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Effect of thermal-cooling cycling on electrical properties of epoxy resin

ZHOU Yuanxiang'?, XU Jingfan', ZHU Xiaoqian’, LIU Xuanhao', LU Yi’, GAO Yanfeng’

(1. The Wind Solar Storage Division of State Key Laboratory of Control and Simulation of Power System and
Generation Equipment, School of Electrical Engineering, Xinjiang University, Urumqi 830047, China;

2. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
3. Research Institute of State Grid Jibei Electric Power Co., Ltd., Beijing 100045, China)

Abstract: The influence mechanism of thermal-cooling cycling times and temperature change rate on the electrical
properties of epoxy resin were studied using a linear rising and cooling method. The results show that as the cycle times
increases, the DC electric strength and volume resistivity of epoxy resin increase at first and then decrease, and this trend
slightly increases in early cycles with the increase of temperature change rate, but decreases significantly in later cycles. The
analysis indicates that thermal and cold alternating environment will promote the dynamic adjustment of chain segments in
epoxy resin, making its structure more compact and regular. Although thermal expansion and cold contraction may cause
micro-cracks appear on the surface of epoxy resin during early cycles, dynamic adjustment plays a dominant role, which
leads to the improvment of electrical properties of epoxy resin. However, with the increase of cycle times, long-term thermal
expansion and cold contraction intensifies the fracture of molecular chain segments and the expansion of micro-crack,
resulting in the decrease of electrical properties of epoxy resin. With the increase of temperature change rates, the internal
chain segment in epoxy resin cannot be fully adjusted, and the impact of temperature stress increases, which lead the epoxy
resin more prone to deterioration.
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Fig.1 Schematic diagram of thermal-cooling cycling process
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Fig.2 Surface morphology of epoxy resin after

thermal-cooling cycling
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Fig.3 Infrared spectra of epoxy resin after

thermal-cooling cycling

B 3 AT %0, 7E 1250~ 1 050 em Ab 4RI 1 5
FE 359 B8 A7 A VK 8 T 2 305 B OK S 9/ i ka3 .
FEREAT 15 0F1 30 ¥ RAE I 5, 31 200 R 16 5 [
A B 5 BRI R SR I R A R S B, 7 AR
Z R C-O0, HEM S 31 250~1 050 em™ 78 Fl 4 1 4%
A1 W B 38 ORI I A 0 A KR ) B T R Ak
RENTHAL 2B BB NE R, T B E R G 4
1) 75 B Bk 225 ¥ R A2 B AR R L, 3R T R-O-Ph 4544
i 1 250~1 050 cm™ 3t i P (1) 457 4IF U 538 B T 46 UK
No R FREEA i R AR SR A il AR R C=0, (13
1732 om™ 4b (145 AIF UG 5 P55 0 T 38 K . (E A3 — 1R
72,4 10°C/min % HAE A AL B 60 IR )5, 1 T ALY
KGR G B R 2 A EREIBAM
BEA H 5 A AR 2R PR B S - b C-H B A A
4, B &AE 1 250~1 050 em™ &b 55 75 ik (1) R-O 45 1E

UEEF1 3 000~2 800 cm™ Ak C—H HFAF U (19 W Wi 538 5 B
SN BeA, BT 4 10°C/min A G A AL BE 45~
60 X Ji& , I 3R 1 23 T8 AR 22 HLIR 1) ik 2 SURH Ak
AL, 75 B8 B0 R] (74 0B B, SRR K T
T LG ALIE NRFE N, 24 IR TR I,
TANIK 53 W SE RIE FH 2 51 R 3 SRR IR 7K i
N, 58 10°C /min ¥ #4058 A 3 60 I 5 T A i
—OH FFfIE U I i 385 57
23 WHEAETEE

B 1 A e A U 2 A o AR ORE N S AR
PSR TR, B TR BE L H
AR o 1 a A HE 5 7 R R, (5> T 45
R4 77 THT 5 3¢ 355 A0 2 70 Ui 3 B 52 A 410 A8 Bk L R ~F- )
HE K T, AH AT A T A5 11 S 35 B KR R, 43 T Bk
12 By B AL A I

B 4 %5 1°C/min A1 10°C /min ¥ 05 2R &b 7 5
ISR 1 DSC il 28 .

ML 4 BTN, B8 5 G R 0 E 0 38 0, B S R 1)
WA AR 2 EAE FREES . £

— Kb
---nl5
=-=-n30
---- n45

120.54°C

e .-

. 12825C

127.82°C """

80 100 120 140 160 180
g/ C
(a) 1°'C/min

S——

123.93C—=-_~

SIO 160 léO 14IlO 160 180
meE/C
(b) 10°C/min
El4 RAMRIFEIERME DSCHIZ
Fig.4 DSC curves of epoxy resin after

thermal-cooling cycling



96 AR

2025,58(2)

PG PR H I, v PR A i R AR K, o T
[) BE 3 K, O 5 B RS B B A R 8 1 A3 1) T AE
IR A I 2, TR L 1 4 B [ B K
MRS o I A PA 58 106 AN W 18 38 55 B o A, 1149 380
SR IR T P 0 45 A A 4 B 0 0 R [ B A SR
R R A a4 S B TR I TE YA 0T 2R 1 3 5 30 S8R
JIES ) B 35 A e A U FEE o 0 A8 20 50 1) 19 o
L I8 5 78 A OB 2k 38 0, ¥4 R BA BT 3 I 1
MRS Lt — D R R T M AR TR
It HL A BE S AW 45 1 W 55 In) 7L, 3 SO S IR
B T 3 AR PR AR . SR Ak, BN I AR L R AT DL
S8 IR HE 4 5 70 AR RS (], 56 L PN 3 4y T
g AT 2 N B B, T R B0 ) S .
I, E 7 BE A UCEBOH TR 2641 T 5 1°C/min ¥ #4005
TR A B )R ol 3 3 A B AR IR BE v T 10°C/min # FA
T FA A B I RE i
24 EREEHM
EEFBEER T, 8 T IR BUE 88 1) Rt &
A] DA R L 37 5 42 0 S A REIR PO G s R A E
Wi . S VA TG PR A RS PR SR TG R B R
AR E . IWE S HTLLE H, &5k A A I b
HEERE S AEAS R AR IR TR R N ) E R AR R
g6 BTG N BERE S AL BAEIE 30 I IA 2 5
KAB o R LA A IR L BE R RE S B A E A
366.6 kV/mm, £ 1.4.7.10°C/min ¥ #E 3 4L FE 30
JE S PR E B B AR EE ) BT T 16.3%.
14.3%- 13.3% F1 10.8%. i J5 , PR &0 i 1 B I L
ORI B, 4T 60 KA IR ALEE I L AR
R g BB R B g i) T PR AR 390.6. 3732,
372.2.359.5 kV/mm.

440
—a— [ 'C/min
——4°C/min
- —4—7°C/min
é 420+ ——10°C/min
z
400t
=
i
B
= 380}
o
360
0 15 30 45 60
TEIIRHX

Els RABRARTEMNEERBSBETELE
Fig.5 Line chart of DC electric strength of epoxy resin after

thermal-cooling cycling

MR B B R R 2 E S, 55 Y 1 RSB L
TP E BT, P E BT RS 8 BRI
KN R L0 PG IR AT T, 21 i P 50 5% B
ViR A A S B R SNy (A s = EER o2
TN o FEAM I FIE R R 8T 1E B HATFE N
ToVEIR1T R Re Bk v IR A 22, T4 Ry 1 FF i (1)
HHEAEE, REEAMIEARLE 30K 22
2 IR S0, (R T 0 R A 25 0 7 08 B
B, ¥ FAJE TR K0 B HT AL a1 B R AR B AR
T ARG MRE S . SR, A BTG IR IE 2 30 K5
I8 55 108 A IR BP 1S T, A S IR B 3 D {58 G P
H AR R, MRS 2 95 ke, BRI, AR
TE 0 R 5 B0 ¥R 3% 53 K, W 3 S R4 A A 3R 1
AR IS TRt Ae RS 2 MR B R i 22,
T EUE I AR R A . R RO AR
T3 2 2 T BOA M i P B B A 0y, T
g%, HRMM N AR E ™ E . B, 7558
R AR L 3 2R VA FATE A Ak 38 T 0, BRSO I ) LU R
AR b T RN T TE A S B A B S R B
FREE.

2.5 ZE[E]E M

K] 6 22 10°C /min ¥4 #0814 B 5 RS0 i 1
2 TE) HLAT 23 AT o T 6 TT L, oK 280 A 3 () 2R S IR
FE S TE AL IS 72 AR A R A N o R A #A
I8 A 4k B (B i 25 TR R A LR R SRR/ JE 3G K
I . 3X o DA R 74 FE BA Ak B A 00 RE Y T
e B oy A, A L S5 R BRI D B B R A, AT
SR A A AR RN . SR, B A G IR 1)
BEAT , TSI 3G 2 AT R | 40 1 B 1) BT 2 R DA
FAL SRR R A, SN T B2 MR NE, 5804 %
AR 5 BARE P 3 2 ] H A AR SR K

F AN Ak ik FE T DA SE U e Bt B SRR R PN
() 2 i) LA AR SR AR B B 0 A . B 7 AR AR iR
TR A G R AL B 60 VB 2 A Ak i FE 2 T
Fi ] R B B I (R AR i 2k . BRI 7 AT, W R
TEI 60 X Ji5 » B8 A 7% I 28 R 3G K, B8 JiE 9 23
MR EE L. XEHTEARIEHE, K
IR B Bl o TR W R ARG, BN T
2 B 4 IR B 7 1RO R B, 2k T s =2 [ L A B 25 5
R, e Ah Bl A5 A0 I 26 (1) 38 K, PR T 5 4R
ARGy 1 SRR R, 5 AR BE RS I, R 51N
THEZ R
2.6 PEBFSTEFMYE

N T HIE T AT A Ak B S SR AW N R B B



JAFEE « o FATE IS B4 S0 Al HL R R Y S

97

40

— Omin
30k ----3min
----- Smin
o 20F - 10min
E M | 40 min
< 1of
e
£
E iof
’.\H _20_
-30F B A%
-100 0 100 300
JEJEE /um
(a) WIURFE il
4
0 ——0min
--- 3min
o on L Smin
—_ 10min
1‘:‘ 00y 40min
< 1o} b
= \ 4
K 2
= 0
£ 0]
H
-20L
2301 BHH% L4
-100 0 100 200 300
JE S /um
(b) 10°C /min ¥ #IEE 30 I
40 -
—— Omin
----3min
30 —— 5min
o [ | O CEEEEE 10min
£ 200 My 40min
S
@ 10F
Bt
' 0
=
= -10p
H
20k
-30F B A% 4%
-100 0 100 200 300

JE % /um
(c) 10°C/min ¥ #AEFE 60 X
6 AMBEIHETERIETEBRETSH

Fig.6  Space charge distributions of epoxy resin after
thermal-cooling cycling
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Fig.10 Diagram of chain segment dynamic adjustment and surface morphology of epoxy resin during thermal-cooling cycling

treatment process
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Fig.11 Diagram of chain breaking mechanism of epoxy resin during thermal-cooling cycling treatment process
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