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Determination and Analysis on Ostwald Coefficient of
Natural Ester and Modified Ester Insulating Oil

HUANG Huihong, WANG Wei, SONG Haoyong, HUANG Qingdan
(Guangzhou Power Supply Bureau, Guangdong Power Grid Co., Ltd., Guangzhou 510000, China)

Abstract: Gas chromatography is a common way to determine the dissolved gas content in insulating oils, but
there is many types of natural insulating oil, and the Ostwald coefficient is not clear. In order to be able to
accurately calculate the dissolved gas content in natural insulating oils, the Ostwald coefficient of seven typical
dissolved gases in four natural ester insulating oils was measured using double equilibrium method and compared
with the Ostwald coefficient in mineral oil. The results show that there is little difference on Ostwald coefficient of
the seven dissolved gases in the three natural esters, while the Ostwald coefficient of dissolved gas in the modified
esters is slightly greater than that in the natural esters. The Ostwald coefficient of dissolved gas in FR3 has little
relative error compared with the available data, which proves that the data obtained by the method has good
credibility.

Key words: natural ester insulating oil; modified ester insulating oil; Ostwald coefficient; double equilibrium
method
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Tab.1 Performance comparison between vegetable insulating oil and mineral insulating oil

ZH RAPO FR3 RDB PFAE i
LA 7 L e kY 78(2.5 mm) 73(2.5 mm) 69(2.5 mm) 81(2.5 mm) 60(2.5 mm)
FHRT A B8 H(25°C) 3.1 32 2.8 2.95 22
PRF L BH /(Q-m) 10'(90°C) 10'2(90°C) 10'(90°C) 7.1x10'°(80°C) 103(90°C)
A B ASURE R 5L 0.4x103(90°C) 0.03(90°C) 0.02(90°C) 0.003 1(80°C) 0.1x103(90°C)
3% (40°C)/(mm?/s) 35.8 33.6 39.9 5.06 <11.0
1 /(mgKOH/g) 0.03 0.04 0.03 0.01 <0.03
[A g/ C 322 316 325 176 >145
W (20°C)/(kg-dm™) 0.919 0.92 0.90 0.86 0.83~0.89
F 7K F7/(mN-m™) 30 24 30 — >40
21d AW REAB 2% 98 99 98 98 30
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Tab.2 Concentration of standard mixing gas

AR Sy e i} 4% S5 /(uL/L)
H, 980.10
0, 9 844.1
N, 2022827
co 985.29

Co, 2480.4
CH, 97.42
C,H, 100.59
C,H, 101.79
C,H, 50.27
Ar, P4

22 inHEHIE

12 e gy 4, B3 N h— 4, Xt
I —FRE A I o X e 2 B S v O R A SIS mL A
VA8 23, 0 B v A A 1R N BE 1 ~2 K e, TN
210.5 mL i #E, B EAZ K , 48 N BUSKER Sk, &3k
MR A o KRS R N R S SRR RS HE
THURE T VR B A% P R % T e G AR A A R

TS 0 A WU Ve R AT B K B AR B . R A
TR AR FEE 00 C LA 4 N E 12 h,
LG 25 9 FF o AT BE A7 AE A K 43 RV AR . 0o 4 41 A
Y 1) 100 mL 3 58 E 59 88 20 i vE N 4 Fh Ry R )
#6231 20 mL, (7] Ho v o 28 2248 3 N 20 mL &K,
N TERUE LR IR B IR S A O A
Ji K Ak B I 1 I A o 2EL N AR S IR T g N
PR3k b, SR 20 min, 5 & 10 min, HE 5K,
3 4 PP R A S0 2 IR

76 C ) £ 17 1 12 32 20 mL %% A8 4 46 25 i 3%
B VE S S 2 4 28 N 20 mL 2 O AR EE IR A
Bt s 1) A B 2 IS HLRR 3% #5% 7E 50°C R i 4k
P% % 60 min, F N 50°C 1H IR FE i E 12 h DLRIE
T ) 465 25 i 55 VR b SR 78 S AT, AR R
UNTEp =
2.3 &M

DA B E W AR AR T S0C N4 2
THV B S AR A B AN 2H 23 ST R R AR
4 25 3 R I R SOUCST A 0 I e AE S0°C N aET
8 TR AR S5 R S50 P AT 5 L .

3% 26 1 KRR B N 15 mL/min; 4 B o #4
375°C 5 I/ 46 100°C , & I [8] 4 1.75 min, &) 5 1 (7]
4 3.8 min; AR #H 40 C LR +F 5 min, LA 24°C/min F+ £
130°C ; #4454 D 2% 0 #4485 B R 250°C , Z A4k
&N 20 mL/min, FE W 5 mL/min; & KOG AL
T 2% B 2% 95 B O 250°C , &K 40 mL/min, %5 <,
400 mL/min, WX 5 mL/min.
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Tab.3 Concentrations of gas components after first

oscillation equilibrium

F4 ZRIRHFTERBESESKE (PApl/D)
Tab.4 Concentrations of gas components after

second oscillation equilibrium

FEOE
.., FEE%IK H, CO CO, CH, CH, CH, CH,
A
158E 970.66 924.38 1346.95 75.32 26.64 32.73 3.29
2"FE 986.43 896.29 1166.37 70.61 28.33 32.95 3.57
FR3

3PRE 1027.55 911.34 1337.99 70.58 28.04 33.53 3.52

THME 994.88 910.67 1283.77 72.17 27.67 33.07 3.46

15 FF 844.88 843.65 1432.35 71.22 27.11 33.38 3.77

2"SFE 858.61 818.02 1240.32 66.76 28.83 33.61 4.09
RAPO

3SFE 894.40 831.75 1422.82 66.74 28.54 34.20 4.03

A 865.96 831.14 1365.16 68.24 28.16 33.73 3.96

1"kt 805.55 895.08 1130.55 68.00 24.48 29.71 5.31

2VSBE 71521 794.69 1003.76 60.37 21.74 26.38 4.71
RDB

3EHRE 737.79 819.79 1035.46 62.28 22.42 27.21 4.86

P 752.85 836.52 1056.59 63.55 22.88 27.77 4.96

"B 684.31 784.76 1184.61 60.68 20.02 25.67 3.43

2SR 69543 760.91 1025.79 56.88 21.29 25.85 3.72
PFAE

3SKE 724.42 773.69 1176.72 56.86 21.07 26.30 3.67

FHME 701.39 773.12 1129.04 58.14 20.79 25.94 3.61

HOI 20 mL GRS, 78 50 C AR IR 2 1F T lCE Tl
TR 7 s Hh BEAT 55 IRIR 1 5 SR JiE B eI v
10T i ) e PP A UM R S TR R AR I 2R
AR 3 Ja B T AR A K BT B SAR AR AORE 1
LR AT SARIREERT I . 3R 4SR58RIk V)5
4 M FE R S SR SR IR S L. RS NPT
AR ARG Ja B AR
3.2 SHEAERFHERRRE
DRI G FAE R IR P4
SRR AR A 23 A IE D 50°C AR iR
(01 kPa) A .

323 P
Vem Ve g3 013 @
Vo=V +y % (50 - 1)] (5)

KD~ 1, 50°C ARt KSR T <
PRAEFR, mL: V, = B8 )R P A A
B, mLs PRI B 19 K Sk 77 kPas V7, 28 50°C i
PR mL; v, SR W FrBGH AR, mL s 93k
W =R S °C sy il AR VIR R H C
33 4MEMRRSEFEBEREIIL S

i ST, OB T IRR i
AR ZZ AN 5%, bR vE ZE AR, Bl — For AR

FRIE
- Fef4F H, CO CO, CH, CH, CH, CH,
=
"< B 7036 106.91 735.14 19.47 18.32 21.77 2.26
2V KE 7529 107.44 749.83 20.85 20.61 18.89 2.49
FR3

3SFE 75.21 11055 760.46 22.02 18.82 22.19 2.57

FME 73.62 108.3 748.48 20.78 19.25 20.95 2.44

1"5FE  53.04 93.62 771.08 17.86 16.81 20.83 2.51

25kt 5676 94.09 786.49 19.12 18.91 18.08 2.77
RAPO

3FSHPE 56.70 96.81 797.64 2020 17.27 21.24 2.85

SPHJE 555 94.84 785.07 19.06 17.66 20.05 2.71

1"k 47.82 91.12 632.63 16.71 15.00 16.72 3.41

2V KE 4246 80.90 561.68 14.84 13.32 14.85 3.03
RDB ‘

3SKE 43.80 83.46 579.42 1531 13.74 1532 3.13

FHME 4469 85.16 591.24 15.62 14.02 15.63 3.19

I7SFE 55.81 110.10 697.05 18.33 14.77 18.53 2.52

7B 59.72 110.64 710.98 19.63 16.62 16.08 2.78
PFAE

3K 59.66 113.85 721.06 20.73 15.17 18.89 2.86

SEHJME 584 111.53 709.7 19.56 15.52 17.83 2.72

x5 ZXRHERSAR CRALmL/L)
Tab.5 Degassing volume after the

second oscillation balance

[E YN FR3 RAPO RDB PFAE
1Sk 15 16 19 18
275 18 17 20 19
3SR 15 18 18 17
FHME 16 17 19 18

U, B 53 PR T B0 35 R SR, WO e A T
5o B IR EE I 4 IR S5 B BT 3 E R T
AT R

W 0S5 10 AR A AR R B AR RS IE 31 50°C
PRAER AR T o WA SRR i T 508 2 8] iR 22
BN S 9 — BOPE R, ot ECRE R R A T R
SRR T A AR R I, 20 R I R LAAS 3
FR3.RAPO.RDB.PFAE 4 Ff {5 7 jih Jil << A F
235 17.47.18.56.20.68.19.66 mL. X4 F ka4
20 25 3 0 IR R AR, B B 1) A2 K 3R B0 AT AR
1E, 34 £ 1E 7T L3 5] FR3 .RAPO.RDB . PFAE 4 ff
T ik A AR AR AR 43 ) D 20.571.20.56..20.83
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YIME . K15 2 A P 28 S SR T R R T
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Tab.6 Equilibrium constant of dissolved gas in

vegetable insulating oil at 50°C

faz%i H, coO Cco, CH, CH, CH, CH,

FR3 0.068 0.115 1.188 0.343 1942 1.468 2.032
RAPO 0.062 0.116 1.222 0350 1.519 1323 1.958
RDB 0.069 0.124 1387 0356 1.728 1.406 1.968
PFAE  0.087 0.162 1.628 0.488 2.832 2.114 2939

B 0.060  0.120  0.920  0.390 2300 1.460 1.020

LA 4, H,»COCH,TE 4 F Y03 S5 8™ 90 1)<
A ST 487 5 BORE 22 A8 K T H R RFAE A4 (CO, . C,H,
C,H,C,H,) [P il Pl A 2 oK . il i x bR
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T U B PFAE HF PRV fife B 0 208 KT 3 M R AR Bk .
AR B o~ H R = G 5 1 o5 B H R AR R
U T 36 3k A e s L 75 3], A — ol B 4 W 11 4 2%
Mo By T AN ER S BRHE IR E R
RE JIAEAEAN [A), AT -5 B30 I8 246 5% 3 R i e <A
TEARES KT RARBE. H4h, CHEIENT i
TR BE 1 K TR 5 17 2R A — S8 A B LE R 40 3
WA R RE I K T i o JHH 2 7R R W i
WA R BE T DOR B /MK N PFAE.FR3.RDB . RA-
PO. S AL B 7EAE A7 () 8 1 R 21 /MK
XN PFAE.RDB.RAPO.FR3. [t , X ] fig< S5
T A 48 53 HR T R 22 1) U R — SR A TR

H B0 Kk 538 K AR 8 FR3 A 0 0 7 45 5 %
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A TR~ 18 8 B AT T SE o AT AT A FR3 I
HHV AR S RSP 2R S LR AT X B oy BT 5 AR R 22
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N K P 7 3 B W] SE b, ) e SR A A 4 2t e o2
FHRNARER G — & S H N H.

4 5

LI s A5 3 50°C R 4 RAEY 48 20
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