Q)]
2017 2019

Development of prediction methods for polymer dynamics in nanocomposites

Masubuchi, Yuichi
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Polymer composites have been widely used in the industry. However, the
dynamics inside have not been fully clarified yet, though i1t dominates the processability. The
reason is that the conventional theories and the molecular simulation techniques are not practically

useful for the analysis of the cooperative motion of polymers and fillers.
In this study, we aimed to develop a new molecular simulation method and a molecular theory that can
deal with the long-time dynamics of polymer nano-composites. We have extended the multi-chain
slip-spring (MCSS) model, which has been being developed in our group. From the simulation results,
we have constructed a preliminary molecular model based on the tube theory to consider the effects
of nano-particles on the polymer motion via the idea of constraint release. To evaluate the
developed simulations and the theory, we have conducted the experiments as well.



Mackay (Nat Mater 2003 2:762-766) PS PS

PS
Einstein Annalen der Physik
1906 19:289-306 Mackay
Mackay
BASF

Mackay

K. Kremer and G. Grest 1990 J. Chem.
Phys. 92:5057-5086
DPD DPD
(G. Pan and C. Manke, Int. J. Mod. Phys. B 2003 17:231-235)
M. Doi and S. F. Edwards, J.
Chem. Soc. Faraday Trans. 1978 274:1789-1801

PCN J. Chem. Phys. 2001 115:4387-4394
MCSS J. Chem. Phys. 2012 137:154902 B JST-
JST-CREST MCSS
DNA PS

Rouse-CR
W. Graessley, Adv. Polym. Sci. 1982 47:67-117
J. Polym. Sci. B Polym. Phys. 2009 47:1103-1111

MCSS
MCSS Rouse
1000 Rouse



MCSS

Kremer-Grest

MCSS
(DPD) DPD
Figure 1 Schematic of the
DPD model
Mackay
DPD -
- - DPD
Figure 2 Typical snapshot of the
composite simulation
1/3
10°
6]...
NN
§ 1 ‘
-~ -1
- — 10 7
G(b) G(f) Green-Kubo S o met—
4| Composites
w/o springs ——
21 wsprings ----
G(t) 10'2‘| LELELARLL BELLELLLLL LR
Mackay 10° 10t 102 10°
t/TO
DPD
Figure 3 Linear relaxation
G(D)
10° 98"3:""
oo
_ 1071 '°
:%105—
2
POSS o1 e o neau2?
Mackay 1 04?;3- ® POSS05
105 : : : : :
POSS 10% 10° 10% 0 (19)10" 10 10°

Figure 4 Linear viscoelasticity of PS and its
POSS composite



G(t) = Gyo(D)R(t) +
Gy (t) Gy @(t) R(t) Gy (1)
G,(t) R(?)
Likhtman-McLeish
Macromolecules 2002 35:6332-6343
POSS PS
R(t)

1.6 ‘ :
14
o 12 ta-? 3 :
E 1T
208 | AR
12 ®
§ 0.6 ®
= 04
Tuteja et al, Macromolecules 0.2 setzwis T
2005 38: 8000-8011 0 = -
C60 0 0.04 0.08
C60 fraction
Einstein Figure 5 Viscosity ratio of
PS/C60 composites with various
POSS PS molecular weights

G(t)

POSS C60



13 13 4 4

Masubuchi Yuichi

51

Multichain Slip-Spring Simulations for Branch Polymers

2018

Macromolecules

10184 10193

Dol
10.1021/acs-macromol .8b01739

Masubuchi Yuichi Uneyama Takashi 88

Comparison among Multi-Chain Simulations for Entangled Polymers under Fast Shear 2018

ECS Transactions 161 167
DOl

10.1149/08801.0161ecst

Yamamoto Tetsuya Masubuchi Yuichi Doi Masao 9

Coil-globule transitions drive discontinuous volume conserving deformation in locally 2018

restrained gels

Nature Communications 2062-1 8
DOl

10.1038/s41467-018-04533-w

Masubuchi Yuichi Uneyama Takashi 14

Comparison among multi-chain models for entangled polymer dynamics 2018

Soft Matter 5986 5994

DOl
10.1039/C8SM00948A




Tassieri Manlio Ramirez Jorge Karayiannis Nikos Ch. Sukumaran Sathish K. Masubuchi Yuichi 51

i-Rheo GT: Transforming from Time to Frequency Domain without Artifacts 2018

Macromolecules 5055 5068
DOl

10.1021/acs.macromol .8b00447

Matsumiya Yumi Watanabe Hiroshi Masubuchi Yuichi Huang Qian Hassager Ole 51

Nonlinear Elongational Rheology of Unentangled Polystyrene and Poly(p-tert-butylstyrene) Melts 2018

Macromolecules 9710 9729
DOl

10.1021/acs.macromol .8b01954

Takeda Keiko Sukumaran Sathish Kumar Sugimoto Masataka Koyama Kiyohito Masubuchi Yuichi 46

Re-Examination of the Effect of the Stretch/Orientation-Induced Reduction of Friction under 2018

Equi-Biaxial Elongational Flow via Primitive Chain Network

Simulation?Using?Two?Definitions?of?0rientation?Anisotropy

Nihon Reoroji Gakkaishi 145 149
DOl

10.1678/rheology.46.145

Masubuchi Yuichi Takata Hiroto Amamoto Yoshifumi Yamamoto Tetsuya 46

Relaxation of Rouse Modes for Unentangled Polymers Obtained by Molecular Simulations 2018

Nihon Reoroji Gakkaishi 171 178

DOl
10.1678/rheology.46.171




Takahashi Kazuaki Z. Yamato Nobuyoshi Yasuoka Kenji Masubuchi Yuichi 43

Critical test of bead?spring model to resolve the scaling laws of polymer melts: a molecular 2017

dynamics study

Molecular Simulation 1196-1201
DOl

10.1080/08927022.2017.1334883

Masubuchi Yuichi Pandey Ankita Amamoto Yoshifumi 45

Inter-Chain Cross-Correlation in Multi-Chain Slip-Link Simulations without Force Balance at 2017

Entanglements

Nihon Reoroji Gakkaishi 175-180
DOl

10.1678/rheology.45.175

Yuichi Masubuchi, Ankita Pandey, Yoshifumi Amamoto and Chen-Yang Liu 13

Primitive chain network simulations of probe rheology 2017

Soft Matter 6585-6593
DOl

10.1039/C7SM01229B

Takahashi Kazuaki Z. Nishimura Ryuto Yamato Nobuyoshi Yasuoka Kenji Masubuchi Yuichi 7

Onset of static and dynamic universality among molecular models of polymers 2017

Scientific Reports 12379

DOl
10.1038/s41598-017-08501-0




Masubuchi Yuichi Pandey Ankita Amamoto Yoshifumi Uneyama Takashi 147

Orientational cross correlations between entangled branch polymers in primitive chain network 2017

simulations

Journal of Chemical Physics 184903
DOl

10.1063/1.5001960

37 16 13

Yuichi Masubuchi, Giovanni lanniruberto and Giuseppe Marrucci,

Stress undershoot of entangled polymers under fast startup shear flows in primitive chain network simulations

Annual European Rheology Conference

2018

45

2018

45

2018




Yuichi Masubuchi

Multi-Chain Slip-Spring Simulations for Entangled Polymers

The 34th Polymer Processing Society Meeting

2018

Yuichi Masubuchi

Multi-chain Slip-spring Simulations for Branch Polymers

The 67th Annual Meeting of the Society of Polymer Science

2018

2018

2018




Yuichi Masubuchi

Detailed Comparison among Multi-Chain Simulations for Entangled Polymers

First International Conference on 4D Materials and Systems

2018

67

2018

69

2018

Yuichi Masubuchi

Multi-chain Simulations of Entangled Polymer Dynamics

International Symposium on Multiple Scale Modelling of Complex Fluids

2018




Yuichi Masubuchi

Some Applications of Coarse-Grained Polymer Simulations

International Symposium on Multiple Scale Modelling of Complex Fluids

2018

Tetsuya Yamamoto, Yuichi Masubuchi, and Masao Doi

Relaxation dynamics of the normal stress of polymer gels

International Symposium on Multiple Scale Modelling of Complex Fluids

2018

66

2018

66

2018




Yuichi Masubuchi, Giovanni lanniruberto, Giuseppe Marrucci

Stress undershoot of entangled polymers under fast startup shear flows in primitive chain network simulations

66

2018

PS

66

2018

2018

Yuichi Masubuchi

Highly-coarse-grained multi-body models for polymers

Joint Conference of EMLG/JMLG Meeting 2018 and 41st Symposium on Solution Chemistry of Japan

2018




2018

Yuichi Masubuchi

Multi-Chain Slip-Spring Simulations for Entangled Polymers

The 12th SPSJ International Polymer Conference

2018

2018

2018

Akira Kusada, Takashi Uneyama, Yuichi Masubuchi

Linear Viscoelasticity of Polystyrene Melts Containing Nano-Particles

IWEAYR-14

2019




Lixin Yang, Takashi Uneyama, and Yuichi Masubuchi

Rheological properties of Poly(Propylene Carbonate) and modeling

IWEAYR-14

2019

2018

2019

Akira Kusada, Yoshifumi Amamoto, Satoru Matsushima, Tetsuya Yamamoto and Yuichi Masubuchi

Linear Viscoelasticity of Polystyrene Melts Containing Nano-Particles

IWEAYR-13th

2018

Hiroto Takata, Yoshifumi Amamoto, Tetsuya Yamamoto and Yuichi Masubuchi

“ Effects of Inter-segment Interactions on Normal Modes of Unentangled Polymers

IWEAYR-13th

2018




2018

29

2017

26

2017

2017




2017

2017

15

2017

Yuichi Masubuchi

Cross-correlation between Confined Chains and Surrounding Network Chains

IUMRS-1CAM2017

2017




47

2017

2017

(Uneyama Takashi)

(10524720) (13901)
(Yamamoto Tetsuya)
(40610027) (13901)
(SPD)
(Yoshifumi Amamoto)
(70773159) (13901)




