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ABSTRACT: Oily water is one of the most common issues, which is‘attributed to the petroleum industry in the
form of oil-water (O-W) emulsion. Therefore, it is necessary totreat it before being released into the environment.
In this study, the possibility of two different nanocomposites has been investigated in the demulsification of O-W
emulsions. First, silica (SiO2) nanoparticles and graphene oxide (GO) nanosheets were synthesized using the sol-
gel process and the Hummers’ method, respectively. Next, polyaniline (PANI)-silica and reduced graphene oxide
(rGO)-silica nanocomposites were synthesized by applying in situ chemical oxidative polymerization and sol-gel
processes, respectively. EDX analysis:showed the proper reduction of GO to rGO nanosheets. In addition, SEM
results revealed that the PANI-silica nanocomposite was more functional compared to rGO-silica due to its higher
specific surface area and<higher demulsification efficiency. Accordingly, bottle tests and optical microscopy
images proved that the adsorption capacity of PANI-silica hanocomposite is greater than that of rGO-silica
nanocomposite. Furthermore, the demulsification results indicated that the optimum adsorption percentage of oil
from the O-W emulsion corresponded to the oil content in the emulsion and was not correlated to the
nanocomposite type. It was figured out that the performance of nanocomposites was better when using less oil in
the O-Wemulsion. BET analysis also showed that the surface area of PANI-silica was two times greater than that
of eGO-silica, which caused better O-W emulsion separation. The hydrophobicity observations confirmed that
the surface of PANI-SiO; can absorb more oil droplets compared to rGO-SiO,. Last, the possible mechanism of

demulsification by applying nanocomposite as an adsorbent was also explained.
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INTRODUCTION

The oil-in-water (O-W) emulsion produced by the petroleum industry is stable, and the separation processing is
difficult, which has received sustained attention for decades [1-5]. The extremely stable emulsion generates
significant issues in the downstream process, such as contaminated water [5]. In this case, the development of a
high-performance demulsifier for the remediation of contaminated water with oil is crucial. There are several
methods to expedite the demulsification process of O-W emulsion, such as thermal, mechanical, electrical, and
chemical methods, of which the chemical method is the preferred process due to its high efficiency and facile
operation [6-8]. In the last few decades, researchers have investigated highly efficient and low-cost
demulsification materials to break the O-W emulsion under ambient conditions. For this purpose; different
chemical demulsifiers such as block copolymers, polysiloxane, dendrimer, and ionic liquids were developed [9-14].

Due to environmental protection, the practical application of these chemical demulsifiers has been restricted [15].

Most separation technologies, such as gravity separation, membrane separation, air flotation, etc. are expensive,
highly costly, energy-intensive, complicated, and time-consuming. In.recent decades; the application of

nanomaterials to environmental and medical issues has obtained extensive interest.

Some researchers have synthesized nanoparticles and nanosheets such as silica oxide, graphene oxide, reduced
graphene oxide, and titania to remedy oily water [16-20]. Recently, graphene oxide (GO) has attracted great

interest in O-W emulsion separation applications.

In the form of graphene sponge and mesh, graphene‘is often used to absorb or filter oil due to its low surface
energy, low density, and high surface area. The introduction of the functional groups of carbonyl, hydroxyl, and
ethoxy on the edges of GO makes it a good.amphipathic surfactant with hydrophilic edges and a hydrophobic
basal plane. Therefore, the functionalized GO mightfind an important application in the demulsification of the

O-W emulsion.

It is well-accepted that GO nanosheets contain a high content of hydrophilic oxygen-containing groups [21]. The
nature of the GO nanosheets is.hydraphilic due to their polar oxygen functional groups, which cause a proper and
stable dispersion in many solvents, such as water. Although the hydrophilicity of the GO nanosheet can be a
positive factor.inthe separation of oil from O-W emulsion, it was observed that the separated water still contained
a percentage of oil and:GO [22]. This demerit can be modified by applying some hydrophobic nanoparticles, such
as SiO; nanoparticles. SiO, nanoparticles have broadly been used as surface-modified nanoparticles to enhance
the hydrophobicity property of nanocomposites [23, 24]. In addition, polymer nanocomposite membranes have
been broadly studied in the remediation of oil-contaminated water due to their high efficiency and accuracy in the
separation of particles [25-28]. However, their manufacturing can be expensive and sometimes complicated. It
has been investigated that decorating graphene oxide nanosheets using silica nanoparticles can improve the

adsorption properties of graphene oxide nanosheets [29].

Interestingly, conductive polymers can be great candidates to produce polymer nanocomposites for various
applications such as photocatalysts, energy storage, adsorbents, and so on. One of the most applicable conductive
polymers is polyaniline (PANI). PANI has been broadly used as an adsorbent because of its different dopants. The
ease of synthesis, environmentally friendly nature, and modulating properties of PANI have made it an attractive

candidate for the degradation of organic dyes. Due to its inherent advantages, many researchers have been



investigating PANI-based nanocomposites for different purposes, according to the literature [30]. More details of
separation principles using nano adsorbents can be found in the literature [31].

The present study aimed to consider and compare the possible application of PANI-SiO, and rGO-SiO;
nanocomposites to demulsify oil in water emulsion, which has not yet been investigated according to the literature.
For this purpose, PANI-SiO; and rGO-SiO, nanocomposites have been synthesized by applying in situ oxidative
polymerization and sol-gel processes, respectively. The possible application of PANI-SiO; and rGO-SiO; to oily
water treatment has not yet been investigated according to the literature. The synthesized nanocomposites were
characterized by applying Fourier transform infrared (FTIR), scanning electron microscopy (SEM), and X-ray
diffraction (XRD). The demulsification efficiency of the PANI-SiO; and rGO-SiO, were evaluated by using a UV
Spectrophotometer to determine the oil content in the separated water. In addition, the bottle test and optical
observation were applied to evaluate the demulsification performance of PANI-SiO; and rGO-SiOa. According to
the obtained results, the hydrophobicity property of the PANI-SiO, was better than that of the rGO-SiO,, which
led to better separation efficiency. Furthermore, PANI-SiO, and rGO-SiO, nanocomposites performed as excellent
demulsifiers to quickly separate the oil from the O-W emulsion within-a few minutes 'with no more energy

consumption.

EXPERIMENTAL PROCEDURE
Materials

Chemicals applied in this work include Tetraethylorthosilicate (TESO, 99.9%, Merck), absolute ethanol (EtOH
99.5%), acetic acid (S.D. Fine), PVP (LOBA), ammonia (NH3 25%), deionized water, aniline monomer (99.5 %),
ammonium persulfate (APS), HCI, HzSO4, NaNO;3;, H:0; (30%), NaBH., Tetraorthosilicates (TEOS), (all
purchased from Merck). GO nanosheets were synthesized from graphite powder graphite (purchased from Arak

Petrochemical Company) by the use of.a modified Hummers method [32].
Synthesis of SiO2 nanoparticles

SiO, nanoparticles have been synthesized using the sol-gel method [33]. A mixture of 5 ml of TEOS with 30 ml
of absolute ethanol was provided and stirred for 10 min at room temperature. Then, 1 ml of deionized water was
added dropwise into,the reaction chamber to facilitate the hydrolysis process of TEOS. After that, 2.5 ml of
ammonia was fed into the chamber at the rate of 0.01 ml/min. The gel was formed after 1 h and transformed to
gel after 24 hrs. Eventually, to obtain nanoparticles, the gel was dried for 2 hrs at 100 °C and calcined at 500 °C

for 3 hrs using a conventional oven. The resultant was ground to get SiO» nanoparticles.

Graphene oxide (GO) synthesis

A GO suspension was composed of graphite powder (purchased from Arak Petrochemical Company) using a
modified Hummers method. As a brief explanation of the experimental procedure, at first, 120 ml of H,SO4 with
0.5 g of NaNOs were stirred in a 500 ml flask at less than 5 °C ice bath. Next, graphite powder, KMnO, solution,
and deionized water (250 ml) were simultaneously and gradually added under blending while the reaction

temperature was controlled below 20 °C for 2 hrs. After increasing the temperature to 30 °C, excess deionized



water (700 ml) was added to the mixture, and at the same time, 10 ml H>O, was added while the temperature was
increased to 90 °C until the reaction completed and the color of the combination converted to brilliant yellow (it
took about 12 hrs). After cooling to ambient temperature, the black homogeneous dispersion was precipitated by

centrifugation and dried under vacuum at 60 °C for 12 hrs. The resultant was graphene oxide nanosheets [34].

Reduction of GO to rGO

The thermal reduction was applied as a clean method to omit oxygenated functional groups from GO surfaces to
produce rGO. For this purpose, a mixture of 0.1 g of synthesized GO, 0.3 g of NaBH., and 30 ml of water was
prepared and sonicated for 1 hr. The resultant was refluxed at 100 °C for 10 hrs under homogenous agitating. After
changing the color of GO from brown to black, it was separated in a centrifuge, washed, and dried at'100 C for
24 hrs.

Synthesis of PANI-SiO2 nanocomposite

For this purpose, an in-situ polymerization process was applied [35, 36]. 150 mg.of silica nanoparticles were
added to 50 ml of deionized water under ultrasound. A solution of.0.04 mol/l of aniline was added with a pH of
3.5 which was stabilized by adding HCI 1M solution. In this case, the ratio of silica to aniline was about 0.8. To
adsorb anilinium cation onto silica particles, the provided mixture was stirred for 100 min at 21 °C. Then, 2 ml of
APS solution was added dropwise as an oxidant to complete the polymerization reaction and a green color was

observed. The precipitated resultant was washed using ethanol and.distilled water and dried at 80 °C for 15 hrs.

Synthesis of rGO-SiO2 nanocomposite

The nanocomposite was prepared by the use of the sol-gel method [37, 38]. A mixture of 100 g of rGO, 1.7 g of
TEQS, and 10 ml ethanol using sonicate bath was prepared. The solution was mixed for 10 min in an oil bath at
40 °C. To complete the reaction, 0.3 g ammonia was abruptly added and the mixture was stirred for 16 hrs at room
temperature. The resultant was separated.by 8000 rpm centrifugation, washed with ethanol and distilled water,

and then dried at 70 °C for 24 hrs. Finally, it was calcined at 500 °C to obtain the porous hanocomposite.

CHARACTERIZATION METHODS

The structures.of PANI-SiO, and rGO-SiO, were determined by an X-ray diffractometer (made by Shimadzu,
1600 model) with specifications of 20 kV, 15 mA, and Cu-Ka radiation of a wavelength of 1.54 A. The surface
morphology.of GO, rGO, PANI/SiO2, and rGO/SiO, was determined by applying a scanning electron microscope
(SEM, made by ZEISS, EVO 15 model) operating at 15 kV. UV-Vis was applied to determine the amount of oil
in the separated water (UV-1700 model made by Shimadzu). The compositional analysis of the GO and rRGO
was performed by applying an energy-dispersive X-ray (EDX) spectroscope (Shimadzu, 7000 model). The surface
area and the pore size distribution of the samples of PANI-SiO; and rGO-SiO, were analyzed by BET (made by
JWGB, JW-DA model).



RESULTS AND DISCUSSION

XRD characterization

The crystalline structure of the different nanocomposites was characterized through X-ray diffraction (XRD) and
the spectra are shown in Fig. 1. Specimens (PANI-SiO; and rGO-SiO;) were scanned in the angle range (20) of
20° to 80°. The sharp peaks were observed in both spectra. Two peaks at the points of 26 = 45° and 67° for both
spectra corresponded to SiO,. The peaks obtained at 26 = 27.37° and 26 = 28.45° in the spectra indicated the
characterization of polyaniline and reduced graphene oxide, respectively. A slight difference between the XRD
spectra of PANI-SiO; and rGO-SiO, was observed, which was in agreement with the literature [33, 34]. The

average particle size of rGO-SiO; and PANI-SiO; was calculated by the Scherrer formula, as stated below [37].

D= 0.9 (1)

acosB

which D is the average crystallite size of the powdered particles, A = 1.54 A is the wavelength of CuKa, a is full
width at half maximum of the intensity of the major peak, 0 is the angular position of the peak. The crystallite
sizes of the PANI-SiO; and rGO-SiO; nanoparticles were estimated to be 0.04 nm and 0.1 nm respectively, which
indicated that the specific surface area of PANI-SiO, was more than that of the rGO-SiO,. It can be accordingly

deduced that the adsorption capability of PANI-SiO, can be more:prominent.
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Fig. 1. XRD spectra of PANI-SiO2 and rGO-SiOz.
FTIR analysis

The FTIR spectra of PANI, PANI-SiO2, rGO, and rGO-SiO; are indicated in Fig. 2. It can be seen that the spectra
of nanacompasites contain all the main characteristic bands. There are some significant peaks in the FTIR spectra
of nanocomposites that confirm their successful formation. For PANI and PANI-SiO; a (Figure 2 (a) and (b)), the
peak in the range of 1600-1500 1/cm shows the stretching modes of C=N and C=C, while the peak in the range
of 1300-1250 1/cm corresponds to C—N mode of the benzenoid ring, and the band at 1106 1/cm reveals the bending
vibration of C-H mode which is appeared during protonation [39, 41]. There is a difference between PANI and
PANI-SiO; spectra, which were observed at 1106 and 1108 1/cm. It indicates remarkable interactions between
PANI and silica. For rGO and rGO-SiO; (Figure 2 (c) and (d)), the extensive peak at 3438 1/cm corresponds to
vibrations of the hydroxyl group of water. According to the rGO spectrum, the peak at 1421 1/cm is assigned to
the aromatic group (C=C bond) and carbonyl and carboxyl moieties groups (C-O bonds) of rGO [32, 40]. With a
comparison between rGO and rGO-SiO; spectra, new peaks at 1084, 780, and 460 1/cm can be observed. These



peaks were assigned to symmetric and asymmetric stretching of vibrated modes of Si-O-Si bonds, which related

to integrated SiO- on the surface of rGO sheets.

PANI PANI-silica %

Intensity (a.u.)
g
Intensity (a.u.)

4000 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400

—1
Wavenumber (cm™1) Wavenumber (cm™)

@) (b)

RGO-silica
RGO o

70
5 - 50
65 4 40

50 4000 3600 3200 2800 2400 2000 1600 1200 800 400

Intensity (a.u.)
Intensity (a.u.)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

-1
Wavenumber (cm™1) Wavenumber (cm™")

© (d)
Fig. 2. FTIR spectra of (a) PANI, (b) PANI-SiO2; (c) rGO, (d) rGO-SiOa.

SEM analysis

The SEM test was applied to study the structural and morphological specifications of GO, rGO, PANI-SiO,, and
rGO-SiO; (Figs. 3 and 4). In.addition, the EDX test was performed for compositional analysis. The SEM images
revealed that the GO and.rGO nanosheets were uniformly formed on the surface, with some detected wrinkles and
folds due to accumulated thin nanosheets (Fig. 3 (a) and (b)). The results not only confirmed that two-dimensional
nanosheets of GO can be produced from GO exfoliation but also indicated that thermal annealing led to a similar
morphology. of the resulting rGO flakes in comparison with GO. Reported results in some literature validate it
[42, 43]. Furthermore, the EDX analysis confirmed a reduction in oxygen mass and an increase in the carbon mass
of rGO (with a mass ratio of C:O equal to 12:5) in comparison with GO (with a mass ratio of C:O equal to 5:8).
The surface analysis of SiOz, PANI/SiO2, and rGO-SiO, was obtained and presented in Fig. 4. It can be seen that
the PANI-SiO, nanocomposite was characterized by less agglomeration in comparison with the rGO-SiO,
nanocomposite. The SiO; nanoparticles are finely dispersed into a polymer matrix and precipitated on the surfaces

of rGO flakes and PANI nanocomposites.
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Fig. 3. SEM images of (a) GO, (b) rGO, (c) EDX analysis.
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Fig. 4. SEM images of (a) SiOz, (b). PANI-SiOz, (c) rGO-SiOz.

Hydrophobicity observations of prepared nanocomposites

The hydrophobicity. properties of rGO-SiO, and PANI-SiO have been determined, as shown in Fig. 5. It was
observed that the contact angles for PANI-SiO, and rGO-SiO, were 124+1° and 134+1°, respectively. The
hydrophobicity of both nanocomposites was considerable, while it was better for PANI-SiO,. This phenomenon
may be explained by;the small number of oxygenated groups (based on the FTIR spectra) on the surface of rGO-
SiO2 nanocomposite, which increases its hydrophilic tendency. Silica content can increase the hydrophobic
tendency of the nanocomposites, as observed. Silica can also supply abundant hydrophobic groups, resulting in
more hydrophobic surfaces. As a result, the better hydrophobicity potential of nanocomposite offers possibilities
for application in the O-W emulsion separation process.
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Fig. 5. Water droplet contact angle on (a) PANI-SiOzand (b) rGO-SiOz.

Brunauer-Emmett-Teller (BET) surface area and pore size analyses

To determine the surface area and pore size of prepared nanocomposites, BET analysis has been carried out, and
the results are shown in Fig. 6. According to Fig. 6 (a), the 1V isothermindicates the mesoporous structure of
specimens. The measured surface area of PANI-SiO, was approximately 36 m?/g, which is about two times larger
compared to that of rGO-SiO; (16 m?g). In addition, the cumulative pore volume of both specimens is shown in
Fig. 6 (b). As can be seen, a higher pore volume is observed for the PANI-SiO, nanocomposite compared with
pure rGO-SiO,, which corresponds to a more porous morphology. As a.result, the higher active surface area of
PANI-SiO; causes higher adsorption efficiency.
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Fig. 6..(a) Isotherm and (b) cumulative pore volume for PANI-SiOz and rGO-SiOz.

Demulsification evaluation

Firstly, a 2 mg/ml suspension of each nanocomposite was prepared and dispersed in 40 ml of O-W emulsion. It is
worth mentioning that the dosage of each nanocomposite in the demulsification process can be calculated using
the mass concentration of the nanocomposite in the emulsion. The final solution was properly stirred inside capped
cylinders for a few minutes to make a well-mixed emulsion. To observe the O-W separation, the cylinders were
placed under ambient conditions. The cylinder containing water was used as a reference. To determine the amount
of residual oil in the O-W emulsion, a UV-Vis spectrophotometer at 1 cm path length was utilized. The oil

concentration in separated water specimens was calculated by the following equation [44]:
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where C, (mg/l) is the oil concentration, m, (mg) is the mass of oil in the standard curve, and V\, (ml) is the water

volume. The demulsification efficiency can be calculated using the following equation:

Co Ci
E == —x100 (3)

where E is the demulsification efficiency (%), C is the initial amount of oil (mg/I) in the emulsion, and C; is the

residual amount of oil in the separated water.

Demulsification performance of PANI-SiO2 and RGO-SiO2

To evaluate the performance of the synthesized nanocomposites in the demulsification process, a bottle test was
provided (Fig. 7 (a)-(d)). All bottles contained the same volume of emulsion. (50 g/l). Figs. 7 (a) and 7 (b)
corresponded to the demulsification process applying rGO-SiO,, and Figs 7 (c) and 7 (d) corresponded to the
demulsification process applying PANI-SiO,, respectively. After adding a small amount of two different
nanocomposites, the stability of the emulsion instantaneously collapsed, and the O-W separation process was
expedited by the coalescence of the oil droplets, as can be seen in the figures. Accordingly, the condensed oil
phase and colorless water phase were observed, which indicated a simple, fast, and highly efficient demulsification
process. Both the synthesized nanocomposites showed considerable demulsification efficiency, while the
performance of the PANI-SiO, nanocomposite was better, as observed in Fig. 6. To support that claim, optical
microscopy images have been provided, as shown in:Fig. 6.

Fig. 8 (a) is related to the first 60 seconds-of the demulsification process for both nanocomposites. The
agglomeration of oil droplets was completely observed. After giving enough time to the process (a few minutes),
it was observed that the separated oil phase was purer and included fewer water droplets when applying PANI-
SiO; in comparison with rGO/SIO.. It can be explained that the spongy matrix of PANI-SiO- has a better adsorbent
ability because of the finely.dispersed SiO nanoparticle in the polymer matrix and its well-designed hydrophobic

character.

Fig. 7. (@) and (b) demulsification process using rGO-SiO2 after 60 and 120 seconds, respectively. (c) and (d)

demulsification process using PANI-SiO; after 60 and 120 seconds, respectively.
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Fig. 8. Optical microscopy images (a) the first 60 seconds of the demulsification process regarding both nanocomposites.
(b) the first 120 seconds of the demulsification process using rGO-SiOz. (c) the first 120 seconds of the demulsification
process using PANI-SiOz.

Effect of adsorbent dosage on demulsification

To explore the performance of two different nanocomposites in the demulsification process, two O-W emulsions
with two different percentages of oil in water (50 g/l and 5 g/I) were prepared. Furthermore,.a comparison between
the performances of the synthesized nanocomposites and porous graphene oxide (GO):nanosheets [45] has been
carried out. The demulsification process took 2 minutes for both synthesized nanocomposites. The demulsification
efficiency of the nanocomposites was determined by applying a UV spectrophotometer to estimate the amount of
oil in the separated water. It was figured out that the nanocomposites could acceptably demulsify both emulsions
as shown in Figs. 9 (a) and 9 (b). In addition, the results revealed that the optimum dosage of the hanocomposites
in the demulsification process can be changed according to.the amount of oil in the O-W emulsion. It was observed
from the results that the maximum demulsification.efficiency can be obtained when the amount of oil in the O-W
emulsion is lower. Increasing the dosage of.the nanocomposites over a threshold could contribute to a slight
increase in the amount of oil in the separated water. This eccentric phenomenon can likely be attributed to the
distribution of nanocomposite sheets after demulsification. When the amount of adsorbents increases in the water
phase, the adsorbed oil on the adsorbent surface causes a slight increase in the amount of oil in the separated water
[46].
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It was also figured out that the absorbent capability of PANI-SiO; was higher than that of rGO-SiO and porous
GO due to its higher specific surface area and demulsification efficiency. According to the results, the adsorption
capacity of porous GO was higher compared to the rGO-SiO, nanocomposite. It can be explained by the presence
of more chemical agents (carbonyl, hydroxyl, and ethoxy on the edges of GO) and a higher surface area of GO in
comparison with rGO [45]. The results indicated that the optimum dosages of PANI-SiO, and rGO-SiO; are
closely associated with the oil content of the emulsion. As shown in Figure 9, the demulsification efficiency
increases with increasing the adsorbent dosage for both nanocomposites. Furthermore, after reaching a threshold
of adsorbent dosage, the demulsification efficiency decreased due to the distribution of nanocomposites after
demulsification. In addition, the oil demulsification efficiency increases for the emulsion with an oil content of 5
g/l rather than 50 g/l for both adsorbents, which can be explained due to the more saturated surface of the
adsorbent, the less demulsification efficiency of the adsorbent. Consequently, the required adsorbent decreases in
the emulsion with a lower oil content. It can be concluded from the obtained results that PANI-SiOzshowed better
sponge behavior compared to rGO-SiO; and porous GO and, accordingly, better performance in the purification
of oil-contaminated water. All these results suggest that applying the synthesized nanocomposites can be a

promising approach to separating oil in water emulsion.

Possible demulsification mechanism

O-W emulsion usually consists of molecules of asphaltenes, resins,-and naphthenic acids. These molecules
generate a repulsive force of the electrical double layer with oil droplets (a protective film) which causes the
stability of O-W emulsion [47, 48]. Breaking up this protective film is a key to an efficient demulsification process.
The synthesized nanocomposites (adsorbents) have.both hydrophilic and hydrophobic edges which make a good
dispersion in the water phase. When the adsorbent is added.to the O-W emulsion, the adsorbent particles reach
the O-W interface and partially destroy.-the protective film which provides a side to the coalescence of the small
droplets to create bigger droplets. Correspondingly, the oil successfully separates from the water phase [42]. The
adsorption performance of the synthesized nanocomposites confirmed a proper interaction between oil and
adsorbent particles.

The possible mechanism of adsorption of oil droplets on the surface of nanoparticle adsorbers (for instance GO,
rGO, PANI-SiO;, rGO-SiOz and so on) can be explained as shown in Figure 10 [49]. Figure 8 indicates the
schematic mechanism of oil droplet adsorption on the surface of GO nanosheets. After adding GO nanosheets into
the O-W.emulsion, the nanosheets diffused uniformly in the water phase to reach the active surfaces of molecules
(Fig. 10 (a2) and (b2)). Forming a strong interaction between nanosheets and oil droplets led to the destruction of
the protectivefilm (Fig. 10 (b3)), which generated coalescence sites for smaller oil droplets to grow. Consequently,
it leads to oil phase formation (Fig. 10 (a3)). The oil is eventually separated from the water phase. This mechanism
has also been reported in some literature [50-52]. It has been also suggested that the increase in the absorption
capacity enables a ™ — m interaction between the GO and the asphaltenes leading to easier disruption of the
interfacial film. This eventually promoted oil droplets to coalesce and enhanced the separation of oil from water.
More details regarding the demulsification mechanism and m — m interaction between nanocomposite as an

adsorbent and oil particles can be found in the literature [53].
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Fig. 10. Schematic illustration of the demulsification processes and the possible mechanism for the coagulation of the oil
droplets driven by the GO nanosheets [49].

CONCLUSIONS

Recently, nanoparticles and polymeric nanoparticles have received. great.interest in the adsorption process,
especially in wastewater treatment, due to their high specific surface area. One of the most challenging issues
concerning the environment is oily wastewater, which should be taken into account. In this study, the performance
of two organic and inorganic nanocomposites in the separation of oil from oil in a water emulsion has been
investigated. SiO, nanoparticles have shown considerable potential in adsorption processes. Therefore, in this
comparative study, PANI- SiO, and rGO- SiO; were synthesized using in-situ polymerization and sol-gel
processes, respectively. The synthesized nanocomposites were characterized by applying XRD, SEM, and FTIR
tests. In addition, a UV-Vis analysis:was performed to determine the amount of oil in the separated water. After
preparing two different.0-W emulsions and demulsifying using the synthesized nanoparticles as adsorbents, the
results revealed that the capabilities of both nanocomposites were significant. Moreover, a better surface
characterization/(according.to SEM, BET, and hydrophobicity analyses) for PANI-SiO, was observed, suggesting
better adsorption performance of oil from the O-W emulsion. The results of demulsification efficiency showed
that it.closely corresponded to the amount of oil in the O-W emulsion, which was independent of the adsorbent
type. According to-the optical microscopy images and bottle test, it was proven that the demulsification efficiency
of the PANI-SiO, nanocomposite was higher than that of rGO-SiO;, for both O-W emulsions which can be
attributed to the high specific surface area and better sponge behavior of PANI-SiO,. An optimum amount of
adsorbent was observed, which indicated that there was a threshold for the dosage of adsorbent. Therefore, it
should be noticed in practical conditions. The possible adsorption mechanism of oil on the nanocomposite surface
can be explained by = — m interaction between the adsorbent and oil particles, which has been described in detail
in the literature. A comparison between prepared nanocomposites and porous GO nanosheets in O-W
demulsification revealed that the adsorption capacity of PANI-SiO, was more significant in comparison with the
mentioned nanocomposites in the O-W separation process. Therefore, it can be a promising alternative to

industrial wastewater treatment.
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