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Abstract— Effects of different types of EPDM (ethylene-propylene-dine monomer) improvers in manufacturing of engine oil grades (SAE-30, SAE-40, 
and SAE-50) on thermal properties of these oils have been investigated. The additives type (KEP270, DE3071, K 4802, DCR3 and PA 6205) were used 
to prepare grades (SAE-30, SAE-40 and SAE-50). The solutions were characterized by determination specific gravity, viscosity index, flash point and 
pour point. The effect of temperature (from40 oC to 100 oC) and concentration (from 0.5 to 3.5 w/v %) have been also studied.   

  

Index Terms— Activation energy, Arhhinues, Base oil, EPDM, SAE-grade, Viscosity improver, viscosity index. 

——————————      —————————— 

1 INTRODUCTION                                                                     
Lubricants and lubrication techniques are an indispensable 
feature of all machinery, ranging from applications which en-
able the manipulation of very small parts to the movement of 
very heavy masses. The general move towards more severe 
operating conditions in a drive for greater economics and 
overall efficiency has led to an increase in the significance of 
lubricant viscosity, and more specifically lubricant behaviour 
with changing temperatures. Although viscosity is only one of 
many factors taken into account in the characterization of lub-
ricant performance, it is essential that a lubricant has a suffi-
ciently high viscosity at normal operating temperatures. The 
ideal lubricant would be one whose viscosity was minimally affected 
by the range of operating temperatures encountered though in reality 
viscosity changes substantially with temperature, depending on the 
chemical and physical properties of the lubricant. In the past, numer-
ous methods have been suggested for expressing the variation of 
viscosity with temperature [1]. Perhaps the most common is the vis-
cosity index (VI) proposed by Dean and Davis [2]. The Viscosity 
Index is an empirical number that indicates the effect of 
change of temperature on the viscosity of oil. A low Viscosity 
Index signifies relatively large change of viscosity with tem-
perature [3]. Therefore the VI improvers are added in base oils 
for improving to modify the rate of change of viscosity with 
temperature [4]. These additives are polymers of unsaturated 
hydrocarbons or unsaturated esters whose structure must be 
selected to achieve excellence compatibility with the mineral 
base oils. Because EPDM (ethylene-propylene-diene 
monomere) is a highly versatile rubber which does not contain 
any unsaturated structure in its main chain it has excellent 

weather resistance, ozone resistance and heat resistance as 
well as very good dielectric performance and low temperature 
flexibility so it has excellent filler loading characteristic [5]. Its 
propensity to absorb oil, makes it advantageous to be used in 
oil viscosity improver application. Globally, EPDM demand 
was an estimated 935000 tons in 2004. Demand in forecast to 
increase at an average annual rate of 3.5% for 2004-2009, 
reaching 1110 tons in 2009. A break-down of global EPDM 
demand by end use segment is illustrated in figure (1). The 
importance of the "automotive" sector is apparent, as this sec-
tor accounts for 42% of EPDM demand [6]. The problems of 
temperature, viscosity instability are solved in multigrade 
luboils by the addition of viscosity index improvers, made 
from various types of polymers including Ethylene propylene 
copolymers. Polymers is available in liquid, crumb. Pellet and 
solid bale form. The mechanism of VII operation has been pos-
tulated by various researchers i.e (Selby and Muler). These 
viscosity modifiers improve the viscosity index (VI). This 
function depends not only on particular polymer chemistry 
and constitution but also on shear rate and temperature.  
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Fig. 1. Demand for EPDM 
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Understanding the effect of temperature on the viscosity of the 
fluid is very important. In engines the lubricant oil is heated to 
very high temperatures due to combustion of the fuel, hence it 
is vital to know whether the lubricating oil, which is a fluid, 
will be viscous enough to be able to carry out the lubrication 
of the moving parts of the engine at those high temperatures. 
Therefor the aim of this work is to characterize the grade 
(SAE-30, SAE-40 and SAE-50) with different VI improver addi-
tives with the effect of temperature and concentration on the 
viscosity of manufacturing base oil. 

2 EXPERMENTAL 

2.1 Materials  
   The lubricant base oil and all viscosity improvers were 

provided by Asia oil factory from Kurdistan Region with the 
general characteristics were shown in Table (1) and Table (2). 
 

 

 
 

2.2 Method 
   A series of base oil solutions were prepared as a stock solu-
tions by dissolving 3g of different co-polymer additives in 97 g 
base oil to prepare 3% W/W of base oil. Each mixture was 
prepared by stirring and heating to about 70 oC at the same 
time to ensure homogenize thorough mixing. The viscosity 
grades SAE-30, SAE-40 and SAE-50 were prepared by diluting 
the stock solution with base oil for each improver. The per-
centage V/V% of SAE viscosity grade for each improver was 

determined according to the kinematic viscosity range (9-12 
for SAE-30, 14-16 for SAE-40 and 17-21 for SAE-50). 
The kinematic viscosity for each stock solution was measured 
at 100 oC using Ostwald  viscometer then the specific volume 
for each grade was determined from the ASTM blending chart 
by V/V% to mix with base oil in the grade viscosities rang 
[SAE-30 (9-12), SAE-40 (14-16) and SAE-50 (17-21) cst]. The 
specific gravity for each grade was measured by hydrometer 
and the kinematic viscosity at 40 oC and 100 oC also were 
measured. 
Lower viscosity component of manufacturing Kurdistan base 
oil was measured and given 11 Cst. To improve the viscosity 
of the base oil 3 g of each improver was added to 97 g of base 
oil as a stock solution. The higher viscosity components for 
solutions were determined at100oC. 

3 RESULT AND DISSCUSION 
The SAE viscosity grades constitute a classification for engine 
lubricating oils in rheological terms only and are intended for 
use by engine manufacturers in determining the engine oil 
viscosity grades to be recommended for use in their engines 
and by oil marketers in formulating and labeling their prod-
ucts. Addition of polymers, which have viscosity improving 
behaviour increases the viscosity of the base oil to the required 
level indicated intestinally for grades SAE-30(Viscosity @100 
°C / Cst, 9- 12), SAE-40 (Viscosity @100 °C / Cst, 14- 16), SAE-
50 (Viscosity @100 °C / Cst, 17- 21).Table (3) shows %v/v of 
each viscosity improvers, stock solution which must be added 
to reach such SAE- grades. Another essential requirements of 
engine lubricating oil is that it must have a low enough viscos-
ity at low temperature to assist in cold starting and a high 
enough viscosity at high temperature to maintains its load- 
bearing characteristics. It is therefore desirable to have a fluid 
whose viscosity- temperature dependence is small. There are 
many ways of expressing the variation of viscosity with tem-
perature. One of the most widely used in the lubricating field 
is   viscosity index [7].   The viscosity is the property of the 
fluid that resists the flow of the fluids like liquids and gases. 
The viscosity index of oil is calculated from its viscosities at 40 
and 100°C. The procedure for the calculation is given in ASTM 
Method D 2270-74 for Calculating Viscosity Index from Kine-
matic Viscosity at 40 and 100°C [8].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 2 
GENERAL PROPERTIES OF BASE OIL 

 

TABLE 1 
               GENERAL CHARACTRESTICS OF VISCOSITY         

         IMPROVERS 
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Table (4) shows viscosity index of lubricating oils of all the 
three SAE- grades prepared by addition of all used types of 
viscosity improver in this work, among other general charac-
terization of different improvers with the base oil. The im-
portance of viscosity index as a measure of base oil quality has 
been established by the American Petroleum Institute (API)by 
establishing a group classification system that different base 
oils by saturates content, sulphur content, and viscosity in-
dex[9].The widely repeated mechanism of how polymers im-
proves viscosity index is that  polymers raise the viscosity of 
the fluid proportionality more at higher temperatures than at 
lower temperatures due to expansion of the polymer coil with 
increasing temperature[10]. 
 

 
 
Tables (5-9) shows the effect of temperature on different ratios 
of all types of polymers used on the base oil viscosity, and 
they show that all viscosity improves used are effective as vis-
cosity index improves as they elevate the viscosity index of the 
base oil. The improver KEP270 gives the higher viscosity at 
100 oC (325 Cst) on addition of 3% w/w to the base oil, while 
the improver PA 6205 gives the lower viscosity (55 Cst) at 
same temperature and same concentration of the additive. The 
different between viscosities at high temperature (100 oC) and 

low temperature (40 oC) is highest for DE3071 (575 Cst) and 
lowest for DCR3 (398 cst) at concentration of 3% w/v of stock 
solution of 3% w/w of the improver. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

TABLE4 
CHARACTERIZATION OF DIFFERENT IMPROVERS WITH BASE OIL 

 

 

*With addition of 0.1% w/w of PPD. 
 

TABLE5 
EFFECT OF TEMPERATURE ON DIFFERENT RATIOS OF POLYMER 

PA6205 ON BASE OIL 

TABLE6 
EFFECT OF TEMPERATURE ON DIFFERENT RATIOS OF POLYMER 

PA6205 ON BASE OIL 

TABLE7 
EFFECT OF TEMPERATURE ON DIFFERENT RATIOS OF POLYMER 

DR 3071 ON BASE OIL 
 

 

TABLE 3 
   VOLUME RATIOS OF VISCOSITY IMPROVER BY PERCENTAGE OF    
                     VOLUME BASE OIL FOR PREPARING SAE-30,                    

            SAE-40 AND SAE-50. 
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The relation between viscosity and temperature is gives by an 
Arhhinues like equation  

 
                                                            
                    (1) 
 
Where η = viscosity, Ea= activation energy, T is tempera-

ture, R is gas constant and A is constant. The logarstmatic 
form of the equation 

  
  (2) 

 
   And it gives a clear linear linear relation between viscosity 
and activation energy, and reverse relation between viscosity 
and temperature. A plot log η vs 1/T for all improvers at all 
used temperature (40, 50, 60, 70, 80, 90, and100 oC) are shown 
in fig (2-6), with slope =Ea/R and intercept = log A. 
The equation parameters for different percentage of the im-
provers are shown in Table (10). 
 
 

 
 
 
 
 
 
 

 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 

 
 

TABLE9 
EFFECT OF TEMPERATURE ON DIFFERENT RATIOS OF POLYMER 

DCR3 ON BASE OIL 
 

 

TABLE8 
EFFECT OF TEMPERATURE ON DIFFERENT RATIOS OF POLYMER 

KEP 270 ON BASE OIL 
 

 
 

Fig. 2. Plot log η vis 1/T a stock solution of PA6205 shows effect 
of temperatures with different concentration at range (0.5% - 
3.5%). 

 
Fig. 3. Plot log η vis 1/T a stock solution of KEP270 shows effect 
of temperatures with different concentration at range (0.5% - 
3.5%). 

 
Fig. 4. Plot log η vis 1/T a stock solution of K4802 shows effect 
of temperatures with different concentration at range (0.5% - 
3.5%). 
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TABLE13 
VISCOSITY INDEX FOR BLENDED LUBE OIL USING K4802 AT DIF-

FERENT CONCENTRATIONS 

TABLE10 
ARHHINUES PARAMETERS FOR THE DIFFERENT PERCENTAGE OF 

IMPROVERS IN BASE OIL AT DIFFERENT TEMPERATURES 

 

TABLE12 
VISCOSITY INDEX FOR BLENDED LUBE OIL USING PA6205 AT 

DIFFERENT CONCENTRATIONS 

 

TABLE11 
VISCOSITY INDEX FOR BLENDED LUBE OIL USING DE3071 AT DIF-

FERENT CONCENTRATIONS 

 
Fig. 6. Plot log η vis 1/T a stock solution of DCR3 shows effect of 
temperatures with different concentration at range (0.5% - 
3.5%). 

 
Fig. 5. Plot log η vis 1/T a stock solution of DE 3071 shows ef-
fect of temperatures with different concentration at range (0.5% - 
3.5%). 
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Tables (11-15) show estimation of viscosity index using ASTM D-
2770 standard method for all viscosity improvers at all concentra-
tion and, Fig. (7) Shows the variation of viscosity index of the 
blended oils made from the mineral base oil SN500 by the addi-
tion of the improvers (PA 6205, DE 3071, K4802, KEP270 and 
DCR3), with concentration of the improvers expressed as w/v%. 
The figure depicts the effectiveness of the viscosity improvers on 
mineral base oil. The concentrations of the improvers were varied 
in the range of 0.5 to 3.5 w/v %. From this figure it can be seen 
that viscosity index of the blended oil passes through maxi-
mum with increase in the concentration of all improvers ex-
cept the improver K4802 which is nearly constant till 3 w/v% 
then increases sharply at 3.5 w/v%. The maximum possible 
viscosity index of the blended oils, made from the mineral 
base oil SN500 by the addition of the improvers are 
140,143,150,198 and 227. These figures are helped in selecting 
the viscosity improver for producing multi-grade engine oils 
of desired viscosity index. 
 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

4   CONCLUSION 
 
1. All viscosity index improvers used in this work are effective as 
viscosity index improvers as they increase the viscosity index of 
the base oil. 
 2.The viscosity index improver type KEP270 gives the higher 
viscosity at 100  oC (325 Cst on addition of 3% w/w to the base 
oil, while the improver type PA6205 give the lower viscosity (55 
Cst) of the same temperature and the same concentration of the 
additive. 
3. Order of increasing viscosities of the base oil on addition of 3% 
is as follow:- 
     KEP270 (325 Cst) > DE 3071 (Cst) > K4802 (116 Cst) > DCR 
(109 Cst) > PA 6205(55 Cst). 
4. The difference between viscosity @100 oC and @40 oC is the 
highest for DE 3071 (375 Cst and lowest for DCR3 (398 Cst) at 
concentration 3.5 % W/v of the stock solution of 3% W/w of the 
improver. 
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TABLE14 
VISCOSITY INDEX FOR BLENDED LUBE OIL USING KEP270 AT DIF-

FERENT CONCENTRATIONS 

TABLE15 
VISCOSITY INDEX FOR BLENDED LUBE OIL USING DCR3 AT DIF-

FERENT CONCENTRATIONS 

 

 
Fig. 7.Variation of viscosity index of mineral base oil with con-
centration of various viscosity improvers 
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