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Abstract 
  
Transformer is essential equipment as it occupies a important role in power 

system. In modern days the necessity of power is increasing day by day and 

failures of transformer are increased due to overload, high temperature etc. 

The major insulating part in the transformer is oil. Due to aging and 

contamination of transformer oil and other insulating mediums in transformer 

the life limited to 17.5-20 years, which is 50% of the actual life of 

transformer. It is very expensive to replace the transformer. So, to minimize 

these problems many researchers searching to enhance the strength of oil . 

Researchers focus majorly on nanoparticles, with nanoparticles some 

researchers proposed the breakdown strength of oil is increased. The reason 

beyond enhancement of breakdown strength is not explained by any 

researchers. The mineral oil used in the transformer is made from petroleum 

crude oil and if any spill soil will contaminate. These oils are exhaustible so, 

need to find alternate liquids to the world in order to use insulating material  
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in transformers. Edible oils are referring as a vegetable oil. Edible oils are 

new oils to use as transformer oil and it gives better performance than 

mineral oils, but it have an overcome some challenges to use as transformer 

oil instead of mineral crude oils. These challenges can overcome by adding 

some chemicals into the edible oils. Oils give a better performance compared 

to the mineral oils.This paper exploration of current status and challenges of 

Nano fluids and vegetable oils used as transformer oil. 

 

Key Words:  Mineral oil, Nanoparticles, Nano fluids, Vegetable oil, 

Breakdown voltage (BDV). 

 

1 Introduction 
 
 Transformer is the crucial and essential equipment in power system. The 

transformer life depends upon the insulating materials used; the major 

insulating materials employed in transformer are paper, pressboard, wood, 

varnish, cotton tape and mineral oil. Transformer Oil plays a major role in 

transformers life. Mineral Oil used in transformer as a coolant and insulating 

purpose. Under load conditions, current will flow in core and windings based 

on the turns ratio, due to that losses takes place in the form of heat. If the 

temperature is high, then destruction of insulation will takes place. Failure of 

transformer may need so many days to repair and install, it is very expensive 

process and loss of economy take place. The generated heat in the winding 

and core areas will transfer using the oil by flowing in the radiators [1]. The 

mineral oils are made from the crude oils and refined according to the 

requirements as for electrical insulating purpose. The mineral oils are 

paraffinic, naphthenic and aromatic type [2]. These different oils will be used 

according to the customer specifications. In modern days, the usage of 

electricity is increased day by day and demand of safety, reliability of high 

voltage is also increased.Due to the increase in voltage levels the insulation 

levels also need to increase as to meet the high voltage ranges and thermal 

stability [3]. If voltage ranges increases, then insulation cost also increase. 

Researchers are finding to enhance the electrical properties of transformer 

oil. Researchers are investigating on nanoparticles to mix in mineral oil and 

enormous research work is going on from past two decades [4]. 

Nanocomposite particles are used in fluids then that is called as Nanofluids 

[5]. The term nanofluids were introduced by choi at Argonne national 

laboratory of USA in 1993 [6].Researchers proposed that by adding the 

nanoparticles improves the electrical properties. Segal et al first started in 

investigate on nanoparticles (Fe3O4) adding in transformer oil and proposed 

improved the dielectric characteristics [7]. The enhancement of breakdown 

strength is by adding nanoparticles are due to electron scavenger [8]. Some 

of nanoparticles are Fe3O4, ZnO, Al2O3, SiO2, TiO2are used in transformer 

oils not only these other nanoparticles also research going on.  
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 Also mineral oil using from centuries onwards for transformer, now oil 

crisis is takes place. It also contaminant environment such as soil, water etc. 

spillage of takes place. It is not easily bio-degradable and less flash and fire 

point. Due to these all concerns the research is investigating for other 

alternative for transformer mineral oil [9]. Many researchers are investigating 

edible oils (vegetable oils) as a substitute of mineral oil in transformers. 

Vegetable oils are extracted from seeds which are free from pollution and 

contamination of our environment [10]. Vegetable oils are having 

triglycerides of fatty acids and these are extracted from plant seeds and it 

consists of natural esters of triglycerides [11].These vegetable oils having 

saturated fatty acids and unsaturated fatty acids. If the unsaturated fatty acids 

concentration is more then it cannot give better performance as good 

insulating material [12]. The vegetable oils are extracted easily; it contains 

high flash and fire points than the mineral oils, high relative permittivity. It is 

easily bio-degradable and not harmful to the environment whenever leakages 

or spills occurs and these reasons are behind vegetable oils are investigated 

to use for the transformer oil [13]. Pure Vegetable oils are not possible to use 

directly in transformers as a surrogate of mineral oil to use as a transformer 

oil need to add some additive into it then the viscosity, acidity, oxidation will 

reduced. In this paper, chronicles that history of transformer oil, brief 

description of nanoparticles and their properties, preparation of nanofluid and 

methods, properties of transformer oil or mineral oil, vegetable oils and 

effect of mixing nanoparticles into it.Various mechanisms briefly described 

that are improve the breakdown strength of oil using nanoparticles and 

benefits and drawbacks of nanofluids. 

 

2 History of Insulating Oils 
 

  The crude oils used in transformer for insulation before 1887. The first 

oil used in transformer is paraffin type which is extracted from the crude oils. 

It has excellent heat transfer property. Its disadvantage is high pour point, 

more paraffin wax content, not oxidize easily but if it oxidized, it produces 

insoluble sludge which increases viscosity. Its molecular weight is 300 [2]. 

Paraffin oils are replaced with Naphthenic oils. Naphthenic has low pour 

point (-40oC). It is oxidized easily but it is dissolved in oil and molecular 

weight is 255 [2]. Later that Askarels are come into picture, it contains PCB 

(polychlorinated biphenyl) and chlorinated aromatic hydrocarbons. These are 

used where flammable oils are not used. These are made in 1932 and 

continued upto 1970’s [15]. Due to presence of PCB it is environmentally 

affected. With decaying of the Askarels, industry founded an alternative as 

silicone oils. Silicone oil has less flammable point and high fire point. 

Another substitute of Askarels is hydrocarbons. Hydrocarbons are flammable 

but at high fire point.  
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  Chlorofluorocarbons (Freons) are developed for insulating purpose. It is 

nonflammable but boiling ranges quite low and they evaporate at normal 

temperatures.Tetrachloroehylene (C2C14) is developed in 1980. It is non-

flammable, low viscosity and it perfectly mixes with mineral oils and trade 

name is WECOSOL. Isopropyl biphenyl is another type of insulating oil used 

for capacitors and it is used substitute of PCB. Its trade name as 

WEMCOL[15].Due to environmental problems and contamination of soil the 

entire research is concentrated on vegetable oils as alternative to mineral oils 

for transformer. 

 

3 Nanoparticles 
 

  Nanotechnology was first introduced by the Physics Nobel laureate 

Richard P Feynman at Dec 1959 meeting of the American Physical Society. 

The Nanoparticles are defined as bunch of atoms and molecules in the range 

of 1-100nm [16]. Different types of nanoparticles are Aluminium-Al2, 

Aluminium oxide-Al2O3, Al (OH)3, Antimony oxide-Sb2O3, antimony 

pentoxide-Sb2O5, Barium carbonate-(BaCO3), Bismuth oxide-Bi2O3, Boron 

oxide-B2O3, Calcium oxide-CaO, Cerium oxide-Ce2O3,  Chromium Oxide-

Cr2O3, Cobalt-Co, Cobalt Oxide-CoO, Colloidal Gold-Au, copper oxide-

CuO2, Dysprosium oxide-Dy2O3, Fullerne-C60, Germanium oxide-GeO, 

Indium oxide-In2O, Iron-Fe, Iron Oxides-Fe2O3, lanthanum Oxide-La2O3, 

Lithium Titanate-Li2TiO3, Manganese oxide-MnO, Molybdenum 

oxideMoO2, Nanoclays, Neodymium oxide-Nd2O3, Nickel-Ni, Niobium-

Nb, Palladium-Pd, Platinum-Pt, Praseodymium Oxide-Pr2O3, rhodium, 

Samarium Oxide-Sm2O3, Silanamine-SiH5N, Silicon Dioxide-SiO2, Silver-

Ag, Carbon Nanotubes-CNT, Tantalum-Ta, Titanium Dioxide-Tio2, Yttrium 

oxide-Yb2O3, Zinc Oxide-ZnO [17]. 

  Nanoparticles are collections of different composite materials and also 

single composition materials. The single-composition materials can be easily 

synthesized using a variety of methods. 

  There are three main types of chemical ordering in nanoparticles those 

are mixed nanoparticles, core-shell nanoparticles and layered Nanoparticles 

[16]. 

  Some of nanoparticles are researched for enhancing dielectric properties 

those are: 

  • Conductive Nanoparticles (Fe3O4 and SiC) 

  • Insulating nanoparticles (SiO2, Al2O3) 

  • Semi conductive Nanoparticles (ZnO, TiO2, CuO and Cu2O) 
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4 Nanofluids 
 

  Nanocomposite materials utilize solid dielectric as base substance is 

mentioned as Nano dielectrics, Nanocomposite materials utilize liquid 

dielectrics as base substance are mentioned as a Nanofluids.The nanofluids 

are idea was represented by Choi in 1993 for thermal conductivity 

enhancement [18]. 

 

4.1 Nanofluids Preparation 
 

  Nanofluids are prepared by two methods 

  • Single-Step Method 

  • Two-Step Method. 

 

4.1.1 Single-Step Method 
 

  A single step method concurrently used to produce and disseminates the 

nanoparticles directly into a carrier fluid and it is best method for metallic 

nanofluids [18]. 

 

4.1.2 Two-Step Method 
 
  

Nano Particles

Carrier Fluids

Direct Mixing

Dispersion 
Addition

Ultrasonification

Nano Fluids

 
Fig.1: Two Step Method. 

 

  Two-Step Method is immensely used for producing nanofluids. 

Nanoparticles are initially formed as dry powder by physical and chemical 

methods. These nanoparticles heated upto 140 degrees for 2 hours and mixed 

with carrier fluids using magnetic stirrer for 1 hour. After mixing, add 

dispersion (choice of customer requirement) then processed into 

ultrasonification till 150 minutes for uniform distribution of nanoparticles 

then nanofluids are ready for use [18]. The block diagram for two step 

method is shown in fig. 1. 
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5 Vegetable Oils and Antioxidants 
 
5.1 Vegetable Oils 
 
  Vegetable Oils are two types: edible oils and non-edible oils, these are 

triglycerides of fatty acids commonly produced from plant. Triglycerides are 

combination of three fatty acids (saturated and unsaturated) are bonded with 

one glycerol molecule as shown in fig.2 [11]. The phrase “vegetable oil” can 

be defined as plant oil that is liquid state at room temperature. Vegetable oil 

seeds consists two main ingredients, liquid part and solid part. The extraction 

process of vegetable oil includes the separation of oil from plant seeds. The 

extracted oil can be send to purification that process designated as RDB 

stands for “refined”, “bleached”, and “deodorized” [11]. 

 

 

Fig.2: Chemical structure of triglycerides [11]. 

 

  Types of vegetable seeds: Peanut, Soyabean, Rapeseed, Walnuts, 

Sesame, Cottonseed, Cocabeans, Almonds, Palm fruit, Olives flax, Moringa 

seeds etc [11]. 

 

5.2 Antioxidants 
 

  Antioxidants are a substance that delay the rancidity process or reduce 

deterioration process due to oxidation. 

Antioxidants are categorized as synthetic antioxidants and natural 

antioxidants. Synthetic antioxidants are: 

  •    Butylated hydroxyl anisole (BHA) 

  •    Butylated hydroxyl toluene (BHT) 

  •    Tertiary butyl hydroquinone (TBHQ) 

  •    Propylgallate 

Natural antioxidants are: 

  •   Tocopherol-rich extract 

  •   Rosemary extract 

  •   Ascorbic Acid 
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5.3 Fat Components in Various Vegetable Oils 
 

  Vegetable oils consists two varities of Fatty acids: 

  1. Saturated fatty acids 

  2. Un-saturated fatty acids 

   i. Mono-unsaturated fatty acids 

   ii. Di-unsaturated fatty acids 

   iii. Tri-unsaturated fatty acids. 

  Various fatty acids and their concentration in vegetable oils is given in 

fig. 3 to fig. 4. 

 

 
 

Fig. 3: Various vegetable oils: Saturated fatty acids composition [11] 

 
 

Fig. 4: Various vegetable oils: Saturated fatty acids uncomposition [11] 

 

  Vegetable oils are not suitable to use directly as transformer oil due to 

the presence of   fatty acids. Fatty acids are causes to formation of oxidation 

easily and having conductive nature. 

  To use vegetable oils as transformer oil need to remove fatty acids and 

adding some additives like antioxidants. 
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6 Experimental Studies and Key Findings 
 

6.1 Electrodes Standards for Testing Breakdown Strength 
 

  K.H. Weber et. al. [19] reported about the standard electrodes and gap 

length between the electrodes in the testing of transformer and it is very 

difficult for the selection of electrodes due to variety of electrodes.0.5-inc 

radius round disk square edged electrodes spacing of 0.1 inch. These are the 

first electrodes used in the United States for breakdown strength testing of 

transformer oils were adopted based on ASTM (American Society for 

Testing). Previous 0.5 inch disks and spheres are used. ASTM studied the 

relative advantages of different types of test gaps in general use. The 

electrodes are 0.5-inch-radius, square-edged disk gap (ASTMD117-43), 

Rogowski gap have a field strength which nowhere surpass that in the 

uniform portion of the field. The third electrode configuration is developed 

according to German standard VDE specifications 0370/1936.  

  Fourth electrode is multiple point to barrier gap. Most sensitive 

electrodes for oil quality are sphere gap followed by Rogowski uniform 

field.ASTM gap is less sensitive, pin electrodes are completely insensitive. 

 

6.2 Properties of Various Transformer Oils and Adding Additives 
 
  E. D. Treanor et. al. [20] deduced as transformer plays a crucial role in 

power system.The life of the transformer influenced by type of oil 

chosen.Due to the high loads and aging the degradation of insulation takes 

place. If oxygen enters into the transformer causes to formation of sludge, 

due to sludge heat transfer not done properly. 

  Jean-Pierre Crine [21] explains about new oil for substitute of 

polychlorinated biphenyl (PCB) fluids. PCB fluids are used where flammable 

oils were not applicable. But, these liquids are very harmful and have adverse 

ecological effects. These liquids are banned in so many countries like Canada 

and United States. Manufacturers began to search for substitute fluids that 

would meet the good dielectric strength, good thermal and chemical stability 

etc. They found silicone oil is best fluid for insulation among available 

fluids. It has nonflammable, nontoxic, and environmentally acceptable. Some 

physicochemical properties of silicone oil are high flash point, high fire 

point, good thermal conductivity, less viscosity variation for varying of 

temperature and low volatility at high temperature. Drawback of silicone oils 

is after forming arc it does not incorporate or grasp the gases like hydrogen, 

carbon dioxide, carbon monoxide etc. Some electrical properties are DC 

conductivity, dielectric losses are altered with the applied electric field, oil 

volume and moisture content. The silicone oil gives better performance under 

dry conditions compare to wet condition. The amount of gases in silicone oils 

is lower than mineral but more than PCB.  
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  Comparing all properties with other oils the silicon oil gives better 

performance. 

  Paulo de Oliveira Ferandes et. al. [22] discerns the aging performance 

of paraffin and naphthenic oils. The paraffin oil is extracted from Brazilian 

company by the hydro- treating technology. Both oils were aged under 

oxygen and metallic copper at 130 0C. The effect of the aging test is same 

for both paraffinic and naphthenic oils. The color of naphthenic oil changed 

quickly compared to the paraffinic oil. The sludge formation is slowly in 

paraffinic oils, whereas the naphthenic oil the sludge formation is very faster 

and higher also. Among above studies the paraffinic oil is better for 

transformers than naphthenic oil. 

  L. Angerer et. al. [23] Observed the breakdown strength of transformer 

oil with different additives. The additives were taken in the range of 2.3x10-6 

to 4.59 x10-3mol per 100g of solvent. Using the additives the breakdown 

voltage is increases. The additives used are Azobenzene, Azoxybenzene, 

Diphenyl, Benzophenone, Benzil, Antracene, 1,4 naphthaquinone, 1,4 

anthraquinone. Based upon the concentration level the breakdown voltage 

varies. If the concentration level exceeds the limit the breakdown strength 

fall down due bridge formation in the gap and high stresses was formed. 

 

6.3 Breakdown Strength of Mineral Oil Based Nanofluids 
 
  Vladimir Segal et. al. [7] investigated with nanoparticles for enhancing 

the breakdown strength of transformer oil. They tested carrier fluid (Mineral 

Oil) and colloidal fluid. Colloidal fluid is defined as a suspension of fine 

particles in a liquid carrier with no measurable sedimentation of particles. 

Magnetite (Fe3O4) particles were used as a nanoparticle and it mixed with 

mineral oil formed a ferrofluid.Measuring breakdown voltage (BDV) 

according to standard ASTM D 877 for AC and ASTM D 3300-85 standard 

for impulse voltage breakdown. Test is conducted with two different 

moisture percentage i.e., 2ppm and 30ppm in oil. For AC nanofluid BDV is 

reduced with increasing moisture content but more than pure mineral oil. 

They also deduced that conventional oil have high BDV when needle is 

negative. The impulse BDV is similar for nanofluid is same for both 

polarities. 

  Jong-Chul Lee et. al. [24] measured dielectric strength of the oil after 

mixing with magnetite nanoparticles as like reference [7]. The breakdown 

voltage measured same as ref. [7]. A magnet field is applied to the nanofluid 

with the effect of magnetic field the breakdown voltage is enhanced more 

compare to nanofluid, because the nanoparticles are dispersed uniformly. 

With the effect of magnetic field the BDV is enhanced upto 40kV. 
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  Muhammad Rafiq et. al. [25] measured BDV of mineral and nanofluids 

under AC and impulse voltages. They deduced that the AC BDV is enhanced 

upto 40% with nanoparticles. For impulse positive polarity the BDV is 

enhanced upto 1.36 times than mineral oil and for negative polarity the BDV 

is reduced. 

  HuifeiJin et. al. [26] this paper explains about adding silica particles to 

the mineral oil. Different concentrations (0.01% & 0.02%) of SiO2 are mixed 

with the mineral oil. High concentration nanoparticles will enhance the BDV. 

The reason for enhancement of BDV is surface of silica particles are in the 

form of hydrophilic nature; due to the hydrophilic nature the particles can 

absorb moisture content present in the oil. 

  Yuefan Du et. al. [27] compared the mineral oil and nanofluids, 

nanofluids are prepared by mixing TiO2 particles (0.075 vol. %) into the 

mineral oil at a humidity range 10% to 80%.According to the standard 

ASTM D 1816.Measured AC BDV of mineral oil and nanofluids. Author 

deduced that presence of nanoparticles the BDV enhanced, if the 

nanoparticles limit exceeds then BDV decreases. 

  Diaa-Eldin. A. Mansour et. al. [5] investigated the mineral oil with 

nanoparticles and deduced that with usage of nanoparticles the BDV is 

increased. They investigated with different concentration levels of 

nanoparticles (0, 0.1, 0.2, 0.3) g/L then the BDV levels are (12, 14, 19, 26) 

kV.While preparing the nanofluids added dispersant and the surface of 

nanoparticle will modified, if the dispersant exceeds then it gives negative 

effect. 

  R. Sarathi et. al. [28] tested the breakdown of impulse voltage under 

virgin mineral oil and nanofluid. The nanofluid is prepared with adding TiO2 

and for stability surfactant CTAB (Cetyl Trimethyl Ammonium Bromide) is 

added. According to IEC 60270 standards for test cell they tested for both 

mineral and nanofluid under needle-plane electrode gap. They deduce 

negative impulse BDV is 1.5 times more than positive impulse BDV. 

  Pichai Muangpratoom et.al.[29] observed breakdown strength of 

impulse voltage with mineral oil and three mineral oil based nanofluids. 

They taken nanoparticles are ZnO, BaTiO3, TiO2 and mixed with the base 

fluid. The test circuit is according to the standard IEC 60897. Finally they 

found that ZnO nanofluids gives good breakdown strength for positive 

impulse and remaining nanofluids as same as base fluid. Mineral oil have 

high breakdown strength for negative impulse compared to the nanofluids. 

They deduced as ZnO gives better results for Positive impulse BDV. 

 

6.4 Breakdown Strength of Vegetable Oil Based Nanofluids 
 
  AbderrahmaneBeroual et. al. [30] measured and compared different 

mixture of oils with JMEO (Jatropha Methyl Ester Oil) and mineral oil. 

Measuring of BDV according to the IEC 60156 standard and use of electrode  
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material is brass. Before testing of BDV, the oil is filtered in sintered glass. 

They deduced that among all mixtures (50% JMEO, 50% mineral oil, 80% 

JMEO and 20% mineral oil) the JMEO have better BDV for AC and DC and 

pure mineral oil have lessBDV. 

  B. V. Sumangala et. al. [13] investigated and prepared a new oil code 

named as IO 18 for transformer oil and tested with under different 

conditions. Vegetable oils cannot use directly for insulation in transformer oil 

because it degrades easily; some additives are need to add into the vegetable 

oils to prevent rancidity. Those additives are different types of antioxidants 

those are butylated-hydroxy toluene (BHT), Tert-butyl hydroxyl quinine 

(TBHQ) and propyl gallate (PG). Among all antioxidants TBHQ gives better 

performance. Without addition of antioxidants the BDV is less compare to 

the presence of antioxidants. 

  B. V. Sumangala et. al. [31] investigated BDV with mineral oil, silicone 

oil and new vegetable oil code named as IO-18 & IO-19. The vegetable oil is 

treated with NaOH to remove the fatty acids and three different 

concentrations of antioxidants (BHT, TBHQ, PG) are added into the 

vegetable oil. 3% and 1% TBHQ gives better results for oils IO-18 & IO-19. 

The variation of permittivity is negligible even adding of additive. 

  A. H. Z. Aimi et. al. [32] examined coconut and palm oil as substitute 

for mineral oil. They deduced that coconut oil is good substitute for mineral 

oil than palm oil. If fat content is more, the BDV is less and vice versa. The 

fat content present in the coconut is less than palm oil, if high fat present then 

oil then oxidation increases. For both oils viscosity is high. By adding 

antioxidants can reduce viscosity and increase BDV. High pour point can 

mitigate by optimizing the electrifying procedure of the oil. Comparing all 

above coconut oil gave better performance compare to palm oil and suitable 

to use for transformer oil. 

  J. S. Chalal, C. C. Reddy [33] investigated breakdown strength using 

mustard oil with and without nanoparticles (Al2O3 0.1% wt.). Pure mustard 

oil is taken and filtered using sintered filter. The nanofluid is prepared by 

mixing Al2O3with mustard oil using magnetic stirrer and ultrasonic machine 

and both oils are heated30 oC to 80 oC. Theses heated oils are tested for 

breakdown voltage test and they found that temperature increases the BDV 

decreases partially for pure mustard oil, for nano mustard oil BDV increases. 

  M. S. Sulemani et. al. [34] investigated different properties after and 

before aging of soya bean oil and blend of sunflower oil and olive oil by 

mixing composition of aluminum oxide and zinc oxide.Mineral oil given less 

breakdown compare to all other oils.Both oils given approximately similar 

values after and before aging. The BDV, flash point and fire point are 

enhanced by adding nanoparticles and BDV enhancement is shown in fig. 5. 
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Fig.5: BDV of aging and before aging Mineral and vegetable oils 

 

6.5 Various Properties of Nanoparticles, Transformer Oil and 
Nanofluids  
 
  Table1 illustrated the various properties of some nanoparticles that are 

used in improving breakdown strength of transformer oil. Among all 

nanoparticles ZnO, TiO2, Al2O3 and SiO2 show improved characteristics. 

BaTiO3 also shown improved characteristics but it has less stability. To 

prepare a nanofluid, density of a nanoparticle can effect more and depend on 

this factor electrical properties can vary. Thermal conductivity of 

nanoparticle also can aid the flash and fire point of transformer oil. Among 

all properties the relaxation time constant of a nanoparticle plays a major role 

to improve the breakdown or dielectric strength of the transformer oil.  

 
Table1: Properties of nanoparticles [8]. 

 
 

  To prepare nanofluids, Two step method is efficient and easy method 

over Single step method.  Among various nanofluids ferrite along with 

magnetic field exhibits improved characteristics followed by BaTiO3, TiO2, 

SiO2. But, in the stability point of view TiO2 can performs well.  
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  The enhancement ratio of breakdown strength along with nanoparticles 

concentration is illustrated in Table 2. 

 
Table 2: AC BDV improvement of mineral oil based nanofluids 

 
  A transformer is diagnosed not only electrical properties of transformer 

oil but also its chemical and physical properties. Among all properties 

appearance can exhibit condition of the oil and also transformer. particularly 

for a mineral oil, when it turns to dark brown or black the oil can’t be use 

again. Viscosity plays a crucial role to cool the parts of transformer more the 

viscosity can improper heat transfer and cooling. Pour point of liquid at a 

certain temperature liquid turns to solid state, this pour point is less for 

vegetable oils compare to mineral oil. One drop of water can change all 

characteristics of transformer and it is necessity to maintain avoiding of 

moisture into transformer. Various physical and chemical properties of 

vegetable oil, mineral oil and silicone oil is illustrated in Table 3. 

 
Table3: Physical and Chemical properties of transformer oils [35]. 
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  An oil which is used in transformer for cooling and insulation need to 

have excellent electrical characteristics. More the dielectric strength can 

performs well can work without any damage for vast period of time. Based 

on the dissipation factor can predict the performance oil and diagnose, less 

the value can increases the performance of oil. Table 4 illustrates the various 

electrical properties of different oils. 

 
Table4: Electrical properties of transformer oils [35]. 

 
 
6.6 Breakdown Mechanisms 
 

  The breakdown mechanisms of liquids is not simple to explain and it 

have so many theories behind the breakdown of liquid but all are unique.At 

initial phase, due to thermal fluctuations by applying electric fields and 

mechanical effects there some microscopic cavities will form. These 

microscopic cavities are not known for the formation of bubbles. 

  Cavities contain the vapor of the liquid of any extra gases presence in 

solution of the liquid and it is possible to formation of bubble. Whether 

bubbles are formed or not when high electric field is applied to the liquid a 

cavitations will produce and loosing of liquid takes place. The porosity will 

form at high electric stress and electrons travel along this gain more energy 

by applying field. Near the cavity a bubble with gaseous and other molecules 

will form. If the applied electric field increases the size of order of bubble 

increases [23]. 

  At second phase, the microcavities can gain sufficient energy and liquid 

gets maximum stress. Due to these more number of bubble and size will 

increase and at an instant of applied voltage dissociation of liquid takes place 

[23]. 

  At some equilibrium point the gaseous ionization takes place and less 

gaseous path is formed between electrodes as a results breakdown takes place 

[23].  
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6.6.1 Suspended Particle Theory 
 

  The presence of individual solid particle in liquid and applying electric 

field, the particle travels along high electric stress and gets more electric field 

then local field enhancement takes place. If the particles field is more than oil 

breakdown strength then oil will breakdown [36]. 

 

6.6.2 Thermal Breakdown Theory 
 

The bubble will form after current agitation form between two electrodes due 

to the current a vapor bubble will form and that bubble bridge between the 

electrodes then resultant breakdown takes place. This type of breakdown is 

only applicable for small distances (<100µm) [36]. 

 

6.7 Mechanism behind Enhancing of Breakdown Voltage Using 
Nanoparticles 
 
  Yufan Du. et. al. [37] explained as, whenever applying high electric 

field the electrons travel with high mobility due to that streamer will form 

easily in between electrodes and breakdown takes place. If nanoparticles are 

mixed with oil then those high mobility electrons are trapped and de-trapped 

by nanoparticles, this process can delay the formation of streamer and 

breakdown of oil. 

  R. Sarathi et. al. [28] explained as the presence of nanoparticle in the oil 

the BDV increases because the surface of nanoparticle contains Alumina and 

it absorbs the carbon particles in oil, after every BDV test.Thereby making 

the carbon particles not affecting the BDV. 

  Diaa - Eldin. A. Mansour et.al. [5] explains the effect of nanoparticles 

on BDV. If TiO2 is mixed less concentration then the spacing between 

particles is more. So there is possibility to ionize molecules in oil before 

trapped by nanoparticles. In order to mitigate this effect, if concentration of 

nanoparticles increases then BDV enhanced. 

  HuifeiJin et. al. [26] investigated the silica (SiO2) nanoparticles and 

explained the mechanism behind increasing of BDV. The presence of 

moisture in the oil effects the BDV. The surface of silica nanoparticles are 

hydrophilic nature, due to its nature the particles will absorb moisture present 

in the oil and increase break down voltage. 
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7 Challenges and Difficulties  
 

  The nanofluids depend upon so many factors those are type of 

nanoparticle, size of nanoparticle, method of preparation of nanofluid, oil 

type, dispersant type etc. Therefore, it is very important to select 

nanoparticles to prepare a nanofluid for any application. 

Some difficulties are  

  i. It is difficult to prepare and maintain stable nanofluid and 

uniform distribution of nanoparticles. 

  ii. It is very difficult to add nanofluids in existing transformers 

because mismatch of standards and specifications. 

  iii. More research work is needed to find effective and efficient 

synthesis methods and minimize the production cost. 

  iv. More research work is needed to reduce the inauspicious 

environmental and human body impacts of nanofluids. 

 

8 Advantages and Disadvantages of Nanofluids 
 
Advantages of Transformer oil-based nanofluids are 

  1. The nanofluids have better AC, DC, Impulse breakdown 

Voltages as compared to mineral oil. 

  2. The AC breakdown of mineral oil is more affected than nanofluids. 

  3. Nanofluids have more antiaging capability than mineral oil. 

  4. Nanofluids have high thermal conductivity than mineral oil. 

  Disadvantages of Transformer oil-based nanofluids are 

  1. Human health issues 

  2. High cost of nanofluids 

  3. Stability of nanofluids, etc. 

 

9 Conclusions 
 
  •         Adding the nanoparticles in mineral oil the AC, DC and Impulse 

breakdown strength is increased compared to pure transformer oil (mineral 

oil).  

  • Adding nanoparticles in vegetable oils the AC, DC and Impulse 

breakdown strength is increased compared to pure mineral oil and nanofluid 

based mineral oil. 

  • Adding nanoparticles to oil leads to increase the price of 

transformer oil. 

  • It is required to do more research work in nanofluids because no 

one getting similar results. 

  • It is necessity to use nanofluids weather it is mineral oil, 

vegetable oil to reduce the size of transformer and for better performance  
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of transformer. 
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