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DIAGNOSTICS OF INTERNAL ISOLATION IN HIGH-VOLTAGE EQUIPMENT 
BY CHROMATOGRAPHY AND MASS SPECTROMETRY 

Currently, preventive diagnostics of internal isolation in high-voltage equipment is of great importance for 

timely detection of defects and making the right decision to eliminate them. One of the main components of 

insulation are transformer oils of different brands. The article gives an overview of the chemical composition 

of mineral insulating oils established by various studies. In this paper, we present the results of studying the 

aging products of the most used brands of transformer oils (GK, TKp, T-750, Nytro 11GX, Nytro 10X) 
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used in real operating conditions of electric grid equipment. Oxygen-containing compounds, saturated hy-

drocarbons, saturated and unsaturated carbocyclic hydrocarbons, as well as derivatives of naphthalene and 

anthracene series were identified by gas chromatography with mass-selective detection. An explanation of 

their origin is given. Attention is drawn to the fact that some compounds of liquid mineral dielectrics can be 

indicators for assessing the state of the «oil-cellulose» insulation system in high-voltage equipment. 

Keywords: mineral insulating oil, hydrocarbon oxidation, oil aging, gas chromatography with mass-selective 

detector. 
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Fig. 1. Example GC/MS-chromatogram of insulating oil of T-750 grade 
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Compounds identified in samples of mineral insulating oils from operating high-voltage equipment 

№ 

/  
К  

-
В  

-

, 

 

К К  -750 
Nytro 

11GX

Nytro

10X

а  

1  5 32 3,86 + + + – –

2 А  2 4 44 3,53 + + + + +

3 -1 4 10 74 10,19 + + + + +

4  2 2 46 4,46 + + + + +

5 Э  3 6 2 74 3,38 + + + + +

6   2 4 2 60 4,77 + + + + +

7 А  3 6 58 3,36 + + + – –

8 1- -1,3- * 8 16 128 20,63 + + + – –

9  20 40 296 23,41 + + + – –

10 2- -3-(2- -2- )* 11 18 166 16,58 + + + + +
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№ 

/  
К  

-
В  

-

, 

 

К К  -750 
Nytro 

11GX

Nytro

10X

11 2,4- - - * 14 22 206 24,79 + + + + +

12 1-[2,4,6- ]-1- * 10 12 4 196 28,28 + + + – –

13 2- -3-[4- - ]  

* 

14 20 2 220 28,26 + + + – –

14 3,5- - - -4- * 15 22 2 234 37,48 + + + + +

15 4- * 13 10 182 33,24 + + + – –

16 * 16 22 4 278 30,09 + + + – –

а  в     а в в   

17  7 16 100 2,99 + + + + +

18  13 28 184 16,19 + + + + +

19  14 30 198 18,36 + + + + +

20  15 32 212 20,16 + + + + +

21  16 34 226 21,69 + + + + +

22 3-  10 22 142 15,09 + + + + +

23 4,8-  15 32 212 18,20 + + + + +

24 2,6,10-  15 32 212 16,37 + + + + +

25 2,6,10-  18 38 254 22,19 + + + + +

26 2,6-  19 40 268 15,10 + + + + +

27 2,6,10,14-  20 42 282 24,16 + + + + +

28 Э  20 42 282 25,10 + + + + +

 а  в
29 1-( )-2- - а -

* 

14 26 194 16,57 + – – + +

30 13 26 182 17,93 + – – + +

31 1- -2- -  12 24 168 20,04 + – – + +

-   а
32 1- * 11 20 152 12,03 + – – + +

33 -2,6- * 12 22 166 14,78 + – – + +

34 -4,4,8,9,10- * 15 28 208 20,30 + + – + +

35 1,1'- [ ] * 21 36 288 22,19 + – – + +

 в
36 (3 , 6 , 9 , 6 ) – * 14 24 192 22,41 + – – + +

37 (4 , 8 , 9 , 10 ) – * 14 24 192 21,32 + – – + +

38 -1- * 15 26 206 23,26 + – – + +

39 * 16 26 218 21,02 + – – + +

 а  в  (   ) 

40 1- -4-(1- )- * 11 16 148 17,78 – + + – –

41 1,2,3,4- -4-(1- )- * 13 18 174 24,80 – + + – –

42 2-(2- )-1,3,5- * 13 18 174 24,61 – + + – –

43 1,8- * 12 12 156 26,41 + + + – –

44 2,3,6- * 13 14 170 29,41 – + + – –

45 1,2,3,4- * 14 16 184 32,48 – + + – –

46 1- -7-(1- )- * 14 16 184 29,47 – + + – –

47 2- * 12 12 156 26,14 + + + – –

48 А * 14 10 178 29,88 – + + – –

49 * 12 10 154 26,62 – + + – –

50 * 13 10 166 33,03 – + + – –

: «+» –    ; «–» –     ; * – -

 ,    . 2   .  
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Fig. 2. Structural formulas of some connection 
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