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Study on properties of microbial metabolites in transformer oil
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Abstract: With the long-term operation of transformers, microorganisms will be produced in transformer oil, and the
microbial metabolites can affect the quality of transformer oil. In this paper, the changes of the content, composition, and
structure of extracellular polymeric substances (EPS) produced by microorganisms in the transformer oil were analyzed by
using three-dimensional fluorescence spectroscopy (3D-EEM), ultraviolet spectroscopy, and Fourier transform infrared
spectroscopy (FTIR). The types of organic compounds in new oil and fault oil were compared and analyzed, and the effect
of EPS on the quality of transformer oil was investigated. The results show that C=C and C=0 characteristic functional
groups generate in the transformer oil after long-term operation. The color of the oil in darkened, and the absorbance
increases significantly in the near ultraviolet region with the wave length of 190 nm-400 nm. The content of protein (PN) in
new oil, running oil, and fault oil is always higher than that of polysaccharide (PS), and PN is the main component of EPS.
The number of fluorescent emission contour rings of EPS in fault oil decreases, mainly including O-H, C-H, C=0O and

unsaturated bond. Compared with new oil, the water content of faulty oil increases by up to 5 times, and the acid value is 40

times higher than that of new oil.
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Tab.1 The sample information of transformer oil
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Fig.1 Appearance of transformer oil sample
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Fig.2 Ultraviolet spectra of transformer oil sample
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Tab.2 PN and PS content of EPS in different transformer oil

AR PN/(mg/L) PS/(mg/L) EPS/(mg/L)
Cl 43.15 0.315 43.465
C2 40.98 0.405 41.385
C3 45.98 0.305 46.285
c4 50.21 0.300 50.510
Y1 669.82 51.79 721.61
Y2 650.14 59.79 709.93
Y3 666.34 49.79 716.13
Y4 680.25 60.20 740.45
Gl 549.82 27.37 577.19
G2 541.23 32.37 573.60
G3 551.23 35.37 586.60
G4 561.20 33.51 594.71
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Fig.3 Three-dimensional fluorescence spectra of EPS in different transformer oils
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Fig.4 Infrared spectra of EPS in oil sample
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Tab.3 Performance index of different transformer oil samples

FoKE A HERE A EBEER

(ng/e) /(mgKOH/g) 3% 1%
cl 8 0.009 57 0.5
2 6 0.007 64 0.3
c3 10 0.010 52 0.7
C4 6 0.013 60 0.7
Y1 11 0.090 51 1.1
Y2 8 0.080 57 0.7
Y3 12 0.120 55 1.1
Y4 10 0.190 49 1.7
Gl 27 0.770 28 6.3
G2 25 0.620 35 5.8
G3 31 0.730 31 6.1
G4 31 0.840 23 6.5

5HR PR R K ) IX 3, 5 0 T 8 9 1 o 2 P PR,
o5 — 77 T & HH T 78 F 485 9 JB0HR = AR R R R 23 o
7 HUE RIR R R 53 Ae b, Mok il G4 1 28
ML T PR %, PRI 512 61.7%
3 &g

(DK W 47 148 i 25 1 20608 T AR IR, 7= R
C=C Fl C=0 FHiE & e 4], /£ 9% K 9 190~400 nm [
IS AMX R B B B K, BT AR B AE 205 nm AL i
DUAR 25 P B 224

Q) A AR = 2 8 D s AT il
EPS & B = 410N 740.45 mg/L, # i b & A K&
2% 3 » FL BPS st 52499 579.19~594.71 mg/L; 3 Ff
A7 2% 1 B PN & 238 = T PS, PN JE EPS [ £ 22
A

(3) H b i1 H EPS (380K ik & 32 22 H ILLE 270
~400 nm. 5 ¥ AL AT AE L, Wk i R EPS %
IR 4 v P R B R D, AP AE O-HL.C-H.C=
O FIAS A4 ; il o EPS H B EE %2 (i % i, 3= 38
FE BRI R -

(4) K HIE 4T 1) 748 F 245 1 o ot A2 Ah BH 6,
G4 K E IR %, TR 1H (0.84 mgKOH/g) LL BT il
C4 = 64 i, 7= A2 T & Fh A HLIR 2 B e Rile , 535
FA BARFE R B K, o 77 U R B

SE Mk

[1]  Shsese () 75, J 55 5 A0 e 2 il 4H e 5 A A 2 s MR AR DG TR 7
[J7. 83 7H,2022,37(5):24-27.

[2] 22 R BRSTOW AR IR, A AR s i il AR 2% HL ARG 5 22 AL DL EELAT
FEIT]. B 5 35 0 BE 6, 2022,38(5):86-94.

[3] HIGTE R, A K I AR He 25 4% 26 2 A i 1) SO0
HUBIBT L [J]. 42544 6F,2022,55(9):57-62.

[4] R A B 5 G AR AR D AR AR T 2 il B AR KB A 0] 4K
2 5N TR 2014,31(2):48-51.

[5] WRIEIRE, S R H, 00 55 46 | e 43 180 IR A e 2l rh s i <
A3 A R [T, H TR 2241,2022,37(3):750-766.

[6] sk, M AR W], B T, 55 AR T AR P A AT 0], AR
2001,38(3):21-24.

[7] HEWe)I, 22 PR FS B B R AR He 3 il 52 AR S et AT R
75,2007,44(2):43-46.

[8] ik ==¥AT, 5k B 9 SR Uk, 55 Fe¥ " 1E A0 T Z B AL IX 1) 5 10
e Foxtim e 2L I R A 7] 4k T2 47,2019,70(3):1089-1098.

[9] SHAO Y M, ZHANG H X, BUCHANAN 1, et al. Comparison of
extracellular polymeric substance (EPS) in nitrification and nitrifi-
cation bioreactors[J]. International Biodeterioration and Biodegra-
dation,2019,143:104713.

[10] SHAO Y M, ZHANG H X, BUCHANAN I, et al. Critical re-

view of EPS production, synthesis and composition for sludge

flocculation[J]. Journal of Environmental Sciences, 2018, 66(4):

225-245.
[11] B . FE g 48 2k i 5 43 A 16 3 B 0], BRAR L 17,2003,20(2):
55-59.

[12] 50, WR L8 B 2 78 I 250l #6161 R VA [7]. 728 e
#%,2002,39(4):47-48.

[13] 8 BRA 5 R B 5 LA A8 T 2 il 2 AL IR D' WS R AIE 20 B
[7]. A% 15 #%,2022,59(5):34-39.

[14]  w by Bl X 22 7 0 A6 45 7 3 s 4 R 0 HL A D 45 e P B
LRIR[I]. A5 RE,2022,55(7):1-9.

[15] BARR VB MR EE 55 JE T =2 AR IR A 4 il 48 0RES
D AHIFFE[J]. 62541 84,2022,55(12):87-91.

[16] ZHANG B Q, CHEN N, FENG C P, et al. Adsorption for phos-
phate by crosslinked/non-crosslinked-chitosan-Fe(III) complex
sorbents: Characteristic and mechanism[J]. Chemical Engineer-
ing Journal,2018,353:361-372.

[17] ZHANG B Q, WANG L, LI Y M. Fractionation and identifica-
tion of iron phosphorus compounds in sewage sludge[J]. Chemo-
sphere,2019,223:250-256.

[18] T Akt sk BRAE, & A . — ) 32 i S b g M S T L),
I REE 5 PE,2020,45(8):49-51.

[19] HU X, CHEN K, LAI X, et al. Effects of Fe(III) on biofilm and
its extracellular polymeric substances (EPS) in fixed bed biofilm
reactors[J]. Water Science and Technology, 2016, 73(9): 2060-
2066.



gaixtiRl  2024,57(2) i

K48 AR s T R A AR P I BT 5

111

(20]

(21]

[22]

[23]

(24]

KA, 56—, J5 2 AN 21 24 %o doh 10 R B R 5 LB 0D, 7l
Y54 11,2020,38(6):28-33.

SR, ARTL, PME % T FDS (1748 IR 2% 2 4K 2 b
FE 5 7K 4y B VRl 5 VR (30, 8 B B4k ¥ 4% ,2017,37(1):
217-223.

K, B, I 5  BRTE S A N R R ROK & AR R 2
H I VEREIE FL[I]. 45 2544 K1,2022,55(2):38-43.

Tk g,k 5 A, AR AR A I IR 0 € i s R B ST
R[] 9 7 9h,2020,35(1):40-45.

JE SCE R RMG, KA TR SR A T A A A o 2

[25]

[26]

FREWEFL]. 45200 K1,2022,55(12):69-74.

MR PE AR AT, w4 R85 L 2887 ) R A T 25 0 A T 4 el 1
RERIRZIA )], 262061 81,2022,55(8):59-63.

AR 358, A 2 BB R, 5 il BN KO A P 4
7 R R[], 46 256481, 2022,55(11):42-47.

ks HEA:2023-02-09; &[5 H#A:2023-03-31.

e

BN 32 (1973-) , % (k) , SHRIBLA, EHRIALN,

EENF U ZABERFLGHA.





