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Abstract

Methyl acrylate polymer and its hydrazide derivative were synthesized, and their structure was
confirmed by Fourier Transform Infrared Spectroscopy and Scanning Electron Microscopy. These
polymers were tested as flow improvers for two types of Egyptian waxy crude oil (light-1, heavy-2),
and their results were compared with commercial surfactants such as linear alkyl benzene (LAB), linear
alkyl benzene sulfonate (LAS) and the sodium salt of linear alkyl benzene sulfonate (Na-LAS). For both
crude oils, poly-methyl acrylate and its hydrazine derivative exhibited better pour point depressant
properties when compared with LAB, LAS and Na-LAS. For crude oil 1, the pour point declined from
24°C to 12°C and from 24°C to 15°C by the addition of poly-methyl acrylate and its hydrazide
derivative, respectively, at a level of 1000 ppm. For oil 2, the same parameter declined from 21°C to
6°C and from 21°C to 9°C on using poly-methyl acrylate and its hydrazide derivative, respectively, at
a concentration of 1000 ppm.
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1. Introduction

The pour point of the oil is defined as the temperature at which the flow of crude oil stops.
Under this temperature, the oil solidifies and losses its flowability [11, Paraffin wax and asphal-
tenes are the main components of crude oil, and these components create several problems
in transportation in reservoir, wellbore, production tubing and surface flow lines. As these
crude oil reserves are mainly located offshore with the ambient amount of seawater and low
temperatures, they are subjected to below pour point temperatures. As a result, the waxy
constituents tend to deposit on cold surfaces of the pipelines and continuous deposition of the
waxy layer leads to gelation. Under these conditions, the crude oil undergoes three dissimilar
phase transformations. Due to variation in pressure and temperature, the wax crystals aggre-
gate to form wax gels. Further, the wax gels combine with each other to form net-like and
cage-like structures. This decreases the accessible area in the channel for oil transportation,
which elevates the pressure drop between the two terminals of the oil channel. This leads to
a decrease in flow rate and an increase in energy consumption for transportation [21, Another
significant hurdle in this arena is the pipeline use after an extended closedown for repairing.
At lower temperatures, the oil transforms into a gel structure over long periods of storage,
resulting in high yield stress on the pipelines [3-4], To circumvent the above-mentioned prob-
lems, extensive research and study of pour point depressants (PPD’s) are important to en-
counter the global oil demands.

Polymeric additives are well established as PPDs. They are added in ppm levels to reduce
the yield stress, viscosity, and pour point of crude oil for easy transportation. These polymers
increase the fluidity of waxy crude, thereby reducing energy consumption and improving pro-
pelling efficiency [5-71, Following are important properties necessary for flow improvers and
PPDs: (i) should have wax character, possess linear alkyl chains of 14 to 25 carbon atoms,
and co-crystallize with oil's wax; (ii) have good solubility in oil depending on their typical
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molecular weights; (iii) monomer to monomer ratio, amorphous and crystalline parts of flow
improver; (iv) physical and chemical stability [8-101, Generally, there are two types of PPDs
known as alkyl aromatic polymers and poly methylacrylates. Alkyl aromatic polymers are also
well known for their use as PPDs. Besides alkyl aromatic polymers, acrylate copolymers and
their derivatives are important additives used to increase the pour points of crude oil, gasoline
and naphtha for easy transportation. These polymers were deposited on the emerging crys-
tals, hindering their development and leading to the formation of small wax crystals [11-14],
While abundant literature is available for alkylaromatic polymers, poly methylacrylates are
less explored.

Here, we report the synthesis of a poly(methylacrylate) polymer 11 and its hydrazide de-
rivative [2], Structures of these polymers were confirmed by Fourier Transform Infrared Spec-
troscopy (FTIR) and Scanning Electron Spectroscopy (SEM). These polymers were investigated
as PPDs using two types of Egyptian waxy crude oil (light and heavy). Further, these results
were compared with commercially available surfactants: linear alkyl benzene (LAB), linear
alkyl benzene sulfonate (LAS), and the sodium salt of linear alkyl benzene sulfonate (Na-LAS).

2. Materials and methods
2.1. Materials

Technical grades of methyl acrylate, potassium bromate, sodium hydrogen sulfite, sodium
chloride, polyethylene, and acetone were used for the preparation of poly(methyl acrylate)
without further purification. Analytical grades of dimethyl sulfoxide, hydrazidne hydrate
(80%), and poly-methyl acrylate were used to prepare poly(methyl acrylic acid hydrazide).
Na-LAS was prepared by using NaOH. Alexandria Petroleum Company in Egypt, light crude oil
and heavy crude oil. De-asphalting crude oils were done using n-heptane as a solvent. Deter-
minations of paraffin wax content in crude oils were done by using acetone, Fuller’s earth, and
petroleum naphtha.

2.2. Preparation of poly-methyl acrylate

Methyl acrylate (300 mL of 5%) was poured in a 1 liter conical flask. Both potassium bro-
mate solution and sodium hydrogen sulfite solution were added as the following: KBrOs solu-
tion (5 ml, 0.1 M) and NaHSOs solutions (5 ml, 0.45 M) were added to methyl acrylate solution,
and the mixture was swirled vigorously for 15 minutes until it formed a homogenous milky
emulsion. Coagulation of polymer was done by pouring NaCl solution (300 mL, 5 M) to the
milky emulsion. Isolated polymers were washed by water to remove salts and traces of unre-
acted monomer present, followed by squeezing. Polymers were cut/tear into small pieces and
dissolved in acetone (1 g/10 mL) and were agitated using a glass stick. Thin films were then
prepared after acetone is evaporated after the obtained mass was dense and viscid [15],

2.3. Preparation of hydrazide derivative of poly methyl acrylate

A solution of poly-methyl acrylate (2 g) in 60 mL dimethylsulfoxide was added with 20 mL
of hydrazine hydrate and heated to reflux on a hot plate with stirring for 20 h and then sub-
sequently cooled. This solution was added with constant stirring to 400 mL of methanol. The
precipitated poly methyl acrylic acid hydrazide polymer was filtered and dried under vacuum,
purified by dissolution in the least amount of water, and then re-precipitated from CH3OH. The
obtained polymer was filtered and dried with a vacuum desiccator for ten days over concen-
trated sulfuric acid 151,

2.4. Preparation of Na-LAS sodium salt of linear alkyl benzene sulphonate

Alexandria Petroleum Company in Egypt provided LAS, and this was reacted with NaOH to
obtain Na-LAS.
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2.5. De-asphalting of crude oil

Crude oils 1 and 2 (ALAMIN and AGIBA), obtained from Alexandria Petroleum Company,
were analyzed and given in Table 1.

Table 1. Characterization of oil 1 and 2

Properties Qil 1 (Alamin) Qil 2 (Agiba)
Crude type Light crude Heavy crude
Specific gravity 0.8155 0.8761
Pour point (°C) 24 21
Wax content %wt 3.4 4
Asphaltene content %wt 1.2 1.8

Crude oils were de-asphalted in the following manner. A three neck flask was set up, fol-
lowed by the addition of 2 grams of crude oil and 200 mL n-heptane. The mixture was heated
to reflux with gentle stirring for 30 min on a hot plate and cooled at room temperature grad-
ually for 1 h. The slurry obtained was filtered through a sintered glass funnel under vacuum.
The precipitate obtained was washed with n-heptane and was then transferred to a crucible
and dried in an oven at 107°C. The drying was pursued until a steady weight was reached.
The filtrate was distilled to remove the solvent and dried. Drying was continued until a constant
weight was obtained at 107°C which is the weight of asphaltene [16],

2.6. Determination of paraffin wax content in crude oil

Two grams of crude oils were weighed and dissolved in 500 mL petroleum naphtha (boiling
point range: 40-60) in 1 L Erlenmeyer flask. Then 15 g of Fuller's earth was added to the
mixture, stirred for 15 min, and filtered through a filter paper. Petroleum naphtha was evap-
orated from the filtrate on a steam bath. A mixture containing 75% acetone and 25% petro-
leum naphtha (200 mL) was added to the concentrate under a temperature of about 50°C.
The resulting solution was cooled to 0°C and filtered through filter paper. Wax obtained after
filtration was washed with a hot solution of acetone-naphtha mixture and then the filtrate was
evaporated. The produced wax and the flask were weighed to near 0.01 mg [*7],

2.7. Determination of pour point in crude oil

Crude oil was heated until it was just sufficiently fluid and then poured into the level mark
of the standard measuring flask. The flask was tightened with the cork carrying the high-pour
thermometer. The thermometer was placed inside the jacket, 25 mm from the bottom. Chilling
the flask resulted in paraffin wax crystals with minimal disturbance. At temperature nearer to
pour point, the jar needed to be tilted; the movement of liquid was then checked and analyzed.
When there was no flow, the jar was placed horizontally for 5 sec. If the liquid did not flow,
3°C was supplementary to the present temperature and was considered as pour point. After
the specimen has been cooled, and paraffin wax crystals are formed, great care should be
taken in order not to lose the network of wax crystals, which could lead to error in results [18-191,

2.8. Characterization of poly methyl-acrylate and its hydrazide derivative
2.8.1 SEM analysis

SEM images were obtained for both poly methyl-acrylate and its hydrazide derivative using
SEM (Model: JSM-5500 LV; JEOL, Ltd-Japan).

2.8.2. IR analysis

IR spectra were obtained for both poly methyl-acrylate and its hydrazide derivative using
a Perkin-Elmer (BX-II FT-IR) instrument.
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3. Results and discussions
3.1. Synthesis of polymers

Synthesis of polymethyl acrylate polymer (1) (Scheme 1) was achieved by the reaction of
methyl acrylate with potassium bromate and sodium hydrogen sulfite. Hydrazide derivative
(2) of acrylate polymer 1 was achieved by the reaction of polymethyl acrylate with hydrazine
hydride in DMSO. The molecular weight of polymers was determined by Gel Permeation Chro-
matography. The choice of polymethyl acrylate polymer and its hydrazide derivative are due
to their ability to slither and wiggle past and around each other easily, facilitating the easy
flow of oil and resulting in lowered pour point.

HC—CH2
HZC\ /(_:,\ —
O

Scheme 1. Synthesis of polymethyl acrylate from methyl acrylate

o= o=

Scheme 2. Synthesis of hydrazide derivative of polymethylacrylate
3.1.1. Scanning electronic microscopy (SEM)

Figures 1 and 2 represent the SEM image of the morphology of poly methyl-acrylate and
its hydrazide derivative, respectively. The average length of the poly methyl-acrylate polymer
was 5 ym, whereas the same for poly-methyl acrylic acid hydrazide polymer was 10 pm.

25kV X3,500 SKrm B23678 25kV X2,000 18prm B23682

Figure 1. SEM image of poly methyl-acrylate poly- Figure 2. SEM image of poly-methyl acrylic acid hy-
mer drazide polymer

3.1.2. IR Analysis

IR spectra (Figure 3) of the poly methyl acrylate and its hydrazide derivative were obtained
using a Perkin-Elmer (BX-II FT-IR) instrument. Poly-methyl acrylate (1) showed a signal at
1716 cm™?, representing CO stretching. The absorption signals at 2854 cm™ and 2927 cm™
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represent CH2 groups of the polymer. The spectra of hydrazide polymer (2) showed a series
of bands corresponding to the hydrazide group (-CO-NH-NH2) with signals at 3400-3100 cm"~
! corresponding to ysym(NH2)yasym(NH2) (3200 cm) attributable to the stretching of secondary
NH group. Similar to amides, the hydrazide group also showed the spectra of acid hydrazide
and acid hydrazine. IR bands also showed C=0 in plane deformation and without plane defor-
mation at 670 cm™ and 510 cm™?, respectively.
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Figure 3. IR spectra of the poly methyl acrylate (1) and its hydrazide derivative (2)
3.2. Characterization of crude oils

The crude oils selected were ALAMIN (crude 1) and AGIBA (crude 2). The properties of
crude 1 and crude 2 are given in table 1. Crude 1 had a specific gravity of 0.8155 g/cm3 and
a pour point of 21°C. The wax content and asphaltene contents were 3.4% and 1.2%, respec-
tively. Crude 2 had a specific gravity of 0.8761 g/cm? and a pour point of 24°C. The wax
content and asphaltene contents were 4% and 1.8%, respectively. Crude 2 is heavy in character
when compared with crude 1.

3.3. Effect of poly-methyl acrylate as a PPD in crude 1 and 2

Figure 4 shows the influence of polymer concentration on the pour points of oil 1 and 2.
For both crudes, pour point decreased in a linear fashion with an increase in polymer concen-
trations. In the light crude oil (crude 1), the pour point decreased from 24°C to 12°C with an
increase in the concentration of polymer to 1000 ppm. On the other hand, in the heavy fraction
crude oil (crude 2), the pour point decreased from 21°C to 6°C on the same concentration
levels of the polymer. This showed that poly-methyl acrylate was more effective as a pour
depressant in crude 2 when compared with crude 1.

3.4. Effect of poly-methyl acrylate hydrazide as a pour point depressant on crude
oils 1 and 2

Figure 5 shows the influence of the concentration of hydrazide polymer 2 on oils 1 and 2.
The pour point decreased with the increase in polymer concentration. In a light fraction crude
oil (crude 1), the pour point reduced in the range of 24°C to 15°C with an increase in the
concentration up to 1000 ppm. On the other hand, the heavy fraction crude oil (crude 2) pour
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point reduced in the range of 21°C to 9°C with an increase in polymer concentration. In es-
sence, the addition of both polymers 1 and 2 resulted in a decrease in pour point in both crude
oils 1 and 2. For both polymers 1 and 2, the decrease in pour point was more significant in
crude 2 when compared with crude 1.

—¢—Crude 1 —¢—Crude 1

tempreture °c
-
w
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-
o

~—Crude 2 ~—Crude 2

0 500 1000 1500 0 200 400 600 800 1000 1200
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Figure 4. Effect of poly-methyl acrylate on crude Figure 5. Effect of poly-methyl acrylate hydrazide
oils 1 and 2 on different crude oils

3.5. Effect of linear alkyl benzene (LAB) as a pour point depressant on crude oils 1
and 2

Figure 6 showed the influence of LAB concentration on the pour point of heavy and light
oils. For both the crude oils 1 and 2, the pour point decreased with the initial addition of LAB
up to 200 ppm from 24°C to 20°C and 21°C to 18°C, respectively. Afterwards, no significant
change was observed in pour point up to 600 ppm. Further addition of LAB up to 800 ppm in
oil 1 reduced pour point in the range of 20°C to 18°C. On the other hand, in the heavy crude
oil 2, the pour point increased in the range of 18°C to 21°C upon increasing the concentration
to 800 ppm.

3.6. Influence of LAS as PPD on crude oils 1 and 2

The effect of LAS concentration on crude oils 1 and 2 is shown in Figure 7. For both crude
oils, the initial increase in the concentration of LAS up to 200 ppm resulted in no significant
increase in pour point. An increase from 200 ppm to 400 ppm resulted in a decrease in pour
point from 24°C to 21°C and 21°C to 18°C in crude oils 1 and 2, respectively. Further addition
of LAS resulted in no change in the pour point of crude oil 1. On the other hand, in crude oil
2, the addition of LAS above 800 ppm increased pour point.
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Figure 6. Influence of LAB for oils 1 and 2 Figure 7. Influence of LAS on crude oils 1 and 2

3.7. Influence of Na-LAS as PPD on crude oils 1 and 2

The influence of Na-LAS concentration on the pour point of heavy and light fractions of
crude oils 1 and 2 are given in Figure 8. For both crude oils, the initial increase in the concen-
tration of Na-LAS up to 200 ppm resulted in no significant increase in pour point. An increase
from 200 to 800 ppm resulted in a decrease in pour point in the range of 24°C to 18°C and
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21°C to 15°C in crude oils 1 and 2, respectively. Further addition of LAS resulted in no change
in the pour point of both crude oils.
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Figure 8. Effect of sodium salt of linear alkyl benzene sulfonate on different crude oils

3.8. Mechanism of flow improvers in methyl acrylate polymer and its hydrazide de-
rivative

The following are the characteristics of flow improvers:

When both flow improvers and wax undergo the nucleation process, the molecules of wax
form the crystalline nucleus. But as the molecular weight of the polymer is higher than wax,
the crystalline nucleus undergoes self-assembling to form micelle structure, leading to smaller
wax crystals. Smaller crystals improve flowability.

(i) Waxes adsorbed on the uppermost layer of polymers due to Van der Waals's interactions.

This changes the topography of wax crystals, leading to an increase in flowability.

(ii) Van der Waals interactions between wax and the polymers elevate the solvability of both
oils and, thereby, increases the flowability [2°],

Here, methyl acrylate polymer has an ester group with two oxygen atoms. The oxygen
atoms exhibit a strong Van der Waals interaction with a hydrogen atom in n-alkyl chains of
wax, thereby, inhibiting the growth of wax crystals. Similarly, the hydrazide derivative of poly
methyl acrylate has CO as well as NH, NH2 functionalities favoring strong Van der Waals in-
teraction. Our results showed that methyl acrylate polymer was a better flow depressant than
its hydrazide derivative with a higher decrease in pour point. Also notable is that both these
polymers have better flow depressant behavior in heavy crude oil 2 than its light-weight coun-
terpart oil 1. This can be interpreted as the polymers had better interaction with crude where
the wax content was more. On the other hand, commercial flow depressants LAB, LAS and
Na-LAS showed the same level of PPDs in crude 1 and crude 2.

4. Conclusions

In this work, poly-methyl acrylate (1) and hydrazine derivative of poly-methyl acrylate (2)
were synthesized and characterized by FTIR and SEM. Their effectiveness as PPD for two
varieties of oils 1 and 2 was investigated and compared with the commercial LAB, LAS, and
Na-LAS. Both polymers acted as a PPD and flow improvers. Below are the conclusions derived
from this study:

e For both crude oils 1 and 2, the poly-methyl acrylate and its hydrazine derivative exhibited
better PPD properties when compared with LAB, LAS, and Na-LAS.

e PPD of oil 1 lessened from 24°C to 12°C and from 24°C to 15°C by the addition of poly-
methyl acrylate and its hydrazide derivative, respectively, at 1000 ppm.

e For oil 2, the pour point diminished in the range of 21°C to 6°C and from 21°C to 9°C on
using poly-methyl acrylate and its hydrazine derivative, respectively, at a concentration of

1000 ppm.
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e For LAB, LAS, and Na-LAS, the changes in pour points of oils were minimal with 3-4°C,
where the same was significant with 10-12°C for poly-methyl acrylate and its hydrazine
derivative.
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