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Fig. 1 TEM images of rubber/ (2 wit% ) graphene composites prepared by an ULMR process (a) and conventional two-roll mixing (b) 7]
(Reproduced by permission of Wiley; Copright 2011 John Wiley & Sons, Inc. )
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Fig. 2 The preparation of graphene/rubber composites with a
and static hot press: (a) GO layers uniformly dispersed in NR

self-assembled onto the surface of the NR latex particle, (c)

network composites

conductive segregated network of graphene by self-assembly in latex
latex, (b) graphene nanoplatelets obtained by in situ reduction and

sulfur and other additives uniformly dispersed in the graphene /NR

latex, (d) solid mixture of graphene and NR after latex coagulation and drying, (e) graphene /NR composites with the conductive

segregated network and (f) graphene/NR composites with uniform graphene dispersion!'®’ ( Reproduced by permission of The Royal

Society of Chemistry)
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P e A AR AR Y B B R 240 1. 05
TPa'*" i CNT {4 &y 450 GPa' > %', (4) &
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W m RS . BEE A SR 00 5 B 3, SC BR %
BT, 2 A HR % B R B — i (A B AL ARG I ; (5)
A AR TR T NR W )55 45§, 100 28 35 5 45
J& NR & G b RHE 0 i) Gl R 2

Table 1 Mechanical properties for NR composites with 2 wi% different nanofillers and two preparation methods!”) ( Reproduced by permission of

Wiley; Copright 2011 John Wiley & Sons, Inc. )

Tensile strength
Sample

Elongation at

Stress at 300%

Tear strength

(MPa) break (% ) strain ( MPa) (MPa)
Pure NR 17.1 579 2.4 32.7
NR/(2 wt% ) CB 18.2 586 2.6 33.6
NR/(2 wt% ) CNT 18.6 534 3.3 37.7
NR/(2 wi% ) graphene 25.2 564 6.6 49.2

Yan %R & LA SR NR f940 480"
JEBE ST AEA TR A A8 T B A AH BB RO < 7 28 0
TEAR I AL T i B g, 75 e AL T BEL A 2R AL
PR AUNTIEATTE T 2B i 1 AL 45 0, K
BT R0/ NR IR B0 v 78 30% 1R L A8 F B
L0, 20 NR ZREUR S Jo 45 B 76 AR [R] N A2
A SR BIMARE RT NR 2GR I (9 245 5 JE
FIZE fih DX, A R 28 S0OR o B9 245 BELAS T SR B9

Jie Al S R T Ay e i B B FE AL,
MG 58 T ARy R A . Li % e &
WA A S EAIRT 0.07 wi% B, £ 545 /NR
B4 oz A i B 2 T3 9%, LT 24 A K R i 3% .
W 26 P e (0 5650 Bl 1 S AL A BB ST NR,
R A8 T 0.3 wi% B, BB v e 5 JiE
B 100% , S 5L 0 15 A1 66 % |, T A BIR 1 4% AR
R4S, & 3 FiR. Sadasivani 2574 % 9, 24
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Fig. 3  Representative stress-strain curves of unfilled NR and
graphene/NR nanocomposites

The numbers in the figure indicate the weight fractions of
graphene in the nanocomposites. The inset indicates linear
fitting to the data below 10% strain of the stress-strain
curves /. (Reprinteded from Ref. [44]; Copyright (2013),

with permission from Elsevier)
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il £ B A1 BB 05/ NR &2 A 0 RE EE LB TR 25 1 45 19
A MOREELA A R LM AR Araby SERIFSE R IR,
WO 45 0 47 BB 4%/ SBR A M kg S R M 5.3
vol% "0 WL I 1R 2 1 45 47 88455/ SBR & & bkt
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Fig. 4 The electrical conductivity as a function of the graphene
content for graphene/NR composites prepared by different
methods

NRLGES: the crosslinked graphene/NR composites with
segregated network prepared by self-assembly in latex and direct
hot pressing; NRLGES-TR: the crosslinked graphene/NR
composites without the segregated network prepared by latex
mixing and twin-roll mixing; NRLGE: the uncrosslinked
graphene/NR composites with segregated network prepared by
self-assembly in latex and direct hot pressing; NRLGE-TR: the
uncrosslinked graphene/NR composites without the segregated
network prepared by latex mixing and twin-roll mixing; NRGE-
TR: the composites prepared by direct twin-roll mixing of
graphene powders and rubber and NRGE-HM: the composites
prepared by direct Haake mixing of graphene powders and rubber
(10)( Reproduced by permission of The Royal Society of

Chemistry)
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SEE T A B0/ S A R B 1 B
Kim 2 VR 5E % B, 0 805/ SBR B R 19 695 1
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X T AN TR 2 18 R A1 85005 % PDMS 1) 5 i P g 1Y
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PDMS B4 #} (9361 35 B {4 0.8 wt% |, 1fij 3% 18 BN
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(385 BE N 18 vol% , I HLAR B B 1k J5 Y 4 AR
LR F AR AL T 3 = T 7 A g, LA AR Y
WRALfE 2 T A 58 % 5 9 45 1Y JE B, Herndandez
AT BT B BB AE 0. 1 wi% ~0.5 wi% 2 [i]
A 205 /NR 90K G MR BER T 2 G M RHE
AN TR AZ It H A 3T B H S R AR A R R R
AR ) H G

W5 BRI T 7 Gl S5 S8 0/ AR
FORE B HL P E S 0. Al-solamy %5V BESE T A
M/ NBR &AM kB BN, & B B ORE5
S TE S A BRI AR A H B X R 4 R A f Ry
R, Y 4 1V 78 S 60% I, B4 REAY B BELIS fin T 5
ANECEGE, R 1R 6 MPa B, A4k R BE 3 fin 5
ANHEESE. Chen'™) | Hou ™ 47 B /44 i 4 K &2
& R T LR A T W58 . Mahmoud 5 B
¢ TR E X A7 25 45 /NBR &G MR 5 R0 Y
M), & RA b 1 L 3 25 o I 18 1 7 348 Jom

Table 2  Electrical percolation threshold of graphene/rubber nanocomposites

Elastomer Processing Electrical percolation threshold

NR!1 Emulsion blending 0. 62 vol%
Mechanical blending 4.62 vol%

EPDM ! Mechanical blending 18 vol%

SBRI! Emulsion blending 0.5 wit% ~1.0 wi%
NRE7 Mechanical blending 0.1 wt% ~0.5 wt%
SBR![#] Solution blending 5.3 vol%

SBR[ Mechanical blending 16.5 vol%

NBRI3! Mechanical blending 0.5 wt%
SR!?7! Solution blending 2 wit%
SR[?] Solution blending 0.9 vol%

pDMSLS! Solution blending 3 wt%

SBR!!™ Emulsion blending 0.5 wit%

NBR!3* Mechanical blending 0.5 wit%

pDMS! Solution blending 0.8 wi% (650 m*/g graphene)

1.6 wt% (400 m”/g graphene)
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2 100 AU SEORH IR A T K 0 2 Mk L 6 TR e 3 5
T HURFG A 2 ) 5 K EAE . Potts 28 BFSE T
AR ER GO BE/NR S HMEEE R, &
IR L TR T 1 25 1 2 RS AR RE L LB
RIS SR, AR m T ERS
wt% B BT SR N 0.219 W/ (m-K) | 1 J§ &
AR Ky 0. 188 W/ (m-K) |, 43 51| b oK 32 78 i
NBR S ERILE 40% 20% .

PRE R MR R WGz —, 1F
LR H N A T IR ARFSE. Li % HF5E T GO,
PR A7 550 ( TRGE ) X Ak A RS 2 1 BB 1 52
W, % BRI A7 BB 0G , vT (e A 1) 43 fi kB AR G

HoA 3800 5 5Bk 5y, SR 43 il IR B2 Bk sy R JH 5T
BUHER) SR AR IR EE R 356 C DRV R 1
wt% B, GO/SR 1 4 fit IR JE 42 & o~ 417 C,
TRGE/SR 1 43 fif i B #F — 2 4 & 3] 489 C,
TRGE [t GO X SR () #AF2  Mh sl 3R B 4F, iX
JEH N TRGE ) #4F4 & PE 1 GO 4. Malas 25
WFT & B AT 55 3 75 BR \SBR LA K SBR/BR 7,
PR o0 i R AR B T v A TN TE AR IR
O EETIH  A 50 43 B A BB 0 RE AR IS AR N R
AR 11 B i R A T T AS 500l L AR PN Jmy 3 o AR T 3
S Kim 250 BF9E T £ 2 4 8 /SBR &
GBI AR E P I A B G 5 SBR R LA
Z Y - A A R RS e MR B T 3R
Wang' ™' % Bl XNBR 9 #E 58 P F P4 5 78 i A
GO Je# 2] T B ry 4w , iXIH N T GO R
SAEREH S XNBR 22 [a] #5588 4 40 5 4E F .

3 %HiE

i LIk 806 M TR BURH A LT
S (1) Jy 2 4 O T A FOR B 45 (2) S e
PEREDL S5 (3) AP A PERE L T % L5 (4) NEAE
V545 A BE 1R T A L AR GO (5) T Ak
REDL 7. A1 25060 70 AR K /Y 20 BIORIT 9 24 45 4 Y 4
il P Ao R 05 A e ) K P LR A T AU LA
P [RLIMG , A1 88 0 2 A0 A BEAE EORE, J2 AR ORARUIE
eV BE 16 A 22 T RE AL o A T 25 1) (A SR AR/
NR 45 BHEAFAE LR B2 . (1) JoBkEE £
s ELIL R 20 WA A 88 06 /NR 52 5 bR I8 HE L
il A 5 (2) A7 820 w05 B A 25 R RS B P o
SRR TEAR IS 5 A4 RL TR R A AR A A R TR
RFB57, KN TT 45 1 0 45 25 40 1) S B 55, 0 2500
TORFFT T35 (3) 1 S M SR IRE 2 72K
IR A B A1 A8 M /NR S5 B BHE Tolk A iod 72
TR I 1 S ) R DU S A s O ) AR AR AL 1) AL
AR B 2 BIF 7 11 TR A A 118 4 3, ok 4 i) R ¢
A
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Progress in Graphene/Rubber Nanocomposites

Qiang Bu, Fang-fang He, He-sheng Xia”
( State Key Lab of Polymer Materials Engineering , Polymer Research Institute, Sichuan University ,

Chengdu 610065 )

Abstract  Graphene/rubber nanocomposites has attracted much attention. Many research results confirmed
that graphene is one of the ideal fillers for rubber. In this paper,the preparation methods of graphene/rubber
composites including emulsion blending, solution blending,and mechanical blending,as well as the mechanical
properties and electrical conductivity, gas barrier properties and thermal behavior were reviewed. The future
potentials and problems of graphene/rubber composites were discussed.
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