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Development of High Performance Polymer Materials for the Next Generation
using Large Scale Coarse-grained Molecular Dynamics Simulation
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Large scale composite systems consisting of high polymer chains and different structures of filler ag-
gregates modeled by reverse Monte Carlo method from a part of USAXS data of rubber compounds ob-
tained in the large synchrotron radiation facility SPring-8 were considered. We have done stress-strain
curve simulations for models with bonds between fillers and cross-linked polymers. The difference of ex-
perimental stress-strain curves between end-modified SBR and non-modified SBR has been reproduced
qualitatively by simulation. Behaviors of large strain region of experimental stress-strain curves can be ex-
plained by the difference of maximum elongation of network chains due to that of bonds with fillers in end-
modified SBR and non-modified SBR. Behaviors of small strain region, however, cannot be explained by the
current simulation model. Interactions between fillers are thought to be important in this region, thus need

to be studied further.
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Figure 1 Dependence of computational time on node number.

0.25

0.20

0.15

0.10

Nominal Stress (Arb. Units)

0.05 |-

0.00 &= !

| | =

0 50

100 150 200

Strain (%)

Figure 2 Stress-strain curves obtained by MD simulations.
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Table 1 Number of polymers and num-
ber of reaction points between

fillers and polymers.
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Number of Polymer Polymer
Model Polymers Center End
mce 148,160 19, 755 32,490
mc 148,160 20,817 —
nce 148,160 19, 811 -
nc 148,160 20, 885 32, 306

SBROFASKEV. THIRIE T ND 74T =D 2553
RIEWSBRO T ASREVW2DEEZZSND, —TF, Y3
L—2ar TIEEN O X5 7% K i 2 PESBRE K 2 P4 SBR
OFFELZIASNTHR, BHDOT4T5—RK T DFEBL

KANBRDOZACDSEPEIN B TOBIED G5,
FRFT —FIZBNTHOT AR TIERIGZ ESBRA S
WIETEZRLTWA, Y32l —Ya ilBnThRlZ
HESBROET IV THbmceeld, KEMSBROET NV TH
AnckORERIGHHEERS>TWAS, HEIDETF bnceD )it
T meek AFEETHHIEND, BT OB KT E
ST RIGETAT—DRERILBLDEE ZON L. ZD%E
T CIZAUET A2 B 218 H SR MOS0 EHR) R A
NCEGTHEEZLNTWA, EBRICHIE T 5TV
meeknc& T 2L FER A ZMFG R EL THL S 757 8E
TAT—D L L E 5T KIGETAT—DREE D5 7207
meeDFF 3%\, T ADETILOGEE KSBLAS, 74
F—LDFEE IS T L OGUE M RBEO H H
EDVNSVDT, 747 =5 LRSI 0K
(7 B AN B IR I DS B I L 728 2 Hv .
TABPEFIEC X HE, (KOS AR BT BB DT
B EAIEHE H B SR EWEE K& B, Ll E st
PSS HHENKIGZEVESBROFE R H § 9% BEIL R ZE

WFELTE, 74—, 747— T 2HEEH, 74
FS—HMEERAEZONS. KR TIE715— B
0747 — - T2HAEEHEZZEIN T B3 7 17 —H]
MEAEHPEBEN TRV, KOFAHEBICBT
BARIMZEVESBRERZEVESBROD 72 25+ 43t ik TE 2 A -
72Ed0EZLNL. 745—BMHEEHIZOWTIL R
MR 5T E ThA.

A A EIGET L 724 T NV OO 200212 BT 574
F—REEZRT. BR3{To7z0 2l —Yartnh
BIFE1006DHIK (2R DRI25%) 2 LIV L THERL 72D
DTHb. N A KGZETESBRO 7 47— L& TH;
HEEFNVORLBmeelmeld, T A200%THITTFL
TA4T7—BEIZ > T, REESBRDnckncell 2T
BEMDOKERTHE. T HR200%DIL B &ET
IVETERZRY, ZOEWIKEGET IV OFER)HE H 1%
FEDBENNILDEE Z LN LS, FRlECOERE LT
LR RELRST VD, F72, RET VT 74T L85 T
HOKEAIT MBI 2747 — S B L EE S
ABRNEVAHZEASTES, LoL, IHDTAT—1 5008
HHELEZON RO T AFIRII BT 2R OIL O

T T T
81 Modified SBR
- == Non—-modified SBR
©
o
=6
a
D
o
24
4]
£
=
[=]
=z
2

100
Strain (%)

150 200 250

Figure 3 Stress-strain curves of modified and non-modified SBRs.
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Figure 4 Filler configurations in 200% of strain.
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