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Depletion of crude oil reservoirs around the world increased the costs of crude oil, and also the issues
related to the environment seemed to be an emerging problem with the potential to shape human lives
in profound ways. These problems are perhaps in great need of attention from the researchers to find an
alternative way to build a sustainable environment. Many current articles focus on vegetable-based
lubricants which are eco-friendly, biodegradable, renewable, and sustainable and have gained
popularity and are accepted globally. Therefore, vegetable-based lubricant has become a potential
alternative to conventional petro-based lubricant. Vegetable-basedlubricants are not widely
commercialized due to their inappropriate chemical structure which leads to poor oxidative stability,
poor corrosion protection, susceptibility to hydrolytic breakdown, solidification at low temperatures,
poor flow, and poor viscosity index which lags them during application in odd conditions. The
challenge in this field of study is to improve the above-mentioned properties and characteristics of
vegetable oil without degrading their excellent tribological and environmentally applicable properties.
The structural problem related to vegetable oil can be overcome by chemical modification to make it fit
for the application of lubricant. Parameters like temperature, catalyst concentration, duration, and
methanol oil ratio are necessary to obtain a better yield. The final ester obtained depends on the nature
of alcohol and the use of a catalyst becomes necessary when the alcohol used is a complex type.

Citation: Waten Chalabi, Laifi, J., Bchetnia, A. and Lafford, T.A. 2024. “Biolubricant production from vegetable oil through transesterification using
catalyst: a review”, Asian Journal of Science and Technology, 15, (09), 13101-13113.

Copyright©2024, Waten Chalabi et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

From time immemorial with the invention of the wheel, the
forefathers used edible and non-edible vegetable oil and animal fats
for lubrication. Lubrication then has become instinctual for humans
with the arrival of man-made machines. It is a substance that helps to
reduce friction between surfaces in mutual contact that ultimately
reduces the heat generated when the surfaces move thus it protects the
surfaces in close proximity and behaves as an antifriction media [1,2].
A good lubricant is capable of keeping the moving surfaces apart, has
excellent thermal properties, acts as an inhibitor of corrosion and
friction reducer and water repellent, possesses high wear resistance,
bears wear debris and other contaminants. The word tribology is used
when we are concerned about the reduction of friction and wear.
Tribology is derived from the Greek word Tribo meaning” rub” or
friction and Jogos meaning "related of” or “the logic of”. Due to global
industrialization and modernization, there was a drastic increase in
energy consumption which led to the progressive depletion of fuel
reservoirs thereby increasing the search and development for
alternative chemicals and energy sources that could replace traditional
fossil fuels [3]. The lubricants produced from bio-based sources is
considered to be a potential alternative to replace petro-based
lubricants as it displays excellent physicochemical properties and
high biodegradability [4].

It is also used to prevent rust, acts as an insulating agent in
transformer applications, sealing agent against dirt, dust, and water,
and transmits mechanical power in hydraulic fluid power
applications. The reduction of friction and wear is considered as an
important function of lubricant [5]. The exhaustive use of Petro-based
lubricant has caused hazards to the environment like contamination of
air, soil, and water and has become a threat to human health and well-
being, welfare of plants, animals and environment as a whole as it is
non-biodegradable and non-renewable [6,7]. Due to the alarming
environmental pollution contributed by extensive use of petro-based
lubricant, the quest for potential alternate, eco-friendly,
biodegradable, renewable, sustainable and non-hazardous biolubricant
has become an urgent necessity in building a sustainable environment
[8,9].

Lubricant

Vegetable oil-based lubricant / Biolubricant: Many researchers
have obtained various renewable feedstocks like protein from Maize
gluten and rapeseed de-oiled cake for the synthesis of bioplastic sheet,
lignocellulosic biomass for the synthesis of bioproducts (chemicals
and industrial products), carbonized Jack fruit leaf, peel and leaves of
date trees for the synthesis of efficient bio-adsorbents for removal of
Nickel and Lead (II) from waste water, Seaweed,
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sargassumtenerimum, and various seaweed species for the synthesis
of bio-stimulant for the growth of plant and its development,
vegetable oil for the synthesis of biodiesel, bioconversion of coffee
pulp, paper mill sludge, andlignocellulosic biomass, cassava peels,
lignocellulosic wheat straw into bioethanol in a sustainable manner,
agro-residues biomass for the synthesis of bioethanol and sustainable
production of lubricant from vegetable oil-based resources [10-28].
Biomass is considered the main source of energy for many
developing countries and it is ranked as the fourth source of energy in
the world. Nowadays, these bio-based products are made
commercially available in many developed countries which have
become an easy approach towards creating a sustainable and
renewable environment. When we talk about lubricants, the first thing
that comes to our mind is mineral oil lubricants obtained from crude
petroleum which is widely used worldwide. It has a wide range of
industrial applications. It was reported that 30-40 million tons of
lubricant is produced annually and about 50-75% of total lubricant
production is poured uncontrollably into the environment [29]. About
95% of total lubricant production is petroleum based. Petro-based
lubricant is composed of a mixture of paraffinic (linear/branch),
olefinic, naphthenic and aromatic hydrocarbons of 20 to 50 carbon
atoms and its formulation is found to be non-biodegradable, non-
renewable and toxic to the environment and so has become a threat to
the existence of life. Mineral-based oil reduced oxygen exchange as
the oil does not dissolve in water and forms a layer on the surface of
the water [30,3]. The alarming situation of the environment caused by
the excessive use of petro-base lubricant has triggered many
researchers and scientists to find an alternative lubricant that is
biodegradable, renewable, and sustainable. Vegetable-based
lubricants are found to be much more biodegradable and renewable as
compared to petroleum-based lubricants [31,32].

A lubricant is considered to be biodegradable when it can be broken
down by enzymes through aerobic or anaerobic processes into
renewable raw materials [33].Lubricants which is used as potential
alternatives to petro-based lubricants must have a high level of
biodegradability [34]. The biodegradability of a lubricant takes place
through several steps. In the initial process, the original bio lubricant
disappears to form another compound that may or may not be
completely biodegraded. This degradation is measured by the analysis
of the C-H bond through IR spectroscopy [35]. In the second step, the
organic compound determines the degradation of the organic
compound into CO, and H,O by biodegradation within 28 days [36].
The employing test developed by ASTM and OECD has shown that
the percentage of oxygen consumption or carbon dioxide evolution
can be monitored when the vegetable oil is inoculated with bacteria
and kept under controlled conditions for 28 days. This is done to
determine the degree of biodegradability of vegetable oil. Most of the
vegetable oils have been shown to biodegrade by more than 70%
within 28 days and as compared to petroleum oils which show
biodegradability at nearly 15 to 35%. Plant oil lubricants shows a
biodegradability percentage (%) of 90-100, plant oil-based esters
showa biodegradability percentage (%) of 80-100, polyols and
diesters showa biodegradability percentage (%) of 55-100,
polyethylene glycol (PGA) shows biodegradability percentage (%) of
10-20, polyalphaolfien (PAO) shows biodegradability percentage (%)
of 5-30, and polyether shows biodegradability percentage (%) of 0-25
[26,37]. Many researchers are now focusing their attention on
developing technologies that use vegetable oil for lubrication as they
are biodegradable, non-toxic, renewable, and consume less energy for
production, and no waste is produced. Some advantages of lubricant
as compared to petro-based oil [3,7,37-41] are as follows:

e Environmentally — safe, renewable, and sustainable

e Less toxic, less dermatological problems both to humans and
animals

e Better efficient lubricating properties lead to lower friction

losses and better boundary lubrication

Higher viscosity index, higher flash point.

Lesser production of vapour and oil mist

Longer durability of equipment

Higher boiling points which lead to fewer emissions

e Higher shear stability, and higher safety on the shop floor

e Easy maintenance, disposal, and storage

e It does not produce a greenhouse effect and does not contain
sulphur and aromatic compounds

e Higher solvency for additives and lower volatility

e Lower volatility, better mental adherence

However, there are some disadvantages of vegetable-based oil due to
undesirable physical properties viz. poor thermal stability due to the
presence of saturated fatty acids, poor oxidation stability due to the
presence of mono and poly-unsaturated fatty acids, hydrolytic
instability, and poor viscosity index. These shortcomings can be
overcome by chemical modification. Therefore, research has been
carried out to improve its physical properties so that it can be used as
an alternative to petro-based lubricants [28]. Factors like climatic
conditions and geographical location seem to affect the ability of the
plant to produce lubricants. For example, Asia uses palm and coconut
oils to make lubricants. Soybean oils are mostly used by the US to
make biolubricant and Europe depends on rapeseed and sunflower
oils [42]. India has a great prospectof producing edible and non-edible
vegetable oils which remain untapped. Coconut, Olive, Rapeseed,
Palm, Soybean, Sunflower, Peanut, Corn, Linseed, etc. are considered
edible whereas Jatropha, waste cooking oil, Karanja, Rice bran,
Mahua, Castor, Neem, Madhucaindica (Mahua), etc. are considered
as non-edible [43-45]. Rapeseed, Soybean, cottonseed, palm, peanut,
safflower, sunflower, coconut, tallow, and also waste cooking oil are
good raw materials for the production of lubricantsas theycontributeto
a sustainable environment [46]. Among all the vegetable oil Canola
oil is found to be more viscous than the other commonly tested oils.
Its flow rate is lower than diesel at the same pressure and it dropped
to almost zero at -4°C. Castor, Palm, and Coconut oils are found to be
potential alternative lubricants to two-stroke engine oils. 5% volatile
organic compounds emissions to the environment can be reduced with
the use of castor oil as a biolubricant [47]. Different vegetable oils
employed for various industrial applications and health benefits are
tabulated below in Table 1. According to the report, Soybean oil
displayed better power-transmitting properties than mineral oils [48].
Several vegetable oils such as rapeseed oil, palm oil, Moringa oil,
Passion fruit oil, and Rubber seed oil displayed excellent properties
when used as hydraulic oils [49].

Lubrication properties of Vegetable oil: The triglyceride present in
vegetable oil provides many desirable qualities for lubrication. Most
of vegetable oils are considered to be amphiphilic due to the presence
of polar groups, allowing them to adhere to metal surfaces and
possess good lubricityand nonpolar groups in the same molecule
[4,58]. The polar group contains at least one ester functional group
and the nonpolar group is are hydrocarbon chain with degrees of
unsaturation. The accurate chemical composition of these two groups
is responsible for the tribological and other properties of vegetable
oils. For example, better oxidative stability is exhibited by
triglycerides having a lower degree of unsaturation [65]. The strong
affinity of the base oil's high polarity with lubricated surfaces enables
plant-based oil to function as highly effective boundary lubricants
[66]. It also has low volatile organic compound emission (VOC) [41].
The fatty acid that is present in biolubricant prevents corrosion and
wear between the rubbing zone surfaces by forming a layers and
stable film [34]. Viscosity is the vital characteristic of a biolubricant
as it prevents contact between the two surfaces [46]. The untreated
oils and fats (high viscosity) cause operational problems (deposits on
its interior parts) which lead to certain disadvantages thathave to be
taken care such as poor thermal and oxidative stability, poor corrosion
protection, and very susceptibility to hydrolytic breakdown due to the
presence of ester functionality [67,68]. It also undergoes solidification
at low temperatures, cloudiness, precipitation, poor flow (low-
temperature property), and low viscosity index [26,28,32]. Poor
thermal and oxidative stability is due to the high degree of multiple
C=C unsaturation in the fatty acid from oleic, linoleic, and linolenic
acid moieties of vegetable oilsand it is also an active site for many
reactions including oxidation [59,69-70]. The greater the level of
unsaturation, the more susceptible the oils undergo oxidation [71].
The unstable nature of plant-based oil is influenced by the free acid
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content in vegetable oil [27]. Different methods have been acquired to
improve the properties of vegetable oils like blending in which two or
more oils are mixed to achieve the required properties, fractionation
for separating the oil into two or more fractions depending upon the
end-use requirement, domestication of wild crops to convert the wild
crop into crops that can be cultivated commercially, genetic
modification of crops to get desired properties, and chemical
modification in which various reactions like hydrogenation,
esterification/transesterification of fatty acid with different alcohol
moiety to improve the properties of vegetable oil [42]. A lot of
research is being carried out to enhance the physicochemical
properties of vegetable oil. Some of the reported physicochemical
properties of vegetable oils with their respective lubricants are shown
in Table 2. Till date, research indicates that vegetableoil modified
both chemically and genetically are found to exhibit an outstanding
potential to be used as a lubricant [28]. Severalvegetable-based
lubricants have been developed for various sectors of industry.

Chemical structure of vegetable oil: Triacylglycerides (TAG, 98%)
are the major components of vegetable oils and animal fats [26]. The
other minor components are diacylglycerol (DAGs, 0.5%),
monoacylglycerol (MAGs, 0.2%), Fatty acids (FAs, 0.1%), sterols
(0.3%), tocopherols (0.1%) [72]. Schematic representations of major
and minor components of vegetable oils are shown in Fig. 1. During
processing, these minor components are removed from biolubricant.
The physical and chemical properties of vegetable oil result from the
constituent fatty acids since fatty acids make larger portions of
triacylglycerols [73]. Triglycerides are glycerol molecules that have
three long-chain polar fatty acids attached at the hydroxyl groups
through ester linkages and theycontribute to the physical
characteristics of the plant-based oil [27,74]. TAG structure provides
desirable qualities in lubricant [69]. Vegetable oil with more double
chains shows better performance in pour point and low oxidative
stability as compared to vegetable oil with fewer double chains. The
composition of vegetable oil varies depending on the kind of oil, the
pre-harvest condition, and the type of soil and climate [55].The low
volatility of plant-based oil is due to the high molecular weight of the
triacylglycerol molecule. Vegetable oil properties are directly
proportional to the fatty acid composition of triacylglycerol which is
closely related to their source [75]. Tri-saturated fatty acids in plants
are found mostly in tropical species like palm oil and lauric fats like
coconut and palm kernel fats. They are not suitable for lubrication
due to their high melting point.

Common properties of Vegetable oil

Fatty Acids: The fatty acids chain length usually ranges from C; to
C,; and accounts for 85% of the plant oils’ weight which determines
their properties. The ratio and position of carbon-carbon double bond
in vegetable oil is determined by its fatty acid composition. The fatty
acid which has a carbon-carbon single bond in its backbone structure
is called saturated fatty acids. Stearic acid, palmitic acid, myristic
acid, lauric, and butyric acid are examples of saturated fatty acids and
the structure is shown in Fig. 2. Palmitic acid (C16:0) and stearic acid
(C18:0) are considered as the most important saturated fatty acids.
They show resistance to oxidation and exhibit high pour point.
Saturated fatty acids exhibit high melting points and are the most
chemically stable due to the molecule’s conformation. Therefore, the
fatty acid’s melting point increases as the number of carbon in the
chain increases [76]. The fatty acids which have one carbon-carbon
double bond in their backbone structure are called mono-unsaturated
fatty acids. Oleic acid is considered a mono-unsaturated fatty acid and
its structure representation is shown in Fig. 3. Examples of mono-
unsaturated fatty acids are Erucic acid, Oleic acid, and Palmitoleic
acid. They possessed reactive sites for chemical modification and
exhibited extremely low pour points. Mono-unsaturated fatty acids in
the oil are responsible for the resistance to rancidity and are liquid at
room temperature. However, they are less stable to oxidation than
saturated fatty acids [77]. Polyunsaturated fatty acids have more than
one carbon-carbon double bond in their backbone structure. Linoleic
and linolenic acids are considered poly-unsaturated fatty acids and
their structure is represented in Fig. 4. Oleic acid (C18:1), Linoleic

acid (C18:2), Linolenic acid (C18:3) are considered the most
important unsaturated fatty acids [37]. The higher the number of
unsaturated, the greater the biological and oxidative instability of the
poly-unsaturated fatty acids [78]. The fatty acids which have a
hydroxyl group (-OH) in their backbone structure are called hydroxyl
fatty acids. Ricinoleic acid is considered a hydroxyl fatty acid as it
possesses one hydroxyl group and its structural representation is
shown in Fig. 5.

The hydroxyl group in the fatty acids is responsible for low pour
point and reactive sites for chemical modification [79]. Table 3 shows
the fatty acids composition in commonly used vegetable oil. It also
affects the properties of bio-based lubricants in terms of thermal-
oxidative stability, viscosity and viscosity index, and low-temperature
behavior. Fatty acid becomes oilier and less soluble in water with the
increase in the length of the carbon chain. Short non-branched fatty
acids with 6 carbon atoms possess better solubility properties in water
due to the presence of polar-COOH group [80]. The plant oils’
properties and fatty acids composition of triacylglycerol are closely
related to their source [75]. Cottonseed oil is classified as a poly-
unsaturated oil as it consists of palmitic acid (20-25%), stearic acid
(2-7%), oleic acid (18-30%) and linoleic acid (40-55%) [81]. It is
used as a salad oil, frying, margarine manufacture, and manufacturing
shortenings for cakes and biscuits. Palm oil, olive oil, cottonseed oil,
peanut oil, and sunflower oil are considered unsaturated fatty acids as
they contain a high proportion of mono-unsaturated oleic acid and
poly-unsaturated linoleic acid [82]. They are liquid at room
temperature and the melting point is low. Other vegetable oils fall
under various classes such as erucic acid oil, oleic acid oil, linoleic
acid oil, and lauric acid oil due to their dominant fatty acids content in
vegetable oil. They are used in salad dressing, margarine, shortenings,
etc. Soybean oil is classified as linolenic acid oil since it highly
contains unsaturated linolenic acid. It is considered an important oil
as it has many applicants in the current situation. Castor oil contains
triacylglycerols of ricinoleic acid [83]. Coconut oil is classified as
saturated fatty acids (92%), particularly lauric acid and is solid at
room temperature and has a sharp melting point, unlike other fats and
oils. The saturated and unsaturated fatty acid compositions (%) of
vegetable oils are given in Table 4. The physicochemical properties of
vegetable oils are dependent on fatty acid distribution. A number of
double bonds and their position within the aliphatic chain affects the
properties of the oil. Biolubricant performance can be enhanced by
the removal of double bond and the glycerol molecules from
triacylglycerides [37].

Viscosity: The viscosity of a lubricant is a very important property
for hydrodynamic lubrication and it’s a vital parameter to be
considered. A lubricant with a high viscosity requires a large force
between two moving surfaces and a lubricant with low viscosity
damages the devices [97]. Most of the biolubricants display high
viscosity and the viscosity increases with the length of the
hydrocarbon chain of the carboxylic acid or alcohol in ester
biolubricants [98]. Viscosity is also directly related to temperature.
According to the report, it was said that biolubricant with high
viscosity indexes show fewer viscosity modifications with the
increase in temperature. Biolubricant branching also affects the
viscosity index since increased branching in the alcohol or the
carboxylic acid lowersthe viscosity index [59].

Pour point: The pour point is the temperature below which the liquid
loses its flow characteristics. In biolubricant, the pour point and
viscosity index are directly related to one another. According to the
report, ternary alcohols such as trimethylolpropane (TMP) decrease
the pour point of the biolubricant. The use of neopentyl polyols which
is a branched alcohols, has become a potential alternative to obtain
biolubricant with low pour points and higher oxidative stability levels
[45,55]. The pour point of the oil is decreased by the presence of -
C=C- bonds, however, it has become vulnerable to the oxidation
process. The optimum pour point is obtained from saturated fatty
acids with short hydrocarbon chains because an increase in the length
of the carbon chain causes a higher pour point. In plants, the carbon
chains generally contain between 16 and 18 atoms indicating that the
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saturation of these acids causes them to become solid at around 65-
75°C [37]. The pour point temperature of the oil is not affected by the
position of the -C=C- unsaturated bonds much but its conformation
slightly influences the pour point temperature. The hydrocarbon chain
with cis-configuration, with hydrogen atoms on the same side is
observed to have a lower pour point than the hydrocarbon chain with
trans-configuration [59].

Low oxidative stability of vegetable oil: A lubricant exhibiting
strong oxidation resistance minimizes the occurrence of deposits,
sludge, and corrosive by-products in applications such as grease,
engine oil, and industrial oil [99]. The double bond (-C=C-) present in
the fatty acids of vegetable oil is responsible for the low oxidation
stability of the oil. The higher the composition of the unsaturated fatty
acids, the more susceptible the vegetable oil towards the oxidation
process. The low oxidative stability of vegetable oil can be improved
by chemically modifying the vegetable oil by saturating the (-C=C-)
bonds through epoxidation [100]. The presence of saturated fatty
acids contributes to high oxidation stability. Vegetable oil that
undergoes the process of oxidation increases the viscosity of the oil
and produces a varnish and sludge deposit which degrades the quality
of the vegetable oil. The oxidative stability increases with an increase
in the number of substituents at mid and end-chain ester and
decreases the number of hydroxyl groups. Oxidative instability can
also be improved by transesterification using the catalyst and methyl
ester [101].

Poor low-temperature properties of vegetable oil: When the
vegetable oil is subjected to low-temperature conditions (24°C), it
undergoes solidification. The solidification does not occur rapidly at a
particular temperature but occurs over a wide range of temperatures.
The poor low-temperature properties of vegetable oil can cause
cloudiness, precipitation, poor flow ability, increased viscosity, and
rheological behavior [102]. Many researchers think that the
composition of saturated fatty acids in vegetable oil greatly influences
the poor low-temperature performance of the oil because at low
temperatures the saturated fatty acids chains of carbon atoms tend to
bundle rapidly than the unsaturated fatty acids turning into a
crystalline form. The poor point (PP) and cloud point temperatures
can identify the low-temperature properties of vegetable oil [26,45].
The fatty acid chain with a large branching group at the mid and end
points creates a barrier called a stearic barrier inhibits crystallization
and results in a lowering of pour point and cloud point temperature. It
was reported that thermo-oxidative stability can be improved through
chemical modification of vegetable oil, thereby allowing their use in a
wider range of operating conditions. A lot of research is being carried
out to improve the physicochemical properties of vegetable oil so that
it may become an alternative to petro-based lubricants. The excellent
wear/friction characteristics and broad temperature range stability can
be achieved through chemical modification of triacylglycerides [103].
The properties of vegetable oils can be improved chemically by
altering their structure [104]. Additives are also used to enhance the
properties of lubricants [105]. Various routes have been developed for
the chemical modification of vegetable oils which can be used as a
perfect lubricant shown in Table 5.

Production of biolubricant

Transesterification: Many chemical reactions are involved in the
production of biolubricant. Among the various reactions,
transesterification (from triglycerides to fatty acid complex ester via
fatty acid methyl esters) is considered one of the most important
reactions in obtaining biolubricant. Table 6. shows the synthesis of
biolubricant from various vegetable oil through transesterification.
Transesterification is a process in which the triglycerides react with
alcohol (methanol, ethanol, etc) in the presence of a catalyst to
produce fatty acids alkyl estersand this process lowers the viscosity of
the oil or fat [122,123]. The process can be catalyzed by acids, bases,
and enzymes [124]. This process is a sequential reaction in which
triglycerides are first reduced to diglycerides which in turn are
reduced to monoglycerides then monoglycerides are further reduced
to fatty acids ester (Glycerol) [125]. In each successive step of the

reaction, a mole of ester is released. The general equation for
transesterification of a triglycerideis shown in Scheme 1. The melting
point and boiling point of fatty acids, methyl ester, mono-, di-, and
triglycerides exhibit an upward trend with the growth in carbon chain
length but decrease with an escalation in the number of double bonds.
The ascending order of melting points among tri-, di-, and
monoglycerides is attributed to the polarity of the molecules and the
presence of hydrogen bonding [126]. Heterogenous transesterification
is found to be more advantageous than homogenousas the catalyst can
be reused again, also the removal of the catalyst from the reaction
product is not required and there is no formation of saponification
products [127,128]. The reaction can be termed as an inter-
esterification when there is an exchange of acyl between two
molecule and intra-esterification when there is an exchange of acyl
group within a molecule [129]. The conversion of acyl group that is
bounded in acylglycerols to methyl esters can be determined by using
gas-liquid chromatography (GLC) on packed columns [130]. The
exchanged of acyl moiety either between an ester and acid is called
acidolysis, ester and alcohol is called alcoholysis, two esters is called
acyl exchange [131]. The biodiesel produced are referred as FAME
since methanol is the most widely used alcohol in transesterification
[132]. The steps involved in the production of biolubricant are as
follows:

Rapeseed oil

Transesterification

(Alcohol)

Fatty acid methyl ester (FAME)

Second transesterification

(Catalyst, alcohol)

Biolubricant

Characterization

In the first transesterification, FAME was found to be obtained from
vegetable oil as an intermediate product. When one mole of
triglycerides of vegetable oil reacts with three moles of methanol, it
produces three moles of FAME and one mole of glycerol [133]. The
use of excess alcohol increases the yield of the alkyl ester and allows
its phase separation from the glycerol. After the completion of
transesterification, water can be added to the reaction mixture for the
easy separation of glycerol [134]. The use of a catalyst becomes
necessary when a complex alcohol is used in the reaction. The
reaction temperature, methanol/oil molar ratio, the amount and the
type of catalyst, and the mixing intensity are the important variables
during the reaction as theyinfluence the reaction. The FAME obtained
is found to be suitable for the second transesterification [135].
Although it has been claimed that the use of an additional organic
solvent was useful in controlling the activity of water and microbial
contaminations, the absence of solvent enhances higher substrate and
product concentrations, improves safety, etc. The reaction can be
classified as an acid-catalyzed or based-catalyzed depending on the
type of catalyst used [136,137]. As reported by several researchers in
the second transesterification reaction, alcohols with different
structuresare employed to obtain different viscosity values andalso
mentioned thatthe selection of an appropriate catalyst is necessary for
the effectiveness of the reaction [2]. The equation for the second
transesterification of FAME to bio lubricant is shown in Scheme 2.
Even the nature of the alcohol used during the reaction characterizes
the complexity of the final ester obtained. During this reaction, the
methanol released contributes to the better yield of biolubricant.
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Table 1 Distinct applications of several vegetable oil for industrial applications and health benefits[3,7,42,47,50-64]

Vegetable oil Health benefits Industrial application Ref.

Castor oil Used for medicinal purpose, fertilizers, used for the manufacture of | Gear lubricants, greases, special engine and high rotation [7,47]
bullet-proof glasses, contact lenses, lipsticks, metal soaps, | reactors lubricants, high resistance plastics
polyurethanes, etc

Soybean oil Production of traditional foods (soymilk, soy sauce, soy paste, etc.), | Biodiesel fuel, lubricants, metal casting/working, [50,51]
ingredients for food, phytic acid, tocopherols, lectins present in | pesticides, printing inks, plasticizers,paints, coatings,
soybean oil acts as antioxidant, anticarcinogenic, antioxidant, | soaps, shampoos, detergents, disinfectants, hydraulic oil,

Dietary fiber present in soybean oil acts as anti-hypertensive, | biodiesel
improves digestive tract function, prevents colon cancer,etc.

Palmarosa oil (green | Food processing, cosmetics, etc. Biodiesel fuel [52]

oil

Ca)nola oil Used for the treatment of cardiovascular disease, cancer, obesity, etc. | Metal working fluids, hydraulic oils, penetrating oils, [3, 53]

tractor transmission fluids, food grade lubes, chain bar
lubes

Eucalyptus oils Sources of essential oils, etc. Production of wood or pulp for the paper industry, etc. [54]

Rapeseed oil It has textural properties of food, used in the treatment of | Air compressor-farm equipment,chain saw bar lubricants, [53,55]
cardiovascular diseases, obesity, hypertension, etc. biodegradable greases, raw material for biodiesel, base for

engine oil, hydraulic fluids and inks, Lamp oil, Soap
making, Plastic manufacturing etc.

Coconut oil Use for edible purpose, medicine (anti-cancer), food industries as a | Gas engine oils, have many industrial uses in the [56-57]
confectionery fat in ice-cream.It act as an antiviral, antifungal and | pharmaceuticals, cosmetics, plastics, rubber substitutes,
antibacterial, main component of infant milk powders due to its easy | synthetic resins etc. Coconut oil has also been found useful
digestibility, etc. for mixing with diesel. Methyl esters of coconut oil fatty

acids is also being used as lubricants and biodiesel in
aviation industry, etc.

Olive oil Prevent platelet aggregation, possess anti-inflammatory, anti-tumor | Automotive lubricants/engine oil [58-59]
and anti-microbial properties, lowers immunological parameters,
lipid and glucose metabolism, prevent oxidative stress, control blood
pressure, reduce the risk of neurodegenerative diseases, etc.

Palm oil Food and medicine purpose, Rolling lubricant, grease, high performance base fluids for [42,61]

biodegradable lubricants, used in soap industry.

Safflower oil It is used to treat neuropathy, chicken box sores, numbness and | Light-coloured paints, diesel fuel, resins, enamels [42, 61]
tingling, boosting skin health, contro; muscle contractions, helped in
weight loss, improve hair growth, boast immune system.

Sunflower oil Used as edible oil, it act as antioxidant during storage and minimizes | Grease, diesel fuel substitutes (biodiesel), lubricants, [42]
the auto-oxidation of fatty acids due to the presence of alpha | plasticizers, stabilizers
tocopherols, etc.

Cuphea oil Foliar spray Cosmetics, motor oil [42, 62]

Tallow oil Used in the manufacturing of antibiotics and pharmaceuticals Steam cylinder oils, soaps, cosmetics, lubricants, plastics [42, 63]

Groundnut oil Edible purpose, antioxidant due to the presence of tocopherol, Food industry applications [64]

Table 2. Physicochemical properties of vegetable oils with their respective lubricants[3,88,106-114]
Lubricant Viscosity 40°C | Viscosity Viscosity Index Pour point (°C) Flash point | Ref.
(cSt) 100°C (cSt) (°C)
Olive oil 39.62 8.24 190 -3 318 [3]
Rapeseed oil 45.60 10.07 216 -12 240 [88]
Jatropha oil 35.4 7.9 205 -6 186 [106]
Jatropha/TMP 43.9 8.71 180 -6 325
Soybean/alcohols 10.3-432.7 3.0-34.4 45-195 - - [107]
Olive/PE 63.08 12.00 190 -24 -
Palm oil 52.4 10.2 186 -5 - [108]
Palm/TMP 47.1 9.0 176 -2 355 [109]
Rapeseed/alcohols 7.8-38.2 2.7-8.4 205-224 -31.3to0-18 - [110]
Soybean oil 28.86 7.55 246 -9 325 [111]
Sunflower oil 40.05 8.65 206 -12 252
Sunflower/octanol 7.93 2.74 226 -3 - [112]
Castor oil 220.6 19.72 220 -27 250 [113]
Castor/TMP 20.96 4.47 127 - - [114]
Table 3 Typical fatty acid composition (%) of various vegetable oil[3, 26, 27, 41, 68, 81, 84-91]
Vegetable oil Fatty Acids
Palmitic (C16:0) | Stearic (C18:0) Oleic (C18:1) Linoleic (C18:2) Linolenic (C18:3) Ref.
Neem oil 18 18 45 18-20 0.5 [3]
Sunflower oil 7 5 20-25 63-68 0.2 [26]
Linseed oil 5 3 22 17 52 [27]
Moringa oil 5.50 5.70 73.20 1.00 - [41]
Tobacco oil 3.57 3.95 11.92 73.43 0.83 [68]
Cottonseed oil 20-25 2.7 18.30 40-55 0.6 [81]
Soybean oil 10.50 3.80 23.70 54.50 6.30
Coconut oil 8.40 2.6 6.4 1.60 0.1
Corn oil 12.10 2.30 30.90 53.30 1.10 [84]
Canola oil 4.35 2.00 59.40 21.15 10.35
Palm oil 41.5 2.70 40.6 11.90 0.30 [85]
Canola oil 3 3 60 30 7 [86]
Jatropha curcas L oil 15.6 9.7 40.8 32.1 - [87]
Rapeseed oil 9.80 1.60 18.4 16.8 6.50 [88]
Castor oil - 2-3 3-5 3-5 80-90 [89]
Olive oil 7.30 2.70 60.70 4.40 0.50 [90]
Madhucaindica oil 17.8 14.0 46.3 17.9 - [91]
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Biolubricant through this process and their characteristics are shown
in Table 7. Thus the use of excess alcohol leads to low oil conversion
[129]. Overall, the influence of the temperature, -catalyst
concentration, and alcohols was considered for the optimization of
biolubrication [46].

Base-catalyzed transesterification: In transesterification reaction, a
homogeneous base catalyst is found to be more efficient with a higher
reaction rate and less corrosion than the acid catalyst [138,139].
However, the catalyst must be substantially anhydrous because the
presence of water leads to saponification forming soap and hydrolyse

Table 4. Saturated and unsaturated fatty acid compositions (%) present in vegetable oil[41, 55, 59, 68, 84, 92-96]

Vegetable oil Compositions of fatty acids (%) Ref.
Unsaturated Saturated

Calabash 78.13 20.6

Moringa oil 79.7 5.70 [41]
Sunflower 87.3 12.3

Jatropha curcas 91.7 7.0 [55]
Neem 64.5 36 [59]
Tobacco seed 86.18 13.52 [68]
Corn 85.42 14.57

Soybean 84.75 15.18

Canola 92.75 7.03

Coconut 8.1 92.78 [84]
Palm kernel 16.9 83

Olive 82.45 17.53

Rapeseed 97.6 24 [92]
Corn 98.09 1.89 [93]
Palm 39.45 60.55 [94]
Castor oil 96.4 0.9 [95]
Cotton seed 76 25 [96]

Table 5: VariousChemical modifications of vegetable oil, its advantages and disadvantages [59]

Chemical reaction applied for modification

Advantages

Disadvantages

Esterification/transesterification .
degradation

Enhances resistance to thermo-oxidative

- Performs at low temperatures

Needs raw material rich in oleic acid and
elevated reaction temperatures

Estolide formation .
degradation

Enhances resistance to thermos-oxidative

. Operates at low reaction temperatures
=  Accommodates various vegetable oils

Elevated manufacturing expenses

Epoxidation .

Enhances slipperiness

Raises pour point while reducing viscosity index

Boosts  resistance  to  heat-induced
oxidation

Operates at a reduced reaction temperature

Selective hydrogenation

Decreases the level of double bonds
Enhances resistance to oxidation

temperatures

Ro—C—O—~cH

(e
i}

|C|> o
I
B0 e Ry O HC—O—-C—R,
|
R;—C—O~CH

HzC—O*ﬁ*Rs HQC*O—ﬁ—OH
o o

TAGs DAGSs
(@) 1l
11 HO—C—R;
? H,C—O—C—R;
|
—Cc—0O— 11
HO—C—0O C|:H HO—C—R,
H2C—07‘CI270H (o]
11
(@) HO—C—R,
MAGs FAs

HO
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Tocopherols

TAGs: Triacylglycerol
DAGs: Diacylglycerol
MAGs: Monoacylglycerols
FA s: Fatty Acids

Sterols

Fig. 1 Schematic representations of major and minor components of vegetable oils

Isomerization reactions involving cis- and trans-
acids exhibit increased reactivity at elevated
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Table 6. Synthesis and chemical modification of biolubricant from various vegetable oil through transesterification[60, 93,115-121]

Oil/Fatty acid methyl ester/ Fatty Alcohol used Oil/Fatty acid Catalyst used Reaction condition Yield Ref.
acid :alcohol ratio (%)
Palm oil methyl ester Trimethylol propane 3.9:1 NaOCH; 20mbar, T=120'C, >1h 98 [60]
Oleic acid Hexadecanol 6.25:7.5 Sulfated zirconia 140'C, 4h, 300 rpm 81.7 [93]
Rapeseed oil methyl ester Trimethylol propane 17.1:5.3 NaOCH; 110°C,8h,reduced pressure 99 [115]
3.3kPa
Palm oil methyl ester Trimethylol propane 10:1 NaOCHj; 110'C, 1-1.5 mbar 98 [116]
Jathropha oil Trimethylol propane 4:1 H,S04 2%) 150°C, 3h 98.6 [117]
Jathropha oil Ethylene glycol 3.5:1 NaOCH; 120'C, 2.5h - [118]
Sunflower oil n-Propanol 1:15 Heteropoly-acidssupported 170°C, 8h 72
by Clay (K-10) [119]
Sunflower oil n- Octanol 1:15 Heteropoly-acids supported 170°'C, 8h 78
by Clay (K-10)
Karanja oil methyl ester Hexanol 1:1 NaOCH;(3%) Under vacuum boiling temp 94.5
Karanja oil methyl ester Octanol 1:1 NaOCH; (3%) Under vacuum boiling temp 93.1 [120]
Karanja oil methyl ester Neo-pentyl glycol 1:0.5 NaOCH; (3%) Under vacuum boiling temp 95
Linoleic acid 1-Octanol 6.25.7.5 Sulfated zirconia 140°C, 4h, 300 rpm 84.6
Stearic acid 1-Octanol 6.25:7.5 Sulfated zirconia 140°C, 4h, 300rpm 93.9 [121]
Oleic acid 1-Octanol 6.25:7.5 Sulfated zirconia 140°C, 4h, 300rpm 98.6

Table 7. Bio-lubricant synthesized through esterification/transesterification process, their reaction conditions and characteristics [9]

octanol and Fe-Zn doublemetal
cyanide (DMC) complexes catalysts

Resultant Bio- Reactants used Reaction conditions Oxidative/ thermal Yield (%)
lubricant stability
TMP triesters Palm ME, TMP and 140°C, 25 mbar, 25min, oscillatory 355°C Degradation 94.6
SodiumMethoxide catalysts flow reactor at 1.5 Hz with 20 mm temp.
amplitude
TMP triesters Jatropha, TMP and 150°C, 10mbar, 3 h - >80
SodiumMethoxide catalysts
TMP triester Canola biodiesel ME, TMP 110°C,1 mbar, 5 h Induction time: 0.74 h 90.9
andSodium methoxide catalysts
TMP triester Castor biodiesel, TMP 170°C, 0.01 bar RPVOT: 43 min 89.7
andDibutyltindilaurate catalysts (Butylated
hydroxytoluene added)
n-alcohol-esters Soybean oil, various alcohols 140°C, 4 h - >80
andSulfatedzirconia catalysts
FA-n-octyl esters Sunflower oil, 170°C, 8 h 23 min (RBOT) 98

TMP triester Castor biodiesel, TMP and Sodium 120°C, 0.01 bar RPVOT: 150 min -
methoxide catalysts (Butylated
hydroxytoluene added)
TMP triesters High oleic palm ME, TMP 120-150°C, 0,3 mbar, 45 min - -
andSodium methoxide catalysts
TMP triesters Jatropha ME, TMP and Sodium 150°C, 55 min 325°C Degradation -
methoxide catalysts temp.

OH
H2
Co L

Hy

Fig. 2 Schematic representations of a saturated fatty acid

0
7/
HiC—CHj H,C—C,
H.C—CH, H,C—CH, OH
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Fig. 3 Schematic representations of a mono-unsaturated fatty acid
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Fig. 4 Schematic representations of a poly-unsaturated fatty acid
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ester to form free fatty acid (FFA). Subsequently, the base catalyst
will be irreversibly neutralized by FFA and alkaline salt will be
formed. Studies have shown that high ester yield can be procured
through longer reaction time. Usually, the based-catalysed
transesterification reaction requires less than 1 hour to complete the
reaction. Further studies have shown that the acid value increases
with reaction time when NaOH is used as a catalyst for the
methanolysis of soyabean oil [140]. It is also found that esters are
formed as an anionic intermediate in the presence of a base catalyst
which can dissociate back to the original ester or form a new ester.
The widely used basic catalysts are alkaline metal alkoxides,
hydroxides, and sodium or potassium carbonates [28]. Alkaline metal
alkoxides do not produce water during the reaction so are better
catalystsas compared to hydroxides, and are the most active catalysts
with >98% yield within 30 minutes [140]. When water is produced
during the reaction, hydrolysis occurs and forms FFA thus increasing
the acid value. NaOCH; when used as a catalyst produces less acid
value compared to NaOH [141]. However, alkaline metal alkoxides
are not commonly used in a large scale production due to their
toxicity, disposal problem and high price [142]. Sodium and
potassium hydroxides, carbonates and alkoxides such as methoxide,
ethoxide, propoxide and butoxide are generally used alkalis. Sodium
hydroxide (NaOH) or Potassium hydroxide (KOH)is used as basic
catalysts with methanol or ethanol. Al,O; is also a commonly used
catalyst due to its availability and low cost [143].
NanocrystallizedCaO catalyst is also considered as an efficient
catalyst with low toxicity, highly available, easy in preparation, and
high surface area associated with the small crystallite sizes and
defects [144-146]. The increasing order of basic strength of the oxides
and hydroxides of group 2 is Mg < Ca <Sr< Ba. Ca-derived bases are
found to be the most promising ones as it exhibit low methanol
solubility and the least toxicity [147].

H2 H2
H C/C\C/C\ /CH3
Y H, B,
CH
HC 0

Fig. 5 Schematic representations of a hydroxy fatty acid

I —CEOR; R,COOCH,; H,C'—OH
H(‘J—OCOR2+3CH30H—‘ RZC(10CH3 + HC—CH
I
H,C—OCOR; R,COOCH;  H,C—OH
Triglyceride FAME Glycerol
FAME: Fatty Acid Methyl Ester

Methanol

Scheme 1: General equation for first transesterification of a
triglyceride

R,COOCH;
i OH

R;COOCH + o "R

R,COOCH, CH.

FAME 2-Ethyl-hexanol _CHy
FAME: Fatty Acid Mathyl Ester Biolubricant
Sty Y + 3CH.OH
Methanol
Scheme 2. Equation for second transesterification of FAME to
biolubricant
Acid-catalyzed transesterification: The acid-catalyzed

transesterification approach is deemed less significant in industrial
applications compared to the base-catalyzed method because of its
sluggish reaction rate. It is reported by several researchers that basic
catalysts become inappropriate when working with triglycerides
containing high levels of free fatty acids (FFA) as they tend to react

with these acids to form soap [148]. Also, acid-catalyzed reactions
require high alcohol-to-oil molar ratio, reaction time, and temperature
as compared to base catalysis [153]. The commonly used acid
catalysts are sulphonicacid, sulphuric acid, hydrochloric acid, and
phosphoric acid. Among these acid catalysts, sulphuric acid is the
most widely used catalyst as it leads to high yield [141,149-152].
However, it is also reported by some researchers that the reaction rate
is very slow with this acid catalyst as well as it requires a high
temperature above 100°C to complete the reaction.

Industrial biocatalysts: Lipase has been used as an industrial
biocatalyst with good yield. It is also used for esterification and
transesterification reactions and has been broadly investigated with
high yield [115,154-155]. It is found that the immobilized residue can
be regenerated and reused as well as the product extraction is easier
using this catalyst [156]. Therefore it is a feasible method for the
production of alkyl esters from animal fat or vegetable oil [157]. The
transesterification reaction processed by acids, bases, alkoxides, and
alkaline metal hydroxide catalysts has a major drawbacks or
disadvantages like the problem of emulsification and corrosion are
related to acid/base processes. Also, acid-catalyzedreaction proceeds
slower than the based-catalyzed reaction, high-quality feedstock with
less acid content is necessaryforthe base-catalyzed reaction to prevent
the formation of unnecessary saponification of the free fatty acids, the
incomplete solubility of oils and fats in alcohol results in the barrier
of triglycerides conversion. So, in order to overcome this drawback
the use of an ionic liquid-catalyzed transesterification reaction was
developed [158-160].

Green catalyst: The ionic liquid is now considered a green catalyst
due to its low volatility, ability to stay in liquid form in a wide range
of temperatures, and less toxicity. It is also thermally stable,
recyclable, and has variousstructures [161]. It is also known as room
temperature ionic liquid because of its ability to stay in a liquid state
below 100°C [162]. Therefore, it is considered as a promising catalyst
for esterification and transesterification processes [67].

CONCLUSION

The literature reviewed revealed that with increasing environmental
pollution and depletion of petroleum resources,vegetable-oil-based
lubricant has become a potential alternative to conventional petro-
based lubricant. It is found that vegetable oil is suitable oil for
deriving biolubricants using appropriate catalyst/s along with some
chemical modifications as they exhibit good lubricity, high viscosity
index, higher inflammability, better wear performance, increased
equipment service life, higher flash point, and lower pour point as
compared to other lubricants, and a great degree of biodegrability.
The main advantages of biolubricant are its biodegradability and low
aquatic toxicity. The environmental compatibility of vegetable oil
provides them with an advantage over conventional mineral oils in
terms of overall operating cost. The biodegradability of biolubricant
is the strongest point in the case of automobile applications. However,
the commercial mineral lubricantshave not yet been completely
replaced by bio-based lubricants due to the lower production of
vegetable oil which led to an increase in price. So, researchers are still
at the initial stage with the aim of replacing petro-based lubricant with
biolubricant to create a sustainable environment.

Abbreviation

ASTM American Society for Testing and Materials
DAGs Diacylglycerol

DMC Doublemetal Cyanide

FAs Fatty Acids

FAME Fatty Acid Methyl Ester

FFA Free Fatty Acid

GLC Gas-Liquid Chromatography

IR Infrared

MAGs Monoacylglycerol

OECD Organisation for Economic Co-operation and

Development
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PAO
PE
PGA
PP

RBOT

Polyalphaolfien

Polyethylene

Polyalkylene Glycol

Poor Point

Rotating Bomb Oxidation Test

RPVOT Rotating Pressure Vessel Oxidation Test

TAG
TMP
vVOC

RE

10.

11.

12.

13.

14.

15.

Triacylglycerides
Trimethylolpropane
Volatile Organic Compound

FERENCES

Encinar JM, Nogales S, Gonzalez JF(2020) Biodiesel and
biolubricant production from different vegetable oils through
transesterification. Eng Reports 2:1-10.
https://doi.org/10.1002/eng2.12190.

Nawaratna G, Fernando SD, Adhikari S(2010) Response of
titanium-isopropoxide-based heterogeneous amphiphilic
polymer catalysts for transesterification. Energy & Fuels
24:4123-4129. https://doi.org/10.1021/e£100479q.

Cecilia JA, Plata DB, Saboya RMA, Luna FMT, Cavalcante Jr
CL, Rodriguez-Castellon E(2020) An Overview of the
Biolubricant Production Process: Challenges and Future
Perspectives.  Processes  8:257-281.https://doi.org/10.3390/
pr8030257.

Soni S, Agarwal M(2014) Lubricants from renewable energy
sources — a review. Green Chem Let Rev 7:359-382.
https://doi.org/10.1080/17518253.2014.959565

Arca M, Sharma BK, Perez JM, Doll KM(2013) Gear oil
formulation designed to meet bio-preferred criteria as well as
give high performance. Int J Sustain Eng 6: 326-331.
https://doi.org/ 10.1080/19397038.2012.725430

Aji MM, Kyari SA, Zoaka G(2015) Comparative studies
between biolubricants from Jatropha Oil , neem oil and mineral
lubricant ( Engen super 20 W/50 ). Appl Res Journal1:252-257.
http://arjournal.org.

Silva da JAC (2011) Biodegradable Lubricants and Their
Production Via Chemical Catalysis. Tribology - Lubricants and
Lubrication, pp 185-200. https://doi.org/10.5772/24845

Shahid EM, Jamal Y(2008) A review of biodiesel as vehicular
fuel. Renew. Sustain Energy Rev12:2484-2494.
https://doi.org/10.1016/j.rser.2007.06.001

Kania D, Yunus R, Omar R, Rashid SA, Jan BM(2015) A
review of biolubricants in drilling fluids: Recent research,
performance, and applications. J Pet Sci Eng 135:177-184.
https://doi.org/doi: 10.1016/j.petrol.2015.09.021.

Patel AV, Rudakiya D, Gupte ACV, Patel JV(2014) In book:
Proceedings of International conference on chemical industry
(ICCI1-2014), pp 230-245.

Patel AV, Panchal T, Rudakiya D, Gupte A, Patel JV(2016)
Fabrication Of Bio-Plastics From Protein Isolates And Its
Biodegradation Studies. International Journal of Chemical
Sciences and Technology 1:1-13. www.ijcst.redmac.in
Barragan-Ocafia A, silva-Borjas P, Olmos-Pefia S, Polanco-
Olguin M(2020) Biotechnology and Bioprocesses: Their
Contribution to Sustainability.Processes 436:1-
9.https://www.mdpi.com/2227-9717/8/4/436

Thomas M, Patel SP, Patel AV, Pate JV(2017) A comparative
study on the efficiency of KOH and H;PO, impregnated
jackfruit leaf based carbon as adsorbent for removal of Cr(VI)
from its aqueous solution. Int J Eng Trends Technol 45:176—
182. https://doi.org/10.14445/22315381/IJETT-V45P238
Hameed BH(2009) Removal of cationic dye from aqueous
solution using jackfruit peel as non-conventional low-cost
adsorbent. J Hazard Materl162:344-350. https://doi.org/
10.1016/j.jhazmat.2008.05.045

Boudrahem F, Aissani-Benissad F, Soualah A(2011)
Adsorption of lead(II) from aqueous solution by using leaves of
date trees as an adsorbent. J Chem Eng Data 56:1804—
1812.https://doi.org/10.1021/je100770j

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Thomas M, Chauhan D, Patel J, Panchal T(2013) Analysis of
biostimulants made by fermentation of Sargassum tenerimum
seaweed. Int J Cur Tr 2:405-407.www.injctr.com

Thomas M, Chauhan D, Patel JV(2015) Bioassay of
Biostimulants Extracted from Brown Seaweed using Various
Solvents and their Comparison with Extracts of Terrestrial
Plants. Knowl Res 2:7-10.https://doi.org/

Khan W. et al(2009) Seaweed extracts as biostimulants of plant
growth and development. J Plant Growth Regul 28:386-399.
https://doi.org/10.1007/s00344-009-9103-x

Issariyakul T, Dalai AK. Biodiesel from vegetable oils. Renew
Sustain Energy Rev 2014;31:446—
471 .https://doi.org/10.1016/j.rser.2013.11.001

Subramaniam D, Murugesan A, Avinash A, Kumaravel
A(2013) Bio-diesel production and its engine characteristics -
An expatiate view. Renew Sustain Energy Rev 22:361-370.
https://doi.org/ 10.1016/j.rser.2013.02.002

Gurram R, Al-Shannag M, Knapp S, Das T, Singsaas E,
Alkasrawi M(2016) Technical possibilities of bioethanol
production from coffee pulp: A renewable feedstock. Clean
Technol Environ Policy 18:269-278.
https://doi.org/10.1007/s10098-015-1015-9

Gurram RN, Al-Shannag M, Lecher NJ, Duncan SM, Singsaas
EL, Alkasrawi M(2015) Bioconversion of paper mill sludge to
bioethanol in the presence of accelerants or hydrogen peroxide
pretreatment. Bioresour Technol 192:529—
539.https://doi.org/10.1016/j.biortech.2015.06.010

Adekunle A, Orsat V, Raghavan V(2016) Lignocellulosic
bioethanol: A review and design conceptualization study of
production from cassava peels. Renew Sustain Energy Rev
64:518-530.https://doi.org/10.1016/j.rser.2016.06.064

Asgher M, Bashir F, Igbal HMN(2014) A comprehensive
ligninolytic pre-treatment approach from lignocellulose green
biotechnology to produce bio-ethanol. Chem Eng Res Des
92:1571-1578.https://doi.org/10.1016/j.cherd.2013.09.003
Gupta A, Verma JP(2015) Sustainable bio-ethanol production
from agro-residues: A review. Renew Sustain Energy Rev
41:550-567 .https://doi.org/10.1016/j.rser.2014.08.032

Salih N, Salimon J(2021) A review on eco-friendly green
biolubricants from renewable and sustainable plant oil sources.
Biointerface Res Appl Chem 11:13303-13327.
https://doi.org/10.33263/BRIAC115.1330313327

Annisa AN, Widayat W(2018) A Review of Bio-lubricant
Production from Vegetable Oils Using Esterification
Transesterification Process. MATEC Web Conf 156:1-7.
https://doi.org/10.1051/matecconf/201815606007

Panchal TM, Patel A, Chauhan DD, Thomas M, Patel JV(2016)
A methodological review on bio-lubricants from vegetable oil
based resources. Renew Sustain Energy Rev 70:65—
70.https://doi.org/10.1016/j.rser.2016.11.105

Saidur R, Abdelaziz EA, Demirbas A, Hossain MS, Mekhilef
S(2011) A review on biomass as a fuel for boilers. Renew
Sustain Energy Rev 15:2262-2289.
https://doi.org/10.1016/j.rser.2011.02.015

Coelho CMM, Bellato CM, Santos JCP, Ortega EMM, Tsai
SM(2007) Effect of phytate and storage conditions on the
development of the ‘hard-to-cook’ phenomenon in common
beans. J Sci Food Agric 87:1237-1243.
https://doi.org/10.1002/jsfa.2822

Ma F, Hanna MA(1999) Biodiesel production: a review.
Bioresour  Technol  70:1-15.https://doi.org/10.1016/S0960-
8524(99)00025-5

Erhan SZ, Asadauskas S (2000) Lubricant basestocks from
vegetable oils. Ind Crops Prod 11:277-
282.https://doi.org/10.1016/S0926-6690(99)00061-8

Haase KD, Heynen AJ, Laane NLM(1989) Composition and
Application of Isostearic Acid. Lipid/Fett 91:350-353.

Willing A(2001) Lubricants based on renewable resources - An
environmentally compatible alternative to mineral oil products.
Chemosphere 43:89-98. https://doi.org/10.1016/S0045-
6535(00)00328-3



13110

Leiyami Ahungshi et al. Biolubricant production from vegetable oil through transesterification using Catalyst: A Review

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Perin G, Alvaro G, Westphal E, Viana LH, Jacob RG,
Lenarddo EJ, D’Oca MGM (2008) Transesterification of castor
oil assisted by microwave irradiation. Fuel 87:2838—
2841 https://doi.org/10.1016/j.fuel.2008.01.018

Battersby NS, Morgan P(1997) A note on the use of the CEC L-
33-A-93 test to predict the potential biodegradation of mineral
oil based lubricants in soil. Chemosphere 35:1773—
1779.https://doi.org/10.1016/S0045-6535(97)00240-3

Reeves CJ, Siddaiah A, Menezes PL(2017) A Review on the
Science and Technology of Natural and Synthetic
Biolubricants. J Bio- Tribo-Corrosion 3:1-27.
https://doi.org/0_1007-S40735-016-0069-5.

Lal K, Carrick V(1994) Performance testing of lubricants based
on high oleic vegetable oils. J Synth Lubr 11:189-
206.https://doi.org/10.1002/js1.3000110304

Salimon J, Salih N, Yousif E(2010) Biolubricants: Raw
materials, chemical modifications and environmental benefits.
Eur J Lipid Sci Technol 112:519-530. https://doi.org/10.1002/
¢j1t.200900205

Encinar JM, Pardal A, Sanchez N(2016) An improvement to the
transesterification process by the use of co-solvents to produce
biodiesel. Fuel 166:51-58.https://doi.org/10.1016/j.fuel.2015.
10.110

F. J. Owuna et al (2020) Chemical modification of vegetable
oils for the production of biolubricants using
trimethylolpropane: A review. Egypt J Pet 29:75-
82.https://doi.org/10.1016/j.ejpe.2019.11.004.

Mannekote JK, Kailas SV, Venkatesh K, Kathyayini N(2018)
Environmentally friendly functional fluids from renewable and
sustainable sources-A review. Renew Sustain Energy Rev
81:1787-1801 .https://doi.org/10.1016/j.rser.2017.05.274

Chen SY, Lao-ubol S, Mochizuki T, Abe Y, Toba M,
Yoshimura Y(2014) Production of Jatropha biodiesel fuel over
sulfonic acid-based solid acids. Bioresour Technol 157:346—
350. https://doi.org/10.1016/j.biortech.2014.01.097

Li M, Zheng Y, Chen Y, Zhu X(2014) Biodiesel production
from waste cooking oil using a heterogeneous catalyst from
pyrolyzed rice husk. Bioresour Technol 154:345—
348.https://doi.org/10.1016/j.biortech.2013.12.070

Erhan SZ, Sharma BK, Perez JM(2006) Oxidation and low
temperature stability of vegetable oil-based lubricants. Ind
Crops Prod 24:292—
299.https://doi.org/10.1016/j.indcrop.2006.06.008

Encinar JM, Nogales-Delgado S, Sanchez N, Gonzalez
JF(2020) Biolubricants from rapeseed and castor oil
transesterification by using titanium isopropoxide as a catalyst:
Production and characterization. Catalysts 10:366-377.
https://doi.org/10.3390/catal 10040366

Singh AK(2011) Castor oil-based lubricant reduces smoke
emission in two-stroke engines. Ind Crops Prod 33:287-
295 https://doi.org/10.1016/j.indcrop.2010.12.014

Regueira T, Lugo L, Fernandez J(2014) Compressibilities and
viscosities of reference, vegetable, and synthetic gear
lubricants. Ind Eng  Chem  Res  53:4499-4510.
https://doi.org/10.1039/COGC00597E

Yunus R, Fakhru’l-Razi ATL, Iyuke SE, Perez JM(2004)
Lubrication properties of trimethylolpropane esters based on
palm oil and palm kernel oils. Eur J Lipid Sci Technol 106:52—
60. https://doi.org/10.1002/ej1t.200300862

Medic J, Atkinson C, Hurburgh CR(2014) Current knowledge
in soybean composition. ] Am Oil Chem Soc 91:363-384.
https://doi.org/10.1007/s11746-013-2407-9.

J. Chen et al (2017) Synthesis and application of environmental
soybean oil-based epoxidized glycidyl ester plasticizer for
poly(vinyl  chloride). Eur J Lipid Sci  Technol
119:pp.https://doi.org/10.1002/¢j1t.201600216

Mohanan S, Maruthamuthu S, Muthukumar N, Rajesekar A,
Palaniswamy N(2007) Biodegradation of palmarosa oil (green
oil) by Serratia marcescens. Int J Environ Sci Technol 4:279—
283.https://doi.org/10.1007/BF03326285

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Eskin M, Przybylski R(1996) Rape Seed Oil/Canola. Encycl
Food Sci Nutr 203:4911-4916. https://doi.org/10.1016/B0-12-
227055-X/01349-3

Rodriguez P, Sierra W, Rodriguez S, Menendez P(2006)
Biotransformation of 1,8-cineole, the main product of
Eucalyptus  oils.  Electron J  Biotechnol  9:232-
236.https://doi.org/10.2225/vol9-issue3-fulltext-28

Salih N, Salimon J, Yousif E(2011) The physicochemical and
tribological properties of oleic acid based triester biolubricants.
Ind Crops Prod 34:1089—
1096.https://doi.org/10.1016/j.indcrop.2011.03.025
Gopalakrishnan N, Narayanan CS, Mathew AG, Arumughan
C(1987) Lipid composition of coconut cake oil. J Am Oil Chem
Soc 64:539-541. https://doi.org/10.1007/BF02636390

Krishna G, Food KAGC(2010) Coconut Oil: Chemistry ,
Production and Its Coconut Oil : Chemistry , Production and Its
Applications. Indian Coconut J 15-27.

Jimenez-Lopez C, Carpena M, Lourengo-Lopes C, Gallardo-
Gomez M, Lorenzo JM, Barba FJ, Prieto MA, Simal-Gandara
J(2020)Bioactive Compounds and Quality of Extra Virgin Olive
Oil. Foods 9:1014-1044. https://doi.org/10.3390/foods9081014
Cecilia JA, Plata DB, Saboya RMA, Luna de FMT, Cavalcante
CL, Rodriguez-Castellon E(2020) An overview of the
biolubricant production process: Challenges and future
perspectives. Processes 8:1-24.
https://doi.org/10.3390/pr8030257

Yunus R, Idris A(2003) Development of optimum synthesis
method for transesterification of palm oil methyl esters and
trimethylolpropane to environmentally acceptable palm oil-
based lubricant. J Oil Palm Res 15:35-41.

Khalid N, Khan RS, Hussain MI, Farooq M, Ahmad A, Ahmed
1(2017) A comprehensive characterisation of safflower oil for
its potential applications as a bioactive food ingredient-a
review.  Trends Food  Sci  Technol  66:176-186.
https://doi.org/10.1016/j.tifs.2017.06.009

Tisserat B, O’kuru RH, Cermak SC, Evangelista RL, Doll
KM(2012) Potential uses for cuphea oil processing byproducts
and processed oils. Ind Crops Prod 35:111-
120.https://doi.org/10.1016/j.indcrop.2011.06.019

Hermann CL, McGlade JJ(1974) Industrial applications for
animal fatty oils. J Am Oil Chem Soc 51:88-92.
https://doi.org/10.1007/BF00000020

Mariod A, Matthdus B, Hussein IH(2011) Fatty acids,
tocopherols and sterols of Cephalocroton cordofanus in
comparison with sesame, cotton, and groundnut oils. J Am Oil
Chem Soc 88:1297-1303.https://doi.org/https://doi.org/
10.1007/s11746-011-1796-x

Biresaw G, Adhvaryu A, Erhan SZ(2003) Friction properties of
vegetable oils. J Am Oil Chem Soc 80:697—
704 .https://doi.org/10.1007/s11746-003-0760-7

Hardy WB, Doubleday 1(1992) Boundary lubrication.— The
paraffin series. Proc R Soc London Ser AContain Pap a Math
Phys Character 100:550-574.https://doi.org/10.1098/
rspa.1922.0017

Devi BLAP, Reddy TVK, Yusoff MFM. Ionic Liquids in the
production of biodiesel and other oleochemicals. Ionic Liquids
in Lipid Processing and Analysis AOCS Press 2016;chapter
12:373-403.https://doi.org/10.1016/B978-1-63067-047-
4.00012-X

Panchal T, Chauhan D(2014) Synthesis and characterization of
bio lubricants from tobacco seed oil. Research Journal of
Agriculture and Environmental Management 3:97-105.
http://www.apexjournal.org

Fox NJ, Stachowiak GW(2007) Vegetable oil-based lubricants-
A review of oxidation. Tribol Int  40:1035-
1046.https://doi.org/10.1016/j.triboint.2006.10.001

Adhvaryu A, Erhan SZ, Liu ZS, Perez JM(2000) Oxidation
kinetic studies of oils derived from unmodified and genetically
modified vegetables using pressurized differential scanning
calorimetry and nuclear magnetic resonance spectroscopy.
Thermochim Acta 364:87-97.https://doi.org/10.1016/S0040-
6031(00)00626-2



13111

Asian Journal of Science and Technology, Vol. 15, Issue, 09, pp. 13101-13113, September, 2024

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Sherwin ER(1978) Oxidation and antioxidants in fat and oil
processing. J Am Oil Chem Soc 55:809-814.
https://doi.org/10.1007/BF02682653

Bolton ER, Revis C(1928) Oils, fats and fatty foods: Thier
practical examination. Journal of the Society of Chemical
Industry 47:471-473.

Liu C, Meng Z, Chai X, Liang X, Piatko M, Campbell S,
LiuY(2019) Comparative analysis of graded blends of palm
kernel oil, palm kernel stearin and palm stearin. Food Chem
286:636—643.https://doi.org/10.1016/j.foodchem.2019.02.067
Kania D, Yunus R, Omar R, Rashid SA, Jan BM(2017)
Performance evaluation of polyol esters from palm oil as a
lubricant for bentonite suspension drilling fluid. Tribol Online
12:247-250. https://doi.org/10.2474/trol.12.247

Nie J, Shen J, Shim YY, Tse TJ, Reaney MJT(2020) Synthesis
of  Trimethylolpropane  Esters by  Base-Catalyzed
Transesterification. Eur J Lipid Sci Technol 122:1-10. doi:
10.1002/¢j1t.201900207. https://doi.org/10.1002/¢j1t.201900207
Agrawal AJ, Karadbhajne VY, Agrawal PS, Arekar PS,
Chakole NP(2017) Synthesis of Biolubricants from Non Edible
Oils. Int Res J Eng Technol 4:1753-1757.

Ashrafi J, Semnani A, Langeroodi HS, Shirani M(2017) Direct
acetylation of sunflower oil in the presence of boron trioxide
catalyst and the adduct usage as the base stock and lubricant
additive. Bull Chem Soc Ethiop 31:39-49. https://doi.org/
10.4314/bese.v31il .4

Heikal EK, Elmelawy MS, Khalil SA, Elbasuny NM(2017)
Manufacturing of environment friendly biolubricants from
vegetable oils. Egypt J Pet 26:53—
59.https://doi.org/10.1016/j.ejpe.2016.03.003

Mannekote JK, Menezes PL, Kailas SV, Sathwik CKR(2013)
Tribology of Green Lubricants. Tribology for Scientists and
Engineers, pp 495-521. https://doi.org/ 10.1007/978-1-4614-
1945-7_14

Bermudez MD, Jimenez AE, Sanes J, Carrion FJ(2009) Ionic
liquids as advanced lubricant fluids. Molecules 14:2888-2908.
https://doi.org/10.3390/molecules 14082888

Battersby NS(2000) The biodegradability and microbial toxicity
testing of lubricants - Some recommendations. Chemosphere
41:1011-1027.https://doi.org/10.1016/S0045-6535(99)00517-2
Dunn RO(2005) Effect of antioxidants on the oxidative stability
of methyl soyate (biodiesel). Fuel Process Technol 86:1071—
1085.https://doi.org/10.1016/j.fuproc.2004.11.003

Folayan AJ, Anawe PAL, Aladejare AE, Ayeni AO(2019)
Experimental investigation of the effect of fatty acids
configuration, chain length, branching and degree of
unsaturation on biodiesel fuel properties obtained from lauric
oils, high-oleic and high-linoleic vegetable oil biomass. Energy
Reports 5:793-806. https://doi.org/10.1016/j.egyr.2019.06.013
Yunus R, Tian O, Fakhru A, Basri S(2002) A Simple Capillary
Column GC Method for Analysis of Palm Oil-Based Polyol
Esters. ] Am Oil Chem Soc 79:1075-1080,. https://doi.org/
10.1007/s11746-002-0606-3

Zainal NA, Zulkifli NWM, Gulzar M, Masjuki HH(2016) A
review on the chemistry, production, and technological
potential of bio-based lubricants. Renew Sustain Energy Rev
82:80-102.https://doi.org/10.1016/j.rser.2017.09.004

Atabani AE, Silitonga AS, Ong HC, Mahlia TMI, Masjuki HH,
Badruddin IA, FayazH(2013) Non-edible vegetable oils: A
critical evaluation of oil extraction, fatty acid compositions,
biodiesel production, characteristics, engine performance and
emissions production. Renew Sustain Energy Rev 18:211-
245 https://doi.org/10.1016/j.rser.2012.10.013

Joseph PV, Saxena D, Sharma DK(2007) Study of some non-
edible vegetable oils of Indian origin for lubricant application. J
Synth Lubr 24:181-197. https://doi.org/10.1002/js1.39

Joseph PV, Saxena D, Sharma DK(2001) J Am Oil Chem Soc
78:1029-1035.

Choi US, Ahn BG, Kwon OK, Chun YJ(1997) Tribological
behavior of some antiwear additives in vegetable oils. Tribol Int
30:677-683.https://doi.org/10.1016/S0301-679X(97)00039-X

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Kumar A, Sharma S(2011) Potential non-edible oil resources as
biodiesel feedstock: An Indian perspective. Renew Sustain
Energy Rev 15:1791-
1800.https://doi.org/10.1016/j.rser.2010.11.020

Wu X, Zhang X, Yang S, Chen H, Wang D(2000) The Study of
Epoxidized Rapeseed Oil Used as a Potential Biodegradable
Lubricant. J Am Oil Chem Soc 77:561-563. https://doi.org/
10.1007/s11746-000-0089-2

Sanchez JV, Martinez SS, Hernandez MDRT (2008)
Degradation of corn oil wasres by Fenton reaction and under
mildly basic media in the presence of oxidants assisted with sun
light. Am J Environ Sci 4:602-607.
https://doi.org/10.3844/AJESSP.2008.602.607.

Santos LK dos, Hatanaka RR, Oliveira JE de, Flumignan
DL(2019) Production of biodiesel from crude palm oil by a
sequential hydrolysis/esterification process using subcritical
water. Renew Energy 130:633—640.https://doi.org/10.1016/
j.renene.2018.06.102

Yao L, Hammond EG, Wang T, Bhuyan S, Sundararajan
S(2010) Synthesis and physical properties of potential
biolubricants based on ricinoleic acid. J Am Oil Chem Soc
87:937-945. https://doi.org/10.1007/s11746-010-1574-1
Djomdi, Leku MT, Djoulde D, Delattre C, Michaud P(2020)
Purification and valorization of waste cotton seed oil as an
alternative feedstock for biodiesel production. Bioengineering
7:1-9.https://doi.org/10.3390/bioengineering7020041

Sharma BK, Adhvaryu A, Erhan SZ(2009) Friction and wear
behavior of thioether hydroxy vegetable oil. Tribol Int 42:353—
358.https://doi.org/10.1016/j.triboint.2008.07.004

Saboya RMA, Cecilia JA, Garcia-Sancho C, Luna FMT,
Rodriguez-Castellon E, Cavalcante CL(2016) WO3-based
catalysts supported on porous clay heterostructures (PCH) with
Si-Zr pillars for synthetic esters production. Appl Clay Sci 124—
125:69-78.https://doi.org/10.1016/j.clay.2016.02.004

Murru C, Badia-Laifio R, Diaz-Garcia ME. Oxidative Stability
of Vegetal Oil-Based Lubricants. ACSSustain Chem Eng
2021;9:1459-1476. https://doi.org/10.1021/acssuschemeng.
0c06988

Adhvaryu A, Sharma BK, Hwang HS, Erhan SZ, Perez
IM(2006) Development of biobased synthetic fluids:
Application of molecular modeling to structure-physical
property relationship. Ind Eng Chem Res 45:928-933.
https://doi.org/10.1021/ie0509185

Adhvaryu A, Erhan SZ(2002) Epoxidized soybean oil as a
potential source of high-temperature lubricants. Ind Crops Prod
15:247-254 https://doi.org/10.1016/S0926-6690(01)00120-0
Masoro EJ(1977)Lipids and Lipid Metabolism. Ann Rev
Physiol 39:301-321. https://doi.org/10.1146/annurev.
ph.39.030177.001505

Adhvaryu A, Erhan SZ, Perez JIM(2004) Tribological studies of
thermally and chemically modified vegetable oils for use as
environmentally  friendly  lubricants. Wear  257:359-
367 https://doi.org/10.1016/j.wear.2004.01.005

Lee K, Hailan C, Yinhua J, Kim Y, Chung KW(2008)
Modification of soybean oil for intermediates by epoxidation,
alcoholysis and amidation. Korean J Chem Eng 25:474-
482 https://doi.org/10.1007/s11814-008-0081-7

Ji X, Chen Y, Wang X, Liu W(2012) Tribological behaviors of
novel tri(hydroxymethyl)propane esters containing boron and
nitrogen as lubricant additives in rapeseed oil. Ind Lubr Tribol
64:315-320. https://doi.org/10.1108/00368791211262453
Sammaiah A, Padmaja KV, Prasad RBN(2014) Synthesis of
epoxy jatropha oil and its evaluation for lubricant properties. J
Oleo Sci 63:637-643. https://doi.org/10.5650/jos.ess13172
McNutt J, He QS(2016) Development of biolubricants from
vegetable oils via chemical modification. J Ind Eng Chem 36:1—
12.https://doi.org/10.1016/j.jiec.2016.02.008

Ghazi TIM, Resul MFMG, Idris A(2009)A Bioenergy II:
Production of Biodegradable Lubricant from Jatropha curcas
and Trimethylolpropane. Int J Chem React Eng 7.
https://doi.org/10.2202/1542-6580.1957



13112

Leiyami Ahungshi et al. Biolubricant production from vegetable oil through transesterification using Catalyst: A Review

108. Koh MY, Tinia TI, Idris A(2014) Synthesis of palm based
biolubricant in an oscillatory flow reactor (OFR). Ind Crops
Prod 52:567-574.

https://doi.org/10.1016/j.indcrop.2013.10.042

109. Gryglewicz S, Muszynski M, Nowicki J(2013) Enzymatic
synthesis of rapeseed oil-based lubricants. Ind Crops Prod
45:25-29 https://doi.org/10.1016/j.indcrop.2012.11.038

110. Appiah G, Tulashie SK, Akpari EEA, Rene ER, Dodoo D(2022)
Biolubricant production via esterification and transesterification
processes: Current updates and perspectives. Int J Energy Res
46:3860-3890. https://doi.org/10.1002/er.7453

111. Sreeprasanth PS, Srivastava R, Srinivas D, Ratnasamy(2006)
Hydrophobic, solid acid catalysts for production of biofuels and
lubricants. Appl Catal A Gen 314:148-
159.https://doi.org/10.1016/j.apcata.2006.08.012

112. Salih N, Salimon J, Yousif E(2011) The physicochemical and
tribological properties of oleic acid based triester biolubricants.
Ind Crops Prod 34:1089-1096.
https://doi.org/10.1016/j.indcrop.2011.03.025

113. Verma S, Kumar V, Gupta KD(2012) Performance analysis of
flexible multirecess hydrostatic journal bearing operating with
micropolar lubricant. Lubr Sci 24:273-292.

https://doi.org/10.1002/1s.1181

114. Uosukainen E, Linko Y, Lamsa M, Tervakangas T, Linko
P(1998) Transesterification of Trimethylolpropane and
Rapeseed Oil Methyl Ester. ] Am Oil Chem Soc 75:1557-1563.
https://doi.org/ 10.1007/s11746-998-0094-8

115. Hamid HA, Yunus R, Rashid U, Choong TSY, Al-Muhtaseb
AH(2012) Synthesis of palm oil-based trimethylolpropane ester
as potential biolubricant: Chemical kinetics modeling. Chem
Eng J 200-202:532-540. https://doi.org/10.1016/  j.cej.
2012.06.087

116. Hafizah AN, Salmon J(2010) Synthesis And Characterization
Of Ester Trimethylolpropane Based Jatropha Curcas Oil. As J
Sci Technol 2:47-58.

117. Sabiu B. Production of biolubricant from Jatropha curcas seed
oil. J Chem Eng Mater Sci 2013;4:72-79. https://doi.org/
10.5897/JCEMS2013.0164

118. Bokade VV, Yadav GD(2007) Synthesis of bio-diesel and bio-
lubricant by transesterification of vegetable oil with lower and
higher alcohols over heteropolyacids supported by clay (K-10).
Process Saf Environ Prot 85:372-377. https://doi.org/
10.1205/psep06073

119. Panchal T, Chauhan D, Thomas M, Patel J(2015) Bio based
grease A value added product from renewable resources. Ind
Crops Prod 63:48-52. https://doi.org/10.1016/
j-indcrop.2014.09.030

120. Oh J, Yang S, Kim C, Choi I, Kim JH, Lee H(2013) Synthesis of
biolubricants using sulfated zirconia catalysts. Appl Catal A
Gen 455:164-171.https://doi.org/10.1016/j.apcata.2013.01.032

121. Knothe G, Razon LF(2017) Biodiesel fuels. Prog Energy
Combust Sci 58:36-59. https://doi.org/10.1016/
j-pecs.2016.08.001

122. Wenzel B, Tait M, Modenes A, Kroumov A(2006) Modelling
Chemical Kinetics of Soybean Oil Transesterification Process
for Biodiesel Production: An Analysis of Molar Ratio between
Alcohol and Soybean Oil Temperature Changes on the Process
Conversion Rate. Int J Bioautomation 5:13-22.

123. Gryglewicz S(2000) Synthesis of dicarboxylic and complex
esters by transesterification. J Synth Lub 7:191 - 200.
https://doi.org/10.1002/js1.3000170303

124. Encinar JM, Gonzalez JF, Rodriguez-Reinares A(2007)
Ethanolysis of used frying oil. Biodiesel preparation and
characterization. Fuel Process Technol 88:513—
522.https://doi.org/10.1016/j.fuproc.2007.01.002

125. G. Martinez, N. Sanchez, J. M. Encinar, and J. F.
Gonzalez(2014) Fuel properties of biodiesel from vegetable oils
and oil mixtures. Influence of methyl esters distribution.
Biomass and Bioenergy, 63; 22-32. https://doi.org/10.1016/
j.biombioe.2014.01.034

126. Semwal S, Arora AK, Badoni RP, Tuli DK(2011) Biodiesel
production using heterogeneous catalysts. Bioresour Technol
102:2151-2161.https://doi.org/10.1016/j.biortech.2010.10.080

127. Li E, Rudolph V (2008) Transesterification of vegetable oil to
biodiesel over MgO-functionalized mesoporous catalysts.
Energy and Fuels 22:145-149. https://doi.org/10.1021/
ef700290u

128. Linko YY, Lamsa M, Huhtala A, Rantanen O(1995) Lipase
biocatalysis in the production of esters. J Am Oil Chem Soc
72:1293-1299. https://doi.org/ 10.1007/BF02546202

129. Cvengros J, Cvengrosova Z(1994) Quality control of rapeseed
oil methyl esters by determination of acyl conversion. J Am Oil
Chem Soc 71:1349-1352. https://doi.org/ 10.1007/BF02541353

130. Linko YY, M. Lamsa, Huhtala A, Linko P(1994) Lipase-
catalyzed transesterification of rapeseed oil and 2-ethyl-1-
hexanol. J Am Oil Chem Soc 71:1411-1414. https://doi.org/
10.1007/BF02541364

131. Jose TK, Anand K(2016) Effects of biodiesel composition on its
long term storage stability. Fuel 177:190-196. https://doi.org/
10.1016/j.fuel.2016.03.007

132. Maeda Y, Thanh LT, Imamura K, Izutani K, Okitsu K, Boi LV,
Lan PN, Tuan NC, Yoo YE, Takenaka N(2011)New technology
for the production of biodiesel fuel. Green Chem 13:1124—
1128.https://doi.org/10.1039/C1GC15049A

133. Karmakar G, Ghosh P, Sharma BK(2017) Method for preparing
a lower alkyl ester product from vegetable oil. Lubricants 44:1-
17.https://doi.org/10.3390/lubricants5040044

134. Encinar JM, Gonzalez JF, Pardal A, Martinez G(2010) Rape oil
transesterification over heterogeneous catalysts. Fuel Process
Technol 91:1530-
1536.https://doi.org/10.1016/j.fuproc.2010.05.034

135. Gupta MN(1992) Enzyme function in organic solvents. Eur J
Biochem 203:25-32. https://doi.org/10.1111/j.1432-
1033.1992.tb19823.x

136. Yesiloglu Y, Kilic 1(2004) Lipase-Catalyzed Esterification of
Glycerol and Oleic Acid. J] Am Oil Chem Soc 81:281-284.
https://doi.org/10.1007/511746-004-0896-5

137. Granados ML, Poves MDZ, Alonso DM, Mariscal R, Galisteo
FC, Moreno-Tost R, Santamari J, Fierro JLG(2007)Biodiesel
from sunflower oil by using activated calcium oxide. Appl
Catal B Environ 73:317-326. https://doi.org/10.1016/
j-apcatb.2006.12.017

138. Marchetti JMA, Miguel VU, Errazu AF(2007) Possible methods
for biodiesel production. Renew Sust Energ Rev 11:1300-
1311.https://doi.org/10.1016/j.rser.2005.08.006

139. Mahajan S, Konar SK, Boocock DGB(2007) Variables affecting
the production of standard biodiesel. J Am Oil Chem Soc
84:189-195. https://doi.org/10.1007/s11746-006-1023-3

140. Freedman B, Pryde EH, Mounts TL, Regional N(1984)
Variables Affecting the Yields of Fatty Esters from
Transesterified Vegetable Oils 1. J] Am Oil Chem Soc 61:1638-
1643. https://doi.org/ 10.1007/BF02541649

141. Lang X, Dalai AK, Bakhshi NN, Reaney MJ, Hertz PB(2001)
Preparation and characterization of bio-diesels from various
bio-oils. Bioresour Technol 80:53—62. https://doi.org/10.1016/
S0960-8524(01)00051-7

142. Umdu ES, Tuncer M, Seker E(2009) Transesterification of
Nannochloropsis oculata microalga’s lipid to biodiesel on Al,O;
supported CaO and MgO catalysts. Bioresour Technol
100:2828-2831.https://doi.org/10.1016/j.biortech.2008.12.027

143. Lee HV, Juan JC, Taufig-Yap YH, Kong PS, Rahman NA(2015)
Advancement in heterogeneous base catalyzed technology: An
efficient production of biodiesel fuels. J Renew Sustain Energy
7:032701-46. https://doi.org/10.1063/1.4919082

144. Kawashima A, Matsubara K, Honda K(2009) Acceleration of
catalytic activity of calcium oxide for biodiesel production.
Bioresour Technol 100:696-700. https://doi.org/10.1016/
j-biortech.2008.06.049

145. Arzamendi G, Arguinarena E, Campo I, Zabala S, Gandia
LM(2008) Alkaline and alkaline-earth metals compounds as
catalysts for the methanolysis of sunflower oil. Catal Today
133-135:305-313.https://doi.org/10.1016/j.cattod.2007.11.029



13113

Asian Journal of Science and Technology, Vol. 15, Issue, 09, pp. 13101-13113, September, 2024

146.

147.

148.

149.

150.

151.

152.

153.

154.

Watkins RS, Lee AF, Wilson K(2004) Li-CaO catalysed tri-
glyceride transesterification for biodiesel applications. Green
Chem 6:335-340.https://doi.org/10.1039/B404883K

Miao X, Li R, Yao H(2009) Effective acid-catalyzed
transesterification for biodiesel production. EnergyConvers
Manag 50:2680-2684. https://doi.org/10.1016/ j.enconman.
2009.06.021
Freedman B, Butterfield RO, Pryde EH(1986)Transesterification
Kinetics of So y b e an Oill. ] Am Oil Chem Soc 63:1375-
1380. https://doi.org/10.1007/BF02679606
Parawira W(2009) Biotechnological production of biodiesel fuel
using biocatalysed transesterification: A review. Crit Rev
Biotechnol 29:82 -93. https://doi.org/10.1080/ 07388550902
823674

Upadhyay AK(2012) Biodiesel production and fuel quality-
review. Int J Chem Petrochem Technol 2:12-29.

Canakci M, Gerpen JV(1999) Biodiesel production via acid
catalysis. Trans Am Soc Agric Eng 42:1203-1210.
https://doi.org/ 10.13031/2013.13285

Guczi L, Erdohelyi A(2011). Catalysis for alternative energy
generation, vol. 9781461403.. doi: 10.1007/978-1-4614-0344-9.
https://doi.org/10.1007/978-1-4614-0344-9
Yesiloglu Y(2004) Immobilized Lipase-Catalyzed Ethanolysis of
Sunflower Oil. J Am Oil Chem Soc 81:157—
160.https://doi.org/10.1007/s11746-004-0874-y

Serio MD, Tesser R, Pengmei L, Santacesaria E(2008)
Heterogeneous Catalysts for Biodiesel Production. _Energy
Fuels 22:207-217. https://doi.org/10.1021/ef700250g

sk sk sk skoskook

155.

156.

157.

158.

159.

160.

161.

162.

Darla H, Prabhakar G, Babu BS(2014) Biodiesel production
from vegetable oils: an optimization process. Int J Chem
Petrochem Techno 4:21-30. https://doi.org/

Paiva AL, Balca VM, Malcata FX(2000) Kinetics and
mechanisms of reactions catalyzed by immobilized lipases.
Enzyme Microb Technol 27:187-204. https:/doi.org/
10.1016/s0141-0229(00)00206-4

Schuchardt U, Sercheli R, Matheus R(1998) Transesterification
of Vegetable Oils: a Review J Braz Chem Soc 9:199-210.
https://doi.org/10.1590/S0103-50531998000300002

Formo MW(1954) Ester reactions of fatty materials. J] Am Oil
Chem Soc 31:548-559. https://doi.org/10.1007/BF02638571
Wu Q, Chen H, Han M, Wang J, Wang DZ, Jin Y(2007)
Transesterification of Cotton seed Oil to Biodiesel Catalyzed by
Highly Active Ionic Liquids. Ind Eng Chem Res 46:7955-7960.
https://doi.org/

Zhang L, Xian M, He Y, Li L, Yang J, Yu S, Xu X(2009) A
Bronsted acidic ionic liquid as an efficient and environmentally
benign catalyst for biodiesel synthesis from free fatty acids and
alcohols. Bioresour Technol 100:4368-4373. https://doi.org/
10.1016/j.biortech.2009.04.012

Canakci M, Gerpen JV(1999) Biodiesel Production via Acid
Catalysis. Trans Am Soc Agric Eng 42:1203-1210.

Hallett JP, Welton T(2011) Room-Temperature Ionic Liquids:
Solvents for Synthesis and Catalysis. Part 2. Chem Rev
111:3508-76.https://doi.org/10.1021/cr1003248



