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Abstract

poly (1-hexene-co-maleic anhydride) was prepared by free radical polymerization of maleic
anhydride with 1-hexene. 1- tetradecanol and 1-hexadecanol were reacted with the poly(l-
hexene-co-maleic anhydride)to produce poly (1-hexene-co-ditetraclecyl maleate) and poly
(1-hexene-co-dihexadecyl maleate) respectively . Poly (methyl methacrylate-co-maleic
anhydride) was prepared from the reaction maleic anhydride with methyl methacrylate by
free radical polymerization, then the resulting polymer was reacted with 1-tetradecanol to
give poly(methyl methacrylate-co-maleic anhydride). the three prepared polymers was
characterized by FTIR and HNMR spectroscopy, while the thermal stability and molecular
weight measured by Thermogravimetric analysis TGA and Gel permeation chromatography
GPC. the prepared polymers was used to improves the pour point depressant and viscosity
index for three base oils from Dura Refinery. the results show the efficiency of the three
polymers to improve the pour point and Viscosity index of the base oil.

Keywords: lubricating oils, viscosity index, Pour Point depressants, TGA and GPC.

Introduction
Lubrication oil was used to reduce friction resulting from the movement of one surface over
another, or from the surfaces of overlapping moving parts, which reduces energy loss due to
friction. It also reduces the wear of moving parts, and reduces the heat generated during
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operation. The materials used for this purpose are called lubricating oils. Lubricants are
usually gases, liquids, Semi-liquids, solids, or a mixture of liquid, solid and gases.
Lubricants contain at least one additive, and sometimes oils contain several different
additives to lubricating oils varies, often up to 30% or more [1].Oils often consist of linear
or branched alkanes or isoparaffins, cycloparaffins, aromatic rings, and very small amounts
of heterocyclic Compounds[2]. Mineral oils have a major problem during low temperatures
due to the presence of waxy hydrocarbons whose solubility decreases with decreasing
temperature. It crystallizes and separates from the oil, forming a solid three-dimensional
crystal network that traps the oil inside and prevents it from flowing or spillings, it
expressed as the pour point (PP), which is the lowest temperature at which the oil spills [3].
Viscosity is one of the important Factors that must be taken into account when choosing
lubricating oils. When the Viscosity of the oil is very low at the operating temperature, the
oil film is not sufficient and therefore corrosion or burning Occurs. If the viscosity is too
high, the resistance becomes large loss in Energy and temperature rise between
movingparts[4]. Various types of additives are used to lubricating oils to improve some of
the existing properties or add new properties to the oil. These additives include corrosion
inhibitors, anti-wear, anti-oxidants , anti-friction, pour point depressants (PPP), and
viscosity index improver (V1) [5].Pour point depressants (PPDs) and viscosity index
improvers (VIs), sometimes called viscosity modifiers, are among the most important
additives to add to lubricants. When the Temperature drops, the polymeric chains shrink and
do not affect the viscosity of the oil, while at high temperatures the Polymeric chains relax
and expand in the oil, so an increase in viscosity occurs[6]. pour point depressants (PPDs),
they are substances added to lubricating oils whose purpose is to effectively improve the
fluidity of the oil at low temperatures because the hydrocarbon compounds in the oil
crystallize and separate as a result of their low solubility at low temperatures|[7].

Experimental

Materials

Maleic anhydride was recrystallized of from chloroform , 1-hexadecanol, 1-tetradecanol , p-
Toluenesulfonic acid (P-TSA) ,Benzoyl Peroxide , was purchased from sigma Aldrich
company . 1-hexene and methyl methacrylate from Fluke company. three Base oil was
supplied from Al-Dora Refinery, (table 1) show It specifications.

Table (1) physical properties of Base oils used

Properties Base oil 40 Base oil 60 Base oil 150
Viscosity at 40C° in cst 14.26 61.74 396.99
Viscosity at 100C° in cst 3.35 8.30 29.20
Viscosity index (V1) 105.848 103.232 101.991
Specific gravity at 15.6C° 0.851 0.832 0.899
Pour point C° -8 -5 0
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Instruments

Infrared spectra of as prepared copolymers were recorded using KBr and SHIMADZU FTIR
8400 spectrometer. the structures of the prepared copolymers were also monitored by
'HNMR spectra using Bruker Avance 500 MHZ spectrometer, a solvent (DM SO-dg) and a
reference Material (TMS). molecular weights of the prepared polymers are determined by
Gel permeation Chromatography (GPC), by use of tetrahydrofuran as a solvent. thermal
analysis were recorded using a TGA Q500 V6.7 device in the presence of argon, with a flow
rate of 50 ml/min , heating rate of 10/ min C°, and a temperature of (20-900)C° .

Polymerization and esterification reactions
(1-hexen-co-maleic anhydride) and (methyl methacrylate-co- maleic anhydride) copolymers
were prepared by free radical polymerization according to table (2) under argon atmosphere.

maleic 1-hexene methyl Benzoyl Temp.(C%) Reaction
anhydride (mol) methacrylate | Peroxide time (h)
(mol) (mol) (w/w)
0.02 0.06 - 1% 90 1
0.02 - 0.04 1% 90 1

table (2) Basic information on the preparation of maleic anhydride polymers.

The prepared copolymers was isolated from the reaction mixture by precipitation with
diethyl ether, washed with benzene and dried at 50C°. the prepared Poly ( 1-hexene -co-
maleic anhydride) was esterified with two type of alcohol (1-tetradecand) and (1-
hexadecanol) with ratio of 1:1 and P-TSA 1% (w/w) as initiator at 100C°, for three hours,
while the poly(methyl methacrylate-co-maleic anhydride) was reacted with (1-tetrade canol)
in the same condition the reaction was contained until the theoretical amount of water was
collected. Schemel Show the reaction mechanism to prepared the Copolymers and it
esterification.
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Scheme No. (1) Preparation of polymer A [poly (1-hexene-co-ditetradecyl maleate)]
and polymer B[ poly(1-hexene-co-dihexadecyl maleate)]
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Scheme NO. (2) Preparation of poly (methyl methacrylate-co-di tetradecyl maleate)

Evaluation of prepared Polymers as pour point depressants (PPDs) and
viscosity index improvers (VIIs)

Copolymers were evaluated as viscosity index improvers in three types of base oils by
determining the kinematic viscosity (KV) of oils containing Copolymers at 40C° and 100 C°,
using different concentrations (1000-5000) ppm according to ASTM D 2270 method [8].
while for pour point depressants according to ASTM D 97 method[9].
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Result and discussion

FTIR

Figure (1) show the FTIR spectra of the Poly(1-hexene -CO-maleic anhydride). from the
figure, the two peaks at 1778 cm™ and 1859 cm™ correspond to the absorption of C=0 bond
of the maleic anhydride while the peak at 1064cm™ assigned to the C-O bond in the maleic
anhydride, two peaks appeared at 2935 cm™ and 2870 cm™ assigned for the methyl and
methylene groups respectively. Figure (2) shows the esterification of maleic anhydride
groups with 1- tetradecanol the peak at 1724 cm™ representing the ester group, with the
disappearance of the C=0 peak which characterized for maleic anhydride. the appearance of
ester peak at 1165 cm™ . Figure (3) shows the FTIR spectra esterification of maleic anhydride
with 1-hexadecanol, the Peak appearance 1728 cm™ was attributed for the ester group and the
peak at 1165 cm™ for C-O ester bond with the disappearance of the C=0 peak maleic
anhydride. Figure (4) represent the FTIR spectra of poly(methyl methacrylate-CO-maleic
anhydride) from the figure two peak appear at 1782 cm™ and 1855 cm™ for the C=0 group of
maleic anhydride, with peak at 1065 cm™ representing the C-O bond. the two peaks at
1728cm™ and 1149 cm™ was attributed to the C=0 and C-O of the acrylate, while the peak at
2955 cm™ was asserted for the methyl group. the esterification of poly(methyl methacrylate -
CO-maleic anhydride) by 1- tetradecanol was Shows. Figure (5) appears two peaks at 2924
cm™ and 2854 cm™ which assigned to the methyl and methylene groups respectively. also a
peak at 1165 cm™ assigned to C-O bond of the ester[10]. with the peaks disappearance of the
maleic anhydride
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Figure (1) FTIR for poly (1-hexene-CO-maleic anhydride)
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Figure (2) FTIR for poly (1-hexene-CO-ditetradecyl maleate)

292032~

285474—

&
&
s

1253.71—
1165.04—

122291—~

T
3800

Al l KHANDIM 3R A

T T T T T

LI
3200

T T T

2000

T T T 7

400 |

Figure (3) FTIR for poly (1-hexene-CO-dihexadecyl maleate)
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Figure (4) FTIR for poly (methyl methacrylate-CO-maleic anhydride)
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Figure (5) FTIR for poly (methyl methacrylate-CO-ditetradecyl maleate)

'HNMR

The "HNMR spectra of Poly (1-hexene-CO-maleic anhydride) was shown in figure (6). from
the figure a signal at 0.9 ppm was indicated to Protons (a) of methyl side group in the
polymer and the Protons (b) signal appear of 1.4 ppm, which attributed to the protons of
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methylene side group. the signal at 1.8 ppm was assigned to the (c) Protons of the copolymer
backbone, the (d) protons signal appear at 2.1 ppm while the (e) Protons of the methylene
group directly attached to the carbonyl of the maleic anhydride appears at signal 3.2 ppm.
Figures (7 and 8) shown the 'HNMR spectra of the esterified copolymer (A and B), the
'HNMR spectra of the esters have the same pattern and shown signal 0.8 ppm of Protons (a)
represent to the methyl group. The protons (b) signal appear at 1.25 ppm, which resulting
from ring opening during esterification reaction .the signal appears at 1.6 ppm for protons (c)
of the methylene group and Proton (d) appear at 2 ppm. the (e) Proton near the carbonyl
appears at signal 2.8 ppm, while the protons (g) and (f)appears at signal 3.7 ppm and 4.1 ppm
respectively. Figure (9) shown the 'HNMR spectra of the Poly(methyl methacrylate-co-
maleic anhydride) from the figure signal appears 0.9 ppm represent Protons of the methyl
group (a) and the signal appears at 1.5ppm represent protons of the methylene group (b).
while the signal appears. at 2.9 ppm represent the Proton (c) near the carbonyl group . the
signal appear at 3.6ppm was signed for the Protons of methyl group (d) [11]. Figure (10)
shown the 'HNMR spectra for the esterification of poly(methyl methacrylate-co-maleic
anhydride). the same signals appears for the poly(methyl methacrylate-co-maleic anhydride),
only two new signals appears at 3.8 ppm and 4.2 ppm for protons (g) and (f) respectively
resulting from ring opening of the maleic anhydride. The appearance of weak signal in the
region 7.3 ppm to 7.7 ppm represents the protons of the decomposition of the initiator
(benzoyl peroxide)[12].
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Figure (6) poly (1-hexene-co-maleic anhydride)
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Figure (7) poly (1-hexene-co-ditetradecyl maleate)
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Figure (8) poly(1-hexene-co-dihexadecyl maleate)
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Figure (9) Poly (methyl methacrylate-co-maleic anhydride)
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Figure (10) poly (methyl methacrylate-co-di tetradecyl maleate)

Thermo gravimetric analysis (TGA)

The figures (11-13) shows the thermo gravimetric of the three esterified Polymers. from the
figures it show that the three polymers ( A, B, and C) are thermally Stable and start
decomposition at temperature near 200C°. the 20% weight loss of the three Polymers (A, B,
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C) was at (260, 280, and 300) C°. respectively, which the three polymers are highly to the
temperature of application.
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Figure (11) polymer (methyl methacrylate-co-di tetradecyl maleate)

Weight (%)

0.8
100 -+ ;
96.00% Weight Change |
331.78°C (1.949mg)
- 0.6
80 380.92°C

—- 0.4 8
60 =
=
=
[}
=
=
40 0.2 5
o

20 0.0

¥
0 T T T -0.2
o] 200 400 600 800
Temperature (°C) Universal V4.5A TA Instruments

Figure (12) polymer poly(1-hexene-co-dihexadecyl maleate)
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Figure (13) polymer poly (1-hexene-co-ditetradecyl maleate)

Molecular weight determination
Molecular weight is an important characteristic of the prepared Polymers to determine
the efficiency in the field of their use as polymeric additives. Table(2)showing experimental
Values of number average molecular mass (Mn) weight average molecular mass (Mw)
and Polydispersity index date (PDI) of the prepared polymers (A,B,C), Using gel permeation
chromatography (PGC) technology by dissolving additives in tetra hydro furan (THF) .

Polymer code Mw Mn PDI
A 12030 5437 2.212729
B 44194 31409 1.407055
C 16068 7000 2.295301

Table (3) the mean molecular weight of prepared polymer

Performance of the prepared polymers as pour point

different concentrations (1000-5000) ppm of the prepared polymers were added to the three
types of base oils. the experimental results was shown in table (3) that the pour point was
decreased for all three types of base oil until the (5000) ppm of the concentration of the
prepared copolymer and decreased with increasing the concentration of the polymer to 4000
ppm. this was attributed to the solubility of the base oil the prepared polymer because the
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solubility ability of the materials decreased with decreasing the temperature[13]. polymer (A)
with molecular weight (12030 g /mol) was more effective than polymer (C) with molecular
weight (16068 g/mol), and polymer (B) with molecular weight (44194 g/mol) was the less
effective in decreasing the pour Point.

Pour point C°
Base oil 40 Base oil 60 Base oil 150

Blank -8 -5 0
1000 -10 -8 -3
Polymer A 2000 -13 -11 -6
3000 -17 -15 -10
4000 -18 -15 -11
5000 -17 -11 -10
Blank -8 -5 0
1000 -10 -7 -3
Polymer B 2000 -13 -9 -5
3000 -15 -12 -8
4000 -15 -12 -9
5000 -13 -11 -9
Blank -8 -5 0
1000 -10 -7 -3
Polymer C 2000 -12 -10 -6
3000 -14 -13 -8
4000 -16 -14 -10
5000 -14 -14 -10

Table 4 Pour Point for base oil after adding different concentrations of polymers
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Fig.14 Variation of pour point of the three base oils where adding different
Concentrations of polymer A
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Fig.15 Variation of pour point of the three base oils where adding different
Concentrations of polymer B
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Fig.16 Variation of pour point of the three base oils where adding different
Concentrations of polymer C.

Performance of the prepared polymers as viscosity index improvers

Tables (4,5,6) shows that all the prepared copolymers are effective as viscosity index
improvers, but copolymer (B) is more effective than copolymers (A,C), and this can be
explained by the increase in the molecular weight of the copolymers, (molecular weight
44194 g/mol). Most of the viscosity index improvers are Long-chain copolymers with high
molecular weight, whose effect is weak at low temperatures because they are in the form of
coiled micelles, and at higher temperatures the strength of the solvent increases, which
facilitates the expansion of coiled micelles and compensates for the low viscosity of the
oil[14]. the viscosity index of the three base oils increases with increasing the concentration
of the Polymers because the long chains of the copolymer in the form of coils in the oil and
when the temperature rise, these chains become more relaxed and tend to expand completely.
So the interaction between the polymer chains and the oil increases, so increases in the
volume and as result increase the viscosity of the base oil at higher temperature[15]. as
shown in figure 17.

279



Journal of Kufa for Chemical Sciences Vol(2).No(9)

Nov 2022

e
-« -

TEMPERATURE

SOLVENT POWER

Fig.17 Expansion and contraction of the polymeric coils|16].

Oil type Concentration
Base Oil 40 Blank
1000
2000
3000
4000

5000

Base Oil 60 Blank
1000
2000
3000
4000
5000

Base Oil 150 Blank
1000
2000
3000
4000
5000

Vis at 40 C°
14.26
14.29
14.35
14.42
14.52

14.71

61.74
61.80
61.88
62.06
62.18
62.65

396.99
397.32
398.61
399.56
400.94
402.85

Vis at 100 C°

3.35
3.40
3.48
3.58
3.69

3.83

8.30
8.53
8.75
9.04
9.29
9.60

29.20
30.30
31.66
32.83
34.11
35.64

Vi
105.848
112.018
121.664
134.017
147.011

161.809

103.232
109.424
115.246
122.485
128.610
135.140

101.991
107.229
113.449
118.683
124.214
130.520

Table 5 Viscosity index (V1) date for different concentration of polymer (A) in three

types of base oils
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Fig.18 Variation of Viscosity index (V1) of the three oils when adding
different concentration of polymer (A)
QOil type Concentration Vis at 40 C° Vis at 100 C° VI
Base Oil 40 Blank 14.26 3.35 105.848
1000 14.30 3.44 117.273
2000 14.37 3.52 126.742
3000 14.48 3.64 141.022
4000 14.62 3.76 154.338
5000 14.82 3.91 170.063
Base Oil 60 Blank 61.74 8.30 103.232
1000 61.85 8.58 110.680
2000 61.97 8.81 116.615
3000 62.14 9.12 124.369
4000 62.28 9.42 131.639
5000 62.95 9.74 137.802
Base Qil 150 Blank 396.99 29.2 101.991
1000 397.64 30.58 108.515
2000 398.80 32.10 115.474
3000 400.04 33.54 121.810
4000 402.79 34.85 127.055
5000 405.30 36.42 133.211

Table 6 Viscosity index (V1) date for different concentration of polymer (B) in

three types of base
Oils.
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Fig.19 Variation of Viscosity index (V1) of the three oils when adding
different concentration of polymer (B)

Qil type Concentration Vis at 40 C° Vis at 100 C° VI
Base Oil 40 Blank 14.26 3.35 105.848
1000 14.29 3.42 114.750
2000 14.36 3.51 125.553
3000 14.44 3.60 136.341
4000 14.57 3.72 150.005
5000 14.79 3.88 166.747
Base Oil 60 Blank 61.74 8.30 103.232
1000 61.83 8.56 110.179
2000 61.92 8.77 115.677
3000 62.10 9.07 123.170
4000 62.26 9.35 129.914
5000 62.81 9.69 136.953
Base Qil 150 Blank 396.99 29.20 101.991
1000 397.50 30.41 107.721
2000 398.64 31.86 114.386
3000 399.72 33.29 120.754
4000 401.82 34.58 126.114
5000 404.35 36.14 132.281
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Table 7 Viscosity index (VI) date for different concentrations of polymer (C) in three
types of base oils.

+— Base oil 40
—— Base oil 60
—f— Base oil 150

170

150 .

>
130

[ Concentration ppm ]

Fig. 20 Variation of Viscosity index (V1) of the three oils when adding
different concentration of polymer (C)

Conclusions

From the results obtained in this research, the following conclusions can be written:

1. All prepared compounds dissolve in base oils.

2.All prepared compounds are effective as pour point depressants and viscosity index
improvers.

3. With an increase in the concentration of additives, increase viscosity index (VI).

4. As the concentration of additives increases, the effectiveness of polymers as pour point
depressants decreases.

5.The efficiency of the prepared compounds as pour point depressants increases with
the increase in the alkyl chain length of the alcohol used.
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