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A lubricant is a substance introduced to reduce friction and wear between surfaces 

in mutual contact. It should perform a number of other functions including lubrication, 

cooling, cleaning, suspending, protecting metal surfaces against corrosive damage, low 

temperature flow ability, fuel economy, cost effectiveness etc.  

The basic building unit of a lubricant is lubricating oil or lube oil which acts as a 

carrier of additives. The additives either enhance an already-existing property of the lube 

oil or introduce a new desirable property.  

Present work comprises synthesis, characterization and performance evaluation of 

some multifunctional additives for lube oil. The additives synthesized were acrylate based 

homopolymer and copolymers. In case of copolymers, the other monomers used were 1-

decene, α-pinene and sunflower oil. The polymers were synthesized by thermal 

polymerization in presence of BZP as initiator. Characterization of the polymers was done 

by spectral analysis (FT-IR, 
1
H-NMR and 

13
C-NMR), followed by Thermogravimetric 

Analysis (TGA) to determine thermal stability and finally by viscometric analysis. 

Performance evaluation of the polymeric additives as Pour Point Depressant (PPD) and 

Viscosity Modifier (VM) was investigated in two base oils. 

In case of biodegradable polymeric additives, biodegradability analysis was 

performed by disc diffusion method against fungal pathogens and by soil burial 

degradation test as per ISO 846:1997. Since the additives are multifunctional in nature 

(PPD and VM), interest of research on this area gives a new horizon in the lubrication 

technology. 

The thesis starts with a general introduction of present investigation. Then the 

detailed research work has been divided in two parts: Part-I and Part-II. Part-I, entitled, 

“Acrylate-α-olefin copolymers as lubricating oil additives” is divided into three chapters: 
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Chapter-I, Chapter-II and Chapter-III. Chapter-I comprises brief review of present 

investigation. The review study shows that poly (acrylates) and polymers of α-olefin are 

well known PPD and VM. With this background, Chapter-II describes synthesis, 

characterization and performance evaluation of poly (acrylates) and acrylate-α-olefin 

copolymers in lube oil. In this chapter, poly (dodecyl acrylate), poly (isodecyl acrylate) 

and also copolymers of dodecyl acrylate and isodecyl acrylate with different mole fraction 

of 1-decene were synthesized in anticipation of getting multifunctional lube oil additive 

with PPD and VM properties. In the preparation of homopolymer and copolymers of 

dodecyl acrylate and isodecyl acrylate, the synthesized esters dodecyl acrylate and 

isodecyl acrylate were taken, respectively. The synthesized polymers were characterized 

by spectral (FT-IR, 
1
H-NMR and 

13
C-NMR), thermogravimetric and viscometric analysis. 

The additive performance of all the polymers as PPD and VM was carried out in two 

different base oils. Chapter-III entitled, “Synthesis, characterization, and performance 

evaluation of acrylate based multifunctional lube oil additives” is further subdivided into 

two sections: Section A and Section B. Section A entitled, “Multifunctional additive 

performance of isodecyl acrylate + 1-decene and isooctyl acrylate + 1-decene copolymers” 

describes synthesis of poly (isodecyl acrylate) and copolymer of isodecyl acrylate with 1-

decene from the synthesized ester, isodecyl acrylate and poly (isooctyl acrylate) and 

copolymer of isooctyl acrylate with 1-decene from the synthesized ester, isooctyl acrylate. 

In the synthesis of the copolymers, different mole fraction of 1-decene was used. The 

synthesized polymers were characterized by spectral (FT-IR, 
1
H-NMR and 

13
C-NMR), 

thermogravimetric and viscometric analysis. Comparative study on different properties 

and also on multifunctional additive performance as PPD and VM was carried out in two 

different base oils. This section comprises work on copolymers of isodecyl acrylate with 

lesser 1-decene content compared to the copolymers of Chapter-II to check how these 
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polymers work as PPD and VM. Section B entitled, “Multifunctional additive performance 

of decyl acrylate + 1-decene and isooctyl acrylate + 1-decene copolymers” comprises 

similar comparative study on polymeric additive systems based on decyl acrylate and 

isooctyl acrylate polymers. Homopolymer of synthesized decyl acrylate or poly (decyl 

acrylate) and its copolymers with different mole fraction of 1-decene were prepared and 

characterized through spectral (FT-IR, 
1
H-NMR and 

13
C-NMR), thermogravimetric and 

viscometric analysis. Performance evaluation as PPD and VM was also carried out in two 

different base oils. The results of the analysis were compared with the results of 

homopolymer of isooctyl acrylate or poly (isooctyl acrylate) and its copolymers with 1-

decene.  

Part-II entitled, “Biodegradable lubricating oil additives” is divided into three 

chapters: Chapter-I, Chapter-II and Chapter-III. Chapter-I comprises brief review study of 

present investigation. The study shows that polymers of vegetable or plant oil are 

environmentally benign but their use as PPD or VM is not very common, though there are 

some scanty reports based on these properties. Chapter-II entitled, “Synthesis and 

evaluation of greener additives for lubricating oil” describes synthesis, characterization 

and performance evaluation of biodegradable lube oil additives obtained from copolymers 

of dodecyl acrylate and isodecyl acrylate with different mole fractions of α-pinene, a 

naturally occurring terpene. The synthesized polymers were characterized by spectral (FT-

IR, 
1
H-NMR and 

13
C-NMR), thermogravimetric and viscometric analysis. The additive 

performance of all the polymers as PPD and VM was carried out in two base oils. 

Biodegradable nature was measured by i) Disc diffusion method and ii) Soil burial test 

method. The polymer samples recovered after the tests were weighed to calculate effective 

weight loss. FT-IR spectra of recovered samples were compared with respective FT-IR 

spectra before the tests to confirm the biodegradable nature of the copolymers. 
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Comparison of different properties with the homopolymers of dodecyl acrylate and 

isodecyl acrylate was also presented in this chapter. Chapter-III entitled, “Biocompatible 

multifunctional lubricating oil additives” comprises similar investigation on polymeric 

systems containing copolymers of sunflower oil with dodecyl acrylate (DDA) and 1-

decene. Copolymers of sunflower oil with different mass fraction of DDA and 1-decene 

were synthesized, followed by characterization through spectral (FT-IR, 
1
H-NMR and 

13
C-

NMR), thermogravimetric and viscometric analysis along with performance evaluation as 

PPD and VM in two base oils. Biodegradability analysis by the abovementioned methods 

was also carried out for the samples. The recovered samples were weighed and their FT-IR 

spectra were compared with the respective FT-IR spectra before the tests to confirm the 

biodegradable nature of the copolymers. 

 

 

 

 

 

 

 

 

 


