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Fig.1 Calculation model
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Fig.2 A three-layer model of iron needle-SBR-iron

block for hardness and friction calculation

FEHEAT E H M R AL S, SR Ak A Y -
J7 10 A8 RS S B 5 Wy R, 6 R it — & 1Y
TEJE A BB R 1) -y J7 [ F 2 J5 % 8l 5%
S B4 42 0. 000 1 nm/fs 1 0. 000 25 nm/fs.
TER 3l B, 0 o T BR BT e T00ES IR 1 1 2 )
(L) MIRA K = F/N(u WEEREBF K
FESES N NIETE 1) THE R 4 R 4. e 4 P
WG, o TR AR T, R A 28— T AR AR o
THEAE MR E B T EER 2 0 F T RATE S
PEAR R 1

I =N /N, (2)
A Ny SRR AT E 1 i 1 R s N, R AR
BB B DT S R

EHEETTE 7RSSR T ARG AA A

SR Z [ 45 5 RE R A2 AL B A X R
U, =U, -U;, — Ugp, (3)
AU, B S0 AT R AR 2 8] 1 25 5
At U A A A1 8206/ T R E & R 3
AE s Uco NAAA 800 B BBE 5 U N T BRI
PHE.

b -



%13

K, 25 B AR IR/ T R AL

BB 12 T RE B 2 T 8 1 2R 89

2 HR5WRR

2.1 hifdiEge

Pl 3 22l T ARAR RN 5 A 4R P AR R (7 )3
J7-I0 AR M £ T B B BOR, FRATT R 4% il
RPEAT TERMERIA. W 3 aT LR A Sk f
BRI A MBI IRA B W] 3 K. 2T R AR
JGE 19 7 G A £ Oy 9. 80 MPa, i A Ak A 58 0%/ T 2R
B E A MR A IR BE 35 51 17. 30 MPa. A Lt
T4l TR, A MBI R R 3 & T 77% .
3 i 45 5 At 52 56 B 1S AL 0L ) 45 SR 2 —
B AN BT BRI B SR ML 3 B
A AT BRI 1) L TR 51, 3K 1 2 600 m’/g. 4
IR i 3R AR A b A 0 5 R A W R R Y 4
b T AR AR K, 45 A BB AR 5 , X (45 6 ) g g AR 4
o IR AL 3 B Ak A BB, N K T R &Y
FEHCHUAR I I BE T A, X R &5 A 1R I B 1
REWEN R as 3h, o i B 1k TR A W Ak
ZL Y
2.2 WEIMTEHE

AU 1.3 35 Fr ik AL 5 i, B T
TS 80 () B 1. 3 1 J2 4l T RAR I Ak A B/
TR A MBS [ 2805 T 1Y IR R BE A
ATLLE Y PR R 1 0 SR TR B b 349 i 48 1)
BES B I, 42k far A 0. 12 kJ/ (mol - nm ) 3% i1 5]
0.36 kJ/(mol-nm) , 4fi T X A8 ¢ JE JE & B M
0.162 nm#HNF| 1.057 nm, E b A B/ T AR
WS A MR IR TR BN 0,123 nm B4 i %)
0.871 nm. X KU INAA BTG, B EMER
T i 348 K, R TR BE L 4l T 2R AR I 1 7 35 0

12

—a—2 T 2RI

—o— A WA BIF/ T HERKEEY
10T —- =4 T RGN0 A i 28
—-—-H &P ARLA ML

B #3/MPa
(o))

0 1 1 1 1 1
0.0 0.1 02 0.3 04 0.5
BidE

B3 #@TEBREMEXEAER/TERRKESH BN
R 77-12 35 i £
Fig.3 The stress-strain curves of pure SBR and

GO/SBR composites
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Tab.1 The indentation depth of pure SBR and
GO/SBR composite under different loads
EET/ F IR TR B /nm &A%
(kjmol 'nm™') T EAME R/%
0.12 0. 162 0.123 24
0.24 0. 548 0. 445 19
0.36 1. 057 0.871 18

2.3 PEEREMERE

MR AR e B vk BB T 1) B B, BB B R SE T
BRER-T R -4k B 3 2B AR T B A [ R &R 1Y
PEEPEVE R | A 40 B 82 R A B IR AE . LA iR H R
TR R A A SRR R T R AR = A 45 e
R AR 19 A5 fh L B8R 5 (R rh i %) -k S
T (TR A A A B8/ T AR e v i ik ) 1Y)
2 11 43 A5 BRI A (RDF) | DL R 25 5% 480 Ak A7 55 05
T ARAR R 18] (1 4R B AE FHL A

&4 (a) 1 (b) 20 3 2 4k Bt B 48 5 4l T 2R AR
JiE AR AR A B 0 /T R AR S A AL PR IR
L3 A5 ik AR EEE 1 A w = F/N, i il 5%
JEE 453 A T R T IR - E 3 D I Bz
S S BATT DI B R A e XL, IS 156
TIERT) N, 1% TEET) Foat B 45 R L%
2. T B UL S, 2 4 A0 R R BUE K )
WrECEEE R BN A AR B e =1.2.3 .4,
5.6.7.8.9.10 11,12 ps i, T 5 B 4 R %, R
JEoREART-BIE. % 2 B4 T WA A [H] A5 A
P14 BB 43 2.

(b) FALAT BRI/ T R

o ST R
4 ATEBREMELAER/TEREK
EEZEEN3EERRE
Fig.4 After friction processthree-layer model
snapshot of pure SBR and GO/SBR
R2 ATEERMENLAEE/TEZEREKER
RBRERE
Tab.2 Friction coefficient and wear rate of pure SBR

and GO/SBR composites
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Fig.5 The variation of interaction potential
energy between GO nanosheet and SBR matrix

during the course of friction process

IS TTLAE Y 7E B f v A 25 0
T AR K AR [ 1 25 45 BE A 463. 45 kJ/mol
%] 867. 18 kJ/mol 3§ 1T 87% . w1t , 2444
B2 BN EEE AR G, A W sk F A A 2206 2
) % 2R 1 22 g g R T s Al Y A AR A
FH - AT A A 2R 38 B BRSO ZS. A8 Chaw-
la 25T B BIF 5T H L T T B 8 9 EDRL O £1 SRR BF
FE Wk AR AR 2 R D RS A e . A
AT, TR SRS A KRR S A
HREML, BT LABR T HL R ) Mya s Ae s 2 40 Ak
R P SR TR T RE AT R AR Hh Y U
TS O T BRI AR BB, B AT T R
1 R P S SRR T RS I ) B RE R 2 Ak
E 6 Fras. IIE 6 n] LA Hi, B BE 45 i a] i 3
i, B BE O 4 K, A 28.7 kJ/mol 3K 3
89. 3 kJ/mol, F 3= B iy T BRAH 77 AL 9 i
A A s 0 7 AT R oy TRERR B T 0,
7R T 2 B, DA T B I K. e L AT LA
TR B R R, T ORI S A SR AR T A5
REIE i A J IR 22— e S SR AR P A 6

EHEIA T RS RAAE W 4 (a) T
4(b) BB AR IE T AT ZRAR I b SR A A SR M/
TRARIBE A2 5 8 L TR s Dt () 4 A2 1) 2 A RR KR
(RDF) 455K WLIE 7. BT 7 o LAFE ), 40 T AR K

2019 4F
100
9 |
84 b
L nt
g
2 60|
%
g o
36
u b
0 1 2 3 4 5 6 7 8 9 10 11 12
A ) /ps
F6 EEIEDSELAEEHENTEREKZE
SEeENTL

Fig.6 The variation of hydrogen bond energy between

GO and SBR during the course of friction process
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Fig.7 Radius distribution function between iron
atoms in the iron needle and carbon atoms in the pure
SBR or GO/SBR composites
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Molecular Dynamics Simulation of Mechanical Properties of Graphene Oxide/Styrene

Butadiene Rubber Composites

SUN Bin, GUO Wei, GU Jianbing, MI Liwei

(School of Materials and Chemical Engineering,Zhongyuan University of Technology, Zhengzhou 451191, China)

Abstract; Using molecular dynamics simulation and ReaxFF reactive force-field, the mechanical properties of
graphene oxide ( GO ) /styrene butadiene rubber (SBR) composites, including young's modulus, hardness and
friction properties, were investigated in this paper. The simulation results showed that compared with pure
SBR, the young's modulus of composites increased by 77% , hardness increased by 20.3% , friction coeffi-
cient decreased by 18% , and wear rate decreased by 38% . By calculating the variation of hydrogen bond ener-
gy and interaction energy between GO and SBR during the friction process, the mechanismson enhancing fric-
tion performance was proposed. In the process of friction, the interaction potential energy between SBR matrix
and GO increased gradually. One of the reasons for the increase of interaction potential energy was the en-
hancement of hydrogen bonds energy. The increase of the interaction potential energy made the stress transfer
well from the SBR matrix to the graphene oxide with higher intensity, thus improving the friction properties of
the composites.

Key words: graphene oxide; styrene butadiene rubber; molecular dynamics simulation; mechanical proper-

ties; composite material



