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          Petroleum is a naturally occurring liquid found beneath the earth’s surface. It 

consists of hydrocarbons of different molecular weights and is refined into various 

types of fuels. Petroleum is an important raw material and is crucial to many industries 

like pharmaceuticals, pesticides, fertilizers, solvents and plastics. But, being a fossil fuel, 

the world is increasingly concerned about the depletion of the earth’s finite reserves of 

crude oil and the negative impact it has on the earth’s biosphere. Moreover, these crude 

oils are considered as potential soil and water pollutants due to their widespread 

toxicity and carcinogenicity. They even pose a potential danger to the environment as 

they are not readily biodegradable and thus tend to persist in the biosphere with a 

negative impact on the ecosystem.1,2 It is also argued that about 40% of these crude oil-

based lubricants sold globally are reintroduced into the atmosphere every year via non 

recoverable usages like industrial waste, engine exhaust and various refinery 

processes.3,4 Even the disastrous effect of events like oil spills on the ecosystem can’t be 

ignored.  

          The toxic effects of crude oil based oleochemicals have been explained by several 

groups of researchers.5-7 Tang et al. highlighted the toxic effect of petroleum soil 

contamination on earthworm, bacteria and plants. Soil contaminated with more than 

3% of oil caused complete death of earthworms. Similarly, inhibition rate of bacteria 

was almost about 100% at petroleum content of 1%. The rate of germination of plants 

also showed similar trends.5 Ramadass et al. also showed entire mortality of 

earthworms when the concentration of used motor oil was greater than 3.8 g/kg of 

soil.6 These oleochemicals can also affect human beings to a large extent by 

contaminating the groundwater and marine life used for human consumption.  

          The lubricants that we use today mostly come from crude oil, and with the 

increasing demand of energy, the increase in the annual global production of oils and 



Part – II, Chapter - I  

 

92 
 

lubricants has also gone up. But, the eventual disposal of this very large volume of 

lubricants has obviously become an environmental burden. Moreover, stringent 

government directives and several regulations are currently being enacted on these 

lubricants.8-10 The introduction of product ecolabelling is such a government initiative 

to meet high environmental and performance standards for group of products and 

services.11 In EU ecolabel scheme, special consideration is being given to the protection 

of the environment against pollution caused by mineral oils based lubricants 

(Commission Decision 05/360/EC). Waste oil disposal in the EU is regulated according 

to Directive 75/439/EEC. This directive specifies a hierarchy of waste oils management 

which gives preference to regeneration or refining, but accepts burning under 

environmentally acceptable conditions.12 But, the burning of these oils has a pivotal role 

in global warming along with some other problems. Besides the hydrocarbons, these 

crude oils remain associated with some nitrogen and sulphur compounds along with 

small quantity of metal atoms and, therefore, a range of pollutants like sulphur dioxide, 

ground level ozone, toxic metal oxides etc is released into the atmosphere. Recently a 

report called “Lubricating Oils and Greases - Global Strategic Business Report 2015” 

suggested for eco friendly products due to tight environment regulations. The surge in 

crude oil prices in many parts of the world and increased public awareness for a 

pollution-free environment has also stimulated keen interest for environment friendly 

lubricant. 

          Renewable raw supplies like vegetable oils, polysaccharides (mainly cellulose and 

starch) have gained prominence as an alternative to petroleum-derived product and can 

play a significant role in the development of sustainable green chemistry. Other factor 

that initiated and fuelled this trend is the necessity of releasing the oleochemical 

industry from its dependence on depleting resources and pushing them towards 
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industrially applicable renewable alternatives. The use of renewable raw materials can 

immensely contribute to a goal of sustainable development i.e. to act responsibly to 

meet the needs of the present without compromising the ability of future generations to 

meet their own needs.13, 14 

         Again, a bio lubricant is a renewable lubricant that is biodegradable, nontoxic and 

environmentally benign. Vegetable oils, which otherwise is one of the most important 

renewable raw material for the chemical industry have now emerged as a sustainable 

and economical bio alternative to conventional petro-based lubricants.15-24 Vegetable 

oils are basically a mixture of triglycerides or triesters of long chain fatty acids 

combined with glycerol.25-27  Generally, the fatty acid chains in most vegetable oils are 

similar in length with 14 to 24 carbon atoms (both saturated and unsaturated), and 

sometimes with the presence of a hydroxyl group (Fig. 2.1). The fatty acid composition 

also depends upon the plant type, the season and the growing conditions. 

 

Figure 2.1: General structure of triglyceride esters present in vegetable oils 

           

          The most common vegetable oils are castor oil, sunflower oil, soybean oil, 

rapeseed oil, linseed oil, karanja oil, rice bran oil, jatropha oil etc. The different 

properties of vegetable oil are largely dependent on the composition and nature of fatty 

acids present in the vegetable oils. Vegetable oils are frequently used as plasticizers, 

inks, stabilizers, surface coating materials, starting materials to produce polyols etc.28-34 

The application of these plant oils as toughening agents was also reported.35, 36 
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          They are considered a viable and versatile lubricant because of their ingrained 

biodegradability, low toxicity, aromatic free composition, wide accessibility, future-

availability and low cost.37-40 Due to the large molecular weight of triglycerides 

molecules, vegetable oils have low evaporative losses.41 They also have separate regions 

of polar and non-polar groups in the same molecule. The polar ester group stick fast to 

metal surfaces and provides good boundary lubrication characteristics to the veg-

oil.23,42  They are also associated with high solubilizing power for polar 

contaminants.18,19,22,43-50 Because of the high flash point of these oils, they require less 

maintenance on storage and disposal leading to higher safety.33, 51-53 The high viscosity 

index, high lubricity and high load-carrying capacity provide options for designing 

lubricants for use over a wide temperature range.18-20,41 Better skin compatibility, less 

dermatological problems are also among the other useful aspects that make vegetable 

oil an industrially attractive raw material.54 

          However, their widespread application is restricted by certain limitations, 

particularly related to the thermo-oxidative stability that should be technologically 

improved.55-59 Narrow viscosity range as compared to the mineral oil, crystallization at 

relatively high temperatures and poor cold flow properties also block their path for a 

universal acceptability.60-64 The unsaturations present in the fatty acid portion of these 

plant oils are the active sites for oxidation leading to decreased thermal and oxidation 

stability. The bisallylic protons are very prone to radical attack and, therefore, undergo 

oxidative cleavage to form polar oxy compounds.65-69 This leads in insoluble deposit and 

enhances the viscosity of the oil and reduces their life span. On the other hand, a higher 

percentage of saturated fatty acids in the triglycerides moiety favour triglycerides 

crystallization.25,62 The ester functionality present in the triglycerides structure renders 

these oils vulnerable to hydrolytic breakdown.70,71 Upon prolonged exposure to low 
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temperatures, these oils also suffer from cloudiness and undergo solidification causing 

poor flow properties.72,73 Besides, vegetable oils show poor corrosion protection.74 

Because of these performance limitations the mineral oil base lubricants still dominate 

the world market.  

          Thus, to succour the known weaknesses of the vegetable oil, several techniques 

were adopted among which genetic alteration, additive treatment and chemical 

modification are the most effective ones.75-79 Chemical modification is an attractive way 

to improve the performance restrictions with the focus on eliminating the bisallylic 

proton functionalities in methylene interrupted poly unsaturation. The presence of 

stable moiety improves their oxidative stability and thus one of their prime limitations. 

The low temperature performance can be improved by reducing the structural 

uniformity present in the oil by attaching alkyl side chains.80  

          There exist several references that depict the use of chemically modified 

vegetables oils as potential lubricants.  

          Regueira et al. calculated the viscosities and compressibility of vegetable oil based 

lubricants for their potential application as hydrolytic fluid and found some excellent 

results.81 Joseph et al. found that around 120 oC, the thermo-oxidative stability of 

vegetable oils is significantly improved by adding a mixture of amine and phenolic 

antioxidant and these oils can be effectively used as base oils.82 Lathi and Mattiasson 

reported the production of biodegradable lubricant base stocks from epoxidized 

vegetable oil via cationic ion-exchange resins as catalysts.79 Gast et al. prepared 

products by a ring-opening reaction of epoxidized fatty acid esters with superior pour 

points values.83 Sharma et al. reported that the hydroxyl thioether derivatives of 

vegetable oils can significantly improve the surface adsorption on metals leading to a 

reduction in wear and friction coefficient.84 A survey report was brought forward by 
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Sony et al. on the use of bio-lubricant based on plant oil for their excellent 

biodegradability, low volatility and other useful tribological properties.85 

          Vinci et al. reported a lubricant based on a derivative of castor oil (methyl-12-

hydroxy stearate) with enhanced thermo-oxidative stability and 70% renewable carbon 

content.86 Suhane et al. found that castor and mahua oil when mixed in a certain ratio 

can act as a valuable lubricant for many automotive application and found improved 

performances than many commercial gear oil.87 The transesterification method was 

employed for the synthesis of base oil from castor seed to use as bio lubricant in an 

experiment carried out by Amdebrhan et al.88 

          Mendoza et al. formulated a base oil based on sunflower oil with biodegradability 

of 89% and pour point of -27 oC for hydraulic system of agricultural tractors. They also 

reported enhanced oxidation stability for the base oil.89 Quinchia et al. proposed the 

blending of additives like ethylene-vinyl acetate and styrene-butadiene-styrene 

copolymers with high-oleic sunflower oil for lubricant application and reported 

improved kinematic viscosity and viscosity index.90 Ghosh et al. studied the 

performance of the copolymer of sunflower oil with alkyl acrylates as VII additive and 

reported some useful results.91 The same research group prepared the biodegradable 

homopolymer of sunflower oil by thermal and microwave irradiation and studied the 

performance as VII and PPD for lubricating oils.92 Asadauskas et al. reported that 

addition of a small percentage of PPD depressed the pour points of canola and high-

oleic sunflower oils to a sufficiently low value.93 

          Bisht et al. reported the use of jojoba oil as a lubricant base stock and found 

enhanced tribological properties like higher viscosity index, improved antiwear and 

antifoam properties and also increased friction reduction properties.94 Recently, Nasser 
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et al. reported the performance of polymers of jojoba oil and different alkyl acrylate and 

α-olefins as additive in lubricating oil with suitable results.95 

          Karmakar et al. formulated additives based on the homopolymer of soybean oil 

and its copolymers with styrene, 1-decene and methyl acrylate. The additive 

performance of these polymers as VII and PPD in different lube oils was evaluated and 

reported.96 Adhvaryu and Erhan proposed epoxidized soybean oil as a potential 

lubricant for high temperature applications.18 Hwang et al. reported that lubricants 

produced by reacting epoxidized soybean oil with various alcohols improved the low 

temperature property and oxidative stability of soybean oil based lubricants.68 

Campanella et al. proposed a way for the production of lubricants from vegetable oils 

obtained from temperate climate crops (soybean and sunflower seeds).41 The research 

group of Suarez et al. demonstrated that the lubricity of diesel oils can be significantly 

improved by adding soybean oil methyl esters and diesel-like pyrolytic fuel (produced 

through pyrolysis of soybean oil) in it.97 Alves et al. reported that the presence of ZnO 

and CuO nanoparticles in modified vegetable oils such as epoxidised soybean and 

sunflower oils resulted in higher friction coefficient than the mineral oils.98 Quinchia et 

al. studied the lubricating properties of sunflower oil, castor oil and soybean oil based 

lubricants using 4 wt% of ethylene–vinyl acetate copolymer and 1 wt% of ethyl 

cellulose as additives and found excellent results of friction and wear behaviour.99 

          Sulek et al. reported that the addition of fatty acid methyl ester derived from 

rapeseed oil resulted in 20 % decrease in friction in diesel fuel.100 Sukjit and Dearn 

found that addition of fatty acid methyl ester obtained from rapeseed could result in 

reduction in the wear scar diameter by 40 % in diesel fuel.101 Wu et al. demonstrated 

the application of epoxidized rapeseed oil as a biodegradable lubricant with higher 
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oxidative stability.102 Gong et al. investigated the wear characteristics of synthetic 

thiophosphate as additives in rapeseed oil in sliding of steel.103  

          Maleque et al. worked on palm oil and had shown that palm oil methyl ester 

additives improved the performance of the diesel base oil as a lubricant.104 Masjuki and 

Maleque found that adding 5 vol% of palm oil methyl ester resulted in low wear rate of 

EN31 steel ball bearing in the base oil lubricant.105 

          Govindapillai et al. showed that the chemical modification of coconut oil have a 

significant effect in improving its pour point values.106 Jayadas and Prabhakaran 

reported that addition of 2 wt% of ZDDP in coconut oil resulted in significant wear 

reduction in the four-ball test.107  

          Durak and Karaosmanoglu disclosed the application of cottonseed oil as a friction 

modifier additive.108 Another work by Xu et al. demonstrated that the lubrication 

capacity of diesel oils doped with bio-oil (produced through fast pyrolyzing rice husk) 

was superior to those of the conventional diesel fuels.109 As reported by Panchal et al., 

the base stock produced from transesterified tobacco oil methyl esters was successfully 

used to formulate lubricating grease with improved performances.110  

          The usefulness of these plant based lubricants can also be estimated by the fact 

that several patent exists regarding their use as base oil or as an additive.  

          The synthesis and assessment of vegetable oil based lube oil additive as a potential 

viscosity improver and thermal stability enhancer was explained by US patent no. 

5229023. The use of biodegradable vegetable oil composition for lubricants was 

illustrated by U. S. Patent No. 6534454 B1. The U. S. Patent No. 4152278 described the 

performance of vegetable wax esters as an anti wear, extreme pressure and friction 

modifier. The application of sulfurized vegetable oils containing antioxidants for use as 

base fluids was disclosed by U. S. Patent No. 5703022 A. The US patent no. 4873008 
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explained the synthesis and utilization of jojoba oil and sulfurized jojoba oil based 

additive. The use of Meadowfoam oil and meadowfoam oil derivatives as lubricant 

additives was suggested by U. S. Patent No. 5023312 A. The U. S. Patent No. 5888947 A 

claims the application of biodegradable lubricants largely derived from castor or 

lesquerella and the vegetable wax from meadowfoam oil or jojoba oil for operating in 

internal combustion engines.  

          Various conferences held around the globe also discussed the application of 

vegetable oils and the pivotal role they play in the advancement of sustainable green 

chemistry. In the National Conference on Advanced Trends in Mechanical Engineering, 

held in the year 2002, in India, the application of non-edible vegetable oil for improving 

the performance in diesel engine was discussed. The IEEE EIC Climate Change 

Conference (EIC CCC) in Canada, held in the year 2006, discussed at length about the 

biodiesel productions from vegetable oils using heterogeneous catalysts. The biodiesel 

obtained from transesterification of canola oil with methanol reduced the wear scan 

diameter by 16% and increased the lubricity of base stock by 20%. The performance of 

vegetable oil based nano fluids as lubricants in turning of AISI1040 steel was reviewed 

at the International Conference on Emerging Trends in Mechanical Engineering 

(ICETME 2013), held in India. The second International Conference on Sustainable 

Materials (ICoSM), held in Malaysia in the year 2013, exchanged views about the wear 

resistance and anti-friction ability characteristic of Jatropha oil and palm fatty acid 

distillate.  

          Again, microwave irradiation technique is a well known method for drying and 

heating common household items. It is also successfully utilised for carrying out a 

variety of organic and inorganic chemical reactions. Chemical transformations under 

microwave irradiation undergo a significant enhancement in reaction speed compared 
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to the conventional heating. The microwave assisted reactions were also found to have 

immense success regarding their selectivity, higher yields and higher product purities 

because of the fast, direct and selective heating of the target molecules.111 Moreover, the 

use of high pressure synthesis performed in closed vessels and under solvent free 

conditions paves the way for environmentally benign reaction conditions following the 

green protocols. The author, therefore, also choose to synthesise vegetable oil-based 

lube oil additive under microwave condition. 

          From the above discussion it is quite evident that plant oils are an essential 

component to bring about renewability and non-toxicity in the lubricating oil 

formulation. But the literature survey reveals that most of the bio-additives serve only 

one particular rheological purpose. Also, the additive performances of sole vegetable 

oils are not very encouraging. The author, therefore, firmly believe that there is an 

ample scope for development of bio-additives with multifunctional properties that will 

guarantee performance, longevity and eco-friendliness and can be used as both 

viscosity modifiers and pour point depressants for lube oil. Hence, the author has 

polymerised different vegetable oils with alkyl acrylate, alkyl methacrylate or other 

useful components which combines high viscometric performance of vegetable oil and 

excellent low temperature flow ability of acrylate moiety in a single system along with 

considerable biodegradability. Besides, with the continuous improvement of engines, as 

brought about by the original equipment manufacturers (OEM), there exists abundant 

possibility for further investigation in this area of multifunctional additives research 

and develop bio-additives that is both efficient in its performance as well as 

environmental benign as compared to the chemically synthetic additives. 
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