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Analysis on pyrolysis kinetics of epoxy resin impregnated paper

ZHOU Yuanxiang'?, ZHONG Bo', LI Yuhang®, BAI Zheng?
HUANG Xin’>, CHEN Jianning’>, JIANG Guimin'

(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)

Abstract: As a key device in ultra-high voltage and extra-high-voltage transmission projects, the deflagrate accidents of
bushings seriously threaten the safe and stable operation of the power system. Adhesive impregnated paper bushing is an
alternative to oil-impregnated paper bushings with deflagration risks, while there is relatively little research on the
thermodynamic behavior of its core insulating material of epoxy resin impregnated paper during arc faults and the risk of
bushing deflagration. In this paper, the thermogravimetric experiments and differential scanning calorimetry analysis at
different heating rates were conducted on epoxy resin impregnated paper, and its thermal decomposition process was
analyzed. Flynn-Wall-Ozawa (FWO) method and Coast-Redfern (CR) method were used to obtain the pyrolysis kinetic
models of epoxy resin impregnated paper at high temperature in an oxygen-free environment. The results show that the
thermal decomposition process of epoxy resin impregnated paper in adhesive impregnated paper bushing can be divided
into three stages: epoxy melting, endothermic reactions, and decomposition gasification, and the first two stages conform to
three-dimensional diffusion model, random nucleation and subsequent growth model, respectively. After an arc breakdown
fault occurs in bushing cores, the thermal decomposition mass loss of epoxy resin impregnated paper is as high as 90%
under the effect of high temperature. The high temperatures and gas expansion produce high amplitude internal stress inside
the core, which leads to core cracking and even explosion.

Key words: dry-type bushing; epoxy resin impregnated paper; pyrolysis process; pyrolysis kinetics
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Fig.2 TG curves of samples under different heating rate
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40 186.095 5 0.997 7 252.363 2 0.990 2

X F 25 R I RIP 4, 6 N THEEZR R o
/NF0.125 {9 [X 3, 3-D (Ginstling-Brounshtein ) 5% 7!
B3R E, VY918 4 178 ~193 kJ/mol, £ FWO % Al
KAS V%45 21 (1) 2 M5 A0 g B X 1] . PRt , 7€ RIP
AR RN 1B B s R AR .

SR S B 2 By B, 3£ T Avrami-Erofeev 5 #% , n=
1.5 19 B8 AL A% AR 5 A K A5 2 e CROE AR TH 1Y
E, N 209~253 kJ/mol, Ifi FWO 7%l KAS 7% 3R 15 1)
E, N 178~255 kJ/mol, —# JL°F—%. K, 7EiX
— B Bt RIP il 3)) 71 7 75 & BE L AR A B 5 AR
BAY,

NTHE & SR B E, R AR AT 4, UK
& W B BT L R ) T R AE S = TR B AR AL
(PSO) L1, LAFWO 3 1 KAS ¥ 3K 15 1) & ¢ S By
BLE, R A, A X 18] R 29 3R 2% A, 78 5% 22 °F 7 Fl
(RSS)#e /MR 5E R R*(COD) e 530 1 (1T B 4%
17 5 SR B b ek £ (10D 25 00 R B0 S A i, o
HERWMEIFR.

R3 PHFSEHNFRHACEETEER
Table 3 Calculation results of kinetic parameters by the
PSO method
BB W o R T 1ga/s’ RWIGERE E,/(kI/mol)
et 0.181 10.762 178.000
ME2 0819 198.272

12.606

BRITHELERR/AKXQOHF R AD AR
RIP 4 KL #5071 5 J7 R 6 b AT #0045 1 5%
RRT RN E A2, B 12584 FR. HE 12
A, RIP #4 K H SR B0 5 3 T30 1 % S it |
i 26 W &, DRl I ) 522 1 Ao 30 7 2 07 2 T T T
FE A RIP (AL 2

da 062 178 x 10°
— = : - = +
0.181 x 10""exp caar | (@

det
(1D
198 x 10°

83147 )fz("‘)
DA, £(a) () AR 28 B0 T8 3K 43 90
A A3 s,

0.819 x 1012'6°°exp(

fila) = 1-5[(1 - a)'% - 1] (12)

fi(a) =%(1 -a) - In(1 - oz)]_% (13
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PP I [ A 2 T B AL s A A i 2B TR R4
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R 46 5L » RE P8 K 701 i o 1T AL PR M
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Fig.12 Thermal gravimetric fitting curves of samples
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