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Abstract
Demulsification is an important process for dehydration of crude oil and environmental remediation. The intrinsic structure of
metal-organic frameworks (MOFs) endows MOFs with amphipathicity and meets the requirement of demulsifier. Herein, we
studied the demulsification performance, process and characteristic using MIL-100(Fe). The amphipathicity of MIL-100(Fe)
is crucial for demulsification. The demulsification efficiency (DE) for model emulsion excessed 99% within 30 min at optimal
condition, and dehydration efficiency for crude oil emulsion was up to 79% within 5 min. The DE can be maintained when the
pH ranged from 10.0 to 4.0, and it increased along with an increase of salinity (1˜1000 mmol*L-1). Component analysis revealed
that the degradation of sodium dodecyl sulfonate occurred by an abstraction of SO32-, which could eliminate the potential risk
of emulsifying again. Therefore, this study confirmed that enhancing the interaction with emulsion is an effective strategy for
new demulsifier to against the harsh conditions.
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Abstract: Demulsification is an important process for dehydration of crude oil and environmental remediation. The intrinsic structure of metal-organic frameworks (MOFs) endows MOFs with amphipathicity
and meets the requirement of demulsifier. Herein, we studied the demulsification performance, process and
characteristic using MIL-100(Fe), a kind of classical MOFs. It was found that the amphipathicity of MIL100(Fe) is crucial for demulsification. The demulsification efficiency (DE) for model emulsion excessed 99%
within 30 min at optimal condition, and dehydration efficiency for crude oil emulsion was up to 79% within
5 min using MIL-100(Fe). The DE can be maintained when the pH ranged from 10.0 to 4.0, and it increased
along with an increase of salinity (1˜1000 mmol·L-1 ). Component analysis revealed that the degradation
of sodium dodecyl sulfonate occurred by an abstraction of SO3 2- , which could eliminate the potential risk
of emulsifying again. Therefore, this study exhibited the potential of MIL-100(Fe) for demulsification, and
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confirmed that enhancing the interaction with emulsion is an effective strategy for new demulsifier to against
the harsh conditions.
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1. Introduction
As consumption of energy, conventional oil resource decreases sharply1-2 . In order to enhance the yield of
oil, the most common method is injecting water into the oil well 3 . Although this strategy can improve the
output of crude oil, it meanwhile caused high water content for crude oil and pollution for environment3˜5 .
The crude oil with high water content generally exists with stable emulsion 5,6 , which can corrode pipeline
and refining equipment 3,5 . Moreover, emulsion can form from the wastewater containing oil with the help
of surfactant in water, which could scatter the sunlight, hamper the input of energy for aquatic system
and increase the (bio-) chemical oxygen demand (COD/BOD)4,7 . All above will cause local aquatic system
anoxic, and reduce the water quality. Emulsion also raises the migratory risk of toxic and insoluble pollutants,
and enlarges the difficulty of remediation for pollution4,7,8 . As a result, the remove of both oil and emulsion
in water is important for the environmental remediation. Compared with the oil/water separation 9,10 , the
removalof emulsion is a challenge because of its high stability. Therefore, the demulsification has become one
of the focuses for the petroleum industry and environment.
Compared with physical and biological methods, the chemical demulsification is effective, energy-saving and
fast11-13 . An ideal demulsifier has the characteristics of large surface area (nm2 ·molecule-1 ) and amphipathicity 6,14 . The mechanism of demulsification for conventional demulsifier is competing with surfactant on
the interfacial film to decrease the interface tension (IFT) and accelerate the coalescence of emulsion 6,13,15 .
The driving force of demulsification for the conventional demulsifier is supramolecular interaction15 , which
is weak and make demulsification performance influenced frequently by the practical conditions, such as salinity, pH and so on 6,9,16 . Typically, counter ions can shrink the double electric layer along with an increase
of hydration for the interface of emulsion, enhancing the stability of emulsion and decreasing demulsification
efficiency of conventional demulsifier17 . Additionally, the conventional demulsifier need relatively long time
to obtain satisfying performance18-20 . Furthermore, the weak supramolecular interaction limits the improvement of demulsification performance. Thus, enhancing the interaction between demulsifier and emulsion
could be a potential strategy to conquer the shortcomings of those conventional demulsifiers.
Most of conventional demulsifiers are soluble, such as ethylene oxide/propylene oxide (EO/PO) segmented
copolymer, dendritic polymer with amine group, polyether and ionic liquid 17,21 . The soluble demulsifier
is also a potential pollutant, which increases the cost and burden of environment. Recently, heterogeneous
demulsifier has attracted much attention due to the merit of recyclability and environment-friendly 22-24 .
Metal-organic frameworks (MOFs) are functional crystal materials, which are consisted of polar node and
non-polar bridge. This structure ensures a special microdomain with amphipathicity 25 , meeting the design
of molecular structure of demulsifier. The node of MOFs is strong Lewis acid or Brønsted acid site 26,27 ,
which can react with the species contained oxygen (O), nitrogen (N), sulfur (S) and so on by coordination,
ligand/ion exchange and electrostatic interaction28,29 . It should be noted that the surfactant covered on
emulsion consists of hydrophobic alkyl chain and hydrophilic group, which usually contained O, N or S.
And the crude oil also contained heteroatomic (O, S and N) at some degree 30 . Therefore, there is potential
strong interaction between the node of MOFs and emulsion. Meanwhile the non-polar bridge of MOFs can
interact with organic species by the supramolecular interaction, which could promote the coalescence of oil
phase when the polar node of MOFs interacts with emulsion. What’s more, the pore of MOFs can regulate
the existing states of surfactant or oil phase molecule. All of these properties of MOFs could bring some
different features for the demulsification, compared with that of the conventional demulsifier. To the best of
our knowledge, the MOFs do not gain due attention as an intrinsic heterogeneous demulsifier.
Herein, we prepared the MIL-100(Fe), a classical MOFs, as an intrinsic heterogeneous demulsifier. Then, the
demulsification performances both for model emulsion and crude oil emulsion were investigated by batch
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experiments using MIL-100(Fe). The process of demulsification was studied by the inverted microscope.
Moreover, the interactional characteristics between the MIL-100(Fe) and model emulsion were revealed by
the surface measurement and component analysis.
2. Experiments
2.1 Chemicals
Ferric chloride hexahydrate (FeCl3 ·6H2 O), trimesic acid (BTC), methanol, sodium dodecyl sulfate (SDS),
oleic acid, petroleum ether were analytic reagents without purification further. The crude oil with a density
of 0.77 g·cm3 and a viscosity of 13.9 mN·s·m-1 at 20 was obtained from an oilfield at Tarim Basin, China.
2.2 Preparation of material
The material was prepared with a modified method from literatures [31,32]. Typically, 200 mL of methanol
solution contained 10.50 g of BTC was dropped into 250 ml of FeCl3 solution (0.3 mol*L-1 ) at a condition
of stirring vigorously. The saffron sediment was washed several times with ultrapure water (18.25 MΩ·cm-1 )
and ethanol following stirring 12 h at room temperature. Then, the saffron product was dried at 60 in oven.
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2.3 Characterization
The as-prepared material was characterized by X-ray diffraction (XRD, PANalytical) and scanning electron
microscope (SEM, FEI Quanta430 microscope) to identify the structure and morphology. The pore structure
was measured by N2 isothermal adsorption/desorption. The distribution of size and wettability for the asprepared material were measured by dynamiclightscattering (DLS) (Marlven Nano-ZS, England) and video
contact angle analyzer (Dataphysics OCA25, German). The parameters for XRD measurement and the
methods for the analysis of pore structure were shown in the supporting information (Text S1 ).
2.4 Demulsification study
Firstly, 40 ml of oleic acid was added into 200 ml of ultrapure water contained 0.2 g of SDS, stirring by
the homogenizer at a speed of 3800 rpm*min-1 , to prepare the model emulsion. The model emulsion was
used after diluting by ultrapure water in the next investigation. The concentration of model emulsion was
expressed with a volume ratio (v*v-1 ) of oleic acid in water.
Initially, demulsification performance was investigated at different conditions of dosage, concentration, time,
pH and salinity using the as-prepared material. The regenerability was studied following washing used
material with ethanol and petroleum ether. Typically, 0.10 g of the as-prepared material was suspended
in 19.6 ml ultrapure water, then 0.4 ml of the model emulsion was added into the as-prepared material
suspension. After that, the suspension contained as-prepared material and model emulsion was silence
following shock drastic. And the cycle of shock-silence did several times in 30 min. Subsequently, the
suspension was filtrated. The filter liquor was extracted by petroleum ether. The absorbance of extracted
liquor was measured at 268 nm by a UV-vis spectrophotometer (Shimadzu, UV-2600). The demulsification
efficiency (DE) was calculated according to the Eq. 1 :
DE = (A0 − A1 )/A0 × 100% (Eq. 1 )
Where, DE (%) was the demulsification efficiency for the model emulsion using the as-prepared material, A
andA 1 were absorbances of extract liquors before and after demulsification.

0

To exhibit the demulsification process, the demulsification phenomenon was recorded by an inverted microscope (AMG EVOSFL, Amercian). The interaction between as-prepared material and model emulsion
was reveal by attenuated total reflection infrared spectroscopy (ATR-IR, Nicolet iS5,Thermo Fisher Scientific), X-ray photoelectron spectroscopy (XPS, ES CALAB 250Xi, Thermo Fisher Scientific) and Zeta
potential (Marlven Nano-ZS, England). Additionally, the components of SDS solution after interacting with
as-prepared material were measured by ion chromatogram (IC) and liquid chromatogram-mass spectroscopy
(LC-MS).
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3. Results and discussion
3.1 Structure and morphology
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The XRD pattern of as-prepared material was presented in Fig. 1a . It showed the characteristic peaks
at a range of 5deg ˜ 30deg, which were in good agreement with that of MIL-100(Fe) 32 , indicating that the
MIL-100(Fe) was successfully synthesized by this method. The size of as-prepared MIL-100(Fe) was c.a. 300
nm (Fig. 1b ), which agreed with an average diameter of 242(+-52) nm measured by DLS (Fig. S1). In
addition, the specific surface area, total pore volume and porosity of as-prepared MIL-100(Fe) were 1344
m2 *g-1 , 0.727 cm3 *g-1 and 89.7%, respectively (Fig. S2 and Table S1 ).

Fig. 1 XRD pattern (a , the insert was structure unit of MIL-100(Fe)) and SEM image of as-prepared
MIL-100(Fe) (b )
3.2 Demulsification performances
Amphipathicity was a crucial characteristic for demulsifier6,14 . Therefore, the wettability of the obtained
MIL-100(Fe) was measured initially. As showed in Fig. S3, the water and oleic acid drops permeated into the
plane of MIL-100(Fe) quickly, which suggested that the MIL-100(Fe) was amphipathic. Subsequently, the
demulsification performance was investigated using MIL-100(Fe) as a heterogeneous demulsifier. Compared
with the homogeneous milky model emulsion (an average diameter of 2.53 um), the demulsified liquid was
transparent without obvious emulsion drops (Fig. 2a and 2b ). The demulsified MIL-100(Fe) floated on
the water (Fig. 2a ), which confirmed that the oil phase released from emulsion drops by the MIL-100(Fe).
At an optimal condition of dosage and concentration, the DE can exceed 99% (Fig. S4 ).
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Fig. 2 Photographs of the demulsification phenomenon (a ) (the dosage of MIL-100(Fe) and concentration
of model emulsion were 1% (w·w-1 ) and 1:250 (v·v-1 )), microscope photographs of the demulsified liquid (b
) and model emulsion (c )
To investigate the influence of time, pH and salinity on the demulsification performance of MIL-100(Fe),
the rest demulsification was carried out with a 0.5% (w·w-1 ) of MIL-100(Fe) and 1:250 (v·v-1 ) of model
emulsion. As showed inFig. 3a , the DE exceeded 86% of maximum demulsification capacity within 1 min,
and the saturated demulsification time was no more than 30 min. When the pH was 2.0, the DE was 97%.
As increasing for pH from 4.0 to 10.0, the DE maintained around 90% (Fig. 3b ). Besides, the DE increased
from 92% to 98%, following a rise of the salinity (1 mmol·L-1 ˜ 1000 mmol·L-1 ) (Fig. 3c ). What’s more,
a DE of 95% indicated that the demulsification performance of MIL-100(Fe) was not inhibited by the 10
mmol·L-1 of Mg2+ solution. Generally, the concentrated electrolyte could weaken the electrostatic attraction
by shrinking the double electric layer and supramolecular interaction by increasing the hydration, thus
decreasing the demulsification performance of demulsifier 17 . But this was contrary to the results in this
work, which implied that the interaction between MIL-100(Fe) and emulsion was more powerful than that
of the conventional demulsifiers. Afterwards, the regenerability of MIL-100(Fe) was studied. The DE of the
used MIL-100(Fe) decreased by 14% and 36% after 2th and 3th cycles (Fig. 3d ). The reason of decrease
for the demulsification performance might be related to the change of wettability for the used MIL-100(Fe),
which was illuminated by the following study.

Fig. 3 Demulsification efficiencies of MIL-100(Fe) at different time (a ), pH (b ) and salinity (c ), and that
of the used MIL-100(Fe) (d )
Above investigation for demulsification performance suggested that MIL-100(Fe) can demulsify perfectly,
especially at the acid and hyperhaline environment, which exactly was the conditions of exploiting for the
oil 33,34 . Therefore, the MIL-100(Fe) is suitable for demulsification in the area of the petroleum industry.
Furthermore, the dehydration for crude oil emulsion was carried out to investigate the practical demulsification performance of MIL-100(Fe). Shocking drastically about 10 s following adding 0.50 g of MIL-100(Fe)
5

into 50 ml of crude oil emulsion with a water content of 90%, the crude oil and water separated spontaneously
within 5 min at room temperature without any other assistive technologies (Fig. S5 ). The dehydration
efficiency for crude oil emulsion using MIL-100(Fe) was 79%. Particularly, the time for the dehydration of
crude oil emulsion was very short, compared with the conventional demulsifier (˜hour) 35-37 and some loading
type heterogeneous demulsifier (exceed 30 min)38,39 . It should be noted that the dehydration efficiency for
crude oil emulsion using MIL-100(Fe) might be further improved through the optimization of dehydration
conditions and the combination with other assistive technologies.
3.3 Demulsification process
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To investigate the demulsification process, the demulsification was recorded by an inverted microscope. As
presented in Fig. 4a , a lot of floccules formed as soon as contacting with the emulsion. And the rounded
edge of emulsion drop was replaced by the irregular margin of large floccules. The coalescence for emulsions
could occur with different patterns, such as two points coalescence liking the cell fusion (Fig. 4b ), three
points blend (Fig. 4c ) and multi-point incorporation (Fig. 4d ). Finally, the coalesced emulsion drops
would crack as shown in the Fig. 4e , releasing the oleic acid. The oleic acid surrounded the MIL-100(Fe),
forming the floccules and floating on the water as showed in Fig. 2a .

Fig. 4 Photographs for the demulsification process (a was the image of demulsification, the insert ofa1 and
a2 were the embossment of edge before and after demulsification.b ˜d were the representative coalescence
modes of emulsion, and e exhibited the moment of cracking for the coalesced emulsion drop)
The fast fusion for emulsion drops during the demulsification process can be explained by the amphipathicity
of MIL-100(Fe). The hydrophilic domain of MIL-100(Fe) ensured the contact with the interface film of emulsion, so that it was beneficial for MIL-100(Fe) to adhere on the emulsion drops. Meanwhile, the lipophilicity
domain of MIL-100(Fe) can enhance the fusion of emulsion drops by the hydrophobic interaction, which was
supported by the facts that the oleic acid drop permeated into the waterwetted MIL-100(Fe) quickly (Fig.
S6 ).
The model for oleic acid permeates horizontally on the water wetted MIL-100(Fe) was presented in Fig.
5 . ThefAttraction , which stands for apparent affinity of oleic acid on the waterwetted MIL-100(Fe), can
be expressed as theEq. 2 . In this study, the oleic acid is newton liquid, which has a constant viscosity
at a certain temperature. That is the inner resistance to oleic acid (fViscosity ) against motion is constant
and equal to the viscosity. The outer resistance against motion for the permeation is from hydrophobicity
(fHydrophobicity ) because of the layer of hydration covered on MIL-100(Fe). It was difficult to record permeation in situ. Herein, we instead the accelerated speed ofa (Eq. 3 ) with average accelerated speed ofa (Eq.
4 ) along with a change ofFAttraction byF Attraction (average apparent affinity). Giving a hypothesis of unit
volume V for oleic acid, there are m = 0.89V , where 0.89 (kg·m-3 ) is the density of oleic acid at 20 . Then,
theF Attraction is(1.78V tL2 + 35.3 × 10−3 N + fHydrophobicity ), where the items of 1.78V tL2 andfHydrophobicity
are positive. Therefore, theF Attraction is more than the surface tension of oleic acid (33.8 × 10−3 N). This
6

indicated the oleic acid can access to the MIL-100(Fe) without inhibiting of hydration even in water, which
caused the fast fusion of emulsion drops as shown in Fig. 4 . This conclusion is in good agreement with the
stable demulsification performance against the pH and salinity (Fig. 3b and Fig. 3c ).
FAttraction − fViscosity − fHydrophobicity = m · aEq. (2)
a = ∇2 ∂L
∂t Eq. (3)
a=

2L
t2 Eq.

(4)
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Where, the FAttraction is the apparent affinity for oleic acid on thewater wetted MIL-100(Fe), m is the mass
of oleic acid, fViscosity is the resistance because of viscosity (the viscosity of oleic acid is 35.3x10-3 N*s*m-1
at 2040 ),fHydrophobicity is the force originated from hydrophobicity, a is the accelerated speed of motion for
permeation, L is the distance for permeation,t is the time for permeation, a is the average accelerated speed
of motion for permeation.

Fig. 5 Model for oleic acid permeates horizontally on the water wetted MIL-100(Fe)
Furthermore, the wettability of used MIL-100(Fe) was studied. With pressing continuously, the water drop
was deformative and rolled on the plane of used MIL-100(Fe) (Fig. 6a˜e ). Additionally, the static water contact angle (WCA) of used MIL-100(Fe) was up to 179° (Fig. 6f ). Those characteristics of used
MIL-100(Fe) suggested that the wettability of used MIL-100(Fe) has changed from amphipathicity to hydrophobicity, and the force of adhere for water on the used MIL-100(Fe) was extremely weak. The hydrophobicity was disadvantage for the contact between the used MIL-100(Fe) and emulsion drops. Therefore, the
demulsification performance of used MIL-100(Fe) decreased dramatically (Fig. 3d ).
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Fig. 6 Wettability for a water drop on the plane of used MIL-100(Fe) (a˜e shown the dynamic behaviors
of a water drop with a continuous pression, the red arrow was the location for reference) (f shown the static
water contact angle)
3.4 Interaction for demulsification
As mentioned above, the hydrophilic domain of MIL-100(Fe) was the key point of demulsification. However,
the interaction between the hydrophilic domain of the MIL-100(Fe) and emulsion was not understood well.
In order to uncover the interaction, the fresh and used MIL-100(Fe) were measured by ATR-IR and XPS.
Compared with the fresh MIL-100(Fe), the symmetric vibration absorption band of carboxylate (ν as(COO)- )
for the used MIL-100(Fe) changed unsymmetrically and was blue shift (Fig. 7a ). While the vibration
absorption band of FeO6 octahedron for the used MIL-100(Fe) at 619 cm-1 was red shift32 (Fig. 7b ).
What’s more, the new absorption band of alkyl chain (-CH2 -) at 2855 cm-1 and 2927 cm-1 (Fig. 7c )
suggested the organic species were remained in the MIL-100(Fe) after demulsification. The residual alkyl
chain could decrease the surface energy of used MIL-100(Fe), causing a hydrophobic surface. The XPS
results of the used MIL-100(Fe) presented in Fig. 7d displayed that a signal of Fe2+ appeared at 709.1 eV,
and the relative content for the unsaturated Fe3+ to the saturated Fe3+ changed from 45% to 95%28 . The
change for the Fe3+ implied the reaction between the node of MIL-100(Fe) and the model emulsion might
exist. However, what most interesting was that there was no signal of S in the XPS for the used MIL-100(Fe)
(Fig. S7 ).
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Fig. 7 ATR-IR and XPS for the fresh and used MIL-100(Fe) (a ˜c were the results of ATR-IR, d was the
result of XPS)
In order to make it clear what happened for the SDS covered on the model emulsion. The component of
the SDS solution after interaction with MIL-100(Fe) was detected by ion chromatogram (IC) and liquid
chromatogram-mass spectroscopy (LC-MS). The result of IC suggested that the SO3 2- or SO4 2- was released
from SDS after interaction with MIL-100(Fe) (Fig. 8 ). What’s more, MIL-100(Fe) degraded the SDS
obviously according to the results of LC-MS (Fig. S8 ). The hydrogenation peak at m /z =187 verified
that the degradation products contained dodecyl alcohol (CH3 (CH2 )10 CH2 OH, M=186) (Fig. S9 ), which
implied that the group of SO3 2- instead of SO4 2- , was prefer to be extracted from SDS when the MIL-100(Fe)
interacted with SDS. The dodecyl alcohol could be oxidized into undecyl carboxylic acid (CH3 (CH2 )10 COOH,
M=200) with a molecule ion peak at m /z =199 (Fig. S9 ) further. After interaction with SDS, the BTC
with a molecule ion peak atm /z =209 (Fig. S10 ) was released from MIL-100(Fe). The components with
retention time of 4.6 min (m /z =223) and 5.1 min (m /z =237) were the ester and binary ester of BTC
with formulas of C8 H5 O6 CH3 and C8 H4 O6 (CH3 )2 (Fig. S11 and Fig. S12 ). Those esters might be the
residues when the MIL-100(Fe) was prepared, because there were absorption band of C-H for CH3 at 2871
cm-1 and 2974 cm-1 and absorption band of C-O-C for esters at 1088 cm-1 in the ATR-IR results of fresh
MIL-100(Fe) (Fig. S13 ). The leaching for BTC, C8 H5 O6 CH3 and C8 H4 O6 (CH3 )2 implied that the structure
of MIL-100(Fe) was destroyed at some degree, which can cause the changes of absorbance for the carboxylate
and -CH3 group as showed in Fig. 7a and7c .
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Fig. 8 Ion chromatogram (IC) of SDS solution after interaction with MIL-100(Fe)
Above IC and LC-MS results confirmed that the SDS was degraded by MIL-100(Fe). However, this reaction
with SDS did not influence the crystal structure of MIL-100(Fe) obviously, because XRD pattern of the used
MIL-100(Fe) was the same as that of the fresh MIL-100(Fe) (Fig. S14 ).
Finally, the influence of electrostatic interaction on the demulsification was studied by the zeta potentials
and demulsification efficiencies for different model emulsions. The negative charge increased continuously
because of hydroxylation 41 when the pH was increased from 4.0 to 10.0 (Fig. 9a ). The zeta potentials
of MIL-100(Fe) and model emulsion at the condition of demulsification were 19.8 mV and -67.2 mV, which
suggested that there was electrostatic attraction between MIL-100(Fe) and model emulsion stabilized by
SDS. And the electrostatic attraction weakened along with an increased of pH, which would decrease the
adsorption capacity droved by the electrostatic attraction for emulsion on MIL-100(Fe). Therefore, the DE
would decrease when the pH increased. But the results of demulsification performance shown that the DE
of MIL-100(Fe) maintained around 90% with the range of pH (4˜10) (Fig. 3b ). Additionally, the DE for
the model emulsion stabilized by Tween 80, a kind of nonionic surfactant, was up to 91% using MIL-100(Fe)
at the same conditions (Fig. 9b ). It could conclude that the contribution of adsorption droved by the
electrostatic attraction on demulsification was minor. However, the electrostatic repulsion hampered contact
with MIL-100(Fe) and emulsion, causing a low demulsification efficiency for the model emulsion stabilized
by cetyl ammonium bromide (CTAB, a kind of cationic surfactant) (Fig. 9b ).
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Fig.9Zeta potentials of MIL-100(Fe) and model emulsion stabilized by SDS at different pH ((a ), the concentrations of MIL-100(Fe) and emulsions were 0.1 g·L-1 and 1:250), demulsification efficiencies for model
emulsions stabilized by different surfactants (b )
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4. Conclusion
In summary, MIL-100(Fe) exhibited excellent demulsification performance for the model emulsion. The MIL100(Fe) preferred to demulsify at acid and hyperhaline conditions. The amphipathicity micro-domain of MIL100(Fe) was important for demulsification. MIL-100(Fe) degraded the SDS by abstracting the hydrophilic
group of SDS. This degradation for surfactant could erase the potential risk of emulsifying again. At the
practical occasion, MIL-100(Fe) dehydrated the water of 79% from the crude emulsion within 5 min without
any without any other assistive technologies. Therefore, this study exhibited the potential of demulsification
using MOFs in the area of environmental remediation and petroleum industry. Additionally, this study could
be a guidance for the development of new demulsifier to against the harsh conditions.
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