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silicone rubber composites
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Abstract: With the increasing integration density and power density of electronic products. It is particularly
important to optimize the research of thermal interface materials. In this paper, one-dimensional silicon carbide
whisker (SiC,,) was used as filler and silicone rubber was used as matrix to prepare thermal conductive silicone
rubber composites. The microstructure, phase structure, thermal conductivity and insulation of the composites
were comprehensively analyzed. Firstly, the modified material of SiC,, coated by Fe;0, was prepared by coprecipita-
tion method. Secondly, SiC,, coated with Fe;0, was evenly dispersed in the liquid silicone rubber matrix. Finally, it
is placed in a constant magnetic field to complete whisker orientation and matrix curing. The results show that the
surface of SiC,, whiskers is coated with Fe;0, nanoparticles, and they are oriented in the silicone rubber matrix.
Silicone rubber composites with SiC,, oriented structure were prepared. When the oriented SiC,, reaches 10wt%, the

thermal conductivity can be increased by 72% compared with pure silicone rubber, and it is 40% higher than that
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filled with non-oriented 10wt%SiC,,. Compared with pure silicone rubber, the volume resistivity decreases by two

orders of magnitude. But it still has good insulation. The silicone rubber composites with randomly dispersed and

oriented SiC,, were simulated by COMSOL. The simulation results show that the thermal conductivity of silicone

rubber can be improved by 60% with 10wt%SiC,,. The volume resistivity is above 10'° Q.cm. However, 10wt%

oriented SiC,, can improve the thermal conductivity of silicone rubber by 170% and the volume resistivity is above

10" Q-cm. It is consistent with the trend of experimental results.

Keywords: silicone rubber; silicon carbide whisker; orientation; thermal conductivity; insulation
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Fig.2 Preparation process of silicone rubber composites
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Table1 Specimen details

Name of sample Detailed description

FE@SIC Fe;0, coated SiC,,

SR Pure silicone rubber sample

SiC, /SR SiC,, filled silicone rubber series samples

SIC10 10wt% SiC,, filled silicone rubber sample

FE@SIC10* l\{lé.ignetlzed sample of 10Wwt%FE@SIC
silicone rubber

FE@SIC10 10wt%FE@SIC silicone rubber sample

SICFE10* Magnetized sample of 10wt%SiC,,+Fe;0,

silicone rubber
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Fig.4 SEM images of SiC,, and FE@SIC
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Fig.7 XRD patterns of SR, SIC10, SICFE10*, FE@SIC10, FE@SIC10*
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Table 2 Thermal conductivity of SiC,,/SR

SiC,,/SR/wt% Thermal conductivity/(W-(m-K)™)
0 0.137
5 0.148

10 0.167

15 0.181

20 0.236
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Fig.8 Linear fitting diagram of SiC,,/SR thermal conductivity versus

numerical value
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Fig.9 Thermal conductivity model and thermal conductivity line

chart of SiC,,/SR
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B R A FHREAR I 1 S R B

R 3 FE@SIC10*SHRH3TLLR

Table 3 Comparison table of thermal conductivity of

FE@SIC10*
Name of sample Thermal conductivity/(W-(m-K)™)
SR 0.137
SIC10 0.167
SICFE10* 0.172
FE@SIC10 0.168
FE@SIC10* 0.235

WA FE@SIC10*79 5 #4 R AR 40 B T 51 8
o, S EZMRRREE R, BIMCME, XL
ot B B i) s A0 SR o Ny S AR AR R R T A
SiC,, 7€ B [m) I gt ol ¢ o7 S A K 12, FE@
SIC10*11 (1 SiC,, HER — %1, BARIF A M iE,
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LR, M SIC10 # i AT LLE 7 S A B AR L Rk
5 F SiC,, 4% i —2F, FE@SIC10*#, i H 5 #4 i%
& F W SiC, i 2 4/5, IVBHEH B AR/, BB S
TE AR B A 32 e A 2 77 A T AR P ﬁn%ﬂ@%
T4 SIC10 I (Y B AR %3k, e B sk i 2

Ab BETE TR ﬁFE@SICIO*%aEEOE%é%LA

of 8 4b S, U{"Eﬁﬁmaa/) BE Va2 £B I5E FARH
S B IE xR FE@SICIO*E’F%?%;#&m
A JRIA

—~
:'::\/'/ S |§I I| \I

\I
o W

:_ - Interface I S\
® . « — Thermal conduction | | == I\’k
/b1

/ _,_. path /| .
SIC@FE10*
& 10 SIC10. FE@SIC10*#RTik{L &
Fig. 10 Simulation diagram of SIC10, FE@SIC10* section
2.4 BERARRENEIREREE
2.4.1 SiC,/SR HFH%

F 40 SIC/SRIKFHHLFH R . AT LI A i b &
SiC, & fm, IWHHBHERZWH TR, &8
5wit% Fif 1A B e BH % Oy 7.84x10" Q.cm, T [ —
Bt g, & i 10wt% B 3.7x10° Q-cm, 5 & i
5wt% Ff AR L, & 15wt% I8 5.6x10™ Q-cm,
M8 20wt% Il 3.9x10" Qe.em., 1 75 S Hh
B ) AL 5 T AL 28R, 7E ST A
R 3G i T AR T, iR R —Fh R
SRM L, B AR IS AR S T | R AR H B R
W R R, R RATS SR A 2k bR ZESK

&4 SiC,/SRFFRRMEZE
Table4 Volume resistivity of SiC,,/SR

HARFU L BN 5% 5 T, SICFE10* {A R A, B
5 SR TSR, 5 SIC1o Mt R
BT —AHcm g, k] LR SiC,, T ARt S
PpRAs, (HIn T Sa bk, BAREU Sic, &M
PR AL B R, (H X S 10 1 T 2 AR AT
FUNIIIS

%5 FE@SIC10*{xFIFFEZRXTLL
Table 5 Comparison of volume resistivity of FE@SIC10*

Name of sample Volume resistivity/(Q-cm)

SR 4.0x10'
SIC10 3.7x10%
FE@SIC10* 8.1x10"

SiC,,/SR/wt% Volume resistivity/(Q-cm)
0 4.00x10'°
5 7.84x10"
10 3.70x10"
15 5.60x10™
20 3.90x10™

2.4.2 FE@SIC10*HiJH %

& #& SR, SIC10. FE@SIC10: Af ik 47 X% 1L,

2.5 COMSOL{fE
2.5.1 JLAaf g At

XEYEGUiE, #REXEE, e
Pl asi, ARG B, T A AR R
Btk sic, #m 5 AL, W S0 SIC10,
FE@SIC10*" SiC,, (1) 14 L 43 50 25 4 3vol%, R ¥

SiC,, IR IHHRCF S B BRI IR, e K
50 um B IE T PR AR O REAR IS A, 2 ad 1A

FEZFEAR T SIC,, IR K2R 347 MR, # AT &
A3 A R RS UL ZE A, 8] 11 FE@SIC10* 5
SIC10 fy JLfuf A5 AU , 3% A5 AL 3l 1 CAD #1144 il
S A COMSOL %4,
252 FMAHOTE R

AN S L 25 v Bl e B 2 ) Ay i At AR 0L
PR TR E, AR B — 3R, R
PRAF— IR, MEMGA RSN, WOy m
AT DA ST TR AR R, AR — A L Y Sk
R GIREREAEU TR, WA TR
1= 2L (4)

SAT
Kb SRR A (m?); oA TR EE B B 1 R
FE (m); AT bF Misi il B 22 (K); QB fif[a]
VAL S A Y A (W) 0=qS . g i BRI
B R, E S 40 000 W/m?, R AL E R E
I 25°C, HAh S & o A 2
2.5.3 B BH R 5

EEERY FAFERMBER, HikE%E
z Bl 1) A A S HL T -
J=vyE (5)
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p= @05 (6)

b o B M S, a5V, T FmE
Mo, HASRBCE MBI d KRR (m).

(a) FE@SIC10* (b) SIC10
111 FE@SIC10*5 SIC10 4 JLAil {f ELAS 1Y
Fig. 11 Geometric simulation model diagram of FE@SIC10* and SIC10

2.6 ITEER
2.6.1 FIMREL

X JUAT RS 7Y A% ) 43 S AT AR, A5 B0
A AT, FE@SIC10*H1 SIC10 JL ] 45 1 fi 1% J&5 46
FESr A i 12 iR, T LA B Y SIC10 Hp i
FEEEXST,  F T A A E AL 2 A (iR P 45 1) [l 4

304
302
f 301

300

ST TN

L2098
(a) FE@SIC10*

(b) SIC10

& 12 FE@SIC10*Fil SIC10 JL{ BRI AEFAIT T AR 43 A1
Fig. 12 Temperature distribution of geometric model of FE@SIC10* and
SIC10 under thermal field

AR, W L RO A B E T RE
ZAREN R ARSI b B SR, BRESTE ().
(b) i A AR 7514 303.5 K, 307.2K, R4t
BEE R IR IE N 298.15 K, % B (4) 1155 H 3 #
AH K 6, K SICI0 A0y H T R B 92 K
P v i 0.054 W/(m-K), 448 5250 5 07 51 H 09
FEA—3, SFE—ERE, HRMREEN
BRGSO Y, IR AX AR 2R

HF SiC,, fEFAH = A= S #BH . 1 FE@SIC10*
B 07 LS B 2R B L S 5 B e ) 0.139 W/ (meK),
X 18 B il 4% 19 FE@SIC10*Jf- B2 A7 S5 BRS¢ 4 (R BiL 1]
A — 53 SiCy, AIBEAL 31, [F] A PR A A b 220 T
Fes0, M52, 237 A — iRk 25 . IR 125
3 #, A LA Bl FE@SIC10*4H X} F SIC10 A9 5 34
LTt 68%, X T SRAETF 170%.

®6 KRR T ES TREIEILL
Table 6 Comparison of simulation results and experimental
data of sample properties

Thermal

conductivity/(W-(m-K)") Volume resistivity/(Q-cm)

Sample
Experimental Simulation Experimental Simulation
data results data results
SIC10 0.167 0.221 3.70x10" 4.00x10"
SIclo@ 0.235 0.374 8.11x10™ 1.00x10™
FE10*

2.6.2 AT HLFH A

i 1:F COMSOL 17 FL15 2] BT 43 38k N 1) z il 4 7
] 1) P-4 F I 25 B, 43 3o 9.55x107° A/m”
2.34x107 A/m?, /AR (6) HE S BRI B LR,
IHRE R IR 6, S BUE 5 07 FUBUI A7 e 1R 22
FE@SIC10*fi 1% 22 K, X FEZH TS iy
SiC,, W] JEAIK T EARAY | 17 7€ Z W Fes0, ™~
AR E, HRIBFEZ RN, TR
L) 19 SIC,, 7 4 e Ak AR 5 AR 2R 50 ] o), B A1
TARBUE R, AL SIC10, FRET — M EE %,

3 &g

(1) 3 33 I PO E 75 i 45 FeyO4 I ULRR 7E — 4 ik
fbrE S0 (SiC,) #im, i Sic, B & mitk, HARE
e Hh TE R E R 3 T 1Ak AT il £ SiC,, B 38 T Ak
B 52 G Rk,

(2) i SiC,, AB 42 T+ REMR B 1 I R B, B
& SiC,, 7 i ZRER IR E A MRS A R B0E W 1
fin, 24 SiC,, & ik 20wt% I, IR B A EERR
AR Tt 74% 0 38 AR R G UE B T — 4 40 L ER
TR RE T PUE i Bk AR . BEE SiC, &=
RERR I E G A RHMA B PR B 2 N R, Y& i
20wt% Ff 5 4l iE AR IS AR EL R R T A SR g, 1
Tl HLAs R R4 1

(3) % B 10wt% HU ) SiC,, it #4 e & & 1 K,
SR HK 0235 W/(meK), HHXFT 4l i 44 5 (SR)
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