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Spectral Analysis

CHEN Bin, WU Hong-yang, HAN Chao, YAN Huan, LIU Ge

(Engineering Research Centre for Waste Oil Recovery Technology and Equipment , Ministry of Education
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Abstract: A series of insulating oil samples with different trace moisture contents were made up, and
infrared spectrum scans were conducted on these samples to get the absorbance values of the water
molecules at different characteristic wave numbers (namely 1 640 cm™', 3 400 cm™', 3 450 cm™' and
3 615 ecm ). The uniformity coefficient of moisture in oil samples was defined, on the basis of which a
calculation model for the kinematic viscosity of hydrous insulating oil was built up. The kinematic
viscosity values of these oil samples under 40 C were measured through experiments, which were
compared with the calculated values based on the calculation model. The results showed that the
calculation model can effectually reflect the influence rules of trace moisture on the kinematic viscosity of
oil, and the correlation coefficient between the calculated values and the measured values was 0. 9449,
with an error range from —4. 458X 10" to 5.175X10 ",
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Fig. 1 The mid-infrared spectral scanning image of oil samples with different content water
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Table 1 The five parallel tests of absorbance value to oil samples 5 UL LG ki 10 y.L L RE K 4 BT %

(trace-water content 10 pL/L)at the characteristicspectral . B
ARSI AT 5L B AE L 640 ecm ' .3 400 em .3 450 em '

wavenumber of water and the deviation analysis

T 1640 3400 3450 3615 3615 cm "B Ay LT AN BE AR R 25 L Tk 1.

Wavenumber/cm™
i Ve S RE A ks A 4 N
1 0.09374 0.03600 0.02312 0. 06276 IR L AT B YRR T D S R AE 5 LR 1Y 45 4
Values 2 0.09422 0.03627 0.02340 0. 06345 TE I B4 W% ol B 22 B A /N, HOR 25 43 51 R 0.58% .
of 3 0.09469 0.03653 0.02368 0.06415 0.85%,1.40%,1.27%.
Absorbance 4 0.09327 0.03574 0.02284 0.06206 PLOCE 1 h %% o RE 7E S U 80 (1 640 em
5 0.09293 0.03555 0.02264 0.06158

3400 cm 1.3 450 cm .3 615 cm ') &b XF N B W O R

Average 0.09377 0.03602 0.02314 0.06280 N B,

1 0.00003 0.00002 0.00002 0.00004 EB%% 2 EI%H vé\ﬂ(i 10 )uL/L *de.ﬂ: 10 ‘uL/L {EE

Abeolut 2 0.00045 0.00025 0.00026 0.00065 0, T L 60 emt 3 615 em!
] sorute 3 0.00092 0.00051 0.00054 0.00135 ‘ "J“ oamos oamos oamos om

cviation 4 0.00050 0.00028 0.00030 0.00074  VCEUAL R % 6 JEE {F 388 < 2R 4 3 Oy 15. 9826.,6. 7206

5 0. 00084 0.00047 0.00049 0. 00122 11.35%.56.46% . S G HF: ERFRELSE DY

Average 000055 000051 0. 00052 0. 00080 TRZEA A KL ] UL LLIR AR TE 4 AR 8 I B0 1 IO

deviation ’ ’ ’ JE BUAE 22 ) A8 Ak St I i ik A H oK 4 B 10w/ L )|

Relative deviation/(%) 0.58% 0.85% 1.40% 1.27% 1 000 pL/L 2RI 17 1.

K2 ARG EEHHEFERALHRXEER

Table 2 The absorbance value of oil samples with different content water at the specific spectral wavenumber

Trace waterc(pL « L") 10 100 200 300 400 500 600 700 800 900 1 000
A, 0.0937 0.1087 0.1121 0.1124 0.1190 0.1194 0.1245 0.1258 0.1266 0.1337 0.1387

1 640/cm™  Growth value 0.0150 0.0034 0.0002 0.0066 0.0004 0.0051 0.0014 0.0007 0.0072 0.0050
Growth rate/ (%) 15.98% 3.15% 0.21% 5.86% 0.37% 4.24% 1.11% 0.56% 5.66% 3.77%

A, 0.0360 0.0384 0.0402 0.0466 0.0543 0.0587 0.0615 0.0717 0.0736 0.0838 0.0966

3400/cm ' Growth value 0.0024 0.0018 0.0064 0.0077 0.0044 0.0028 0.0102 0.0019 0.0102 0.0128
Growth rate/( %) 6.72% 4.60% 15.99% 16.44% 8.13% 4.77% 16.53% 2.70% 13.87% 15.30%

A, 0.0231 0.0257 0.0275 0.0343 0.0421 0.0466 0.0496 0.0600 0.0622 0.0726 0.0859

3 450/cm™ ' Growth value 0.0026 0.0018 0.0068 0.0078 0.0045 0.0030 0.0104 0.0021 0.0104 0.0133
Growth rate/ (%) 11.35% 6.99% 24.59% 22.68% 10.77% 6.37% 21.05% 3.55% 16.70% 18.38%

A, 0.0628 0.0982 0.1120 0.1138 0.1201 0.1233 0.1313 0.1348 0.1454 0.1475 0.1645

3615/cm™'  Growth value 0.0354 0.0139 0.0018 0.0063 0.0032 0.0080 0.0035 0.0105 0.0021 0.0170
Growth rate/ (%) 56.46% 14.11% 1.58% 5.51% 2.67% 6.53% 2.64% 7.82% 1.46% 11.53%
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Fig. 2 The measured absorbance values and calculated

curves of different trace water content oil samples
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Table 3 The measured absorbance values(A;), calculated values (A{) and uniformity coefficient

(Cn) of different trace water content oil samples at the specific spectral wavenumber

Water 1640 cm™! 3400 cm ™! 3450 em ™! 3615 cm ! c
contente/pL « L' A, A Ca, A, A Cn, A, A Ca, A, A Cn, "

10 0.094 0.097 0.969 0.036 0.031 0.839 0.023 0.018 0.722 0.063 0.069 0.912 0. 745

100 0.109 0.105 0.962 0.038 0.036 0.944 0.026 0.024 0.917 0.098 0.090 0.915 0.951

200 0.112 0.111 0.991 0.04 0.042 0.952 0.028 0.030 0.933 0.112 0.107 0.952 0.942

300 0.112 0.115 0.974 0.047 0.048 0.979 0.034 0.036 0.944 0.114 0.117 0.971 0.965

400 0.119 0.118 0.992 0.054 0.054 1.000 0.042 0.042 1.000 0.12 0.124 0.971 0.971

500 0.119 0.121 0.983 0.059 0.060 0.983 0.047 0.048 0.979 0.123 0.127 0.966 0.982

600 0.124 0.123 0.992 0.062 0.066 0.939 0.05 0.054 0.926 0.131 0.130 0.993 0.933

700 0.126 0.125 0.992 0.072 0.072 1.000 0.06 0.060 1.000 0.135 0.134 0.989 0.989

800 0.127 0.128 0.992 0.074 0.078 0.949 0.062 0.066 0.939 0.145 0.139 0.960 0.947

900 0.134 0.133 0.992 0.084 0.084 1.000 0.073 0.073 1.000 0.147 0.149 0.984 0.984

1 000 0.139 0.140 0.993 0.097 0.090 0.922 0.086 0.079 0.911 0.164 0.165 0.994 0.918
2.3 EBEIHHETEEIRERTN L, AR K3k 0.001% ~0. 1%, K 43 & e AR
H1 T SEER Il AR R ROK & B 10 nL/T~1 000 pL1/ BRI MK 4r B R B T O/ W oK 43 3l B, % S2 A0 S
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Table 4 The measured values.average values. average deviation of them and calculated values of the kinematic viscosity

of different trace-water oil samples and the error between average measured values and calculated values

Water Content/p,L - Lt 10 100 200 300 400 500 600 700 800 900 1000
1 9.8431 9.8459 9.8484 9.8533 9.852 9.8537 9.8561 9.8566 9.861 9.8657 9.8694
Measured 2 9.843 9.8462 9.8479 9.8537 9.8501 9.8529 9.8546 9.8543 9.8607 9.8665 9.8711
value 3 9.8428 9.8464 9.8487 9.8525 9.8506 9.8544 9.8554 9.854 9.8622 9.8649 9.8696
/mm?® ¢ s ! 4 9.8432 9.8465 9.8488 9.8529 9.8505 9.8541 9.856 9.8539 9.8612 9.864  9.872
Average 9.8430 9.8463 9.8485 9.8530 9.8508 9.8538 9.8555 9.8550 9.8613 9.8653 9.8705
Average _ - -
deviati 0.000125 0. 0002 0.0003 0.0004 0.0006 0.000475 0.000525 0.00095 0.000462 0.000825 0.001025
eviation
Calculatedvalue/mm® « s=' 9.8432 9.8452 9.8476 9.8501 9.8527 9.8549 9.8570 9.8601 9.8616 9.8650 9.8661
Error/(X10 ") 0.203 —1.117—0.913—2.943 1.929 1.116 1.522 5.175 0.304 —0.307 —4.458
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Fig. 3 The comparison of mcasurc'd kinematic viscosity values Kb B 2T B S 5 5 76 97 1 T 2 B 5 2o 00 31 RE 7 4
and calculated values of different trace water content
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