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Abstract—Trends in the field of high voltage 

engineering show most of the conducted works 

have focused on the transformer oil such as mineral 

oil, vegetable oil, oil-based Nano fluids. The 

average life period of transformer has reduced to 

half of their designed life due to insulation problem 

and its 75% of high voltage transformers are caused 

by insulation failures. Both the life time and 

functional reliability of transformers mainly 

depends on the insulating materials. This paper 

presents an overview and general backgrounds of 

research and development in the field of different 

solution methods to obtain the physical and 

chemical properties of different transformer oil like 

mineral oil, vegetable oil, oil-based nano fluids 

found in the literature. Some of the most popular 

methods that included various testing, analysis 

method and simulation methods are reviewed and 

analysed in detail. This paper provides useful 

guidelines for the future studies for those interested 

in the problem or intending to do additional 

research in this area. 

  

Keywords : Nano fluid, Thermal ageing, 

Breakdown strength, Impulse voltage, Oil-

impregnated paper, natural ester, dissolved gas 

analysis. 

1. Introduction 

Electrical energy is generated at places 

where it is easier to get water head, oil or coal for 

hydro-electric, diesel or thermal power stations 

respectively. Thus energy is to be transmitted at 

considerable distances for use in villages, towns 

and cities located at distant places. Since 

transmission of electrical energy at high voltage is 

economical therefore some means are required for 

stepping up the voltage the generating stations and 

stepping down the same at the places where it is to 

be used. Electrical machine used for this purpose is                 

‘ Transformer’.  

 

In our country the electrical energy is 

usually generated at 6.6 or 11 or 33 kV stepped up 

to 132 or 220 kV/400kV with the help of step up 

transformer for transmission and then stepped 

down to 66kV or 33kV at grid substations for 

feeding various substations, which further step 

down the voltage to 11kV for feeding distribution 

transformers stepping down the voltage further to 

400/230 V for consumer use.  

 i) Transformers are also used in low power 

electronic circuits by stepping down the voltage to 

a suitable level.  

 ii) These are used in Instrument transformer for 

protection purpose.  

 iii) Impedance matching purpose in electronics and 

control systems.  

 iv) Isolation of DC maintaining continuity of AC 

between two circuits  

 v) Filament transformers to supply power to heat 

filaments in vaccum tubes, cathode ray tubes in 

television monitor, computer monitor. 

  

In transformer, transformer oil is used for 

carrying heat from the core and coils. It also 

provides additional insulation. Normally mineral 

oil is used as transformer oil. It is obtained by 

refining crude petroleum. High dielectric strength, 

high flash point, low viscosity is some of the 

essential properties of transformer oil. These 

properties are abundance in vegetable oil also. So 

research is done in this area. These properties are 

also improved by adding Nano fluids with mineral 

oil or vegetable oil. Transformers are known by 

different names in different application. The 

transformer windings and the metallic container are 

insulated from one another by suitable transformer 

oil. The transformer oil not only provides insulation 

but also helps to dissipate the heat due to iron and 

copper loss occurring in the transformer. 

 

2. Review of literature 

 

This paper gives general backgrounds of 

research and development in the field of 

transformer oil in transformer based on 25 

published research articles. The following literature 
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presents the summary of testing and the 

characteristics of transformer oil. The related 

assumptions made, strengths and weaknesses of 

each solution methods are highlighted.   

 

1. Michal Rajnak et.al in 2017 presented 

“Electrical conduction in a transformer 

oil-based magnetic nano fluid under a DC 

electric field” Experimental study of the 

direct current electrical conduction in a 

magnetic nano fluid based on transformer 

oil and iron oxide nanoparticles stabilized 

with oleic acid was reported. The current–

voltage characteristics of the pure 

transformer oil and the magnetic nano 

fluid with various particle volume 

fractions and electrical conductivity values 

were calculated. From the experimental 

study it was discovered that the current– 

voltage attributes display the converse 

hysteresis-like behaviour. The remarkable 

thinning of the current–voltage inverse 

hysteresis loop was obtained by applying 

external magnetic field  

 

2. H. Zakaria et.al in 2017 presented 

“Characteristics of Mineral Oil-based 

Nano fluids for Power Transformer 

Application”  Patterns in the field from 

claiming nanomaterial-based transformer 

oil demonstrate the most of the works 

have focused only on the transformer oil-

based nano fluids and the stability of 

transformer oil-based nano fluids studies 

were limited. Cold-atmospheric weight 

plasma technique is suggested to 

functionally change the silicon dioxide 

(SiO2) nano fluids so as to improve the 

electrical properties of the mineral oil-

based nano fluids. It was found that in 

cold-atmospheric pressure plasma method 

have higher AC breakdown voltage values 

than natural oil. Fourier Transform 

Infrared (FTIR) Spectroscopy also used to 

study the physical changes of oil. 

 

3. Chao Tang et.al in 2016 presented “The 

space charge behaviours of insulation 

paper immersed by mineral oil and 

MIDEL 7131 after thermal ageing” In 

thermally aged oil-paper in mineral oil and 

synthetic ester MIDEL 7131space charge 

impacts were tested and compared. This 

test indicates that the MIDEL oil-paper 

may have a better insulation performance 

than that of the mineral oil.  

 

4. Muhammad Rafiq et.al. in 2016 presented 

“Breakdown Characteristics of 

Transformer Oil Based Silica Nano 

fluids” In this study the AC breakdown 

strength and impulse breakdown strength 

of mineral oil with SiO2 nano fluids were 

conducted in order to find the moisture 

content and influence of the moisture in 

AC breakdown strength and impulse 

breakdown strength and also the 

modification of nanoparticles to improve 

the breakdown strength were discussed. 

 

5. Junko Tkunaga et.al in 2017 presented 

“Gas Generation of Cellulose Insulation 

in Palm Fatty Acid Ester and Mineral Oil 

for Life Prediction Marker in nitrogen-

sealed Transformers” To sample the 

headspace of a closed thermal aging, a 

new apparatus was developed. In Aged 

insulating material in mineral oil and palm 

fatty acid ester, the gas characteristics 

were analysed and compared with the gas 

chromatography method. The possibility 

of using carbon oxides as a marker for the 

lifetime of nitrogen-sealed transformers 

also proved by this research. 

 

6. U. Mohan Rao et.al in 2017 presented 

“Physiometric and Fourier transform 

infrared spectroscopy analysis of cellulose 

insulation in blend of mineral and 

synthetic ester oils for transformers” In 

this paper in the mixture of mineral and 

synthetic ester (SE) oils, the cellulose 

performance were studied. By applying 

accelerated thermal stresses in the Solid 

insulation impregnated with mineral oil 

(MO) and mixture oil in order to find the 

deterioration rate of cellulose and also the 

dielectric strength of paper and oil – 

moisture diffusion in to the paper were 

also examined. Finally concluded that the 

performance of cellulose insulation was 

improved with addition of SE to MO. 

 

7. A. Narayani et.al in 2017 presented “A 

Statistical Study on the AC Breakdown 

Voltage of Corn Oil and Mineral Oil for 

Liquid Insulation” In this the investigation 

made on the corn oil (CO) as alternate 

liquid insulation to mineral oil (MO). 

With two parametric distributions (Normal 

and Weibull distribution) the statistical 

analysis of breakdown voltage on corn oil 

was carried out. Breakdown voltage on 

corn oil as well as mineral oil were 

conducted, it was found that the corn oil 

has the suitable and better breakdown 

characteristics than the mineral oil and 

hence the corn oil has the potential to 

BUPT



replace traditional mineral oil in high 

voltage transformer. 

 

8. Tonglei Wang et.al in 2017 presented 

“Gaseous characteristics of impulse 

breakdown initiation process in 

transformer oil” In this transformer oil 

statistical characteristics of the impulse 

breakdown time lag were studied and the 

discharge formation time lag were 

obtained  by the Laue’s pattern. In this 

based on the F-N theory the theoretical 

equation of the statistical discharge lag 

and the strength of the electric field was 

proposed and the nucleation time was also 

calculated based on the vaporization 

nucleation theory 

 

9. Zhao Tao et.al in 2017 presented 

“Breakdown Characteristics of 

Transformer Oil Insulation under Impulse 

Voltage with Different Waveform 

Parameters” In this the breakdown in 

transformer oil under the influence of 

impulse voltages with different waveform 

parameters for the insulation of the 

transformer were investigated 

experimentally. First an impulse voltage 

generator was built based on the solid state 

switch and produced different kinds of 

impulse voltage. Five different impulse 

voltage waveforms are used: 1.4/50μs, 

11/210μs, 0/700μs, 130/1700μs and 

250/2600μs. Then the breakdown tests 

were carried out under these impulse 

voltages. The results show that the 

breakdown voltage was closely related to 

the front time of the impulse voltage, the 

gap distance and the radii of curvature of 

the needle electrode. The propagation time 

of the streamer increases with the increase 

of the impulse front time, also the 

breakdown time delay has the same 

characteristic. The factors that influence 

the gap breakdown voltage were finally 

analysed and discussed. 

 

10. Heli Ni et.al in 2016 presented “Study on 

Impulse Breakdown Characteristics in 

Transformer Oil with Different Electrode 

Materials” In this the 50% impulse 

breakdown voltages and the discharge 

time delay with different metal electrode 

materials like copper-tungsten , stainless 

steel, copper and aluminium were 

obtained through experiments and also 

Weibull distribution functions and the 

Laue plots were obtained. From the results 

it was observed that the average 

breakdown electrical field with different 

electrode materials were different 

especially copper-tungsten were the 

largest, followed by stainless steel, copper 

and aluminium. From the Laue plots the 

average statistical time lag and the average 

discharge formation time were derived and 

the differences were discussed. Existences 

of two parallel discharge processes were 

proved by the appearance of the inflection 

point in Laue plot. 

 

11. Bai mei Wang et.al presented “Thermal 

aging results between oil-paper insulation 

impregnated by mineral and vegetable 

insulating oil” thermal aging experiments  

carried out on oil-paper insulation 

involved  insulating paper, mineral 

insulating oil, vegetable insulating oil and 

the mixed insulating oil, which is 

combined by vegetable and mineral 

insulating oil with different proportions. A 

mass ratio of the vegetable insulating oil 

to the mineral insulating oil in mixed 

insulating oil gives the proportion of 

vegetable and mineral insulating oil 

(PVM). The experiments were conducted 

at 130°C to analyse the aging products 

characteristics of different types of oil-

paper insulation samples. From the 

experimental result, acid value and 

furfural content of insulating oil also 

increased with aging time. These 

parameters were also based on the PVM of 

mixed oil. So it is advantages to fill the 

vegetable oil in the transformer instead of 

mineral oil 

 

12. F.Guerbas et.al in 2016 presented 

“Thermal aging effect on the properties of 

new and  reclaimed transformer oil” In 

this paper thermal ageing effect studied on 

three kinds of oil new mineral oil, 

reclaimed used oil and re-reclaimed aged 

oil. These three oils are kept under 100oC 

in different aging times. According to 

specifics standards the physicochemical 

and electrical analysis were carried out. In 

this breakdown voltage decrease in new 

oil due to the presence of copper and 

paper lead in the new oil. This 

comparative study also explained the 

thermal stability behaviour of three kinds 

of oil used.   

 

13. Natalia Zhuravleva et.al in 2016 

presented “The Study of Thermal Aging 

Components Paper- Impregnated 

Insulation of Power Transformers” This 

paper examined the optical, electrical and 

mechanical properties and heat stability of 
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the components of paper-impregnated 

insulation of power transformers. By 

doing the process of thermal aging the 

spectral transmission characteristics of 

liquid dielectrics and the tangent of 

dielectric loss angle were measured. This 

paper concluded that the Transformer fluid 

MIDEL 7131 under thermal aging showed 

better stability than the oil of type GK. 

 

14. XIA Guoqiang et.al in 2017 presented 

“Study on The Aging characteristics of 

Transformer Oilpaper Insulation Based on 

Improved Time Domain Dielectric 

Spectroscopy” By using time domain 

dielectric spectroscopy, the 

polarization/depolarization current of 

Samples were found by carried out the 

thermal aging test. By using wavelet 

transform theory, an algorithm was 

developed  for improving time domain 

dielectric spectroscopy. The improved 

wavelet transform algorithm can 

effectively improve the time domain 

dielectric spectrum, thus the main 

polarization processes of oil-paper 

insulation is clearly shown in the time 

domain dielectric spectroscopy. 

 

15. Shuai Li et.al in 2016 presented “Study on 

Ageing Characteristics of Insulating 

Pressboard Impregnated by Mineral-

Vegetable Oil” In this paper the thermal 

aging characteristics of pressboards 

impregnated by mixed oil containing pure 

mineral oil (80 vol%) and vegetable oil 

(20 vol%) were studied. It was found that 

the degree of polymerization (DP) of the 

mixed-oil pressboard sample A was 

decreased more slowly than that of the 

pure mineral oil-pressboard sample B with 

the aging time the n the dielectric 

properties of the samples were measured 

in the frequency range 10-1 Hz-106 Hz. It 

was found that the dielectric loss tanά of 

sample A increased more slowly than that 

of sample B with the thermal ageing. The 

breakdown field of the two samples keeps 

at nearly the same level in the thermal 

ageing process. This paper concluded that 

the mixture oil-pressboard insulation may 

be a potential alternative to the traditional 

mineral oil-pressboard insulation used in 

the power transformer. 

 

16. Yan-Hui Wei et.al in 2015 presented 

“Partial Discharge Characteristics and 

Trap Parameters of Aged Oil-impregnated 

Paper” The life of power equipment was 

affected by the degradation of oil-

impregnated paper induced by partial 

discharge (PD). PD characteristics and 

trap parameters of the impregnated paper 

were measured to find the relationship 

between partial discharge and the 

degradation of oil-impregnated paper. For 

each sample, phase resolved partial 

discharge (PRPD) spectrograms were 

recorded then the characteristics of partial 

discharge were analysed, and the trap 

parameters of specimens were obtained by 

the thermally stimulated depolarization 

current (TSDC) method. Following this, 

the microstructures of the samples were 

observed using a scanning electron 

microscope (SEM) 

 

17. Yuanwei Zhu et.al in 2017 presented 

“Origin of Dielectric Processes in Aged 

Oil Impregnated Paper” Deterioration of 

Oil impregnated paper in power 

transformers in long-term operation leads 

to dielectric characteristics variations. In 

this paper the investigation on 

distinguishing dielectric processes can be 

done and its mechanism was obtained to 

promote further details on oil impregnated 

paper and provide guidance for insulation 

design in power transformers.      

 

18. Youping Tu et.al in 2016 presented 

“Moisture Migration in Oil-impregnated 

Film Insulation under Thermal Ageing” 

Due to thermal degradation, moisture 

produced in the insulating material of the 

transformer causes damage to the 

insulation system.  In this three types of 

samples Kraft insulation paper, PC and 

PET film, were impregnated in oil and 

thermally aged under 90, 110 and 130 °C 

respectively. This concluded that the 

moisture content produced by polymer is 

much more than that by oil, and most of 

the moisture is absorbed by the sample 

surface. The ageing temperature has 

considerable influence on the moisture 

migration in polymers. 

 

19. Chao Tang et.al in 2016 presented “The 

space charge behaviours of insulation 

paper immersed by mineral oil and 

MIDEL 7131 after thermal ageing” 

Surface charge effects were tested in 

thermally aged oil-paper. In this studies 

mineral oil and synthetic ester MIDEL 

7131 immersed paper, were tested and 

compared. In MIDEL 7131immersed 

paper, the conductivity has been increased 

which leads to decrease of charge 

accumulation. The Max. electric field 
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distortions of different oil-paper samples 

indicate the MIDEL oil-paper may have a 

better insulation performance than that of 

the mineral oilpaper. 

 

20. A. Sbravati, K. Rapp et.al in 2017 

presented “Transformer Insulation 

Structure for Dielectric Liquids with 

Higher Permittivity” Normally mineral oil 

have been the standard solution for 

transformers for the last hundred years, 

both in distribution and power 

transformers. In this mineral oil was 

replaced by natural ester oil. The 

permittivity of natural ester liquid was 

around 40% higher than that of mineral 

oil, while the permittivity of pressboard 

and paper made from kraft pulp, I 

impregnated with natural ester liquids is 

just slightly higher. 

 

21. Taufik Widyanugraha et.al in 2015 

presented“ DGA and Tensile Strength 

Test on Accelerated Thermal Aging of 

Ester Oil and Kraft Paper” This paper 

stated that  experimental results on 

chemical and mechanical properties of 

ester oil and kraft paper under accelerated 

thermal aging process. 800ml ester oil 

plus10 kraft paper are put in each of seven 

hermetical bottles and subjected to thermal 

aging at 120oC and 150oC.Dissolved gas 

analysis and tensile strength measurement 

was conducted after aging time of 336 

hours, 672 hours and 1008 hours. The 

experimental results showed total amount 

of dissolved gases increase with increasing 

temperature and the duration of aging.  

 

22. F.Guerbas et.al in 2017 presented 

“Comparative Study of Transformer aged 

oil Reclamation by Fuller's earth and 

activated Bentonite” This paper indicates 

that the type of adsorbents is very 

important for reclamation process. 

Thermal ageing has been carried out in 

transformer oil by using two types of 

adsorbents such as fuller’s earth and 

activated bentonite. It can be concluded 

from the test result that activated bentonite 

treated transformer aged oil shows a best 

result than that one treated by fuller’s 

earth. Moreover Bentonite activated by 

sulphuric acid leads to improve its 

adsorbents power. But its activation 

parameter should be well chosen. So 

bentonite provides a good treatment of 

aged transformer oil with its 

environmental and economic advantages. 

 

23. Li-Shuang Cao et.al in 2015 presented 

“Dielectric Performance of Silicone Oil-

paper Composite Insulation System under 

Thermal Aging” Silicone oil is also used 

as a insulating fluids where we need 

fireproofing and environment protection 

In this paper, the chemical and dielectric 

performance of silicone oil-paper 

composite insulation system under thermal 

aging is discussed. Mineral oil-paper and 

silicone oil-paper were tested. It concludes 

that acidity content and dielectric loss 

were much lower in silicone oil than in 

mineral oil and AC breakdown voltage 

was higher in silicone oil than in mineral 

oil. 

 

24. M. M. Ariffin et.al in 2017 presented 

“Ageing Effect of Vegetable Oils 

Impregnated Paper in Transformer 

Application” In this paper both vegetable 

oils and mineral oil with impregnated 

Kraft paper Dielectric properties, 

mechanical properties and chemical 

properties were investigated and 

compared. A breakdown voltage in 

vegetable oil much higher than mineral oil 

but dielectric loss was less in mineral oil 

than vegetable oil. For the same 

temperature level vegetable oil possess 

higher relative permittivity than the 

mineral oil. Viscosity of mineral oil 

lowest compared to the vegetable oils. But 

the acidity is higher in vegetable oil than 

mineral oil. In mineral oil acidity was 

same throughout the aging process. 

 

25. BIN DU et.al in 2012 presented 

“Preparation and Breakdown Strength of 

Fe3O4 Nano fluid Based on Transformer 

Oil” To enhance the dielectric properties 

of transformer oil, stable nano fluid of 

Fe3O4 nanoparticles with different 

concentration in the transformer oil were 

prepared using Hexadecyl trimethyl 

ammonium Bromide (CTAB) as 

surfactant. The results indicated that the 

addition of Fe3O4 nanoparticles to 

transformer oil can enhance its dielectric 

strength . 

 

3. Conclusion 

 

In this paper, an overview and key issues 

of different research studies for transformer 

insulating material is presented.  The transformer 

oil has attracted many researchers’ attention 

recently due to its physical and chemical 

characteristic such as high breakdown strength, less 
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moisture, high corona inception voltage etc. The 

results showed an improvement in breakdown 

strength of Nano fluids with respect to that of base 

transformer oil. It is clear, from the existing 

literature, that there are different solution methods 

for physical and chemical characteristic of 

insulating material in transformer oil. To improvise 

physical and chemical characteristic of insulating 

material in transformer oil such as mineral oil, 

vegetable oil, oil-base nano fluids provided helpful 

information and references for researchers can lead 

additional studies in this field. 
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