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Research on oxidation stability of insulating oil containing trace
water based on infrared spectral analysis

CHEN Bin, WU Hongyang, ZHANG Xianming, LIU Ge

( Engineering Research Centre for Waste Oil Recovery Technology and Equipment, Ministry of Education ,

Chongqing Technology and Business University, Chongqging 400067, China)

Abstract: The acid value of insulating oil will change when it was polluted by trace water, and the oxidation stability can be
influenced, so it is necessary to investigate the intrinsic relationship between trace water and the acid value of oil for the safe
and reliable operation of insulating oil. Firstly, a series of oil samples with different content of trace-water were prepared,
and the thermal oxidation experiments of the oil samples with 164 hours were conducted. Then, the experiments of mid-infra-
red spectrum scanning and total acid number (TAN) were conducted for the oil samples, and the changes of absorbance val-
ues at the wave-number of 3650 em™ ( phenolic hydroxyl group of T501) and 1700 ¢cm™ ( carbonyl group of organic carboxylic
acids) were analyzed before and after thermal oxidation experiments, the relationship of total acid number with water content
was obtained. Finally, the multiple linear regression ( MLR) calculating model was established. The results show that the
goodness of fitting model is 0.9792, the residual sum of square is 1. 1726x10™° | and the error is from —2.50% to 3.77%
between the calculated values and the measured values according to the model. This model can reflect the relationships of

TAN and the status of oxidation stability of insulating oil with different trace-water contents accurately.
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Fig.1 Infrared spectral scanning image of oil samples with different content water at wave number

of 4700 ~350 cm™ before and after thermal oxidation experiment
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Table 1 Absorbance values of oil samples with different content water at spectral wave number

before and after thermal oxidation experiments

IKE S/ 1640 cm™ 1700 em™ 3400 cm™ 3450 em™ 3615 cm™ 3650 cm™!
(L L7Y) Skl AfbE Addi As SRt S SUKET ARG AdkET AE AR AE
10 0.0937 0.0651 0.1856 0.3938 0.0360 0.0230 0.0231 0.0106 0.0628 0.0287 0.1954 0.1074
100 0.1087 0.0671 0.2840 0.4120 0.0384 0.0241 0.0257 0.0116 0.0982 0.0304 0.2762 0.1084
200 0.1121 0.0661 0.3137 0.4269 0.0402 0.0236 0.0275 0.0112 0.1120 0.0322 0.3076 0.1143
300 0.1124 0.0668 0.3015 0.4377 0.0466 0.0236 0.0343 0.0111 0.1138 0.0339 0.3009 0.1172
400 0.1190 0.0688 0.3132 0.4418 0.0543 0.0221 0.0421 0.0095 0.1201 0.0357 0.3085 0.1211
500 0.1194 0.0682 0.3203 0.4422 0.0587 0.0238 0.0466 0.0113 0.1233 0.0375 0.3162 0.1270
600 0.1245 0.0682 0.3355 0.4400 0.0615 0.0244 0.0496 0.0120 0.1313 0.0389 0.3309 0.1284
700 0.1258 0.0700 0.3328 0.4444 0.0717 0.0256 0.0600 0.0133 0.1348 0.0408 0.3322 0.1285
800 0.1266 0.0700 0.3427 0.4503 0.0736 0.0259 0.0622 0.0136 0.1454 0.0408 0.3488 0.1298
900 0.1337 0.0666 0.3433 0.4495 0.0838 0.0213 0.0726 0.0087 0.1475 0.0376 0.3450 0.1319
1000 0.1387 0.0704 0.3607 0.4616 0.0966 0.0240 0.0859 0.0115 0.1645 0.0421 0.3450 0.1338
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Table 2 Absorbance value of oil samples with different content water at characteristic spectral wave

number, change value and change rate between two adjacent gradient absorbance values

KE =/ 1640 cm™ 1700 cm™ 3400 cm™
(uL- LY WA, A AL/ % WS A, AUAE AL/ % WOGEE A, AR AL/ %
10 0.0937 0.1856 0.0360
100 0.1087 0.0150 15.98 0.2840 0.0983 52.98 0.0384 0.0024 6.72
200 0.1121 0. 003 4 3.15 0.3137 0.0298 10. 48 0.0402 0.00138 4. 60
300 0.1124 0. 0002 0.21 0.3015 0.0122 3.89 0.0466 0. 006 4 15.99
400 0.1190 0. 0066 5.86 0.3132 0.0117 3.87 0.0543 0.0077 16. 44
500 0.1194 0. 0004 0.37 0.3203 0.0071 2.27 0.0587 0.0044 8.13
600 0.1245 0.005 1 4.24 0.3355 0.0152 4.75 0.0615 0.0028 4.77
700 0.1258 0.0014 1.11 0.3328 0. 0027 0. 80 0.0717 0.0102 16. 53
800 0.1266 0. 0007 0.56 0.3427 0.0099 2.96 0.0736 0.0019 2.70
900 0.1337 0.0072 5.66 0.3433 0. 0006 0.16 0.0838 0.0102 13.87
1000 0.1387 0. 0050 3.77 0.3607 0.0174 5.08 0. 0966 0.0128 15.30
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KE i/ 3450 cm™ 3615 cm™ 3650 cm™
(pL- L) A; A AL/ % A; AffE AL/ % ; AAH AL/ %
10 0.0231 0.0628 0.1954

100 0.0257 0.0026 11.35 0.0982 0.0354 56. 46 0.2762 0.0807 41.31
200 0.0275 0.0018 6.99 0.1120 0.0139 14. 11 0.3076 0.0314 11.39
300 0.0343 0. 0068 24.59 0.1138 0.0018 1.58 0.3009 0. 0067 2.19
400 0.042 1 0.0078 22.68 0.1201 0. 0063 5.51 0.3085 0.0076 2.53
500 0.0466 0.0045 10.77 0.1233 0.0032 2.67 0.3162 0.0077 2.50
600 0.0496 0.0030 6.37 0.1313 0.0080 6.53 0.3309 0.0147 4.64
700 0.0600 0.0104 21.05 0.1348 0.0035 2.64 0.3372 0. 0063 1.91
800 0.0622 0.0021 3.55 0.1454 0.0105 7.82 0.3488 0.0116 3.45
900 0.0726 0.0104 16.70 0.1475 0.0021 1.46 0.3450 0.0038 1.09
1000 0.0859 0.0133 18.38 0.1645 0.0170 11.53 0.3706 0.0255 7.40
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PEEWEBEE R 90 C, AWM 1.0 L/h &
X F AR AR T N 0 ~ 7 d % 8 dH i
FEHEAT RBP4 . A5 B RE7E I
FERTTE] A O ~ 7 d R EL AR 7K 43 4R A1 8 504 B W D'
JE XA 50 2 AR 2GR 0 ~ 7 d B ER{ELRT 1700
em” R EAL W S B AR Pl AR LA (] A AR fR G 8] 2 B
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Table 3 Five parallel tests of absorbance value to oil

samples (trace water content 10 pl./L) at characteristic

spectral wave number of water and deviation analysis

PeH/ em™! WOLRE 4R SFEHRE MR %
1 0.09374  0.00003
2 0.09422  0.00045
3 0.09469  0.00092
1640 0. 00055 0.58
4 0.09327  0.00050
5 0.09293  0.00084
SEHIME 0.09377
1 0.18564 0.00017
2 0.18574  0.00007
3 0.18614  0.00033
1700 0. 00020 0.11
4 0.18554  0.00026
5 0.18598 0.00017
SEHIE 0. 18581
1 0.03600  0.00002
2 0.03627  0.00025
3 0.03653  0.00051
3400 0. 00031 0.85
4 0.03574  0.00028
5 0.03555  0.00047
SEHIE 0.03602
1 0.02312  0.00002
2 0.02340  0.00026
3 0.02368  0.00054
3450 0. 00032 1.40
4 0.02284  0.00030
5 0.02264  0.00049
SEEME S 0.023 14
1 0.06276  0.00004
2 0.06345  0.00065
3 0.06415 0.00135
3615 0. 00080 1.27
4 0.06206  0.00174
5 0.06158  0.00122
SEHIE 0.06280
1 0.19544  0.00007
2 0.19654  0.00103
3 0.19763  0.00212
3615 0.00126 0. 64
4 0.19435  0.00116
5 0.19359  0.00192
SERIE 0.06551
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Table 4 Absolute values of change of total acid number and AA at wave number to different trace water

content oil samples before and after thermal oxidation experiments

K/ (pl - L7 [i4[:1 AA g0 AA 709 AAz400 Adss50 A5 Ads650

10 0.0108 0.0286 0.2081 0.013 0.0125 0.0340 0.0880

100 0.0138 0.0417 0.1280 0.0143 0.0141 0.0678 0.1678

200 0.0153 0.0462 0.1132 0.0166 0.0164 0.0798 0.1933

300 0.0154 0.0455 0.1362 0.0230 0.0232 0.0799 0.1837

400 0.0153 0.0501 0.1286 0.0230 0.0326 0.0844 0.1875

500 0.0152 0.0512 0.1219 0.0349 0.0353 0.0858 0.1892

600 0.0154 0.0562 0.1045 0.0371 0.0376 0.0925 0.2025

700 0.0168 0.0558 0.1116 0.0461 0.0468 0.0940 0.2037

800 0.0180 0.0566 0.1076 0.0477 0.0486 0.0940 0.2191

900 0.0184 0.0671 0.1062 0.0625 0.0639 0.1099 0.2131

1000 0.0195 0.0684 0.1009 0.0727 0.0744 0.1224 0.2368
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WAL LLHMR O B E 7 A B i 2 oo A PR, R
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Fig.5 Comparison of measured Ax,,, values and
calculated values of different trace water content oil

samples after thermal oxidation experiments
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