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Preparation and insulating properties of spherical boron
nitride/epoxy composites

HE Run, HUANG Zhengyong, ZHANG Yingfan, ZHAO Teng, LI Chenxin, LI Jian, HU Qinghua

(State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University, Chongqging 400044, China)

Abstract: Aiming at the problems of large specific surface area of conventional flake boron nitride and sharp increase in
resin viscosity when compounded with epoxy resin, we prepared spherical boron nitride and used it as a filler to compound
with epoxy resin to prepare spherical boron nitride/epoxy composites. The preparation process and curing characteristics of
spherical boron nitride/epoxy composites were studied, and the influences of the morphology and filling amount of flake/
spherical boron nitride fillers on the mechanical and electrical properties of epoxy resin composites were compared. The
results show that with the increase of reaction temperature, the curing degree change curve of epoxy resin shows “S” shape,
and the curing process can be roughly divided into three stages of “slow-fast-slow”. In terms of mechanical properties,
adding a small amount of boron nitride can improve the mechanical properties of the epoxy resin composites; when the
filling amount is high, spherical boron nitride/epoxy composites have better mechanical properties than flake boron nitride/
epoxy composites. In terms of electrical properties, the relative dielectric constant of the epoxy resin composites increases
with the increase of boron nitride content, and the dielectric loss factor is lower than 0.02; compared with the flake boron
nitride/epoxy composites, the spherical boron nitride/epoxy composites have less “filler-resin” interface, lower relative
dielectric constant and dielectric loss factor; adding an appropriate amount of boron nitride can significantly improve the
volume resistivity and electric strength of composites.
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Fig.1 Viscosity-temperature characteristic curves of epoxy

resin under different content of alicyclic epoxy resin
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Fig.2 Dynamic DSC curves of composite resin systems with

different content of anhydride content
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Fig.3 SEM images of spherical boron nitride particles with

different diameter
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Fig.4 Analysis on curing process of epoxy

composites
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Fig.5 Optical photos of boron nitride/epoxy composites
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Fig.6 Tensile strength of epoxy composites with

different content of boron nitride

AR BT &5 BT AR A R0 o ol o
A2 a0 7 s . AL 7 T LUE Y B R
B2 S RGN, B A MR o o 5 B TR A S B S
KIGHNEH . X TEIB R A Z SR



30 T 55 BRI AA A SRR ) 56 K 8 5 1 RE T

iRl 2024,57(5)

TEERTE AT 5T 5 43 BN 10% I, oo 5 15 3k 2]
UEEAF (9.98 kI/m?) , Jif R 7E T/ 1 1 AL B S5k mT A
BIo1sh A s ger, I BE . 0T ROIR AL IR
AEAM R TEER T & 2 30m T 10% B, i ph
PR BE SR B, 3 X Al B G 1 DR DR v B
(1 7 R E AT -5 20 S5 G TR A I 22 7 AR K &
AV R, SR S MR RS

144 —— BRGNP ST A bt
12 —— PORBULH SRR AR
T
) 10
=
= 67
1=
= 4
2-
0

0 5 0 20 30
HURLF R 50 %
M7 ARRAMEEFFREE AR SR
Fig.7 Impact strength of epoxy composite with

different content of boron nitride
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Fig.9 Relative dielectric constants of epoxy composites with

different content of boron nitride

BRI FRNE S AN R T A
W2 5 A e T Ak, B T [ I AR 3 SR I 1
BA , [R] IR T2 RS ) = 2 X AR 6 M i 4 X, A P
Ei kSN DU €2 N U T D P SN S (A
LSRR BE AN TENLIOR , R A AR AR
I B W BT R R T EAURCR R A B
o H e T ER AR IF BRI =7 4
KERLH-AHLI M. £ A, b1 T R R
(KA LW KA AE 22 57 K 2 IR A5 B ORE IR 5 T Al
WRERE , BEE 52 A AR ARG S HL o B o 38 K0

MIEL9 BT LU Y Z30R S B [, BRI
PCHI/AAR SR 5 R A HL R S B R IR A A 4R
S EMEIAR, 252 i A IR B 5 BRIE B AL A
BF (0 G5 K R e DR 1) 5 P R SRUHC Y F) B 3R T AR Bk
R K, SHEAM RS &5 2 EE 2 1L
WL—F LS 1, S T A A R B 5K DRt IR AL/
WEE SRR B =

A AR FE R 2 (tand) S ik T 2 & APRHE A AR
W REEBFE IR, TR R G AR RS
REMEES R —. BALWAAEM G 2 &4 kHE
HLI VR TR 77 A2 B e B 40 RE P 2 AL — A2
S B, X R A ORE Y B I B TR
W AF R € 1R R RS ) A% 3 HL R FRL I fiE B



BEMRL 2024,57(5)

T 55 BROE R AR S SRR ] 36 S 4 G 1 REBF T 31

b ABE P2 AR AR RE s R e A S AR AR U 5] i ) 4
FE, S A WORE A B 2 AT 1 2 ) R A AR 3 T AR A S
s B — T W ) S, fE R A S AR LR, Ak
T A8 T B 1 B A, B LR, 5
i RE BV RE , JF LB 5 F I AR I T i, P st 5 R
BT T A

ARV EACHN & &N AR S MR B R
H bt A AR A e a0 B 10 P as . 10 0] DL
e EAGHI/ER SR S B REI A 5T 4 DR E (K T
0.02, i J& HL 28 5 05 M R) A J03 45 6 DR 4501 2K
XITAETES S EA & N ET A A E A MR
LA 5T A5 DR 535 i FEL 3 40 % T v = AL S ORI
Ja 3K I 3, X 2 T ARSI, & MR A &
oA A 350 SR A5 B 38 57, A T 400 FE 3 2 b P S A RE AN
T AL TR, BE A T A M RN R AR
WFTE IR R 158 MR8 0 2 FEAIK, 3 8%
SRR B SR RE N B, BT R E A MR
I JARAE T B 5 B R R I — 2 T A A
FE B AR A ER R T A 1 FE A A e i Ak
TTHR A BRI N A A5 A SR T B AR S B O
b BEY T RIS B 5] S A 5 B R A 5 4
il 5 DAl 16 52 4 RE PR A J5T 450 A R 8IS T 23 S i
Mkl 54T RORE AT E S A AR ST
RRALFR B K, FEA o 8 AR s K BRTE AL 34 41
HEMEL.

BT 11 9 EALBI/ER S8 S A DR A R F BEL 22 0
MR WE 11 ATLLE H, SRS R AR} R
HIPH 24 10" Q-em 2, ZALTI DN & T A E
B AR AR R R B 2R JE R 7E T BB BORL X BE 4R
PR T I B A IRGIER, BRI T EA4 M
KR B AT R 0 (H R IR & B0
T 10% B 5 B 22040 B0 38 ek 3 1 1) 80 1 s R 1
LI ER IR I R T il U, T 2 1 SR 2 PR AR
WEM IR AR B RH TE 2 RS 5 R
L BE ], S BUE A MR AR B BH 2R P
BRI

IeAk, R B AT E T A MR R &
N AR L BE 2R B R T BROE BRI R TR 2 A
BE, X 2 B AR SRS S B, R A 7E 2R
AW TR BUE NI A B B 2 R - A
THT , X L - B BR A AF B . %) T IR &2 7 4K
920% B R EACT A A S G AR, BT3B SR
R, R BUR 2 B S, 7R B I I AR
A kV/mm) R 2 R AR IR, F 5
T IR PR AT R I O, R T R A ) I Y

0.02

——0%
——5%
—+—10%
——20%

S AR FER H
o
=

1 ——
100 10° 10 10 10° 10* 10° 10¢

A% /Hz
(@) FIREALT /R AE A Mk
0.02
——0%
——5%
——10%
——20%
——30%
2001
=
<_\—

Y —
10" 10° 10" 10> 10° 10* 10° 10°
A% /Hz

(o) BRIE B AN/ S A R
10 FTERAKHEETHREEEMRNN RIGFEEY
Fig.10 Dielectric loss factor of epoxy composites with

different content of boron nitride
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Fig.11  Volume resistivity of epoxy composites with

different content of boron nitride
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Fig.12 Weibull distribution of electric strength of epoxy

composites with different content of spherical boron nitride
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Fig.13  Electric strength of composites with

different content of boron nitride
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Fig.14 Schematic diagram of development path of

breakdown discharge in pure epoxy resin and epoxy composites
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