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Global crude oil reserves are finite, its prices are rising and uncontrolled. Environmental issues
have created huge problems for emerging generations. Present work focuses on lubricating oils their sources and
methods of producton. Lubricants derived from vegetable oil are a good substitute for petro based lubricants.
Bolubrcants have number of favourable physical properties like renewability, biodegradability, high lubricity and
high flash points. In this review we have reviewed the available literature and recently published data related to
development of bio-lubricants by chemical modifications of vegetable oils.
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1. Introduction

1.1 Definition
A lubricant is an organic substance which is used to reduce friction between surfaces in mutual contact.
Several types of lubricants are available. Non-liquid lubricants include grease, powders (dry graphite, PTFE,
molybdenum disulphide, tungsten disulphide, etc.). Dry lubricants such as graphite, molybdenum
disulphide and tungsten disulphide offer lubrication at temperatures (up to 350 °C) higher than liquid and
oil-based lubricants are able to operate. Air and other gas-based lubricants are also known (e.g, in fluid
bearings), liquid and solid lubricants dominate the market. Automotive applications dominate, but other
industrial, marine, and metal working applications are also big consumers of lubricants. It is also used for
transmitting forces, transporting foreign particles, heating or cooling the surfaces. Lubricants are used in
industrial applications, cooking (oils and fats in use in frying pans, in baking to prevent food sticking), bio-
medical applications on humans (e.g. lubricants for artificial joints), ultrasound examination, medical
examinations, and the use of personal lubricant for sexual purposes. [1]

1.2History:
Lubricants have been used for thousands of years for example calcium soaps have been identified on the
axles of chariots dated to 1400 BC. In Roman era, lubricants were based on olive 0il and rapeseed oil, and
well as animal fats. Petroleum-based materials were developed early in the 1900s. A breakthrough came
with the development of vacuum distillation of petroleum.[2]

2. Properties:

A good lubricant must have following characteristics: High boiling point and low freezing point (in order to
stay liquid within a wide range of temperature); High viscosity index; Thermal stability; Hydraulic stability;
Demulsibility; Corrosion prevention; high resistance to oxidation. [3]

2.1 Formulation: Typically it contains base oil, additives; demulsifying and emulsifying agents.

2.1.1 Base oil: Typically lubricants contain 90% base oil and less than 10% additives. Various
vegetable oils or synthetic liquids such as hydrogenated polyolefin’s, esters, silicones, fluorocarbons and
many others are sometimes used as base oils.

2.1.2 Additives: Additives deliver reduced friction and wear, increased viscosity, improved viscosity
index, resistance to corrosion and oxidation, aging or contamination, etc. Typical lubricants
contain one or more. The main families of additives are:

e  Pour point depressants : They are compounds that prevent crystallization of waxes. Typically they

are long chain alkylbenzenes, adhere to small crystallites of wax, preventing crystal growth.

e Anti-foaming agents: They are typically silicone, which lower surface tension.

e  Viscosity index improvers (VI improvers) are compounds that allow lubricants to remain viscous at
higher temperatures. Typical improvers are polyacrylates and butadiene.

e Antioxidants : Suppress the rate of oxidative degradation of the hydrocarbons that comprise the
lubricants. At low temperatures, free radical inhibitors such as hindered phenols are used, e.g.
butylated hydroxytoluene. At temperatures > 90 2C, where the metals catalyze the oxidation
process, dithiophosphates are more useful called metal deactivators.
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e Detergents.
e (Corrosion inhibitors: They are rust inhibitors, usually alkaline materials, such as alkylsulfonate

salts, that absorb acids that would corrode metal parts.

e Anti-wear : additives form films on metal parts, suppressing wear. Fats and fatty acids are
employed at milder conditions. For hot conditions, phosphate esters and zinc dithiophosphates are
employed.

e [Extreme pressure (antiscuffing) : Additives form protective films on sliding metal parts. These
agents are often sulfur compounds, such as dithiophosphates. styrene copolymers, which adopt a
coiled structures at low temperatures and extend in length at higher temperatures, thereby

increasing their radius of gyration.
e  Demulsifying/Emulsifying agents: [4]

3. Types of lubricants : Lubricants are based on one type of base oil, mixtures of the base oils also are
used to meet performance requirements.

a. Base oil groups:The American Petroleum Institute (API) designates several types of lubricant base
oil: Group I - Saturates < 90% and/or sulfur > 0.03%; viscosity index (VI) of 80 to 120. They are
manufactured by solvent extraction, solvent or catalytic dewaxing, and hydro-finishing processes.
Common Group I base oil are 150SN (solvent neutral), 500SN, and 150BS (brightstock).

b. Group II - Saturates > 90% and sulfur < 0.03%, and SAE viscosity index of 80 to 120. Manufactured
by hydrocracking and solvent or catalytic dewaxing processes. Group II base oil has superior anti-
oxidation properties since virtually all hydrocarbon molecules are saturated. It has water-white
color.

c. Group III - Saturates > 90%, sulfur < 0.03%, and SAE viscosity index over 120. manufactured by
special processes such as isohydromerization. It can be manufactured from base oil or slax wax
from dewaxing process.

. Group IV -3 b- Polyalphaolefins (PAO)
e. Group V - All others not included above such as naphthenics, PAG, 80 esters. The lubricant
industry commonly extends this group terminology to include:
» Group I+ with a viscosity index of 103-108
» Group II+ with a viscosity index of 113-119
»  Group I+ with a viscosity index of at least 140
Can also be classified into three categories depending on the prevailing compositions:
» Paraffinic; Naphthenic and Aromatic.
3.1 Synthetic oils : Petroleum-derived lubricant can also be produced using synthetic hydrocarbons.
These include:
Polyalpha-olefin (PAO) ; Synthetic esters; Polyalkylene glycols (PAG); Phosphate esters; Alkylated
naphthalenes (AN); Silicate esters; lonic fluids; Multiply alkylated cyclopentanes (MAC)
3.2 Solid lubricants:

o PTFE: Polytetrafluoroethylene (PTFE) is used as a coating layer on, for example, cooking utensils to
provide a non-stick surface at temperature range up to 350°C.[4]

e Inorganic solids: Graphite, hexagonal boron nitride, molybdenum disulfide and tungsten disulfide
are examples of solid lubricants. Some of them retain their lubricity to very high temperatures.

e Metal/alloy: Metal alloys, composites and pure metals can be used as grease additives of sliding
surfaces and bearings. Cadmium and Gold are used for plating surfaces to gives them good
corrosion resistance and sliding properties, Lead, Tin, Zinc alloys and various Bronze alloys are
used as sliding bearings, or their powder can be used to lubricate sliding surfaces alone.

3.3Aqueous lubrication

e Aqueous lubrication is of interest in a number of technological applications eg. strongly hydrated
brush polymers such as PEG can serve as lubricants at liquid solid interfaces.[5]. Here polymer
films keep the surfaces separated while maintaining a high fluidity at the brush-brush interface at
high compressions, thus leading to a very low coefficient of friction.

3.4 Bio - lubricants:

e Bio-lubricants are derived from vegetable oils and other renewable sources. They are triglyceride
esters (fats) obtained from plants and animals. Common vegetable derived materials include high
oleic canola oil, castor oil, palm oil, sunflower seed oil and rapeseed oil from vegetable, and Tall oil
from tree sources. Vegetable oils are often hydrolyzed to yield the acids which are subsequently
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combined selectively to form specialist synthetic esters. Naturally derived lubricants include
lanolin (wool grease, a natural water repellent).[6]

4 Functions and role of lubricants
One of the single largest applications for lubricants, in the form of motor oil, is protecting the internal
combustion engines in motor vehicles and powered equipment. Some of the major functions are as follows:
4.1 Keep moving parts apart :
Lubricants are typically used to separate moving parts in a system to reduce friction and surface fatigue,
together with reduced heat generation, operating noise and vibrations. Lubricants achieve this in several
ways like forming a physical barrier i.e., a thin layer of lubricant separates the moving parts analogous to
hydroplaning termed hydrodynamic lubrication.
4.2 Reduce friction:
Use of a lubricant reduces the overall system friction. To reduce wear and prevent heat loss that results due
to contact of surfaces in motion, To act as a sealing agent against dirt, dust, and water.
Reduced heat generation and reduced formation of wear particles as well as improved efficiency. Lubricants
contain friction modifiers that chemically bind to metal surfaces to reduce surface friction even when there
is insufficient bulk lubricant present for hydrodynamic lubrication, e.g. protecting the valve train in a car
engine at startup.
4.3 Transfer heat
To act as an insulator in transformer applications. Both gas and liquid lubricants can transfer heat.
However, liquid lubricants are much more effective on account of their high specific heat capacity. An
automotive oil-cooled turbocharger is a typical example. Non-flowing lubricants such as greases and pastes
are not effective at heat transfer although they do contribute by reducing the generation of heat in the first
place.
4.4 Carry away contaminants and debris
Lubricant circulation systems have the benefit of carrying away internally generated debris and external
contaminants that get introduced into the system to a filter where they can be removed. It is apparent that
in a circulatory system the oil will only be as clean as the filter can make it, Poor filtration significantly
reduces the life of the machine (engine) as well as making the system inefficient.
4.5 Transmit power:
Lubricants known as hydraulic fluid are used as the working fluid in hydrostatic power transmission.
Hydraulic fluids comprise a large portion of all lubricants produced in the world. The automatic
transmission's torque converter is another important application for power transmission with lubricants.
4.6 Protect against wear:
Lubricants prevent wear by keeping the moving parts apart. Lubricants may also contain anti-wear or
extreme pressure additives to boost their performance against wear and fatigue.
4.7Prevent corrosion:
Many lubricants are formulated with additives that form chemical bonds with surfaces or that exclude
moisture, to prevent corrosion and rust. It reduces corrosion between two metallic surface and avoids
contact between these surfaces to avoid immersed corrosion.
4.8 Seal for gases:
Lubricants will occupy the clearance between moving parts through the capillary force, thus sealing the
clearance. This effect can be used to seal pistons and shaft

5 Why Bio-lubricant?

e Researchers have explored various renewable feed stocks like protein, tree leaves [7], various
seaweeds [8], vegetable oils [9], coffee pulp [,10] paper mill sludge, lignocelluloses and other agro-
residues [11] for the synthesis of bio-plastic, biodiesel, bio-lubricant, bio-adsorbent, bio-stimulants
and bio-ethanol.

e Vegetable oils such as rice-bran, cottonseed, groundnut, sunflower, rapeseed, sesame, palm kernels,
coconut, linseed, castor, sal, neem, karanja are easily available in India. The nontoxic and readily
biodegradable characteristics of vegetable oil based lubricants pose less danger to soil, water, flora
and fauna in case of accidental spillage or during disposal [12]. The major source of almost all
lubricants is the lube fraction which is obtained from crude petroleum [13]. Although petroleum based
lubricants possess many useful physical properties. They are also non- renewable and toxic to the
environment [14]. Industrial equipment's used in offshore drilling or agriculture may get corroded by
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petro lubricants and can be dangerous to the surroundings. They suggest to use bio based lubricants
instead of petro based lubricants in these situations [15]

e Increased markets for such uncommon seeds and oil could increase farmer incomes and maximize the
application of agriculture products [16] Vegetable oils have superb environmental credentials, such as
being inherently biodegradable, having low ecotoxicity and low toxicity towards humans, being
derived from renewable resources, and contributing no volatile organic chemicals [17] due to which
they are used in various industrial applications such as emulsifiers, lubricants, plasticizers, surfactants,
plastics, solvents and resins. The world cannot completely switch over to bio based lubricants, it must
be a gradual process requiring the collaboration of government support, agriculture, industry and
research. Chemically and genetically modified vegetable oils have excellent potential to perform
adequately as lubricants. Now, with increased petroleum costs, decreased petroleum reserves, and
environmental concerns as major factors, vegetable oils as lubricating agents are making a slow but
steady comeback.

e Compared to petroleum based lubricants, vegetable oils in general possess high flash point, high
viscosity index, higher lubricity, low evaporative losses, and good metal adherence. The presence of a
polar group with a long hydrocarbon chain makes vegetable oil amphiphilic surfactant by nature,
allowing it to be used as a boundary lubricant [18]. The molecules have strong affinity for and interact
strongly with metal surfaces. The long hydrocarbon chain is oriented away from the metal surface to
form a monomolecular layer with excellent boundary lubrication properties [19].

6 Method of producton of lubricants
Various routes of chemical modification of vegetable oils have been developed with an aim to prepare a
perfect bio degradable lubricant. Chemical modification of vegetable oil enhances its thermal as well as
oxidation stability, which help them to withstand within wide operating conditions. The methods for
development of vegetable oil based lubricants are as follows.

6.1 Transesterification of vegetable oils
Transesterification of vegetable oils yields to synthesis of various fatty acid alkyl esters by reacting
vegetable oils with various lower and higher chain length alcohols [20]. The reaction can be conducted as
acid-catalyzed or base-catalyzed. The final product i.e. fatty acid alkyl esters derived from vegetable oils can
be used as lubricating agents. The stoichiometric reaction requires 1 mol of a triglyceride and 3 mol of the
alcohol. However, an excess of the alcohol is used to increase the yields of the alkyl esters and to allow its
phase separation from the glycerol formed.

Acid-Catalyzed transesterification
Acid-catalyzed reaction is roughly 4000 times slower than the base-catalyzed reaction has been one of the
main factor. Acids used preferably are sulfonic, sulfuric acids, hydrochloric acids and phosphoric acids
which can lead to corrosion of reactors. Though the yield of product obtained using acid catalyst is high, the
rate of reaction is slow, requiring, typically, temperatures above 100 °C and more than 3 h to reach
complete conversion. An excessive amount of alcohol makes the recovery of the glycerol difficult, hence it is
important to use optimum alcohol to oil ratio [21].
Base-catalyzed transesterification

Esters, in the presence of bases forms an anionic intermediate which can dissociate back to original ester or
form new ester. Base catalyzed trans-esterification of vegetable oils proceeds at a faster rate of reaction as
compared to acid-catalyzed reaction [22]. Due to this reason, along with an advantageous fact that base
catalysts merely corrode industrial apparatus than acidic catalysts, most commercial transesterifications
are conducted by alkaline catalysts, such as alkaline metal alkoxides and hydroxides as well as sodium or
potassium carbonates [8].
The alkalis used are sodium and potassium hydroxides, carbonates, and alkoxides such as methoxide,
ethoxide, propoxide, and butoxide [7], amongst which alkaline metal alkoxides are the most active catalysts,
since they give very high yields ( > 98%) in short reaction times (30 min) even if they are applied at low
molar concentrations (0.5 mol%).
Various methods of transesterification of vegetable oil to develop bio lubricant are listed below.

6.2 Epoxidation
Epoxide can be defined as cyclic ethers which consist of three elements in the epoxide ring. Epoxidation is a
crucial reaction for unsaturated fatty acids. The double bonds in the vegetable oils are used as reactive sites
in coating applications and they can also be functionalized by epoxidation. Epoxidized oil contains epoxide
groups or oxirane rings. The general process for the synthesis of the epoxide groups is known as an
epoxidation reaction wherein an alkene is reacted with an organic peroxy acid.
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In situ epoxidation reaction generally takes place in two steps: (i) formation of peroxy acid, and (ii) reaction
of peroxy acid with the unsaturated double bond.

7.

Conclusion

Commercially, the act of using bio-based lubricant has been appreciated notably where the
environmental concerns are recognized as being prime importance. This review largely covers various
reported methods for the development of bio-based lubricants from vegetable oil resources. The
methods reported covers in-detail description regarding the use of various raw materials, type of
catalyst, use of other reactants for chemical modification, catalyst concentration, pressure and
temperature conditions and other important reaction parameters for the modification of vegetable oils
to be used as lubricants and grease. Development of various biodegradable industrial lubricants could
lead to a major revolution in the world lubricant market. The literature reviewed in the present article
suggests that vegetable oil based resources can be explored successfully for the development of
lubricants and greases having competitive performance as compared to petroleum based lubricants.

References:

1. Don M. Pirro; Martin Webster; Ekkehard Daschner (2016). Lubrication Fundamentals (Third Edition, Revised and
Expanded ed.). CRC Press. ISBN 978-1-4987-5290-9. (print) ISBN 978-1-4987-5291-6 (eBook)

2. Thorsten Bartels et al. "Lubricants and Lubrication" in Ullmann's Encyclopedia of Industrial Chemistry, 2005,
Weinheim. doi:10.1002/14356007.a15 423

3. Engine Oil Publications

4. Donnet, C; Erdemir, A. (2004). "Historical developments and new trends in tribological and solid lubricant coatings”.
Surf Coat Technol.. 180-181: 76—84. d0i:10.1016/j.surfcoat.2003.10.022

5. Macrotribological Studies of Poly(L-lysine)-graft-Poly(ethylene glycol) in Aqueous Glycerol Mixtures PC Nalam, |N
Clasohm, A Mashaghi, ND Spencer. Tribol Lett (2010) 37:541-552

6. Salimon, Jumat; Salih, Nadia; Yousif, Emad (2010). "Biolubricants: raw materials, chemical modifications and
environmental benefits". Eur ] Lipid Sci Technol.. 112: 519-530. d0i:10.1002/ejlt.200900205.

7. Boudrahem F, Aissani-Benissad F, Soualah A. Adsorption of lead (II) from aqueous solution by using leaves of date
trees as an adsorbent. ] Chem Eng Data 2011;56(5):1804-12.

8. Bajwa U, Bains G. Studies on the glycerolysis of groundnut oil and cottonseed oil. ] Food Sci Technol 1987;24:81-3.

9. Issariyakul T, Dalai AK. Biodiesel from vegetable oils. Renew Sustain Energy Rev 2014;31:446-71.

10. Gurram R, Al-Shannag M, Knapp S, Das T, Singsaas E, Alkasrawi M. Technical possibilities of bioethanol production
from coffee pulp: a renewable feedstock. T.M. Panchal et al. Renew. Sustainable Energy Rev. 70 (2017) 65-70 69
Clean Technol Environ Policy 2015;18:269-78. http://dx.doi.org/10.1007/ s10098-015-1015-9.

11. Jgrgensen H, Kristensen ]B, Felby C. Enzymatic conversion of lignocellulose into fermentable sugars: challenges
and opportunities. Biofuels, Bioprod Bioref 2007;1(2):119-34.

12. Stempfel EM. Practical experience with highly biodegradable lubricants, especially hydraulic oils and lubricating
greases. NLGI Spokesm 1998;62(1):8-23.

13. Kucera M, Hnilicovd M, Turis ], Semanova P. The experimental research of physicochemical and tribological
characteristics of hydraulic oils with a low environmental impact. Acta Fac Tech 2013;2:25-31

14. Luther R. Lubricants, 3. environmental aspects. Ullmann'S Encycl Ind Chem 2002.

15. Silva ] da. Biodegradable lubricants and their production via chemical catalysis. INTECH Open Access 2011.

16. Srivastava A, Sahai P. Vegetable oils as lube basestocks: a review. Afr ] Biotechnol 2013;12:880-91.
http://dx.doi.org/10.5897 /A]B12.2823

17. Salimon ], Salih N. Chemical modification of oleic acid oil for biolubricant industrial applications. Aust ] Basic Appl
Sci 2010;4:1999-2003.

18. Jain A, Suhane A. Research approach & prospects of non edible vegetable oil as a potential resource for
biolubricant-a review. Adv Eng Appl Sci Int ] 2012;1:23-32.

19. Jahanmir S, Beltzer M. An adsorption model for friction in boundary lubrication. ASLE Trans 1986;29:423-30.

20. Zaher FA, Nomany HM. Vegetable oils and lubricants. Grasas Aceites 1988;39:235-8. T.M. Panchal et al. Renew.
Sustainable Energy Rev.70 (2017) 65-70

21. Schuchardt U, Sercheli R, Vargas RM. Transesterification of vegetable oils: a review. ] Braz Chem Soc 1998;9:199-
210. http://dx.doi.org/10.1590/S0103-50531998000300002 [79]

22. Freedman B, Butterfield RO, Pryde EH. Transesterification kinetics of soybean oil 1. ] Am Oil Chem Soc

1986;63:1375-80. http://dx.doi.org/10.1007 /BF02679606 [29],

Research Paper [JRAR- International Journal of Research and Analytical Reviews 325



https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4987-5290-9
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4987-5291-6
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2F14356007.a15_423
http://www.api.org/certifications/engineoil/pubs/index.cfm
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2Fj.surfcoat.2003.10.022
http://www.springerlink.com/content/7l283620353453pk/
http://www.springerlink.com/content/7l283620353453pk/
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2Fejlt.200900205
http://dx.doi.org/10.1007/
http://dx.doi.org/10.5897/AJB12.2823
http://dx.doi.org/10.1590/S0103-50531998000300002%20%5b79
http://dx.doi.org/10.1007/BF02679606

