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98.3 kV for corn oil. These values satisfy the ASTM D6871-03 standard. There is no
report for the dielectric strength of tobacco oil, hence the need to investigate its
dielectric properties. Castor oil is highly viscous, with viscosities as high as 272.65
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modified the viscosity, specific gravity, dielectric strength and acid number. However,
there is need for further investigation to develop more efficient refining methods for
reducing the acid number of castor oil and tobacco oil to acceptable limits. Tobacco oil
was reported to record very low pour point of -15 °C, which is good for transformer
oils, especially those operated in temperate regions. Corn oil and jatropha oil
responded well to refining processes adopted and showed great potentials as
alternatives to mineral oil. More researches are required to develop more efficient

methods for improving the physiochemical and dielectric properties of castor oil and
tobacco oil to satisfy the ASTM standard.

1. Introduction

A transformer transforms electrical energy from one voltage level to another (Adekoya and
Adejumobi, 2017, Adly, 2021, Giri and Tesche, 2021). It is one of the essential components of the
electrical power network since its first development in 1885 (Patel er al, 2021, Moosasait and
Siluvairaj, 2021, Syafruddin ef al., 2021). A lot of heat is generated in its core and windings during
operation (Onah, 2011); hence, a cooling system is incorporated into its design to help dissipate heat
buildup, to avoid failure (Negi and Maithani, 2021). In oil-cooled systems, the core and windings are
immersed in transformer oil, which acts as coolant, insulator and protects the core and windings from

oxidation and the cellulose insulation paper from direct contact with atmospheric oxygen (Martins,
2010).
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There are several types of transformer oils, including mineral oil, askarels, silicone liquid,
synthetic ester oil, natural ester oil and nanofluids (Rafiq et al., 2015, Bhatt and Bhatt, 2019, Reddy,
2019, Wang et al., 2020), but the most commonly used is mineral oil, which is non-biodegradable,
environmentally benign, with low flash point and fire point (Rouabeh ef al., 2019). Transformers are
the highest source of polychlorinated biphenyls (PCBs) contamination to the environment. Askarel
oil filled transformers, contain 40 to 60% PCBs, one of the highest ranking group of global
environmental contaminants of concern, included in the first twelve compounds on the list of
Persistent Organic Pollutants (POPs), declared by the Stockholm Convention on POPs in 2001
(Aganbi et al., 2019). PCB contamination has adverse effect on the environment and human health
(Saeedi et al., 2017).

These challenges with mineral oil, including environmental concerns and expensive disposal of
used oil gave rise to the need for researches into the development of new environmentally friendly
vegetable oil based transformer oils (Silva and Folha, 2020, Ahmed et al., 2023). Vegetable oil based
transformer oils are biodegradable, they have better health and environmental profiles, transformer
oil-spill management solutions are easy and used-oil disposal are cheaper (Modenes ef al., 2018,
Schinteie et al., 2019).

Vegetable oils are produced from plant oilseeds such as jatropha, neem seed, soybean, groundnut,
canola, sunflower, castor, cottonseed and mahogany seed (Mokhtari et al., 2014, Balachandran et al.,
2017, Yusuf et al., 2020, Isamotu and Sanusi, 2020, Ahamed et al., 2021, Das et al., 2021, Abutu et
al., 2023). Compared with the other types of insulating liquids, vegetable oils have significantly
higher flash points, higher fire points, hence they are classified as less-flammable, which reduces the
risk of fire-outbreaks during transformer operation (Wang et al., 2019, Rafiq et al., 2020, Bilgin et
al., 2021, Das, 2023). They have the best biodegradability index (Ayoub et al., 2021, Roslan et al.,
2021), hence they are classified as suitable for use in environmentally sensitive areas, such as
watercourses (Salih and Salimon, 2021). The challenges with the use of vegetable oils as transformer
oil includes their high level of free fatty acid content and oxidation instability (Yahaya et al., 2020).
In addition, contaminants such as moisture, sediments and conducting particles reduce the dielectric
strength of oils. Clean dry oil has an inherently high dielectric strength (Yusoff et al., 2018, Ab-
Ghani et al., 2020, Ranga et al., 2020, Rafiq et al., 2021). Moisture accelerates the deterioration of
both the insulating oil and the cellulose paper insulation (Boudraa et al.,, 2021). High level of free
fatty acids increases oxidation and reduces oxidation-stability. Oil oxidation products are hydrophilic
and lower the interfacial tension of the oil (Kim ef al., 2019, Soares et al., 2021). Unrefined vegetable
oils usually have high pour points (Oliveira et al., 2018, Oyelaran et al., 2020). High pour point is not
suitable for transformer oils operating in cold climates because, if the ambient temperature falls
below the pour point, wax precipitates in the oil and the oil loses its flow characteristics, causing the
wax to block the filters and oil supply lines, leading to transformer failure (Hao et al., 2019).

Researchers have developed biodegradable vegetable oils for industrial engineering applications
including dielectric oils (Patel et al., 2016, Heikal et al., 2017, Lv et al., 2017, Rafiq et al., 2019,
Raof et al., 2019, Udoh et al., 2020). Researches in the area of dielectric coolants are focusing on
alternative environmentally friendly, vegetable oil-based transformer oils (Onuh er al, 2017,
Nayager, 2018, Cecilia et al., 2020). There are several vegetable oils with suitable dielectric and
physiochemical properties that can be adapted for the development of bio-transformer oils, which are
yet to be studied adequately. This includes: neem seed oil, jatropha oil, tobacco oil, tigernut oil,
sesame oil, castor oil, olive oil, moringa oil, to mention a few.

Ajani et al., J. Mater. Environ. Sci., 2023, 14(10), pp. 1307-1322 1308



These vegetable oils, in their crude and unrefined form usually do not fully satisfy the standard
specifications and requirement for transformer oils, hence some refining methods are usually adopted
to improve their physical, chemical and dielectric properties, so as to satisfy the standard
specifications. The usual strategy for the development of vegetable oils into transformer oils is by
selecting a base vegetable oil, characterising it to identify the deficiencies in its critical parameters
and using refining methods such as degumming, neutralisation, bleaching, deodorisation, filtering
and drying to improve some parameters before treating it with additives to enhance those parameters
that are still lacking. A few others researchers have used the strategy of blending other vegetable oils
which have better properties to the base oil to improve its parameters. Blending of different vegetable
oils have been reported to modify the chemical composition of oils, which in turn modified the
physical and electrical properties of the oils (Wahyudi et al., 2018).

This paper reviewed current researches on the development of environmentally friendly
alternatives to mineral oil based transformer oil from vegetable oils such as castor oil, jatropha oil,
corn oil and tobacco oil.

2. Transformer Oils

Transformer oils serves as coolants and insulators for the core, windings and the cellulose
insulation paper (Hasan, 2017, Daware, 2021). Currently, millions of litres of transformer oils are
required for the operation and maintenance of the large number of power transformers within the
electrical networks around the world, with a market size valued at $27.7 billion in 2019, and is
expected to reach $50.8 billion by 2027 (Martin-Ramos et al., 2008, Ribbenfjard, 2010, Pratik and
Eswara, 2020).

2.1 Types of transformers requiring transformer oils

It is not all types of transformer that require the use of transformer oils. There are different types
of transformer used in various applications (Banovi¢ and Sanchez, 2014). Considering the type of
cooling system employed, transformers are classified as oil-cooled, water-cooled or air-cooled
(Rakhonde and Tekade, 2014). Oil cooled transformers are the ones that use transformer oils to
dissipate the heat generated within the transformer core and windings (Amoiralis ef al., 2012).

2.2 Types of transformer oils

Based on the type of base oil used, there are four major classes of transformer oil: mineral oils,
askarels, esters and nano-fluids (Wanatasanappan et al., 2022, Hussain ef al., 2022, Suhaimi et al.,
2022).

2.3 Historic evolution of vegetable oil as transformer oil

The global oil crisis of the 1970s forced the initial search for alternatives, leading to the growing
desire for environment-friendly, safe, reliable and clean energy solutions (Gnanasekaran and Chavidi,
2018a & 2018b, Mahanta, 2020). Extensive research into the development of vegetable oil based
transformer oil began after 1990 (Jacob et al., 2020). The first commercial vegetable oil based
transformer oil product was BIOTEMPs, patented in September 1999, followed by Envirotemp FR3s
in March 2000. Transformer oil standard specifications are covered by the American Standard Test
Measurements (ASTM). The ASTM D3487 standard was developed for mineral oil-based
transformer oils (Nijssen-Wester, 2021). In the year 2003, ASTM developed a specific code for
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vegetable oil based transformer oils to cater for the unique properties which vegetable oils possess,
which are different from mineral oils.

2.4 Electrical properties of vegetable oil-based transformer oils

Table 1 presents the ASTM D6871-03 standard, which specifies the acceptable limits for the
physical, electrical and chemical properties of vegetable oil-based transformer oils (ASTM, 2003).

Table 1. ASTM D6871-03 standard specification for natural ester (vegetable oil) fluids used in electrical

apparatus
Property Limit ASTM Test Method
Physical
Colour, max 1.0 D 1500
Fire point, min, °C 300 D92
Flash point, min, °C 275 D92
Pour point, max, °C -10 D 97
Relative density (specific gravity), 15 °C/15 °C, max 0.96 D 1298
Viscosity, max, ¢St at: D 445 or D 88
100 °C (212 °F) 15
40 °C (104 °F) 50
0°C (32 °F) 500
Visual Examination Bright and Clear D 1524
Electrical
Dielectric breakdown voltage, impulse conditions:
Disk electrodes, min, kV 30 D 877
VDE electrodes, min, kV, at: D 1816
1 mm (0.04 in.) gap 20
2 mm (0.08 in.) gap 35
Dielectric breakdown voltage, impulse conditions: 130 D 3300

25 °C, min, kV, needle negative to sphere grounded
1 in. (25.4 mm) gap

Dissipation factor (or power factor) at 60 Hz, max, % D 924
25°C 0.20
100 °C 4.0
Gassing tendency, max, uL/min 0 D 2300
Chemical
Corrosive sulphur Not corrosive D 1275
Neutralisation number, total acid number, max, 0.06 D974
mg KOH g oil
PCB content, ppm Not detectable D 4059
Water, max, mg/kg 200 D 15334

The properties of these oils affect the performance of the transformer oil as a lubricant and
insulator. The dielectric strength of transformer oil is also known as the breakdown voltage (BDV).
BDYV is measured by observing at what voltage, sparking starts between two electrodes immersed in
the oil, separated by a specific gap (Ali et al., 2021). A low value of BDV indicates the presence of
moisture and conducting substances in the oil. Dry and clean oil gives BDV results better than oil
with moisture content and other conducting impurities. Suhaimi et al. (2020) reported that oil
impurities had a significant effect on dielectric strength, as the concentration of impurity increased,
the dielectric strength of the transformer oil reduced. Minimum breakdown voltage or dielectric
strength of transformer oil, at which this oil can safely be used in a transformer, is considered as 35
kV (Alharthi et al., 2018).
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3. Vegetable Oils and their Blends as Transformer Oils
3.1 Castor oil as transformer oil

Egbuna et al. (2016) studied the development of bio-transformer oil from castor seed as an
alternative to mineral oil. For the refined castor oil, they reported a dielectric strength of 23 kV,
specific gravity of 0.9283, pour point of -9 °C, viscosity 7.01 c¢St, flash point 253 °C and an acid
number of 13.184 mg KOH g! oil. Compared with the ASTM D6871-03 standard, the dielectric
strength and flash point of the refined castor oils did not satisfy the minimum requirement of 35 kV
and 275 °C respectively. Similarly, the pour points and acid numbers did not satisfy the maximum
limit of -10 °C and 0.06 mg KOH g! oil, respectively. The viscosity and specific gravity, satisfied
the maximum limit of 50 cSt and 0.96 respectively.

Aliyu and Tijjani (2017) reported a dielectric strength of 41.01 kV, pour point of 1.15 °C, flash
point of 132 °C, specific gravity of 0.85, viscosity 18.1 ¢St and acid number of 2.12 mg KOH g! oil
for castor oil. The dielectric strength, specific gravity and viscosity of the degummed, epoxidated and
transesterified castor oil satisfied the ASTM standards. However, the pour point, flash point and acid
number did not satisfy the ASTM standard. Abdulmumin ez al. (2017) reported a dielectric strength
of 24.32 kV, relative density of 0.85, pour point of 1.15 °C, viscosity of 8.1 ¢St, flash point of 132 °C,
acid number of 2.12 mg KOH g™! oil. The dielectric strength, acid number, pour point and flash point
did not satisfy the ASTM standards. However, the relative density and viscosity satisfied the ASTM
standards.

Brahmin et al. (2018) reported a breakdown voltage of 31 kV, a flash point of 229 °C, and a fire
point of 240 °C. The breakdown voltage, flash point and fire point of castor oil from their research
did not satisfy the ASTM standards. Hari and Allwyn (2018) reported a dielectric strength of 26 kV
for castor oil and 32 kV for the castor based nanofluid. The treatment of castor oil with AlLOs3
nanoparticles improved the dielectric strength by 23 %, which is close to the 35 kV minimum
standard limit as prescribed in the ASTM D6871-03 standards. Treatment of castor oil with AlO3
nanoparticles, however, had a negative impact on the acid number, as the acid number increased from
0.1 mg KOH g! for the pure castor oil to 0.2 mg KOH g'! for the castor oil based nanofluid.

Nkouetcha et al. (2019) reported a relative density of 0.965 for the crude castor and 0.956 for the
purified castor oil. They also reported an acid number of 2.03 and 0.1 mg KOH g! oil, for the crude
and refined castor oil respectively, which are both higher than the maximum standard limit. They
reported an improvement in the value of viscosity of the crude castor oil from 272.65 ¢St to 18.42 cSt
for the purified castor oil, which falls within the acceptable limits.

3.2 Castor oil blended with other vegetable oils as transformer oil

Kumara et al. (2017) characterised castor, sesame and coconut oils and their blends. They
observed that the physical, chemical and electrical properties of the oil blends changed with respect
to the ratio of the mixtures. After blending coconut oil with castor oil in ratio 1:1, they observed that
the breakdown voltage of castor oil was reduced from 23.4 to 10.1 kV, viscosity improved from 265
to 156 ¢St, acid number improved from 5.6 to 3.2 mg KOH g! oil. For the castor-sesame oil blend, at
ratio 1:1, the breakdown voltage of castor oil was reduced from 23.4 to 11.6 kV, viscosity improved
from 265 to 147 ¢St, acid number of castor oil improved from 5.6 to 5.1 mg KOH g! oil. For the
castor-coconut-sesame oil blend, in ratio 1:1:1, the breakdown voltage of castor oil was reduced from
23.4 to 6.6 kV, viscosity improved from 265 to 95 c¢St, acid number of castor oil improved from 5.6
to 3.9 mg KOH g! oil. They concluded that the physical, chemical and electrical properties of oils
can be changed or improved by blending them with appropriate oil(s), in the appropriate ratios.
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Sakharwade et al. (2017) blended castor oil and mahua oil in three different ratios. They reported that
blending mahua oil with castor oil improved the viscosity, density and pour point but negatively
affected the dielectric strength and flash point.

Okafor and Okafor (2018) investigated the effect of blending castor and neem seed oils. They
observed that as the percentage content of neem oil increased, the viscosity of the blended oils also
improved, while the dielectric strength reduced. They recorded an optimum flash point of 168 °C at
50:50 blend ratio, the optimum oil density of 0.8219 gem™ at 40 % neem content, and the optimum
acid value of 0.1405 mgKOHg™! oil when the percentage content of neem oil in the blend was at 40
and 50 %.

3.3 Jatropha oil as transformer oil

Goyal et al. (2012 & 2013) reported a viscosity of 50 ¢St, density of 0.93 gcm™, and flash point of
241°C for crude jatropha curcas oil. Garba et al. (2013) characterized refined jatropha oil and
reported a dielectric strength of 22 kV, a specific gravity of 0.8480, an acid value of 0.1428 mg KOH
g ! oil, a viscosity of 82 ¢St, a flash point of 150 °C, saponification value of 155 mg KOH g! oil, a
peroxide value of 7.20 meq g! oil, iodine value of 51.27 g 100g™! oil, a free fatty acid value of
0.0718 mg KOH g! oil, a density of 0.725 gcm™, a boiling point of 124 °C, a cloud point of 14 °C
and a pH value of 5.15. They concluded that since the parameters of the degummed jatropha oil had a
reasonable agreement with the ASTM D3487 standards for mineral oil based transformer oils, refined
jatropha curcas seed oil could be a good alternative to mineral oil.

Olutoye (2015) characterized crude jatropha oil and reported an acid value of 14.47 mg KOH g'!
oil. Evangelista ef al. (2017) investigated the development of transformer oil from jatropha curcas oil.
They reported that degumming refining process reduced the acid number of the crude jatropha oil
from 6.8 to 5.8 mg KOH g-1 oil. Alkali neutralization reduced the acid number from 5.8 to 0.23 mg
KOH g! oil. Dry neutralization of the degummed jatropha oil reduced the acid value from 5.8 to 0.5
mg KOH g! oil at a concentration of (0.5 g/g oil) impregnated in NaOH-water solution (2.0 g/g
solid). Clarification of the dry-neutralized oil reduced the acid value from 0.5 to 0.04 mg KOH g!
oil, which satisfies the ASTM D6871-03 standard.

Aliyu and Tijjani (2017) treated and characterized jatropha oil. They reported a dielectric strength
of 43 kV, pour point of 4 °C, flash point of 146 °C, specific gravity of 0.83, viscosity of 16.5 cSt and
acid number of 3.45 mg KOH g! oil, for degummed, epoxidated and transesterified jatropha oil. The
dielectric strength, specific gravity and viscosity satisfied the ASTM standards. However, the pour
point, flash point and acid number did not satisfy the ASTM standards. They concluded that with its
high dielectric strength, jatropha oil has a great potential for being developed as a bio-transformer oil
for both high and low voltage transformers with further refinements of the oil.

Abdulmumin et al. (2017) investigated the physicochemical properties of jatropha, moringa,
castor, cotton and shea. For the purified jatropha oil, they reported a dielectric strength of 25.18 kV,
relative density of 0.83, pour point of 4 °C, viscosity of 6.5 cSt, flash point of 146 °C, and acid
number of 3.45 mg KOH g! oil. The dielectric strength, acid number, pour point and flash point did
not satisfy the ASTM standards. However, the relative density and viscosity satisfied the ASTM
standards. They concluded that jatropha oil could serve as a transformer oil if it were better refined,
which is in agreement with the conclusion of Abdelmalik ez al. (2018).

Wu and Zhang (2020) used winterization/dewaxing, alkali refining, washing with deionized water,
deodorizing and bleaching processes to refine jatropha oil. After this, they treated it with 4 % (w/w of
oil) AlO; powder, stirred at 50 °C for one hour, after which it was centrifuged at 6500 rpm for 10
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minutes and the supernatant oil was decanted. They reported that the refined jatropha oil satisfied all
the standard requirements for vegetable insulating oils, as specified in the ASTM D6871-17
standards.

3.4 Jatropha oil blended with other vegetable oils as transformer oil

Wahyudi ef al. (2018) investigated the effect of blending jatropha oil with coconut oil. They
reported that the dominant fatty acid in the jatropha oil sample, with 80.66% content, was cis-8,11,14
eicosatrienoic acid (with the three double bonds at positions 8, 11 and 14) as presented in Figure 1.
They observed that heating and stirring the jatropha oil at 90 °C changed the positions of the double
bonds to 11, 14 and 17 to form Cis-11,14,17 eicosatrienoic acid (as presented in Figure 2), which
was the dominant fatty acid at 87.19 %. Thus, ordinary heating the jatropha oil to 90 °C did not break
the long carbon chain, it only changed the position of the double bonds.

Figure 1. cis-8,11,14 eicosatrienoic acid (C20:3)

Figure 2. cis-11,14,17 eicosatrienoic acid (C 20:3)

They observed that the combined effect of heating and mixing jatropha oil with 10 % v/v coconut oil
led to the complete breakdown of the cis-11,14,17 eicosatrienoic acid (C 20:3) to form several other
shorter carbon chain fatty acids (as presented in Figure 3), with linolelaidic acid (C 18:2) being the
dominant, at 43.17 %, followed by lauric acid (C 12:0) at 21.57 %.

This chemical change from the breakdown of long chain fatty acid to short chain fatty acids also
brought about changes in the physical properties of the oil blends, including viscosity and density. At
90:10 ratio, viscosity reduced by about 27.59 % while mixing with 80:20 ratio decreased the
viscosity by 47.41%.

3.5 Corn oil as transformer oil

Taslak et al. (2015) investigated the suitability of corn oil as an alternative to mineral oil based
transformer oil. They reported a dielectric strength of 52.73 kV for corn oil, which satisfies the
ASTM standard and was observed to be higher than the 51.60 kV recorded for APAR 60UX mineral
oil based transformer oil sample that it was compared with. Kumar et al. (2016) investigated the
suitability of commercially available refined corn oil and rice bran oil as alternatives to mineral oil
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based transformer oil. They reported a dielectric strength of 37.8 kV for corn oil, flash point of 258
°C, fire point of 272 °C, viscosity of 75 ¢St and acid value of 0.0297 mg KOH g™! oil. They compared
the parameters of corn oil with mineral based transformer oil and reported that the dielectric strength,
flash point, fire point of corn oil was better than those of the mineral oil. Acid values of both corn oil
and mineral oil were about the same. The viscosity of mineral oil was lower and better than that of
corn oil.
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Figure 3. Breakdown of long chain fatty acid to short chain fatty acids

Hamid et al. (2016) reported a breakdown voltage of 35.6 kV for the fresh corn oil and 98.3 kV
for the filtered and dried corn oil. Filtering and drying thus improved the dielectric strength of corn
oil by 176 %. Feroz et al. (2018) compared the dielectric strength of synthetic ester, corn oil, olive
oil, castor oil and mineral oil. They reported a dielectric strength of 51.5 kV for corn oil, 48.7 kV for
castor oil, 45.8 kV for olive oil, 33.7 kV for mineral oil and 20.9 kV for synthetic ester oil. They
concluded that the natural ester oils, especially corn oil has better dielectric strength than mineral oil
and synthetic ester oil and thus would be better alternatives to mineral oil based transformer oil.

3.6 Corn oil blended with other vegetable oils as transformer oil

Manjang et al. (2019) studied the effect of blending corn oil with mineral oil based transformer
oil. They observed that the dielectric strength of mineral oil was improved from 26.05 kV to 30.66
kV (at 20 % corn oil) and also reported that as the percentage of corn oil in the mixture increased, the
specific gravity and viscosity of the blend also increased.

3.7 Physiochemical properties of tobacco seed oil

The seed of tobacco (Nicotiana tobacum L.), is an agricultural waste from the tobacco leaf
manufacturing industry (Samuel et al., 2021). The endosperm of tobacco seed comprises of oil-filled
cells within thin walls, containing more than 30 % seed oil after extraction (Rajan et al, 2021).
Nirmal-Kumar and Sarathbabu (2014) extracted tobacco seed oil by cold press method and filtered it
using serigraphy papers (A1, A2). They characterized the oil and reported a specific gravity of 0.917,
viscosity of 48.4 cSt, flash point of 185 °C and fire point of 192 °C. Chiririwa et al. (2014) reported
that the oil yields from three different varieties of tobacco seeds used in their study ranged from
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34.17 - 36.55 %. They also reported a density 0.926 gm™, a viscosity of 94.3 ¢St, an iodine value of
133.71 g 100 g! oil and a saponification values of 189.48 mg KOH g! oil. Ashirov er al. (2020)
reported a 36.75 % oil yield for tobacco oil, a very low pour point of -15 °C, specific gravity of
0.9279, and a viscosity of 0.744 cSt, which satisfied the ASTM D6871 standard. Hariram and
Gowtham. (2016) reported a relative density 0.886, viscosity of 3.7 cSt, flash of 172 °C and fire point
of 182 °C, for refined tobacco seed oil. They reported a density of 0.888 gem, viscosity of 3.5 ¢St,
acid value of 0.45 mg KOH g! oil and a flash point of 212 °C for a two-stage transesterified tobacco
oil. The electrical properties of tobacco seed oil was not investigated by any of the related research
work reviewed.

4. Research Gaps

Castor oil is highly viscous, recording viscosities as high as 272.65 cSt. However, for refined
castor oil, the lowest value of 7.01 ¢St was reported for viscosity, 0.85 for specific gravity, and 48.7
kV as the highest value reported for dielectric strength. These all satisfy the ASTM standard. The
lowest acid number reported was 0.1 mg KOH g! oil, lowest pour point of -9 °C, and highest flash
point of 253 °C. These values do not satisfy the ASTM standard. It can therefore be concluded that
with proper treatment and refining method, the dielectric strength, specific gravity and viscosity of
castor oil could be improved to the ASTM acceptable limit. Researchers intending to develop castor
oil bio-transformer however need to focus more on developing efficient treatment methods to
improve the acid number, pour point, flash and fire points to the acceptable limits.

For refined jatropha oil, the highest value reported for dielectric strength is 43 kV, the lowest
viscosity is 6.5 ¢St, specific gravity of 0.83, and acid value of 0.04 mg KOH g! oil. These values
satisfy the ASTM standard, meaning that with proper treatment and refining methods, these
properties could be modified to meet the ASTM standard. However, the highest flash point of 150 °C
and lowest pour point of 4 °C were reported, which do not satisfy the ASTM standard. This means
that researchers interested in developing jatropha oil bio-transformer would need to focus more of
their work on developing refining methodologies for improving flash point, fire point and pour point
of the crude jatropha oil. Jatropha oil exhibits great potential as an alternative to mineral oil based
transformer oil.

The highest value reported for dielectric strength of treated corn oil is 98.3 kV, a 176 %
improvement from 35.6 kV for the fresh corn oil, as a result of filtration and drying refining
processes. A high flash point of 258 °C and fire point of 272 °C were also reported for corn oil. The
lowest acid value of 0.0297 mg KOH g! oil was reported for treated corn oil, which value satisfies
the ASTM standard. The minimum viscosity of 75 ¢St was recorded for treated corn oil, which does
not satisfy the ASTM standard. Corn oil thus shows a great potential as an alternative to mineral oil
based transformer oil. For tobacco oil, there is no reported value for its dielectric strength. A very
low pour point of -15 °C, low viscosity of 0.744 cSt, and relative density of 0.886 were reported for
tobacco oil, which all satisfy the ASTM standard. The lowest acid value of 0.45 mg KOH g! oil and
the highest flash point of 220 °C and the fire point 230 °C were reported for fresh tobacco oil. These
values do not satisfy the ASTM standard. There is need for more research on tobacco oil as an
alternative to mineral oil based transformer oil.

S.  Conclusion
Several researchers have developed environmentally friendly transformer oils from different
vegetable oils as alternative to mineral oil based transformer oils. However, there are still several
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vegetable oils yet to be researched and the need for more studies on developing more efficient
refining methods for the vegetable oils.
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