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Abstract: Under the effect of high temperature, the oil-immersed paper in operating transformer ages gradually, and its
resistivity changes with ageing. To get a more complete understanding of the various factors except water that affect the
resistivity of oil-immersed paper during the ageing process, at first, we conducted accelerated thermal ageing on the
paperboards in vaccum to prepare samples with different degrees of polymerization (DP). Then the water content in the
samples was controlled strictly, and their resistivity was measured in vacuum to explore the influence of DP on their
resistivity. After that, the paperboards with different DP were immersed in mineral oil with different resistivity to explore the
influence of the resistivity of oil on that of oil-immersed paperboard. Finally, the oil-immersed paperboards were accelerated
aged, and the change of their resistivity after ageing was observed. The test results show that the resistivity of paperboard
slightly increases after ageing, and the increasing trend is partially offset after inmmersing in oil, but there is no significant
effect law of oil with different resistivity on resistivity of oil-immersed paperboard. When the water content is simmilar, the
resistivity of oil-immersed paperboard decreases significantly with the increase of ageing products. It is concluded the
decrease in resistivity of oil-immersed paperboard during ageing is caused by the gereration of polar substances such as
water, acid, furfural, and so on. There is quantitative relationship between DP and the resistivity of oil-immersed paperboard .

Key words: oil-immersed paperboard; mineral oil; resistivity; accelerated thermal ageing; degree of polymerization (DP)
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Tab.1 Physical parameters and ageing conditions of

4 groups of paperboard

18/ FIKE% DP A
1 0.596 1136 105 ‘C/24 h
2 0.562 635 160 ‘C/31h
3 0.581 467 160 °C/182 h
4 0.698 387 160 "C/678 h

AR 17 AR Ak HE T 0k 25 SR Gn B S BT, 4RAR
27 3* R Ak HL AL ) B 5 AR 1P AR TRD 78 AN 2 4
k. MWK ST LLE H BEE 2 AR R iR, itk
FEL YL 1A W) 4 B AR A T B R A, oK BOAE DU AH 4k R
B, 75 WAL I 18] 9 2 000~3 000 s i, AS [] 22 A0 2
AR 1A AL FEL R B 2R R B0 T &8 S, HED = B T
Ji TR AR M L A B2 H R S R B B 2 SR B K
T KO TR B AE 4T 4 |, {5 45 A8 [ 480 A Ak FEL VAR
(46 BE R AR AN B AR b, 1 78 9 2 3k 2 o | A
Wrdeh B2, 3 BUK B E LR 4E R TH I SES K T A
W 4t A , it o 00 ) T P 38, RS K 4 TR T R
He SR AL L h 28 5 B LA X

10-10,

— 1136
- - 635

- 467
o~ - 387

< 10"

AL L

10

1 10 100 1000 10000
i8] /s

El5 A [EDPYKIR "R 4CE L

Fig.5 Polarization current curve of
paperboard 1 with different DP

F 2 T ANIE DP 4B 17~ 3% () L BE 22 %4
FE LA 1948 5 R $0 (coefficient of variation, C,)
KRREMNB D ENE. CarHEARX R,

L, hZee e

72)6
XD x, NI EAE s NAREAR DN 0 Nbr % s
N A .

M2 LU Y, 22 57 R BN T 6.5%.

3 SR AT HL P A< i DP YA AL & 3 i 6 s

(7

’:



50 iR A Suws b e GEN FES A TP N

®2 HATZHIKRFIREAFEDP THHEERKRATRRY
Tab.2 Resistivity of three paperboards with different DP

under vacuum and their C,,

DP AR G R BH 22 /(Q-m) A5 REU%
1* 1.015%10"
1136 2% 1.115%x10" 5.58
3" 1.124x10"
1* 1.167x10"
635 2* 1.173x10" 2.68
3" 1.225%10"
1* 1.403x10"
467 2" 1.521x10" 4.62
3" 1.522x10"
1" 1.431x10"
387 2" 1.624x10" 6.41
3* 1.563x10"
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Fig.6 Change of paperboard resistivity with DP
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Tab.3 Resistivity and water content of oil-immersed

paperboard in oil 1% and resistivity of oil 1*

DP BHZ/(Qm) AR KE% A E/(Q-m)
1136 3.544x10"
635 2.223x10"

0.19 1.384x10'"
467 3.436x10'"
387 2.628x10"
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Tab.4 Resistivity and water content of oil-immersed

paperboard in oil 2* and resistivity of oil 2*

DP PR /(Qm) AW EKE%  HEHEZE/(Qm)
1136 2.311x10"
635 2.592x10"

0.34 7.498x10"
467 2.984x10"
387 2.483x10"
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Tab.5 Resistivity and water content of oil-immersed

paperboard in oil 3" and resistivity of oil 3"

DP RBHZ/(Qm) A AKE% A R /(Q - m)
1136 2.617x10"
635 2.560x10"
0.19 4.425%10"
467 2.978x10"
387 2.734x10"
4_
—— T I 1Y, m=0.19%
oP3 == Hih2Y, my=0.34%

—— T3, m=0.19%
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Fig.10 Resistivity changes of paperboard with different DP

immersed in mineral oil 17-3"
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Tab.6 Physical parameters and ageing conditions of

4 groups of oil-immersed paperboard and oil
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Tab.7 Resistivity of oil and oil-immersed paperboard

during ageing

O R G KE/%  DP & AKE/x10° Fi&E DP TR ARAR H BH 2/(Q-m) T FELBH 26 /(Q m)
0.278 1031 1.3 105 °C/1d 1031 2.524x10" 9.145x10"
2 0.401 602 12.2 140 °C/7d 602 2.117x10" 4.662x10"
3 0.459 343 18.9 140 'C/20 d 343 6.892x10" 1.136x10'
4 0.513 296 4.4 140 'C/30d 296 2.779x10" 3.109x10"
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Fig.11 Polarization current of oil-immersed
paperboard 3" with different DP
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Fig.12 Relationship between oil-immersed
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