato Ishida, Dr. 
(Nagoya University), p.2 
Network lifetime of crosslinked urethane in photo-aging. 

09:30 L03 
Kyeong Jin Kim, Ms. (Ph.D. candidate) 
(Seoul National University), p.3 
Effect of sodium carboxymethyl cellulose and poly(acrylic acid)  
on the dispersion homogeneity of the aqueous silicon suspension. 

09:45 L04 
Gyeong Min Choi, Mr. (Ph.D. candidate) 
(Dong-A University), p.4 
Orientation effect on the rheology of graphene oxide dispersions in 
isotropic phase, ordered isotropic biphase, and discotic phase. 

10:00 L05 
Xuesi Gao, Mr. (Ph.D. candidate) 
(Gyeongsang National University), p.5 
An In-situ viscosity monitoring method of non-Newtonian fluids 
through concentric annulus. 

 Coffee break  

10:20 L06 
Yan Xu, Mr. (Ph.D. candidate) 
(Kyoto University), p.6 
Multiscale simulations for polymer melt spinning process using 
Kremer-Grest CG model and continuous fluid mechanics model. 

10:35 L07 
Dongkeun Yu, Mr. (Ph.D. candidate) 
(Seoul National University), p.7 
Analysis of Finite Depth Dip Coating Process with Interface 
Capturing Method. 

10:50 L08 

Si Yoon Kim, Ms. (Ph.D. candidate) 
(Pusan National University), p.8 
Linear and non-linear rheological properties of cellulose nanocrystal 
suspensions containing neutral and ionic polymers suggesting phase 
transition behavior. 

11:05 L09 
Tochukwu Olunna Nnyigide, Mr. (Ph.D. candidate) 
(Pusan National University), p.9 
Rheological and molecular dynamics simulation studies of albumin 
hydrogels in mono- and binary surfactant mixtures. 
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11.20 L10 
Min Hwan Jeong, Mr. (Ph.D. candidate)  
(Seoul National University), p.10 
A high-speed electrode fabricating process with primer layer coating 
and dewatering process 

11.35 L11 
Fumiaki Nakai, Mr. (Ph.D. candidate)  
(Nagoya University), p.11 
Fluctuating diffusivity emerges even in binary gas mixtures. 

11.50 L12 
Kyengmin Min, Mr. (Ph.D. candidate) 
(Seoul National University), p.12 
The flow analysis of battery slurry passing slot die cavity using a 
thixotropy model. 

 Lunch  
 

Short Oral Session 

(February 19, 13:00 ~ 16:30) 

13:00 P01 
Sang Ryoul Park, Mr. (Ph.D. candidate) 
(Seoul National University), p.13 
A high-speed fabricating technology for water-based cathode in 
lithium-ion batteries. 

13:04 P02 
Takaya Inaba, Mr. (Master course) 
(Nagoya Institute of Technology), p.14 
Effects of topological defects on the bond exchange properties of 
vitrimer. 

13:08 P03 
Kanjana Sirirak, Ms. (Master course) 
(Suranaree University of Technology), p.15 
Molecular simulation of structural and surface properties of polymer 
blend nanofilms. 

13:12 P04 

Min Chan Kim, Mr. (Ph.D. candidate)  
(Pusan National University), p.16 
The study of filler hydrophobicity on rheological properties and 
morphology of polylactic acid (PLA)/low-density polyethylene 
(LDPE) blends. 

13:16 P05 
Haruka Fukunishi, Ms. (Master course)  
(Nagoya Institute of Technology), p.17 
Generation and control of wrinkle structures via buckling in a film 
with a patterned elasticity. 

13:20 P06 
Keigo Enomoto, Mr. (Master course) 
(Nagoya University), p.18 
Simulation of rotational motion of fibers in sheared suspensions 
using modified MPS. 
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13:24 P07 

Ji Hun Gil, Mr. (Master course)  
(Korea University), p.19 
Analysis of alignment and stability in isothermal fiber spinning 
process for liquid crystalline polymers using Larson-Doi model 

13:28 P08 
Benjatham Sukkaneewat, Dr. 
(Udon Thani Rajabhat University), p.20 
Metal-ammine complex aqueous solutions as catalysts for rigid 
polyurethane foams 

13:32 P09 

Yuseok Kang, Mr. (Master course) 
(Hannam University), p.21 
A study on the early-stage morphology development for the 
bi-component polymer blending system. 

13:36 P10 
Daisuke Kita, Mr. (Master course) 
(Kobe University), p.22 
Study on droplet nozzle injection characteristics of visco-elastic 
fluids. 

13:40 P11 

Keun Young Jang, Mr. (Master course)  
(University of Suwon), p.23 
Amphiphilic monodisperse Janus particles synthesized by seed 
swelling and photopolymerization. 

13:44 P12 

Tatsuya Aoyama, Mr. (Master course) 
(Nagoya Institute of Technology), p.24 
Unusual stress-strain relationship for elastomers using macro cross-
linkers bearing multiple vinyl side groups. 

13:48 P13 
Kanokporn Rueangsri, Ms. (Master course) 
(Suranaree University of Technology), p.25 
Molecular simulation of the effect of nanofiller characteristics on the 
crystallization of polymer nanocomposites. 

13:52 P14 
Ji Youn Kim, Ms. (Master course)  
(Seoul National University), p.26 
The effect of microstructural change in the electrical conductivity of 
chemical mechanical polishing slurry in the filtration system. 

13:56 P15 
Suhnue Kim, Mr. (Master course)  
(Konkuk University), p.27 
Rheological behavior of cellulose nanocrystal/poly(ethylene oxide) 
composite suspension and its spinnability 

14:00 P16 
Shogo Sasaki, Mr. (Master course)  
(Kobe University.), p.28 
Effect of rheological properties of the fluids on migration behavior 
of particles of various elastic modulus 

 Coffee break  
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14:10 P17 

Heeyeol Lee, Mr. (Master course) 
(Kyungpook National University), p.29 
Development of algorithm for general superposition principle using 
polynomial regression and Monte Carlo method 

14:14 P18 

Jinya Kitamura, Mr. (Master course)  
(Nagoya University.), p.30 
Stress overshoot in single-particle transient potential model for 
entangled polymers. 

14:18 P19 
Woohyeon Jo, Mr. (Master course)  
(Seoul National University), p.31 
High Deborah number contraction flow instabilities of viscoelastic 
fluids using finite element method. 

14:22 P20 

Seung Chang Lee, Mr. (Master course)  
(University of Suwon), p.32 
Latex-based poly(styrene-co-butyl acrylate)/conductive filler 
Nanocomposites and Electromagnetic Interference Shielding 
Performance. 

14:26 P21 
Yuta Nakamura, Mr. (Master course) 
(Kobe University.), p.33 
Changes in flow regimes of polyethylene oxide solutions in 
consecutive abrupt contraction-expansion microchannels. 

14:30 P22 
Punyarat Jantachum, Dr.   
(Udon Thani Rajabhat University), p.34 
The effect of cellulose nanocrystals content on dynamic mechanical 
properties and thermal stability of natural rubber nanocomposite. 

14:34 P23 
Shuya Ayaguchi, Mr. (Undergraduate)  
(Nagoya University), p.35 
Effects of repulsive inter-molecular interactions on the structural 
formation process of tetra-PEG Gels. 

14:38 P24 

Bogyoung Kim, Ms. (Master course)  
(Chonnam National University), p.36 
Probing interfacial damping and particle dispersity characteristics in 
graphene oxide-polyhedral oligomeric silsesquioxanes 
nanocomposites. 

14:42 P25 
Seunggeon Lee, Mr. (Master course) 
(Seoul National University), p.37 
Quantitative analysis of the porous media with pore classification. 

14:46 P26 
Tatsuma Oishi, Mr. (Master course) 
(Nagoya University), p.38 
Effects of conformational degrees of freedom on Soret coefficient of 
dumbbells obeying Langevin equation. 

14:50 P27 
Tatsuya Shiraishi, Mr. (Master course)  
(Nagoya University), p.39 
Li-ion diffusion processes in succinonitrile-doped PEO electrolytes. 
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14:54 P28 
Da Rae Lee, Ms. (Master course)  
(Konkuk University), p.40 
Preparation of carbonaceous aerogel from cellulose/NMMO 
solution. 

14:58 P29 

Ju Yeon Lee, Ms. (Master course)  
(Korea University), p.41 
Rheological application of phase separation for the separator in 
Li-ion batteries. 

15:02 P30 

Shoichi Yasui, Mr. (Master course) 
(Nagoya University), p.42 
Elongational viscosity of carbon fiber reinforced polypropylenes 
with bimodal fiber length distributions. 

15:06 P31 
GAH HYUN LEE, Ms. (Master course)  
(Konkuk University), p.43 

Viscoelastic behaviors of carboxymethyl-cellulose hydrogel. 

15:10 P32 
Kento Shigekura, Mr. (Undergraduate)   
(Nagoya University), p.44 
A Multi-particle model of bubbles. 

15:14 P33 

Chiharu Ichikawa, Mr. (Master course)  
(Nagoya University), p.45 
Viscoelastic and dielectric relaxations for secondary relaxation in 
aged polystyrene glass with narrow molecular weight distribution. 

15:18 P34 
Eunseok Yang, Mr. (Master course)  
(Konkuk University), p.46 

Preparation of ZIF-8/cellulose composite for tetracycline removal 

15:22 P35 

Kaito Suzuki, Mr. (Master course)  
(Nagoya Univ.), p.47 
Spinodal decomposition of polymer blends consisting of poly(4-iso-
butylstyrene) and polyisoprene with different microstructures 
studied by optical microscopy 

15:26 P36 
Seunghoon Kang, Mr. (Ph.D. candidate) 
(Seoul National University), p.48 
Machine learning study on the stress signals of colloidal suspensions 
under shear flow. 

15:30 P37 
Ryuya Isoda, Mr. (Master course) 
(Nagoya University), p.49 
Time evolution of shear thickening behavior in nanoclay/PEO/water 
suspensions studied by Rheo-SALS.  

15:34 P38 
Chan Hyeok Ahn, Mr. (Ph.D. candidate) 
(Seoul National University), p.50 

Lab-scale transport pipeline system of the electrode slurry. 
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15:38 P39 

Chidapha Kusinram, Ms. (Master course) 
(Suranaree University of Technology), p.51 

Multiscale molecular simulation of structures and dynamics 
poly(vinyl chloride) blends with different stereochemical sequences. 

15:42 P40 

Byungwook Youn, Mr. (Master course)  
(Chonnam National University), p.52 
Electro-spinnability evaluation of water repellent and sound 
transmissive PVDF-based nanofibers. 

15:46 P41 

Gyuhyeon Cho, Mr. (Master course) 
(Kyungpook National University), p.53 
Application of post-widder inversion formula to the calculation of 
relaxation spectrum from relaxation modulus.  

15:50 P42 
Shumpei Yamakami, Mr. (Undergraduate) 
(Nagoya University), p.54 
Extensional viscosity of Polystyrene-block-poly(2-vinylpyridine) 
Block Copolymer with Spherical Microphase Separated Structure 

15:54 P43 

Uijung Hwang, Ms. (Master course)  
(Korea University), p.55 
Crosslinking and swelling behaviors of poly(ethylene 
glycol)/poly(acrylic acid) interpenetrating polymer network 
hydrogels under different pH conditions. 

15.58 P44 
Soo Hyung Lee, Mr. (Master course) 
(Seoul National University), p.56 
Training constitutive neural networks via Smoothed Particle 
Hydrodynamics of a viscoelastic fluid. 

16.02 P45 

Yuya Yamawaki, Mr. (Master course) 
(Nagoya University), p.57 
Effect of addition of fumed silica particles to magnetorheological 
properties of carbonyl iron suspensions with different carbonyl iron 
concentrations.  

16:06 P46 

Hye Yeong Lee, Ms. (Master course)  
(Seoul National University), p.58 

Investigation on the flow signals in the filtration process of battery 
slurry: Effect of particle agglomeration on electric conductivity and 
pressure gradient. 

16:10 P47 

Takuya Shoda, Mr. (Undergraduate)  
(Nagoya University), p.59 
Evaluation of flow field of large particle dispersions by moving 
image analysis: Effects of volume fraction of large particles.  

16:14 P48 
Hyunjoon Jung, Mr. (Master course) 
(Seoul National University), p.60 
Experimental analysis of battery slurry transportation through pipe. 
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16:18 P49 

Kyobu Tomita, Mr. (Undergraduate)  
(Nagoya University), p.61 
Change of viscoelastic master curves for thermo-oxidized 
polystyrenes.  

16:22 P50 

Saowalak Samudsorn (Undergraduate)  
(Khon Kaen University), p.62 
Pineapple leaf fiber derived activated carbon fiber with oxygen-
containing groups via a feasible graphitization-activation process for 
high-performance supercapacitors. 

16:26 P51 

Adisak Takhulee, Dr.  
(Udon Thani Rajabhat University), p.63 
Effect of chain length of PLA on structure and agglomeration of 
pluronic F127/PLA block copolymer in aqueous system. 
Experimental and Mesoscale simulation studies.  

16:30 P52 
Ha-Yeong Lee, Ms. (Master course) 
(The University of Suwon), p.64 
Surface-to-surface interparticle distances in polybutylene terephthalate/ 
poly(ethylene glycol) blends. 

16.34 P53 

Yangyul Ju, Mr. (Master course)  
(Chonnam National University), p 65 
Rheological guidance for evaluating structural deformation and 
recovery characteristics of soft cellulose nanocomposites. 

 

Long Oral Session:  

(February 20, 09:00 ~ 14:30) 

09:00 L13 
Nayeon Park, Ms. (Ph.D. candidate) 
(Seoul National University), p.66 
Thixotropy modeling and computational analysis of battery slurries. 

09:15 L14 

Minhyuk Im, Mr. (Ph.D. candidate)  
(Seoul National University), p.67 
Investigation of extension rheology of multi-component fluids 
measured by DoS-CaBER and image analysis. 

09:30 L15 

Souta Miyamoto, Mr. (Ph.D. candidate)  
(Kyoto University), p.68 
Friction reduction in well-entangled bidisperse blends under fast 
flows: A dual slip-link simulation study.  

09:45 L16 

Byung Min Lee, Mr. (Master course)  
(Gyeongsang National University), p.69 
Flow modeling and design method of the co-rotating twin-screw extruder 
for continuous mixing and dispersion of Lithium-ion battery slurries. 

10:00 L17 Yeseul Kim, Ms. (Master course)  
(Sookmyung Women's University), p.70 
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The effect of the binder molecular weight and concentration on the 
yielding behavior of lithium-ion battery anode slurry.  

 Coffee break 

10:20 L18 
Jehyeok Choi, Mr. (Master course)  
(Kyungpook National University), p.71 
Mathematical analysis of power-law spectrum for polymer melts and 
solutions. 

10:35 L19 
Hyo-Jeong Lee, Ms. (Master course)  
(Sookmyung Women's University), p.72 
Role of hydration force on microstructure and rheological behavior 
of colloidal suspensions. 

10:50 L20 
Takuya Kobayashi, Mr. (Master course)  
(Kyoto University), p.73 
Direct numerical simulations of microswimmers in viscoelastic fluids. 

11:05 L21 

Eun Hui Jeong, Ms. (Master course) 
(Sookmyung Women's University), p.74 
Sequence of physical process (SPP) analysis of large amplitude 
oscillatory stress (LAOS-Stress) test. 

11:20 L22 

Soyun Moon, Ms. (Undergraduate)  
(Sookmyung Women’s University), p.75 
Control the formation of microstructures in colloidal suspensions 
during the drying process. 

11.35 L23 

Khongvit Prasitnok, Asst. Prof. Dr. 
(Mahasarakham University), p.76 
A coarse-grained model for predicting glass transition temperature of 
cis-polyisoprene. 

11.50 L24 
Seong-ju Han, Ms. (Master course) 
(University of Suwon), p.77 
Black epoxy adhesion with coupling agent for LED substrate. 

 Lunch 

13.00 L25 

Eunheui Gwag, Ms. (Ph.D. candidate)  
(Seoul National University), p.78 
Adsorption behaviors of sodium carboxymethyl cellulose (CMC) 
binder in lithium ion battery examined via broadband dielectric 
spectroscopy. 

13.15 L26 

Hyojin Jung, Ms. (Master course)  
(Seoul National University), p.79 
Rheological properties and polymer dynamics of biodegradable 
polylactic-acid nanocomposites reinforced by cellulose nanocrystal. 
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13.30 L27 

Daekwon Jin, Mr. (Ph.D. candidate) 
(Ajou University), p.80 
Suppression of Segré-Silberberg effect by polymer additive observed 
with a novel dual-view system for 3-D particle distribution in 
microchannel. 

13.45 L28 

Won Jun Lee, Mr. (Master course) 
(Ajou University), p.81 
Investigation of the difference in the extensional rheological properties 
of Li-ion anode slurry depending on natural or synthetic graphite 
utilizing SF-DoS/CaBER.  

14.00 L29 

Jee In Park, Ms. (Undergraduate) 
(Ajou University) p. 82 

Planar elongational flow-based method for characterizing the edge 
plane of non-spherical graphite in microchannel utilizing viscoelastic 
particle focusing. 

14.15 L30 

Tongsai Jamnongkan, Assoc. Prof. Dr. 
(Kasetsart University) p. 83 

Improvement of mechanical and thermal properties of 3D filaments 
poly(lactic acid)-based by incorporation of bio-activated carbons 

 Coffee break 
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L01 

Monte Carlo Simulation of Dynamic Properties of Polymers with Different 
Monomer Stereochemistry and Sequences  

Visit Vao-soongnern*  
School of Chemistry, Suranaree University of Technology, Nakhon Ratchasima, 30000, THAILAND  

*Email: visit@sut.ac.th  

Abstract 
 A dynamic Monte Carlo simulation of polymer melts has been applied to investigate 
the structures and dynamics of vinyl polymers and copolymers with different monomer 
stereochemistry and sequences, respectively. Coarse-grained chains can be designed so that 
they successfully capture subtle effects arising from the local covalent structure of real chains.  
Polymer chains were represented by the rotational isomeric state (RIS) models and then mapped 
to coarse-grained chains on the second nearest neighbor diamond (2nnd) lattice. The average 
non-bonded interactions were treated by the discretized version of the Lennard-Jones (LJ) 
potential. Dynamics of most vinyl polymers (polypropylene, polyvinyl alcohol and polyvinyl 
chloride) can be generally arranged in the order as: isotactic > atactic >> syndiotactic chains 
except for polystyrene which exhibit the reversed order due to the bulky side group.1-2 There is 
no clear correlation for these relative diffusions with molecular size and chain stiffness but can 
possibly be related to the intermolecular contribution i.e. chain packing among neighboring 
chains. For most vinyl polymer, isotactic chains diffuses faster than syndiotactic polymer, but 
a maximum in the diffusion rate at an intermediate stereochemical composition of atactic chain 
is also found. Sequences of meso and 1empor diads diffuse faster in atactic chain due to 
quenched randomness of stereochemical sequences than in iso- and syndiotactic chains. For 
copolymers, the effect of monomer composition and monomer sequence is illustrated by 
ethylene-propylene copolymer (EPC) melts.3 The chain dynamics are strongly dependent on 
the ethylene fraction in EPC chains. The tendency of molecular mobility for EPC is faster for 
the block-like sequences than other patterns. The dynamics of EPC with different monomer 
sequences were analyzed to correlate with both intra- (the characteristic ratio and the radius of 
gyration) and intermolecular contribution (the intermolecular pair correlation function). At low 
to intermediate ethylene fraction (PE=0.25 and 0.50), the effect of intermolecular interaction 
plays a more dominant role than that of intramolecular contribution. At a higher ethylene 
fraction (PE = 0.75), the intermolecular packing and chain dimension are not much different as 
a result of a large fraction of more mobile ethylene beads, and the effect of consecutive 
monomer sequence is likely to affect the chain mobility 
 
Keywords: Polymer dynamics, Vinyl Polymer, Random Copolymer, Monte Carlo simulation 
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L02 

Network Lifetime of Crosslinked Urethane in Photo-aging 
Takato Ishida1* and Ryoma Kitagaki2 

1 Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan 
2 Graduate School of Engineering, Hokkaido University, Nishi-8-chome, Kita-13-jyo, Kita-ku, 

Sapporo-shi, Hokkaido, 060-8628, Japan 
*ishida@mp.pse.nagoya-u.ac.jp 

Abstract 
 Thermosetting polymers with a three-dimensional network structure are widely used in 
industry due to their excellent mechanical properties and thermal stability. Acrylic-urethane 
Network (AUN) is one of the good choices for outdoor coatings and adhesives because of their 
flexibility and weatherability. Oxidative degradation is a primary degradation mechanism for 
real applications (so-called “mild” degradation proceeding in several years or more), and it 
involves molecular chain scissions (β -scission) in elementary reactions. We previously 
elucidated that significant structural alterations of photo-aged AUN were initiated after a certain 
number of chain scission events. The initial “loosely” crosslinked network is converted into a 
brittle network with excessive local crosslinking1. 
 In this presentation, we demonstrate that our developed two models originated from 
different scales (i.e., microscale and mesoscale). Both models exhibit comparable network 
lifetimes in case of network collapse triggered by oxidative chain scission, using a kinetic model 
starting from microscopic reaction kinetics and a mesoscale “degelation” model under 
equireactive assumption (mean field approximation)2. A developed kinetic model solves the 
elementary reaction kinetics of radical-mediated autoxidation reactions. The kinetic model can 
reproduce chemical reaction kinetics well (succeeded in reproducing the accumulation of C=O 
bonds and the consumption of C-H bonds). It enables us to estimate the network lifetime, 
corresponding to the complete disappearance of the elastic chains, by counting scission events. 
As another mesoscopic model, the “degelation” model is developed using Flory’s classical 
gelation theory in reverse2. Network lifetime is reasonably estimated as the time to reach critical 
conversion (degelation point) using infrared spectroscopy; the estimated lifetime from the 
“degelation” model is semi-quantitatively comparable to that of the microscopic kinetic model 
(Fig. 1). 
 

 
 
Fig. 1 (a) Evolution of infrared spectra in photo-aging, (b) Decay of 
the relative amount of urethane crosslinks 

 
References 
1. Ishida, T., Kitagaki, R., Yamane, S., Hagihara, H. Polym. Degrad. Stab., 2019, 162,     

85-93. 
2. Ishida, T., Kitagaki, R., Hagihara, H., Elakneswaran, Y., Polymer (Guildf), 2020,186,   
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Effect of Sodium Carboxymethyl Cellulose and Poly(acrylic acid) on the 
Dispersion Homogeneity of the Aqueous Silicon Suspension 

Kyeong Jin Kim, Kyung Hyun Ahn* 
School of Chemical and Biological Engineering, Seoul National University, Seoul, 08826, Republic of 

Korea 
*ahnnet@snu.ac.kr 

Abstract 

 Silicon has drawn attention as an attractive anode material for advanced lithium-ion 
batteries (LIBs) to reach a much higher energy density than current commercial graphitic 
anodes. However, when silicon particles form isolated domains in the electrodes, owing to their 
intrinsic volume change issue (300%) occurring in the charging and discharging process, the 
cyclic stability of the cell significantly deteriorates.1,2 Thus, the dispersion homogeneity of 
silicon particles in the electrode film should be achieved for stable cell performance. Sodium 
carboxymethyl cellulose (CMC) and poly (acrylic acid) (PAA) have been widely used as 
aqueous dispersants for silicon anodes. Although many works have reported the importance of 
the dispersant for the homogeneous distribution of silicon particles within the electrodes, the 
complex nature of battery slurries has hindered a clear understanding of the dispersion 
homogeneity of silicon particles. In this context, this study investigates the effect of CMC (DS 
0.7) and PAA on the dispersion homogeneity of silicon particles and the mechanism thereof by 
utilizing the Si/polymer model system. Although the adsorption amounts of CMC (DS 0.7) and 
PAA onto the silicon surface are comparable, the dispersion state of silicon particles in the 
Si/CMC (DS 0.7) and Si/PAA suspension significantly differs. To reveal the mechanism for 
particle agglomeration, the effect of polymer-polymer interaction and particle-polymer 
interaction on the dispersion state of silicon particles is systematically investigated. It is found 
that the hydrophobic interaction arising from CMC (DS 0.7) chains promotes severe particle 
agglomeration, whereas polymers possessing weak interaction, such as PAA and CMC (DS 
1.2), disperses silicon particles well. 
 
Keywords: Silicon suspension, Particle agglomeration, Dispersion homogeneity, 
Hydrophobic interaction 
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L04 

Orientation Effect on the Rheology of Graphene Oxide Dispersions in 
Isotropic Phase, Ordered Isotropic Biphase, and Discotic Phase 

Gyeong Min Choi, Heon Sang Lee* 
Department of Chemical Engineering (BK-21 Four Graduate Program),  

Dong-A University, Busan 49315, Korea 
*heonlee@dau.ac.kr 

Abstract 

 We present a combined simulation and experimental study of the structure and 
dynamics of dilute, semi dilute, and concentrated graphene oxide aqueous alkaline dispersions. 
These materials behave as lyotropic systems, with phase ordering as the concentration 
increases. The sheet spacing in the ordered phases is much broader than that expected by the 
classical Derjaguin–Landau–Verwey–Overbeek theory. Rheological responses in the isotropic 
phase are similar to rod-like liquid crystals (LCs), which follow the simplified Leslie–Ericksen 
(LE) model. The dispersions in the biphase and the discotic phase behave similarly to 
polydomain LC polymers, following the mesoscopic LE model [Larson–Doi (LD) model]. The 
LD model fits the time evolution of shear stress at startup flow, re-startup flow after the 
cessation of flow, and reversal flow in the discotic phase. Further, the Folgar–Tucker–
Lipscomb model fits the stress overshoot in a startup flow, but not the reversal flow.  
 
Keywords: Graphene, Viscosity, Shear thinning, Rheology and fluid dynamics, Fluid flows 
 
References 
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An In-situ Viscosity Monitoring Method of non-Newtonian fluids Through 
Concentric Annulus  

F. Xuesi Gao1, C. Wook Ryol Hwang1*  
1Department of Chemical Engineering, Gyeongsang National University, Jinju, Republic of Korea 

* wrhwang@gnu.ac.kr 

Abstract 
 Based on the energy dissipation rate approach1, 2, we propose a quantification method 
for non-Newtonian fluids in the drilling flow with the concentric annulus (Fig.1) subjected to 
combined pressure-driven and rotational flows. By introducing the energy dissipation rate 
coefficient 𝐾! and the effective shear rate coefficient 𝐾", we begin with the flow quantification 
individual flow problems: i.e., pressure-driven flow and rotational flow due to inner wall 
rotation and derived 𝐾! and 𝐾" in both cases. Then, we investigated flow quantification for the 
combined flow system. The flow numbers, 𝐾!  and 𝐾" , were proven to depend only on 
geometric parameters and rarely on rheological behavior not only in two individual flow 
problems, but also in the combined flow. The present flow quantification method can be 
employed for real-time measurement of the viscosity, torque, pressure drop, and power 
consumption. Though the theory was established with the power-law fluid, we validated the 
accuracy of the method for various non-Newtonian fluids such as Carreau and Herschel-
Bulkley with extensive numerical simulations (Fig.2).  
 
Keywords:  Energy dissipation rate, Effective shear rate, Non-Newtonian fluid  
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2. Jo, H. J., Jang, K. H. Kim, Y. J. and Hwang, W. R. J. K.-A. R. J. Process viscometry in 
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Fig.1 Concentric annuls model in drilling 
process 

Fig.2 Comparison of viscosity estimation between flow 
quantification method and numerical simulation results 
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L06 

Multiscale Simulations for Polymer Melt Spinning Process 
using Kremer-Grest CG model and Continuous Fluid Mechanics Model  

Yan Xu1, and Takashi Taniguchi1*  
1Department of Chemical Engineering, Graduate School of Engineering,  

Kyoto University, Kyoto 615-8510, JAPAN 
* taniguch@cheme.kyoto-u.ac.jp 

Abstract 

 We successfully developed a new type of multiscale simulation (MSS) method for a 
spinning process of a polymer melt. In our previous research, we developed a MSS method 
where a microscopic model and macroscopic model for the spinning process are respectively 
modeled by using a slip-link model and continuous fluid mechanics model1. The microscopic 
simulator is a slip-link model in which polymer chains are simulated in virtual spaces and 
entanglements among them are treated by virtual links. In the present research, we replace the 
microscopic model with the Kremer-Grest coarse-grained (CG) model and investigate the state 
of polymer chains at the steady state in the spinning process with different conditions of the 
draw ratio (Dr).  The change enables us to obtain more detailed information on the state of 
polymer chains, but also brings two computational difficulties, one is requirement of a huge 
computational cost, the other is a simulation box problem related to the periodic boundary 
condition under a large applied strain. To overcome the difficulty of huge computational cost, 
we considered a new type of micro-macro coupling method different from the previous MSS, 
which results in a lower computational cost. To resolve the simulation the box problem, we 
proposed a new method to apply a uniaxial deformation with a time dependent deformation rate 
to the microscopic system, based on the UEF (uniform extensional flow) method for a polymer 
melt system which was developed by O’Connor et al2 and Murashima et al3. By using these 
two ideas, we succeeded in performing a new type of MSS simulations and found that the Dr 
and the local Wi (Weissenberg number) has a great influence on the elongation and orientation 
of the polymer chain in the microscopic state. As increasing Dr, the velocity distribution 
abruptly increases proportionally to Dr at a region close to the end point of spinning and the 
tension increases in proportional to (Dr)1/2 in response to the large velocity gradient. We also 
clarified that the polymer chains are stretched and orientated especially in the region Wi > 1. 
When Dr increases, the gyration radius and the largest eigenvalue of the orientation tensor also 
linearly increase, but the increase of the eigenvalue starts at a little bit upstream side as 
compared with that of the gyration radius, namely, the increase in orientation starts before that 
in stretching. 
 
Keywords: Polymer melt spinning process, Multiscale simulation, Kremer-Grest CG model, 
Continuous fluid mechanics model 
 
References 
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Analysis of Finite Depth Dip Coating Process with Interface Capturing Method 
D. Yu1, J. Nam1* 

1School of Chemical and Biological Engineering, Seoul National University, Seoul, 08826, Korea 
*jaewooknam@snu.ac.kr 

Abstract 
 The liquid state coating process is a process widely used in a current industry, and 
various methods have been developed and used according to the shape of the product and the 
properties that its surface should have. The dip coating process is one of the representative 
liquid-based coating processes and has been used in many industrial fields thanks to its simple 
implementation. In the dip coating process, flow occurs due to competition between forces 
such as viscous drag, gravitational force, and surface tension, and this flow determines the 
shape of coated film. Existing studies related to dip coating process have mainly focused on 
the relationship between various forces and the shape of the coated film when coating a flat 
plate with long depth and width. By the way, since there are many cases whose coated 
substrate have short depth and width, the difference for the coated film shape from the long 
depth and width case occurs. Plus, the pinch-off phenomena from the bottom of the substrate 
affects to the coated film shape. We will analyze such phenomena with finite element method. 
In general, the finite element method that deals with interface requires that its deformation 
should not be so large that the topology of computation domain should not undergo extreme 
change. In order to deal with the pinch-off dynamics which entails huge topological change, 
the interface capturing method should be used, and the phase-field method, one of the diffuse-
interface methods, will be used to analyze this phenomenon. 
 
Keywords: Dip coating, Finite element method, Interface capturing method, Phase-field 
method 
 

 
Fig. 1 Phase evolution of the finite depth dip coating process 
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Linear and Non-linear Rheological Properties of Cellulose Nanocrystal 
Suspensions Containing Neutral and Ionic Polymers Suggesting Phase 

Transition Behavior 
Si Yoon Kim, Jeong Hyeon Lee, Tochukwu Olunna Nnyigide, and Kyu Hyun* 

School of Chemical Engineering, Pusan National University, Pusan 46241, Republic of Korea  
*kyuhyun@pusan.ac.kr 

Abstract 

 Phase transition behavior appears in rod-particle suspensions because nanorods can be 
ordered in long-range orientation with compensating entropy1. The transition proceeds in 
isotropic, biphasic, and nematic crystalline phases as rod particle concentration increases. The 
microstructural difference between phases could be investigated via linear and non-linear 
rheological properties. Furthermore, with increasing particle concentration, gel-like behavior is 
observed due to the self-assembly of rod particles depending on the surface charge, ionic 
strength, aspect ratio, etc. The microstructure changes when polymers are added to suspension 
depending on the affinity between polymers and particle surfaces. The complex microstructure 
of polymers and particles could be dispersed or aggregated due to steric repulsion or depletion 
attraction, respectively. 
 We prepared cellulose nanocrystal (CNC) suspensions as rod particles (L=100 ~ 300 
nm, D=4 nm) and two cellulose-derive polymers, carboxymethyl cellulose (CMC, Mw=700k, 
ionic) and hydroxyethyl cellulose (HEC, Mw=720k, neutral) as additives. The phase transition 
behaviors of CNC suspensions were described as hierarchical structures: isotropic, biphasic, 
and liquid crystalline phases2. Linear rheological properties of CNC suspensions show one 
critical concentration (single trend change) with increasing CNC concentrations. In contrast, 
non-linear rheological properties show several critical concentrations (multiple trend changes) 
with increasing CNC concentrations. Furthermore, HEC-CNC and CMC-CNC suspensions 
show different non-linear rheological behaviors with increasing CNC concentrations due to the 
charge effect of polymers. Therefore, in this study, we studied the hierarchical microstructures 
of CNC, HEC-CNC, and CMC-CNC suspensions formed differently due to the charge effect 
of polymers via both linear and non-linear rheological properties.  
 
Keywords: Cellulose nanocrystal, Charge screening effect, Phase transition behavior,  
Small amplitude oscillatory shear test, Large amplitude oscillatory shear test 
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Rheological and Molecular Dynamics Simulation Studies of Albumin Hydrogels 
in Mono- and binary surfactant mixtures 

Tochukwu Olunna Nnyigide, Osita Sunday Nnyigide, and Kyu Hyun* 
School of Chemical Engineering, Pusan National University, Busan 46241, Korea 

*kyuhyun@pusan.ac.kr 

Abstract 

 Albumin proteins such as bovine and human serum albumin (BSA and HSA) are 
widely used for hydrogel preparations due to their low cost and favorable biological 
characteristics. However, the hydrogel properties of albumin alone without additives are 
insufficient and limited in application. To overcome this problem, the introduction of additives 
such as salts, acids, surfactants, etc., has been explored1. In this study, we prepared 5, 7, and 10 
wt% of BSA and HSA solutions in a binary surfactant mixture containing 
cetyltrimethylammonium bromide (CTAB, cationic surfactant) and sodium dodecyl sulfate 
(SDS, anionic surfactant). The total surfactant was constant at 0.05M; however, the ratio of 
moles of CTAB to SDS was varied according to 0.00:0.05, 0.01: 0.04, 0.02: 0.03, 0.03: 0.02, 
0.04: 0.01 and 0.05: 0.00 which may be expressed in terms of CTAB mole fraction (𝜒#$%&) as 
0, 0.2, 0.4, 0.6, 0.8 and 1. The gelation behavior of the solutions was then studied by 
temperature ramp testing, and the obtained hydrogel mechanical properties were studied by 
frequency sweep test. Gelation temperature (Tgel) of BSA and HSA were found to decrease as 
the mole fraction of CTAB (𝜒#$%&) increased until reaching a minimum at 𝜒#$%& = 0.8 for 
both albumins. BSA hydrogels displayed nonlinear dependence on the protein concentration 
and heating rates, while HSA showed nonlinear dependence on the protein concentration but 
linear dependence on the heating rate. We deployed molecular dynamics (MD) simulation to 
elucidate the molecular origins of these observed gelation behaviors. MD-calculated solvent 
accessible surface (SASA) showed peak unfolding of both proteins at 𝜒#$%& = 0 , which 
decreases to a minimum at 𝜒#$%& = 0.4	𝑎𝑛𝑑	0.2 for BSA and HSA respectively, before both 
peaked again at 𝜒#$%& = 0.8. However, energetically unfavorable interaction between the 
proteins and the surfactant clusters at low 𝜒#$%& limited protein dynamics, resulting in high Tgel 
and hydrogels of low mechanical properties. In contrast, a high unfolding rate combined with 
less stabilized protein at high 𝜒#$%& resulted in lowering Tgel and higher mechanical properties2. 
Our findings establish the mixing ratios of cationic and anionic surfactants to yield hydrogels 
with varied rheological and kinetic characteristics with potential industrial applications. 
 
Keywords: Albumin hydrogel, Mixed surfactants, Temperature ramp, Molecular dynamics 
simulation, Frequency sweep 
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A High-Speed Electrode Fabricating Process with Primer Layer Coating and 
Dewatering process  
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Abstract 
 The adhesion force between the substrate and electrode affects the electrochemical 
properties of the lithium-ion battery. To enhance the adhesion force, a thin primer layer is often 
coated on the substrate on the coating process. Although the primer layer increases the 
mechanical and electrochemical properties, it requires an additional process time for drying the 
primer layer, which increases manufacturing cost. In this study, we introduce a high-speed 
electrode fabricating process using the dewatering concept with primer layer coating. When the 
drying temperature is 80 ℃, the high-speed process with the primer layer shows at least 3 times 
faster process time and 30% higher adhesion force than the conventional process. The results 
indicate that this high-speed process with primer layer coating is promising because it enhances 
the mechanical properties and decreases the manufacturing cost. 
 
Keywords: Lithium-ion battery, Dewatering process, Primer layer, Adhesion force  
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Abstract 
 Brownian motion is widely observed in soft matters. In many systems, the van-Hove 
correlation function becomes Gaussian in a timescale where the mean square displacement 
(MSD) of the particle increases linearly with time. However, in this decade, Brownian yet non-
Gaussian diffusion has been reported; some soft matter systems exhibit linear MSD while the 
van-Hove correlation function is non-Gaussian. The Brownian yet non-Gaussian diffusion can 
be explained by a temporal fluctuation of the diffusion coefficient, called fluctuating 
diffusivity[1]. The motion is described as 𝑑𝒓(𝑡) 𝑑𝑡⁄ = 32𝐷(𝑡)𝒘(𝑡), where 𝑡 is time, 𝒓(𝑡) is 
the position of the particle, 𝐷(𝑡) is the time-dependent diffusion coefficient, and 𝒘(𝑡) is the 
Gaussian white noise. There are two known origins for the fluctuating diffusivity. The first one 
is the spatialy/11emporally heterogeneous environment. For instance, the constituent particles 
of glass-forming liquids or biological systems exhibit 
fluctuating diffusivity due to their heterogeneous nature. 
The second origin is the conformational degrees of 
freedom. For example, the diffusivity of the center of mass 
of polymers or rod-shaped particles fluctuates by the 
temporary change of the conformation. Here, one question 
arises; are there only two origins for the fluctuating 
diffusivity? In this presentation, we report the third origin 
for the fluctuating diffusivity in a simple system[2]. 
 Dynamics of a single gas molecule A in another 
gas molecules B is investigated. The molecule A moves 
ballistically until it collides with the molecule B. This 
system is characterized only by the mass ratio 𝜇 =
𝑚% 𝑚&⁄ , where 𝑚'  is the mass of molecule 𝑖 . In gas 
systems, the dynamic correlation is generally weak. We 
thus employ the kinetic Monte Carlo method with the 
Markovian process to analyze the dynamics of molecule 
A. It should be emphasized that this system does not have 
a heterogeneous environment nor conformational degrees 
of freedom. 
 Trajectories of the molecule A projected onto the 
XY-plane are displayed in Fig.1 with the large and small 
mass ratios (𝜇 = 10( and 10)*). Here, ∆𝑡 is taken to be 
ten times larger than the crossover time from ballistic to 
diffusive time regimes, and the shading represents the 
magnitude of the displacement. For 𝜇 = 10( , the 
diffusivity seems to be random. In contrast, for 𝜇 = 10)*, 
clusters of black and white parts are clearly observed. This 
result indicates that the fluctuating diffusivity emerges 
even in binary gas mixtures with small 𝜇. In the presentation, we will show additional analyses 
and the novel mechanism for the fluctuating diffusivity. 
 
Keywords: Brownian yet non-Gaussian diffusion, Simulations, Markovian process 
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Fig.1 Trajectories of molecule A 
projected onto the XY plane with 
two different mass ratios 𝜇 = 
(a)	10!and (b)10"#. The shading 
represents the magnitude of the 
diffusivity. 
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The Flow Analysis of Battery Slurry Passing Slot Die Cavity using a Thixotropy 
Model 
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Abstract 
 Slot coating is one of the most used coating methods in the industry. Especially in 
battery manufacturing, the coating of cathode and anode material called “battery slurry” is 
being actively researched because of its importance in the industry. However, battery slurry 
shows complex rheological properties, and there is a limit to representing the battery slurry 
through the generalized Newtonian models.  
 Meanwhile, flow passing a slot die experiences both sudden expansion and contraction 
due to the geometry of the die cavity. This geometric characteristic is essential since it causes 
a pressure difference depending on the location. Furthermore, the pressure difference 
determines the flow inside the cavity because it is a pressure-driven flow. 
 This study will analyze the battery slurry passing a coating die using two rheological 
models: the generalized Newtonian model and a thixotropic model. We will look at several 
characteristics of battery slurry and die cavity by analyzing the pressure inside the cavity. 
 
Keywords: Slot coating, Thixotropy, Fluidity, Finite Element Method 
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A High-Speed Fabricating Technology for Water-based Cathode in Lithium-Ion 
Batteries 

Sang Ryoul Park, Kyung Hyun Ahn*  
School of Chemical and Biological Engineering, Seoul National Un0069versity, Seoul, 08826, 

Republic of Korea  
*ahnnet@snu.ac.kr 

Abstract 
 The productivity of lithium-ion batteries critically determines the cost of electric 
vehicles. The prospect of aqueous processing Ni-based cathode is noticeable for the reduction 
in cost and environmental risk. However, instead of using organic compounds as a solvent, 
aqueous cathode slurries yield several problems such as poor dispersion, aqueous reaction with 
the active material, and improper substrate/slurry wetting. To overcome these problems, we 
suggest a novel manufacturing process for LIB which is based on the dewatering concept. The 
novel process has the advantage of a short time scale of water exposure with active materials 
in the mixing, coating, and drying process. It will be another option that the aqueous processing 
of LIB could be realized in battery manufacturing in near future. 
 
Keywords: Lithium-ion battery, Ni-based cathode, Aqueous slurry processing, Dewatering 
process 
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Molecular Simulation of Structural and Surface Properties of Polymer Blend 
Nanofilms 

Kanjana Sirirak, Visit Vao-soongnern*  
School of Chemistry, Suranaree University of Technology, Nakhon Ratchasima, 30000, THAILAND  

*Email: visit@sut.ac.th  

Abstract 
 Monte Carlo simulation of coarse-grained “polyethylene-like” models was employed to 
study the structural and surface properties of polymer blend nanofilms.  For homopolymer films 
with stronger interchain interaction, the densities in the bulk region are increased and the films 
become thinner accompanied by sharper surface profiles.  For polymer blend films, chain 
components with weaker intermolecular interaction preferably migrate to the surface region 
while other components tend to locate near the center of the film. For stronger chain interaction, 
chain ends were more segregated at the surface while the middle beads were depleted. With 
increasing interchain interaction between polymers, there is a higher degree of anisotropic 
orientation at the bond and chain scale in the surface region. Compared to homopolymer films, 
chain dimensions and chain shape in polymer blend films become more distorted, especially in 
the surface region, and exhibit more anisotropic changes in the perpendicular direction to the 
surface as a function of interchain interaction. The longest principal axis of polymer chains was 
preferable to align parallel to the surface but changed toward isotropic random arrangement in 
the Interior of film structures. Polymer adopt more gauche conformation with better chain 
packing for polymer blend films with strong bead interaction. 
 
Keywords: Polymer blends, Polymer surface, Polymer nanofilm; Monte Carlo simulation 
 
 
 
 

 

Fig. 1 Representative snapshots of polymer blend nanofilms for PE/PX mixtures with different e/k of 
120 (left), 185 (middle) and 250 K (right) for repulsive, neutral and attractive interaction between PE 
and PX chains, respectively.  

   
Fig. 2 (a) Density profiles nanofilms composed of homopolymer and polymer blend with different chain 
interaction. (b) Decomposition of the density profiles for PE and PX chains in nanofilms. 
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The Study of Filler Hydrophobicity on Rheological Properties and Morphology 
of Polylactic acid (PLA)/Low-density Polyethylene (LDPE) Blends  

Min Chan Kim1, Dae Han Oh, Kyu Hyun1* 
1School of Chemical Engineering, Pusan National University, Busan 46241, Republic of Korea 

*kyuhyun@pusan.ac.kr 

Abstract 
 Among the biodegradable polymers, PLA (polylactic acid) is considered a promising 
material to solve the environmental pollution caused by plastic waste. However, PLA has some 
weak mechanical properties, e.g. brittleness and poor processability. For this reason, some 
researchers have tried polymer blend with materials that can compensate for weaknesses of 
PLA1. In this study, we blended PLA and LDPE and used LDPE (low density polyethylene) for 
dispersed phase to resolve disadvantage of PLA because LDPE is well known to strain 
hardening behavior due long chain branched structure. To improve compatibility between PLA 
and LDPE, we added inorganic fillers, hydrophilic fumed silica (Aerosil 90), hydrophobic 
fumed silica (Aerosil R202), and different hydrophobic organoclay (Cloisite Na+, Cloisite 30B, 
Cloisite 10A, Cloisite 20A) as compatibilizer. In order to evaluate compatibilizer effect of 
various fillers, linear viscoelastic properties from small amplitude oscillatory shear (SAOS) test 
and nonlinear viscoelastic properties from elongational test are measured.2 In addition, we 
investigated morphology obtained by transmission electron microscopy (TEM) to check the 
location of filler. 
 
Keywords: Rheology, Morphology, Biodegradable, Nanocomposite 
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Simulation of Rotational Motion of Fibers in Sheared Suspensions Using 
Modified MPS 
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Abstract 
 The motion of a single rotating fiber in a Newtonian fluid under a shear flow is 
theoretically calculated by Jeffery1. In his theory, the fiber exhibits a periodic rotational motion 
on a closed orbit. This rotation period 𝑇 is one of the important properties to characterize the 
motion of fibers. As the number density normalized by fiber length 𝑛𝐿+ increases, the motions 
of fibers become non-trivial due to the mechanical contact and the hydrodynamic interaction 
between fibers. Since the theoretical approach is difficult to study multi-fiber problems, fiber-
level simulation methods have been developed. In most of the previous studies, the flow fields 
and the hydrodynamic interaction between fibers were approximated by simple and 
hypothetical models.  
 In this study, we modified Moving Particle Simulation (MPS) method2 to handle the 
hydrodynamic interactions precisely. To handle fibers in MPS, we represent a fiber as an array 
of particles. The conventional MPS model cannot reproduce the rotational motion of the fibers 
because the thickness of the fibers is not considered. We introduce the rotational degrees of 
freedom (RDs) into the solid particles to remedy the model. In particular, we employ the 
micropolar fluid model3, in which the angular velocity field 𝛀 works as RDs. In this model, the 
fluid velocity field 𝒖 and 𝛀 are coupled, and the rotational motion of the solid particles affects 
the motion of surrounding fluids and vice versa. The governing equations are discretized using 
the explicit MPS method with weak compressibility. A fiber is modeled as an array of 
micropolar fluid particles bonded with stretching, bending, and torsional potentials. Shear flows 
are applied by moving upper and lower solid walls in parallel and opposite directions.  
 The probability density distribution 
Ψ(𝑇�̇� (𝑇�̇�),-./01⁄ )  of non-dimensionalized 
rotation periods is shown in Fig.1. Here, �̇� is 
the shear rate, 𝑇  is the rotation period and 
(𝑇�̇�),-./01  is the dimensionless rotation 
period at the dilute limit. We have confirmed 
that using our method the single fiber rotates 
following the Jeffery’s theory and  𝑇�̇�/
(𝑇�̇�),-./01 = 	1 . As the fiber density 
increases, the distribution function becomes 
broader, and 𝑇�̇�  at the peak increases. The 
shape of the distribution function is 
asymmetric, and the tail at the high 𝑇�̇� side is 
broader than that on the opposite side. These 
results mean that the rotational motion of 
fibers becomes slower and more 
heterogeneous as the interaction between 
fibers becomes stronger, being consistent 
with experiments. 
 
 

Keywords: Fiber suspension, Moving Particle Simulation, Rotational degrees of freedom 
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Fig. 1 Distribution of normalized rotation period of 
fibers at different fiber concentrations. 	𝑛𝐿$ 
represents the normalized fiber density. Black circles 
indicate the peak tops. At the dilute limit, the 
distribution function reduces to the delta function 
(indicated by the dashed line).  
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Abstract 
 Molecules in a liquid crystalline polymer have directional order unlike isotropic 
polymers. This anisotropic property makes fibers spun with liquid crystalline polymers have 
strong mechanical properties like strength in axis of molecular alignment1. For several decades, 
theoretical studies about fiber spinning process for liquid crystalline polymer combined with 
relevant constitutive equation to describe its behavior have been conducted. Recently Lee et. 
Al. presented theoretical model, named HSL model for CNT fibers to predict minimum draw 
ratio (𝐷23) for target orientation and stability2. Here, we analyzed isothermal fiber spinning 
process for liquid crystalline polymers through numerical simulation using Larson-Doi model3. 
Under the flow of liquid crystalline polymers with polydomain structure, the distortion of 
domain orientation generates Frank elasticity, which counteracts the viscous force by flow4. 
Larson-Doi model considers Frank elasticity through phenomenological expressions to 
calculate stress and evolution of orientation in flow of liquid crystalline polymers. Employing 
this model, we investigated the effect of Deborah number (𝐷𝑒), indicating the extent of Frank 
elasticity, on state variables through spinline, especially the orientation order parameter to 
investigate alignment of polymers in isothermal spinning process. At constant draw ratio, as 
𝐷𝑒 increased, orientation order parameter increased in the whole spinline position, implying 
that polymers were well aligned inside fiber. In addition, critical draw ratios for draw resonance 
instability were determined by the linear stability analysis5. Governing equations were 
linearized with respect to infinitesimal perturbation variables based on steady state solutions. 
Stability windows that predict critical draw ratios with varying 𝐷𝑒 were constructed. At low 
𝐷𝑒 range, critical draw ratio increased with 𝐷𝑒, while the dependence on 𝐷𝑒 did not appeared 
as 𝐷𝑒 increased. 
 
Keywords: Fiber spinning, Liquid crystalline polymer, Larson-Doi model, Orientation order  
parameter, Linear stability analysis 
 
References 
1. Bassett, B. R., Yee, A. F. A Method of Forming Composite Structures Using In Situ-

Formed Liquid Crystal Polymer Fibers in a Thermoplastic Matrix, Polym. Compos. 1990, 
11, 10-18. 

2. Jeong, H. D., Kim, S. G., Choi, G. M.. Park, M., Ku, B. C., Lee, H. S. Theoretical and 
experimental investigation of the wet-spinning process for mechanically strong carbon 
nanotube fibers. Chem. Eng. J. 2021, 412, 128650. 

3. Larson, R. G., Doi, M. Mesoscopic domain theory for textured liquid crystalline 
polymers, J. Rheol. 1991, 35, 539 – 563.  

4. Marrucci, G. Rheology of Liquid Crystalline Polymers, Pure Appl. Chem. 1985, 57, 
1545-1552.  

5. Park, G. Y., Yun, J. H., Lee, C. H., Jung, H. W. Effect of Material Parameter of 
Viscoelastic Giesekus Fluids on Extensional Properties in Spinline and Draw Resonance 
Instability in Isothermal Melt Spinning Process. Polymers. 2021, 13, 139. 

 



The 16th International Workshop for East Asian Young Rheologists Conference 
IWEAYR-16, Udon Thani, Thailand, Feb 18-21, 2023 

20 | P a g e  

P08 

Metal-ammine complex aqueous solutions as catalysts for rigid polyurethane 
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Abstract 
 Metal-ammine complex aqueous solutions, [Cu(NH3)4(H2O)2](OAc)2 and 
[Zn(NH3)4(H2O)2](OAc)2, were used as the catalysts for water-blown rigid polyurethane 
(RPUR) foams. These catalysts were synthesized from the complex formation of metal acetates 
with ammonia ligand and could be used in RPUR foam preparation without purification. Water 
in the catalyst aqueous solutions could act as a blowing agent for foaming process. As compared 
to N,N-dimethylcyclohexylamine (DMCHA), which is a commercial catalyst, metal-ammine 
complex solutions had weaker odor. [Cu(NH3)4(H2O)2](OAc)2 showed higher catalytic activity 
in gelling reaction than DMCHA and [Zn(NH3)4(H2O)2](OAc)2. However, the catalytic activity 
in the blowing reaction of the synthesized catalysts was lower than that of DMCHA. 
Compressive strength values of the foams catalyzed by [Cu(NH3)4(H2O)2](OAc)2 and DMCHA 
were comparable, while [Zn(NH3)4(H2O)2](OAc)2 gave the foams with lower compressive 
strength. 
 
Keywords: Metal-ammine complex, Catalyst solution, Polyurethane foam, Gelling reaction, 
Catalytic activity 
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Abstract 
 Recently, new plastic materials are being developed by blending existing plastic 
materials or by adding additives or fillers to plastics. In addition, the key to success in r-Plastic 
development, which has recently attracted attention, is to use efficient polymer blend 
technology. 
 This is because it is more economical to develop a material using a small amount of 
compounding equipment than to develop a single polymer or copolymer using a large-capacity 
polymerization process. Blends of most commercially important immiscible polymers are 
produced in compounding extruders and developed through morphology control to express the 
advantages of each material. 
 Many researchers have studied the rapid morphology evolution during the polymer 
kneading process1,2,3,4, but studies on the rapid change in the melting stage, which is still in its 
infancy, have been very limited. This is because the initial morphology development is too 
rapid, and the locations where melting and kneading occur throughout the entire range. In this 
study, a Morphology Simulator was developed, designed, and used for the experiment, which 
can separately check the morphology that develops rapidly in a short time at the beginning of 
melting. The effects of the viscosity ratio, shear rate, and resin temperature of the immiscible 
system, which play a key role in morphology development, were examined by changing the 
key process variables, temperature, pressure, and speed. Using the GPPS/HDPE blend as a 
model blend, the morphological development process according to the viscosity ratio was 
examined. 
 
Keywords: Polymer blend, Immiscible polymer, Early stage, Morphology 
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Abstract 
 Recently, in order to develop 3D printing techniques, the nozzle injection of visco-
elastic fluids are paid attention1. On this technique, the droplet size, the filament formation 
following the droplets and the formation of satellite droplets severely affect the accuracy of the 
priting.  In this study, the filament length and injected droplet diameter have been investigated 
for the polyethylene oxide (PEO) solution, which is one of the typical visco-elastic fluids. With 
this solution, the effects of the visco-elasticity on the nozzle injection characteristics have been 
investigated. 
 Fig. 1 shows a schematic diagram of 
the experimental apparatus. The concentration 
of polyethylene oxide was fixed at 0.001 wt%. 
The diameter of the nozzle tip was changed in 
three steps; 0.5, 0.6 and 0.8 mm. The visco-
elastic fluid is supplied by a syringe pump and 
injected by a piezoelectric actuator installed 
inside the nozzle. The injected droplets, the 
filament length and the droplet velocities 
were measured from the movie taken by a 
high-speed camera at 10,000 fps. 
 Fig. 2 shows the droplet diameters, d 
[m], normalized by the nozzle tip diameter, a 
[m] on Weber number, We [-]. From this, it is 
found d/a decreases with We for each nozzle 
tip diameter. On the effects of the nozzle tip diameter, d/a slightely decreases with the nozzle 
tip diameter. This is considered due to the visco-elasticity of the fluids.  Fig. 3 shows the the 
filament lengths, L [m], devided by the nozzle tip diameter, a, on Capillary numbers, Ca[-]. 
From this, L/a increases with Ca. On the other hand, L/a decreases with the nozzle tip diameter. 
It is also considered due to the viscoelasticity. Thus, both the droplet diameter and the filament 
length are affected by the visco-elasticity. From these, the Weissenberg number could 
significantly affect d/a and L/a.  
 
Keywords: Visco-elastic 
Fluid, Nozzle Injection, 
Droplet, Filament 
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Abstract 
 A Janus particle is a particle composed of two or more phases with different physical 
and chemical properties within one particle. Each phase is independently controlled in 
morphology and chemical properties. Janus particles can be utilized in optical biosensors, 
functional surfactants, drug delivery vehicles, etc. by utilizing such physical and chemical 
anisotropy. However, the synthesis of Janus particles has many limitations. In practice, 
synthesizing large quantities of well-controlled Janus particles is extremely difficult and 
requires a complex process. 

 In this study, to solve this problem, the phase separation into Janus particles was 
induced by using the seed swelling and photopolymerization method. First, poly(styrene-co-
vinyl acetate) monodisperse spherical particles of different sizes were synthesized through 
dispersion polymerization under different conditions. Then, the surface hydrolysis of the 
synthesized particles was carried out to convert vinyl acetate to vinyl alcohol to enhance the 
hydrophilic properties. The poly(styrene-co-vinyl alcohol) particles thus obtained were used as 
seed particles. After swelling a mixture containing a hydrophobic alkyl acrylate-based 
monomer and a photoinitiator in the seed particles, UV irradiation was performed to induce 
photopolymerization accompanied by phase separation. The swollen particles were separated 
into two phases consisting of a hydrophilic poly(styrene-co-vinyl alcohol) phase and a 
hydrophobic poly(alkyl acrylate) phase. 
 Suitable synthetic conditions for preparing 
Janus particles vary depending on the size of the seed 
particle. Here, we focused on the change in interfacial 
tension depending on the size of the seed particle. Janus 
particles of different diameters were synthesized by 
adjusting the molecular weight of the alkyl acrylate 
monomer that swells the seed particles and the ethanol-
water ratio of the mixed dispersion medium as shown 
in Fig. 1. The synthesized Janus particles were stained 
with a fluorescent dye through the Steglich 
esterification method. The stability of the Janus 
particles was confirmed by preparing a Pickering 
emulsion. 
 
Keywords: Janus particle, Phase separation, Steglich esterification, Colloidal particles, 
Pickering emulsion 
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Fig. 1 Monodisperse Janus particles 
with a diameter of 5 mm. 
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Abstract  
 Polymer nanocomposites usually give unusual property enhancements related to the 
interfacial effect which can influence the overall properties of the material.1  To evaluate the 
effect of nanofiller characteristics (size, shape, and surface affinity) on the crystallization upon 
stepwise cooling from the melts (473 K à 400 K à 350 K à 298 K), Monte Carlo simulation 
of coarse-grained model was employed to study the structural formation of polymer 
nanocomposite models filled with different types of nanofillers.2  Polymer models were 
represented by the rotational isomeric state model of polyethylene for intrachain energetics and 
the Lennard -Jones potential function for non -bonded interactions. Crystallization was 
monitored using the fraction of trans-state, intra- and intermolecular order parameters at bond 
and chain scale, changes in intra- and interchain energetics and molecular packing in terms of 
the radial distribution function.  The results suggest that polymer nanocomposites containing 
larger nanofiller sizes with flat surfaces and relatively repulsive surface affinity tend to exhibit 
faster structural formation, more ordered structure and larger amounts of final crystallinities. 
On the other hand, nanofillers with smaller size, attractive polymer-surface interaction 
and curved surface cause more disordered chain conformation and arrangement resulted 
in less ordered structural formation. 
 
Keywords: Molecular simulation, polymer nanocomposites, crystallization. 

 
Fig. 1 (a) Evolution of trans conformation and (b) Global orientation order parameter (SG) as a function 
of  MCS of polyethylene nanocomposites with different nanofiller size and surface affinity at each 
temperature 
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Abstract 
The chemical mechanical polishing (CMP) slurry is a planarization material of the 

dielectric layer of the wafer and has been widely used for integrated circuits in the 
semiconductor manufacturing process. In the process, the filtration of the slurry is 
recommended to prevent the formation of particle agglomerates, as it causes micro-scratches 
on the wafer resulting in current leakage and low yield. However, during the transportation of 
the slurry, the filter suffers from clogging because of the aggregated particles. To optimize the 
filtration process, it is important to understand the effect of particle dispersity on the clogging. 

In this study, the electrical conductivity is monitored to observe the change in the 
particle dispersity during the filtration process. First, in the preparation step, the fundamental 
properties of the CMP slurry, such as the conductivity, agglomerate size, and zeta potential, are 
measured to figure out the relation between the microstructure and the electrical property of the 
slurry. To control the dispersity of the slurry, the slurry is stored under various temperatures 
ranging from 25℃ to 80℃, as the high temperature leads to particle aggregation. 

Second, we set up the slurry supply pipeline to observe the real-time data of the slurry, 
including the conductivity, the flow rate, and the pressure difference front and rear of the filter. 
The aforementioned slurries with different dispersity are circulated through the system until the 
clogging is formed. In the presentation, the signals of the system and the interplay between the 
filter and the particle agglomerate will be discussed. 
 
Keywords:  Chemical mechanical polishing slurry, Pipeline, Conductivity, Filtration,          
Agglomeration” 
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Abstract 

 Cellulose Nanocrystal (CNC) is a bio-based nanomaterial with eco-friendliness, 
biocompatibility, and biodegradability. Owing to its rigid rod-like structure and high 
crystallinity, many researchers incorporated CNC to enhance mechanical properties of 
nanofibers1. In general, CNC was blended with polymers solution state. Comparing to aqueous 
CNC suspension, CNC/polymer blends are difficult to understand their behaviors because of 
the complicated interactions among the polymer, solvent, and CNC. Especially the hydrogen 
bonding among those components is a key to understand the behaviors of blends. However, the 
studies on viscoelastic behaviors of dope and the morphological change of the nanofibers after 
adding nanofillers are scarce. In this study, rheological behavior of Polyethylene-oxide 
(PEO)/CNC solution and the morphology of electrospun nanofiber were studied based on 
rotational rheometry and scanning electron microscopy, respectively. The solutions with 
various PEO/CNC ratio were synthesized, and then electrospun into nanofibers. As the content 
of CNC increased, the apparent viscosity was increased. The shear thinning slope was also 
dependent on the CNC content. The CNC alignment along the shear direction increased the 
slippage between PEO chains. The electrospun nanofibers showed a decrease in diameter and 
an increase in uniformity as the CNC content increased. CNC interrupted the interaction 
between PEO chains during the electrospinning process and PEO chains were able to maintain 
extended form after whipping. These results can be applied for changing spinnability and 
morphology of the electrospun nanofibers via controlling interactions between nanofillers and 
polymers.  
 
Keywords: Cellulose nanocrystal, Viscoelastic behavior, Electrospinning, Spinnability 
 

 
Fig.1 Apparent viscosity of dopes with various PEO/CNC content 
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Abstract 

 A neutrally buoyant spherical particle migrating in flow of Newtonian fluids in a pipe 
is affected by two main forces. One is the shear gradient-induced inertial lift caused by the 
curvature of the fluid velocity profile, which directs a particle toward the wall. The other is the 
wall-induced inertial lift caused by the increase of the local pressure between the particle and 
the wall, which directs a particle away from the wall1. The force balance of these forces causes 
the inertial migration of suspended particles across streamlines towards an equilibrium position. 
The well-known phenomenon of inertial migration is the Segré–Silberberg (SS) effects where 
rigid particles flowing in a pipe assemble in an annulus at a distance of 0.6 times the radius, R 
[-].  The equilibrium position known as SS annulus has attracted full of attentions, because of 
its applications such as particle separation, cell sorting including diagnostics. However, the SS 
annulus is varied with various factors such as a particle size and Reynolds number (Re) of a 
flow2. The increase in Re shifted the equilibrium radial position toward the wall, and an 
additional inner annulus appeared at a certain condition3. A recent work reported drastic 
changes of the equilibrium position of polystyrene (PS) particle in a wide range of Re. At low 
Re, only a single annulus at 0.6R was observed, which was expanded to about 0.8R until Re ~ 
700. Then, an inner annulus appeared in the range of 700 < Re < 1000. In the range of about 
700 < Re < 850, two annuli were observed. Authors suggest these flow regimes were triggered 
by flow fluctuations4. Then, if the particles tend to induce fluctuations, it may affect the critical 
Re at which the flow transition occurs. In this study, in order to clarify the effects of flow 
fluctuation on particle migration, we observe inertial migration of soft particles at Re ranging 
from 100 to 1000. Deformable soft particles may enhance flow fluctuations. 
 As a soft particle, we produced double emulsion 
(DE) by flow focusing technique using a micro fluidic 
device5. The diameter, d [m], of DE was controlled by 
flow rates as d = 78, 85, 95µm. Elastic moduli of the 
Des were measured under extensional flows, which 
clarifies the larger particle is softer. Migration behavior 
of Des was observed in a perfluoroalkoxy alkane (PFA) 
capillary tube. The diameter of the PFA tube was 1mm, 
and the flow rates was varied in the range of Re = 100 ~ 
1000. The equilibrium position from the tube center was 
measured by a confocal microscope. The same 
experiment was conducted using PS particles to confirm 
the effects of the elastic modulus of a particle on the equilibrium position. In the case of Des, 
the equilibrium position was about 0.8 times the radius of PFA tube in the range of Re < 350, 
two equilibrium positions appeared around 0.8R and 0.6R in 350 < Re < 450, and the 
equilibrium positions assemble around 0.6R in 500 < Re < 1000. In the case of softer Des, the 
tendency was similar, but the critical Re was shifted to lower value. We consider the results 
implied flow fluctuation was enhanced by soft particles, which decreased the critical Re.    

Keywords: Migration, Double emulsion, Soft particle 
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Abstract 
 According to the principle of time-temperature superposition (TTS), the data of 
viscoelastic function measured at various temperatures forms a single curve if shift factors are 
suitably determined. Honerkamp and Weese1 and Bae et al.2 developed algorithms to find the 
appropriate shift factors. 
 The algorithm of Honerkamp and Weese is the nonlinear regression which is usually 
solved by a gradient-based method. Since most gradient-based methods including Levenberg-
Marquardt algorithm deeply depend on the initial guess on the parameters, it is apt to demand 
trial and error. The arc-length minimization of Bae et al. may suffer from lack of accuracy when 
the number of data points is not sufficient. Therefore, we developed a new algorithm which 
improves the disadvantages of the two algorithms. 
 Basically, we choose polynomial regression for the estimation of the quality of 
superposition just as the algorithm of Honerkamp and Weese. However, to prevent the 
nonlinearity of Honerkamp and Weese, we adopt Monte Carlo method for the shift factor. The 
Monte Carlo method we used is the one developed by Kim et al.3 We found that our algorithm 
results in acceptable performance. 
 
Keywords: Linear viscoelasticity, Time-temperature superposition, Monte Carlo method 
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Abstract 
Introduction 
 Entangled polymers exhibit characteristic rheological properties. The single-chain slip-
spring model1 well reproduces linear and non-linear rheological properties1,2. However, the 
numerical costs to simulate well-entangled systems are still demanding. In this study, we 
propose a highly coarse-grained model to deal with entangled polymers more efficiently. We 
calculate the viscosity growth curves under start-up shear, and discuss the validity of our model. 
Model 

 We replace one polymer chain and entanglements as one particle and transient bonds, 
respectively. We employ the following coarse-grained grand potential: 

𝐽F𝑹, H𝒂4J, H𝜉4J, 𝑧M =N
3𝑘&𝑇
2𝑏5(

1
𝑧̅(

𝛼3
𝜉4 + 1/3

F𝑹 − 𝒂4M
(

6

478

+N
3
2
𝑘&𝑇 ln(𝜉4( + 1/3)

6

478

− 𝜈𝑧. (1) 

Here, 𝑹 is the center of mass of the polymer, 𝒂4 is the anchoring point of the 𝑗th entanglement, 
𝜉4 	(−1 ≤ 𝜉4 ≤ 1) represents the entangled point along the polymer chain, and 𝑧 is the number 
of entanglements. 𝑘&𝑇 is the thermal energy, 𝑏5 is the segment size, 𝛼3 is a parameter, which 
represents the strength of the constraint. 𝜈 is the chemical potential to control 𝑧. 𝑧̅ = ⟨𝑧⟩ is the 
average number of entanglements, which corresponds to the molecular weight. ⟨⋯ ⟩ represents 
the statistical average. 𝑹 , H𝒂4J  and {𝜉4}  develop with the Langevin equation. When an 
entanglement moves to the polymer end (𝜉4 = ±1), the 
entanglement is removed. 
Results and Discussion 
 We confirm that our model can reproduce the 
linear viscoelasticity of entangled polymers such as the 
complex modulus and the zero-shear viscosity. Fig. 1 (a) 
shows the viscosity growth curves at several shear rates �̇� 
for 𝑧̅ = 16. We normalize the length, energy, and time, 
concerning 𝑏5 , 𝑘&𝑇, and 𝜏3 = 𝜁𝑏5(/𝑘&𝑇. 𝜁 is the friction 
coefficient of the entanglement segment. Our model 
exhibits the stress overshoot at the fast shear rate. Fig. 1 
(b) shows the time evolution of the normalized 
⟨𝜉4((𝑡)⟩.We can observe H𝜉4J move to the polymer end by 
increasing the shear rate. Subsequently, the entanglements 
are removed as shown in Fig.1 (c). The stress overshoot in 
Fig. 1 (a) can be explained by the flow-induced destruction 
of entanglements. This result is consistent with results of the 
previous slip-spring simulations2. 

 
Keywords: Entangled polymer melt, Transient potential model, Start-up shear flow, Stress overshoot 
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Abstract 
 In the high Deborah (De) or Weissenberg (Wi) number flow, i.e., highly elastic flow, 
the presence of the elastic instability in the benchmark problem of viscoelastic fluid, 4:1 abrupt 
contraction flow, has been reported [1]. The flow instability leads to the melt fracture and shark 
skin feature of fiber spinning, i.e., the polymer spinning. Furthermore, this instability leads to 
quality degradation during the transportation of the battery slurry, which is a representative 
viscoelastic material in battery coating processes.  
 To solve the exponentially increasing stress at high De, log conformation reformulation 
(LCR) method, which preserves the positive definiteness of conformation tensor without 
stabilization methods, has been proposed (c = e h) [2]. The elastic instability, or flow instability, 
has been reported only when the finite volume method (FVM) was used at high De with simple 
viscoelastic constitutive equation, Oldroyd-B model [3]. In contrast, a stable solution can be 
obtained up to a relatively low De number with the finite element method (FEM) without any 
instability.  
 In this study, we compared FEM-based numerical results about the instability to FVM-
based results for validation. Furthermore, we analyzed the instabilities for complex viscoelastic 
constitutive equations such as Giesekus and Leonov models. Above some critical De number, 
fluid flows with complexity and oscillating vortex in complex geometry of transportation as its 
evidence. We tracked the time evolution of vortex length and compared FEM-based results to 
prior FVM-based results in the 4:1 abrupt contraction pipe system. 
 
Keywords: Viscoelastic, High Weissenberg number problem, Log conformation, Elastic 
instability” 
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Abstract 
 With the increase in electronic devices emitting radio and electromagnetic waves, it 
has become increasingly crucial to improve electromagnetic interference (EMI) shielding 
properties. Until recently, metallic materials with high electrical conductivity have been used 
as EMI shielding materials. However, metals have disadvantages such as corrosiveness, 
heaviness, and low flexibility. This disadvantage can be overcome by using a composite 
material with conductive nanofiller added to a polymer matrix. 
 Due to their excellent electrical, mechanical, and chemical properties, carbon 
nanotubes (CNTs) are widely used as conductive nanofillers and reinforcing materials. 
However, CNTs are difficult to disperse in polymer latex due to van der Waals forces. In this 
study, CNTs were surface-modified by wrapping them with two types of hydrophilic polymers 
such as poly(styrenesulfonate) (PSS) and poly(3,4-ethylenedioxythiophene) :poly(styrene 
sulfonate) (PEDOT:PSS) to improve the dispersibility of the CNTs in aqueous colloidal 
suspensions. Further, P(St-co-BA) copolymerized with styrene and butyl acrylate was used as 
a matrix to improve the impact resistance of polystyrene (PS). By analyzing the rheological 
properties, it was found that the matrix exhibited a low glass transition temperature. 
 In this study, P(St-co-BA)/CNT nanocomposites were fabricated using latex 
technology in an aqueous colloidal mixture of monodisperse copolymer particles and surface-
modified nanofillers. A flexible composite film was manufactured by homogeneously mixing 
P(St-co-BA) latex and modified CNT, pouring it into a mold, and drying it. EMI shielding 
specimens were prepared according to ASTM D4935, and the shielding effectiveness (SE) with 
respect to nanofiller content, electrical conductivity, and film lamination was analyzed. The 
degree of the reflection and absorption shielding effect of the nanocomposite was compared 
using the S-parameter. Conclusively, modification of CNTs with a hydrophilic and electrically 
conductive polymer improved dispersibility in aqueous suspensions, thereby improving EMI 
SE. It is expected that these copolymer/surface-modified CNT nanocomposites can be used in 
various applications requiring EMI shielding performance. 
 
Keywords: Electromagnetic interference shielding effectiveness (EMI SE), Latex technology,  
                    Nanocomposite, Conductive filler 

 
 

Fig. 1 (a) Storage moduli of P(St-co-BA) matrix with temperature, (b) Effect of layer stacking on films 
containing 10 wt% PEDOT:PSS-CNT, and (c) Effect of PSS-CNT content evaluated at 0.75 GHz.
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Abstract 
 Elastic instability of viscoelastic fluids in microfluidic devices have received full of 
attentions for the last two decades. Flow regimes of viscoelastic fluids in an abrupt contraction-
expansion channel were especially intensively studied, because the channel geometry is related 
to a flow used in many industrial applications. Flow regimes in the channel are usually 
quantified by Reynold number, Re [-], Weissenberg number, Wi [-]. More recently, flow 
regimes in micro channels that consists of consecutive units were started to be reported. The 
channel mimics pores in a porous media, which is used to clarify flow behavior of viscoelastic 
fluids in porous media such as oil recoverably. In the case of the channels composed of 
consecutive units such as a consecutive abrupt contraction-expansion channel, the flow regimes 
in each unit may be developed. In the case of polymer solutions, memory effects of polymer 
deformations and scission of polymers in each unit will be the key to understand the flow 
development in the channel. In this study, we aim to clarify the effects of memories of polymer 
deformation and scission of polymers on the flow regimes of polymer solution in a consecutive 
abrupt contraction-expansion channel.  

 Polyethyleneoxide (PEO, Mw ~ 3.5M) was dissolved in Milli-Q water at the 
concentration of 5.0×10-4 ~ 0.42 wt%. Several channels composed of ten consecutive abrupt 
contraction-expansion units were prepared. The channel width wu [m] and length Ls [m] in the 
expansion part, the channel width wc [m] and length Lc [m] in the contraction throat were varied 
to observe the effects of channel geometries on 
the flow as shown in Fig. 1.  
 Fig. 1 shows the flow regimes of 1×10-3 

wt% PEO solution visualized by fluorescent 
polyethylene particle seeded in the flow. Flow 
regimes in each unit was categorized in a Wi–Re 
space. The variation of the normalized vortex 
length in contraction, Lv/wu [-], and that in 
expansion along each unit was analyzed. Fig. 2 
shows Lv/wu [-] of 5.0×10-4 wt% PEO solution in 
each unit. The vortex growth in the units close to 
the inlet and subsequent decrease of the vortex 
length implies memory effects and scission of 
polymers.  
 
Keywords: Elastic instability, Abrupt contraction-
expansion microchannel, Micro mixing, Polymer 
scission 
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Abstract 
 Cellulose nanocrystals (CNCs) were prepared by the oxidative degradation of Luffa 
cylindrica with sodium hypochlorite.1 Natural rubber (NR)/CNCs masterbatches with various 
contents of cellulose nanocrystals (CNCs) at 0-15 phr were prepared with natural rubber (NR) 
latex and CNCs suspension. After that, NR/CNCs masterbatches were mixed with the rubber 
chemical, and curing agent was carried out on a two-roll mill. Then, the rubber compounds 
were shaped at 150 oC using compression molding. The dynamic mechanical properties and 
thermal stability of NR/CNCs nanocomposites were investigated. The results showed that the 
E’ of the nanocomposites tends to increase with increasing CNCs content. As a result of the 
increased fiber content in the rubber matrix, the movement of polymer chains was reduced.2 In 
the range of -66 °C to -10 °C, the E’ of all nanocomposites dropped due to the increasing 
mobility of rubber chains as the temperature increased.3 The glass transition temperature (Tg) 
of the nanocomposites was analyzed from Tan δ. It was found that the Tg values of the 
nanocomposites slightly shifted toward higher temperature when the fiber content was 
increased compared to unfilled NR vulcanizate. This may be a result of increased fiber-rubber 
interaction or composite stiffness. Thus, the increased temperature was required for the 
movement of rubber chains.4 The decomposition temperature of NR/CNCs nanocomposites at 
5 phr of CNCs shifts to a higher degradation temperature when compared to unfilled NR 
vulcanizate. This is due to the presence of the uniform dispersion of CNCs in the NR matrix 
results in a higher filler-rubber interaction.5 Therefore, NR/CNCs at 5 phr improve the thermal 
stability of the nanocomposite. 
 
Keywords: Cellulose nanocrystals, Natural rubber, Dynamic mechanical properties,  
Thermal stability 
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Abstract 
 Introduction 
 In a recent experimental work, an unexpected phase-separation behavior is observed 
during gelation of tetra-branched polyethylene glycol (tetra-PEG) hydrogels for dilute aqueous 
solutions [1]. To explain this phase separation, a simple molecular simulation model is 
proposed. Although the model reproduces the phase separation, due to the lack of inter-
molecular interactions, the resultant gel shrinks unphysically. In this study, we introduce a 
repulsive interaction between polymers to examine how the structural formation process is 
affected by the inter-molecular repulsive interaction. 
Model 
 We model a tetra-branched prepolymer with a coarse-grained molecule that consists of 
four particles and a junction point. The particles are connected to the junction point by a 
Gaussian springs, and repel each other to maintain a tetrahedral shape. Two types of polymers 
are randomly placed in the simulation box with periodic boundary conditions. All the particles 
except junction points interact with each other according to the following Gaussian potential: 

   
Here, ϵ is the repulsive interaction strength. N is the polymerization degree of an arm, b is the 
segment size and r is the distance between the two particles. Different types of particles are 
stochastically combined for gelation. 
 
Results and Discussion 
 The structure factors S(q) before and after 
gelation, with and without the repulsive interaction, is 
shown in Fig. 1 Before gelation, S(q) are almost 
independent of q for both cases. This can be interpreted 
as the molecules are dispersed homogeneously at the sol 
state. After the gelation, in contrast, S(q) is affected by 
the repulsive interaction. The repulsive interaction 
decreases S(q) and thus we find the concentration 
fluctuation is suppressed by the repulsive interaction. 
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Fig.1 Structure factors S(q) of tetra-branched 
polymer gels with different ϵ  before and 
after gelation. 
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Abstract 

 Polyhedral oligomeric silsesquioxane (POSS) functionalized graphene oxide (GO) is 
prepared to improve the dispersity of GO nanofillers in a polydimethylsiloxane matrix. GO has 
received a lot of interest as a potential material to be used as a nanofiller for enhancing the 
properties of polymer composites due to its good mechanical properties, its 2D planar structure, 
etc. However, poor performance due to the difficulty of uniform distribution is a major obstacle. 
The incorporation of POSS into polymer materials can enhance mechanical properties, thermal 
stability, and glass transition temperature by enhancing interfacial affinity between polymer 
matrix and surface-modified nanofillers by POSS. Furthermore, compared to other frequently 
used fillers, POSS has the ability of interdiffusion between targeted stacked materials at a 
molecular level. The linear viscoelastic features of a small amplitude oscillatory shear (SAOS) 
test are one of the adaptable methods for evaluating nanocomposites’ filler dispersion, filler-
filler or filler-matrix interactions, and polymer entanglement. In this study, we confirmed that 
the POSS became soft and lubricant interfaces, resulting in improved interfacial damping 
within the nanocomposites after curing. We expect this work will provide researchers with the 
possibility of manufacturing high-performance hybrid membranes with good mechanical 
properties, thermal stability by introducing GO-POSS with excellent affinity to a PDMS 
membrane suitable for solvent recovery. 
 
Keywords: Graphene oxide (GO), Polyhedral oligomeric silsesquioxane (POSS), Dispersion 
stability, Rheological characterization, Interfacial damping 
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Fig. 1 Rheological characteristics of PDMS nanocomposites by varying GO and GO-POSS filler content: 
Tan δ value of (a) GO/PDMS and (b) GO-POSS/PDMS nanocomposites before curing. Tan δ value of 
(c) GO/PDMS and (d) GO-POSS/PDMS nanocomposites after curing. 
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Abstract  
 Understanding the microstructure is hampered by the complex structure inside. 
Accordingly, the microstructure is evaluated by tortuosity, which is a key characteristic that 
indicates the transport property of the structure. The tortuosity calculation method using the 
porosity-tortuosity relation, such as the Bruggeman equation, is one of the most used methods. 
However, the tortuosity-porosity relation yields a large error when the porosity is low, or the 
particle is not spherical. Here, we speculated that pores do not play the same role, and errors 
are caused by pores not participating in the transport process. Therefore, it is necessary to 
classify the pores based on the geometric properties of the structure and the transport process.  
 In this study, a new pore classification algorithm is proposed. The algorithm 
discriminates pores using geometric properties and steady-state diffusion. The total pore is 
divided into three types: main pore, side pore, and isolated pore. Here, the main pore is a pore 
that plays a key role in transport inside the structure. Therefore, we present the ratio of main 
pores to total pores as a new index called pore quality index (PQI). We conducted numerous 
numerical experiments using virtual microstructures and confirmed that the error of the 
porosity-tortuosity relation is related to the PQI.  
 
Keywords: Tortuosity, Bruggeman equation, Algorithm, Virtual structure 
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Abstract 
Introduction  
 In dilute polymer solutions under temperature gradients, mass fluxes are induced by 
the Soret effect. The magnitude of the Soret effect is characterized by the Soret coefficient, and 
it depends on various factors. According to experimental works, polymers with high molecular 
weights generally move towards the low-temperature [1]. To understand this phenomenon, 
theories based on (macroscopic) thermodynamic quantities have been proposed [2][3]. 
However, the microscopic mechanism remains unclear. Various transport properties of 
polymers are affected by the conformational degrees of freedom. We thus expect that the Soret 
effect in polymer solutions is also affected by the conformational degrees of freedom of 
polymers. In this work, we construct a molecular theory of the Soret effect with the 
conformational degrees of freedom. For the sake of simplicity, we model a polymer as a 
dumbbell, where two particles are connected by a spring. 
Model and Results 
 We consider the dynamics of a single dumbbell molecule under a small and linear 
temperature gradient. The dumbbell obeys the following Langevin equation. 
 

 

Here 𝑹' and 𝑷' 	are the position and momentum of the i-th particle (𝑖 = 1, 2), 𝛾 is the friction 
coefficient, 𝑚 is the mass,	𝑈 is the bond potential which depends on 𝑹8 − 𝑹(, Φ'(𝑹') is the 
chemical potential, 𝑘& is the Boltzmann constant and 𝒘' is the Gaussian white noise.	𝑇(𝑹') is 
the temperature which depends on the position. To focus on the effect of the conformational 
degrees of freedom, we set Φ'(𝑹') = 0 and ignore the chemical potential in what follows. 
We rewrite Eq. (1) by using the center of mass position and momentum 𝑹 ≡ (𝑹8 + 𝑹()/2 and 
𝑷 ≡ 𝑷8 + 𝑷( , and the bond vector and momentum 𝑸 ≡ 𝑹( − 𝑹8  and 𝚷 ≡ 𝑷( − 𝑷8 . The 
Fokker-Planck equation for 𝑹 and 𝑸 is derived by using the adiabatic elimination for 𝑷 and 𝚷. 
Then, the Fokker-Planck equation for 𝑹  is derived by using the ground state dominance 
approximation. We assume that the bond potential is harmonic : 𝑈(𝑸) = 𝐾𝑸( with 𝐾 being a 
constant. We consider the situation where a constant temperature gradient is applied in the 𝑥-
direction. The mass flux 𝑱9  and Soret coefficient 𝑆$  are calculated from the Fokker-Planck 
equation.  

 
 

Here 𝑃(𝑥) is the distribution function and 2𝐿 is the box size in the 𝑥-direction. The Soret 
coefficient given by Eq. (3) is independent of the spring constant and is equal to that for a 
colloidal particle with no conformational degrees of freedom. This result means that 
conformational degrees of freedom does not affect the Soret coefficient of the examined system. 
 
Keywords: Polymer solution, Soret effect, Dumbbell  
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Abstract 
Introduction 
  Solid polymer electrolytes (SPEs) are the new class 
of materials for Li-ion batteries. The most common SPEs are 
poly(ethylene oxide) (PEO; Fig. 1a)-based electrolytes. In 
these systems, Li-ions coordinate with 5-6 oxygen atoms in 
PEO (Fig. 2) and diffuse through PEO’s segmental motion, 
inter- and intra-chain hoppings.1,2  
  The addition of succinonitrile (SN; Fig. 1b) to PEO-
based electrolytes significantly improves their ionic 
conductivities. There are several mechanisms to explain this 
phenomenon, such as promotion of segmental motion and/or 
ion hopping. However, the dominant mechanism is not fully 
understood. In this study, we evaluated the mean square 
displacement (MSD) and the activation energy of each 
diffusion process in PEO/SN electrolytes by molecular 
dynamics (MD) simulations and discuss how the addition of 
SN affects the ion conduction. 
Simulation 
  We performed MD simulations with a united-atom model. The TraPPE-UA force field 
were used. All simulations were performed with LAMMPS. The charges were estimated by 
GAMESS (HF/6-31G*). Ethoxy-terminated PEO with the degree of polymerization 182, SN 
and one Li-ion were placed in a periodic simulation box. The initial box dimension was 35 Å, 
and the molar ratio of the cyano group to the ether group [CN]/[EO] was set to 0.00, 0.20, 0.46, 
0.79. All systems were equilibrated in the NPT ensembles with pressure of 1 atm and 
temperatures of 1000 ~ 500 K. Simulations were performed for 200 ns in the NPT ensembles 
at 423 K, 393 K, 363 K and 333 K. 
Results and Discussion 
  We considered three MSDs (Fig. 3). The first MSD 
is that of a Li-ion. The second MSD is that of a segment, 
where a segment is defined as an array of several monomers 
along the chain. The third MSD is that of a Li-ion estimated 
from the one-dimensional MSD on the chain (intrachain 
MSD). Here, the number of monomers in the segment is 
varied as n = 1, 6 and 10. Li-ion MSD shows almost the same 
diffusion behavior to the PEO segment MSD with the 6 
O/seg., which is equal to the coordination number of oxygen 
atoms to Li-ion. Intrachain MSD was about half of the others. 
Similar results were obtained for different [CN]/[EO] 
compositions. We will also report MSDs at the longer time 
region and activation energies in the presentation. 
 
Keywords: Solid polymer electrolyte, Ion hopping, Ion conduction, MD simulation, MSD 
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Fig. 1 Chemical structures of (a) 
PEO and (b) SN. 
 

Fig. 3 The Li-ion MSD, the PEO 
segment MSD and the intrachain 
MSD of [CN]/[EO] = 0.79 at 423 
K. 

Fig. 2 Schematic coordination 
structure of PEO and Li-ion 
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Abstract 
 Cellulose is the most abundant natural polymer on earth. Owing to its strong hydrogen 
bonding, conventional organic solvents have low dissolution capacity for cellulose. For this 
reason, the utilization of cellulose is limited. Although many solvent systems have been 
proposed for the dissolution1, few solvent systems are applied for industrial scale. N-
Methylmorpholine-N-oxide (NMMO) is one of the most efficient solvents for cellulose. 
Compared to the other solvents, cellulose/NMMO solution with high cellulose concentration 
shows low viscosity. NMMO can effectively break the inter- and intra-molecular hydrogen 
bonding. Meanwhile, NMMO degrades the cellulose via active radical reactions2. The degraded 
cellulose can be condensed into carbonaceous materials in the solution under proper conditions. 
In this study, we fabricated carbonaceous materials in the cellulose/NMMO solution and 
monitored the process by rheological observation. Cellulose was dissolved in NMMO at 110 
oC for 5, 11, and 21 hours. The degradation of cellulose was observed through viscosity change, 
as shown in Figure 1. The solutions were coagulated and freeze-dried into carbonaceous 
aerogels. The aerogels with different chemical and physical structure were used as adsorbents 
for Methylene blue (MB). The aerogel obtained from the solution dissolved for 21 hours 
showed the highest adsorption capacity among the samples due to electrostatic interaction with 
MB and the carbonized materials. This study provides a facile process for fabricating 
carbonaceous materials during cellulose degradation. 
 
Keywords: Cellulose/NMMO solution, Rheological observation, Carbonaceous, Aerogel, 
Adsorption 
 

 
Fig. 1 Apparent viscosity of cellulose/NMMO aerogels with different dissolution times. 
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Abstract 
 Lithium-ion secondary batteries (LIBs) have been actively used in manufacturing IT 
products and electric vehicles due to their high energy density features. However, these LIBs 
have not completely solved safety problems such as recent frequent explosion accidents. The 
safety issues of LIBs are considerably associated with the thermal stability of electrodes, 
electrolytes, and particularly separators. In a battery system, the separator plays a significant 
role in preventing internal short circuit, concurrently acting as an electrolyte reservoir to enable 
ion transport between the anode and the cathode1. Polyethylene polymers for producing 
separators have basically thermal shrinkage problem at around 120°C2. To make separator films 
with enhanced thermal stability, there is a method of coating the film surface with 
polyvinylidene fluoride (PVDF) having fluorine as a substituent for good thermal stability3. In 
this case, however, a dense coating layer might be formed, which restricts the passage of lithium 
ions. In this study, a rheological method for controlling the pore characteristics of separator 
coating layers was considered through the non-solvent induced phase separation (NIPS) 
technology that can suitably induce phase separation of the coating solution. The correlation 
between the composition of the coating solution and the viscoelastic properties for phase 
separation was investigated. Also, a method that can rapidly predict the phase separation 
properties was proposed by detecting the Brownian motion of tracer particles using multi-
speckle diffusing wave spectroscopy.4 
 
Keywords: Separator, Phase separation, NIPS, Viscoelasticity, Light scattering method 
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Introduction 
  Thermoplastic fiber-reinforced plastic (FRTP) is a composite material of fibers and 
resin, and is widely used as automotive materials1. Due to the mixing process, fibers in FRTP 
have length distributions1. Although the elongational viscosities of FRTP have been studied, 
the effect of fiber length distribution on elongational viscosity have not been clarified2. In this 
study, we prepared FRTP samples with bimodal fiber length distributions, and investigated the 
effect of the short fiber component on elongational viscosity.  
Experimental Method 

 FRTP samples were made by mixing polypropylene (PP, Mw = 340 kg/mol, Mw/Mn = 
3.5, Aldrich) and two types of carbon fibers by the compounder (Xplore MC15, DSM). Two 
types of carbon fibers of which lengths are 6 mm and 0.1mm 
were used. The diameter is common for both types; 7 μm. The 
volume fractions of the long and short fibers are φL = 5 vol%, 
and φS = 0~5 vol%, respectively. 

 To estimate the fiber length distribution, PP was 
removed by burning in a furnace (FO810, Yamato Scientific). 
The remaining fibers were observed by an optical microscope 
(DN3R-500, Shodensha) and analyzed using an image 
processing software (WinROOF, Mitani). In this work, fibers 
of which length are longer than 0.2 mm were considered, 
because the shorter fibers cannot be resolved accurately.     
The elongational viscosities were measured with the extensional viscosity accessory for a 
rotational rheometer (DHR-2, TA-Instruments) at 180 °C with a constant strain rate of 0.1 s−1.  
Result and Discussion  
  The length distributions functions are shown in 
Fig.1. We observe that the distributions are not sensitive 
to φS. Fig.2 shows the elongational viscosity growth 
curves with different φS. The steady-state elongational 
viscosities of five samples were almost the same within 
the experimental error range ((2±1) ×105 Pa･s). They are 
also 5 times larger than that of the neat PP. 
  According to the previous reports3, the fiber 
overlapping strongly affects the rheological properties. In 
our FRTP samples, the long fibers are overlapped, 
whereas the short fibers are overlapped only for φS ≳ 2 
vol%. The fact that the elongational viscosities of our 
samples are almost same implies that the short fibers 
hardly affect the elongational viscosities. Thus, we 
conclude that the elongational viscosity is dominated by the long fibers (l ≥ 0.2 mm), and the 
effect of the short fibers (l ≤ 0.1 mm) is not significant. 
 

Keywords: FRTP, Elongational viscosity, Fiber length distribution 
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Fig.1 Fiber length distributions in 
FRTP samples with different φS. 
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Abstract  
 Hydrogel is a three-dimensional networked structure containing huge amount of water. 
It can be easily prepared by chemically or physically cross-linking of linear or branched 
hydrophilic polymers. Many researches have been reported for the application of hydrogel for 
a drug delivery1. Carboxymethyl cellulose (CMC) has been used for fabricating hydrogels 
owing to its high hygroscopicity, biocompatibility, and biodegradability. As an anionic 
polymer, CMC shows pH-responding swelling behavior. It is critical to use non-toxic 
crosslinking agents to synthesize pH-responsive smart hydrogels. In this study, citric acid, an 
environmental-friendly material, was used as a crosslinker2. The effect of crosslinking density 
was investigated by changing the ratio of the crosslinker to CMC. The chemical structure of the 
hydrogels was analyzed using Fourier-transform infrared spectroscopy. The viscoelastic 
behavior of CMC hydrogel was observed using rheological analysis. As well, the equilibrium 
shear modulus was determined based on the constrained junction model of Flory and Erman3. 
The mesh size, the distance between the junctions of the hydrogels, was calculated by the 
expression for the equilibrium shear modulus. With the increase of the crosslinker-to-polymer 
ratio, the mesh size increased. This relationship between the rheological properties and the ratio 
of polymer to crosslinker would help designing an ideal drug delivery system comprised of 
carboxymethyl cellulose. 
 
Keywords: Carboxymethyl cellulose, Hydrogel, Viscoelastic behaviors, Citric acid,  
Drug delivery 
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Abstract 
 Fluids containing bubbles exhibit shear-thinning. The rheology would be attributed to 
the deformation of bubbles. Morini et al. [1] measured the shear viscosity of fluids with bubbles 
and showed that the viscosity can be reasonably predicted by the Frankel-Acrivos model if the 
bubble fraction is small. However, as the gas fraction increases, the rheology deviates from the 
theoretical prediction. Practical numerical simulation method requires large computational 
costs [2] for such conditions, and coarse-grained description [3] is preferred. In this study, we 
attempt to construct a model for deformable and multiple bubbles to reproduce rheological 
properties such as shear-thinning. 
 We consider a system in which multiple bubbles are dispersed. We do not explicitly 
consider the fluids. We model a single bubble by several particles as shown in Fig 1. We assume 
that the particles obey an overdamped equation of motion: 𝑑𝒓𝒊,𝒌(𝒕) 𝑑𝑡⁄ = 𝒗(𝒓𝒊,𝒌(𝑡)) −
𝜉)8 𝜕𝑈 𝜕𝒓𝒊,𝒌⁄ , where 𝐫𝒊,𝒌  is the position of the 𝑘-th particle in the 𝑖-th bubble, 𝒗(𝒓) is the 
applied flow at position 𝒓, ξ is the friction coefficient, and 𝑈 is the total potential. The potential 
consists of intra and inter-bubble contributions: 𝑈 = 𝑈-=0>? + 𝑈-=01>. For 𝑈-=01>, we employ the 
following soft pair interaction (Hertzian potentials) written as 
 
𝑈-=01> = (1 2⁄ )N 𝑢'=01>F|𝒓𝒊𝒋 − 𝒓𝒌𝒍|M

'4BC
,			𝑢-=01>(𝒓) = 𝜀(1 − 𝑟/𝜎)D (⁄ (𝑓𝑜𝑟	𝑟 < 𝜎).				(1) 

  
Here 𝜀  is the strength of the repulsive interaction, and 𝜎  is the 
effective particle diameter. The summation is taken only for particles 
in different bubbles. 𝑈'FGHI should be chosen so that the bubble can 
relax to the most stable spherical shape under a quiescent condition. 
We express 𝑈'FGHI  as the sum of virtual elastic energy between 
particles in a single bubble. 
 

𝑈!"#$% =# 𝑢𝑖𝑛𝑡𝑟𝑎(𝒓𝒊𝒌 − 𝒓𝒊; 𝜅𝑖)
𝑖

, 		𝑢𝑖𝑛𝑡𝑟𝑎(𝒓; 𝜅) = 𝜅𝒓𝟐.				(𝟐) 

 
Here 𝒓𝒊 and 𝜅' are the center of mass position and the effective spring 
constant of the 𝑖 -th bubble. 𝜅'  is determined from the particle 
positions in order to reproduce the energy of the bubble: 
∑ 𝜅'B (𝒓𝒊𝒌 − 𝒓𝒊)( = 𝛾𝑆' − 𝑝'𝑉', with γ being the surface tension, and 
𝑆', 𝑝', and 𝑉' being the surface area, pressure, and volume of the 𝑖-th 
bubble. 
 We shall discuss the rheology of m bubble dispersions under 
shear, according to the proposed model on site. 
 
Keywords: bubble dispersion, rheology, modeling, simulations 
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Fig.1 Model of a 
deformable bubble 
composed of several 
particles. 
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Abstract 
Introduction  
  Properties of polymer glasses gradually changes if they are stored for long time below 
glass transition temperature Tg. This phenomenon is called aging, and is considered to be related 
to some structural changes [1]. Aging affects primary and secondary relaxations of glass. 
Although many previous studies have discussed the relationship between primary relaxation 
and aging [2], the relationship between secondary relaxation and aging has not been fully 
understood. The purpose of this study is to investigate the influence of aging on secondary 
relaxation in a polymer glass. We use a polystyrene (PS) with a narrow molecular weight 
distribution as a model polymer. We measure the viscoelasticity and dielectric relaxation data 
of some aged PS samples, and discuss how the molecular motion is affected by the aging.  
Experimental method 
  A commercially available PS (Tosoh Co.; Mw = 2.25 × 105 g/mol, Mw/Mn = 1.03, and 
Tg = 105 °C) was used. Film samples were prepared by pressure molding at 200 °C and 15 Mpa 
for 10 minutes, followed by rapid quenching into ice water. We call the sample just after the 
quench as “unaged”. Aging was performed in the vacuum oven at 90 °C for 10 hours, followed 
by quenching into ice water. We measured the storage and the loss modulus, G’ and G’’, by torsion 
mode with the rheometer (DHR-2, TA Instruments) from 75 °C to 120 °C, and the dielectric ε’ 
and ε’’ by a homemade cell and the LCR meter (IM3533-01, HIOKI) from 75 °C to 130 °C. 
Results and discussion 
  Fig. 1 shows the master curves of viscoelastic and dielectric relaxations at the reference 
temperature of 120 °C. The static dielectric constant Δε’ is defined as Δε’(ω) ≡ ε’(0) – ε’(ω). 
The viscoelastic master curves for the aged sample have a significantly wider ω range than the 
unaged one, even though the measured temperature range is the same. In contrast, the ω ranges 
for the dielectric master curves are almost the same for both unaged and aged samples. Fig. 2 
shows horizontal shift factors aT of viscoelastic and dielectric relaxations. The viscoelastic shift 
factor increases rapidly as the temperature decreases, compared with the case of the unaged 
sample. In contrast, there is no significant difference in dielectric shift factors for aged and 
unaged samples. These results imply that the origins of the secondary relaxations for the 
viscoelastic and dielectric relaxations may be different while that is common for the primary 
relaxation. 

       

 
 

Keywords: Polymer glass, Aging, Secondary relaxation, Viscoelasticity, Dielectric relaxation 
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Fig. 1 Master curves of ∆𝜀′, 𝜀
′′
, 𝐺′	and	𝐺′′ for unaged and 

10h-aged PS samples. The reference temperature is 120 °C 

Fig. 2 Horizontal shift factors 𝑎T	of 
dielectric and viscoelastic results, for 
unaged and 10h-aged PS samples. 



The 16th International Workshop for East Asian Young Rheologists Conference 
IWEAYR-16, Udon Thani, Thailand, Feb 18-21, 2023 

P a g e  | 47 

P34 

Preparation of ZIF-8/cellulose Composite for Tetracycline Removal 
E. Yang , J. Ahn, H. Kim* 

Department of Organic and Nano System Engineering, Konkuk University, Seoul, REPUBLIC OF 
KOREA 

*iconclast@konkuk.ac.kr 

Abstract 
 Zeolitic imidazolate framework-8 (ZIF-8) is one of the metal-organic frameworks 
composed of zinc ion and imidazole ligand. Many researches have reported on the application 
of ZIF-8 as an adsorbent for cationic dyes, organic solvents, heavy metal ions, and antibiotics. 
Electrostatic interaction with zinc ion and π-π stacking interaction through imidazole ring, as 
well as the high specific surface area provide adsorption properties to ZIF-8. Along with the 
high adsorption capacity, recycling of the adsorbent is an important issue for sustainable 
development. However, the recovery of ZIF-8 from the polluted suspension is limited due to 
its nano-size. To solve the problem, ZIF-8 nanoparticles need to be embedded in a matrix by 
stable immobilization. In this study, commercialized filter paper was employed as a matrix for 
ZIF-8. For ZIF-8/cellulose composite synthesis, the cellulose filter paper was sequentially 
dipped into the zinc nitrate and the 2-methylimidazole solutions. The loading amount of ZIF-8 
was controlled by changing the solution concentrations. ZIF-8 was evenly developed in the 
pore and on the surface of cellulose filter. The pollutant adsorption capacity of the ZIF-
8/cellulose composite was investigated using tetracycline (TC) as a model material. A static 
adsorption test was performed by immersing neat cellulose filter paper and the composite 
respectively in TC solution for 12 h. The uniform growth of ZIF-8 in the composite successfully 
enhanced the adsorption performance of the cellulose whereas the neat cellulose filter paper 
barely adsorbed the TC molecules. The simple immobilization of ZIF-8 on the cellulose showed 
the possibility of expanding the utilization of ZIF-8 as a pollutant adsorbent. 
 
Keywords: Zeolitic imidazolate framework-8 (ZIF-8), Cellulose filter, Tetracycline, 
Adsorption, Adsorbent 

 

 
Fig 1. (a) XRD graph and SEM image of (b) Cellulose filter, (c) ZIF-8/Cellulose filter 
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Abstract 
  When two polymers with different chemical structures are blended, they are generally 
immiscible and phase-separate. However, some specific pairs of polymers exhibit miscibility 
at the molecular level. For example, polyisoprene (PI) and some poly(4-alkylstyrene) 
(P(alkylS)) are miscible depending on temperature1,2. Blends of PI with a 1,4-rich 
microstructure (1,4-PI) and poly(4-tert-butylstyrene) (PtBS) exhibit a lower critical solution 
temperature (LCST) phase behavior1, while 1,4-PI and poly(4-n-alkylstyrene) show an upper 
critical solution temperature (UCST) phase behavior2. From these experimental facts, we 
suggest that the isomeric structure (i.e., the degree of branching) of alkyl groups on P(alkylS) 
affects the temperature dependence of the miscibility with PI. In this study, we investigate the 
miscibility of PI and a moderately-branched P(alkylS), i.e., 
poly(4-iso-butylstyrene) (PiBS). In addition, the differences in 
the miscibility of PiBS with 1,4-PI or PI with a 1,2- and 3,4-rich 
microstructure (1,2-&3,4-PI) (in Fig. 1) are discussed. 
  PiBS and 1,2-&3,4-PI were synthesized by anionic 
polymerization, while 1,4-PI was purchased from Polymer 
Source. Their molecular characteristics is summarized in Table 
1. We prepared blend samples by mixing PiBS and PI (with 
either 1,2-&3,4 and1,4-microstructures) in a given volume 
fraction Φ and dissolving in toluene (at ca. 5 wt%), followed 
by solvent casting and annealing at 120 ℃ under vacuum. 
Phase behavior of the blend samples was evaluated by optical 
microscopy (Olympus BX53). The samples were heated to a 
target temperature and then kept for 60 min to observe whether 
macroscopic phase separation structures are formed. Then the 
temperature is increased by 5 ℃ and the same procedure was 
continued. 
  We have confirmed that both PiBS-30k/1,2-&3,4-PI 
and PiBS-130k/1,4-PI blends exhibit LCST behavior at some 
different Φ.The observed spinodal decomposition temperatures 
are shown in Fig. 2. The PiBS-130k/1,4-PI blend exhibits phase 
behavior in a similar temperature range to the PiBS-30k/1,2-
&3,4-PI blend, even though the molecular weights of the 
component polymers in the former blend are sufficiently higher 
than those in the latter. This result suggests that the miscibility 
in PiBS-130k/1,4-PI is higher than that in PiBS-30k/1,2-&3,4-
PI. We 48 emp to analyze the effect of microstructural 
differences in PI on the miscibility with PiBS using such as a 
group contribution method3. 
 
Keywords : polymer blend, miscibility, LCST, polyisoprene, optical microscopy 
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Sample M w
a

 ×104 M w/M n
b

PiBS-30k 3.51 1.02
PiBS-130k 13.3 1.01
1,2-&3,4-PI 1.03 1.09
1,4-PI 3.35c 1.12

a. GPC-MALS, b. GPC wi-ll PS, c. catalog value

Table 1. Molecular characteristics 
of the samples 
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Abstract 
 Temporal fluctuations of pressure and stresses in the particulate suspension deliver an 
information of internal physical properties, such as viscosity or particle structure. For example, 
the famous Green-Kubo relation gives an expression of the zero-shear viscosity in terms of the 
auto-correlation function of the fluctuating stress under the quiescent state without flow. 
Meanwhile, recent advances in the machine learning technique allows a new attempt to analyze 
the complicated physical signals in a number of scientific fields. In this work, the stress signals 
of the different particulate suspensions under shear flows are analyzed in order to find the 
physical information hidden in the chaotic fluctuations. To generate the stress signal, we 
performed Brownian dynamics simulation of particulate suspension under the shear flows, 
while the interaction parameters of Derjaguin–Landau–Verwey–Overbeek potential are 
controlled. The stress signals are normalized/detrended and classified by Echo State Networks 
(ESN); An recurrent neural network machine learning technique that is capable of learning 
chaotic time-series data. As a result, the ESN successfully classified the stress signals of 
different repulsive forces under various time intervals. The result implies that the differences 
of particle interaction do not only affect the magnitude of stress response, but also create the 
unique fluctuating patterns in the stress responses in various microscopic time and length scales. 
 
Keywords: Machine learning, Recurrent neural network, Brownian dynamics simulation, 
Stress profile, Time-series classification 
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Abstract 
Introduction 
 Nanoclay suspensions generally show shear thinning1. By adding poly(ethylene oxide) 
(PEO) to nanoclay suspensions, we observe shear thickening at high shear rates1 as well as 
shear thinning at low shear rates. However, the mechanism of shear thickening in 
nanoclay/PEO suspensions has not been fully understood. The viscosity of the suspension is 
thought to be strongly affected by the dispersion state of the particles composed of multiple 
clays and PEO under shear. In this study, we performed rheo-SALS (rheology combined with 
small-angle light scattering) measurements of this system and discussed the mechanism of shear 
thickening from the changes in the scattering pattern under flow. 
Experiments 
 Powdered bentonite (BNT; Nacalai Tesque) with width of about 300 nm and thickness 
of about 1 nm, and powdered PEO (Mw = 4000 kg/mol; Aldrich) were mixed in deionized water. 
The weight fraction of BNT and PEO were 2 wt% and 1 wt%, respectively. Shear viscosity was 
measured using the rotational rheometer MCR102e (Anton Paar), and light scattering during 
flow was measured simultaneously. A glass parallel plate (diameter: 43 mm and gap: 0.7 mm) 
was used, and shear rate was fixed to 970 s−1. The wavelength of the light was 658 nm and the 
measurable scattering vector q range is 3.2×10−5 ~ 6.8×10−3 nm−1, which roughly corresponds 
to the length scale l = 2π/q ≈ 1 ~ 200 μm. 
Results and Discussion 
 Fig. 1 shows the viscosity growth curve of the BNT/PEO 
suspension. The viscosity approaches to an approximately constant 
value of 0.2 Pa·s at t > 4 s, but at the long time scale, it decreases rapidly 
at t = 60 s. Figure 2 shows the scattering images of the suspension 
during flow. At t = 2s, an isotropic scattering image was obtained. In 
the constant viscosity region (t = 4 ~ 60 s), isotropic scattering patterns 
and vertically anisotropic scattering patterns with higher intensity at 
low q were obtained. The scattering pattern fluctuates between these 
two states repeatedly. The fluctuation was not periodic. Since the flow 
direction is transverse in the scattering images, the result in Figure 2 
suggests that a large structure with a scale of 10 ~ 100 μm was formed 
in the flow direction during shear. The repeated occurrence and 
disappearance of anisotropy indicates that the anisotropic structure 
during viscosity increase is formed and destroyed while the viscosity 
is almost constant. At t ≥ 68 s, isotropic scattering images were again 
obtained, which suggests the structure in the flow direction have been destroyed. 
 

 
Keywords : Nanoclay, Suspension, Poly(50emporal oxide), Shear thickening, Rheo-SALS 

 
 
 

       
  Fig.2 Light scattering patterns of BNT/PEO suspension at different measurement times.  
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Fig.1 Viscosity growth curve 
of BNT/PEO suspension 
(gray open circles). Black 
filled circles indicate the time 
when the scattering image 
was obtained. 

10
-2

10
-1

10
0

η+
(t)

 (P
a 

• s
)

10
1

10
2

t (s)



The 16th International Workshop for East Asian Young Rheologists Conference 
IWEAYR-16, Udon Thani, Thailand, Feb 18-21, 2023 

P a g e  | 51 

P38 

Lab-Scale Transport Pipeline System of the Electrode Slurry  
Chan Hyeok Ahn, Hyun Joon Jung, Jae Wook Nam, Kyung Hyun Ahn* 

Department of Chemical and Biological Engineering, and Institute of Chemical Processes, Seoul 
National University, Seoul 08826, Korea 

*ahnnet@snu.ac.kr 

Abstract 
 In the electrode manufacturing of lithium-ion batteries, the optimized slurry 
manufacturing solution for uniform coating is important.1 However, the optimum flow 
properties of the electrode slurries are hard to define clearly due to its complex rheological 
properties. Also, the clogging and micro-bubble issues can occur during the slurry transport 
process because of its high solid contents and operational conditions (e.g. pipe geometrical 
parameters, hydrodynamic factors). In this study, we conducted an experiment to understand 
the flow properties and phenomenal issues of the slurry flow in the pipeline system. We 
installed a pipeline system with slurry tank with in-line pressure transmitters and a flow rate 
sensor. The fluid dynamics parameters (e.g. pressure, flow rate) and phenomenal issues (e.g. 
micro bubble, clogging) are investigated through the constructed lab-scale transport pipeline 
system. 
 Anode slurry composed of graphite, carbon black, carboxymethyl cellulose (CMC), 
water was prepared for the pipeline flow experiment. The slurry is drained from the tank to the 
pump with controlled rotation pump power, after the slurry circulates the pipeline loop, then 
returns to the tank. The flow experiments have been conducted for several days. To study the 
fluid dynamics parameters, three pressure transmitters and one ultrasonic volumetric flow meter 
collected the data with high sampling rate. The phenomenal issues were also investigated 
through sensor signals and optical observation. 
 As the electrode slurry continues to flow without rest throughout the days in steady 
operation mode, a decrease of pressure was observed, whereas a slight increase of the 
volumetric flow rate. Machine learning was performed on the collected data for classification 
of the data at different times. The sedimentation and clogging of the slurry were observed at 
some part of the pipeline in which the sudden contraction of radius occurs. Also, the effect of 
the existence of micro-sized bubble to the ultrasonic flow rate signal has been observed. This 
study is expected to give a good insight into the diagnosis of the state of the fluid during the 
flow environment based on the data obtained from the in-line process, which will be consistent 
with the mass production system based on the flow procedure and smart factory conception. 
 
Keywords: Anode slurry, Slurry transport, Transport pipeline system, In-line condition  
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Abstract  
 A multiscale simulation of amorphous polymeric materials has been developed for 
vinyl polymer with polar atoms i.e. polyvinylchloride, (PVC), -[CH2-CH(Cl)]n melts and 
binary blends with different chain tacticity (iPVC, sPVC and aPVC) at the bulk density. The 
model starts from an ab initio quantum chemistry to get the statistical weights of the rotational 
isomeric state (RIS) model to describe the conformational characteristics of polymer molecule. 
PVCs chains were coarse-grained by grouping one monomer in one bead and then mapped onto 
the second nearest neighbor diamond (2nnd) lattice. The average non-bonded interactions were 
treated by the discretized Lennard-Jones (LJ) potential. The on-lattice properties can be 
determined including chain dimension, intermolecular packing, conformational statistics and 
molecular mobility (rotational and translational modes). Dynamics of PVC chains with 
different stereochemistry were generally in the order as: iPVC > aPVC >> sPVC. For binary 
mixtures composed of chains with different stereochemical sequences, sPVC melt has a 
tendency for the formation of “local structure” than other types. The binary mixtures containing 
sPVC experience demixing during the simulations. Fully atomistic amorphous PVC models can 
be obtained by the reverse-mapping procedure to restore the missing atoms. After energy 
minimization, material properties including torsional angle distribution, solubility parameter, 
radial distribution function and static neutron scattering structure factor were calculated for neat 
structures and blends with different tacticity. 
 
Keywords: Poly(vinyl chloride), Tacticity, Multiscale molecular simulation 

 
 
 
 
 
 

 
Fig. 1 Specific snapshots of (a) isotactic (b) atactic and (c) syndiotactic PVC models 
 

 
 
 
 
 
 

 
 
Fig. 2 (a) The pair correlation function (chain packing) of iPS chains in pure melt and blend mixtures. 
(b) the mean-square displacement of the center-of-mass (MSD) of iPVC chains in pure melts and 
iPVC/sPVC, iPVC/aPVC blends. 
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Abstract  

 
Figure 1 (a) Cole-Cole plot of 22wt% PVDF-based solutions (b) β phase content of various 
PVDF-based nanofibers 
 
 Electrospinning is a simple and a kind of spinning process that can produce thin 
diameter-sized fibers (from micro- to nanoscale) with large surface area and high porosity using 
electric forces. Poly (vinylidene fluoride) (PVDF) nanofibers possessing outstanding properties 
such as hydrophobicity, mechanical strength, and chemical stability have been obtained via this 
process. Additionally, we discovered that TPU and carbon black (CB) additives are feasible for 
enhancing the characteristics of PVDF nanofibers [1]. We prepared PVDF-based solutions with 
Poly (vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP), Thermoplastic polyurethane 
(TPU), and CB. Electro-spinnability of PVDF-based solutions was estimated via rheological 
analyses. The Cole-Cole plot of PVDF-based solutions by plotting storage (G’) versus loss 
modulus (G”) and the van-Gurp palmen plot showed the polymer network structures in the 
electrospinning solutions [2,3]. Besides, PVDF nanofibers have distinctive piezoelectric 
properties, which depend on the β crystal phase of the PVDF structures. 
 
Keywords: PVDF nanofiber, Electrospinning, Rheological property, β crystal phase 
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Abstract 
 In linear viscoelasticity, the relaxation spectrum is one of the most important 
viscoelastic functions, because most other viscoelastic functions can be calculated from it, and 
it helps to understand the relaxation mechanism of materials. Relaxation spectrum cannot be 
measured directly and must be calculated from other measurable viscoelastic functions. 
However, the calculation of relaxation spectrum is a typical ill-posedness problem that 
measurement errors in the experiment are apt to be magnified in relaxation spectrum. Therefore, 
it is necessary to develop an algorithm that avoids the error magnification. The purpose of this 
study is to obtain the relaxation time spectrum H(l) from the relaxation modulus G(t) by use of 
the Post-Widder inversion theorem. 
 Since the relation between G(t) and H(l) can be transformed as a pair of Laplace 
transform, the determination of H(l) is equivalent to the inversion of Laplace transform. 
Tschoegl1 has studied the inversion of the Laplace transform by use of the Post-Widder 
theorem, which helps to express relaxation spectrum as an infinite series of dnG/dlognt. 
However, since his study was conducted in pre-computer days, high-order derivatives of 
experimental data were not available, the truncation up to the 4th derivatives were calculated. 
Recently, Lee and Cho2 developed a numerical algorithm for nth order derivatives of positive 
functions such as storage and loss modulus by use of B-spline regression and Leibniz theorem 
for differentiation. 
 In this study, the inversion of Laplace transform was calculated using the Post-Widder 
inversion formula without the limit of differentiation order. This is the generalization of the 
work of Tschoegl1. This generalization is possible because we derived a recursive equation 
which transforms the Post-Wider inversion formula to the series of dnG/dlognt. The recursive 
equation is essential in coding the numerical method. 
 
Keywords: Post-Widder inversion formula, Relaxation spectrum, Stirling number, Linear 
viscoelasticity, Cubic B-spline 
 
References 
1. Tschoegl, N. W. A general method for the determination of approximations to the spectral 

distributions from the dynamic response functions. Rheol. Acta. 1971, 10, 582-594. 
2.  Lee, J. H., Cho, K. S. Application of numerical differentiation to conversion of linear 

viscoelastic functions. Korea-Aust. Rheol. J. 2022, 34, 187-196. 
 
 



The 16th International Workshop for East Asian Young Rheologists Conference 
IWEAYR-16, Udon Thani, Thailand, Feb 18-21, 2023 

P a g e  | 55 

P42 

Extensional Viscosity of Polystyrene-block-poly(2-vinylpyridine) Block 
Copolymer with Spherical Microphase Separated Structure  

Shumpei Yamakami*, Takato Ishida, Yuya Doi, Takashi Uneyama, and Yuichi Masubuchi 
Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan 

*yamakami.shumpei.e3@s.mail.nagoya-u.ac.jp 

Abstract 
Introduction 
 Block copolymers (BCPs) are known to form nanometer-order microphase-separated 
structures and shown unique rheological behavior. Many extensional viscosity measurements of 
BCPs with spherical microphase-separated structures have been reported mainly in thermoplastic 
elastomer (TPE) systems where the minor component has a higher glass transition temperature 
(Tg) than room temperature and the major component has a lower Tg. They demonstrate similar 
rheological properties with cross-linked rubbers.[1] The extensional viscosity of BCPs is generally 
affected by combined effects, such as microphase-separated interfaces and differences in Tg. We 
here study on polystyrene-block-poly(2-vinylpyridine) (PS-P2VP) composed of the two blocks 
with nearly equal Tg and thus, segmental friction[2] to focus the influence of microphase-separated 
interfaces. Specifically, the extensional viscosity of PS-P2VP forming a spherical morphology is 
measured by filament stretching rheometer (FSR). We discuss the effect of microphase-separated 
structure on extensional viscosity by comparing its behavior with that of polystyrene (PS) 
homopolymer with a similar molecular weight. 
Experiments 

 PS (Tosoh Co.; Mw = 106 kg/mol, Mw/Mn = 1.05) and PS-P2VP (Polymer Source; Mw 

= 101.0 kg/mol, Mw/Mn = 1.07, φ2VP = 0.092) samples were molded into cylindrical test 
specimens by hot press at 200 ℃. Extensional measurements were conducted with VADER 
1000 (Rheo Filament) at various strain rates. Measurement temperature for PS and PS-P2VP 
was set to 130°C and 200°C, respectively. 
Results and Discussion 

 Figure 1 shows the viscosity growth curves of PS at various strain rates in the melt state 
at 130 °C, while Fig. 2 shows the viscosity growth curves for PS-P2VP at 200℃. For PS as 
reported earlier, viscosity rapidly increases beyond LVE showing strain-hardening. In contrast, 
PS-P2VP does not show any strain-hardening, and the viscosity lies below LVE. These results 
suggest that the fast elongation to PS-P2VP breaks the microphase-separated structure, 
resulting in strain softening. 

 
 
 

 

Keywords: Extensional rheology, Block copolymer, Mcrophase separated structure 
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Fig. 1 Extensional viscosity growth curves of PS measured at 
130℃ with different  strain rates 

 

Fig. 2 Extensional viscosity growth curves of PS-P2VP 
measured at 200℃ with different strain rates 
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Abstract 
 Interpenetrating polymer network (IPN) hydrogels, where networks of two crosslinked 
polymers are physically entangled, are fabricated to maintain the desired characteristics of the 
original materials. Poly(ethylene glycol) (PEG) has hydrophilic and biocompatible properties 
and poly(acrylic acid) (PAA) has pH-dependent swelling behaviors, which can play a key role 
in drug delivery applications. In this study, the first hydrogel network based on poly(ethylene 
glycol) (PEG) was formed through UV curing, and then the second network was generated 
through additional UV curing after immersing PEG-hydrogel film in an aqueous acrylic acid 
solution. The real-time crosslinking behaviors for the PEG hydrogel films and the PEG/PAA 
IPN hydrogel films were monitored using the rotational rheometer equipped with UV 
irradiation device and their surface mechanical properties were measured using nano 
indentation and nano scratch testers. In addition, the swelling behaviors of hydrogel films under 
various pH conditions was analyzed to check the possible application to the drug delivery 
system. 
 
Keywords: Interpenetrating polymer network (IPN), Hydrogel, PEG/PAA, Crosslinking, pH  
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Abstract 
 Recently, data-driven rheological models are being developed as a consequence of 
rapid advances in the machine learning techniques. However, in the training of 3-dimensional 
neural network models, a selection of the training data set can be a great issue to guarantee the 
performance of the trained model. For example, the data generated under the typical simple 
shear flow cannot cover the whole rheological characteristics of the complex fluid. In this study, 
we propose a 3-dimensional constitutive neural network model, trained by the flow simulation 
data generated by the Smoothed Particle Hydrodynamics (SPH) to examine the aforementioned 
issue. In the simulation, the channel flow of the Maxwell-type constitutive equation is solved 
in 3-dimensional 4:1 contraction geometry, which is known as a benchmarking problem, as the 
shear and elongational deformation coexist. After simulation, the stress and deformation 
histories are used as an input for the training of the neural network model. In this talk, the 
performances of the trained model under various flow fields will be discussed. 
 
Keywords: Constitutive equation, Machine learning, Viscoelasticity, SPH simulation, 
4:1 contraction flow”  
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Introduction 
 The magnetorheological (MR) fluids, such as carbonyl iron suspensions, change their 
rheological properties under magnetic fields. It is reported that the addition of fumed silica 
particles changes the rheological properties of the carbonyl iron-based MR fluids [1,2]. 
However, qualitatively different results have been reported. While Xu et al [1] reported that 
silica particles increase the stress, Aruna et al [2] reported the opposite behavior. Thus, it is 
the still open question that the addition of silica particles increase or decrease the shear stress 
of iron-based MR fluid. We previously reported shear stress increases due to the addition of 
fumed silica particles [3], which corresponds with the results in Ref. [1]. The origin of the 
opposite result is considered by suppressing the cluster formation of iron particles, according 
to Aruna et al [2]. We expect that the suppression effect would much pronounce in iron 
concentrated regime. Therefore, the MR fluids with concentrated iron particle should be a 
good target to confirm the picture. In this study, we investigated the effect of added silica 
particles on rheological properties of carbonyl iron-based MR fluids with some different iron 
particle concentrations. 
Experiments 
 Carbonyl iron (Fe) particles (diameter d=3um, Tenichi) and fumed silica (f-Silica) 
particles (diameter d=10 nm, Aerosil) were dispersed in a silicone oil (kinematic viscosity 
nu=1000 cSt, ShinEtsu). The volume fractions of Fe and f-Silica particles were 6 or 15 vol%, 
and 0 or 1 vol%, respectively. A rotational rheometer MCR301 (Anton-Paar) 58emporal with 
MR accessory (PS-MRD and MR10/1T) was used for the 
measurements. A parallel plate geometry with the diameter 20 mm 
was used and the gap size was set to 0.5 mm. Steady-state shear 
stress measurements were performed at room temperature at shear 
rates �̇� = 10−1~102 s−1 under the magnetic flux density B = 0, 0.04, 
and 0.2 T. 
Results and discussion 
 Figure shows the �̇� dependence of steady-state shear stress 
σ of the Fe-6vol% and Fe 15 vol% samples, with and without f-
Silica. We observe that for all the cases shown in Fig. 1, the 
addition of f-Silica particles do not reduce the steady-state stress. 
In most cases, the steady-state stress increases by the addition of 
f-Silica. This result implies that the silica particles do not suppress 
the cluster formation as proposed by Arura et al [2].  

 
Keywords: Magnetorheological fluids, Suspension, Non-
Newtonian fluid, Nonlinear rheology, fumed silica 
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Fig. 1 The steady state stress data of 
MR fluids with and without f-Slica. 
The volume fraction of Fe is (a) 
6vol% and (b) 15vol%. 
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Abstract 
 Lithium-ion battery is a complex particulate system which consists of active material, 
conductive agent, and binder. Because of the complex interactions between the components, it 
is difficult to control the dispersity or particle aggregation in the manufacturing process. In the 
industrial field, a filtration process has been utilized for redispersion or removal of the particle 
aggregation to provide a well dispersed slurry to following processes such as coating and 
drying. 
 One of the great issues in the filtration process is determining the ideal period of the 
filter exchange, as it is directly related to the productivity of the manufacturing line and 
performance of the battery. To optimize the filter exchange period, it is essential to understand 
the interaction between the particle and the filter during the flow, or the effect of the particle 
agglomerates on the clogging mechanism. 
 In this study, we set up the circulating pipe system with a mesh filter in the lab-scale to 
monitor the flow and the clogging phenomena of the battery slurry. In the model system, we 
collect the real-time signal of the flow rates, the pressure differences of the slurry. Moreover, 
the electrical conductivity is also measured to qualitatively analyze the particle dispersity, with 
and without the flow. By investigating the signal and the properties of the slurry, the behavior 
of the particle agglomerates until the filter blockage will be discussed in terms of the optimal 
period of the filter exchange. 
 
Keywords: Lithium-ion battery, Filtration, Mesh filter, Electric conductivity, Particle 
agglomeration 
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Abstract 
Introduction 
 Dispersions including small particles (with diameters ranging from nm to μm) can be 
rheologically measured with a conventional rheometers. However, dispersions including larger 
particles (than ∼1mm) are difficult to measure due to the geometry of rheometers, and have not 
been studied extensively. In a previous study, Yoshida et al. developed a special device called 
ultrasonic spinning rheometry, with which they determined the rheology of liquids from the 
flow field1. Being inspired by the study in Ref. 1., we propose a new method to measure the 
rheology of suspensions with relatively large solid particles by a direct observation method with 
moving image analysis of fluids. 
Experiments 
  Figure 1 shows a schematic representation of the experimental system. A B-type 
viscometer ViscoQC100L (Anton Paar) was used. The fixture was a cylindrical spindle with a 
diameter of 19 mm and the container was a self-made acrylic resin cylinder with an inner 
diameter of 90 mm. The camera was located below the container. The resolution was 5-
magapixels (GR5M, Shodensha). The lens was a low-magnification lens (SDS-LRS, 
Shodensha) with a magnification of 5-50x. Fiji was used for the analysis of particle trajectories. 
We performed a calibration using a silicone oil of 1000 cSt (Shin-Etsu Chemical). 
Results and Discussion 
  Figure 2 shows the velocity field of the silicone oil according to the distance from the 
center of the container r. This experimental result is consistent with the theoretical curve for 
Newtonian fluids. Based on this agreement, we are performing experiments for suspensions, 
and the results will be exhibited on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Newton fluid, Dispersions, Large particle, Moving image analysis 
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Fig.1 Schematic representation 
of the experimental system 

Fig.2 Velocity field of silicone oil compared to the 
theoretical curve for Newton fluids 
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Abstract 
 Battery slurry has complex properties since it contains various sizes and shapes of solid 
particles and polymer additives. In addition to having complex rheological properties, it also 
has aging problems such as agglomeration and sedimentation. The dispersity of the slurry is 
crucial since the microstructure of the battery slurry affects not only slurry rheological 
properties but also the electrical performance of the electrode. From this point of view, it is 
important to understand the effect of each step in the electrode manufacturing process on the 
microstructure of the slurry. Among several process, transportation through the pipe requires 
careful understanding. During transportation, slurry may experience sedimentation, vortex 
generation, clogging, and aging. Yet, there are insufficient attempts to understand the slurry 
transportation. To investigate slurry transportation through pipes, we installed a lab-scale pipe 
system. A plastic wall pipe was used for convenient analysis of various pipe configurations 
such as bending and sudden expansion and contraction. Flow rate, pressure drop, and 
temperature data are obtained by in-line sensors stably during transportation. By combining the 
sensor data and the rheological properties of the slurry, the characteristics of the slurry flow can 
be identified. We expect that the lab-scale pipe system will provide an overall understanding of 
slurry transportation. 
 
Keywords: Electrode manufacturing, Battery slurry, Transportation, Pipe flow 
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Abstract 
Introduction  
 It is known that 62empora-oxidative degradation of polymers involves chain scission [1]. 
Thermal treatment has a significant impact on rheological properties through the degradation, 
but the effect of chain scission on rheological properties has been understood only qualitatively 
[2]. This study aims to quantitatively evaluate the degradation of polystyrene by viscoelastic 
measurements. 
Experiments        
  Polystyrene (PS) with Mw = 192 kg/mol and Mw/Mn = 2.35, manufactured by Aldrich, 
was used as a sample and thermally oxidized under an air atmosphere at 160 ~ 180 °C from 5 
h to 20 h, using an Espec ST-110B1 compact high temperature chamber. Linear viscoelasticity 
measurements were performed using a Discovery HR-2 rheometer (TA Instruments) with 
parallel plate geometries with diameters of 8 mm and 25 mm. The temperature range was from 
120 °C to 200 °C, and the angular frequency ω range was from 0.1 to 100 rad/s. 
Results and Discussion 
 Master curves of G′ and G” for the degraded samples were constructed according to the 
time-temperature superposition principle, as shown in Fig. 1. We first focus on the high ω 
region. At the high ω region, the master curves for different degradation times almost coincide 
(for example, the cross points of G′ and G” are almost the same). In contrast, we observe that 
the master curves are clearly different at the low ω region. The change of the master curves can 
be characterized by the zero-shear viscosity 𝜂3 as shown in Fig. 2. The decrease in the  𝜂3 
corresponds to the decrease of the relaxation time.  Such a decrease of the relxation time can 
be attributed to the reduction of the molecular weight of PS by the cleavage. From the 
viewpoints of the decrease of  𝜂3 induced by chain scisions , the thermal degradation of PS at 
180 °C for 5 h seems to be comparable to that at 170 °C for 10 h and 160 °C for 15 h. 

Keywords: Polymer, Degradation, Polystyrene, Master curves, Viscoelasticity 
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Fig. 1 Master curves of G′ and G" after 0h, 10h, and 
20h thermal oxidative degradation at 160°C 
(The reference temperature of 140℃) 
 

Fig. 2 Zero-shear viscosity 𝜂' at different 
degradation times and different degradation 
temperatures. 
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Abstract  
 Nowadays, supercapacitor have been commonly fabricated by using porous carbon-
based materials. Activated carbon (AC) is the most inexpensive and widely used active material 
for supercapacitors. One of the challenges is to upgrade the supercapacitor performance by 
improving the electrochemical properties of activated carbon. However, all preparations 
method reported so far have not achieved the gold in creating suitable contents of the functional 
groups, surface area, pore size distribution, charge storage process, and superb stability life. 
Here we show that the porous activated carbon fiber (PAC), derived from pineapple leaf fiber 
(PALF) could be an excellent candidate as a high potential and sustainable carbon source for 
high performance supercapacitors. Pineapple leaf fiber was treated via a sequential 
carbonization and Co2+/KOH and CO2 activation. The porous structure on the activated carbon 
surface was treated by CO2 step activation under high temperatures. In three electrode system, 
the as-prepared porous carbon fiber shows excellent supercapacitive performances with high 
specific capacitance of 400.3 F g-1 at 0.1 A g-1, high-rate capability (186 F g-1 at 60 A g-1) in 
1M H2SO4, and maintain the carbon fiber structure that affects to structural strength and superb 
cyclability (~86% capacitance retention, over 10000 cycles at 20 A g-1). This work provides 
more information for the study of a porous activated carbon fiber from PALF, which will be 
utilized and developed strategy route for biomass after the post-harvest. The PAC electrode 
material herein can thus be an excellent candidate for high-performance supercapacitor 
applications. 
 
Keywords: Supercapacitor, Pineapple leaf fiber, Ion-assisted synthesis, KOH-activation, CO2 
activation  
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Abstract 
 Poly(lactic acid) (PLA) was grafted to both ends of Pluronic F127 (PEO100−PPO65− 
PEO100) to produce the novel amphiphilic PLA-F127−PLA block copolymers. Two 
enantiomeric forms of lactide monomers were utilized for the synthesis of PLA-F127-PLA 
block copolymers. The block composition and structure of PLA-F127-PLA block copolymers 
were determined by nuclear magnetic resonance (NMR), Fourier transform infrared (FTIR) 
spectroscopy, and gel permeation chromatography (GPC). The PLA block length in PLA-F127-
PLA copolymers was found to be 7,000-15,000 g/mol. The micellization behavior in an 
aqueous solution of such block copolymers was investigated by examining the critical micelle 
concentration (CMC). The CMC values of PLA-F127-PLA in an aqueous solution decreased 
with increasing PLA block length in the block copolymers. This implied that the formation of 
micelles for PLA-F127-PLA was more stable and easier than pluronic. The drug loading 
content and encapsulation efficiency, together with the release profiles of PLA-F127-PLA 
micelles with PLA chain length were determined, with good drug loading capacity and well 
drug-controlled release performance. In this study, we also employed the coarse-grained 
dissipative particle dynamics (DPD) simulations to predict the structure, bead interactions, 
aggregation behavior, and drug encapsulation properties of PLA-F127-PLA block copolymers 
in an aqueous solution. 
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Abstract 
 Polybutylene terephthalate (PBT) is a thermoplastic crystalline polymer and is a type 
of polyester. PBT has excellent electrical characteristics, high weather resistance, fatigue 
resistance, heat resistance, short injection molding cycle, and low cost, thereby generating 
various applications, such as automobiles, electronic components, TV components, connectors, 
relays, and switches. 
 Poly(ethylene glycol) (PEG) is a petroleum-derived polyether compound that is 
hydrophilic, biocompatible and non-toxic. PEG is commonly used in biomedical fields, such as 
drug delivery, tissue engineering, bioconjugation, and surface functionalization applications. 
 The surface-to-surface interparticle distance is the distance between the surfaces of the 
particles. The higher the PEG content in the PBT/PEG mixture, the stronger the property of 
aggregating PEG molecules. Therefore, the size of the PEG aggregation increases with 
increasing PEG content. In this study, the thermal and mechanical properties of the blend were 
investigated as a function of surface-to-surface interparticle distance. 
 In this study, the surface of the blend was observed through scanning electron 
microscope (SEM) to find out the relationship between the surface-to-surface interparticle 
distance and thermal/mechanical properties. The aggregates of PEG molecules increased as a 
function of PEG content, thereby increasing the surface-to-surface interparticle distance. The 
Tm peak of PEG was examined by differential scanning calorimetry (DSC), and the peak 
increased with increasing PEG concentration. Based on the results of dynamic mechanical 
analyzer (DMA), tan δ-based Tg gradually decreased as the PEG content increased. In addition, 
as a result of thermal weight analysis (TGA), the temperature significantly decreased at the 1% 
weight loss rate after the PEG addition amount was 15 phr and the surface-to-surface 
interparticle distance was 0.84 µm (840 nm). This was because of PEG molecular aggregation 
as the content of PEG increases and the characteristics of PEG became dominant. For results 
of the universal testing machine (UTM), the tensile strength decreased in all cases except when 
1 phr PEG was added and the surface-to-surface interparticle distance was 1.46 µm.  In the case 
of toughness, the incorporation of 1 phr PEG decreased the toughness, and the toughness 
increased at the 5 phr where the surface-to-surface interparticle distance was 1.05 µm It 
decreased with further increasing PEG concentration. Further infiltration gradually decreased. 
The elongation rate at fracture showed the same tendency as the toughness, and the Young's 
modulus gradually decreased with increasing PEG content. For impact strength, the tendency 
was opposite to the tension strength. The results provided the correlation among the surface-to-
surface interparticle distance, PEG concentration, mechanical and thermal properties. 
 
Keywords: Polybutylene terephthalate (PBT), Polyethylene glycol (PEG), thermal properties, 
mechanical properties 
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Abstract 
 Hydrogels are widely employed in bioengineering applications such as biosensors and 
tissue engineering scaffolds1,2,3. Cellulose nanofibrils (CNFs) are flexible, elongated 
nanomaterials with a high surface-to-volume ratio that, upon loading, can contribute to a 
beneficial energy dissipation process. Numerous sacrificial bonds in CNF-reinforced hydrogels 
with multiple sacrificial bonds can serve as effective reversible bonds to promote energy 
dissipation. Although significant progress has been made in the fabrication of long-lasting 
CNF-based hydrogels, a comprehensive knowledge of energy dissipation and viscoelastic 
responses of CNF hydrogels containing divalent and trivalent sacrificial bonds has not yet been 
achieved. In this study, non-covalent sacrificial bonds of hydrogels were produced by altering 
the metal cations, and their binding energy dissipation mechanism was examined by 
viscoelastic characterization. 
 

 
Fig. 1 Three interval thixotropic tests (3ITT) by varying shear stress from 200 Pa to 600 Pa for physically 
dual crosslinked hydrogels with different cations (a) De-Rs phase diagram for assessing solidity and 
deformation 
 
Keywords: Viscoelasticity, Cellulose nanofibrils, Hydrogel, Gelation mechanism, Rheology 
 
References 
1.  Jing, Xin, et al. Highly transparent, stretchable, and rapid self-healing polyvinyl 
 alcohol/cellulose nanofibril hydrogel sensors for sensitive pressure sensing and human 
 motion detection. Sensors and Actuators B: Chemical 295, 2019, 159-167. 
2.  Dong, Hong, et al. Cation-induced hydrogels of cellulose nanofibrils with tunable 
 moduli. Biomacromolecules 14.9 (2013), 3338-3345. 
3.  Ju, Yangyul, et al. Revealing the enhanced structural recovery and gelation mechanisms 
 of cation induced cellulose nanofibrils composite hydrogels. Carbohydrate Polymers, 
 2021, 272, 118515. 

 

 



The 16th International Workshop for East Asian Young Rheologists Conference 
IWEAYR-16, Udon Thani, Thailand, Feb 18-21, 2023 

P a g e  | 67 

L13 

Thixotropy Modeling and Computational Analysis of Battery Slurries 
Nayeon Park1, Hyunjoon Jung1, Cheolheon Hyun1, Jun Dong Park2, Jaewook Nam1,* 

1School of Chemical and Biological Engineering, Seoul National University, 
1, Gwanak-ro, Gwanak-gu, Seoul, 08826, Republic of Korea 

2Department of Chemical and Biological Engineering, Sookmyung Women’s University, 
100, Cheongpa-ro 47-gil, Yongsan-gu, Seoul, 04310, Republic of Korea 

*e-mail: jaewooknam@snu.ac.kr 

Abstract 
 Modeling the rheology of battery slurries is important because it has significant effects 
on the processing constraints of the battery manufacturing process. Among the unique 
rheological properties of battery slurries, such as shear-thinning, yield stress, or thixotropy, we 
focused on the thixotropic behavior of battery slurries. A number of models have been proposed 
to model the thixotropic behaviors of various complex fluids, such as crude oils or polymer 
solutions, but battery slurry has its unique thixotropic behavior arising from complex particulate 
interactions. Here, we aimed to find a suitable thixotropy model that best expresses the 
rheological behaviors of anode slurries. 
 In this study, we adopted a fluidity model and modified the model to fit the 
measurement data of the anode slurry, which was prepared using a binder, active material, and 
conductive additive. A series of rheological measurements including peak hold, construction, 
and destruction experiment was conducted to fit the parameters of the model. Using the 
developed model, we analyzed the channel flow of the slurry with numerical analysis. 
Numerical solutions were obtained with the finite element method, where the evolution 
equation of fluidity was integrated into a variational formulation to handle thixotropy. 
 
Keywords: Thixotropy, Fluidity model, Anode slurry, Finite element method 
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Abstract  
 Extension properties of multi-component dilute solution are hard to analyzed because 
of its complexity and sensitivity by external factors such as inertia. In this study, we use DoS-
CaBER(Dripping on to Substrate Capillary Break-up Rheometry) to obtain radius evolution 
data and deduce transient extensional viscosity of multi-component solutions. 
 We quantify the extension properties of multi-component solutions which are applied 
various processes such as dispensing and micro-patterning. In dispensing processes, 
BOAS(Beads on A String) phenomena is critical to quality of coated surface. By mapping 
through Deborah number and Ohnesorge number, process window for BOAS can be made. 
And by comparing extension viscosity of various solutions with flow rate in micro-channel, 
effects of channel structure on flow properties can be quantified. 
 Lastly, through PCA(Principal Component Analysis), We present the possibility and 
utility of total image analysis for classifying multi-variant complex fluids 
 
Keywords: Extension Rheology, DoS-CaBER, Image Analysis, Principal Component 
Analysis 
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 Abstract   
 We investigated the rheological properties of bidisperse entangled-polymer blends 
under high-deformation-rate flows by slip-link simulations with a friction reduction 
mechanism.1 The stretch/orientation-induced reduction of friction was reported to be essential 
to predict the nonlinear viscoelasticity under uniaxial elongational flow with high strain rates.2 
To test the applicability of this mechanism for bidisperse systems, we incorporated an 
expression of friction reduction proposed by Yaoita et al.2 into the Doi-Takimoto slip-link 
model3 (DT model). To compute the stretch and orientation, we consider two statistical 
averages: the averages over each component and the average over the entire system. In the 
extended DT model, the FENE parameter and the order parameter of the friction reduction 
mechanism are evaluated through the combinations of the component and statistical averages. 
Figure 1 (a) and (b) shows the simulation results with the SORF expressions using the 
component averages (red and green lines) improve the prediction for bidisperse entangled 
polymer melts under uniaxial elongational flows with strain rates comparable to or larger than 
the inverse of the Rouse relaxation time of the longer chains. This success is due to the 
suppression of the stretch of the longer chains caused by the statistical average over each 
component for the stretch ratios in the FENE parameter and the order parameter. This result 
will help us predict the rheology under fast flows with a bidisperse distribution and even an 
arbitrary molecular weight distribution. 
 

 
Fig.1: (a) Elongational transient viscosities and (b) transient viscosities in stress-growth-and-relaxation 
measurements of polystyrene blends with 95 kDa (50 wt%) and 545 kDa (50 wt%) reported by Hengeller 
et al.4. The black dotted lines are the results obtained by the DT model without SORF. The blue dashed 
lines are the results obtained by the DT model with SORF using the stretch and orientation averaged over 
the entire system. The red solid and green dash-dotted lines are the results obtained by the extended DT 
model using the stretches averaged over each component when to calculate the FENE parameter and/or 
the order parameter. 1 
 
Keywords: Polymer melt, Entanglement, Slip-link, Bidisperse blends, Nonlinear 
viscoelasticity 
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Abstract 
 Traditionally, secondary-battery manufacturing processes batch-mixed using a 
planetary disperser mixer. As secondary-battery market growth increased, problems such as 
limited production and deviations in slurry quality arose. Consequently, it is necessary to 
develop a continuous mixing technology based on a twin-screw mixer that enables continuous 
quality evaluation with high production and quantitative supply of raw materials. Therefore, it 
is important to understand the back pressure throughput characteristics, depicted by the 
relationships among the rotational speed, back pressure, and throughput amount according to 
the shape of the screw module. Previous studies focused on using two dimensionless numbers. 
Owing to the various rheological properties (shear thinning and thickening) in non-Newtonian 
flows, the relationship between two dimensionless numbers becomes complex, making it 
impossible to predict the general correlation between the back pressure and throughput. In this 
study, we propose flow quantification based on the energy-dissipation rate to understand the 
back pressure throughput characteristics according to the shape of the screw module in various 
fluid models and predict the back pressure and torque. 
 
Keywords: Twin screw, Secondary-battery slurry, Energy dissipation rate, Flow 
quantification 
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Abstract 
 The yielding behavior of concentrated lithium-ion battery anode slurry with different 
binder molecular weight and concentration was investigated with large amplitude oscillatory 
shear (LAOS) and a sequence of physical process (SPP) approach. Because of the complicated 
interaction between active material (graphite) and CMC binder, the concentrated anode slurry 
displayed different yielding behavior depending on carboxymethyl cellulose (CMC) binder 
condition. Slurries containing low molecular weight CMC or insufficient amount of CMC 
exhibited strain hardening behavior in the dynamic sweep, as represented by an overshoot of 
G’ and G”. The strain hardening was attributable to the frictional interaction between graphite 
particles, which was not sufficiently alleviated due to insufficient adsorption of CMC. The 
yielding behavior of slurry changed into two-step yielding behavior without strain hardening 
when the molecular weight or concentration of CMC binder increased, and the physical cause 
of each yielding step may be attributed to graphite-graphite interaction and CMC-CMC 
interaction. The yielding behavior of anode slurry became a single step yielding behavior with 
the addition of an excessive amount of CMC binder with a higher molecular weight, which 
eliminated contact between graphite particles. The yielding behavior transition depending on 
the CMC binder condition is further explored with LAOS-SPP analysis in terms of intra-cycle 
rheological transition. The intra-cycle rheological analysis is demonstrated to offer more 
precise information on the correlation between microstructure-rheological yielding and how the 
LAOS-SPP analysis may be utilized as a viable tool to examine the microstructure and 
dispersion condition of lithium-ion battery slurry. 
 
Keywords: Lithium-ion battery, Yielding, Large Amplitude Oscillatory Shear (LAOS), 
Sequence of physical process analysis, Strain hardening. 
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Abstract 
 Both Rouse model and Doi-Edwards model can be expressed by the relaxation spectra 
in the form of power-law functions. And the concept of self-similarity has offered a simple 
solution to many problems in polymer physics.1 Since the solutions are power-law functions, it 
is essential to check whether the relaxation spectrum of polymeric fluids can be derived by self-
similarity. 
 In this study, we derived the power-law spectrum of an unentangled polymer solution 
by using the self-similarity approach. However, this approach does not work for entangled 
polymeric fluids. Although Baumgaertel et al.2 showed that the power-law spectrum can 
quantitatively describe the linear viscoelasticity of monodisperse polymer melts, regardless of 
molecular weight, they did not find the universality of the exponent of the spectrum because 
they found different exponents for different polymers. Since we believed in the universality of 
linear viscoelasticity of polymer melts3, we tested the universality of the exponent and 
confirmed that the exponent was independent of the type of polymer. 
 
Keywords: Self-similarity, Relaxation time spectrum, Dimension analysis, Linear 
viscoelasticity 
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Abstract 
 Colloidal suspensions are widely used in many applications including food and 
petroleum industry. Controlling their microstructure and rheological property is of importance 
in determining processability and desired properties. One way to control dispersion is to use 
various factors that affect kinetics, such as pH and electrolytes, to adjust the interactions 
between particles. In this study, we investigated microstructure development and rheological 
properties of colloidal suspensions at different pH using silica nanoparticle as a model system. 
Diffusing wave spectroscopy analysis and rheological measurement revealed that distinct 
microstructural and rheological evolution depending on pH condition. Transition from liquid 
to solid occurred faster at pH 5 than at pH 3, and the elastic modulus (G’) was found to be 
higher at pH 5 after 24 hours of equilibrium. These were contradictory results as silica particles 
are expected to be more attractive at lower pH due to low surface charge and electrostatic 
repulsion of the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory. Since the classical 
DLVO interaction cannot account for the pH dependence of above transition rate results, we 
introduced an extended DLVO interaction including hydration force, a short-range repulsive 
force that acts between polar surfaces separated by a small layer of water, to accurately describe 
the structural and rheological evolution. Repulsion induced by the hydration force between 
silica particles was shown to be reasonable rationale for the observed pH dependence of 
microstructure and rheological behavior. To quantify the characteristics of the interaction, 
reduced second virial coefficient B2*, which is second virial coefficient divided by second 
virial coefficient of hard spheres, was employed. Net attraction range and degree of repulsion 
obtained by calculating B2* can explain the observed pH dependence and provide quantitative 
explanation for the role of hydration force in determining rheological and microstructural 
evolution. It is found that silica particles at pH 3 form open network structure via the diffusion-
limited colloid aggregation (DLCA) mechanism, whereas silica particles at pH 5 demonstrate 
compact network structure via reaction-limited colloid aggregation (RLCA) mechanism. These 
microstructural differences translate to differences in properties due to a larger elastic modulus 
and higher degree of repulsion at pH 5. 
 
Keywords: Hydration force, DLVO potential, Diffusing Wave Spectroscopy 
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Abstract 
 Naturally occurring microswimmers, such as bacteria and sperm cells, often swim in 
complex viscoelastic biological fluids. Previous studies have shown that microswimmers 
behave differently in viscoelastic fluids compared to Newtonian fluids. For example, E. coli 
swims faster in viscoelastic fluids than in Newtonian fluids1, and sperm cells swim collectively 
in viscoelastic fluids but not in Newtonian fluids2. In this work, we investigate the mechanism 
behind the swimming speed enhancement of a microswimmer in an Oldroyd-B fluid by 
performing direct numerical simulations for squirmer particles3, using the smoothed profile 
(SP) method4 to fully resolve the hydrodynamic coupling between the swimming particles and 
the surrounding fluid. We found that the swirling flow, generated by the squirmer’s rotlet 
dipole, plays a crucial role in connection with the viscoelastic nature of the fluid. Due to the 
normal stress difference created around the counter-rotating upper/lower hemisphere, the 
Weissenberg effect occurs along the swimming direction and pushes the fluid around the 
particle upward/downward. Because the Weissenberg effect occurs asymmetrically between 
the upper and lower hemispheres, it tends to accelerate a squirmer particle in an Oldroyd-B 
fluid. This effect increases as the strength of the rotlet dipole is increased. Our results will 
contribute to understanding the rheological behaviors of viscoelastic fluids containing 
microswimmers. 
 
Keywords: Direct numerical simulation, Microswimmer, viscoelasticity, Rotlet dipole, 
Weissenberg effect 
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Abstract 
 Using the sequence of physical process (SPP) approach, which analyzes the rheological 
properties of materials by introducing a new parameter called transient modulus, reasonable 
analysis of materials is possible even in the LAOS region where strain and stress are no longer 
sinusoidal. So far, only strain-controlled oscillatory shear tests that take sinusoidal strain as 
input have been analyzed with the SPP approach. In this work, we suggest an analysis method 
for large amplitude oscillatory stress (LAOS-Stress) test based on the SPP approach. We 
demonstrate how SPP approach can be applied to LAOS-Stress test and compare the result with 
LAOS-Strain test analyzed by SPP approach. As a model system, lithium-ion anode slurry that 
consists of graphite (Gr) as the active material, carbon black (CB) as the conductive additive, 
and carboxymethyl cellulose (CMC) as the binder are studied. It is shown that the two-step 
yielding behavior observed in the dynamic stress amplitude sweep test can be explored deeper 
with LAOS-Stress-SPP analysis and the result are similar to that of the LAOS-Strain test 
analyzed by SPP approach. Our approach will enable a wide range of the SPP analysis and 
demonstrate that the SPP approach can be applicable to various flow conditions. 
 
Keywords: Sequence of physical process (SPP), LAOS-Stress 
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Abstract 
 The drying is an important sub-process of contemporary production. For example, 
electrode manufacturing processes for Lithium-Ion Batteries (LIB) and proton exchange 
membrane fuel cells (PEMFC) fundamentally comprise a drying process following colloidal 
suspension type material coating. In addition to the intrinsic chemical characteristics of a 
colloidal suspension, microstructure of colloidal film after drying process, such as thickness, 
homogeneity, porosity, and tortuosity, is critical in determining product performance. In this 
work, we explore how different material and process characteristics affect microstructure 
development throughout the drying process via Brownian Dynamics simulation method. 
During the drying process, the microstructural development of three distinct model colloidal 
systems where colloidal particles interact with attracting, repulsive, and hard sphere potential 
is studied.  The microstructure of colloidal film is analyzed in terms of porosity and structural 
heterogeneity. Here, porosity and structural heterogeneity are calculated by image process 
method. Depending on the drying condition, such as temperature and evaporation rate, colloidal 
film demonstrated different microstructural evolution. In all colloidal suspensions, it is found 
that rapid drying condition leads to more structural heterogeneity both in vertical and horizontal 
direction. Moreover, as interparticle interaction grows more attractive, the film microstructure 
becomes more heterogeneous. 
 
Keywords: Drying process, Brownian Dynamics simulation, Porosity 
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Abstract  
 A coarse-grained (CG) model of cis-1,4-polyisoprene is developed using systematic 
coarse-graining strategy. The bonded interactions of the model are captured using analytical 
potentials with parameters derived to match structural probability distributions of atomistic 
system. The nonbonded interactions are presented by Lennard-Jones potentials with parameters 
specified to match the density and thermal expansion behavior obtained from experiment. The 
CG force field is validated through the molecular weight dependence of chain dimension and 
Flory−Fox scaling relationship for the glass transition temperature of the polymer. The model 
developed provides much faster chain dynamics and simulation speed compared to the 
reference atomistic one.1 
 
Keywords: Coarse-grained model, Polyisoprene, Molecular dynamics simulation,  
Glass transition temperature 
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Abstract 
 Epoxy resin as a matrix forms a thermosetting polymer with good mechanical 
properties, heat resistance and chemical resistance. It is widely used in metal coatings, 
electronic products, and LEDs. An oxide layer remover (reducing agent) is added for excellent 
wetting of the solder ball that provides the electrical conductivity for light emitting diode (LED) 
substrates. The epoxide group of the resin and the functional group of the reducing agent react 
and generate a network formation. Carbon black (CB) has excellent adsorption, heat resistance 
and fire resistance and is widely used as a pigment for plastics and synthetic resins. Since it is 
a black that cannot transmit light, it plays a key role in reducing the light loss. However, the 
compatibility between CB and epoxy is poor. Thus, in this study, hydroxyl-terminated 
polybutadiene (HTPB) was utilized to improve the compatibility between epoxy and CB, 
thereby improving mechanical properties. The hydroxyl group of HTPB reacts with the epoxide 
group of epoxies, and the carbonyl (C=O) moieties of CB react with vinyl groups of HTPB, 
resulting in chemical bonds. 
 In the case of anhydride, the ring is opened to form a carboxylic group (COOH). This 
COOH and epoxy react and partially react with HTPB. This can be confirmed through a Fourier 
transform infrared spectroscopy - attenuated total reflectance (FTIR - ATR). In terms of 
mechanical properties, the strength of the composite increased slightly as CB was added. The 
incorporation of PB reduced the strength. In contrast, when HTPB was added, the strength 
increased noticeably. The dispersion of each additive was observed by scanning electron 
microscope (SEM). The compatibilities between CB and epoxy and between PB and epoxy 
were poor, thereby showing aggregation of PB. The infiltration of HTPB enhanced the 
compatibilities, which increased the tensile strength of the composite. The strengths of HTPB-
compatibilized CB/epoxy composites were compared with CB-reinforced epoxy composites. 
The strength of HTPB-compatibilized composites increased as a function of CB concentration 
until 5 phr whereas that of non-compatibilized composites barely changed owing to poor 
dispersion of CB through the entire matrix. 
 
Keywords: Epoxy, carbon black (CB), Hydroxyl-terminated Polybutadiene (HTPB), 
Reductant, Adhesion 
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Abstract 
 Lithium-ion battery (LIB) has been considered one of the ideal energy storage systems 
in recent years.  There are enormous studies on LIB as the demand for a rechargeable battery 
with high capacity and stability is continuously growing.  However, those studies lack of 
information on the adsorption between carboxymethyl cellulose in the slurry in a direct 
approach.  LIB consists of two electrodes of that release or store Li ions.  To help the 
performance of active materials, conductive additives and polymeric binders are typically 
included expecting to provide better processing and stability of electrodes. 
 Specifically, graphite is used as an active material in an anode, and carbon black or 
carbon nanotubes are adopted as a conductive additive. In this system, various types of binders 
are present to connect these components.  A polymeric binder is commonly selected by 
considering the physical properties of polymers such as conductivity, flexibility, and self-
healing.  Among the many characteristics, the most important characteristic of the polymer 
binder is the adsorption ability to active materials/ additives.  The adsorption behavior of 
polymer binders onto other components is critical for a uniform distribution of the active 
materials in the electrode, resulting in better electrochemical properties.  Although the 
adsorption properties are directly connected to the electrode performance, the adsorption 
characterization of the binders is not straightforward. 
 In this study, we attempt to investigate the adsorption behavior of polymeric binders, 
focusing on their multiscale dynamics using broadband dielectric spectroscopy (BDS) .  The 
segmental dynamics of the CMC binders are firstly examined and their changes upon the 
addition of conductive additive will be discussed. 
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Abstract 
 Polylactic acid (PLA) is the most commercialized biopolymer, which is expected to be 
a sustainable polymer in the future based on its biodegradability and biocompatibility. PLA is 
advantageous over other biopolymers based on its comparable mechanical and thermal 
properties to conventional petroleum-based polymers. To improve the mechanical properties of 
PLA, various nanoparticles (NPs), such as cellulose nanocrystals (CNC), silica NP, and carbon 
nanotubes, etc. can be incorporated as fillers, creating PLA nanocomposites and many previous 
studies on PLA nanocomposites have reported the effect of the incorporation of NPs.1 Among 
many NP candidates, CNC, a biodegradable nanofiller, can be the most suitable material for 
PLA. While the property enhancement can originate from the interfacial layer formed with 
polymer adsorption to the NPs, none of the previous studies of PLA nanocomposites have 
focused on the interfacial layer of PLA. The addition of the NPs into the polymer matrix can 
slow down the polymer dynamics of the interfacial layer and this is believed to be related to the 
bulk properties of the PLA nanocomposites. Thus, it is critical to study the polymer dynamics 
of PLA nanocomposites for their successful application onto more various fields. 
 In this regard, we composed the biodegradable PLA/CNC nanocomposites and 
investigated the improvement of the rheological properties and changes in polymer dynamics. 
Through the optimization process for producing PLA/CNC, we found that the initial dispersion 
state of CNC greatly contributes to the rheological properties of the final product. As the content 
of CNC increased, liquid- to solid-like property transitions gradually occur with increasing 
shear modulus. The modulus enhancement with CNC is discussed by considering its unique 
anisotropic morphology of rod-like shape. For comparison, spherical silica NP are also 
employed as fillers. At the same particle volume fraction, CNC showed a higher improvement 
in rheological properties than silica NPs. With the incorporation of CNC, the glass transition 
temperature of PLA/CNC gradually increased, and slower dynamics were observed in 
PLA/CNC compared to neat PLA and PLA/Silica. These results can be considered that the 
incorporation of CNC reduces the mobility of PLA chains and helps the formation of the 
interfacial layer with slower dynamics. CNC’s rod-like shape can facilitate the formation of an 
interfacial layer associated with improving the bulk properties by having a larger surface area 
and these factors lead to the maximization of rheological properties differentiated from 
spherical particles. 
 
Keywords: Polymer nanocomposites, Polylactic acid, Cellulose nanocrystal, Biodegradability, 
Rheology 
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Abstract 
 Microfluidics has been widely used for particle counting and sorting. Understanding 
particle dynamics is essential in such applications, and the particles are commonly observed 
using an optical microscope. However, since the objective lens in typical optical microscopy is 
vertically aligned, it is straightforward to observe the distribution in the width direction, but it 
is challenging to determine the particle location in the depth direction. In this study, we 
introduce a novel dual-view imaging system technique, which is invented by our group, for 
determining the three-dimensional particle locations in microchannels1. In this system, two 
perpendicular objectives with cameras are synchronized with a common trigger input. The 
camera trigger simultaneously activates two cameras to acquire the top and side images of the 
microchannel at the same time. Then, we reconstruct the 3-D particle positions with the two 
images from the top and side microscopes1.  
 We investigated the particle equilibrium position in Boger fluid using our novel dual-
view imaging system, focusing on the particle distribution at high Reynolds number range (Re 
> 5). Interestingly, it was observed that adding a small amount of polymer to Newtonian fluid 
results in the suppression the Segré-Silberberg effect2 which is the lateral particle migration 
phenomenon induced by inertial lift and shear-gradient forces. We expect that this finding will 
be significant in the material processing and transport involving particulate systems, such as 
battery coating process. 
 
Keywords: Segré-Silberberg, Microfluidics, Rheology, Dual-view microscopy 
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Abstract 
 The Li-ion battery has attracted much attention due to the rapid growth of electrical 
vehicle market. Commercial Li-ion batteries have been produced using two major liquid-based 
processes: slurrification process by mixing active and conductive materials, and binder in 
solvent, and coating of the electrode slurries on aluminum (cathode) or copper (anode) foil. In 
such processes, the rheological properties of electrode slurries play a major role in determining 
the final quality and productivity of battery and productivity. While extensive studies have been 
carried out on the shear rheological properties of the electrode slurries1,2 , however, there have 
been few studies on their extensional rheological properties despite their critical roles in the 
contraction flow in slot-die or patch coating processes3. 
 In this presentation, we introduce a novel method for characterizing the extensional 
rheological properties of the Li-ion battery anode slurries. Our method is based on the 
combination of a stop-flow method, which precisely controls flow rate (SF), with a dripping-
onto-substrate-capillary break-up rheometry (SF-DoS/CaBER)4, 5. First, we demonstrate that 
our SF-DoS/CaBER method can precisely control the flow rate of the anode slurries by 
comparing two different flow control methods: syringe pump-based and compressed gas-based 
(stop-flow) methods. Then, we will show that the species of graphite (natural or synthetic) has 
a significant impact on the extensional rheological properties of the slurries by examining the 
capillary thinning dynamics of the Li-ion anode slurries. Additionally, we investigated how the 
amount of much binder has an impact on the extensional rheological characteristics of the Li-
ion anode slurries. 
 
Keywords: Extensional rheological properties, Li-ion electrode slurry, SF-DoS/CaBER, pinch-
off dynamics 
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Abstract  

 Graphite is one of anode materials which determine the electrochemical performance 
of the Li-ion secondary battery. The intercalation of the lithium ions into the graphite, or so-
called "lithiation" takes place through the edge plane of the graphite particle during the battery 
charging process. It is also well known that the size and shape of the particles, including 
graphite, greatly affect the rheological properties of the particle dispersion such as electrode 
slurry. The rheological properties of the electrode slurries have significant impact on the coating 
process which is used for battery production. Therefore, characterizing the edge plane of 
individual graphite particles is crucial for both battery performance and production, but there 
is currently no reliable method for measuring the edge plane of the micron-sized non-spherical 
graphite. In this work, we show that using a microfluidic elongational flow field and 
viscoelastic particle focusing, we can successfully characterize the edge plane of graphite 
particles1, 2. 
 Natural graphite (average size = 8 µm; SG-BH8, Ito Graphite Industry Co.) was 
employed for the proof-of-concept study of this work. In addition, to investigate the effects of 
physical grinding on the shape and size change of the as-received natural graphite, we prepared 
ball-milled graphite, which was obtained with the ball milling process of the as-received natural 
graphite for 26 hours. The as-received and ball-milled graphite were also used to prepare anode 
slurries by dispersing graphite (27.87 wt%), carbon black (2.44 wt%; Super C65, MTI Co.), 
sodium carboxymethyl cellulose (CMC) (1.11 wt%; degree of substitution = 0.7; M.W. = 
250,000 g/mol; Sigma-Aldrich), and deionized water (68.57 wt%). Shear rheological properties 
were measured with a rotational rheometer (DHR3, TA-instruments) equipped with 40 mm 
parallel-plate geometry at 23 ℃. The cross-slot microchannel with a square cross-section 
(width × height = 25 µm × 25 µm) in the straight region was fabricated with the four-walled 
poly (dimethyl siloxane) (PDMS). We used a 6.8 wt% poly (vinyl pyrrolidone) (PVP) (Sigma-
Aldrich; MW = 360,000 g/mol) solution in deionized water as particle-suspending viscoelastic 
medium. We observed the graphite particles with a high-speed camera as they pass the center 
(stagnation point) of the cross-slot channel with an inverted microscope (IX71, Olympus). 
Following the previous study2, we acquired the circularity, convexity, aspect ratio, and diameter 
of the graphite particles. 
 We demonstrate that the current method can be successfully applied to measure the 
shape and size of the edge plane of individual graphite particles, which were quantified with 
the circularity, convexity, aspect ratio, and diameter2. We also show that the rheological 
properties of the anode slurry are notably different depending on the shape and size changes 
caused by the ball milling process. We expect that our method, which precisely determines the 
edge shape and size of the individual graphite particles, can be used for the quality control 
during the mass production and enhancing the energy capacity of the Li-ion battery. 
  
Keywords: Graphite particle, Cross-slot microchannel, Viscoelastic particle focusing, 
Elongational flow 
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Abstract 

 Recently, the idea of generating high-value practical materials, such as activated 
carbons (AC), from agricultural wastes as a raw material has attracted the interest and challenge 
of global researchers. Here, AC prepared from durian husk waste by the KOH chemical 
activation method are studied. We focus on the effects of stages the activating temperature on 
their properties. The optimum conditions for activation were KOH/char ratio of 1:2 at the 1st 
and 2nd -activation process at the temperature of 400 and 800 °C, respectively. The porosity and 
surface areas of AC increased with the increases in temperatures during 2nd-activation process. 
In addition, the adsorption/desorption isotherm of the obtained AC showed type I and type II 
isotherms. Then, the obtained AC was used as a filler within the matrices of polylactic acid 
(PLA) for fabricating into filament form for 3D-printing application. The effects of varying AC 
contents on their chemical, thermal, mechanical properties were investigated. It was found that 
the AC did not express any chemical reactions with PLA chains. The degrees of crystallinity of 
PLA/AC biocomposite filaments increased when compared with those of the neat PLA and 
their properties slightly decreased with increasing the AC contents. Besides, the tensile strength 
of PLA/AC filaments gradually increased with increasing the AC contents, as shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Effect of varying AC contents on the tensile strength of PLA/AC filaments. 

 
Keywords: Polylactic acid, Activated carbon, Biocomposites, Waste utilizations, 3D-printing. 
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