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Graphene: Prepared by High Speed Shearing-assisted Exfoliation and
Application in Thermal Conductive Silicone

SHI Zhi-Hui'?, LI Ying', YAN Lu', CAO Yun-Zhen'
(1. Key Laboratory of Inorganic Coating Materials CAS, Shanghai Institute of Ceramics, Chinese Academy of Sciences,
Shanghai 200050, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )
Abstract: Graphene dispersion was produced by centrifugation after exfoliating the graphite in aqueous solutions
containing sodium cholate as a surfactant with high speed shearing machine. The exfoliated graphene (thickness<4
layers) showing large lateral size of around 2-3 um and high quality (Ip/15=0.15) was characterized by atomic force
microscopy (AFM), transmission electron microscopy (TEM), and Raman spectroscopy. After freeze drying, Gra-
phene was added in the silver-silicone rubber to produce a hybrid graphene-metal thermal conductive silicone rub-
ber, and steady-state heat flow method was applied to study the thermal conductivity of the composite. It was found
that as filler loading fraction of graphene increased from 0 to 3vol%, thermal conductivity of siliver-silicone rubber
dramatically improved from 4.9 W/(m-K)to 12.367 W/(m-'K). This result suggests that little-defect graphene with
few layers prepared by exfoliating can significantly enhance the thermal conductivity of silicone rubber by synergy
effect when combined with silver powder.
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Fig. 1 (a-c) A Silverson model L5M high-shear mixer with mixing head in 21 beaker of graphene dispersion; (d) Graphene dispersion
produced by shear exfoliation; (e-f) TEM image of individual nanosheets and its electron diffraction pattern; (g-h) AFM height pro-
files of graphene dispersion(10 pm>10 um); (i-j) Histogram of number of layers and lateral size of graphene flakes
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Fig. 2 Raman spectrum of graphene after freeze drying

W R A R BRI T 4 2 RSTHE
2~3 um A SR RIS IR R R - KL 4 (b)
PR LURIL, A SRS IR 2 04 0.4vol%.
1vol%- 2vol%-. 3vol%If, K& MRk 5 5
9 4.991. 8299, 10.192. 11.73. 12.367 W/(m'K).
AR T B iR 2 G MR AT 2 0 il s T
1.66 fi5. 2.04 fi5. 2.35 fi5. 2.48 f¥.

FL— R A BRAR R O T AEORL, 3 ARGl K A
A HCA 35vol% I B HWITE I, MIE 4oyl &, 8

I IR N S M s T R A MR RCR . N
0.5vol% f1 s d iy, FEAGIE T MR K B2 3ok, (1
IS0 1vol%- 2vol%lf, ARG 1) 3 FA 3 1 K e 5 AR
N, TN 3vol% ), 3 H R IR S B W ) T 2%
1. IX RS i T ARSI 35vol Yol Ab HE ALK I,
S K I LR TR A & (PR Al i b, AL 5 0
P o TR RS K, 1T BRAIG T SR T FARH, >
TR SR B TR, D7 M8 B S § A
WK, DS AR IR RO . IR R R 3
POR B IR, GRS A BIGRREA RN E, §
R I P AH R 2218

Wang 2P AT 40 17 30 1 2 WUy 10
TUT AT BRI AR A MR S T T AP g,
TG T AR )E R R E Rk S A B ) 5
W Es R B B A 580 2 53, Fm#s
R, G AT B A A SR ST 1 B KT % T
Ko B AT H I P 1 IR A A = Ay B 7 1 A
X, BTz b, ExF22a88G, 51
S5 R PR R AR O, RN 2 2 A 82
A7 AE 75 T B A, BT LS80 B IE e R
B, I HLBEE A SR R AR N, 7R,
MR . A OSSR R, A

K3 AL R (a~b) A1 (c~d) A IR ERF 1) SEM | A

Fig. 3 SEM images of the silver microflake samples before (a-b) and after (c-d) iodine modification
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Fig. 4 Thermal conductivity of the samples Vs various silver filler loadings (a) and the samples vs various graphene filler loadings (b)
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