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ABSTRACT

The goal of this research is to prepare novel amphiphilic graft copolymers (nonionic) based on
hydrophilic poly (ethylene glycol) methyl ether (mPEG) and hydrophobic methyl methacrylate
(MMA) at room temperature and pressure. To generate P(mPEG-g-MMA) grafts, poly (ethylene
glycol) methyl ether (MPEG) was synthesized and grafted with varied ratios of methyl methacrylate
(MMA) in the existence of benzoyl peroxide as an initiator utilizing a macro-free radical initiator
procedure under the effect of heating in toluene. The research discussed in this paper looked at
the possibility of using the synthesized graft copolymer P(mPEG-g-MMA) as a nonionic demulsifier
in Petroleum Crude Oil Emulsions. The produced nonionic surfactants were assessed as water
demulsifiers in oil emulsions that were noticeable at varying oil: water ratios at 60°C. According to
the demulsifier chemical compositions as well as concentrations, the testing findings revealed that
the dehydration rate of the prepared demulsifiers reached 100%. The optimal demulsifier dose
was 300 ppm.

Keywords: Methyl methacrylate, Polyethylene glycol methyl ether, free radical polymerization,
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Introduction

The existence of higher than 80% water
throughout the production process on gas and oil
platforms is a major topic of concern for the
industry. This water originates from two natural
sources such as the injection and reservoir during
the extraction of the hydrocarbon [1].

Emulsified water mineralization and pH. The
mineralization and salt content of the aqueous
phase surely have an impact on the stability and kind
of oil emulsions. However, two characteristics
should be highlighted: This impact is indirect,
because of the production of chemical compounds

with polar oil components. Qil naphthenic acids, for
example, have strong surface-active characteristics
and can interact with ions such as Na*, K*, Mg?, Fe®*,
and AI** that are present in formation water. At the
same time, because naphthenates K and Na are
readily soluble in water, they contribute to the
production of oil/water (O/W) emulsions and impair
the stability of water/oil emulsions stabilized by
Resinous Asphaltene substances.

Unlike Na and K salts, Mg-, Fe-, and Al- salts of
naphthenic acids are more soluble in oil and can
stabilize the reverse kind of Water/Qil emulsion.
However, when combined with a resinous-
asphaltene natural emulsifier, its impact is
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weakened, most likely due to a reduction in the
forces of intermolecular contact between resinous-
asphaltene molecules.

As a result, all these compounds lead to
considerable problems in petroleum refineries, such
as corrosion in equipment and pipelines, fouling,
and catalyst toxicity in the upstream facility [[2], [3]].
Water-in-oil crude oil emulsions can be found at any
level of the petroleum production and processing
business. They are frequently undesirable in the
presence of water because they might result in high
pumping costs, pipeline damage, and higher
transportation costs [4].

As a result, emulsions should be separated into
two phases such as water and oil [5]. Crude oil
comprises aromatic molecules, alkenes, carboxylic
acids, phenols, naphthenes, and other hydrocarbon
chemicals. Asphaltenes are the mixture's heaviest
ingredients. Asphaltenes provide a protective layer
on the interfacial phase between the water and oil
phases, improving the stability of the interfacial film
[6].

Chemical flooding has been demonstrated to
improve oil recovery, and the injection of chemicals
such as surfactants helps with emulsion production
[[7], (8], [9]].

As a result, emulsion formation is a difficult task
for the petroleum industry. For O/W separation,
many demulsifiers, such as polymeric surfactants,
ionic liquids, and nanoparticles, have been produced
[10].

It is well understood that oil type and salinity
have a significant impact on the effectiveness of
surfactants used in theindustry. The authors of
publications [[11], [12]] studied the influence of oil
type on the performance of mixed surfactants. The
synergism of combinations of anionic, nonionic, and
cationic surfactants in various types of oil was
examined.

Natural surfactants (asphaltenes & resins)
present in the oil contribute to the stability of water-
in-crude oil emulsions. These components are
recognized as natural stabilizers of crude oil
emulsions because they adsorb spontaneously at
the water-oil interface and form an adsorption layer.
Because of their interfacial activity, asphaltenes and
resins are high molecular oil components that
provide a large structural-mechanical barrier at the
oil-water interface [[13], [14]].

Emulsion stability is the uniformity of emulsion
qualities throughout time. Simultaneously, the
emulsion is considered an unstable system from a
thermodynamic, and emulsion features fluctuate
slowly, as do several processes that occur during

emulsion property change, such as creaming,
flocculation, and Ostwald ripening, coalescence, and
so on. These instances, however, can occur in groups
or separately [15].

To create effective and relevant techniques for
oil separation, the stability of O/W emulsions has
been explored in several petroleum oil research
studies [16].

Already in our earlier work [17], the grafted
copolymer P(mPEG-g-MMA) so produced was
studied by 'H NMR, 3C NMR, FT-IR, DSC, TGA, and
SEM methods.

Experimental technique

Research materials. Toluene (ACS reagent,
reagent ISO, >99.7%) and hexane (HPLC grade) were
purchased from Sigma Aldrich. Methyl methacrylate
(MMA) (which contains 30 ppm of hydroquinone
monomethyl ether (MEHQ) as an inhibitor (99%).
Alfa Aesar supplied 97% (dry weight) dibenzoyl
peroxide, wet with 25% water. In the experimental
part, chemicals from table 1 were employed without
purification.

Table 1 — Chemicals used in the synthesis

Name Structure Source
Polyethylene glycol HsC OH Sigma Aldrich
methyl ether 0
n
e} Sigma Aldrich
HoCsy A - CHs
Methyl methacrylate CH,
o m/@ Alfa Aesar
Benzoyl peroxide Ej)k o
s Sigma Aldrich
Toluene @
Hexane HiCo~~cn Sigma Aldrich
3

The preparation of grafted copolymer P(mPEG-
g-MMA). The synthesis of the grafted copolymer
was carried out in accordance with the mechanism
reported in the reference [18].
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The grafted copolymers in various ratios were
synthesized in a 500 ml Syrris Globe reactor with a
condenser and constant stirring.

Figure 1 — Syrris Globe reactor used for synthesis
with doser

The first step was to dissolve mPEG in toluene,
followed by the addition of a catalyst (0.1% weight
of monomer). In free radical polymerization, benzoyl
peroxide was utilized as a catalyst. Benzoyl peroxide
was recrystallized, then dried in an oven at
temperature of less than 400°C and later in a
desiccator over silica gel to get rid of the water
content. The monomer (MMA) was injected into the
solution drop by drop in the second stage, and the
temperature was increased to 700°C for one hour.
Polymerization of mPEG with methyl methacrylate
in various ratios, such as 10:90, 20:80, and 30:70,
was carried out. A thermometer was used to record
the temperature, and the stirring speed was set at
around 100 rpm. For the last stage, the temperature
was raised to 850°C for 1 hour. The reaction product
was then precipitated out using hexane. The
precipitated copolymer was filtered and then dried
overnight at room temperature. The final dry
products were powders.

Table 2 — Composition of grafted copolymers

Name Samplel,g | Sample2,g | Sample3,g
PGME 5 10 15
MMA 45 40 35
Catalyst 0.05 0.1 0.15
Toluene 100 100 100
Hexane 100 100 100

Figure 2 — Synthesized P(mPEG-g-MMA) copolymers

Preparation of Water/Oil Emulsions. All the
emulsions were made in a total volume of 100 ml.
The crude oil-to-aqueous phase (sea water) ratio
was raised from 10-50%. (Vol.%). The emulsions
were made by combining them with an IKA T25
digital ULTRA-TURRAX homogenizer. The speed was
set to 1500 rpm for one hour.

The prepared emulsion was put into graduated
100 ml beakers. Starting with the second test flask,
the determined amount of demulsifier was added
and the emulsion was agitated for 1 minute. The
emulsion was then allowed to stand for 30 minutes
at the demulsifier's operating temperatures. The
water, in the first test flask, was allowed to stand
without any demulsifier. After that, the amount of
water was measured with an accuracy of 0.1 ml. The
demulsifier's effectiveness was determined by
dividing the volume of water released by the total
amount of water in the emulsion.

In this regard, the crude oil was stirred in a 100
mL beaker at 350°C (1500 rpm) while water was
slowly combined with the oil until the two phases
were completely homogeneous. At various oil
:water ratios, the emulsions were noticeable (90 :10,
80:20, 70 :30, and 50 :50).
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Figure 3 — Emulsion prepared in different ratios of oil
and water

Methods and techniques for
characterization of emulsifier efficiency

The international standard "Bottle-Test" was
used to assess the efficiency of new grafted
copolymer reagent-demulsifiers. The bottle test
technique is utilized in the production site to identify
demulsifiers by calculating water separation
performance on crude oil emulsions [19].

The tests involve determining the dynamics of
oil-water emulsion stratification in time as a result of
reagent-demulsifier and temperature action,
followed by determining the residual water and
chloride salts content.

At the dehydration step, we placed 70ml of oil in
a 100ml graduated test tube, carefully capped with
a cork, and placed in the thermostat for 5-7 minutes
to heat up to 60°C.

Adding reagent-demulsifier in the required
dosage (ppm), shaking vigorously for 1.5 minutes,
and placing in thermostat to determine the
dynamics of oil-water emulsion stratification in time
-0.5, 1, and 2 hours at 60°C: the volume of the
stratified water phase was measured in time.

After 60 minutes, the bottle test produced
approximately 50% water
demulsifier dosage of 300 ppm.

The method [20] was used to determine the
residual water content of an oil phase sample.

The full volume of the aqueous phase was

separation at a

separated and discarded for the next step of testing.

Research Characterization

Differential scanning calorimetry (DSC), thermal
gravimetric analyses (TGA), scanning electron
microscopy (SEM), nuclear magnetic resonance (*H
NMR & 3C NMR), and Fourier transform infrared FT-
IR spectroscopies are used to evaluate the graft
copolymers P(MPEG-g-MMA).

Research Results and Discussion

The grafted copolymer P(mPEG-g-MMA) was
effectively made by free radical polymerization
utilizing benzoyl peroxide as an initiator. SEM, FT-IR,
H NMR, 3C NMR, TGA, and DSC were all used to
characterize the samples. NMR analysis revealed the
presence of all groups in the copolymers. According
to the thermal stability investigations, the grafted
copolymer has outstanding thermal stability and
may be employed in a variety of applications.
Furthermore, grafting and polymerization of the
grafted samples greatly enhance the rate of
breakdown. As a result, this copolymer has a wide
range of uses, including surfactants in chemical
technology.

Table 3 — Effectiveness of demulsifiers on needed time to
separate oil from water at room temperature

Name Amount, Time, min
ppm
P(MPEG-g-MMA) 10:90 100 18
P(MPEG-g-MMA) 10:90 200 14
P(MPEG-g-MMA) 10:90 300 9
P(MPEG-g-MMA) 10:90 400 8
P(MPEG-g-MMA) 10:90 500 5

Figure 4 — End of oil-water emulsion demulsification
process by grafted copolymer
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Three different demulsifier ratios were
examined for the performance of water separation
at 30°C using the bottle-test experiment methods
outlined in the preceding section. The oil :water
ratio was chosen such as the emulsion sample, 70
:30, and P(MPEG-g-MMA) was chosen as the reagent
demulsifier, 10 :90. The results were collected for a
100 mL emulsion at 250°C and atmospheric
pressure. The maximum demulsifier dose is
established by the tests with the purpose of the
optimizing demulsifier dosage to optimize water
separation. As indicated in table 3, the reagent-
demulsifier with a concentration of 300 ppm
produced the best results compared to the others.
All three demulsifiers produced excellent water,
with no oil droplets on the bottle/tube wall and
clear, colorless water.

Conclusions
The grafted copolymer P(mPEG-g-MMA) was

effectively produced by free radical polymerization
utilizing benzoyl peroxide as an initiator. SEM, FT-IR,

nuclear magnetic resonance (**C NMR & *H NMR),
TGA, and DSC were all used to characterize the
samples. NMR analysis revealed the presence of all
groups in the copolymers. Based on the thermal
stability outcomes, the grafted copolymer has good
thermal stability and thus might be used as a
surfactant-demulsifier in the Crude Oil Petroleum
business. It has been established that the proper
dose will have an economic effect.
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TYWIHAEME

Byn XYMbICTbIH, MaKcaTbl KOpLUafaH OpTa TemnepaTtypacbiHAa XoHe KanbinTbl aTMOCd)epaﬂblK

KbiCbIMAa

rmapodunbaj

nonn(atuneHrankons) metun 3dupi (MPEG) aHe ruapodobTbl

metuametakpunat (MMA) HerisiHaeri »KaHa MOHAbIK, emec amouduabai conoanmepaepiH any
60s1bIN Tabblnaabl. Monu(atTuneHrnmkonb) metun adpupi (MPEG) apTypAai KaTbiHacTa 10:90, 20:80,

Makana kengi: 27 mameip 2022
CapanTtamagaH eTTi: 20 mayceim 2022
KabbingaHapi: 27 winde 2022

MyHal

30:70 metunmetakpunat (MMA) paiblHAANAbl KOHE WHWUUMATOP peTiHae 6eH30MN acKpblH
TOTbIFbIHbIH, KaTbICybIMEH XblJly acTblHAQ MaKkpobocpaguKkanapl MHUUMATOP daicimeH eringi.
P(mPEG-g-MMA) cononvmepnepid any ywiH tonyonga. OcCbl XYMbICTa YCbiHbIIFAaH 3epTTeysep
3MyNbCUANapbI

VLUiH MOHAObIK emeC Ae3Mynbratop peTin,e CUHTEe3genreH

TpaHCNNaHTaTTbIK conosumep P(MPEG-g-MMA) MyMKiH naiganaHy makcaTblHAA Kyprisingi.

[alibiHpanfaH noHAapl emec 6eTTik BenceHai 3atTap 60°C TemnepaTypaga apTypAai MyHal: cy
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KaTblHaCblHAA KepCeTiNreH Mmaigasbl Cy 3SMy/NbCUANAPbl YIWIH Ae3Mynbratopnap peTiHae
6aranaHapl. Taxipube HaTUKeci AaliblHAAFaH AE3MYNbraTopaapAblH, CYcbi3AaHy KblAAaMAabIFbl
[e3MyNbraTopnapAblH, XMMMANBIK Kypambl MeH KOHLUEeHTpauuAcbiHa 6ainaHbicTel 100%-fa
JKETETiHiH KepceTTi. leamynbratopAbiH OHTaiabl go3ackl 300 ppm 6ongpl.

TyiiiH ce3dep: nNONNITUNEHIINKONAb MeTUA  3bupi, MeTUaMeTakpunaT, 6oc paguKanabl
nonavmepney, KaTannsaTop, Ae3MyNbratop.
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AHHOTAUMA

Llenb gaHHOM paboTbl - MOAYYEHME HOBbLIX HEMOHOTEHHbIX amMPUOUAbHBLIX MPUBUBOUHbIX
COMO/IMMEpPOB Ha OCHOBe TMAPOPUNLHOTO NOAU(ITUNEHTAINKONL) MeTunoBoro adupa (MMN3M) n
rmapopobHoro metunmeTakpunata (MMA) npu TemnepaType OKpyKalowen cpegbl W
HOpMasibHOM aTMocdepHOM AaBneHun. Monun(aTuneHrnMKonb) metuaosbii adup (MPEG) 6bin
NoAroToB/IEH M NPUBMUT C Pa3/INYHbIMK cooTHoweHnammn 10:90, 20:80, 30:70 meTunmeTakpuaaTta
(MMA) B npucyTcTBMM Nepokcmaa 6eHsonna B KauecTse MHULMATOPA C UCNO/b30BaHNEM MeToAa

Moctynuna: 27 mas 2022 MaKpocBobOAHOPAAMKANbHOIO MHULMATOpa MNOA, BO3AEWCTBMEM HarpeBaHwWa B Toayone Ans
PeueHsunposaHue: 20 uroHa 2022 nonyyeHunsa cononnmepos P(MPEG-g-MMA). UccnenosaHus, npeactaBiaeHHble B AaHHOI paborTe,
MpuHaTa B Nevatb: 27 utons 2022 NPOBOAMANCE C LENbl0 BO3MOMHOTO MPUMEHEHWUA CUHTE3UPOBAHHOTO  MPWUBUBOYHOIO

cononumepa P(MPEG-g-MMA) B KayecTBe HEMOHOTeHHOro Aeamynbratopa Ana HeobTAHbIX
3MYNbCUIA. MpPUroTOBAEHHbIE HeWoHoreHHble MAB 6bliM OUEHEeHbl KaK Ae3Mynbratopbl ANA
amynbcuint "Boaa B HedpTn", KOTopble OblIN BbiPaKeHbl MPU PA3IUYHbLIX COOTHOLIEHUAX HedTb:
BOAa Npu Temnepatype 60°C. Pe3ynbTaTbl 3KCNEpPUMEHTA NOKa3aau, YTO CKOPOCTb AernapaTtauum
NPUroTOB/IEHHbIX Ae3Mynbratopos gocturaet 100% B 3aBMCMMOCTM OT XMMUYECKOro COCTaBa M
KOHLLeHTpaLMmM Aeamynbratopos. ONTMManbHas A03MPOBKa Aeamynbratopa coctasuna 300 ppm.
Kniouesbie cnosa: MEeTU/I0BbIN adup NONN3TUNEHTINKONSA, MeTUIMeTaKpuar,
cBO6OAHOPAAMKaNbHAA NOMMEPU3ALMSA, KaTaIM3aTOpP, AEe3MYbraTop.
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