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VISCOSITY AND RHEOLOGICAL PROPERTIES 
OF MINERAL LUBRICATING OILS CONTAINING 
DISPERSIVE POLYMETHACRYLATE ADDITIVES 

Abstract 
The viscometric and rheological behavior of solutions of the polymeric additives of 
lubricating oils that display dispersive properties was investigated. Additives are 
synthesized by radical copolymerization of styrene, dodecyl methacrylate, octadecyl 
methacrylate and dimethylaminoethyl methacrylate (DMAEMA, 2 and 4 mol. % 
share) in base mineral oil. All solutions of copolymers in basic oil displayed high 
values of kinematic viscosity and viscosity index (> 150). By embedding of 
DMAEMA into macromolecules the interactions between polymeric additives and oil 
change significantly. As a result, much larger hydrodynamic volume of polymeric 
molecules compared to the conventional methacrylate additives occurs. The 
viscosity increases due to the hydrodynamic volume increase, oppositely shear 
stability of solutions decreases while pour points are comparable. Relative, specific 
and reduced viscosities of diluted solutions of homopolymeric constituents of 
investigated additives: poly(alkyl methacrylate) (methyl-, PMMA; dodecyl-, PDDMA; 
octadecyl-, PODMA) and polystyrene (PS), as well as other most commonly used 
additives, ethylene-propylene (EPC) copolymes as well as styrene and 
hydrogenated butadiene (SHB) were determined, where following ranking was 
obtained: EPC ≥ SHB > PDMAEMA ≥ PS >> PDDMA > PMMA ≥ PODMA. Huggins’ 
equation describes concentration dependence of viscosity where limiting viscosity 
number and Huggins’ constants are determined as well. The obtained relationships 
between polymer composition and rheological properties of their solutions in oil, 
knowing of molecular interactions between polymers and solvents (base oil), enable 
formulating of lubricating oils of advanced application properties. 

Introduction 
Rheological properties of liquids such as lubricating oils can be influenced 
significantly by adding even small quantities of certain polymers.1-3 Molecules of 
polymers in solutions assume a shape of statistical coil.4 The hydrodynamic volume 
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of a coil is influenced by the interactions between polymeric and molecules of the 
solvent, as well as between the same kind of molecules and diverse molecules of 
polymers in solutions, apart from the basic structure of polymeric molecules (chain 
length, branching). Type and intensity of interactions depend on the temperature, 
polymer concentration and, again, structure of polymeric macromolecules.5,6 An 
adequate choice of polymeric additive, its macromolecular dimensions and structure 
allow control of rheological properties such as solution viscosity and viscosity 
dependence on temperature. Among numerous examples it is worth to underline 
application of amorphous poly(ethylene-co-propylene), poly(alkyl methacrylates), or 
hydrogenated block and star poly(styrene-co-butadiene) and poly(styrene-co-
isoprene) as mineral lubricating oil additives, where they act as viscosity index 
improvers.1-3,7 

Alkyl methacrylate copolymers (PAMA) of specific composition and structure are well 
known and widely used improvers of rheological properties of mineral lubricating 
oils, 1-3,7 especially viscosity index and pour point of the engine and transmition oils 
where they are added in relatively high concentrations. Recently, development of the 
PAMA additives is oriented towards copolymers that display detergent-dispersive 
properties apart from improving shear and oxidation stability.8 Desired effect can be 
reached via polymerization by incorporating in macromolecules comonomers 
containing functional groups that include oxygen or nitrogen.9-12 Regulations 
regarding emission of harmful gases being more stringent each day have helped 
that process. By implementation of exhaust gas recirculation (EGR) system in diesel 
engines the emission of NOx gases in air reduces successfully, but at the same time 
increases the amount of resulting sludge in engine oils.13 The duty of functional 
group in polymeric additive is to disperse sludge in oil and/or to prevent deposition of 
the combustion products that form a thin surface layer on the vital parts of an 
engine. This enables better efficiency of the engine, reduces friction, requirement on 
energy and fuel consumption. 
The viscosity and rheological properties of the dispersive polymethacrylic additives 
of lubricating oils are investigated in this paper. Polymeric additives are synthesized 
by copolymerization of styrene, long-chain alkyl methacrylates and a functional 
comonomer that contributes to the dispersive properties,1,2,8 dimethylaminoethyl 
methacrylate, in mineral base oil. Free-radical mechanism was handed in isothermal 
reactions where peroxy initiator was used. Viscosity of diluted solutions of 
homopolymeric constituents of investigated additives in a modal solvent, toluene, 
was investigated in detail, in order to assess polymer / solvent molecular 
interactions, and, thereby a more detailed description of rheological properties. 

Experimental part 
Polymeric additives based on the copolymers of styrene (St), n-dodecyl 
methacrylate (DDMA), n-octadecyl methacrylate (ODMA) and dimethylaminoethyl 
methacrylate (DMAEMA) are produced by polymerization of the monomers mixture 
in solution of the mineral base oil SN-150, using peroxide as an initiator under 
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isothermal conditions.14 The ratio of polymer in base oil is equal to the monomers 
ratio since the total conversions are accomplished and amount 50 wt. %. 
Homopolymers poly(dimethylaminoethyl methacrylate) (PDMAEMA), polystyrene 
(PS), poly(methyl methacrylate) (PMMA), poly(dodecyl methacrylate) (PDDMA) and 
poly(octadecyl methacrylate) (PODMA) are prepared by radical polymerization of 
corresponding monomers in xylene solution at 90 ºC, using tert-butyl peroxy-2-
ethylhexanoate (Akzo Chemicals) as an initiator. Solvents, toluene and xylene of 
high purity (p.a.), and base oils SN-150 and SN-200 are used without further 
purification. Polydispersity and molar mass averages of polymers are determined by 
the size exclusion chromatography (SEC) on the GPC-20 Polymer Laboratories 
instrument fitted with RI detector. Tetrahydrofuran was used as a solvent and eluent. 
Molar masses were determined as polystyrene equivalents. Results are shown in 
table 1. The copolymers composition was identify with the assistance of 1H NMR 
spectroscopy, on the Bruker Avance NMR 300 instrument. Measurements are 
performed at the room temperature in deuterated chlorform (CDCl3) using 
tetramethylsilane as an internal standard. The viscosimetric and rheological 
properties of the polymers in oil solutions are determined by normed methods: 
kinematic viscosity according HRN EN ISO 3104, viscosity index according HRN 
ISO 2909, shear stability according DIN 51382 and pour point according HRN ISO 
3016. Viscometric measuremetns of diluted solutions of polymers are performed at 
30  0.02 ºC, using the capillary viscometer Cannon-Fenske 50 K immersed in a 
constat temperature bath. Relative viscosities are calculated by dividing the flow 
times of polymer solutions by that of the pure solvent (rel =  / o = t / to). The 
experiments were performed in the range of 1.05 < rel < 1.5 with provided (typically) 
five different concetrations. The reproducibility of results was tested by repeating 
experimets using newly prepared solutions. 
 
Table 1: Number, weight and z-average molar masses (Mn, Mw, and Mz), and 
polydispersity index of studied polymers (D = Mw / Mn); PMMA – poly(methyl 
methacrylate), PDDMA – poly(dodecyl methacrylate), PODMA – poly(octadecyl 
methacrylate), EPC – poly(ethylene-co-propylene), SHB – poly(styrene-co-
hydrogenated butadiene), PS – polystyrene. 

Polymer Mn / kg mol-1 Mw / kg mol-1 Mz / kg mol-1 D 

PMMA 46.9 77.1 120.7 1.64 
PDDMA 34.2 73.0 135.1 2.13 
PODMA 33.4 71.3 130.4 2.13 
EPC 65.1 112.2 178.6 1.72 
SHB 76.4 122.2 216.0 1.60 
PS 108.5 213.4 379.6 1.97 
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Results and discussion 

Concentrated and semiconcentrated solutions 
Viscosity is a major property of lubricating oils. Figure 1 shows viscosities of 
polymeric batches, i.e. of concentrated solutions of polymers in the base oil SN-150 
at 100 oC. Concentration of polymer in oil was 50 wt. %. Examined polymers contain 
0, 2 and 4 mol. % of dispersive functional component DMAEMA and are assigned as 
PSAMA, dispersive PSAMA-1 and dispersive PSAMA-2. A detailed composition of 
polymers is shown in table 2. In all three polymers, the amount of styrene was kept 
constant and amounts 15 wt. %, as well as mass ratio between long-chain alkyl 
methacrylates, DDMA : ODMA = 1 : 1. Former examinations have shown that such 
composition results in excellent viscosity properties and shear stability, 
simultaneously keeping good low-temperature properties.15,16 

50 wt. % solution of polymer in SN-150 base oil
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Figure 1: Dependence of kinematic viscosity of polymeric additive on molar ratio of 
dispersive component DMAEMA in styrene, dodecyl methacrylate and octadecyl 
methacrylate copolymer. 
As it can be seen from figure 1, there is a big influence of copolymers composition 
on viscosity of solutions. Even a very small ratio of the DMAEMA of 2 mol. % (1.4 wt. 
%) and 4 mol. % (2.8 wt. %) causes almost a twofold increase of solution viscosity 
compared to the additives without DMAEMA. In table 2 are given the general 
structural properties of polymers: weight and number average molar masses, and 
polydispersity index. Weight average molar masses of polymers, that are the 
nearest to the viscometric average molar masses, show relatively uniform values. 
Therefore, the abrupt increase of viscosity of dispersive additives with the DMAEMA 
is not consequence of the differences in molar masses of polymers, but of the 
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alternation of solvent / polymer molecular interactions.5,17 Obviously, under the 
conditions of examination, base oil is thermodynamically a better solvent for 
dispersive PSAMA compared to the PSAMA, and, thereby, the volume of 
hydrodynamic coil of polymeric molecules in the solutions is larger which results in 
the viscosity increase. These speculations will be described in more detail and 
broadly quantify within the study of viscometric behavior of diluted solutions of 
homopolymeric constituents of investigated additives. 
Table 2: Composition and structural properties of polymers, viscosity and rheological 
properties of polymeric additives (concentrated, semiconcentrated and diluted 
solutions of polymers in base oil): molar ratio of monomer in polymer, x, number 
average molar masses, Mn, weight average molar masses, Mw, polydispersity index, 
D, kinematic viscosity, v, viscosity loss, v, viscosity index, IV, and pour point, . 
 

Additive PSAMA dispersive 
PSAMA-1 

dispersive 
PSAMA-2 

DMAEM 0.0 2.0 4.0 
Styrene 33.0 32.7 32.4 
DDMA 38.2 37.3 36.4 
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ODMA 28.8 28.0 27.2 
Mn / kg mol-1 68.4 57.0 44.8 
Mw / kg mol-1 119.2 108.2 105.8 
D = Mw / Mn 1.74 1.90 2.36 
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A semiconcentrated, 5 wt. % solution of polymer was prepared by diluting of the 50 
wt. % solution with the mineral base oil SN-200. Table 2 shows values of kinematic 
viscosity at 40 and 100 oC, viscosity index, and change of viscosity caused by the 
implementation of the shear stability test, performed on the semiconcentrated 
solutions. Viscosity of additives of polymers that contain 2 and 4 mol. % DMAEMA at 
40 and 100 oC are higher than those of additives without DMAEMA, despite of 
somewhat lower values of molar masses. Polymer solution with 4 mol. % of the 
DMAEMA displays slightly lower values of viscosity due to the smaller molar masses 
and broader molar mass distribution that is expressed with the higher polydispersity 
index. The shear stability of additives is described by the relative decline of viscosity 
that is result of breakdown of polymer molecules because of the shear stress in the 
test of shear stability. Due to the large hydrodynamic volume of polymeric 
molecules, additives with the DMAEMA display an inferior stability, which can be 
improved by reducing molar mass of polymers. Furthermore, the dispersive 
additives show also high values of viscosity index, IV ~ 150. Pour point values, 
measured for the 0.5 wt. % polymer solutions in base oil that are prepared by 
additional diluting, are equal for all additives and amount -18 oC. Low pour point 
values chiefly depend on the content and ratio of long-chain alkyl methacrylate in 
polymer, respectively, as well as their mutual ratio.16 Since the polymeric dispersive 
additives still contain high ratio of dodecyl methacrylate and octadecyl methacrylate, 
higher than 60 mol. % (> 80 wt. %), good low temperature properties are retained 
that are characteristic for the improvers of rheological properties of lubricating oils 
based on alkyl methacrylate copolymers. 

Diluted solutions 
Aiming at the more detailed description and insight in viscometric behavior of 
investigated systems, the viscosity of diluted solutions of homopolymeric 
constituents of polymeric additives of lubricating oils: poly(dimethylaminoethyl 
methacrylate) (PDMAEMA), constituent that contributes to the detergent-dispersive 
properties of additives, furthermore, poly(methyl methacrylate) (PMMA), 
poly(dodecyl methacrylate) (PDDMA) and poly(octadecyl methacrylate) (PODMA) 
was investigated. For the comparison reasons, viscosity of the diluted solution of 
polyolefinic additive poly(ethylene-co-propylene) (EPC) of amorphous structure, 
poly(styrene-co-hydrogenated butadiene) (SHB) copolymers and polystyrene (PS), 
was inspected. Toluene was used as a model solvent, due to the properties similar 
to the mineral base oil. In table 3 are listed values of relative, rel, and specific 
viscosity, sp, depending on the polymer concentration in solution. Figure 2 shows 
reduced viscosities of the PDMAEMA solution and other methacrylate polymers, 
PMMA, PDDMA and PODMA. In figure 3 are shown reduced viscosities of the 
PDMAEMA solution and the non-methacrylate polymers, EPC, SHB and PS. 
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Table 3: Dependence of relative, rel, and specific viscosity, sp, on the polymer 
concentration in toluene solution at 30 °C. 

 / g cm-3 0.001 0.002 0.003 0.004 0.005 
PDMAEMA / poly(dimethylaminoethyl methacrylate) 

ηrel 1.079 1.161 1.249 1.348 1.444 
ηsp 0.079 0.161 0.249 0.348 0.444 

ηred / cm3 g-1 78.93 80.49 82.94 86.89 88.74 
PMMA / poly(methyl methacrylate) 

ηrel 1.018 1.037 1.056 1.075 1.094 
ηsp 0.018 0.037 0.056 0.075 0.094 

ηred / cm3 g-1 17.87 18.25 18.50 18.65 18.80 
PDDMA / poly(dodecyl methacrylate) 

ηrel 1.025 1,051 1.079 1.109 1.137 
ηsp 0.025 0,051 0.079 0.109 0.137 

ηred / cm3 g-1 24.93 25,63 26.44 27.19 27.40 
PODMA / poly(octadecyl methacrylate) 

ηrel 1.017 1.033 1.051 1,073 1.092 
ηsp 0.017 0.033 0.051 0,073 0.092 

ηred / cm3 g-1 17.00 16.34 17.05 18,30 18.30 
EPC / poly(ethylene-co-propylene) 

ηrel 1.097 1.205 1.328 1.450 1.588 
ηsp 0.097 0.205 0.328 0.450 0.588 

ηred / cm3 g-1 97.31 102.30 109.25 112.42 117.50 
SHB / poly(styrene-co-hydrogenated butadiene) 

ηrel 1.097 1.205 1.317 1.436 1.567 
ηsp 0.097 0.205 0.317 0.436 0.567 

ηred / cm3 g-1 97,05 102.68 105.65 108.92 113.39 
PS / polystyrene 

ηrel 1.077 1.156 1.238 1.325 1.416 
ηsp 0.077 0.156 0.238 0.325 0.416 

ηred / cm3 g-1 76.46 78.20 79.23 81.21 83.16 
 
According to the shown values one can conclude that viscosities of the all 
investigated systems increase with the polymer concentration increase. Among 
methacrylate the highest viscosity display the DMAEMA solutions, significantly 
higher than solutions of the short- and long-chain poly(alkyl methacrylates). This 
behavior is in line with the viscosity results obtained for polymer solutions in base oil. 
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Solutions of the EPC and SHB have higher viscosities compared to the DMAEMA 
solution, while viscosity of the PS solution is slightly lower. The viscosities of all 
investigated systems decrease in the following order: 

EPC ≥ SHB > PDMAEMA ≥ PS >> PDDMA > PMMA ≥ PODMA. 
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Figure 2: Dependence of reduced viscosity on weight concentration of diluted 
polymer solutions PDMAEMA, PMMA, PDDMA and PODMA in toluene at 30 °C. 
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Figure 3: Dependence of reduced viscosity on weight concentration of diluted 
polymer solutions PDMAEMA, EPC, SHB and PS in toluene at 30 °C. 
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Viscosity of the polymer solutions in the range of polymer low concentration usually 
is described by Huggins' equation: 





bk  ][][][ 2
H

sp  

where sp refers to the specific viscosity, [] is the limiting viscosity number,  is the 
weight concentration of polymer, and kH is the Huggins' constant, that is empirically 
related to the thermodynamical quality of solvent. Experimentally determined 
dependence of reduced viscosity on concentration (figures 2 and 3) can be 
described by Huggins' extrapolation straight lines regarding all investigated systems, 
with coefficient of linear regression higher than 0.9. Corresponding Huggins' 
constants and limiting viscosity numbers are listed in table 4. Systems of the PS, 
SHB, PDMAEMA / toluene give kH-values between 0.29 and 0.45 that are 
characteristic for a polymer in a good solvent, while value of the EPC is slightly 
higher and corresponds to the values of a polymer in thermodynamically poor 
solvent. Toluene is, in particular a poor solvent for the PMMA, where kH ≈ 0.7. In 
case of PDDMA and PODMA solutions kH-values above 1 are noticed, characteristic 
for the poly(alkyl methacrylates) solutions as systems prone to the associations of 
polymeric molecules.5,18 Values of limiting viscosity numbers, that are measure of 
polymer / solvent interactions and directly proportional to the size of hydrodynamic 
coil of the polymer molecules in solution, support these findings. The limiting 
viscosity numbers, as well as the slope of Huggins' straight line, b, that is a measure 
of polymer / polymer interaction, have maximal values for the EPC and SHB 
solutions, followed with the PDMAEMA and PS, and finally lowest values have 
solutions of alkyl methacrylate polymers. 
Table 4: Experimental values of limiting viscosity numbers, [], and Huggins' 
constants, kH, of investigated diluted solutions of polymers in toluene at 30 oC; 
PDMAEMA - poly(dimethylaminoethyl methacrylate), PMMA - poly(methyl methacry-
late), PDDMA - poly(dodecyl methacrylate), PODMA - poly(octadecyl methacrylate), 
EPC - poly(ethylene-co-propylene), SHB - poly(styrene-co-hydrogenated butadiene), 
PS – polystyrene. 

Polymer b / cm6 g-2 [] / cm3 g-1 kH r 2 

PDMAEMA 2601 75.8 0.45 0.98 
PMMA 225 17.7 0.72 0.95 
PDDMA 757 24.2 1.30 0.99 
PODMA 714 15.0 3.17 0.90 
EPC 5050 92.6 0.59 0.99 
SHB 3891 93.9 0.44 0.99 
PS 1641 74.7 0.29 0.99 
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Conclusion 
Performed investigations show that even a small ratio of the DMAEMA functional 
comonomer in the styrene / alkyl methacrylate copolymer has a significant influence 
on the viscometric behavior and rheological properties of the solutions in oil. 
Embedding of the DMAEMA in macromolecules changes considerably molecular 
interactions between polymeric additive and oil, which results in an essentially larger 
hydrodynamic volume of polymeric molecules in comparison to the conventional 
methacrylate additives. With the increase of the coil volume viscosity increases and 
the shear stability of solutions decreases. The viscosity index values of the 
dispersive PSAMA solutions are slightly higher compared to the conventional PAMA 
additive, while the pour points are comparable. The obtained interdependences 
between polymer composition and rheological properties of their solutions in oil, as 
well as knowing of molecular interactions between polymers and solvents (base oil), 
enable formulating of lubricating oils of advanced properties in use. 
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