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Effects of BN surface deposited with nano Sn on thermal conductivity and

electrical insulation of BN/epoxy composites

WANG Wei', CAO Jianda™ , ZHENG Minmin®, CHEN Tingting® , YANG Liyi*
(1. College of Materials and Textile Engineering, Jiaxing University, Jiaxing 314001, China;
2. Zhejiang Rongtai Technical Industry Co. Ltd., Jiaxing 314007, China)

Abstract: Hybrid materials composed of Sn nano particles deposited on BN surface (BN-Sn NPs) were constructed as
thermal conductive and electrical insulating fillers for epoxy(EP) by liquid-phase chemical reduction method. The dia-
meter and melting point of Sn nano particles on BN-Sn NPs surface are 10-30 nm and 166.5-195.3°C, respectively. Both
the Zeta potential of BN-Sn NPs powder and thermal conductivity of BN-Sn NPs pressed sheet increase, while the
contact angle of EP droped on BN-Sn NPs pressed sheet decreases after BN surface deposited with nano Sn. During
the curing process of BN-Sn NPs/EP composites, the nano Sn particles on BN-Sn NPs surface melt and sinter, simul-
taneously bridge the individual fillers, which results in the lower thermal contact resistance between the fillers, and
the improved interfacial behavior. The feature of enhanced thermal conductivity reflects in BN-Sn NPs/EP compos-
ites. When the filler volume fraction is 30vol%, the thermal conductivity of BN-Sn NPs/EP composites reaches
1.61 W(m-K) ', nearly 50% higher than that of the pristine BN/EP composites (1.08 W(m-K)™"). The results of Monte
Carlo simulation demonstrate that the thermal contact resistance (R.) of BN and BN-Sn NPs in the EP matrix are

6.1x10° KW' and 3.7x10° K-W™, respectively. The BN-Sn NPs/EP composites exhibit higher dielectric loss and
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lower dielectric strength and volume resistivity than that of the pristine BN/EP composites, while still have good

electrical insulating properties.

Keywords: composites; epoxy(EP); BN; nano Sn; hybrid materials; thermal conductivity
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Fig.1 Diagram of preparation process of Sn nano particles deposited
on BN surface (BN-Sn NPs)
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%1 BN #1 BN-Sn NPs fIT AR
Table1 Element compositions of BN and BN-Sn NPs

wt%
Sample B N Sn
BN 43.09 55.67 0
BN-Sn NPs 39.91 51.55 7.28

4 BN(a) fll BN-Sn NPs(b) 1) SEM [&{%
Fig.4 SEM images of BN (a) and BN-Sn NPs (b)
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Fig.5 DSC curves of BN and BN-Sn NPs

#2 BN # BN-Sn NPs #ME R EE F1$aEXTLE
Table2 Property comparison of BN and BN-Sn NPs powder
and pressed sheet

Sample BN BN-Sn NPs
Density of powder/(g-cm™) 2.2740.03  2.39+0.03
Zeta potential of powder/mV -5.9+0.22  1.5+0.13
Epoxy drop contact angle on pressed 95.143.60  68.7+3.90
sheet/(°)

Thermal conductivity of pressed 16242.96 185+3.65

sheet/(W(m-K)™)

ZHFM R IEEYE, 775 EP A HA/EM . BN-
SnNPs & i R AEFK T BN KA, X &M T
180°C J& il it #2 ', BN-Sn NPs % [fi 44 K Sn &
JA RlbE 45 A B R IR AE — S, R AR T Rz Al BB

6 N SR B 4> %8 V; =20v0l% ) BN/EP J
BN-Sn NPs/EP & & # £L i) SEM El& . ol 1, T
I 1L 7 7F BN-Sn NPs 2 [ 40 K Sn A9 4 il T 7% 1
il PN, BN-Sn NP/EP & 4 4 i EUEL R [0 44K Sn
WKL 2% . 5 BN M, BN-Sn NPs 54 g JE 44 1)
Oy FLERIE SR, 3R B A R A 2 I B AT 1 A ek
. XAl fESE 4 )@ Sn 5 EP B M A7 AE L 51 7
PR 455

P 7 S BURHA FUE %) BN/EP il BN-Sn NPs/
EP Z A MBS IR, nTA, FEHRHATR
SRS SN, BN-Sn NPs /EP & & # B &
IMAKCK T BN/EP E &Mk, HERMAR S &R
30vol% I}, BN-Sn NP/EP & & #1 Bl 19 5 $ & %3k
1.61 W(m-K)™", [t BN/EP & & ¥ Kl 9 5 #4 R %
(1.08 W(m-K)™) #2£5 T it 50%.

Foygel % 1 Wang 2 %1 % Fi] Monte Carlo ¥
R DL UL L A g B A v (8 BB 53 A K™ A i B
PAT R, RBHAMREYEE SERRN



TE OB BN RIEPURAIK Sn Xt BN/ S0 IR 52 & b1 kLS A28 2 P B 14 52 Tl - 1551 -

AAmm x10.0k SE{L
K6 SEMATUMECH 20v0l% ) BN/FRERIS (EP)(a)
I BN-Sn NPs/EP(b) & & #4 kH1) SEM K%
Fig.6 SEM images of BN/epoxy(EP) resin(a) and BN-Sn NPs/EP(b)

composites with fillers volume fraction of 20vol%
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Fig. 8 Foygel simulation results of thermal conductivities of BN/EP and

BN-Sn NPs/EP composites
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Fig.9 Modified Foygel simulation results of thermal conductivities of
BN/EP and BN-Sn NPs/EP composites
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