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Preparation and application of epoxy potting materials for
thin film capacitors in new energy vehicles

JIANG Yin', GU Cheng', GU Yuxuan’, ZHUANG Xuefeng'

(1. Pulitai Electronic Materials Jiangsu Co., Ltd., Huaian 211600, China;
2. Jiangnan University, Wuxi 214122, China)

Abstract: Using bisphenol A and bisphenol F epoxy resin as main resin, aluminum hydroxide and spherical silicon micro
powder as fillers, combined with anhydride curing agent and epoxy toughening agent, a film capacitor epoxy potting
material for new energy vehicle was prepared, and the effects of each component on the properties of potting materials were
analyzed. The results show that the film capacitor epoxy potting material for new energy vehicles prepared by optimized
formula has high glass transition temperature, good mechanical properties, good adhesion performance, small linear
expansion coefficient, and the performances of capacitors are excellent. The prepared potting material has comparable

performance levels to similar potting materials abroad and is suitable for thin film capacitors used in new energy vehicles.
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Table 1 Preparation formula of component A

1

ETRS) 850S  NPEF-170 MXI154 S5 BRIEGE:R)
Al 28.0 7.0 0 5 60
A2 24.0 6.0 5 5 60
A3 20.0 5.0 10 5 60
A4 26.1 3.9 5 5 60
A5 25.0 5.0 5 5 60
A6 23.1 6.9 5 5 60
A7 20.0 5.0 5 5 65
A8 16.0 4.0 5 5 70

4+ 1.KH-580 1 KS-603 (1) /i & 53 435 4 2%0~3%o, FIF ;2.
TOCH R L A R R L, B8 N R
122 A4 BHIHI#&

¥ — 5% i i = oK MeTHPA . BDMA L & & L
BE BRI Rk SORY A1 KS-603 YR A, 78 3 1 (23~25T)
N B R 5 )5 E-0.1 MPa/90°C 2644 T it
W1 h A3 AR AL B, 4% 3R 2 B T 4 A
E
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Table 2 Preparation formula of component B

1

'S MeTHPA BDMA AEAE B
Bl 29.5 0.5 5 65
B2 245 0.5 5 70
B3 19.5 0.5 5 75

1.3 PEEEm

(1) g i 36 B2« A5 FH e % % B2 11 (B 5 9 NDJ-
79B, i B BT A A R A FD I, I
40°C , 14 100%, #5384 75 r/min, %5 GB/T 1632
—2008 FH R ZL SR AT MK o

(2) hiz A 5 B < A 5 se b Sy L (BY 508 TY-
8000, YL 75 K V5 1ok 46 e 4 A R 2 =] D)Wk, I B A
25°C, 345 20 mm/min.

(3) BY ) 5k 5 = 4 FH 5 e b S pL (2558 TY-
8000, YT 75 K ¥ ok 46 ¢ 4% A R 2 =1 D Wk, i B A
25°C , # 2N 20 mm/min, 3E B R R, KRR A N R
Kk (PPS) , K # HIA2 8 100 mm’.

(4) LR 1 K = 55 Al FH v il Bib QI kA (L5 9
PCY-1700, i1 7 W EMY 35 B4 A R A FD ML, AR
N 5°C fmin, WG EE N 23~80°C .

(5) 3% B Ak 35 A8 16 5 (T« fd Fl DSC 2 7% 9 4
B HACCRLS 0 7020, H A H o7 4 8 RS A Il
R, THEE R N 10°C /min, M1RIEE N 30~160C .

(6) FELZ5 45 P B It < 4K 1 1) He 25 2% S 4L
79 MODULAR DCR 670uF/2 300 V/105 A, R~} K
220 mmx115 mm. 4 58 X 6 45 18 S i | PR AR |
e AR p T AT R . e v R R 2%
f£0105°C/96 h; TEAKIR R I 25 FH-40C/96 he &
IRIR R R 56 I BE N -40~120°C , FH/BR R 2 1) N
4°C/min, {3 £5 5 18] 5 30 min, V) #8829 1 min, 1§
RN 500 K AR AE R HES MRS Sb 52 0 oF
PG (WRRI T D MR MR B & K R
FFRI R (WFRRAR TR o Pl Ak i 56 2 AE
T JE N 85°C B N 85% T LA Ui 421247 1 000 he
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Table 3 The effect of epoxy toughening agent dosage on the

properties of encapsulating materials

# 4 Al1-B1 A2-B1 A3-Bl
MX154 it & 73 %0/ % 0 2.5 5
ae 120 118 115
Fr 5 & /M Pa 52 68 64
B 7] 58 /M Pa 10.2 10.2 10.4
LR IAK R BU/(x10° K 2.70 2.70 2.72
1 e i 1 56 KRMFHE  RERARH REIRH
R IR R 56 JRAR T2 RRMAE KRR
AR RS BOTRAITR RSTTR RSR TR

RIS R AT AC/IC=104% AC/IC=5.0% AC/IC=52%
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Table 4 The effect of bisphenol F epoxy resin dosage on the

properties of encapsulating materials

Ay A4-B1 A5-Bl A2-Bl A6-B1
m .
(8309 100:15 100:20 100:25 100:30
m(NPEF—17l])
T/C 117 118 118 117
hi R %/ MPa 62 68 68 68
B 17155 £ /MPa 10.1 10.4 10.2 10.4
RIAK REL
2.71 2.70 2.70 2.72
/(x10°K")
EEERE REWFEE KRS REISEE KRS
TEAGEIRE  RAWTR REISE KRS Y KRR
R X ) . ,
| WOUTR AR WAEFR MR
TN

PUBHERE A C/C=4.5% A CIC=4.7% ACIC=5.0% A C/C=6.2%
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Table 5 The effect of filler dosage on properties of

encapsulating materials

A A5-Bl A7-B2 A8-B3
HORES EE/% 67.5 72.5 77.5
e 118 117 111
Fir 15 % /M Pa 68 66 58
BY )3 )% /MPa 10.4 10.0 7.2
LMK R BU(x10° K 2.70 2.00 1.80
18 B R REDSFH  REIRE KERISH
AR IR 1R 6 REISFH  KRRISE KRS H
e i i i 5 RFEFFH  REIFH  BEFR

PR A ACIC=4.7% NACIC=12% NAC/C=4.2%

24 #HeelRREREEBSESMRNENES
108 3 e VEE B MR BT T R 6 s .
TANF % 7 A8 H 25 8 MR AE DR 1 R J7 T AN R
FE TR o A 1] 5 20 ) S SR v I I o o 70 PR I B0A
1 000 %, A 7E BB 5 b 3 AT etk
Fzo EFMHMENES

Table 6 Suggested formula of encapsulating materials

oy EMEAR R | 4 EMESR Es
8508 20 MeTHPA 245
NPEF-170 5 BDMA 0.5
MX-154 5 B A5 5
A A5 5 R RE ROk 70
ERIEREOR 65 KS-603 0.2~0.3
KH-580 0.2~0.3
KS-603 0.2~0.3

2.5 HEERREREEESESM RN E %
SRR AR [R5 P A R AR B T2, B
I3 7SR F IR 9 70~80°C T #4 T2, IR YA
] R R E R 80~90°C I T Ak T 28, Moxt 2H 4y A il
B EAN RN FE (1026 B kA7 A, 45 S an 1 1 A 2
Fice ME1TAIE 20 LUE H, 2430 it 80°C Y,
gy AR B B RE A TP AR, Mo R iR
TR AL B T 25356 95 80 °C Tk
2.6 FERAREREBRBESESRMNE K EG

MITZE
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Fig.1 Viscosity curve of component A
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Fig.2 Viscosity curve of component B
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Table 7 Curing conditions and processes

miH ES [i] 44 2% A .45 i /MPa
s VPRI R .
51T o 90°C/2 h >-0.1
Pt 4/5 4k
e IRRREERE .
5218 e 90°C/2 h+110°C/2 h >-0.1

323 1) 4 FR BT 8], DA T 98 B S A 7 1k SR 30 Y 7 o
K= AR /N 8% s Ja B H A4 B [k N
T Bk R P TR A R I s AR FL AR
O IE R AR FE 3R I 110°CBLR .
27 #heelRSERERB S EI R R

W A8 BT AR HE B 6 RL 5 [ A1 R E 5 44 R
BEATPERE R 5 XL, 45 R 8 o . MR 8 1]
DL 5 AR50 BT 8 358 b4 ) 45 TPk B 5 1 4 7
IKPAE Y, 38 T R VRV 4 R A

3 #ig

DAXH Y A 700 34 42004 FiE 8508 - WU F 7Y 34 S 0 g
NPEF-170. 38 34 90 751 MX 154 S A4S BRI 1t
MKy 2 5T B LR 20252555065 il 4% [ 414 A7 1B
PR DU S A0 % — F BRI 8 — i LA R B
TV B WOH 4% 5t B HE 9 24.500.5: 5070 1) & 59 24 4
B2, #% )i f A 1000100 3E4T , il £ 1 —Flokr se i 4
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Table 8 Test data and contrast of encapsulating materials

RIS P EY o =
7 WA RIE =5 E AR RE T v
5 MR 2 MR 25 R
GB/T 2411—
1 HB P 5 93D 92D
2008
GB/T 1634—
2 e 117 117
2004
LIk R H @23~ ) . GB/T1036—
2.00%10° 1.98x10°
80°C)/(x10°K™") 2008
GB/T1040.1—
4 FifH5R)E/MPa 66 68.3
2006
GB/T1040.1—
5 K /% 1.8 1.7
2006
GB/T 9341—
6 Bl E/MPa 165 150
2008
; B )55 (PPS) L0 0.0 GB/T 6396—
/MPa ’ ’ 2018
I 7K
8 0.12 0.14 —
(100°C/4 h)/%
SHAHKEQ23C) 0.65 0.62 GB/T 10295—
/(W/(mK)) ' ’ 2008
A TRAFE R GB/T 1409—
10 0.017 59 0.018 64
(1 MHz) 2006
GB/T 1409—
11 A-HEE £ MHz) 3.6 4.0
2006
GB/T 1410—
12 fRFEFR/(Qm)  3.7x10" 3.6x10"
2006
) GB/T 1410—
13 RIMMHPFEZEQ 5.7x10" 5.5x10"
2006
GB/T 10064—
14 %2 H/Q 8.9x10" 8.5x10'°
2006
15 H R 5 B G —
16 AR A5 B G —
17 EfRE R i G —
18 HUBHMERIE AC/C=12% AC/IC=23% —

FH R L 25 A R, BB A R AR IR R 117°C,
LRIk R BN 2.0x10° K, i fH 58 N 66 MPa, 25
il 5 & 24 165 MPa, PPS B Y1) 3 5 4y 10.0 MPa, Fi /K
RN 0.12% , T2 BT E ) T I D0 s VI PR A I T
P v L PR L v (R v A T A M R (R B
2 5 [ 4 A R g 4T X B, 3R B AR YO R i
1) £ 11 37 RE RV 4R P MBS P 5 EE M RLAE 1 B
RE L 55 [ A1 il R IR 2 7 A 2, AT R T R VRV A
B P 2 P A R
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