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Preparation and properties of MPPO/SiO, composites with high thermal
conductivity, low dielectric constant and dielectric loss

LIU Yi', PAN Li', WANG Ling', HUANG Shuangwu', RUAN Wenhong’

(1. AKM (Panyu) Electronic Industrial Co., Ltd., Guangzhou 511455, China;
2. School of Chemistry, Sun Yat-sen University, Guangzhou 510006, China)

Abstract: To address the bottleneck that thermal conductivity and dielectric properties are difficult to be synergistically
enhanced for high-frequency and high-speed electronic packaging materials, silica (SiO,) was modified via surface grafting
with methylvinyldimethoxysilane. The modified SiO, (m-SiO,) particles were incorporated into thermosetting polyphenylene
ether (MPPO) through solution blending, and m-SiO,/MPPO composites with low dielectric performance and high thermal
conductivity were successfully prepared. The results demonstrate that the thermal conduction capability and thermal stability
of the composites are remarkably improved, while its favorable dielectric properties are well maintained. At an m-SiO, mass
fraction of 70%, the thermal conductivity of the composite reaches 1.18 W/(m-K), which is 4.92 times higher than that of
neat MPPO. Moreover, the dielectric constant is 3.11 at 10 GHz, and the dielectric loss factor is 0.004 4. Thermogravimetric
analysis reveals that the thermal decomposition temperatures (at 5% and 10% weight loss) of the composite under nitrogen
atmosphere are increased by 224.1°C and 181.4°C, respectively compared with neat MPPO. It is verified that m-SiO, can
effectively inhibit the thermal degradation of polymer segments through bonding reaction with the resin matrix.
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1.2.1 &5 7= R AREE 1 ) 2%

Z [ SCHR[19], PPO 1 43 e Je B2 3 F2 0 F = JX
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Fig.3 Cross-sectional SEM images of composites
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Fig.4 Cross-sectional SEM and EDS images of
m-SiO0,/MPPO composites
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Fig.5 Thermal conductivity, thermal conductivity
enhancement, and interfacial reaction mechanism of
Si0,/MPPO composites
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Fig.7 The TGA curves of m-SiO,/MPPO composites
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Fig.6  The dielectric properties of m-SiO,/MPPO composite
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N T P4l m-Si0,/MPPO & & A RF I #4E& E 1:
XIS [FEE RS B S RLEAT T Btk B8 2 A, Wl
IR FE M 30°C 1 800°C , SR H 5% 2K B X R 1) iR E
(T50,) ~10% 5% B0 7 PR B (T, ) R FAFE EL (T
Ty =0.49% [ Ty +0.6% (Taoo,—Tso) 12D 43 W1 5 & ¥4 KL 1)
A, g RE 7T MR TR, REETMEL
A H1 5 46 MPPO I Ty Ty, AU Ty 23 51 N 2164
270.9.171.5C , %4 m-SiO, A 50% i} , m-SiO,/MPPO
AR Ty T, BT T 70 9 3G N3 323.3.433.5,

Table 1 Thermal properties of m-SiO,/MPPO composites
- Too T Taw  Taw S00CHERE

/C /'C /C /'C 1%

MPPO 2164 2709 4389 1715 24.4

40% m-SiO,/MPPO  215.7 430.2 458.6 177.1 52.1
50% m-SiO,/MPPO 3233 433.5 470.8 201.8 63.5
60% m-SiO,/MPPO  425.1 4429 — — 71.7
70% m-SiO,/MPPO  440.5 452.3 — — 79.8
80% m-SiO,/MPPO  443.5  459.7 — — 86.2

26 EAMRNBESEE

K] 8 24 SiO,/MPPO & & #4 LIy FL A 5 B2 Ik 485
Ho HEI8 A A, MPPO (1] HL 58 5 24 23.0 kV/mm,
A MO HL AR BE R I, 1 m-SiO, 5 78 5 & 43 4L
M 40% 14 1 60% I}, m-SiO,/MPPO 5 & #4841 B <,
55 B A 2 i, 1X AT e 2 BT m-SiO, F1 MPPO Z []
{1 58 ST AR 0 BRI T F IR S A AR 5
TEIE BT 850 BN 70% I, 524 AR o< 58 B %
% 20.5 kV/mm, X 7] )4 KT MPPO 5 m-SiO, 2 [A] ik
3G D . EARBE A RS MG 0, 5 SR
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Fig.9 Storage modulus and tand curves of
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(4) 75 3R} 5 = 42 BN 70% B, m-SiO0,/MPPO
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