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A lubricant is a materials introduced to improve the smoothness of moving surfaces in mutual 

contact. Lubricants can be liquids, semi-liquids, solid or gas in nature. The lubricant is composed 

of base oil and an additive package. The base oil contains a complex mixture of paraffinic, 

aromatic and naphthenic hydrocarbons with varying molecular weights ranging from high value 

to medium. They are found in nature with varying viscosities, densities and distillation curves. 

Although the primary function of base oil is to minimize friction between metal surfaces by 

forming a film between them, still a number of secondary functions are also needed from base 

oils such as temperature resistance towards viscosity, low temperature flow ability, cost 

effectiveness, fuel economy, enhancement of engine lifetime etc to meet the upcoming demand 

of modern technology. But classical base oil in most of the cases does not satisfy the current 

technical necessities because of their limits in enhancement of their properties. Thus base fluids 

generally cannot satisfy the necessities of high performance lubricants without taking the 

advantage of modern additive technology. In the view of improvement of the lubricating 

properties of base oils, different kinds of additives are doped into them. Lube oil additives
1
 are 

substances which either impart some new and useful properties or enhance the already existing 

properties of base oils. Lubricating oil additives are chemical compounds added to base oils to   

impart specific properties to the oils. The physical and chemical natures of compounds play an 

important role in their additive performance. Additives generally cover a broad range of 

chemicals; those are may be simple organic molecules, polymers, or inorganic compounds. The 

lubricating oil additives are mostly polymeric materials. This is because of the fact that polymer 

shows good solubility characteristics in base oil. They can be used as single compound or blend 

of compounds in base oil. By means of performance, different types of additives are there.  Few 

of the most important additives in this field are depicted in the next page. 



14 

 

                           

                                       Figure 1a: Different kinds of lube oil additives 

These additives when added in base oil impart their natural properties and field performances in 

existing applications are also improved. Due to the cost and the harmful nature of the chemical 

additives used in this field, there is an increasing demand for multifunctional additives. In current 

context multifunctional additives play the key role in the engine oil technology. Hence research 

to produce multifunctional additives is increases throughout the world.
2-6

 Again, according to the 

literature survey, more than one kind of additive performance can be obtained in a single system 

in case of multifunctional additive.
7-10

 Thus introduction of multifunctional property in single 

system have become very significant nowadays. With this background the present investigation 

comprises the inclusion of three major additive performances (VM, PPD and AW) in single 

additive system. In accordance with the present investigation, it will be very relevant to include a 

brief review on VM, PPD and AW additives of lubricating oil. Polymers are generally high 
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molecular weight compound and the numerous investigation and experience in the use of these 

polymers as additives are now opening the possibility of development of polymeric 

multifunctional additives that shows both PPD and VII properties. 

As described in the general introduction, the most important single property of lubricating oil is 

viscosity and the additive used to maintain this viscosity change with temperature is called 

viscosity modifier. The viscosity index (VI) is an arbitrary number
11 

describes the performance 

of a viscosity modifier. VI indicates the resistance of a lubricant to change in viscosity with 

variation of temperature. Viscosity modifiers (VM) or viscosity index improvers (VII) are 

compounds which modify the rate of change of viscosity of oil with temperature. Addition of 

appropriate VM increases the VI of base oil in particular temperature range. Higher the VI value 

higher is the resistance of oil to change viscosity with temperature. Again efficiency of a VM 

depends on concentration and on the type of the additive being used. In the application of 

multigrade motor oils, this quality is most perceptible. Generally, an efficient VM is a long chain 

high molecular weight polymeric compounds.
12

 Performance of the VM depends on the 

behaviour of the polymer molecules in the oil in terms of molecular weight, solubility and 

resistance to shear degradation.
13

 The solubility of a polymer generally increases with increasing 

temperature as the tight coils form of the polymer molecules change to an open configuration, 

which has a higher volume. With the increase of volume the viscosity of the oil also increases, 

which actually compensate the normal reduction of viscosity with increasing temperature.
14, 15

  A 

high molecular weight polymer also increase the effective volume in an oil solution
16

 and as a 

result, a higher molecular weight polymer shows higher viscosity index value compared to a 

lower molecular weight polymer of the same type.
17

 



16 

 

The pour point of oil is considered to be the temperature at which the oil begins to lose its 

fluidity under the effect of gravity under prescribed conditions.
18

For an engine to work smoothly 

at cold condition, low pour point of base oil is crucial. The use of chemicals to depress the pour 

points of lubricating oil is common, and such chemicals make possible the production of low 

pour point oil without extensive dewaxing. Generally most mineral oils contain some dissolved 

wax, and as the oils are cooled, this wax crystals are begins to separate from the oil which inturn 

form a rigid structure and traps the oil in small pockets.
19 

When this wax crystal structure 

becomes adequately strong; the oil completely lost its ability to flow under the experimental 

conditions. Low pour points of base oil can be achieved by exclusive removal of waxy 

components of the oil during refining. But this technique makes the oil lower susceptible towards 

oxidation and increases the formation of carbon deposits. Another way to get lower pour point is 

to hinder the formation of wax crystal structure at low temperature in the base oil. This can be 

achieved by incorporating certain high molecular weight polymeric compounds in the base oils. 

These polymers avert the wax crystallization and thus improve the flow property of oil. These 

compounds are known as pour point depressant or flow improver. The efficiency of a pour point 

depressant depends on structural properties, chemical composition and alkyl chain length. The 

action mechanism of PPD is of much interest. It was assumed that PPD additives coat the wax 

crystals preventing further growth. Later more accepted mechanism involves co-crystallisation of 

polymer with wax particle. This process inhibits the formation of three dimensional networks 

and preserves the wax as tiny particle in the oil and ensures fluidity.
20-22
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Figure 1b: Mechanism of PPD action 

Light microscopy analysis suggests that wax crystals are basically thin plates. The crystal 

network structure of wax gels with and without pour point depressant has been extensively 

studied by researchers using XRD.
23 

It was argued that in isolated base oil the paraffin 

crystallizes predominantly in orthorhombic structure. During the formation of gel in base oil, the 

crystal structure of wax altered to hexagonal form. The pour point depressant (PPD) additive 

hastened the formation of hexagonal planes. The PPD additives offer an economical means of 

facilitating the low temperature flow ability of oil in an engine with ease. 

The study of the earlier researchers regarding VM and PPD additives are being presented in the 

following paragraphs. 

U.S. Patent No. 5834408 disclosed preparation and evaluation of acrylate based copolymers as a 

PPD in lube oil. U.S. Patent No. 4867894 showed excellent pour point properties of petroleum 
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oil containing copolymers of methyl methacrylate having an average molecular weight from 

50,000 to 500,000. 

U.S. Patent No. 4956111 described the application of polymer of poly methacrylate having an 

alkyl group with an average chain length ranging from 12.6 – 13.8 can decrease the pour point to 

-35
0
 C and is compatible with other kind of additives e.g. VM and detergents.  

U.S. Patent No. 4906702 described the PPD performance of olefin copolymer of unsaturated 

carboxylic acid ester for lube oil.  

U.S. Patent No. 4668412 has claimed the synthesis of a dispersant VII and pour point depressant 

of a terpolymer of maleic anhydride and lauryl methacrylate and stearyl methacrylate which has 

been formulated with dimethyl amino propyl amine and manich base of amino ethyl pyparazine, 

paraformaldehyde and 2, 6-ditertiarybutyl phenol.  

U.S. Patent No. 4032459 also disclosed the novel lubricating composition containing a 

copolymer of hydrogenated butadiene and isoprene with PPD and superior VII properties. 

U.S. Patent No. 4073738 disclosed acrylate and methacrylate based copolymers and copolymers 

of styrene and conjugated dienes exhibit high stability to shear and may be useful for lubricating 

gearbox or I. C. Engines and the composition may be useful as a VII. 

U.S. Patent No. 5955405 disclosed a poly (meth) acrylate copolymers comprising from 5 to 15 

wt% butyl methacrylate, 70-90 wt% C-10 to C-15 alkyl (meth) acrylate, from 5-10 wt% C16 –

C30 alkyl (meth) acrylate having excellent low temperature fluidity to lubricating oils. 

U.S. Patent No. 4886520 described an oil composition comprising mineral oils and synthetic oil 

which showed enhance viscosity index and pour point properties by the addition of a terpolymer 
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comprising an alkyl ester of an unsaturated monocarboxylic acid, and olefinically unsaturated 

homo and heterocyclic nitrogen compound and then a perflouro alkyl ethyl acrylate or 

methacrylate or an allyl acrylate or methacrylate. 

U.S. Patent No. 6458749 described the polymerization of a mixed methacrylate made of alcohols 

containing C16 – C24 carbon are particularly effective by satisfying different aspects of low 

temperature fluidity properties over a wide range of base oils. 

In 2005 Azim et al reported octadecene – methacrylate based copolymer  as multifunctional 

additive (VM, PPD, Dispersancy - detergent).
24

 It was found that with increasing alkyl chain 

length and concentration of additive the efficiency of compounds as VM increases where as their 

efficiency as PPD decreases with increasing the concentration of prepared polymeric additive . In 

2009 Azim et al again reported a new kind of  copolymer system based on methyl methacrylate- 

styrene as multifunctional (VM, PPD and detergent- dispersant) lubricating  oil additive.
25

  

Another similar kind of work described a method to prepare a series of copolymer and 

terpolymer of alkyl acrylate and maleic anhydride and they investigated the structural influence 

of the copolymer and terpolymers on PPD properties.
26 

Acrylate based viscosity modifier and 

pour point depressant additives are most common. A number of reports are available on 

competency of poly alkyl methacrylate and poly alkyl acrylate as PPD and VM .
27- 29 

The initial 

article on pour point depressants additive was reported in 1930s.
30

 Almost two decades  later a 

report by  Ruehrwein which showed the action of n- alkyl poly methacrylate as PPD in the series 

of alkyl group like dodecyl, tetradecyl, hexadecyl and octadecyl.
31

 It was proposed that the 

polymers having longer alkyl groups were effective in depressing the pour point of high 

temperature pour oils, while shorter alkyl group containing polymers were effective on lower 

temperature pour oil. The literature survey on VM and PPD additives showed widespread 



20 

 

application of homo as well as copolymer of acrylate and methacrylate. But tribological activity 

of such system is very rare.
32

 

All metal surfaces irrespective of their finish contain valleys, asperities, ridges and depressions. 

So when two moving metal surfaces come in contact, because of friction there arise wear on the 

metal surfaces, which ultimately lead to the poor performance of engine. Thus with increasing 

friction the wear is also increases. To avoid this friction some additives are incorporated in lube 

oil which can minimize friction and improve lubricity. The lubricity is a measure of the reduction 

of friction and wear by lubricant. So it is not a property of matter and direct measurement cannot 

be possible. Tests are there which are often done by performed to quantify a lubricant's 

performance for a specific system.  Between two fluids of same viscosity, the one that is 

considered to have higher lubricity property which results smaller wear scar. Anti-wear additives 

are used to reduce wear and surface damage caused by the friction between moving parts of 

gears by making a protective film in between them. All anti-wear additives form a protective 

layer or film at the bearing surface at start up periods and in the boundary lubrication regime. 

This is the fundamental mechanism of anti-wear additives. In the parts of engine the major cause 

of wear is because of asperities in metal surfaces.
33

 Tribological performance of lubricants 

depends on their structure. Solid compounds such as graphite, titanium disulfide (TiS2) or 

tungsten disulfide (WS2) are usually used as lubricants due to their layered structure.  A layered 

arrangement of atoms in the crystal lattice enables the formation of a slip plane of protector 

function. It has  been accepted from long time that the presence of a close-packed molecular 

monolayer can prevent direct contact between the metal surfaces and minimizes the friction 

dramatically, while wear behavior is controlled by surface chemistry. Liquid crystalline 

compounds, which are known to have the fluidity characteristics of a liquid and the elasticity 
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characteristics of a crystalline solid and have layered structure.
34 

The presence of layered 

structure with the properties mentioned above on contacting body surfaces, would allow 

providing simultaneously both a low friction coefficient and a high wear resistance. They can be 

even more useful because of the presence of polar groups in mesogenic compounds; this causes a 

better adsorption on the steel surface. This effect makes the slip plane formation even easier and 

this plane known to have a protective role.
35 

The use of thermotropic and lyotropic liquid crystals 

having smectic, nematic and cholesteric mesophases derived from Schiff bases, cyanoaryls, 

azoxys and esters was extensively studies as lube oil additive. MLCs were used in pure form or 

as a blended composite and as lubricant additives.
36-40 

The molecular orientation of nematic 

liquid crystal 4-pentyl-4' cyanobiphenyl (5CB) in a shear flow between parallel plates was 

studied by Nakano
41

. Molecular orientation depends on the product of the film thickness the 

sliding velocity.  MLCs of cholesteryl types have also received great attention, as they are found 

naturally to act as biological lubricants. Waters et al.
42

 found that lubricant containing liquid 

crystal of cholesterol palmitate significantly reduces wear and atomic force microscopy (AFM) 

studies showed that the liquid crystal compound formed a protective layers on the high-nitrogen 

stainless-steel femoral heads, counterface surfaces and ultra-high molecular weight polyethylene. 

It was concluded that a remarkable reduction of wear could be achieved by inclusion of liquid 

crystal based lubricant in hip-replacement elements. Kupchinov et al.
43

 reported the results of 

investigations performed on the anti-wear property of liquid crystals and their solutions in 

synthetic oils and in petroleum as a function of MLC concentration. The lubricant containing 

MLCs decreases friction coefficient and thus reduces wear. Several studies
 
have been committed 

to set up a relationship between molecular structure and tribological properties and molecular 

structure of MLCs.
44-48 

Among the various MLCs cyanophenyls and cyanobiphenyls are the most 



22 

 

commonly studied as lubricants, due to their accessibility and their electrooptical applications. 

Mori and Iwata
49

 investigated the tribological behaviour of smectic and nematic liquid crystals 

like alkyl cyanobiphenyl (CB), alkylcyanophenyl cyclohexane (CPC), alkoxycyanobiphenyl 

(ECB)  using a two-roller friction tester. Numerous families of MLCs (thermotropic) have been 

studied to use as commercial oil additives.
50 

The study implies variations in bulk viscosity and 

temperatures have no significant effect on friction values. A 1 wt% addition of cholesteryl based 

liquid crystals to two different base oils lowers friction coefficients of steel was studied. 

From the literature survey about anti-wear additive it was found that liquid crystals of different   

morphology and structure have excellent tribological properties, but they are not effectual for 

every other kind of additive performance. By taking into account of the above point we got the 

idea of blending liquid crystals with poly acrylate together to get multifunctional (VM, PPD, 

AW) performance. Again by kept in mind the minimum cost of production the author has used 

very low quantity of liquid crystal in a blend. Again to correlate the amount of liquid crystal and 

effectivity, different blended composite having varying amount of liquid crystal in same 

polyacrylate was prepared and the performance of the samples was compared. The  poly 

acrylates used in this section is homo poly decyl acrylate, Thus in view of the current need and 

the importance as given by the original equipment manufacturers (OEMs), it was felt to carry out 

the present investigation towards the improvement of an efficient multifunctional additive having 

PPD, VM and AW properties for lube oil. 
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