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Fig. 1 Schematic showing production routes for graphene-based materials from GO ( Reprinted from Ref. [ 25]; Copyright (2013),

with permission from Elsevier)
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Fig. 2 Schematic representation for the fabrication of GO/IIR composites ( Reproduced with permission from Ref. [ 18] ;

Copyright 2011, Society of Plastics Engineers)
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Fig. 4 Schematic representation of the reaction of the polysulfide groups of Si69 with the allyl positions of double bonds in

the rubber composites ( Reprinted from Ref. [72]; Copyright (2013), with permission from Elsevier)
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TEG/SBR &4 4 R T v 3 {8 5 K HL S vl 6 e
fIK, & 5 (a) fras. fEHIN X ZH T MWNTs
A K AR, T TEG Hl GoPs 43 31 i £
JEFD 2 A BRI R, BT R TE L MWNTS
> GnPs > TEG; % 4h , A I 2D ) TEG 1 GnPs,1D
) MWNTs 25 5 A B 3% B2 U LT B 2% T 2D 45
) TEG % GnPs R ME 1% I % 42 T8 B 5 38 45
g7 MK 2D 7 B 5 1D MWNTSs 241k, B 45
FIFAEE A MR IR B S iE B, B 5 (b) fF
&, [ TEG &4 20 phr B, B A 0.5 phr
MWNTs , & 45 #4 4 i) H BHL B 5 B AIG.
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Fig. 5 Electrical conductivity of SBR composites filled with (a) GnPs,TEG,MWNT and (b) 20 phr TEG plus various amount
of MWNT ( Reprinted from Ref. [87]; Copyright (2012), with permission from Elsevier)

Tang 45 L) SM A KR 9 K 21 4E (VGCF ) g 44
KRS E BT, 2 R A BB S T
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G) Zfeirkl. i@ i W AR L % VGCF-G 54
YRR (BE) 2 &1l & T VGCF-G/BE & &
Mok TR AR R, VGCF 47 8806 AH T AR UE ok
8, H 1D B9 VGCF 5 2D (1% 47 85 I AH B 95 4%
TE R S 3 . 45 R R, VGCF-G XHEm E A
BhH G RAT 25 B] 20 U3 6] 800, 4 VGCF/BE &2

SRS E K 4.5 vol% , i VGCF-G/BE %
AR T H BB R R 1.2 vol% ;>4 HORL oy %5 [
SEH 4.8 vol% I, VGCF-G/BE % 45 M B 1 S
FH I VGCF/BE fy @5 4 A & 9™,
Ponnamma %45 T CNTs-f7 #45/NR & &4 B,
AR 52 A b RHTE 1 009 B a2 v R B 1) 728 £k il
% T EERR A AL s
ik S TE G MR Y 4 A e

BEAR A MR S L B (E O B v L R
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W RS M 2% 45 A ) NR &2 & 41 FF (NRLGES) .
7E NRLGES v, 7 25 I £ B 75 AR JBORE 1 3 11 B 1
CRREES T A AR T A AR T LA R AR A 5
LA S E B AE, 42 A S bR R SRR R
M7E & T AL IR 5, B A7 SR G 78 NR SE A
S O R I (E AT -3 il N R C R R AR
IR, A S5 BB 3 HL A BT A, X vh TR
SRR R BRI A R Tl g
SF RO R W, 7R B 5 B A1 8206/ NBR &2
G CRBRAL) | A1 850 34 2] 70 BOF 8 78 I FL
R R 3K A T ORI 2% ) JE 185 7 85 U1 ) A

Tian

R BEFURL T W I, A7 58 0 i AARBERL TN
TR 28 7E — 8 18 B2 B B BEIR 76 45 T SR 1Y B
At B v, B AR e 7 RN BE X A SR M A B A A
3 Y FZ A AR B AL TR T R e Y B AL TR RS A A
TR

Guo I Zhang 45 F| ] GO A% R H 5 BE
18 i 72 ke 22 1) B9 TR A6 B, o BE BB A7 52 0
H 2 B SR R Vitamin C 38 J5, 6 4 1 4 8506/
BEXE GMEL. ZEMENSREMEAA .15
vol% . U AR Y 5 L B 2 th T BE J3 4 7 o
& A i R L, AT DL S OR [RS8 M R 2 ) kAR TR
ARSI, M A A7 58 05 1 )23 1) AH 5. 9% 2 98 1 3D
i A G N 6 B R T

Fig. 6 (a) HRTEM image of the composites containing 0. 16 vol% graphene; (b) 3D schematic of the

interconnected graphene in the composites ( Reprinted with permission from Ref. [37]; Copyright (2012)

American Chemical Society)

Cheng %5 L Ni J@ Pk 4R , 5B 1d CVD Bl %
T S BAR LR, B P R R B B
SRS TR TR %00 B /SR A MR M0 B
ERN 0.5 wi% W, SR 2 A MR SRk
1000 S/m. A F ik 5 A bR A it & i s
HOE P g3 L CVD ¥ 4 0 47 SR 0 B AR Y
Sr P, HLE AT SRR LR P, A SR A L T
A6 3000 S FhL i
3.3 B

SPGB T T LT B R R4 45 B L
AT B A SR EA S B 3 3R (5000 W/
(m K)), I8 TR0 K45 (3000 W/ (m K)),
PRI A7 SR 045 7E ) 4 SRR A M B B A B R
(9 107 R R 5. 7EAR RS B AR, PR TR B i
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CNTs/SR =& # KL, f1 554 /SR & 5 41 i 34
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U A S SROEAT B KRS 2 fih i AU B ik 11 B
AR e A b A R E B
R AR AT 280 AU F T P T O, i — P iR R A
BARIAT R WIA 1.5 vol% JLAf S ol e 19 £1
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Table 1 Thermal conductivity of graphene and its derivative/rubber composites
Thermal conductivity (W/(m K))
Rubber Filler Content Processing
( composite/pure matrix )

NR!¢0) Chemically reduced graphene 2.0 wt% Latex 0.20/0.17
EPDM !¢ GnPs 45 vol% Direct mixing 0.93/0.18
SBR'%4 GnPs 24 vol% Direct mixing 0.55/0.17
SRM%) Amino-graphene 0.05 wt% Direct mixing 0.22/0.11
Carboxyl-CNTs 0.05 wt% Direct mixing 0.17/0.11
NR!?) TEG 5 phr Direct mixing 0.16/0.15
TEG 5 phr Latex 0.18/0.15
Chemically reduced graphene 5 phr Latex 0.19/0.15
NR®7) Graphene nanoplatelets ( <0.8 nm) 2.0 wt% Latex 21.3/0.13
Graphene nanoplatelets ( <6 nm) 2.0 wt% Latex 2.11/0.13
Graphite nanoparticle (350 nm) 2.0 wt% Latex 0.85/0.13
BE!) Functionalized graphene 1.5 vol% Solution 0.19/0.54
NBR* TEG 9.09 wi% Solution 0.30/0.19
9.09 wt% Direct mixing 0.23/0.19
SRM®! TEG 8.25 wi% Solution 0.32/0.17
8.25 wt% Direct mixing 0.24/0.17

R R (E TR A S8 0 ] U A e B R
TR i B A M. Jeong S5 R AT AT B 4
TR A7 2805 22 0K A JBCRE i A T A A A B T A0
SR IR R BT B N IR AR b, i 4 T
IR 2 G (AR I S A ORE. TR,y A 4
BB A SMRT, D ERE T aSB5SN
W FRAR B 1) S TG A P, A7 28008 0 A 8804 1) 20 B
PRI 41 0 S8 9 0 R 0/ TR IR TR AR S 52 & 1 )

F SUIA AT BB 10 52 £ B LA ST 0 S
PIESS Bel
3.4 SEEmE

PRGN g — T B B2 0 5 B AR 7 TR R
GURAETZ . RS R R R, B
AR e m A, Hoxeb <k o 5 oA 5= 9
B, DR aHe Ay 38 0 7 2 v AR IS 52 5 A L A BEL TS
7 it 5 A A A N

Table 2 Gas permeability of graphene and its derivative/rubber composites

Rubber Filler Content Processing Permeant Relative reduction ( % )
SBR[ Functionalized graphene 0.43 vol% — Nitrogen 7.3
1.31 vol% — Nitrogen 49
NRI[7?! Functionalized graphene 0.3 vol% Solution Air 48
VPR !4 GO 3.6 vol% Latex Nitrogen 40
ACM!®) TEG 10 phr Direct mixing Nitrogen 29
10 phr Latex Nitrogen 57
XNBR 68 GO 1.9 vol% Latex Nitrogen 55
NBR !¢/ TEG 10 phr Direct mixing Nitrogen 43
10 phr Solution Nitrogen 62
5 phr Solution Nitrogen 38
XNBR 1! TEG 5 phr Latex Nitrogen 52

R2HI T GBI SRR ARRL . X TEG Rl GO, Th R4k £ BRI AE B A 2K

BRI . 45 R A SR T DL R AR A
MR SARB B, AMA 3.6 vol% GO i, H 4
FEEHA SRR T B 40% 35X & B T 248 GO Jr
R ARG A A RE R Bl B T8 I RN, BHLAS
SMSr T BB B, IR A bR AR B RS

e 2 A MR AR BB, WA 0.3 vol% [k
WA ER NREZASMESEBERR TR T
48% 3 T Ul A BRI 5 AR S MR LA T i
f10 S T 7 A AR AR I 1 Pl AR AR, BHL IR SR 5 T 7
OGRBREXBE . NFE2 Pl UES, T
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GO B}, 52 & A RH B 1 B 3%, 5 VR 3l BHL ) B
1% ~10% . i, Malas %5 76 %8 i Jif T8 2 152 77
(CB/SBR/BR =30/50/50) s Jin A 3 phr TEG, &
B b REE TR B BE Ty SR, B0 v B B, L
P G AL I e E S R W A AR M LA
A= YRGS A B R T B4 0L FH R S €6 58 i 14 1 A%
LB HLIE .

A BB B H A A Wt R A RIS AR T Y
HoAfth 75 8 I PERE. G0 Chen 28R 5E 2280, A2
it GO 2| EPDM/ A M ig & & o4 kL b vl i 25 48
B HBHJEE N . Valentini 25 75 &5 5 75 CB/EPDM
EA MBI GnPs, 55 b B BHJE 1 Fl Bt w
kR Xia SEHFSE T4 BT NR B
P 55 PE IG5 R, 2 9% 55 AR Ol 40% ~ 50% B £
RGNS W B A R P 57 M X R A
Jof B0 AR HE NR R AF 25 A, DT B 1k 2 2
K“M-

Li % 0F5E T GO X} NBR & & kL 1 B8 451 1
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O GO fEE &M BRI B T %2 H 8%
(AL B GO & 5 1G T, B8 462 28 IORI 8 4 %
TN, 33 A2 py S A5 AL B DA B Ak B 5 S e
VEEABL 2 WS A S . FEOK T EEIE R B A
oA AR JBE 5 2R HAORT B 1R B 2 GO 5 dk 1 i 3% 47 e
fi% XA GO il it 5K i S BEEH 2 =2 A+
BER TR T IR A ™. Tian ZH0F5% & B, 15
CB/NBR & &Mk i A& TEG, & A 4 kL)
JEE 6% 22 HAOR B 40 0 b S5 AKX 2 i F TEG % &

B R T BT I W

TEAR IS 2 ORI T i o, AU ) AL 4
Pede— TR W Z A HE 5. Huang 85 RGEHIC T
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phr [, TOO JF46 3810 5 A A (T90-T10) B {2 B AR Ak
BALE R, 2 7 S0 & /N T 1 phe I B Ak &
TR 3 — 25 B0 A1 88 0 RS R AIRORR R R
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T AR B S AR S T RAL R
A1 S0 E RN (>3 phe) £ 88006 Jr 2 BILEG T BT
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Singh 8 ] TEG {5t NBR, i i 3 3 77 ik
5 52 A B RH A L R BORIRE T R WS A M
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S ARRE 7.5 ~ 12 GHz SERJEH N B A
i B R AE (> 10 dB) , 7E 9.6 GHz I ik 3 £
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25 VR rh i A B R A LRI R
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Graphene/Rubber Nanocomposites
Zheng-hai Tang' , Bao-chun Guo'" | Li-qun Zhang’" , De-min Jia'
(" Depariment of Polymer Materials and Engineering , College of Materials Science and Engineering ,
South China University of Technology , Guangzhou 510640)
(* State Key Laboratory of Organic/Inorganic Composites, Beijing University of Chemical Technology, Beijing 100029)
Abstract Graphene has drawn numerous attention due to its intriguing and unparalleled physical properties.

Graphene and its derivations have promising applications in rubber composites because these atomically thin

carbon sheets can significantly improve physical properties of host rubber at extremely small loading. The

present work first reviews the synthesis and functionalization of graphene. Then the preparation methods of the

graphene/rubber composites are disclosed, and the thorough investigations on the properties as well as the

structures of graphene/rubber composites are discussed. Lastly, the future perspectives on preparing and

characterizing graphene/rubber composites are proposed.
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