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Abstract
An increase in electricity generation is possible not only through the construction of power plants, but also through the  

creation of fundamentally new energy sources. One of the problems of modern electrical engineering is to ensure the reliability of 
the operation of capacitors at electric field strengths exceeding I50-200MV. In the domestic and foreign capacitor industry, for heavy 
pulse modes, castor oil (CO) is used as a liquid impregnation. The development of a method for producing a substitute for natural 
castor oil, which is a universal impregnating liquid in capacitors, is an urgent problem in the electrical industry. Thus, we have de-
veloped a method for the production of acetoxymethyl-w.hexyl-o-xylene, the electrophysical properties of which make it possible to 
use it as an environmentally friendly and promising substitute for natural castor oil. However, there was a problem of stabilization, 
since compounds of the ester type have (as impregnating liquids in capacitors) a disadvantage, which consists in their sensitivity to 
light hydrolysis and atmospheric effects. Ester exhibits high stability with respect to air up to 200 °С, therefore, inhibition by the 
addition of antioxidants is required is not new. 

In this work developed the basic electrophysical properties of the ester-acetoxymethyl-secondary hexyl-o-xyleole; methods 
for its purification and stabilization. There were chosen the adsorption method of thermo-oxidative stabilization to clean dielectric 
fluid from conductive impurities.

As a result of the electrophysical characteristics of the acetoxymethyl-secondary hexyl-o-xyleole ester, as well as the method 
of its purification using alumina, and hydrogenation on a catalyst representing 0.2 % palladium on alumina and stabilization using 
additives NG-2246. As a result of the research, it was possible to obtain an ester with improved electrophysical parameters.
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1. Introduction
Esters are used in power capacitors used in electrical power engineering, industrial elec-

trical engineering, and power electronics. In addition, esters are promising substitutes for chlo-
robiphenyls, dielectric fluids, which are prohibited in many countries due to their toxicity and 
biodegradability, which pose a serious environmental hazard [1–5].

Known synthetic esters, as well as castor oil, along with a wide range of valuable physical 
and chemical properties, have insufficient hydrolytic stability, which sharply reduces the service 
life of power capacitors. Therefore, the known esters used as dielectric liquids require stabilization 
with epoxy additives that block acid groups and hinder their hydrolysis.

Despite the fact that insufficient hydrolytic stability of esters is a generally recognized fac-
tor [6], as follows from the contents of Table 1 [6, 7], the dielectric liquid acetoxymethyl-secondary 
hexyl-o-xyleole, obtained in strict accordance with the methodology of its synthesis, is thermostable.

However, in the process of impregnation, a situation is not excluded when small deviations 
from the given technological regime are possible, leading to the appearance of undesirable impuri-
ties in the final regime. If to add here possible violations of the rules of storage in a warehouse or 
transportation, then it is really necessary to take into account the appearance of such impurities, 
arising, for example, in the processes of hydrolysis or photolysis of a dielectric liquid. In this regard, 
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in order to obtain guaranteed stable results, it became necessary to develop methods for drying 
a dielectric liquid from conductive impurities.

Table 1
Physicochemical and electrical characteristics of the dielectric liquid acetoxymethyl-secondary  
hexyl-o-xyleole

Description of characteristics Acetoxymethyl-secondary hexyl-o-xylene* Indian medical castor oil

Density at 20 °С, kg/m3 965 958

Kinematic viscosity, m2/c

at 20 °С 44.68 About 1,000

at 70 °С 5.92 56

Degree of refraction 1.4975 1.4780

Flash point, °С 162 275

The loss tangent of a dielectric 

at 20 °С 0.002 0.0014

at 90 °С 0.02 0.66

The dielectric constant

at 20 °С 5.1 4.52

at 90 °С 4.3 3.90

Note: * – without additional cleaning, drying and stabilization.

2. Materials and research methods
In order to obtain high and stable electrophysical parameters of the dielectric liquid acetoxy-

methyl-secondary hexyl-o-xyleole, the main of which are high dielectric constant and resistance to 
electrical breakdown, various options for drying and purification were studied [8].

Electrical indicators characterizing the presence of ionic and conductive impurities in the 
liquid were measured in accordance with GOST 6581-75 at temperatures of 20 and 90 °C. These 
indicators include: the tangent of the angle of dielectric loss (tgδ), specific volume resistance (ρv), 
electrical permeability (ε).

Table 2 shows the method for determining the physicochemical and electrophysical proper-
ties of acetoxymethyl-secondary hexyl-o-xyleole.

Table 2
Method for determining the physicochemical and electrophysical properties of acetoxymethyl-secondary 
hexyl-o-xyleole

Index Symbol Measurement Determination method according to GOST

Pour point Тpoint K 20287-78

Boiling temperature Тboil K 18995-6-73

Flash point Тfl K 4333-48

Refractive index nD dimensionless Refractometer IRF-20

Density ρ4
20 kg/m3 1300-74

Kinematic viscosity ν m2/s–1∙106 33-82

Heat capacity Ср J/(kg∙K) Method of an adiabatic flow-through calorimeter in a closed cir-
culation circuit with a weight measurement of the flow rate

The loss tangent of a dielectric tgδ % 6581-75

Specific volume resistance ρ Оm∙m 6581-75
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The electrophysical and physicochemical properties of the synthesized acetoxymethyl-
secondary hexyl-o-xyleole, were determined by standard methods after vacuum distillation and 
fine purification from conductive impurities by the adsorption method on aluminum oxide [9].

The thermal stability of dielectric liquid was determined by the increase in the value (tgδ) of 
the liquid after holding it at 90 °C for 48 hours. If the increase (tgδ) with respect to the initial one 
was %, then the liquid was considered thermostable.

3. Results
Purification of the synthesized ether from conductive impurities was carried out by the ad-

sorption method in a closed system. The installation for drying the dielectric consisted of a one-liter 
flask with a sampling branch and a glass stopper connected to a three-way valve. A liquid was placed 
in the flask and pre-prepared alumina was added thereto in an amount of 10 % by weight of the  
liquid to be purified. To avoid undesirable contacts of the dielectric with atmospheric oxygen, the 
flask was filled with nitrogen, evacuated, and then nitrogen was supplied again through a three-way 
valve. At the same time, the liquid was uniformly mixed with aluminum oxide. Then the closed flask 
was disconnected from the vacuum pump and kept at a temperature of 90 °C for several hours.

A reactor equipped with a porous glass filter, nichrome wire winding and a reflux condenser 
was used for hydrogenation. The reactor consisted of a Pyrex glass tube with a diameter of 30 cm 
and a length of 50 cm, a pocket for a thermocouple and two taps for supplying hydrogen from the 
bottom and for loading and unloading a dielectric liquid and catalyst from above. A reflux conden
ser was connected to the upper outlet during hydrogenation.

The catalyst used was 0.2 % palladium on alumina in an amount of 5 % of the dielectric 
volume. Hydrogen was fed from the generator at a rate of 40 ml/min through a desiccant filled with 
aluminum oxide, the reaction temperature was 120 °C. After hydrogenation, the reaction mixture 
was washed to a neutral medium, dried over sodium sulfate, distilled, and purified over γ-Al2O3.

In order to obtain high and stable electrophysical characteristics of the dielectric liquid secon
dary hexyl-o-xyleole, the main of which are high dielectric constant and resistance to electrical break-
down, various options for drying and chemical purification were investigated [10, 11]. γ-aluminum 
oxide (fraction 1–1.5 mm) was used as an adsorbent. The drying results are shown below (Table 3).

As can be seen from the test results, short-term drying up to 4 hours improves the electro-
physical characteristics of the dielectric liquid. Prolonged contact of it with the adsorbent, obviously,  
causes the destruction of its structure. The adsorbent is eroded and converted into a pulverized 
state; which ultimately leads to the ingress of small particles, which are difficult to remove during 
filtration, into the dielectric liquid, which sharply reduces its electrophysical characteristics.

Thus, it was assumed that insufficient thermal stability of the dielectric liquid as a result of par-
tial hydrolysis of traces of chloromethyl- secondary hexyl-o-xyleole, in the composition of the dielec-
tric liquid leads to the appearance of the corresponding hydroxy-methyl derivative is shown in Fig. 1.

Table 3
Influence of the drying time on the electrophysical parameters of acetoxymethyl-secondary hexyl-o-xyleole

Electrophysical indicators Before drying
Drying time, hour

2 4 6 8 10

The loss tangent of a dielectric

by 20 °С 0.047 0.003 0.003 0.005 0.042 0.071

by 90 °С 0.042 0.003 0.03 0.06 0.054 0.073

by 90 °С after 48 minutes 0.049 0.003 0.03 0.07 0.08 0.079

The dielectric constant

by 20 °С 5.3 5.2 5.1 5.3 5.5 5.7

by 90 °С 4.7 4.5 4.3 4.5 4.7 4.8

by 90 °С after 48 minutes °С 4.7 4.5 4.2 4.4 4.6 4.7
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Fig. 1. Hydrolysis scheme chloromethyl- secondary hexyl-o-xyleole

The dielectric liquid was purified by hydrogenation. Installation for purification of a dielec-
tric liquid by hydrogenation is shown in Fig. 2.

Fig. 2. Dielectric fluid hydrogenation plant:  
1 – hydrogen generator, 2 – desiccant, 3 – refrigerator, 4 – reactor, 5 – laboratory transformer

For hydrogenation, a reactor (4) equipped with a porous glass filter, nichrome wire winding, 
and a reflux condenser (3) was used. The reactor consisted of a рyrex glass tube with a diameter 
of 30 cm and a length of 50 cm, a pocket for a thermocouple, and two taps for supplying hydro-
gen from the bottom and for loading and unloading the dielectric liquid and catalyst from above.  
A  reflux condenser was connected to the upper outlet during hydrogenation.

4. Discussion of experimental results
Experiments show that this treatment improves the thermal stability of the dielectric fluid. 

The catalyst used was 0.2 % palladium on alumina in an amount of 5 % by volume of the dielectric. 
Hydrogen from the generator (1) was fed at a rate of 40 ml/min through a desiccant (2) filled with 
aluminum oxide, the reaction temperature was 120 °C. After hydrogenation, the reaction mixture 
was washed until neutral, dried over sodium sulfate, distilled and subjected to γ-Al2O3 purification. 
The electro physical parameters of the liquid after hydrogenation are presented in Table 4.

As can be seen from Table 4, almost 4 hours after the start of hydrogenation, the thermal 
stability significantly increases, the value of the dielectric loss tangent decreases, the dielectric 
constant and specific volume resistance change slightly. 

As can be seen from Table 4, almost 4 hours after the start of hydrogenation, the thermal 
stability significantly increases, the value of the dielectric loss tangent decreases, the dielectric 
constant and specific volume resistance change slightly.

Thermo-oxidative stability of an insulating liquid characterizes its resistance to tempera-
ture and oxidation when in contact with atmospheric oxygen. An indicator of thermo-oxidative 
stability is the magnitude of the change in the tangent of the dielectric loss angle at a temperature 
of 80–100 °C. To improve the performance of dielectric fluids, it is usually necessary to stabilize 
them with additives. 

For this purpose, the effect of an industrial antioxidant additive on the properties of  
acetoxymethyl- secondary hexyl-o-xyleole, was studied. As a criterion of stability, the change in 
the tangent of the dielectric loss angle was taken when heated to 90 °C for 48 hours. An industrial 
phenolic antioxidant 2,2-methylene-bis-6-tert-butyl-4-methyl-phenol (NG-2246) [12] was used as 
an additive.

Table 5 shows the results of stabilization of acetoxymethyl-secondary hexyl-o-xyleole, with 
additive – NG-2246. The change in the dielectric loss tangent upon heating to 90 °C for 48 hours 
was taken as a stability criterion.
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Table 4
Influence of the duration of hydrogenation of the dielectric liquid acetoxymethyl-secondary  
hexyl-o-xyleole, on its electrophysical parameters

Electrophysical indicators Initial data
After hydrogenation, hour

2 4 6

Specific volume resistance, Оhm∙m

by 20 °С 1.57⋅1012 1.55∙1012 1.72⋅1012 1.32⋅1012

by 90 °С 1.27⋅1010 1.22⋅1010 8.5⋅1010 1.44⋅1010

by 90 °С after 48 minutes 1.3⋅1010 1.27⋅1010 8.9⋅1010 1.51⋅1010

The dielectric constant

by 20 °С 5.4 5.3 5.2 5.1

by 90 °С 4.8 4.5 4.3 4.2

by 90 °С after 48 minutes 4.8 4.4 4.2 4.2

The loss tangent of a dielectric

by 20 °С 0.13 0.008 0.004 0.002

by 90 °С 0.20 0.06 0.02 0.02

by 90 °С after 48 minutes 0.27 0.08 0.04 0.03

Table 5
Effect of additive NG-2246 on thermal oxidative stability of acetoxymethyl- secondary hexyl-o-xyleole

Electrophysical indicators
Amount of NG-2246, wt. % 

0.005 0.01 0.05

Specific volume resistance, Оm∙m

by 20 °С 1.72⋅1012 1.81⋅1012 1.78⋅1012

by 90 °С 5.28⋅1011 6.11⋅1011 5.35⋅1011

by 90 °С after 48 minutes 5.21⋅1010 5.35⋅1010 5.20⋅1010

The dielectric constant

by 20 °С 5.0 5.0 5.0

by 90 °С 4.3 4.2 4.2

by 90 °С after 48 minutes 4.2 4.1 4.1

The loss tangent of a dielectric

by 20 °С 0.003 0.002 0.006

by 90 °С 0.003 0.002 0.008

by 90 °С after 48 minutes 0.004 0.003 0.010

As can be seen from the results, the additive NG-2246 in an amount (0.01 wt %) increases 
the thermal-oxidative stability of the dielectric fluid. As a result of biomedical and toxicological 
studies of acetoxymethyl- secondary hexyl-o-xyleole, it has been established that this liquid be-
longs to class IV (i.e., it is low-toxic).

5. Conclusion
In this work, as a result of the conducted studies of the electrophysical parameters of the 

ester of acetoxymethyl-secondary hexyl-o-xyleole, a method for its purification using aluminum 
oxide was chosen, and hydrogenation was carried out on a catalyst representing 0.2 % palladium 
on alumina and stabilization using additive NG-2246.
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An ester of acetoxymethyl-secondary hexyl-o-xyleole with improved electrophysical indi-
cators has been obtained, namely, thermal stability increases, the value of the dielectric loss tangent 
decreases, and the dielectric constant and specific volume resistance change slightly.
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