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Figure 1 (a) TEM image of graphene; (b) AFM image of graphene; (¢) Height of the position marked by the blue cross
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Figure 2 SEM images of rubber composites
(a) SEM image of MVQ/TrG(3phr) composities; (b) SEM image of MVQ/MWNTs(5phr) composities;
(¢) SEM image of BR/TrG(5phr) composites; (d) SEM image of BR/MWNTs(10phr) composites
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Figure 3 The mechanical properties of rubber with different filler
(a) the mechanical properties of silicon rubber with MWNTs; (b) the mechanical properties of silicon
rubber with TrG; (¢) the mechanical properties of butadiene rubber with MWNTs;
(d) the mechanical properties of butadiene rubber with TrG
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Figure 4 The conductivity of rubber with different filler
(a) the conductivity of rubber with MWNTs and TrG; (b)the conductivity of rubber with MWNTs and TrG

3
3% (wt) 14 2% (wt),
2 o
(20944004) , (ZR2012EMMO003) , (12-1-4-3-(7)-
jch), (201010009) ,

[17] Novoselov K S, Geim A K, Morozov S V, Jiang D, Zhang Y, Dubonos S V, Grigorieva I V, Firsov A A. Science, 2004, 306
(5956): 666~669.

[27 Iijima S. Nature,1991.354(6348) ; 56~58.

[37] Geim A K, Novoselov K S. Nat Mater, 2007,6(3): 183~191.

[47] DulJ, Cheng HM. Macromol Chem Phys, 2012, 213: 1060~1077.

[57] Sun Y, ShiG. J Polym Sci Pol Phys,2013, 51(4): 231~253.

[ 6] Kuilla T, Bhadra S, Yao D, Kim N H, Bose S, Lee ] H. Prog Polym Sci,2010, 35(11): 1350~1375.

[7] BaoC, Guo Y. Song L, Kan Y. Qian X, Yuan H. ] Mater Chem.,2011, 21; 13290~13298.

[8] YangSY, Lin WN, Huang Y L, Tien H W, Wang J Y, Ma C C, Wang Y S. Carbon,2011,49(3): 793~803.



« 196 - 2013 9

[ 97 Alizadeh T, Soltani L. H. J Hazard Mater,2013,248; 401~406.

[10] Gedler G, Antunes M, Realinho V, VelascoJ I. Mat Sci Eng, 2012, 31(1); 012008.

[11] Fan P, Wang L. Yang J. Chen F. Zhong M. Nanotechnol, 2012, 23(36); 365702.

[12] Chen Z, Lu H. J Mater Chem, 2012, 22(25): 12479~12490.

[13] Zheng D, Tang G, Zhang H B, Yu Z Z, Yavari F, Koratkar N. Compos Sci Technol, 2012, 72(2). 284~289.
[14] Chiu F C, Kao G F. Compos Part A-Appl Sci, 2012, 43(1): 208~218.

[15] s s . . 2013,1. 7~12.

[16] Nobile M R, Simon G P, Valentino O, Morcom M. Macromol Symp,2007, 247(1): 78~87.
[17] Lv C, Xue Q. Xia D, Ma M, Xie J, Chen H. J Phys Chem C,2010,114(14): 6588~6594.
[18] Hu H, Zhao L, LiuJ, Cheng J. Luo J, Liang Y, Zhao J. Polymer 2012,53(15); 3378~3385.
[19] Hu H, Liu Y, Wang Q. Zhao J, Liang Y. Mater Lett 2011,65(17); 2582~2584.

[20] . . . . 2011.26(1) ; 26~ 30.

Study on the Dispersion of Graphene and Carbon Nanotubes
in Rubber Composites

YAN Luyao, ZHOU Bao-zhen, QU Shun-zhi, ZHAO Li, HU Hatqging” , LIU Guang-ye

(Key Laboratory of Rubber-Plastics Ministry of Education / Shandong Provincial Key Laboratory
of Rubber-plastics , Qingdao University of Science and Technology , Qingdao 266042, China)

Abstract : Graphene(TrG) and multi-walled carbon nanotubes (MWNTs) were used to modify the mechanical properties
of silicone rubber (MVQ) and butadiene rubber (BR). The tensile strength of TrG /silicone rubber composites was
improved about 14 times and the Shore A hardness was increased from 20 to 47 with 3 wt% of TrG. These properties were
much higher than rubbers which were improved with MWNTs. Percolation threshold of silicone rubber conductive
composites filled with TrG was 2 wt% , the conductivity of which was 1X107°S/cm. MWNTs/silicone rubber composites
were prepared by solution method, while percolation threshold was 5 wt% . the conductivity was 2. 38 X107 S/cm. The
same tendency had been observed in TrG and MWNTs/BR system. The different dispersion behavior of TrG and MWNTs
could be contributed to the difference in their interaction with polymer matrix due to their various geometry and topology.
Based on SEM and TEM analysis, the dispersion of MWNTs in silicone rubber matrix was extremely difficult in comparison
with TrG, although both of them possess the same chemical structure. Both planes of graphene could interact with polymer
chains. enlarge the contact area of graphene with matrix, which lead to the strong interaction between graphene and
rubber. The dispersion of graphene in rubber could be obtained even in the weak interaction system such as TrG /butadiene
rubber system.

Key words: Graphene; Carbon nanotube; Silicone rubber; Butadiene rubber; Van der Waals force



