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          A lubricant is a substance that is introduced to reduce friction and to facilitate the 

relative motion between any surfaces which are in mutual contact to each other.1 This 

property of reducing friction by a lubricant is known as lubricity. The history of the use 

of lubricants dates back thousands of years.2 During the time of the pyramids, building 

stones were slid on oil-impregrated lumber. Calcium soaps have been identified on the 

axles of chariots dated to 1400 BC. Lubricants based on plant oils and animal fats were 

used in the Roman era. But with the development of vacuum distillation of petroleum in 

the early 1900s, the focus shifted toward petroleum-based materials.3 Again, with the 

increasing complexities of modern engines, the demands placed upon the lubricant also 

became proportionally more exacting.  

          In order to assist the relative motion and to prevent damages, lubricants in the 

form of solid, liquid or gases are interposed between the two surfaces. A gaseous film is 

usually favoured for low contact stress while liquid films are generally used where it is 

required to maintain the lubrication over a period of time. The solid films are usually 

practical for contacts with slow sliding speed.4,5 The chief ingredient of lubricating oil is 

the base oil, and depending upon the nature, it might be classified as mineral base oil, 

synthetic oil or as a bio-oil.  

          The mineral base oil is currently the most commonly used commercial lubricant 

around the world and is derived directly or indirectly from petroleum refining. It is 

composed of a complex mixture of hydrocarbons and generally these includes aromatic, 

olefinic, paraffinic (linear/branch) and naphthenic hydrocarbons with molecular 

weights ranging from C20-C70.6 The synthetic oil includes polyalpha-olefins, synthetic 

esters, silicones, etc., while the bio-oil includes the oil derived from plants and animals.  

          The lubricating oil provides a fluid layer for the separation of moving surfaces and 

thereby, controls the heat generated by the engines. It also has a huge number of 
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different purposes like reducing the viscosity variation of oil with temperature, 

increasing the flow ability at low temperature, corrosion prevention, inhibiting the 

formation of rust, protecting the engines against wear etc.7,8 

          Engine lubricating oil makes up nearly one half of the world lubricant market but 

unfortunately they do not meet all the needs of lubricants used in modern engines. 

Engine oil is, therefore, formulated with a mixture of base oil and a specific designed 

additive package for specific operating conditions. Additives are materials that are 

specifically devised for enhancement of the physical and chemical properties of the base 

oils, which as a consequence results in augmenting the equipment life and boosting the 

lubricant performance.9-14 Without additives, even the best base oils are devoid in some 

features. The type and quantity of additives are chosen depending upon the lubricant in 

which it is to be used (hydraulic oils, engine oils, gear oils etc.) and also on the precise 

operating environments (machine parts materials, loads, temperature etc.).  

          The performance of a lubricant depends collectively on the base oil, the additive 

used and its formulation. Usually only one type of base stock serves the purpose of a 

particular lubricant but sometimes a mixtures of base oils are also used together with a 

variety of additives. Besides, no single additive can meet the desirable performance 

necessary for the efficient operation of a machine. Thus, several additives are needed to 

serve the original equipment manufacturer (OEM) needs and the consumer 

requirements. Additives are used at different concentrations ranging from 0.005 % to 

more than 10% by weight of the lubricant. The amount of additives may even reach 

30%.15 A lubricant without the proper additive is bound to get contaminated by 

subsequent breakdown of the oil and, therefore, frequent oil changes would be 

required. 
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          Lubricants are ubiquitous and today practically all types of lubricating oil contain 

at least one additive, and some may even contain additives of several different types. 

Although some are multifunctional i.e. they satisfy more than one function, the more 

commonly used additives are discussed in the following sections in term of their 

primary functions. 

 

1. Metal surface protecting additives: They are also known as film forming agents. 

This type of additives includes extreme pressure additives,11,12 anti-wear,16,17 

rust and corrosion inhibitors.18 These additives protect the metal surface by 

making a protective film through adsorption or chemical reaction and thereby 

prevent the formation of rust and check the wear. 

 

2. Performance enhancing additives: These additives improve the performances of 

the lubricants and include viscosity index improver,6,19 pour point depressants,20 

detergent and dispersant.21 

 

3. Lubricant protective additives: Out of the many causes of engine malfunction, the 

major cause is poor lubricant quality arising out of lubricant contamination, 

deposit formation, oil thickening, ring sticking, etc. The additives which are used 

to control these actions are known as lubricant protective additives. These 

additives protect the lubricant instead of the machinery equipment. These types 

of additives include antioxidants,22 anti foaming agents.23 
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          The present study includes the synthesis of some polymeric additives and 

evaluation of their performance in the base oil as pour point depressant and viscosity 

index improver. A brief background of these types of additives is described below. 

 

          Pour point depressant: The low temperature properties are an important part of 

any lubricating system. The natural paraffinic mineral base oils are always associated 

with some waxy materials (linear high molecular weight hydrocarbon). At higher 

temperature, all the high molecular weight paraffins remain in a dissolved state in the 

base oil. But, with decreasing temperature of the oil, some of these waxy hydrocarbons 

tend to separate as tiny crystals entrapping a substantial amount of oil, and thus inhibit 

the oil flow. The oil at this point (temperature) appears hazy to the naked eye and this 

particular temperature is defined as cloud point. At the cloud point (i.e. the 

crystallisation point), the oil no longer remains a Newtonian fluid, but becomes a two-

phase system. With further decrease of temperature, more and more wax precipitates 

as crystals and when sufficiently large number of crystals appears, they develop into 

plates. The plates finally grow together to form a three-dimensional network structure 

and immobilizes the oil. This process of the formation of grease like matrix is referred to 

as gelation and the lowest temperature at which the oil loses its flow ability is termed as 

the pour point (PP) of the oil.24,25  

          The higher the wax content in the oil, the greater the flow problems are. Generally, 

the pour point is proportional to the amount of wax present in the oil and a high pour 

point means high paraffin content in the oil. During the refining process, most of the 

wax present in the crude oil is removed to obtain the base oil but some wax is still 

desirable for achieving the proper viscosity. The complete removal of paraffinic wax 

from lube oil is expensive and is very difficult. Extensive dewaxing of the base oil also 
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increases the formation of carbon deposits and decreases the oxidation stability of base 

oils.  

          A variety of solutions are suggested to overcome these problems associated with 

the base oils. Preheating of the oil to modify the wax crystal structure, application of 

ultrasound and microwave irradiation, application of magnetic field, addition of the 

light distillate to the oil are some of the techniques applied to control the low 

temperature properties of the oil, but each one has its own drawback and hence is not 

broadly accepted.26,27 Therefore, some speciality chemicals are added to the base oil to 

make them function efficiently at low temperatures and these are known as pour point 

depressants (PPD) or otherwise known as cold flow improvers (CFI), wax crystal 

modifiers and paraffin inhibitors.28-30 These CFI provides an economical way of 

facilitating the flow property of oil at low temperature without compromising the 

viscosity benefits of the wax at higher temperatures. 

          Polyalkyl acrylates and methacrylates,31,32 fumerate copolymers,33 ethylene-vinyl 

acetate copolymers,34 alkyl esters of styrene–maleic anhydride copolymers35 and few 

recently used vegetable oil polymers are some of the important additives used as PPD in 

lubricants.36 

         

                         Polyalkyl acrylate                                              Polyalkyl methacrylate 

Figure 1. Structure of some commonly used pour point depressants 
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          The mechanism of action of PPDs has been a matter of much discussion. Early 

indications were that the alkyl aromatic compounds form a coating over the surface of 

the wax crystals through surface adsorption preventing their further growth and thus 

their capacity to adsorb oil and form gels. Although the exact mode of operation of PPDs 

is not clear, but it is believed that they all alter the crystal morphology by various means 

involving adsorption, nucleation or co-crystallization.37,38  

          As shown by Light microscopy results, wax crystals formed are generally in the 

shape of a thin plates or blades. The PPD compounds, which generally have long 

hydrocarbon chains, are similar to the wax structure and, therefore, undergo co-

crystallization with the wax developed in the base oil. The other polar part (in the form 

of acrylate, methacrylate, acetate, etc) present in the PPD molecule inhibits the lateral 

crystal growth by coming between the wax crystals and keeping them apart from each 

other thereby limiting their degree of co-crystallization.39-41 The wax crystals are, 

therefore, no longer able to agglomerate and solidify to form a three-dimensional 

structures and inhibit the flow of the oil at low temperatures. The PPDs do not entirely 

prevent the wax crystal growth, but rather lowers the temperature at which the rigid 

crystal structure is formed. 

          Although the PP of most oils is related to the crystallization of wax, but the oils 

which are essentially wax free, have viscosity-limited PP dependence. As the 

temperature is lowered in such oils, their viscosity becomes progressively higher and 

finally reaches a point at some temperature where no flow can be observed. Since PPDs 

act by interfering with the growth and interlocking of the wax crystal structure, the PP 

of such oils cannot be altered with PPDs. 
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Figure 2. Schematic representation of the action mechanism of additives on wax 
crystals 

  

          Lubricating oils without PPDs can have a serious negative impact on engine 

performances. The extra workload on the engine, to overcome the increased viscosity 

due to wax formation, can cause cold start up problems and decrease its lifetime. PPDs 

are, hence, used in all types of lubricants including crankcase engine oils, hydraulic 

fluids, automotive gear oils, etc. 

 

          Viscosity modifier: The viscosity of a fluid is the measure of its resistance to steady 

deformation by tensile stress or shear stress. For liquids, it generally refers to the 

informal concept of thickness. The viscosity of oil is significant for its cooling and 

lubricity properties. The effectiveness of lubricating oil in minimising friction and wear 

is to a great extent influenced by its viscosity. For an oil of high viscosity, the solid 

surfaces in contact are fully separated by a thin film of the oil. This condition is known 

as hydrodynamic lubrication. For low viscous oil, the hydrodynamic pressure generated 

is insufficient to fully separate the surfaces and, therefore, the two opposing surfaces 

come into contact with each other. This condition is known as boundary lubrication. The 

optimum viscosity required for any lubricated system depends on the load to be 

supported and also on the relative velocities of the surfaces.  
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          If the hydrodynamic lubricant film becomes too thicker, a large amount of energy 

is wasted in shearing the film and the heat so generated accelerates the unwanted 

decomposition of the lubricant. In the boundary lubrication condition, a large amount of 

energy is wasted in overcoming the frictional forces. Also, the wear of the machines 

arising from friction reduces the equipment life span. Since different machines differ in 

loads and velocities, a wide range of lubricant viscosities are required.  

          The dynamic viscosity of a fluid is its resistance to shearing flows where adjacent 

layers with different speeds move parallel to each other. It is expressed in the unit Pa. S 

(Pascal-second).  On the other hand, the kinematic viscosity of a fluid is the ratio of its 

dynamic viscosity to the density, both measured at the same temperature. It is 

commonly expressed in the unit centistokes (cSt; 1 cSt = 0.01 St), or in SI units, 

millimetres square per second (mm2/s; 1 mm2/s = 1 cSt). 

          Viscosity of lubricating oil is also a function of temperature and it should vary as 

little as possible with the increase or decrease of temperature. It is, therefore, necessary 

to have some method of determining the viscosities of oils at temperatures other than 

those at which they are measured. Hence, two different temperatures are selected 

(usually 40ºC and 100ºC) for measuring the viscosities and then plotting these points on 

special viscosity-temperature charts developed by ASTM (American Society of Testing 

and Materials).42 Viscosity index (VI) is an arbitrary measure to express the change of 

viscosity with variations in temperature.43 A low VI indicates a relatively high rate of 

change of viscosity with temperature i.e. it will thin out more at higher temperature. On 

the other hand, a higher VI value signifies a lesser effect of temperature on viscosity i.e. 

the oil will thin out less with increasing temperature.44 It has been found that the 

addition of certain oil-soluble polymeric materials to base oil can greatly improve its 

viscosity properties and thereby the viscosity index. The additives that improve the 
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viscosity index of the oil are known as viscosity index improvers (VII) or alternatively 

known as viscosity modifiers (VM).45,46 VIIs keep the viscosity of the oil at a satisfactory 

level which provides stable oil film even at increased temperature. 

          Acrylate and methacrlate based polymers are the most commonly used VIIs in 

lubricants.47 Some of the other reported VIIs are poly isobutylenes (PIB), olefin 

copolymer (OCP),48 ethylene α-olefin copolymers, styrene isoprene copolymer (SIP), 

poly butadiene rubber (PBR), poly alkylstyrene,49 maleic anhydride based polymers, 

and even some vegetable oil based polymers etc.36 

          The performance of an additive as VII depends on its molecular weight, chemical 

behaviour, shear stability and also on its solubility in the base oil.50 The mode of action 

of VII was first established by Selby in 1958.51 However, the report presented lacked 

any physical data supporting the proposed mechanism. Later, in a work of Flory it was 

stated that the radius of gyration, Rg, of additive molecules depends on the interactions 

between the solvent molecules and the polymer chains. The affinity among the polymer 

chains, in a “poor” solvent, results in the collapse of the polymer chains into compact 

polymer globules. However, in case of a “good” solvent, where repulsive forces act 

between the polymer chains, there occurs an expansion of the globule into random 

coils.52 With the rise of temperature, an enhancement in the power of solvation is 

observed for the solvent and consequently, there occurs an increase in the polymer-

solvent interaction. As a result, the polymer molecules further changes its shape from 

tight coil to expanded random coil and thus offset the normal viscosity reduction with 

increasing temperature. The process of expansion of coil is totally reversible as with 

decreasing temperature the coil contraction occurs.53-55 Again, the increasing polymer 

content in the solvent increases the total amount of polymer globules in the solution 

bringing about a higher viscosity index for the oil. 
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Figure 3. Coil expansion model of viscosity index improvers 

 

          The long molecules of the VIIs are also prone to degradation due to mechanical 

shearing in operating conditions. Under such conditions, the long chains of the VII 

changes from a spherical coil orientation and align them in the direction of the stress 

thereby reducing the resistance to flow. But the chains return to their usual random 

arrangement once the stress is removed and, therefore, the viscosity loss is recovered. 

This condition is known as temporary shear breakdown. But sometimes under the 

service conditions, due to extreme polymer coil distortion the long chains undergo 

rupture to form small chains. The total viscosity contribution by the smaller ruptured 

molecules becomes less than that of the single parent molecule and they become less 

effective as VII. This condition is called permanent shear breakdown. Polymers of high 

molecular weight are more vulnerable to distortion while the polymers of sufficiently 

low molecules weight may not even undergo shearing. Therefore, a right combination of 

molecular weight and chain length is necessary to exhibit the optimum stability. 
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Figure 4. Temporary and permanent shearing of viscosity index improvers 

 

          Recently, a comprehensive report was presented by Michael J. Covitch et al., about 

an improved model to correlate the polymer structures in solution with the rheological 

properties of a fluid. The experiment involves measurement of the polymer coil 

dimensions by Small Angle Neutron Scattering test and by intrinsic viscosity 

measurement. The critical assessment of the results indicated that the polymers which 

expand with temperature have greater viscosity index contributions than those that do 

not.52   

          The viscosity of the solution also depends on the polymer and solvent chosen. At a 

very low concentration of the polymer, there is no strong interaction between polymer 

molecules. But as their concentration is increased, the increment in viscosity increases 

at a much faster rate. The following equation describes the dependence of concentration 

upon the viscosity. 

Ƞ = Ƞc exp(βC) 
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where Ƞ is the dynamic viscosity, C is the concentration of the polymer, Ƞc and β are 

constants.  

           

Ethylene-propylene copolymer (OCP)     Styrene-isoprene copolymer (SIP)                 Polyisobutylene (PIB) 

Figure 5. Structure of some commonly used viscosity index improvers 

 

          Most of the additives that are in use today work either as PPD or VII or reports 

regarding their multifunctional additive behaviour are very little. But, with the advent of 

innovative technologies and to satisfy the growing OEM requirements and consumer 

needs, more is required out of an additive. This requires modification of the existing 

chemistry or manipulating the structure and architecture of the traditional additives. 

These variations not only improve their performance as PPD and VII but also boost their 

thermal stability. 

          In the present investigation, some acrylate based additives were synthesised for 

evaluation of their performance as a multifunctional additive. In addition, the growing 

concerns about environment were also addressed by incorporating some green natural 

units like almond oil, olive oil, castor oil and α-pinene. The thesis reports the synthesis 

characterization, and performance evaluation of some organic polymeric additives for 

modification of the lube oil properties. The polymers were characterised 

spectroscopically by FT-IR and NMR followed by determination of their thermal 

stability by Thermo gravimetric Analysis (TGA). Gel Permeation Chromatography (GPC) 

was employed to analyse the molecular weight of the polymers. Their performances as 
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PPD and VII were evaluated by standard methods in different base stocks. 

Biodegradability study was also carried out for some of the additives to get an idea 

about their biocompatible nature. The outcome of the present investigation has yielded 

some overwhelmingly satisfactory results regarding their use as potential additives 

which can be processed for commercial application.  Additionally, the work will also 

enrich the little known lubricant technology and will open up new avenue and research 

interest among the young scientists in the field of lubricating oil additive chemistry.  
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