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Research on multi-performance synergistic enhancement of epoxy
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Abstract: The disadvantages of poor thermal conductivity and mechanical properties severely restrict the further application
of epoxy resin in electrical equipment insulation. Therefore, Epoxy composite dielectrics (EP/BNNS) with different BNNS
contents were prepared by using nitride nanosheets (BNNS) as fillers. The phonon transport, stress distribution, polarization
relaxation, trap distribution, and other conditions inside the epoxy composites dielectric were analyzed, and then the
mechanisms of BNNS improving the thermal, mechanical, and electrical properties of the epoxy composite dielectric were
systematically explored. The results show that when the BNNS filling mass fraction is 5.0%, the thermal conductivity of the
epoxy composite dielectric reaches 0.36 W/(m-K), the bending strength and tensile strength reach 120 MPa and 57.4 MPa,
respectively, and the electric strength reaches 96.9 kV/mm, while the composites dielectric also have good dielectric
properties. The introduction of BNNS can optimize the thermal and mechanical properties of the epoxy composite dielectric
without compromising their electrical performance.
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Fig.1 Preparation process of epoxy composite dielectrics

1.3 HHWFTMESMHERENK
1.3.1 BNNS FIFOM 2544 5 e il R R AR

FIF R /R - #6] A \] 1) ZEISS Sigma 300 %37
KA B4 (SEMD % h-BN L BNNS LA K A H &
P57 P e DT DT T . fef D T 34847 SOV &5 M 3R AE

] ] FEI 22 ] ) FEI Talos F200X %437 5} /1 &
8% (TEMD X BNNS HEAT 300 &5 ¥4 R AE .

I H A # 2 /8 7] 1) Rigaku Ultima TV 7 X 5
LR AT 5 (XRD)1X 3K B h-BN 11 BNNS ) XRD & i,
DARAEF B AW @B 450 . MR 244 9 Cu-Ko 58
S (1=0.154 nm) , 20 Y5 [# Y 5° ~90° , A F hy
5°/min.
132 HEE G BB AR

(DR VERE MR

I FH U5 R U A S 0 = A A A PR 2 | (1) DRL-II
B0 A G 8 A B W i K 2 A A R
G F A Mettler 2 7] 1 TGA2 B4 4 8 73 B {X
X PR B A BN IR EAT B R I, DARAE H

(2) J1 5P RE AR

KAEHRFP AR ESHALIAERAAN
Instron2340 %4 #1175 GE R IR AL XS PR A G L 2
G A BT 15 RE A, G A 5 = A i
DA T8 PR A H A Sl Y - 8 AR i 4%
T AR 3R AT AR 43 SR i AR W 24 i i R AL 1) e ==, 16
= HIIER KA.

(3) ML M e K

K H Novocontrol 2 ] [¥] Concept 50 A % 5 /-
H, BEL Bt 35 A3 R B S0 55 & A Jo A iR (25°C O B
JAR U (-10~150°C) F I A PERE . I b 5Tt
TR T A 2% A 7] [ ZIC-100 kV B i+ B LI ]

H, e o 2 0 KSR ECER SR i 2 G H A O LS
SREE . %8 GB/T 1408—2006 H4 b FE I/ K B 9
10 mm. %5 E o4 10 mm. B N 0.5 mm 1 FOoR AL,
AL T 10 Uk el s 5 K, R AR R 43 A gk
— 3o BT IR S g B 5 A SO I R A R
I b 5 A 56 A 2% 2 7] 1) Huace TSDC-3000 24
FRGH R 2 AR A AR AR 65178 T v i R e e i
SRR S G S H 5T A s A o ) i 2 A fk He
W(TSDC) 73 A 28
2 FBR51
2.1 BNNSHIR KM ST

h-BN 5 BNNS 1] SEM K {1/ 2 il 7~ , BNNS 1)
TEM B @i 3 o . M2 AT LUE H, 00 5 14
J2 4 BIVRUAE 34 S Ab T S , BNNS LB K 2 R~ ok
FIES 1 h-BN BT 7 2 2 B A ELAE R 3 2 TR Rk
WKL EER, pl 18] 3 B T, BNNS 8 ) s 40 Af
7£0.6~1 pm. #H LT h-BN, %/ B J5 (1) BNNS A&
B R AR, HOE S U0 R R AT E 0
B, 3 — 25 AF ] h-BN £ i 31 85 4k B 3h 15 3
BNNS.

(a) h-BN
2 h-BN5BNNS#JSEM
Fig.2 SEM images of h-BN and BNNS

(b) BNNS

&3 BNNSHITEM &
Fig.3 TEM image of BNNS
h-BN 15 BNNS (1) XRD B i a1 4 frox . M
47 LLE ), BNNS 5 h-BN 7£ 26.7° . 41.5° . 50.1° .
55.1° 4k B A — B RFAEAT 506, 2 50 6F B (002)
(100D + (102) « (004) & T , 3 B 28 i ) &5 4b 2 J5



GREEIESE - FALBI K P X PR SR & i A 5T 22 H Bk BE Bl ) 2 T 9 33

BNNS B4 774 HoAth i AH o AL 4 Hp i TH (002) 45
TEAT 5 06 J= 30 O BRI LA HY 5 3 B9 5 1) BNNS ¢
FEAT 5 08 Eb h-BN R RRAE A7 565 0 1m0 /N £ B2 7 11 3% B
7028, F H 5 h-BN AH LL, J 208 56 A pir 36 o, 3
I BNNS 442K ST [a] 5 48 K, 3 S ek 551

(002) —— BNNS
........ h-BN

126.82°

i
20/(°)

; (100) (102) (004)

20 30 40 50 60 70 80
20/(°)

El4 h-BNFIBNNS A XRD EliZ
Fig.4 XRD spectra of h-BN and BNNS

A b 43 it 3% B 1 4 2 ol B AR R v o &
331 BNNS 5 h-BN B A — 81 dh B 54, HLZ (A
E FH 4 11 55
2.2 EP/BNNS & &N RAVRM SR

EP/BNNS & & L /i it 7 [f1 45 14 SEM Kl 18] 5
Fizn. MESTTLAE H, 24 BNNS 3 78 &5 450 i O
43 $0<5.0%) , EP/BNNS & & HL A 5 P4 308 5 B 5%
/b, BNNS 5 3 AW iE 2 ) S R 4F . Bl &
BNNS i — 5 11 5] A\ (Jifi & 73 20>5.0%) , EP/BNNS
2 A B TR PN H B BE R 0 5 A B, P 5(d) ~
(e) T FRIC o , 2 B P AH S 1 [A) 3R 48 J2 AR R 3 Hi sk
A FHHE A BB ER . X T BNNS K1 2 L%
M, 23 E3E 78 BNNS Y, 5 76 PR I P9 300k A=

S A A R I, XA HLAY I AR O A R
9521 LN
23 HEEEBENRIARFEMRE
23.1 MHEHEEEHEMNAMHATE

Kl 6 v EP/BNNS & & HL A i 19 34 5 3 KL 5
IR AR EE . WE 67T LUE H, 438 E M i
PG RGN 0.20 W/(m-K). B % BNNS K7
B, EP/BNNS & & LA BT #3 R B W g K. 4
BNNS Jii & 43 $0h 2.5% i), EP/BNNS & & LA i 1)
PG R IR R IIC, IX 2 KN BNNS & & 5K 2
oA, ME LAY B 0 S B 2% . KT, 4 BNNS

500 nm :

(d) EP/BNNS-7.5

7

ot
500nm
-. i

(c) EP/BNNS-5.0

(e) EP/BNNS-10
Es5 HEEEHENHRAETE SEME

Fig.5 SEM images of cross-section of
epoxy composite dielectrics

0.5 120
—
0.4f 180
z 8
£ 03} 140 %
< W
3 0
= - 1 <
% 02} 5
o> o
4 140 %
0.1+
-80
0
0 2.5 5.0 7.5 10
BNNSJii 557 50/%
6 MEEEHENRMASE

Fig.6 Thermal conductivity of epoxy composite dielectrics
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Fig.8 Mechanical properties of epoxy composite dielectrics
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Fig.10 Dielectric properties of epoxy composite dielectrics
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Fig.12 Schematic diagram of the double relaxation Cole-Cole model fitting for epoxy composite dielectrics
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Table 1 Fitting parameters of double relaxation Cole-Cole model for the complex dielectric constant of
epoxy composite dielectrics
AFE W/ C A, /s a, Ae, /s a, e, o (S/em)
40 0.66 9 580 0.807 1.14 7.36x107 0.35 3.3 4.54x107
60 0.84 5300 0.704 1.29 3.55x10” 0.46 3.2 5.53x107
p 80 1.13 2 800 0.709 1.32 2.30x10” 0.53 3.1 7.34x107
100 1.37 1500 0.698 1.47 1.77x107 0.58 3.0 8.15x10°"
120 5.71 151 0.639 1.61 1.14x107 0.61 3.1 9.74x10™2
140 57.0 76.08 0.637 3.24 0.98x10” 0.96 3.1 9.55x10™"
40 0.89 9620 0.893 0.90 8.02x107 0.31 3.7 3.08x10™
60 1.31 6770 0.795 0.95 7.92x10” 0.53 3.7 4.36x10"
80 5.64 4441 0.756 1.02 6.61x10” 0.63 3.6 6.48x107'
EP/BNNS-5.0
100 9.56 1500 0.707 1.32 4.12x10° 0.81 3.9 7.47x10°"
120 19.77 500 0.684 1.56 1.74x10° 0.85 3.9 8.69x107'2
140 240.1 150 0.424 3.15 0.98x10” 0.95 4.1 8.64x10™"!
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Fig.13 Electric strength of epoxy composite dielectrics
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Table 2 Weibull distribution of electric strength for epoxy

composite dielectrics

Ve L3R /(kV/mm) TEAR R K

EP 37.8 42

EP/BNNS-2.5 109.2 6.5

EP/BNNS-5.0 96.9 7.6

EP/BNNS-7.5 80.2 11.3

EP/BNNS-10 87.3 7.0
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Fig.14 Schematic diagram of the development of electrical

branches inside epoxy composite dielectric
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Fig.15 Thermal stimulation current curves of epoxy
composite dielectrics
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Table 3  Trap distribution of epoxy composite dielectrics

R 1(B)/pA EleV omC
EP 64.5 1.41 20.4
EP/BNNS-5.0 2352 1.35 94.6
EP/BNNS-10 129.4 1.37 412
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Fig. 16 Schematic diagram of carrier transport inside epoxy
composite dielectric
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