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Abstract

One of the most important problems associated with oil production is the formation of stable (water-in-oil)
emulsions, and these emulsions greatly affect the process of treating the oil and ridding it of water.The
creation of these emulsions throughout the oil production process is an expensive state, and the low water
level of crude oil emulsions enhances performance while lowering the risk of equipment and pipeline
deterioration. One technique to lower the water content is to break down crude oil emulsions chemically
by demulsification. The water droplets quickly collide because the emulsifier renders the thin
film separating the water droplets and the crude oil emulsion fragile. The current research includes the
synthesis and characterization of novel demulsifiers for acrylamide based on Schiff bases and polyvinyl
alcohol, which are both beneficial to the environment and highly effective in comparison to imported
emulsifiers from other countries. Due to the application of highly hazardous industrial emulsifiers, new
ecologically friendly demulsifiers were developed in this study that help reduce river water pollution.
Employing nuclear magnetic resonance and infrared spectroscopy, the produced compounds were
investigated. All of the polymer's spectrum signals corresponded well with the compounds' chemical
structures. The photodegradation of the emulsions used was also studied and it was found that they are
characterized by high disintegration and have the ability to reduce surface tensions. The thermal stability
of the prepared compounds was also measured.

Keywords: Acrylamide, Demulsifies, Petroleum, Photolysis, Poly vinyl alcohol.

Introduction

A family of specific compounds known as
demulsifiers or emulsion breakers are utilized to
separate emulsions, like oil in water. They are widely
used in the extraction of crude oil, which is typically
produced in combination with significant volumes of
briny water 1. Demulsifiers are mostly polymeric
substances with high molecular weights which assist
in lowering water droplet surface tension and
emulsifying agent reaction balance; however,

overuse of this material may result in more stable
emulsions 2. Furthermore, because of its capacity to
pass through the oil phase to the droplet border, this
material may be used to separate water from oil. In
general, the demulisifier aids in the droplet
membrane's separation and neutralization of the
emulsifying agents, which speeds up assembly.
Disintegrating the droplet membrane results in a
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large increase in the size of the water droplets when
the emulsifying component is unstable 2.

Emulsification Mechanisms

Emulsification takes place by the reduction of
interfacial ~ tension  between two  phases.
Emulsification happens when interfacial tension is
broken down into two phases. On the contrary, the
repulsion theory proposes that the emulsifying agent
develops films covering one of the stages, causing
droplets to repellent against one another. When an
emulsifier, such as phospholipid, protein, or
nanoparticle, is combined with two incompatible
liquids, such as water and oil, an emulsion is
typically created. But still, the form of used
emulsifier could influence the type of created
emulsion #°. Demulsifier biochemistry is dependent
on a variety of variables, such as epoxy resins,
polyamines, polyethylene imines, di-epoxides,
phenol-formaldehyde resins that are catalyzed by
acids or bases, and polyamines .

Emulsions of water polar or oil nonpolar solutes can
be broken down via demulsifying chemicals. These
compounds occur in transformers, metal, and
oxidation and rust elimination fluids as functional
liquids. When researchers assessed the likelihood of
the (W/O) emulsion in crude oil becoming fragile
when employing a water-soluble demulisifier instead
of an oil-soluble demulisifier, they observed that
utilising a water-soluble surfactant could negatively
affect the emulsion. In contrast, the W/O emulsion
could get broken down by adding polymers with
varying molecular weights, structures, and HLB to
the water phase. Desalting and drying crude oil is a
common application for demulsifying agents,
characterized by low molecular weight compounds
with high hydrophilic functionalities 8. The processes
of demulsification comprise chemical, biological,
and physical processes. Chemical approaches use
demulsifiers, which are classified according to their
chemical structure and utilization, to accelerate the
dissolution of films while reducing emulsion
stability °, separated into three groups: polymeric
surfactant, nanoparticles, and ionic liquids. When
two unmixable phases (o and ) such as oil and water
are contacted, interfacial regions are formed which
are not single-molecule thickness but rather have a
thickness 6 and that region has different properties
than a and B phases and undergoes certain changes
which cause significant changes in the internal
energy °. For instance, if a probe is moved from a
interior to P, some deviations in structure,

composition, and density, and its deviation gets
larger when the probe gets closer to the § phase until
arriving eventually at the homogeneous B phase. The
thickness of transitional layers depends on the
interface nature. The two different phases are having
thermodynamic properties with high uniformity up
to the interface regions, as the interface tension y by
assuming mathematical planes Zo in the regions of
interface. Furthermore, the region of interface and
the mathematical plane of Gibbs are given in Gibbs
dividing line Z which uniforms the thermodynamic
properties 011,

Persistent emulsions like water in oil (W/O) are
considered not recommended in refinery processes
and may cause steel corrosion and pump failure,
which is why they are avoided in the petroleum
industry. These emulsions are highly stable due to
the creation of stable coatings at water or oil droplets
created by crude oil components like asphaltene and
resins or oilfield chemicals used in the various crude
oil production activities. Emulsions of crude oil can
be mechanically demulsified, thermally, electrically,
or chemically to remove water. Since chemical
demulsification is more effective and rapid at
demulsifying crude oil emulsion compared with
other methods, researchers consider it tempting to
use 12, 13_

In 1957, due to their durability and strength, Poly
Schiff bases were studied extensively 4¢ and
frequent application in pH sensors '’ and light-
emitting diodes 8, poly(Schiff base)s have been the
subject of substantial research. Thus,
poly(azomethine)s, or poly(Schiff base)s, have been
recognized for more than 50 years. Furthermore, it
has been reported that these materials possess unique
optical, electrical, and catalytic characteristics that
are absent from traditional metal complexes®. Being
a water-soluble synthetic polymer, poly(acrylamide)
(PAAM) is experiencing extensive commercial use,
such as a coating in the construction and textile
sectors. The proportion of amine to carboxyl groups
affects these uses. Small structural alterations may
alter PAAmM's characteristics, including permeability
and mechanical strength. Understanding the unique
characteristics of polymers could represent a key
strategy to employing them in untested area 2. A
review of literature demonstrated that reports of
conventional synthetic techniques were submitted
for poly(Schiff base)s 2. We have described a novel
method for synthesizing polymers with NH; groups
that heavily relies on Schiff base synthesis 22 In this
study, a spectral approach was used to identify the
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Schiff base groups in the polymer. The newly
developed synthesis of poly(acrylamide)s including

Schiff bases and their characterization are presented
in this study as shown in scheme 1.

R,-NH, + >:Q + H
R3
R
RI_N:C
AN
R3

H R,
|
H R,

TP. ™y

-H,0

Schemel. Mechanism of Schiff base

Photolysis

Photolysis (also called photo dissociation and
photodecomposition) is the decomposition of
chemical bonds by natural or artificial light, which
includes both direct and indirect photolysis. In the
direct photolysis process, organic substances absorb
UV light or the result of a transfer of light; whereas
photosensitizers such as oxygen and hydroxyl or
peroxide radicals break down light in the indirect
photolysis process or radiant energy to the chemical
bonds 2. If the organic molecules are light-sensitive,
optical dispersion will be the primary mode of
elimination. The photolysis process is prevalent in
surface water and serves as an extra stage of
elimination in surface water or wastewater treatment
24

Furthermore, the photolysis of dissolved organic
matter is crucial in the global carbon cycle because it
is involved in the binding and releasing nutrients like
Pand N %2,

Three phases constitute the photochemical
mechanism of photolysis in this process:

1.The adsorption of light which excites electrons in
the molecule,

R+hv —>R*...(1I-)R*> P ...... 2-1
R= reactant molecule, R*= excited
molecule, P= degraded product.

2.The principal photochemical reactions that modify
or de-excite the molecular excitation.

3.The subsequent (dark) heat reactions that change
the intermediates created in step 2 of the preceding
process %,

Generally, the types of compounds that have been
degraded contain alkanet, halo alkanet, aliphatic

reactant

alcohols, carboxylic acids, alkenes, aromatics, halo
aromatics, polymers, surfactants, herbicides,
pesticides, and dyes 2. Furthermore, before
photolysis can take place, the photochemically
excited state must be deactivated, which can be
accomplished through a radiative  process
(fluorescence) in which energy (usually in the form
of light) is emitted during the transition to the ground
electronic state and some residual vibrational
excitation is rapidly lost through collision processes
2829 Based on ZnO have gained a lot of attention,
and there is a major reliance on this substance in our
modern industry and daily life % Zinc oxide (ZnO),
another possible photocatalyst, is an n-type
semiconductor possessing a thermodynamically
stable hexagonal wurtzite structure. It is nontoxic and
low-cost, with unique electrical, catalytic,
optoelectronic, and luminous features 3. Zinc oxide
(Zn0) is a semiconducting, piezoelectric, and optical
waveguide material utilised in solar cells, transparent
electrodes, sensors, and surface acoustic devices 2
3, The effective functioning of devices based on ZnO
structures depends on controlling the physical
properties of ZnO by considering several variables
including doping and temperature escalation. The
use of both (n and p) conduction types in light-
emitting devices is fundamental **. A portion of the
study involved the synthesis and characterization of
brand-new acrylamide demulsifies based on
polyvinyl alcohol and Schiff bases, which are both
environmentally friendly and far more efficient than
emulsifiers that are imported from other nations. In
this study, new environmentally friendly demulsifies
that assist minimize pollution in river water were
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created as a result of the use of extremely dangerous
industrial emulsifiers.

Materials and Methods

All the substances were obtained from Aldrich and
Merck. Melting points were measured in uncorrected
open capillary tubes. Shimadzu 8400s FT-IR
spectrophotometer and Shimadzo (Ir prestige-21)
FTIR spectrophotometer FT-IR spectra acquired
using KBr e discs. *HNMR spectra were obtained
using a DMSO solvent, Bruker ultra-shield 300
MHz, and are given in parts per million. Thermal
analyses TGA/DTA were performed using
TGA/DTA Q600- US and were achieved at Iran
University of Tehran.

Synthetic Procedures

Synthesis of (H) Polymerization of AAM

An amount of 10 g of acrylamide was incorporated
with 0.5 g of di-benzoyl peroxide as an activator in a
round-bottom flask at a temperature of 70°C. The
PAA homopolymer was isolated from the mixture by
subjecting it to continuous stirring in a water bath at
an elevated temperature for a duration of 6 hrs 125,

The reaction mixture was cooled to be at room
temperature, and the resulting product was rinsed
with diethyl ether and then dried in an oven at 50°C
for 1 hour. A percentage of 55% concentration of the
viscous white polymer was achieved.

Synthesis of (H1) [(2S, 2'S) — N, N' - (Pentane-1,
5-diylidene) bis (2- methylbutan amide)]

The process of polymerization is shown in Scheme
2. A Schiff base [H1] was synthesised in the second
stage by dissolving 1.0 g (0.0143 mol) of
polyacrylamide in 5 mL of absolute ethanol
(99.95%). Three drops of glacial acetic acid were
then added, and the mixture was stirred consistently
at ambient temperature (25°C). After adding 5 mL of
100% ethanol, 2 mL of glutaraldehyde (0.0286 mol)
is added to the mixture. The mixture is subsequently
heated with continuous stirring at 78°C for 12 hrs in
a water bath 3%,

0
BPO H H
CHa— e c—C—C'—
2==c NH, 6H.70C° H, |
H o:c‘ o=

Acryl amide

Glutaraldehyde

Poly acryl amide

~ .
12h. CH

(0] [¢]
H "fz H + H H glacial acetic acid
e C—C—C s T NN e I
H, |
(0] (6]

[(2S, 2'S) - N, N' - (pentane-1, 5-diylidene) bis (2- methylbutan amide)]

H
1
i
H H,
n

Poly(acrylamide gluteraldehyde) PAAG

Scheme 2. Synthesis of compound (H1) [(2S, 2'S) — N, N' - (pentane-1, 5-diylidene) bis (2- methylbutan
amide)

The final product was then air-dried overnight at
ambient temperature previous to being rinsed with
diethyl ether then recrystallization by ethanol show
in Fig. 1.
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Figure 1. Compound (H1)

Synthesis of (Acrylamide -g-PVA-phthalate) (H2)

Two grams of polyvinyl alcohol that had been
dissolved in EtOH +HO (50:50 vol) is mixed with
1gm of phthalic anhydride®’, and the mixture was
heated for about 6hrs at 80C°. The resulting clear
white precipitate (H2) was washed with ethanol
absolute and 1gm of (H2) was dissolved in 10 mL of
DMF and mixed with (2 g) of H. for 8 hrs. at 90 °C,
the mixture was reflexed in a circular flask bottom.
The resulting clear white precipitate (H2) was
washed with 10 mL of diethyl ether show in Fig. 2.

[ h n ]

C C
I BE
/O
oC
C|)O
l\|lH
C:O

H, |
w1

Figure 2. Compound (H2)

Preparation of W\O Emulsion %

In order to produce the W/O emulsion, 70 % vol
Basra crude oil and 30% volume water with 1g of
NaCl were blended at room temperature. This
produced water with characteristics comparable to
those of oil well water. After that, the W/O emulsion
was vigorously stirred for 2 hrs. at a rapid rate.
Ultimately, the emulsion underwent a 30-minute
homogenization process to guarantee the creation of
a one-phase emulsion. At 25°C, the produced
emulsion demonstrated excellent stability.

Demulsification Performance Test (EC2134A)
The performance test for demulsification was
conducted in compliance with EC2134A, which is a
commercial demulisifier summarized in Table 1.
Dimethyl sulfoxide, an organic solvent, is used to
dissolve the polymer before it is constructed into a
demulisifier solution at a concentration of 0.1 g/100
mL. The 0.1 g/100 mL demulisifier solution was
used as a stock solution for the preparation of the
following concentrations 10, 20, 30, 40, 50, 60, 70,
80 ppm. The first step involved adding demulisifier
to the 70/30% weight of W/O emulsion. Next, the
cylinder was manually agitated 200 times in less than
two minutes, and it was left undisturbed for 30
minutes. Afterwards, the cylinder was placed back
into the hot water bath that had been set up
previously. The demulsifying effectiveness was
determined by taking a certain quantity of water out
of the emulsion sample.

Table 1. Physical properties of the commercial
demulsifier (EC2134A).

Appearance Liquid

Colour Dark amber

Odour Hydrocarbon-like
Flash point 66°C

Melting point -459C,ASTM D- 97

0.962 (25 °C)
11 mpa.s(40°C)
insoluble

Relative density
Viscosity,dynamic
Water solubility

Calculating the Volume of Isolated Water

An amount of 10 mL of the oil sample was taken in
a volumetric flask, 20 mL of petroleum ether was
added to it, the volumetric flask was connected to the
Dean Stark Apparatus, and the mixture was heated at
a temperature of 70 °C. After that, the amount of
condensed water at the bottom of the clappers was
calculated according to Tables 2-4.
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Table 2. The amount of water in crude oil.
Original crude oil without Amount of water
additives drawn
10 mL of crude oil dded to 45mL
20 mL of petroleum ether '

Table 3. The amount of water remaining in
emulsion (W/O) by using compound (H1).

Crude oil with additives Amount  of  water
drawn

10 ppm 25 mL

20ppm 2.7 mL

30ppm 2.9 mL

40ppm 3mL

50ppm 3.2mL

60ppm zero mL

70ppm zero mL

80ppm 3.4mL

Table 4. The amount of water remaining in
emulsion (W/O) by using (H2).

Crude oil with  Amount of water drawn
additives

10 ppm 2mL

20ppm 2.2mL

30ppm 25mL

40ppm 1.5mL

50ppm zero mL

60ppm zero mL

70ppm 2.6 mL

80ppm 2.8 mL

Photolysis Method

Ultraviolet light source medium pressure mercury
lamp (150 W) (MPML) equipped with a focusing
lens to ensure a parallel beam of light. The lamp was
fixed with a photoreaction cell in this operation. The
preceding source produces UV light with a
wavelength range of 260-450 nm and a maximum

Results and Discussion

This study included prepared different demulsifies
and studying their capacity and photo degradation of
some of them. Schiff base 3" resulted from the
reaction of Acrylamide and of glutarlaldyde Scheme
2.

The newly derivatives of acrylamide * with
glutaraldehyde for preparing them in acidic media,
FT-IR spectra of derivative Fig. 3 compound H1,
interpreted the presence of a band at 3329 cm
stretching vibrations of (O-H), and (3209) cm that

intensity of 365 nm. A thermostat-controlled Pyrex
cylindrical photolytic cell with a 75 mL capacity was
utilized for the photolysis tests. During the
photolysis studies, a magnetic stirrer was utilized to
maintain  the  catalyst aqueous  solution
homogeneous. A circulating thermostat was used to
regulate the reaction temperature.

Solutions Preparation:

The absorption readings were measured at a
wavelength of 265 and 254 nm, respectively, using a
prepared solution containing 10 ppm of (H1). The
reaction temperature was 25°C.

First Treatment:

Without the use of any additives, the polymers (H2)
were irradiated and measurements of absorbance are
measured at various stages of the process.

Second Treatment:

1- Zinc oxide powder (0.04 g) was added to a known
concentration polymer solution (H2) in the photocell.
The interaction mixture is then irradiated by the UV
lamp while the subject was parallel to the
photovoltaic window, and absorption spectra were
recorded between 265, 254 nm.

2- At various irradiation time intervals, five milliliter
samples were collected.

3-Centrifuge was used to remove the zinc oxide from
the samples. UV was used to identify photo
degradation products.

In the first method, the emulsifier was added to the
crude oil without using a catalyst, and it was
observed that the disintegration rate was low, while
it was observed that when using zinc oxide as a
catalyst, the disintegration rate was high.

refers to the (N-H). Two bands appeared at 2900-
2800 cm? and 3133 cm™ which correspond to (C-
Haipn) as well as (C-Har) respectively. Bands at 1643
cm? refer to the (C=Nimine)*.

Fig. 4 exhibits moderate intensity bands that appear
in the infrared spectra in a range of 3421 cm?,
corresponding to the expanding vibrations of
hydroxyl groups. The appearance of two bands of
2927-2850 cm'?, which correspond to C-Hajpn (1705)
cm?, which belongs to the C=Oeser, (1635) cm?
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refers to the C=Oumig , While C=C extending
vibration of benzene rings in these compounds
appeared as a strong bands at (1562) cm™.

Figs. 5 and 6 display the synthesized H1's *H-NMR
spectra, which provide the following proton signals:
3(4.24-4.93) ppm (m, CH2,CH), 8(5.02-5.11) ppm (s,
2H, O-H) and 5(8.44) ppm (s, 1H, HC= N)*.,

The thermos gravimetric analysis was used to assess
the thermal stability of several selected chemicals
(TGA). The procedure measures loss of weight as an
outcome of temperature effect at stable rate of
heating or as a function of time at constant
temperature. In this study, the thermogravimetric
technique was utilized to evaluate the thermal
stability of the generated compounds by measuring
the weight of the specimen difference at a preset rate
of heating. The weight change was monitored as a
function of temperature, providing useful
information about the thermal stability of the
produced compounds. Thermo gravimetric analysis
compound -H1- in Fig. 6 revealed four stages of
weight loss:

1.With aweight loss of 8.200%, the first stage, which
took place at 140.23 °C, is assumed to have been
caused by the compound's water evaporation as
moisture or the glass transition.

2. The second phase, which took place at 180°C, is
related to the breakdown of acrylamide bonds with
glutaraldehyde melting which causes a 13.91% of
weight loss.

3. The third phase exhibited a loss of 25.07 percent
at 320 °C, leading to the crystallizing of acrylamide-
forming bonds.

4.The fourth and final phase had the most weight loss
of 23.00 %, showing that carbon dioxide was still
being released and acrylamide was continuously
degrading.

Fig. 7 illustrates the H3 *H-NMR spectra, which
exhibit the subsequent signals of protons: 6(1.5-2.52)
ppm (m, 9 protons, CH,,CH), 6(3.3-3.5) ppm (s, 2
protons, CH,-OH), &(3.8-4.3) ppm (t, 2 protons,
COOCH; ester), 6(7.47) ppm (m, 4 protons, aromatic
protons across various environments), and o(8.14)
ppm (s, 1 proton, CONH amide).

- _Smoothing_~—]]
. | |
= 3 S
1 2 g
- “ ~ I
= ~
- <
- 8
= ] -
] 3 |
] g 2
— «
- §
= |
- ~
- Dl
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- | =
— 3
1 X
. .
$—trrrrrrrrrrrrrr T T T ety YT T T T T T T T T T
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Figure 3. FT-IR of (H1) [(2S, 2'S) — N, N" - (pentane-1, 5-diylidene) bis (2-methylbutane amide)
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The thermal gravimetric measurement of this
chemical, as shown in Fig. 8, displayed four distinct
stages of weight loss:

1. The first step, which took place at 150 °C, is
attributed to the evaporation of water from the
compound as moisture or glass transition, resulting
in a 5% weight loss.

2. The second step, occurred at a temperature of
220.98°C, is believed to be the result of the melting
of the co-polymer and the breakdown of polyvinyl

alcohol bonds with phthalic anhydride, resulting in a
weight loss of 6.219%. The third stage exhibited a
26.87 % loss at 380.10 °C, which is related to the
compound's crystallization.

3. At 808.38°C, the fourth and final stage exhibited
a highest weight loss of 24 %, suggesting that carbon
dioxide emissions and  polyvinyl alcohol
decomposition are continuing. The remaining weight
% is composed of carbon waste as shown Tables 5
and 6.

. : ---;06‘2’3:;‘““) (E:::mumnl Change
{0 s68ma)
. 01 2esma)
204 24.00%
—_— i (0.7758ma)
°3 200 400 800 ac'b_o 1000
Temperature (“C) Universal Vd_5A TA Insinuments
Figure 8. Thermal analysis of compound (H2).
Table 5. Water amount extracted from the H1 demulsifier.
Demulsifier 10 20 30 40 50 60 70 80
Temp.
(H1) ppm.  ppm.  ppm.  ppm. ppm. ppm. ppm. ppm.
Room (200°C  35mL. 36mL. 37mL 38mL  39mL  40mL  41mL  42mL.
Temperature
Hot water bath (80)°C 43mL. 45mL. 46mL. 47 mL. 48 mL. 50 mL. 51 mL. 52 mL.
Commercial (80)°C 21mL. 23mL. 24mL. 25mL. 26mL.  28mL. 29mL.  30mL.

demulsifier
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Table 6. Quantity of water removed from the H2 demulisifier.

Demulsifier(H2)  Tem. 10 20 30

ppm. ppm. ppm.

40 50 60 70 80
ppm. ppm. ppm. ppm. ppm.

Room

Temperature (20)°C

32 mL. 33 mL.

Hot water bath (80)°C  35mL. 37 mL.

Commercial

demulisifier 22 mL.

(80)°C 20 mL.

35 mL.

40 mL.

24 mL.

37mL.  41mL. 43mL. 44mL. 47 mL.

42mL. 43mL. 45mL. 48 mL. 49 mL.

26 mL. 27mL. 28mL. 29mL. 30 mL.

Separation Efficiency

Figs. 9, 10 and 11 illustrates the impact of
chemicals and EC2134A on the time-dependent
efficiency of water separation. For Re-SOLC
®EC2134A, water separation increases throughout
the duration of the following 60 minutes, and then
levels drop when separation of low rates occurs. But
after 100 minutes, the 80% EC2134A separation was
shown to be the most effective division among ready-
made emulsifiers. This indicates that the rate of
separation increases rapidly over the first 30 minutes
before spotting a major decrease. The best separation
for 100 minutes was 85 percent. Nonetheless, the
time limit was set at 60 minutes, after which
demulsifiers could not improve separation. The
threshold value was related to the concentration of
demulisifier.

Furthermore, because polymeric chains contain
active chemical groups such as OH, C=0, and
COOH, they are active demulsifiers. Then, the
commercial demulisifier EC2134A was detected
after 60 minutes, it needs high temperatures more
than 70°C to increase the separation efficiency.
(EC2134A) gave a small separation rate compared
with the prepared emulsifiers, as its efficiency
increased when the temperature raised to 80°C, and
this occurs with most commercial.

35

[ N oY
[T N A 1
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WATER SEPARATION
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Figure 9. The influence of various concentration
of (H1) on the separation of water. The water
phase was vol 15% and the temperature was 20
oC.
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Figure 10. The influence of various concentration
of (H2) on the separation of water. The water
phase was 15% and the temperature was 80 °C.
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Figure 11. Images of water separation.

Influence of the Demulsifier Concentration
Through water separation tables from crude oil, the
best separation table was the compound H2 Table 4-
8, which is a superimposed polymer of H2 due to
the presence of the active polar active groups that
draw water such as OH, C=N,C=0 ,COOH, (N-H)
amide and (C=0) ester in the prepared compound.
The more polarizing the compound is due to the
hydrogen bonds with water and thus the withdrawal
of good water. These prepared compounds have good
water solubility and carry water-loving limbs, and
therefore their polarization is high and the end is a
good effectiveness water withdrawal from crude oil.
One of the most important factors affecting
demulisifier adsorption at the surface is the dose of
the demulisifier. The demulisifier dosages used were
manufactured and commercialized (10-80 ppm).
Because the demulsification process was much
accelerated by the rise in demulisifier concentrations,
a significant amount of water was removed from the
emulsion. The effectiveness of demulsifying
prepared compounds at different dosages *°.
Demulsification effectiveness only increase with
increasing levels in the crude oil/water emulsion
(90/10% wvol), maintaining constant in other
emulsion components with different concentrations.
For 50/50 and 70/30 vol crude oil/water emulsions,
it achieved 100% demulsification -effectiveness;
nevertheless, it required longer time to reach balance
than synthetic demulsifiers. The effectiveness of

demulsification is 96 %. More natural emulsifiers are
substituted as emulsifier concentration increases.
The demulsification efficiency is thus boosted .

Effect of Temperature on Demulsifying
Performance of Polymer

As the demulsification temperature is increasing
from 60 °C to 80 °C, the demulsification efficiency
shows a clear increase curve. The results show that
at 60 °C the demulsifying efficiency is just 40%. In
addition, it is found that demulsification
effectiveness is around 80% when the temperature
increases to 70 °C. Then a rise in temperature would
result in a decrease in the mechanical strength and
viscosity of the oil/water interface. On the other
hand, a rise in temperature would increase water
droplet kinetic and increase tensions between the
densities of the water and oil phases (Brownian
motion).

It has been shown that the stated effect may help to
effectively coalesce and collect water drops and
separate crude oil emulsions. This is because the heat
reduces the interfacial viscosity of the inner phase
due to the increased rate of destruction of the
interfacial membrane *’.

Photodegradation of Polymers (H1, H2)

This research included a study for the
photodegradation of some demulisifier preparation
(H1 and H2) by using UV- light with catalyst ZnO
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and without ZnO and the estimation of removal of
degradation was done according to the following
equation:

Degradation %=(A_0-A_t)/A_0 x100
Where A0 is the absorption at zero irradiation time
and, at absorption at irradiation time.

The effect of UV-light in photodegradation of Hland
H4 an experiment was conducted out in a photolytic

cylindrical by using 75mL of 10 ppm of both natural
polymer H1 and synthetic polymer H3 for 180
minutes of irradiation time with using 0.04 g of ZnO
as catalyst, the experiment was repeated without
using zinc oxide, and the results were included in
Tables 6 and Figs. 12,13.

Table 7. UV light's influence on H1's polymer photodegradation at 25 °C with and without ZnO.

Time(min) Abs. without ZnO Degradation % Abs. with ZnO Degradation %
0 0.143 0 0.143 0
15 0.102 28.6 0.097 32.1
30 0.092 35.5 0.066 53.8
60 0.083 41.9 0.052 63.6
90 0.078 455 0.037 74.1
120 0.058 59.4 0.024 83.2
180 0.038 73.4 0.016 88.8
Degredation of of polymerH1
100
R
c 80
B 60
[14]
E 40 without ZnO
-]
a 20 with ZnO
0
0 50 100 150 200
Irradiation time

Figure 12. Radiation’s influence on H1's polymer photodegradation at 25 °C with and without ZnO.

Table 8. UV light's influence on the photodegradation of H1 polymer at 25 °C with and without ZnO.

Time(min) Abs. without ZnO Degradation % Abs. with ZnO Degradation %
0 0.157 0 0.157 0

15 0.129 235 0.103 343

30 0.117 25.4 0.099 36.9

60 0.107 31.8 0.097 38.2

90 0.102 35 0.091 42.0

120 0.094 40.1 0.087 445

180 0.089 43.3 0.075 52.2
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Figure 13. The effect photo degradation of polymer H2 with and without ZnO at 25 °C.

Photodegradation accelerates when ZnO is used as a
catalyst for both H1 and H3On the other hand, UV
contributes significantly to photodegradation in
ZnO. When the light reaching the semiconductor
exceeds or equals the band gap energy, as a
consequence of the ZnO catalyst absorbing it, a
positive hole (h+) is simultaneously generated in the
valence band and an electron (e) is promoted from
the valence band to the conduction band. This
process of radical formation (*OH and *O.¢) can be
described mechanically as follows:

ZnO + hv (UV) — ZnO (eCB- + hVB +)

ZnO (h VB +) + H,0 — ZnO + H+ + «OH

Conclusion

This research has the potential to facilitate the
development of novel synthetic polymers with
exceptional qualities, which have garnered
significant interest within the area of Emulsification.
The modulation of artificial polymers has resulted in
the acquisition of new or enhanced properties. The
study on Modified Polymers focuses on developing
various demulsifiers systems. Based on the current
empirical study, multiple conclusions are to be
sketched. To begin with, enhancing the separation
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ZnO (h VB +) + OH— — ZnO + «OH
ZnO (eCB —) + 02 — ZnO + <O,
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The fact that photocatalyzed degradation of organic
materials in solution is recognized to be launched by
the development of electron-hole pairs on the
catalyst surface upon photoexcitation further
supports the findings of these tests, which also show
that UV light and the photocatalyst ZnO have a
bigger impact on the efficient breakdown of H1 than
H2.

time of the tested ¢ leads to an improve in water
separation. Additionally, the level of demulsifier
concentration may significantly impact the
prevention of water separation. Finally, enhancing
the dose of demulsifiers will enhance the efficacy of
water separation. Consequently, the addition of the
polymer into the W\O emulsion triggers a process in
which water droplets combine and merge. This
demulsifier exhibits more deterioration than the
commercial demulsifier.


https://doi.org/10.21123/bsj.2024.10649

Published Online First: November, 2024
https://doi.org/10.21123/bsj.2024.10649
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

We hereby confirm that all the Figures and
Tables in the manuscript are ours. Furthermore,
any Figures and images, that are not ours, have
been included with the necessary permission for
re-publication, which is attached to the
manuscript.

Authors’ Contribution Statement

All the authors took part in the study by preparing

experiments to synthesize the compounds,
References
1. Ali HA. Preparation and evaluation of demulsifiers

agents for Basra crude oil. Appl Petrochem Res. 2012
Mar;1: 29-33.
https://doi.org/10.1007/s13203-011-0003-1

Ezzat AO, Atta AM, Al-Lohedan HA. One-step
synthesis of amphiphilic nonylphenol
polyethyleneimine for demulsification of water in
heavy crude oil emulsions. ACS omega. 2020 Apr 16;
5(16): 9212-23.
https://doi.org/10.1021/acsomega.0c00002

Maji B, Maiti S. Chemical modification of xanthan
gum through graft copolymerization: Tailored
properties and potential applications in drug delivery
and wastewater treatment. Carbohydr Polym. 2021
Jan 1; 251: 117095.
https://doi.org/10.1016/j.carbpol.2020.117095
Dawood AA, Mohammed SR, Mahmoud M.
Synthesis, identification and biological activity of
new heterocyclic compounds from reaction of new
schiff-bases with phathalic anhydride. Sci j Univ
Zakho. 2020 Mar 30; 8(1): 12-8.
https://doi.org/10.25271/sjuoz.2020.8.1.641
Wijker S, Deng L, Eisenreich F, Voets IK, Palmans
AR. En Route to Stabilized Compact Conformations
of Single-Chain Polymeric Nanoparticles in Complex
Media. Macromolecules. 2022 Jul 13; 55(14): 6220-
30. https://doi.org/10.1021/acs.macromol.2c00930
Boulechfar C, Ferkous H, Delimi A, Djedouani A,
Kahlouche A, Boublia A, et al. Schiff bases and their
metal Complexes: A review on the history, synthesis,
and applications. Inorg Chem Commun. 2023 Apr 1;
150: 110451.
https://doi.org/10.1016/j.inoche.2023.110451

Azeez HN, Al-kadhimi AA, Tapabashi NO.
Synthesis,  Characterization and  Biological
Evaluation of Some Azo and Azo-Schiff Compounds.
Kirkuk J Sci. 2019 Mar 28; 14(1): 97-119.
http://doi.org/10.32894/kujss.2019.14.1.8

Yonguep E, Kapiamba KF, Kabamba KJ, Chowdhury
M.  Formation, stabilization and chemical
demulsification of crude oil-in-water emulsions: A
review. Pet Sci. 2022 Dec 1; 7(4): 459-72.

No animal studies are present in the manuscript.
No human studies are present in the manuscript.
Ethical Clearance: The project was approved by
the local ethical committee at University of
Baghdad.

identifying the products, carrying out applications,
and working together to write the final manuscript.

10.

11.

12.

13.

14.

15.

16.

https://doi.org/10.1016/j.ptlrs.2022.01.007

Thao NT, Wijerathna HM, Kumar RS, Choi D,
Dananjaya SH, Attanayake AP. Preparation and
characterization of succinyl chitosan and succinyl
chitosan nanoparticle film: In vitro and in vivo
evaluation of wound healing activity. Int J Biol
Macromol. 2021 Dec 15; 193: 1823-34.
https://doi.org/10.1016/j.ijbiomac.2021.11.015
Abdullah MM, Ezzat AO, Al-Lohedan HA, Aldalbahi
A, Atta AM. New amphiphilic ionic liquids for the
demulsification of water-in-heavy crude oil emulsion.
Molecules. 2022 May 18; 27(10): 3238.
https://doi.org/10.3390/molecules27103238
Abdulredha MM, Aslina HS, Lugman CA. Overview
on petroleum emulsions, formation, influence and
demulsification treatment techniques. Arab J Chem.
2020 Jan 1; 13(1): 3403-28.
https://doi.org/10.1016/j.arabjc.2018.11.014

Petroni S, Tagliaro I, Antonini C, D’Arienzo M,
Orsini SF, Mano JF, et al. Chitosan-based
biomaterials: insights into chemistry, properties,
devices, and their biomedical applications. Mar
Drugs. 2023 Feb 24; 21(3): 147.
https://doi.org/10.3390/md21030147

Bussiere PO, Gardette JL, Rapp G, Masson C, Therias
S. New insights into the mechanism of
photodegradation of chitosan. Carbohydr Polym.
2021 May 1; 259: 117715.
https://doi.org/10.1016/j.carbpol.2021.117715
Marvel CS, Bonsignore PV. Heat Stability Studies on
Chelates from Schiff Bases and Polyazines of
Salicylaldehyde Derivativesl. J Am Chem Soc. 1959
Jun; 81(11): 2668-70.
https://doi.org/10.1021/ja01520a018

Ahmed AA, Mekky AE, Sanad SM. Effective
synthesis of new benzo-fused macrocyclic and
heteromacrocyclic bis (Schiff bases). J Iran Chem
Soc. 2022 May 1: 1-2.
https://doi.org/10.1007/s13738-021-02409-3
Alharbi RA, Alminderej FM, Al-Harby NF,
Elmehbad NY, Mohamed NA. Design, synthesis, and
characterization of novel bis-uracil chitosan



https://doi.org/10.21123/bsj.2024.10649
https://doi.org/10.1007/s13203-011-0003-1
https://doi.org/10.1021/acsomega.0c00002
https://doi.org/10.1016/j.carbpol.2020.117095
https://doi.org/10.25271/sjuoz.2020.8.1.641
https://doi.org/10.1021/acs.macromol.2c00930
https://doi.org/10.1016/j.inoche.2023.110451
http://doi.org/10.32894/kujss.2019.14.1.8
https://doi.org/10.1016/j.ptlrs.2022.01.007
https://doi.org/10.1016/j.ijbiomac.2021.11.015
https://doi.org/10.3390/molecules27103238
https://doi.org/10.1016/j.arabjc.2018.11.014
https://doi.org/10.3390/md21030147
https://doi.org/10.1016/j.carbpol.2021.117715
https://doi.org/10.1021/ja01520a018
https://doi.org/10.1007/s13738-021-02409-3

Published Online First: November, 2024
https://doi.org/10.21123/bsj.2024.10649
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

hydrogels modified with zinc oxide nanoparticles for
boosting their antimicrobial activity. Polymers. 2023
Feb 16; 15(4): 980.
https://doi.org/10.3390/polym15040980

Abdelaty MS. A facile method for the preparation of
hydrophilic-hydrophobic ~ functional  thermo-pH
responsive terpolymers based on poly (NIPAAm-co-
DMAA-co-DMAMVA) and post-polymerization. J
Polym Environ. 2021 Oct; 29: 3227-41.
https://doi.org/10.1007/s10924-021-02117-2

Xu L, ChenY, Yu M, Hou M, Gong G, Tan H, et al.
NIR light-induced rapid self-healing hydrogel toward
multifunctional applications in sensing. Nano Energy.
2023 Mar 1; 107: 1081109.
https://doi.org/10.1016/j.nanoen.2022.108119

Liu Y, Li Z, Shen Y, Li D, Chen Z. Self-templated
poly schiff base-Fe derived Fe-N co-doped porous
carbon nanosheets for efficient electrocatalysis.
Chem Eng J. 2022 Feb 15; 430: 132315.
https://doi.org/10.1016/j.cej.2021.132315

Shu G, Bu K, Zhao B, Zheng S. Evaluation of newly
developed reverse demulsifiers and cationic
polyacrylamide flocculants for efficient treatment of
oily produced water. Colloids Surf A Physicochem
Eng Asp. 2021 Feb 5; 610: 125646.
https://doi.org/10.1016/j.colsurfa.2020.125646
Yeganeh-Salman E, Alinezhad H, Amiri A, Maleki B.
Poly Schiff-base based on polyimides functionalized
with magnetic nanoparticles as novel sorbent for
magnetic solid-phase extraction of non-steroidal anti-
inflammatory drugs in environmental water samples.
Microchem J. 2022 Dec 1; 183: 108000.
https://doi.org/10.1016/j.microc.2022.108000
Mighani H. Schiff Base polymers: synthesis and
characterization. J Polym Res. 2020 Jun; 27: 1-8.
https://doi.org/10.1007/s10965-020-02080-x

Fadel Z, Al-Azzawi AM. Design, synthesis and
antimicrobial activity evaluation of new bisimidyl
sulfonamido ketone comprising drug component.
Chem Methodol.  2021; 5(6): 464-70.
https://doi.org/10.22034/chemm.2021.137365

Bi Y, Tan Z, Wang L, Li W, Liu C, Wang Z, et al.
The demulsification properties of cationic
hyperbranched  polyamidoamines for  polymer
flooding emulsions and microemulsions. Processes.
2020 Feb 4; 8(2): 176.
https://doi.org/10.3390/pr8020176

Ceramella J, lacopetta D, Catalano A, Cirillo F,
Lappano R, Sinicropi MS. A review on the
antimicrobial activity of Schiff bases: Data collection
and recent studies. Antibiotics. 2022 Feb 1; 11(2):
191.

https://doi.org/10.3390/antibiotics11020191
Kandasamy S, Yoo J, Yun J, Kang HB, Seol KH, Kim
HW, et al. Application of whey protein-based edible
films and coatings in food industries: An updated

overview. Coatings. 2021 Aug 31; 11(9): 1056.
https://doi.org/10.3390/coatings11091056

27. Ge H, Ding K, Guo F, Wu X, Zhai N, Wang W. Green
and superior adsorbents derived from natural plant
gums for removal of contaminants: a review.
Materials. 2022 Dec 25; 16(1): 179.
https://doi.org/10.3390/mal16010179

28. Abdulredha MM, Aslina HS, Lugman CA. Overview
on petroleum emulsions, formation, influence and
demulsification treatment techniques. Arab J Chem.
2020 Jan 1; 13(1): 3403-28.
https://doi.org/10.1016/j.arabjc.2018.11.014

29. Anna B, Solaiman D, Alexey S, Sali D.
Pharmacological and biological effects of chitosan.
Res J Pharm Technol. 2020; 13(2): 1043-9.
http://dx.doi.org/10.5958/0974-360X.2020.00192.4

30. Tong YZ, Zhao WJ, Wu W, Zhang DL, He GJ, Yang
ZT, et al. Realizing enhanced dielectric and
mechanical ~ performance  of  polyvinylidene
fluoride/SiC nanocomposites through a bio-inspired
interface design. Adv Compos Hybrid Mater. 2022
Mar; 5(1): 263-77.
https://doi.org/10.1007/s42114-021-00333-x

31. Abdullah MM, Al-Lohedan HA. Novel amphiphilic
gemini ionic liquids based on consumed polyethylene
terephthalate as demulsifiers for Arabian heavy crude
oil. Fuel. 2020 Apr 15; 266: 117057.
https://doi.org/10.1016/j.fuel.2020.117057

32. Shokri Z, Seidi F, Saeb MR, Jin Y, Li C, Xiao H.
Elucidating the impact of enzymatic modifications on
the structure, properties, and applications of cellulose,
chitosan, starch and their derivatives: a review. Mater
Today Chem. 2022 Jun 1; 24: 100780.
https://doi.org/10.1016/j.mtchem.2022.100780

33. Meikle JL. American plastic: a cultural history.
American Plastic: A Cultural History - Jeffrey L. Meikle
- Google Books. Rutgers University Press; 1995. Chap
8, p. 245-246.

34. Afshar HA, Ghaee A. Preparation of aminated
chitosan/alginate scaffold containing halloysite
nanotubes with improved cell attachment. Carbohydr
Polym. 2016 Oct 20; 151: 1120-31.
https://doi.org/10.1016/j.carbpol.2016.06.063

35. Awad SH, Saeed RS, Hussein FA. Synthesis and
Polymerization of New Maleamic Linked to Schiff
Base and Substituted with Different Drugs. Biochem
Cell Arch. 2020 Oct 1; 20(2): 6317-6321.

36. Sar1 N, Ozcan S. Synthesis, characterization and
selectivity studies of poly (acrylamide) incorporating
schiff bases. Chin J Polym Sci. 2009 Sep; 27(05):
675-83.
https://doi.org/10.1142/S0256767909004370

37. Awad SH, Yousif SA, Mahmood WA, Mahmood TA.
Synthesis and characterization of chitosan-G-phthalic
anhydride with different drugs. AIP Conf Proc. 2020
May 4. 2235(1). AIP Publishing.



https://doi.org/10.21123/bsj.2024.10649
https://doi.org/10.3390/polym15040980
https://doi.org/10.1007/s10924-021-02117-2
https://doi.org/10.1016/j.nanoen.2022.108119
https://doi.org/10.1016/j.cej.2021.132315
https://doi.org/10.1016/j.colsurfa.2020.125646
https://doi.org/10.1016/j.microc.2022.108000
https://doi.org/10.1007/s10965-020-02080-x
https://doi.org/10.22034/chemm.2021.137365
https://doi.org/10.3390/pr8020176
https://doi.org/10.3390/antibiotics11020191
https://doi.org/10.3390/coatings11091056
https://doi.org/10.3390/ma16010179
https://doi.org/10.1016/j.arabjc.2018.11.014
http://dx.doi.org/10.5958/0974-360X.2020.00192.4
https://doi.org/10.1007/s42114-021-00333-x
https://doi.org/10.1016/j.fuel.2020.117057
https://doi.org/10.1016/j.mtchem.2022.100780
https://doi.org/10.1016/j.carbpol.2016.06.063
https://doi.org/10.1142/S0256767909004370

Published Online First: November, 2024 @

https://doi.org/10.21123/bsj.2024.10649
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

A

Baghdad Science Journal

38.

39.

https://doi.org/10.1063/5.0007635 40. Al-Daffaay RK. Preparation-and Spectroscopic
Mohyaldinn  ME, Rammudo L, Ayoub M. Characterization of Transition Metal Complexes with
Experimental investigation of polyvinylpyrrolidone Schiff base 2-[1-(1H-indol-3-yl) ethylimino) methyl]
for application as a demulsifier for water-in-oil naphthalene-1-ol. Baghdad Sci J. 2022 Oct 1; 19(5):
emulsion. TOPEJ. 2017 Nov 30; 10(1). 1036-1044.
http://dx.doi.org/10.2174/1874834101710010263 https://doi.org/10.21123/bsj.2022.6162

Pokhrel S, Adhikari R, Yadav PN. Assessment of 41. Saeed RS, Attiya HG, Obead KA. Synthesis and
Biodegradable Blends of Poly (Vinyl Alcohol) and Characterization of Grafted Chitosan Blending with
Chitosan for Food Industry and Biomedical Polyvinyl  alcohol/Nanocomposite and  Study
Application. Curr Topics Chem Biochem. 2022; 1: Biological Activity. Baghdad Sci J. 2023 Oct 1;
49-64. 20(5): 1692-1700.
https://doi.org/10.9734/bpi/ctcb/v1/1903B https://doi.org/10.21123/bsj.2023.7574

Jdoasll 3o g0 e el JaS) (A gall (e ARG Baaa Apdadi cilylaiins gaddly juiaal

‘;‘\Mimwbd\g
2 daaa dgan Gl 1 alge gia ;Mclﬁbiﬁ\dﬁsﬂcl&bﬁwg@j

d\_)ad\ Ay calary daala il (‘.\)M\ Al el r‘.\.ugl
G e s ol epstall S ceLeall 152

Ladal)

Glee o S JS5 Jig Gllatiual da 5 ¢ (Cu) B ela) £ 5 o A0 Sililatine (585 Sl LY daliaal) JSLL) pal (e
oaidiall S (s sl o LS ¢ Al ASie Jadill o) Ll cldaiaall 038 (oS5 ey elall (o diaddii s 5l dallas
sl COATLY) S 22y Aol Cilarall s i) L gl JST A dlaia) (e Jliy g Apalil) oy 5 alad) Jadil) cillaisal
Clating o dad ) Ak ) 8l ade ) Glatiadl 3 5 35 elall (5 sina Jull Aaadiiall (3 jlall (gaa] AlAd) <y 3l llatil
Bl COATLY) ) Je Caa 55 dac) Cand) 138 (el Ao o elall il 2 lanil ) (525 Laa ¢ slall €l ylad 5 alad) oy 1)
el i gl) i g Al Aa Al ASiaa LS e el Al Jasll Jad (s e XS el G SO Cadael B e
o aalud sy Al Apaa saaa Glilaiie G je dlae) a3 ¢ Jandl 138 & Lpial) 50 ) sivadl cildatoaly 45 5lie e 50US,
Jalatl) alasinly 5 paaall CLS el Cuand Al Lpad) <l dpeliall cildadiual aladin) dagm L) ol Sl aia
S IS A8 gie ) el sall ydal) ol HLEY) aan iS5 ¢ 555l maalinall (i )l Adllaall 5 ) peall ciat AaSYL gkl
33l Ll s e IS, 5l L) aa g 85 Aedtivual) lilatisall S guall Jlaill 4l o 23 SISl el sall ALl S 1) pe

B panal) LS Hall 4 1 jadh &y ) 8N (uld o5 S dadasdl) @l il (s e

il o J9a ¢ 5 gaall Jlail) cedadil) eDain¥) i e el Ja jS) s dsalidal) cilalst)


https://doi.org/10.21123/bsj.2024.10649
https://doi.org/10.1063/5.0007635
http://dx.doi.org/10.2174/1874834101710010263
https://doi.org/10.9734/bpi/ctcb/v1/1903B
https://doi.org/10.21123/bsj.2022.6162
https://doi.org/10.21123/bsj.2023.7574

