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SECTION A- Shear stability and viscosity index improver properties of 

dodecyl acrylate and its copolymer with styrene and 1-decene 

 

1.1.1. Introduction    
 

 Polymers having high  molecular weight  are used  as lubricating oil additives in various 

applications, such as pour point depression,
1,2 

viscosity index modifiers,
2,3

 detergents and  

dispersants
4 

etc. In addition to viscosity index improver characteristics and thickening power, the 

shear stability also play a critical role in determining the performance of a polymeric additive for 

their field application. When lube oil with additives is subjected to high shear rates under 

condition of turbulent flow, polymer backbone may be physically cleaved. The result of polymer 

cleavage is always connected with a loss in viscosity. While it is economically attractive to use 

high molecular weight polymers because of their high thickening power, their inferior shear 

stability results in a rapid loss of viscosity in service. It is therefore necessary to get an optimal 

relation between viscosity index improving quality and shear stability. 

 The viscosity loss of a lubricant under shear can be of two types, namely a temporary 

viscosity loss (TVL) and a permanent viscosity loss (PVL). The PVL values are more frequently 

expressed in term of permanent shear stability index (PSSI)
5 

using the equations, 

                                     PVL = {(KVi-KVS)/KVi} × 100   

                                     PSSI = {(KVi-KVS)/ (KVi-KV0)} × 100    

Where ‗KV‘ refers to kinematic viscosity (KV), KV0 is the KV of the pure solvent at 100
o
C, KVi 

is the initial KV of the solvent at 100
o
C with polymer before shearing and KVS is the KV of the 

solution at 100
o
C after shearing. 
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1.1.2. Experiments 

1.1.2.1. Materials  

Acrylic acid (GC Purity 99%) obtained from Thomas Baker, India. Dodecyl alcohol (GC Purity 

98%) obtained from S.D.Fine chemicals Ltd. India. Styrene and 1-Decene (GC Purity 96%) 

obtained from Merck products, Germany and Hydroquinone obtained from S.D. Fine chemical 

Ltd., India. Benzoyl peroxide (GC Purity 98%) obtained from LOBA chemicals Pvt. Ltd., India, 

was purified by crystallization from methanol-chloroform mixture.Toluene (GC Purity 99.5%) 

obtained from merck, India, was used as a solvent.Base oil (Table 1.1) collected from IOCL, 

Dhakuria, Kolkata. 

1.1.2.2. Preparation of monomer (dodecyl acrylate) 

  The monomer dodecyl acrylate was prepared by reacting acrylic acid with dodecyl 

alcohol (1.1:1 molar ratio). The reaction was carried out in a three necked round bottom flask in 

the presence of concentrated sulphuric acid as a catalyst, 0.25% hydroquinone as polymerization 

inhibitor for acrylic acid, and toluene as a solvent under continuous air bubling. The reactants, 

which were mixed with toluene, was continuously refluxed and heated gradually from room 

temperature to 130 
o
C using a well-controlled thermostat. The extent of reaction was followed by 

monitoring the amount of liberated water in dean stark apparatus to give the ester, dodecyl 

acrylate. 

 

 

Scheme 1.1: Preparation of dodecyl acrylate (DDA) 
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1.1.2.3. Purification of prepared ester 

Then the prepared acrylate ester was purified. A charcoal of suitable amount was added 

to the ester, allowed to reflux for 3 h, and then filtered off. The filtrate was washed with 0.5N 

sodium hydroxide in a separating funnel and then shaken well. The entire process was repeated 

several times to ensure complete removal of unreacted acid. The purified ester was then washed 

several times with distil water to remove any traces of sodium hydroxide; The ester was then left 

over night on calcium chloride and was then removed by distillation under reduced pressure and 

was used in the polymerization process.  

 1.1.2.4. Preparation of homo polymer of DDA and its copolymer with styrene and 1-decene  

 General procedure: The polymerisation
6
 of the desired mass of the monomer (DDA for 

homo polymer) or monomer mixture (DDA- styrene and DDA-1-decene for copolymer
7
) was 

carried out in toluene in a three necked round bottom flask equipped with a stirrer, condenser and 

thermometer. Calculated amount of initiator benzoyl peroxide was placed in the flask and the 

reaction temperature was maintained at 353K for 5h.  

 

Scheme 1.2: Preparation of poly (dodecyl acrylate) 

 

Scheme 1.3: Preparation of copolymer of dodecyl acrylate with styrene 
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Scheme 1.4: Preparation of copolymer of dodecyl acrylate with 1-decene 

1.1.2.5. Purification of polymer 

  At the end of the reaction time, the reaction mixture was poured into methanol with 

stirring to terminate the polymerization and to get them precipitated. The precipitated polymer 

was further purified by repeated precipitation of its hexane solution by methanol followed by 

drying under vacuum at 313K.  

1.1.3. Measurements 

1.1.3.1.Spectroscopic measurement:  

           To record IR spectra of the samples Shimadzu FT-IR 8300 spectrophotometer was used 

using KBr cells (0.1 mm) at room temperature. 
1
H and 

13
C NMR spectra were recorded in the 

solvent CDCl3 in a 300 MHz Brucker Avance FT-NMR spectrometer using 5 mm BBO probe. 

Tetramethylsilane (TMS) was used as the reference material. 

 1.1.3.2. Determination of intrinsic viscosity and viscometric Molecular weight of the 

polymers 

 Intrinsic viscosity and viscometric molecular weight (Table 1.2) were determined by 

using the experimental viscosity of the polymer solutions in Huggins (eq.1) and Mark Houwink 

– Sukurda equation (eq.2) respectively.
8
 

Huggins (H)                  Ck
C hhh

sp 2



                             (1)       
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       Where, C is mass concentration, sp = r –1,sp    is the specific viscosity ,r t/t0,  r is 

the relative viscosity or viscosity ratio (where t is time of flow of solution and t0 is time of flow 

of pure solvent). 

hintrinsic viscosity, respective to Huggins equation, kh is the Huggins coefficient.   

According to Mark Houwink – Sukurda (eq. 2), the value of intrinsic viscosity changes with the 

molecular weight of the polymer in a solvent as: 

KM 
a
                                                 (2) 

Where, [], the intrinsic viscosity, can be calculate by using Huggins equation, parameter ‗K‘ 

and ‗a‘ depends on the type of polymer, solvent and temperature. To determine the viscosity 

average molecular weight, the constants K = 0.00387 dl/g and a = 0.725 were employed in Mark 

Houwink – Sukurda relation. 

1.1.3.3. Shear stability determination   

 Shear stability was determined of various concentrated solution of pure DDA polymer, 

DDA + styrene (95:5, w/w) and DDA+decene (95:5, w/w) in lube oil. Tests were conducted as 

per ASTM D- 3945 method.  

1.1.3.4. Viscosity index determination 

Kinematic viscosity (ν) of DDA, DDA+styrene (95:5, w/w) and DDA+1-decene (95:5, 

w/w), was determined separately at 313 K and 373 K by counting the time of flow and density of 

polymer solution in base oil and using the following equation.  

             ν= (Kt- L/t) ρ                                               (1) 

Where, K and L are the viscometer constants and t and ρ are time flow and density of solution 

respectively. 
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The densities were measured by a vibrating-tube density meter (Anton paar, DMA 

4500M). Before the measurements, density meter was calibrated with distilled and degassed 

water and dry air at experimental temperature and atmospheric pressure. VI was determined from 

the following empirical equation. 

VI = 3.63 (60 - 10
n
)                                                       (2) 

Where n is given by, 

n = (lnν1- lnk)/lnν2                                                                                      (3) 

ν1 is the kinematic viscosity (cSt) at lower temperature, ν2 is the kinematic viscosity (cSt) at 

higher temperature, k is a function of temperature only and is equal to 2.714 for the temperature 

range performed and n is a constant characteristic for each base oil. 

Viscometric properties of the prepared samples were measured using an Ubbelohde OB 

viscometer, carefully cleaned, dried and calibrated at the experimental temperatures (313K and 

373K) with triply distilled, degassed water, and purified methanol. Then it was filled with 

experimental samples and placed vertically in a glass sided thermostat. After attainment thermal 

equilibrium, the time flow of sample was recorded with a digital stopwatch. An average of three 

measurements was taken into account in all determinations and precautions were taken to 

minimize the loss due to evaporation. To study the effect of polymer concentration on VI 

different concentrations ranging between 1 wt % to 5 wt% were used. 

 

1.1.4. Results and Discussion  

 

1.1.4.1. Spectroscopic analysis 

FT-IR spectra (Figure 1.1) of poly (dodecylacrylate) or homopolymer of dodecyl 

acrylate (HDDA) exhibited absorption at 1736.04 cm
–1 

due to ester carbonyl stretching vibration 

along with other peaks appeared at 1458.30, 1373, 1168.68 cm
−1

 (C-O stretching vibration), and 
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1068.50, 980.03 721.03 cm
–1 

(bending vibration of C–H bonds). The broad peak ranging from 

2857.14 to 2924.73 cm
−1

 was due to the presence of stretching vibration (C–H bonds).
  

 
1
H-NMR spectra (Figure 1.2) of the homopolymer indicated the existence of –OCH2 

group at 4.016 ppm (broad singlet) along with the methyl protons ranging between 0.85 and 0.89 

ppm together with methylene protons ranging between 1.26 and 1.60ppm.The proton decoupled 

13
C-NMR of the sample (Figure 1.3) was in complete agreement with the homopolymer. 

The existence of the copolymer dodecyl acrylate with styrene was confirmed by FT-IR 

and NMR analysis. The copolymer in its IR spectrum (Figure 1.4) showed peak at 1739.61 cm
-1 

for the ester carbonyl along with other peaks at 2924.0, 2857.14 cm
–1 

(stretching vibration of C–

H bonds), at 1465.94, 1255.29, 1167.79 cm
–1

 (C-O stretching vibration) and 1068.50, 758.83, 

701.17 cm
–1

(bending vibration of C–H bonds). 

In the 
1
H NMR (Figure 1.5) spectra of one of the respective DDA+styrene copolymers, a 

broad multiplate centered at 8.08 ppm indicated the presence of a phenyl group. A broad singlet 

at 4.06 ppm was arise due to the proton of the –OCH2 group. The absence of singlet peaks 

between 5 and 6 ppm directed the absence of vinylic protons in the copolymer. 

The proton decoupled 
13

C NMR spectrum (Figure 1.6) of the above sample of copolymer was in 

complete agreement with the formation of copolymer. 

The existence of the copolymer of dodecyl acrylate with 1-decene was confirmed by the 

analysis of FT-IR, 
1
H-NMR, and 

13
C-NMR spectra of the copolymer. FT-IR spectra of the 

copolymer (Figure 1.7) showed sharp peak at 1732.9 cm
–1

 for the ester carbonyl along with 

other peaks at 2923.9, 2853.5cm
–1

(stretching vibration of C–H bonds), and 1463.9 cm
–1

 and a 

band at 1162.0 cm
–1

 (C-O stretching vibration). 
1
H-NMR spectra of the copolymer (Figure 1.8) 

showed broad singlet at 4.017 ppm due to –OCH2 protons. The absence of singlet between 5 and 



33 
 

6 ppm indicated the absence of sp
2
 protons in the copolymer. 

13
C-NMR spectrum (Figure 1.9) of 

the above sample showed the presence of ester carbonyl at 173 ppm. 

1.1.4.2. VII and shear stability analysis 

 The study  indicated that the VII properties of the homo DDA (Table 1.6)  polymer is 

better than its styrene(Table 1.7)  copolymer which in turn superior than DDA+ 1- decene 

(Table 1.8) copolymer (Figure 1.12). The prediction is  direct reflection of the M.W values  of 

the polymers as shown in  Table 1.2, greater the molecular weight of the polymer greater is the 

hydrodynamic volume and lower moleculer association of the  polymer  and more efficient  the 

polymer as a VI improver.
6
  

  Data also showed that PVL, PSSI are greater for homo polymer DDA (Table 1.3) than its 

styrene (Table 1.4) and decene (Table 1.5) copolymer, indicated less shear stability of DDA 

homo polymer than both its styrene and decene copolymer and there is gradually increase in 

PSSI values with increase in concentration for all above mentioned polymer (Figure 1.10 and 

Figure 1.11) indicated loss of shear stability with increase of concentration of polymer in the 

base oil used for the study.  

 These may be explained
10

 on the basis of molecular weight of the polymer. The higher 

mol. wt. and narrow mol. weight distribution can provide relatively a higher molecular mass, 

lower moleculer assotiation
11

 to undergo degradation,
12

 hereby increases the PSSI values and 

hence losses the shear stability.  

  The intrinsic viscosity data (Table 1.2) also indicated higher molecular size for the 

homopolymer compared to copolymer. This phenomenon is expected to play a significant role in 

determining the shear stability of the polymer. 
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 The study also indicated that there is no correlation of thickening properties among the 

homo (Table 1.9) and copolymers (Table 1.10, 1.11) as well as among the different 

concentration of same polymer (Figure 1.13 and Figure 1.14). This trend in thickening 

properties of the polymer is in concordance with the result of our earlier observations about 

thickening property.
12  

1.1.5. Conclusion 

1. VI properties of the homo DDA polymer is better than its styrene copolymer which in turn 

superior than DDA+ 1-decene copolymer. 

2.  Shear stability of the homo polymer is always less than its styrene and decene copolymer.  

3.  Irrespective of the nature of the polymers (homo and copolymer) there is a gradual decrease 

in shear stability with the increase in concentration of polymers in the base oil used for the study.  

4.  Correlation of thickening properties among the homo and copolymers as well as among the 

different concentration of same polymer in base oil can not be concluded. 

1.1.6. References 

References are given in Bibliography under Chapter-II of Part-I (Page No. 182-183). 
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Table 1.1.  Base oil properties 

 

 

 

 

Table 1.2. [ n ]h
a

  and  [ Mh ]
b
 of polymers 

sample [ n ]h
a 

[ Mh ]
b 

DDA 4.059 14,672 

DDA + styrene 2.621 8,026 

DDA+1-decene 2.231 6,878 
a
 Intrinsic Viscosity in cSt, 

b
 viscometric Molecular weight of polymers 

 

 

 

Table 1.3. PVL
c
 and PSSI

d
 from KV

e
 of DDA at 100 

o
C  in  base oil 

solution 

(wt.%) 

KV0
1 

KVi
2 

KVs
3 

PVL
c 

PSSI
d 

1% 3.685 3.913 3.894 0.500 8.58 

2% 3.685 4.101 4.057 1.067 10.532 

3% 3.685 4.253 4.179 1.723 12.912 

4% 3.685 4.398 4.301 2.212 13.647 

5% 3.685 4.502 4.387 2.538 13.997 
c
Permanent viscosity loss, 

d
permanent shear stability index, 

e
Kinematic viscosity in cSt. 

1
Kinematic viscosity of the base oil before addition of polymer at 100 

o
C, 

2
initial Kinematic viscosity of 

the solvent with polymer before shearing at 100 
o
C,

 3
Kinematic viscosity of the solvent with polymer after 

shearing at 100 
o
C 

 

Table 1.4. PVL
c
 and PSSI

d
 from KV

e
 at 100 

o
C of DDA+styrene (95:5, w/w) in base oil 

solution 

(wt.%) 

KVo
1 

KVi
2 

KVs
3 

PVL
c 

PSSI
d 

  

1% 3.685 3.852 3.841 0.267 6.184 

2% 3.685 3.970 3.943 0.662 9.239 

3% 3.685 4.184 4.127 1.366 11.464 

4% 3.685 4.261 4.191 1.656 12.249 

5% 3.685 4.501 4.387 2.536 13.990 

 

Property  Value 

Density (g.cm
-3

) at 40 
o
C 0.868 

Viscosity at 40 
o
C in cSt 22.879 

Viscosity at 100 
o
C in cSt 3.685 

Viscosity index 61.34 

Cloud Point,
o
C -8 

Pour Point,
o
C -6 
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Table 1.5.  PVL
c
 and PSSI

d
 from KV

e
 at 100

o
C of DDA+decene (95:5, w/w) in base oil 

solution 

(wt.%) 

KVo
1 

KVi
2 

KVs
3 

PVL
c 

PSSI
d 

1% 3.685 3.844 3.835 0.236 5.732 

2% 3.685 3.916 3.896 0.508 8.620 

3% 3.685 4.103 4.060 1.057 10.384 

4% 3.685 4.202 4.141 1.465 11.909 

5% 3.685 4.451 4.356 2.132 12.394 

 

                             Table 1.6. VI
f
 of dodecyl acrylate (DDA) polymer in base oil 

Solution 

(wt.%) 

KVP
4
 KVi

2
 VI

f 

1% 23.372 3.913 80.443 

2% 23.978 4.101 90.848 

3% 24.272 4.253 99.413 

4% 24.695 4.398 105.431 

5% 24.901 4.502 109.880 
f
Viscosity index,

4
Kinematic viscosity of the solvent with polymer at 40 

o
C. 

 

Table 1.7. VI
f
 of DDA+styrene (95:5, w/w) polymer in base oil 

Solution 

(wt.%) 

KVP
4
 KVi

2
 VI

f 

1% 23.032 3.852 77.978 

2% 23.525 3.970 84.076 

3% 24.255 4.184 94.764 

4% 24.311 4.261 99.692 

5% 24.899 4.501 109.877 

 

Table 1.8. VI
f
 of DDA+decene (95:5) polymer in  base oil 

solution 

(wt.%) 

KVP
4
 KVi

2
 VI

f 

1% 23.018 3.844 77.353 

2% 23.375 3.916 80.656 

3% 24.156 4.103 89.473 

4% 24.297 4.202 95.736 

5% 24.796 4.451 107.775 
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Table 1.9.  THK
g
  of dodecyl acrylate (DDA) polymer in base oil 

solution 

(wt.%) 

KVb
5 

KVo
1
 KVP

4
 KVi

2
 THK

g 

(40 
o
C) 

THK
g 

(100 
o
C) 

1% 22.879 3.685 23.372 3.913 0.493 0.228 

2% 22.879 3.685 23.978 4.101 0.549 0.207 

3% 22.879 3.685 24.272 4.253 0.464 0.189 

4% 22.879 3.685 24.695 4.398 0.454 0.178 

5% 22.879 3.685 24.901 4.502 0.404 0.163 
g
Thickening property,  

5 
Kinematic viscosity of the base oil before addition of polymer at 40 

o
C 

 

 

Table 1.10. THK
g
 of DDA+styrene (95:5, w/w) polymer in base oil 

solution 

(wt.%) 

KVb
5
 KVo

1
 KVP

4
 KVi

2
 THK

g 

(40 
o
C) 

THK
g 

(100 
o
C) 

1% 22.879 3.685 23.032 3.852 0.153 0.166 

2% 22.879 3.685 23.525 3.970 0.323 0.142 

3% 22.879 3.685 24.255 4.184 0.458 0.166 

4% 22.879 3.685 24.311 4.261 0.358 0.144 

5% 22.879 3.685 24.899 4.501 0.404 0.163 

 

 

Table 1.11. THK
g
 of DDA+decene (95:5, w/w) polymer in base oil 

solution 

(wt.%) 

KVb
5
 KVo

1
 KVP

4
 KVi

2
 THK

g 

(40 
o
C) 

THK
g 

(100 
o
C) 

1% 22.879 3.685 23.018 3.844 0.139 0.158 

2% 22.879 3.685 23.375 3.916 0.248 0.115 

3% 22.879 3.685 24.156 4.103 0.425 0.139 

4% 22.879 3.685 24.297 4.202 0.354 0.129 

5% 22.879 3.685 24.796 4.451 0.383 0.153 
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Figure 1.1. FT-IR spectra of poly (dodecyl acrylate) 

 

 

Figure 1.2. 
1
H-NMR spectra of poly (dodecyl acrylate) 
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Figure 1.3. 
13

C-NMR spectra of poly (dodecyl acrylate) 
 

 
 

Figure 1.4. FT-IR spectra of a representative copolymer of dodecyl acrylate with styrene 
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Figure 1.5. 
1
H-NMR spectra of a representative copolymer of dodecyl acrylate with styrene 

 

 

Figure1.6. 
13

C-NMR spectra of a representative copolymer of dodecyl acrylate with styrene 
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Figure 1.7. FT-IR spectra of a representative copolymer of dodecyl acrylate with 1-decene 

 

Figure 1.8. 
1
H-NMR spectra of a representative copolymer of dodecyl acrylate with 1-

decene 
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Figure 1.9. 
13

C-NMR spectra of a representative copolymer of dodecyl acrylate with 1-

decene 
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Series1—Homo polymer of DDA, Series2—Copolymer of DDA+styrene (95:5) 

Series3—Copolymer of DDA+decene (95:5) 

 

Figure 1.10.  Comparison of PVL among DDA, DDA+Styrene (95:5) and 

DDA+decene (95:5) polymer in different concentration (Wt%) in base oil  

 

 

Series1—Homo polymer of DDA, Series2—Copolymer of DDA+styrene (95:5) 

Series3—Copolymer of DDA+decene (95:5) 

 

Figure 1.11.  Comparison of PSSI among DDA, DDA+Styrene (95:5) and 

DDA+decene (95:5) polymer in different concentration (Wt%) in base oil 
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Series1—Homo polymer of DDA, Series2—Copolymer of DDA+styrene (95:5) 

Series3—Copolymer of DDA+decene (95:5) 

Figure 1.12.   Comparison of VI among DDA,  DDA+styrene (95:5) and 

DDA+decene (95:5) polymer in different concentration (Wt%) in base oil 

 

 

Series1—Homo polymer of DDA, Series2—Copolymer of DDA+styrene (95:5) 

Series3—Copolymer of DDA+decene (95:5) 

Figure 1.13.    Comparison of THK at 40
0
C among DDA,  DDA+Styrene (95:5) and 

DDA+decene (95:5)  polymer in different concentration (Wt%) in base oil 
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Series1—Homo polymer of DDA, Series2—Copolymer of DDA+styrene (95:5) 

Series3—Copolymer of DDA+decene (95:5) 

Figure 1.14.  Comparison of THK at 100
0
C among DDA, DDA+Styrene (95:5)   and 

DDA+decene (95:5) polymer in different concentration (Wt%) in base oil 
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SECTION B- Shear stability and viscosity index improver properties of decyl 

acrylate and its copolymer with styrene and 1-decene 

 

1.2.1. Introduction 

The basic building blocks of lubricants are the lubricating oils also called base stocks and are 

generally a mixture of high molecular weight hydrocarbons and an additive package. It reduces 

the friction and wear between two moving surfaces. They offer a protective film which allows 

for two touching surfaces to be kept separated and thus reducing the friction between them. 

Hence, for longer life of the internal combustion engines lubricants are very essential. The base 

stocks are mainly a mixture of paraffinic hydrocarbons (> 85%) of varring chain length including 

Naphthenic and aromatic hydrocarbons in different ratios. At lower temperature the paraffinic 

part of the lubricating oil forms wax crystal network which resists their normal flow properties. 

Again, the viscosity change of the base stocks with the change in temperature, poor 

thermooxidative stability and tribological behavior etc. are the intrinsic problems associated with 

the base oils during its application. Thus, it is quite evident that, natural petroleum based 

lubricants cannot alone satisfy all the necessities of modern engines. Hence several functional 

additives are needed to add to the lube oil to enhance the typical properties already present or to 

impart some new additional properties. The amount of additives varies from > 1% to 30% or 

more
1
. Various types of lube oil additives are viscosity modifier (VM) or viscosity index 

improver (VII),
2
 pour point depressant (PPD),

3
 antioxidant,

4
 anti-wear and extreme pressure 

agent
5,6

 etc. Since multifunctional additives provide more than one of the above performances, 

research all over the world is progressively going on toward producing such kind of additives for 

lube oils. These additives are usually polymeric in nature containing oil soluble long 

hydrocarbon chain as nonpolar portion and smaller hydrophilic polar head groups.  
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           Viscosity index improvers (VII) also termed as viscosity modifier (VM) are long chain, 

high molecular weight polymers used to resist the viscosity change of the oil with temperature by 

increasing the relative viscosity of oil when temperatures
7–9

 is increased. The performance of 

VMs is very often expressed in terms of Viscosity Index (VI)
 10

 which indicates the resistance of 

a lubricant to viscosity change with temperature. The performance of the VII depends on the 

activities of the polymer molecules in the lube oil, where the molecular weight of polymer, 

solubility and resistant to shear degradation are determinant parameters.
11

Shear stability of the 

VM is also one of the vital parameter that decide its suitability in a lubricant formulation. The 

loss of viscosity of a lubricant under shear can be of two kinds, namely a temporary viscosity 

loss (TVL) and a permanent viscosity loss
10, 12 

(PVL). The PVL values are more frequently 

expressed in terms of permanent shear stability index
13

 (PSSI).  

           A thorough study of the literature indicated that scanty investigations have so far been 

done on the effects of lubricant compositional parameters such as polymer type, polymer 

concentration, base oil viscosity, etc. on the additive performance of multigrade lubricants.   

           Keeping these views in mind and as a part of our ongoing studies on the development of 

multifunctional additives for lube oil
14

, studies were undertaken in this area to investigate the VI, 

PPD, AW, shear stabilities, and thickening (THK) properties of the homopolymer of DA (P1) 

and its copolymer with styrene (P2) and 1-decene (P3) when doped in lube oil. The observations 

in each case have been correlated towards arriving at possible generalization on this effect for 

lube oils. 

1.2.2. Experiment 

1.2.2.1. Materials 

      Toluene, hydroquinone and H2SO4 were purchased from Merck Specialities Pvt. Ltd., acrylic 
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acid (stabilized with 0.02% hydroquinone monomethylether), decyl alcohol from Sisco Research 

Laboratories Pvt. Ltd., hexane from SD Fine Chem. Ltd., styrene and 1-decene from Across 

Organics and methanol was purchased from Thomas Baker (Chemicals) Pvt. Ltd. and used 

without further purification. Benzoyl peroxide (BZP), obtained from LOBA chemicals, was 

recrystallised from CHCl3-MeOH mixture before use. Base oils were collected from IOCL, 

Dhakuria, Kolkata,West Bengal, India. 

1.2.2.2. Preparation of monomer (decyl acrylate) 

To prepare decyl acrylate (DA) from acrylic acid and decyl alcohol, esterification reaction was 

carried out in toluene taking H2SO4 as a catalyst and hydroquinone as polymerization inhibitor 

and following the process as reported in the previous chapter (Chapter-II, Page No.27). 

 

Scheme 1.5: Preparation of decyl acrylate (DA) 

1.2.2.3. Purification of prepared ester 

        The prepared esters were purified by the process as mentioned in the previous chapter 

(Chapter-II, Page No. 28). The ester was then used for polymerization process.
18

 

1.2.2.4.   Preparation of homo polymer of DA and its copolymer with styrene and 1 Decene 

Homopolymer of DA (HDA) and copolymer of DA with styrene and 1-decene 

respectively was carried out by the thermal polymerization using toluene solvent and BZP as 

initiator and by following the method as reported in the previous chapter (Chapter-II, Page No. 

28). 
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Scheme 1.6: Preparation of poly (decyl acrylate) 

 

Scheme 1.7: Preparation of copolymer of decyl acrylate with styrene 

 

 

Scheme 1.8: Preparation of copolymer of decyl acrylate with 1-decene 

1.2.3. Measurements 

1.2.3.1.   Spectroscopic measurement  

       To record IR spectra of the samples Shimadzu FT-IR 8300 spectrophotometer was used 

using KBr cells (0.1 mm) at room temperature. 
1
H and 

13
C NMR spectra were recorded in the 

solvent CDCl3 in a 300 MHz Brucker Avance FT-NMR spectrometer using 5 mm BBO probe. 

Tetramethylsilane (TMS) was used as the reference material.  
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1.2.3.2. Determination of intrinsic viscosity and viscometric molecular weight of the 

polymers  

Intrinsic viscosity and viscometric molecular weight (Table 1.12) were determined by using the 

experimental viscosity of the polymer solutions in Huggins and Mark Houwink-Sukurda 

equation respectively.
19

 

1.2.3.3.   TGA determination  

     The thermograms in air were recorded on a Mettler TA-3000 system, at a heating rate of 10 K 

min
–1

. 

1.2.3.4. Pour point determination  

    The pour point of the prepared polymers in base oils was tested according to the ASTM D97-

09 method on a Cloud and Pour Point Tester model WIL-471 (India). 

1.2.3.5. Viscosity index determination  

    Kinematic viscosity (KV) of the polymers was determined separately at 40 ºC and 100 ºC by 

counting the time of flow of polymer solutionin base oil using viscometer apparatus and 

measuring the density of it. According to ASTM D-7042 method and also by using the method 

of viscosity index calculation as reported in literature
7
, the viscosity index of each polymer 

solution was determined. 

1.2.3.6. Shear stability determination  

    Shear stability of the solutions of polymers with varying concentrations was determined in 

lube oil. Tests and calculation were conducted as per ASTM D-3945 and ASTM 6022 method. 

1.2.3.7. Anti-wear (AW) properties  

    The AW properties were evaluated by four ball wear test apparatus (FBWT) according to 

ASTM D 4172-94 method applying weld load, 196 N at 75 ºC for 30 min. The rotating speed of 
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the ring was 1200 rpm. The wear scar diameter, show anti-wear properties of the oils, was 

measured adding polymers at different concentration levels. 

1.2.4. Results and discussion 

1.2.4.1. Spectroscopic analysis 

       FT-IR spectrum (Figure 1.15) of poly (decylacrylate) or homo polymer of decyl acrylate 

(HDA) exhibited absorption at 1732.0 cm
−1

 due to ester carbonyl stretching frequency. Peaks 

from 1456.67 to 1167.22 cm
−1

 can be explained owing to the C–O (ester bond) stretching 

vibration and the absorption bands at 1058.57, 811.06, 722.23 cm
−1

 were due to the bending 

vibration of C–H bonds. The broad peak at 2922.3 cm
−1

 was due to the presence of stretching 

vibration (C–H bonds). In its 
1
H-NMR spectra (Figure 1.16), homo polymer of DA showed a 

multiplet centered at 3.17 ppm due to the proton of –OCH2 group; a broad singlet at 0.73 ppm 

was due to methyl groups of decyl chain. The proton decoupled 
13

C-NMR of the above sample 

(Figure 1.17) was in complete agreement with the homopolymer which shows the presence of 

ester carbonyl group at 170.66 ppm and absence of any sp
2
 carbon in the range 130-150 ppm.            

            The existence of the DA+ styrene copolymer was confirmed by FT-IR and NMR analysis. 

The copolymer in its IR spectrum (Figure 1.18) showed broad peak ranging from 1735 to 1722 

cm
-1

. This was also supported by the stretching vibration of the ester carbonyl group and to C-H 

bond of the phenyl group of styrene. 

In the 
1
H NMR (Figure 1.19) spectra of one of the respective copolymers, a broad multiplate 

centered at 8.06 ppm indicated the presence of a phenyl group. A broad singlet centered at 4.06 

ppm was arised due to the proton of the –OCH2 group. The absence of singlets between 5 and 6 

ppm indicated the absence of vinylic protons in the copolymer. The proton decoupled 
13

C NMR 

spectrum (Figure 1.20) showed the presence of aromatic sp
2
 carbons in the range 121.7 to 133.2 
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ppm and the ester carbonyl carbon at 175.26 ppm which was in complete agreement of above 

polymer. 

The extent of incorporation of styrene in the polymer chain was determined through a 

comparison of area of –OCH2 group at 4.06 ppm in the area of signal due to phenyl protons at 

8.06 ppm based on our earlier paper
14

. 

IR spectrum of the copolymer of decylacrylate with 1-decene (Figure 1.21) exhibited 

absorption near at 1736.07 cm
−1

 for the stretching vibration of ester carbonyl. Peaks at 1250.38 

cm
−1

 and at 1165.05 cm
−1

 were due to the C−O (ester bond) stretching vibration and the 

absorption peaks at 2926.13, 2855.55 and 721.96 cm
−1

 were due to the stretching and bending 

vibration of C−H bonds. The formation of the copolymer was also indicated by the absence of  

peak between 5 ppm and 6 ppm due to sp
2
 hydrogen and that between 130 ppm and 150 ppm due 

to sp
2
 carbon in its 

1
H and 

13
C-NMR (Figure 1.22 and Figure 1.23), respectively. 

1.2.4.2. TGA analysis  

     The analysis (Table 1.12) reveals that the DA homopolymer are thermally less stable than its 

copolymer with styrene which in turn less stable than DA copolymer with 1-decene. 

1.2.4.3. Performance evaluation of the additive doped lube oil as PPD  

      Results (Figure 1.24) indicate that the PPD (pour point depressant) properties of different 

polymer in lube oil increases with increasing concentration of the additive in the solution and at a 

particular concentration it increases from 1-decene to styrene copolymer and to DA 

homopolymer (Figure 1.24) which is evidently due to increasing molecular weight (Table 1.12) 

of the above mentioned polymers. 

1.2.4.4. Performance evaluation of the additive doped lube oil as VII  

       The study (Table 1.13) shows that the VI value for DA polymer is greater than DA+styrene 
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and DA+1-decene copolymer. Thus, the VII (viscosity index improver) properties of the 

homopolymer of DA are better than its DA+styrene and DA+1-decene copolymer. 

1.2.4.5. Evaluation of AW performance of the additive doped lube oil  

     The study (Fgure 1.25) shows that the AW properties in terms of WSD (Wear Scar Diameter) 

in mm for DA+styrene copolymer are always greater than DA+1-decene copolymer as well as 

the homopolymer. This may be because of the presence of aromatic moiety in the copolymer. 

There is always a gradual increase of AW properties with the concentration (up to a certain limit) 

of the additive in the lube oil-polymer blends. 

1.2.4.6. PSSI and PVL analysis  

      Data (Figure 1.26 and Figure 1.27) showed that PSSI and PVL values are greater for homo 

polymer of DA than its styrene and 1-decene copolymer. It indicates less shear stability of DA 

homo polymer than both of its styrene and 1-decene copolymer. It also denotes increase of PSSI 

values with increase in concentration of all above mentioned polymers in base oil which signify 

the gradual loss in shear stability. The prediction is the direct reflection
15

 of the molecular weight 

values of the polymers as shown in Table 1.12. High molecular weight of the polymer results in 

greater hydrodynamic volume. Higher molecular mass and lower molecular association with the 

base oil
16

 increases the VII properties but at the same time these increases PSSI and PVL values 

as well. The intrinsic viscosity data (Table 1.12) also imply the higher molecular size of 

homopolymer than copolymer. This phenomenon is expected to play a significant role in 

determining shear stability of the base oil-polymer blend. 

1.2.4.7. Thickening property analysis  

     The study also indicated that there is no correlation of oil thickening properties (THK) among 

 the homo and copolymers as well as among the different concentrations of the same polymer  
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at 313 K and 373 K (Figure 1.28 and Figure 1.29). The oil thickening properties of the polymer 

are concordance with the result of our earlier observations
17

. 

1.2.5. Conclusions 

i. Thermal stability of the polymer doped base oil decreases with increasing molecular 

weight of the polymer. The data also indicates that the 1-decene copolymer can be used 

safely up to 300 ºC whereas the styrene copolymer may be used upto a temperature 

around 280 ºC, which is always greater than the homopolymer. 

ii. PPD properties of the polymer blended base oil solution increases with increasing 

polymer concentration. 

iii. VI as well as THK properties of the homopolymer doped base oil are better than its 

styrene copolymer which in turn superior to DA + 1-decene copolymer doped base oil. 

iv. AW properties of the polymer blended lube oil increases with increasing polymer 

concentration. Copolymers are better than the homopolymer and the DA-styrene doped 

base oil found to be the best. 

v. Shear stability of the lube oil-copolymer blend is always better than the homopolymer. 

vi. Irrespective of the nature of the polymers (homo or copolymer) there is a gradual 

decrease in shear stability with the increase in concentration of the polymers in the base 

oils used for the study.  

vii. Correlation of oil thickening properties among the homo and copolymers as well as 

among the different concentrations of the same polymer cannot be concluded. 

1.2.6. References 

        References are given in Bibliography under Chapter-II of Part-I (Page No. 183-185). 
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Table 1.12.  Thermogravimetric analysis, [ n ]h
a
 and  [ Mh ]

b
 data of the prepared sample 

 
Sample Decomp. Temp. PWL [ n ]h

a [ Mh ]
b 

P-1 250/340 23/86 2.354 8315 

P-2 300/400 45/84 1.851 5396 

P-3 320/430 50/83 1.532 4211 
a
 Intrinsic Viscosity in cSt, 

b
 viscometric Molecular weight of polymers 

P-1 is homopolymer of DA and P-2, P-3 are copolymer of DA with 

styrene and 1-decene respectively. 
 
 

Table 1.13.  VI values of the additives doped in base oil 

Mass fraction of 

the additive 

 

  
VI 

 

 

(x2) P-1 P-2 P-3 

0.000 65.2 65.2 65.2 

0.010 71.06 69.30 68.01 

0.020 79.18 77.60 76.34 

0.030 93.69 92.27 91.21 

0.040 100.47 97.87 97.87 

0.050 110.50 109.29 108.65 
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Figure 1.15. FT-IR spectra of poly (decyl acrylate) 

 

 

Figure 1.16. 
1
H- NMR spectra of poly (decyl acrylate) 
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Figure 1.17. 
13

C- NMR spectra of poly (decyl acrylate) 

 

 

Figure 1.18. FT-IR spectra of a representative copolymer of decyl acrylate with styrene 
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Figure 1.19. 
1
H- NMR spectra of a representative copolymer of decyl acrylate with styrene 

 

 

Figure 1.20. 
13

C- NMR spectra of a representative copolymer of decyl acrylate with styrene 
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Figure 1.21. FT-IR spectra of a representative copolymer of decyl acrylate with 1-decene 

 

 

Figure1.22. 
1
H- NMR spectra of a representative copolymer of decyl acrylate with 1-decene 
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Figure1.23. 
13

C-NMR spectra of a representative copolymer of decyl acrylate with 1-decene 
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Figure 1.24.  Comparison of pour point (
o
C) among P-1, P-2 and P-3 polymers of different 

concentrations (mass fractions) in base oil 
 

 
Figure 1.25.  Comparison of Anti-wear AW property (WSD) among  P-1, P-2 and P-3 

polymers of different concentrations (mass fractions) in base oil 
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Figure 1.26.  Comparison of PSSI among P-1, P-2 and P-3 polymers of different 

concentrations (mass fractions) in base oil 

 

 

 

 

Figure 1.27.  Comparison of PVL among P-1, P-2 and P-3 polymers of different 

concentrations (mass fractions) in base oil 
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Figure 1.28.  Comparison of THK at 313K among P-1, P-2 and P-3 polymers of different 

concentrations (mass fractions) in base oil 

 

 

 

Figure 1.29. Comparison of THK at 373K among P-1, P-2 and P-3 polymers of different 

concentrations (mass fractions) in base oil 

 

 


