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Abstract

In this study, the effects of blending the un-branched acrylate polymer known as Poly (n-decyl acrylate), and the branched acrylate
polymer known as Poly (iso-octyl acrylate), on the viscosity index (VI), and the pour point of the Iragi base stocks 40, and 60
respectively, were investigated. Toluene was used as a carrier solvent for both polymer types. The improvement level of oils (VI, &
pour point) gained by blending the oil with the acrylate derived polymers was compared with the values of (VI, and pour point)
gained by blending the oil with a commercial viscosity index, and pour point improver. The commercial lubricant additive was
purchased and used by Al-Daura Refineries. It consisted of an un-known olefin copolymer dissolved in an un-known carrier solvent.
All polyacrylate derivatives and the commercial lubricant additive named HITEC5748 were blended with each type of oil in weight
percentage of (2, 4, 6, 8, & 10) wt. %. The result of the study was that the improvement in the viscosity index and the pour point of
both base stock types was higher when using the polyacrylate derivatives than when using the commercial olefin copolymer additive.
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1- Introduction

Machines perform a window for the development of the
world, because of their entry in wide fields of human life
aspects including; transportation fields such as
automobiles, and trains, power generation fields such as
turbines, boilers, compressors, and many more other
applications [1]. Machines during their usage suffer
corrosion, tear, and friction forces leading to machine
cracks, and system failures. As a result, the protection of
machines against degradation became the main
consideration, and the need for lubrication appeared [2].

A Lubricant can be defined as a substance utilized in
smoothing the movement of solid bodies through
decreasing friction, heat due to friction, and corrosion
over the interacting surfaces, thus they prolong machine
life period [3]. Lubrication itself is not a newly created
concept, hundreds of years ago animal fats were used for
the purpose of lubrication. The basic principle of
lubrication is the prevention of metal-to-metal contact by
introducing a fluid or fluid-like material layer known as a
lubricant between the interacted surfaces [4].

Lubricants can be categorized according to their
physical appearance in to liquid lubricants including the
lubricants that are derived from petroleum oils, synthetic
oils or from biological sources, Semi-solid lubricants
which are liquid suspended in a solid matrix of additives
and thickener like Greases, and Solid lubricants which are
films of solid material composed of organic or inorganic
compounds like graphite [5].

The present day commercial lubricants are
combinations of base oils and additives. The base oil
should pass through de-waxing, and solvent extraction
processes prior to mixing with the additives, in order to
reduce both wax and polyaromatic content. Where wax
prevents free movement at lower temperatures [6], [7],
while polyaromatics reduce the stability of oils viscosity
to temperature variation [7].The additives are mostly
organic compounds within special structures that are
added to base oils in small quantities to upgrade their
characteristic including viscosity, viscosity index, and
pour point [8]. The un-used lubricant contains from (71 to
96 wt. %) base oil, and the rest are additives [9].

The viscosity of an oil is a major concern in selecting
the proper lubricant for a given application, since it
increases with temperature reduction, and reduces with
temperature increasing. The value of viscosity should be
high enough to ensure good lubrication but not very high
so the friction losses are increased [10]. The viscosity
index (VI) is a calculated dimensionless number
represents the sensitivity of oils viscosity to temperature,
in other words, the VI represents oils viscosity change
with temperature variation [11]. Higher VI number
expresses low viscosity dependence on temperature which
is preferred [12].

Viscosity index improvers (VIIs) are high molecular
weight long chain oil soluble polymers that are added to
lubricants to control their rate of viscosity variation with
temperature.
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They have a small effect on lubricant consistency at low
temperatures while their molecules transform from tight
coils to an open configuration at higher temperatures thus,
exerting a larger thickening influence on lubricant at
higher  temperatures than they do at lower
temperatures [13].

The Pour point of the oil is the minimum temperature at
which oil still can circulate; lower pour point oils are
preferred. The formulation of crude oil derives contains
waxes naturally. The wax molecules combine with each
other and crystallize. Furthermore, the wax crystals
precipitate forming a gel material that restricts oil flow at
low temperatures. The pour point depressants are added
substances that lower the pour point of oil through
meddling with wax crystallization [14].

Margareth et al. [2010] verified the effects of VI
modifiers on the consistency of lubricants, also discussed
fuels economics. 8 types of additives were examined in
the study. They concluded that the multigrade viscosity
fuels are better than the monograde viscosity fuels. It was
also found that the fuel consumption increases linearly
with lubricant high temperature, high shear viscosity, and
lower friction power can be reached through using lower
viscosity multigrade oil in motor operation [15].

Salah et al. [2012] Produced and assessed six
copolymers derived from polyacrylates to be used as
lubricant additives for viscosity index improvement. The
molecular weight of the produced polymers was
calculated to have values between 140,000 and 236,000.
Blends of different weight fractions vary from 0.5% to
3%, for each copolymer was produced, then examined as
lube oil VI improvers. They concluded that all produced
materials were efficient lube oil VI improvers, and the

effectiveness increases by increasing either their
molecular weight or their alkyl chain length. The
effectiveness could also be raised by raising the

concentration of the additives in the base oil. There were
no reflection points in the examined range of
concentrations [16].

Joshua et al. [2016] prepared and evaluated the
extremely branched polyethylene as the viscosity index,
and friction improvers. The prepared materials proved a
dual function. These compounds reduced the friction and
the viscosity index of the lubricant. Changing the
molecular weight, polarity and topology of the branched
polyethylene displayed respectable changes in lubricant
performance. This study supported the future
development of lubricants and the design of new scientific
polymers [17].

Sheida et al. [2016] studied the possibility of
improving the properties of lubricants that are mainly
manufactured from crude oils or from synthetic
hydrocarbon mixes by using Nanoparticle additives.
Nanoparticles are added to the base stock to enhance
many characteristics of anti-oxidation probability,
tribological properties, wear and friction resistance and
thermal characteristics. This research shows studies on
Nano-additives in the industry of lubricants.

The study includes both general view on base oils and
traditional lubricants modifiers and a more specific view
on the employment of Nano-particles. In the end, this
research has big benefits for the future use of
nanoparticles in the lube oil industry [18].

Neveu et al. [2016] this article is a general overview of
Poly alkyl methacrylates (PAMA), including their
manufacturing pathway to the economics of their usage in
lubrication fields [19].

Mohammad et al. [2018] Investigated the rheological
attitude of Nano-lubricants containing (SiO2/5W50). The
Nano-lubricant consisted of 40% MWCNT, and 60%
Si02/5W50 nanoparticles.

The dynamic consistency of lubricant was determined
for temperature domain between 5 °C and 55°C, the
additive volume % was between 0, and 1, and the average
shear of the fluid varied from 50 to 800 rpm.

The study of Nano fluids rheological attitude against its
shear stress proved that the Nano-lubricant is a non-
Newtonian fluid that follows Bingham shear thinning
behavior for low temperatures while the behavior is
turned at high temperatures. A correlation for relative
dynamic viscosity estimation was proposed, and it
showed a proper accuracy [20].

The main purpose of this research is to develop the
properties of lubricants, by using different additives. Then
to find the optimum weight fractions of each additive
which enhance the properties of the lubricant such as,
viscosity index, and pour point.

2- Experimental Work
2.1. Materials and Chemicals
a. The Iragi base-stock
The two types of base stock were obtained from Al-
Daura Refineries, as products for the vacuum distillation

process. The properties of base oils are shown in Table 1.

Table 1. The used
characteristics

Iragi base stocks, and their

Property Base- stock 40 Base- stock 40
Kinematic Viscosity at 14.2 63.4

40 °C, cSt

Kinematic Viscosity at 3.36 8.5

100 °C, cSt

Viscosity Index (V1) 106 108
Specific gravity at 0.85 0.88
(15.6 °C/ 15.6 °C)

API gravity 34.97 29.29
Pour point, °C -9 -6
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b. Chemicals

The chemicals used were HITEC5748 commercial
olefin copolymer, in a liquid state, brown color, of 955
cSt. 100 °C kinematic viscosity, and a shear stability
index of 155(China), Poly (n-decyl Acrylate) a white
powder with a purity of 95 %, and a density of 2.42 gm. /
cm3 (China), Poly (iso-octyl Acrylate) a transparent
powder with a purity of 98 %, and a density of 1.85 gm. /
cm3 (China), and Toluene, liquid with a vapor pressure of
22 mmHg, and 99.8 purity (China).

2.2. Analysis Instruments
a. Kinematic Viscosity Equipment

The Tamson TV4000 equipment is designed to
determine the Kkinematic viscosity of blends at steady
temperatures according to the ASTM D445 test method.
The instrument consists of a transparent glass viscometer
and a controlled temperature oil bath. The viscometer is a
simple apparatus valid in different shapes, and sizes.
Their selection depends upon the viscosity of the liquid,
more viscous liquids requires wider viscometers. The bath
chamber is made of stainless steel with one transparent
glass window. The machine temperature range varies
from 10° C to 230° C with an accuracy of = 0.1° C. the
device contains eight holes for subjecting viscometer
holders. The working voltage of the instrument is 230 V.

b. Pour Point Tester

This instrument works like a refrigerator; it reduces the
temperature of the sample to estimate their freezing
temperatures for Pour point measurement according to
ASTM D97 test method. The apparatus model is Hamco
Cloud and Pour Point Apparatus. The device temperature
range varies from zero to -51°C, it has four jacket baths,
and each one is preset at a different temperature for
convenient pour point testing. Bath hoods are covered
with a synthetic sponge top plate. Bath cabinet and
interior housing are constructed of stainless steel with a
removable top plate and 13mm cork.

2.3. Experimental procedure
a. The Preparation Steps of HITEC5748 Additive Blends

The used experimental instruments including (beakers,
and viscometers) should be clean, dry, and at room
temperature prior to their usage.

The weight of the beaker was measured by using a
sensitive balance, since the beaker is only a container, and
its weight should be neglected during the preparation of
samples. Then the additive was introduced into the beaker
for the desired wt. %, the base oil was introduced into the
beaker after.

The beaker that contains both base oil and additive was
then adjusted over a hot plate magnetic stir to get
homogeneous liquid blends of base-stock and polymeric
additives. The samples were blended for 40 minutes at a
temperature of 70°C.

The well-mixed samples are allowed to settle, and to get
to room temperature before examining the effects of the
additive on the VI, and pour point of the oil according to
the ASTM test methods procedures.

b. The preparation steps of poly (n-decyl acrylate), and
poly (iso-octyl acrylate) additives blends

Both poly (n-decyl acrylate), and poly (iso-octyl
acrylate) additives were dissolved in toluene in order to
make them in liquid form before blending them with the
oils. Each additive was mixed with the toluene in weight
percentage of 60 % polymer, and 40 % solvent separately.

The mixture was then adjusted over a hot plate magnetic
stir for a period of 4 hr. at a temperature of 60 "C.
The prepared mixtures were left at room temperature for
many days to ensure their solubility, where no precipitates
or impurities appeared. After the solubility and
homogeneity of mixtures were checked, the solutions
were blended with base oil following the same steps of
HITEC5748 additive mentioned in (2.3.a) section.

3- Results, and Discussion
3.1. Effect of HITEC5748 Additive

This olefin copolymer was selected to be a reference
additive to evaluate acrylate derived polymers efficiency
as VI, and pour point improvers. Fig. 1 observes the effect
of HITEC5748 addition on the VI of base stock 40, and
60 respectively. The behavior of both base stocks is the
same that is increasing the wt. % of additive leads to an
increase in VI.

The olefin copolymer molecules are arranged to stay as
tight coils at low temperatures so that, there presence
doesn’t affect the viscosity of oil. While at high
temperatures, their presence doesn’t affect the viscosity of
the oil. While at high temperatures their molecules
expand forming open configurations that raise the
viscosity of the oil [21].

The VI represents the stability of oils viscosity against
temperature change. The higher the VI value gained is
better since, it indicates low sensitivity to temperature
change [22]. The VI of base stock 40 is more affected by
the presence of HITEC5748 than base stock 60 due to the
difference in the viscosity between base 40, and base 60
where, lower viscosity stock is better since, lower
viscosity values reached at cold conditions which are an
essential requirement, also more fluidity means more
capability of olefin to extend at higher temperatures [23].

The obtained mixtures are suitable to be used as motor
lubricants where VI is sufficient to establish lubrication
also the formed mixtures have good fluidity.
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Fig. 1. Effect of HITEC5748 on the VI of stocks 40 & 60

Fig. 2 observes the effect of HITEC5748 addition on the
pour point of base stock 40, and 60 respectively. The
figure shows that both stock types are affected by the
addition of HITEC5748 olefin copolymer only there
behaviors against it are different.

Where the pour point of base stock 40 reduces by the
addition of copolymer and reaches its minimum value of -
21 at 2 wt. % of the additive, the molecules of additive
combine with the wax molecules that are already present
in mineral base oils and suspend these combinations in
the bulk fluid, which restricts the formulation of big wax
crystals leading in the end to the reduction in the pour
point [11], [24]. At 4 wt. % the behavior of base stock 40
is reflected since, increasing the wt. % of additive causes
an increase in the pour point, this inversion is attributed to
the increase in the molecular weight of the additive,
density of additive, and viscosity of the blends by the
addition of the olefin i.e. the saturation with the additive
occurs, leading to pour point increasing as a result which
is not favorable [24].

While for base stock 60, the pour point keeps reducing
by the addition of HITEC5748 copolymer, and it reaches
its minimum value of -12 at 8 wt. % of the additive. There
was no inversion noticed in this case, because lower
viscosity oils are more affected by the action of
additives [23].

Economically, the base stock 40 is better than base
stock 60 because lower pour points can be earned with
fewer amounts of additive.
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Fig. 2. Effect of HITEC5748 on the pour point of stocks
40 & 60
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3.2. Effect of Poly (n-decyl) acrylate Additive

Fig. 3 observes the effect of Poly (n-decyl acrylate)
addition on the VI of Base stock 40, and 60 respectively.
In general, VI increased with wt. % increase.

This increase in VI is attributed to the structure of the
additive, where it belongs to the Poly Alkyl Methacrylate
(PAMA) family. The molecules of this family members
are hydrocarbons that have the ability to extend forming
big size arrangements that raise the viscosity of the oil at
higher temperatures i.e. increase the stability of oil
viscosity against temperature change [25], [26].

The VI increased from 108 to 186 for base stock 40,
while increased from 106 to 142 for base stock 60. The
base stock 40 is more affected by the presence of Poly (n-
decyl acrylate) than Base stock 60. This difference
between VI readings is because of the difference in the
viscosity of base stocks, since lower viscosity sample is a
more suitable environment for viscosity index
improvers [23].

The increasing manner in the viscosity index of both
base stock types 40, and 60 after the addition of Poly (n-
decyl acrylate) copolymer is similar to the VI increasing
manner of HITEC5748 olefin copolymer additive, but the
VI values are higher. This difference in VI is because of
the presence of ester functional group in the structure of
the monomers that form the Poly (n-decyl acrylate)
copolymer, which categorized to be more active than the
double bond carbon atoms contained in the monomers of
the commercial olefin copolymer [26].

The obtained mixtures properties are acceptable in
motor lubricants where VI is sufficient to establish
lubrication also the formed mixtures have good fluidity.
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Fig. 3. Effect of Poly (n-decyl acrylate) copolymer on the
VI of Stocks 40 & 60

Fig. 4 shows the effect of Poly (n-decyl acrylate)
addition on the pour point of base stock 40, and 60
respectively.

The figure shows that both stock types are affected by
the addition of Poly (n-decyl acrylate) copolymer. The
pour point of base stock 40 reduced by the addition of
Poly (n-decyl) acrylate copolymer and reached its
minimum value of -24 at 10 wt. %.
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While for base stock 60, the pour point reduced by the
addition of copolymer and reached a minimum value of -
15 at 6 wt. % of the additive, then the pour point remains
fixed (-15) against the further addition of the additive due
to the saturation of base oil with the additive where its
effect reached the maximum possible dispersing
efficiency.

The copolymer can be described as an efficient pour
point dispersant since, it combines with the soot and wax
molecules presented in base stock, and keeps them
suspended in the bulk fluid, which interferes the
formulation and precipitation of wax crystals network that
absorbs lubricant and forms gelling in the oil, leading in
the end to increase the fluidity of oil, and reduction in
pour point value [27].

It can be concluded that for the pour point, the response
to Poly (n-decyl acrylate) of base stock 40 is greater than
that of base stock 60 since, the lower viscosity oil has
more fluidity and reaches lower temperatures before
getting freeze than the viscous one [23].

Economically, the base stock 40 is better than base
stock 60 because lower pour points can be earned with
fewer amounts of additive.
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Fig. 4. Effect of Poly (n-decyl acrylate) copolymer on the
pour point of stocks 40 & 60

3.3. Effect of Poly (iso-octyl acrylate) Additive

Fig. 5 displays the effect of Poly (iso-Octyl acrylate)
addition on the VI of Base stock 40, and 60 respectively.
The VI of both base oils increased with additive wt. %
increase.

This increase in VI is attributed to the considerable
thermal stability of the Poly (iso-Octyl acrylate)
copolymer, and its resistance for thermal degradation,
thus increasing this copolymer concentration in the base
oil reduces oils sensitivity to temperature change [25].

By the addition of Poly (iso-Octyl acrylate) copolymer,
the VI increased from 108 to 200 for base stock 40, while
increased from106 to 150 for base stock 60.

The base stock 40 is more affected by the presence of
the additive than stock 60, following the same behavior of
[HITEC5748, and Poly (n-decyl acrylate)] additives.

11

The viscosity difference between base oils is the reason
for the gained VI difference. Lower viscosity base oil is
more suitable to assist the VI improver to work [20], and
since the base stock 40 has a lower viscosity than base
stock 60, it was already expected to have higher VI values
when being mixed with the suitable additive.

The viscosity index of both base stock types 40, and 60
increase after the addition of Poly (iso-octyl acrylate)
copolymer in a manner close to Poly (n-decyl acrylate)
copolymer additive, only with higher VI values. This
difference in VI is because of the difference in the
structure between the two additives where the monomers
of Poly (iso-octyl acrylate) copolymer are branched
hydrocarbons with ester functional group. The branched
hydrocarbon chains increase the capability of a polymer
to improve the VI of an oil, due to their ability to expand
forming big size structures that fill the bulk fluid at higher
temperatures [27].

The obtained mixtures properties are acceptable in
motor lubricants where VI is sufficient to establish
lubrication also the formed mixtures have good fluidity.
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Fig. 5. Effect of Poly (iso-octyl acrylate) copolymer on
the V1 of Stocks 40 & 60

Fig. 6 shows the effect of Poly (iso-octyl acrylate)
addition on the pour point of base stock 40, and 60
respectively. The figure shows that both stock types are
affected by the addition of copolymer whrer, the pour
point reduced with wt.% increase.

The reduction in the value of pour point is attributed to
the structure of the monomers that form the Poly (iso-
octyl acrylate) copolymer. The monomers consist of a
hydrocarbon part that combines with the impurities (soot,
wax, combustion products), and a non-pollar ester part
that keeps those impurities suspended in the bulk base
stock, leading to the increase in the fluidity of oil at lower
temperatures i.e. reduction in the pour point of the
oil [28].

The pour point of base stock 40 reduced with the
addition of Poly (iso-octyl acrylate) copolymer and keeps
reducing as the wt. % increases.
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It reached a minimum value of -27 at 8 wt. % of the
additive, then the additive efficiency as a pour point
dispersant reduces at 10 wt. % of copolymer since, the
pour point increased to -24 due to oil saturation with an
additive which reduced the fluidity, and increased the
pour point as a result.

While for base stock 60, the pour point reduced by the
addition of copolymer and reached minimum value of -18
at 8 wt. % of the additive, then the pour point remains
fixed (-18) against the further addition of the additive, the
steady value of pour point also indicates saturation of oil
with additive [21].

0 2 4 6 8 10
-4 g
. —B—Stock60 [
18 — ——Stock40 [—
.12 ;‘%\
& -14
Z 16 BN
18 g a
20
2 AN
. Y
% =
-28 \‘__/
-30
Wt.%

Fig. 6. Effect of poly (iso-octyl acrylate) copolymer on
the pour point of stocks 40 & 60

4- Conclusion

The two acrylates derived polymers have shown a good
VI, and pour point improvement levels. They were proved
to be more efficient than the commercial olefin
copolymer. The branched acrylate derived copolymer was
better than the un-branched one. The lower viscosity Iraqgi
base oil is more affected by the presence of additives.

The optimum weight fraction of poly (iso-octyl
acrylate) additive is 10 wt. % for both base stock 40, and
base stock 60, where the VI is 200, and 150 respectively,
while the pour point is -24 and -18 respectively.

For Poly (n-decyl acrylate) additive, the optimum
weight fraction is also 10 wt. % for base stock 40, and
base stock 60, where the VI is 186, and 142 respectively,
while the pour point is -24, and -15 respectively.

For HITEC 5748 additive, the optimum weight fraction
is 6 wt. % for base stock 40, and 8 wt. % for base stock
60, where, the VI is 177 and 129 respectively while the
pour point is -18 and -12 respectively. Economically, the
base stock 40 is better than base stock 60 because higher
VIs and lower pour points can be earned with fewer
amounts of additive.
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