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Abstract

The aim of this study is to synthesize a magnetic nanocomposite membrane using iron oxide and alumina nanoparticles and
employing it in magnetic membrane bioreactors (MBRs) for oily wastewater treatment. Al,O3 and Fe;O,4 nanoparticles with
approximate sizes of 20 and 30 nm respectively, were settled into a polysulfone (PSf) membrane matrix via magnetic casting
method. The concentration of alumina and iron oxide nanoparticles were 0-0.25 wt% and 0.03 wt%, respectively. Compared
with the blank membrane, an increase in the concentration of Fe;O4 up to 0.2 wt%, led to the flux as much as 70% and mitigated
total resistance by 70%. The presence of the magnetic field around the bioreactor increased the flux significantly and reduced the
cake resistance by 93%. Moreover, by applying the static magnetic field to MBR, the Chemical Oxygen Demand (COD) removal
rate was increased to 93%, while in the MBR without the magnetic field the COD removal rate was 80%. Our investigation
illustrated that the magnetic casting is an effective method to improve the flux and mitigate the fouling of the magnetic
nanocomposite membrane. The output of this research indicates that the magnetic casting method enhance the magnetic

MBRs performance for wastewater treatment.
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Introduction

A membrane bioreactor as a combination of bioreactor and
membrane [1], has appeared as a wastewater treatment tech-
nology of choice over the activated sludge process (ASP).
MBR as one of the most important novation [2—4], and pow-
erful tools [5] has been used recently for the industrial and
urban wastewaters treatment. Compared to the conventional
processes, MBRs have many benefits such as small footprint,
better effluent quality, and low sludge production [6]. Apart
from advantages, the major impediment of MBR is membrane
fouling [2]. Membrane fouling by dissolved organic matter is
an inherent problem in the ultrafiltration (UF) treatment of
various effluents [7]. Fouling effect is reduced the membrane
performance and lifetime significantly, lead to an increase of
its maintenance [8, 9], and significantly prevents the wide-
spread application of MBRs [10]. In recent years, the
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mitigation of membrane fouling and investigation of
the strategies for its reduction have been an objective
of many studies [11]. The methods to mitigate fouling
in the membrane bioreactors can categorize in two ma-
jor groups: changing the operational conditions and al-
tering the membrane structures [3, 12].

The application of hydrophilic particles in the membrane
structure has been studied in recent years [13]. Metal oxide
nanoparticles are the most suitable hydrophilic additives used
to reduce the fouling within the membrane structure and im-
prove the membrane performance [14—16]. By embedding the
nanoparticles into a polymer structure, they offer their inher-
ent properties in the membrane [17], and can influence on the
structure, surface, and physicochemical properties, particular-
ly hydrophilicity of the membrane [13]. Up to now, alumina
nanoparticles, titanium oxide nanoparticles, silver and zinc
nanoparticles, and iron oxide nanoparticles have been
used in the structure of nanocomposite employed in
MBR [15, 18-21]. Iron oxide nanoparticles have been
used for the formation of magnetic nanocomposite
membranes. The magnetic property has also been
exploited by changing the hydrodynamic conditions to
mitigate fouling in the membrane bioreactor [22].
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In recent years, in some reported studies the external forces
(such as electric or magnetic fields) have been used in the
membrane casting process to promote the enrichment of inor-
ganic particles and improve the membrane performance
[23-27]. Daraei et al. [23] reported during membrane prepa-
ration, a magnetic field can make the magnetic Fe;0, nano-
particles move along the magnetic field direction, subscribing
the increase of water flux and rejection. Huang et al. [24]
studied the effect of parallel magnetic fields on the perfor-
mance of Polyvinylidene fluoride (PVDF)/Fe;04 membranes
during membrane formation and the results showed that the
membrane performance (in terms of flux) is increased signif-
icantly. In other studies, [25, 26], Fe304/GO (Fe;04/Graphene
oxide) nanocomposite membranes was prepared under the
magnetic casting condition. Compared to the pristine and oth-
er modified membranes, the higher hydrophilicity, water flux,
and high flux recovery ratio was obtained.

Also, the combination of membrane fouling reduction
strategies in magnetic MBR (by changing the membrane
structure and operating conditions) has been an attractive idea.
In this system, by using the magnetic nanoparticles in the
presence of magnetic field, a magnetic membrane is created
which is sensitive to the magnetic field. The applied magnetic
field can affect the structure and porosity of the membrane and
create some movements. By applying a magnetic field on the
membrane sheets, a moving membrane module can reduce the
amount of fouling with the magnetic field changing. This
performance led to a reduction of the filtration resistance com-
pared to the conventional MBRs. [22, 28, 29].

However, the polymeric membrane containing nanoparti-
cles have better performance than the blank polymeric mem-
branes. However, there are some limitations for using them,
due to the accumulation of nanoparticles in high amounts.
Therefore, relate to usual polymeric membranes, magnetic
casting could be a new method to increase the membrane
acceptance capacity of nanoparticles. Furthermore, applying
a magnetic field to the membranes containing nanoparticles,
can improve the morphology as well as the performance of the
membrane in the magnetic MBR. This study investigates the
magnetic casting and evaluates the performance of magnetic
hydrophilic nanocomposite membrane with a high amount of
Fe;0,4 nanoparticle loading. Also, the efficiency of magnetic
MBR for oily wastewater treatment is evaluated.

Materials and methods

Materials

Polysulfone (average MW 7500 Da) (purity 15 wt%) was
purchased from Acros Organics and used as the main polymer

for the membrane fabrication. N-Methylpyrrolidone (NMP)
(purity 75 wt%) as the solvent, Polyethylene glycol (PEG)
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(average MW 2000 g/mol) (purity 10 wt%) as a pore former
were obtained from Merck. Fe;0,4 and yAl,O5 (average size
30 and 20 nm, respectively) were purchased from Neutrino.
COD vial that for the membrane analysis was made by Merck
(100-150 mg COD/Lit). Kerosene was used as a wastewater
effluent in the MBR.

Preparation of Fe;0,4-Al,0; nanocomposite
membrane

The nanoparticles were dispersed into the N-
methylpyrrolidone in ultrasound bath. Polysulfone resins were
gradually added to organosol at 70 °C and mixed for 10 h. The
return distillation system was used to prevent solvent evapo-
ration and remove solvent vapors from the media. Having
ensured the homogeneity, a casting solution containing
15 wt% of the polymer was prepared. The desired membrane
was cast on a glass plane using a casting knife with a thickness
0f'350 um. A 500 mT static magnetic field under the glass was
applied to the molded membrane and exposed to the magnetic
field for 5 min in fresh air and room temperature. Next, it was
immersed in a water coagulation bath at 25 °C for 24 h to form
the membrane. According to the previous research [12], the
ratio of alumina nanoparticles to polysulfone assumed
0.03 wt%, explained by details in “Cross-sectional structure”
section.

The specification of the fabricated magnetic casting mem-
brane reports in Table 1.

The filtration tests in a membrane bioreactor system

In order to investigate the performance of the synthesized
magnetic nanocomposite membranes and the treatment of
synthetic oil effluent, the prepared membranes were placed
inside a membrane bioreactor with an active volume of 7 L.
The bioreactor contained two submerged flat sheet modules
and had an effective membrane area of 28.2 cm”. One of the

Table 1 The concentration and specification of the magnetic casting
nanocomposite and blank PSf membranes placed inside the magnetic
membrane bioreactor

Membrane name Fe;04/PSt ALO;/PSf  Contact angle
ratio ratio (®)

blank 0 0 81

0.03 Al,O4 0 0.03 50

0.03 A,O5-0.03 Fe;0,  0.03 0.03 53

0.03 Al,O3-0.1 Fe;04 0.1 0.03 54

0.03 ALOs-0.15Fe;04  0.15 0.03 55

0.03 Al,05-0.2 Fe;04 0.2 0.03 46

0.03 ALOs-0.25Fe;0, 025 0.03 42
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modules kept the magnetic nanocomposite membrane and
exposed to.

the magnetic field with a frequency of 50 Hz and maximum
intensity of 600 mT. The other modules act as a control, keeps
the membrane devoid of nanoparticles at a long distance from
the magnetic field.

Filtration was done at a constant TMP of 0.3 bar (300 kPa)
using a vacuum pump and aeration was performed by sparger
with tiny bubbles. A fixed discharge pump with a flow rate of
29.0 L/h was used to keep the hydraulic residual time con-
stant. The contaminant in this study was kerosene. According
to the previous reported studies the general formula of kero-
sene defines as C;1H,, [30-32]. Kerosene is a non-polar com-
pound and almost insoluble in water. The solubility of kero-
sene in water is 5 mg/L at 20 °C, while kerosene is soluble in
organic solvents [33].

In this study, the synthetic wastewater model is an oil ef-
fluent. To prepare this effluent and dissolving the kerosene in
water, we combined kerosene (700 mg/L) as an oil medium
and about 5 wt% of kerosene from Archopal N10 (ethoxylated
nonylphenol) as a surfactant, together. [34, 35]. According to
the method described in the “Measurement of chemical oxy-
gen demand (COD)” section, the amount of COD of synthetic
effluent was measured equal to 2000 mg/L. By adding water
to the effluent, the input COD level always remained constant.
In this reactor, the pH was 7.45, sludge retention time (SRT
days) was infinite, the MLSS (Mixed Liquor Suspended
Solid) was 10 g/L, and the COD was 2000 mg/L.

Analysis of membrane fouling

The degree of membrane fouling was calculated quantitatively
using the series resistance model [18]:

nR,

J (1)

Where, J is the output flux (m*/m? s), APy is the transmem-
brane pressure (Pa), 1 is the viscosity of the output solution
(Pa's), and R, is the total resistance of the filtration (m ).

The total filtration resistance is the summation of the mem-
brane’s intrinsic resistance (R,,), the cake resistance caused by
the cake layer formed on the membrane surface (R.), and the
fouling resistance developed in response to the closure of
pores and irreversible absorption of contaminants against the
walls of the pores and the membrane surface (Ry) [36]:

R =Ry +R.+ Ry (2)

Where these resistances can be calculated by the experi-
mental data and using the following equations:

Ry =—— (3)
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Ry =—"-R, 4)
nJ,
APt
R.=——-R,—R; (5)
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In these relations, Jis the flux in MBR, J,,is the initial flux
of water, and J /W is the final flux of water following the re-
moval of the cake layer through physical washing.

Scanning electron microscopy (SEM) analysis

The morphology of membrane samples was investigated by
the SEM device (Hitachi, Model: S4160, Japan). For cross-
sectional observation, the membrane samples were broken
using liquid nitrogen. All samples were dried at room temper-
ature, coated by a thin layer of gold (to become conductive),
and prepared for observation by SEM. Moreover, SEM im-
ages were combined with energy-dispersive. A scanning elec-
tron microscope performed X-ray analysis (Philips,
XL30ESEM, Netherlands) operated at 30 kV.

Contact angle analysis (CA)

The membrane surface hydrophilicity and the presence of iron
oxide nanoparticles were evaluated by water contact angle
measurement. To this aim, firstly the surface of membranes
was washed and then dried. After that, a drop of distilled water
was instilled on the clean and dry membrane surface at 25 °C.
Using the contact angle device (Camera Model SJA-833,
PAL), the membrane surface was filmed. With the aim of
minimizing the experimental error, the contact angle was mea-
sured for two times and averaged for each sample.

Measurement of chemical oxygen demand (COD)

The source of activated sludge used in the MBR was taken
from the wastewater treatment plant of Ekbatan Co., for
adapting the sludge, 60 days before the trials. For this purpose,
a special COD vial (made by Merck) and a spectrophotometer
device (made by Multy) were used. Due to the low measurable
COD range, the samples were diluted 20 times with deionized
water.

Opening pore size and distribution
The porosity of the fabricated membranes was investigated by

SEM analysis of the membrane microphotography, prepared
from pristine membrane surfaces [37].
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Results and discussion

The performance of the synthesized nanocomposite
membranes (described in Table 1), was evaluated in a mag-
netic MBR by altering the concentration of nanoparticles and
the presence of the magnetic field.

The effect of the concentration of nanoparticles on
the nanocomposite membranes structures and MBR
performance

The effect of the concentration of nanoparticles was investi-
gated on the membrane structure and performance of the
membrane bioreactor. The structure, flux, and fouling resis-
tances in the studied magnetic MBR was studied to evaluate
the membrane behavior in the presence of nanoparticles.

Cross-sectional structure

SEM images reveal the effect of the presence of alumina
nanoparticles on the membrane morphology. Figure 1 pro-
vides a comparison of membrane structure in the presence
and absence of alumina nanoparticles. In part A, in the pres-
ence of alumina nanoparticles, the length of the finger pores is
increased, and the membrane pores align with each other. In
contrast, in part B, in the absence of alumina nanoparticles, the
finger pores are narrower and irregular orientations are seen
between the pores. In this case, the flux through the membrane
expects to decrease. Other researchers also have investigated
the effect of the presence of Al,O3 nanoparticles on the mem-
brane structure. The results of our previous studies [12, 38, 39]
show that the length of finger pores increases due to the pres-
ence of alumina nanoparticles.

Alumina nanoparticles are a good choice for
hydrophilizing the membrane surface due to their special hy-
drophilic properties [38]. Based on the previous study [12], in
the presence of 0.03 wt% of Al,O; nanoparticles on the sub-
strate of PSf polymer, we saw the optimal conditions on the
MBR morphology and membrane performance. In this regard,

Fig. 1 SEM images of the effect
of presence and absence of
alumina nanoparticles on the
cross-section of the membranes
A:0.03 A1203*015 Fe304, B:
0.15 F6304
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the pure water flux in 0.03 wt% of alumina increased up to 4
times compared to the membrane without nanoparticles.
Therefore, according to our previous study [12], the compo-
sition of alumina nanoparticles was considered constant at
0.03 wt%. Moreover, due to the inertia of the magnetic field
on these nanoparticles and their placement on the membrane
surface, they were used as hydrophilic agents to increase the
hydrophilicity of the synthesized membrane surfaces.

Figure 2 also shows that the increase of nanoparticles
amounts and weight percentage, cause the accumulation of
nanoparticles as well as decreases the size of pores. A study
by Homayoonfal et al. [39] also points out that increasing
nanoparticles lead to reduce the amount of porosity and mem-
brane flux. In fact, nanoparticles act as coagulation accelera-
tors, and effect on the viscosity of the casting solution by
increasing the concentrations. Also, they reduce the coagula-
tion as well as membrane porosity. Decreased porosity of the
nanocomposite membrane in presence of nanoparticles has
also been observed in other reports [40, 41]. Initially, in the
presence of a limited amount of nanoparticles the porosity
estimates about 40% which improved compared to the blank
membrane. As mentioned above, in the case of further in-
crease of nanoparticles, the porosity will reduce to 20-25%
due to the agglomeration.

Flux and resistance

The flux of nanocomposite membranes in the MBR has been
presented in Fig. 3. As can be observed in this Fig by enhanc-
ing the amount of nanoparticles up to 0.2 wt% for Fe;04 and
0.03 wt% for Al,Os, the flux has an increasing trend due to the
high hydrophilicity and considerable length of the finger
pores. By adding more nanoparticles, the flux will reduce
because of the accumulation of Fe;O, in the lower layers of
the membrane. In another study [22], the results showed that
increasing up to 0.07 wt% of iron oxide nanoparticles, mem-
brane flux was improved by 30%. While in the present study,
the highest percentage of Fe;O,4 nanoparticles is 0.2 wt%.
Therefore, it can be said that the magnetic casting method
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Fig. 2 SEM images of the cross-
section of the membranes
containing different
concentrations of nanoparticles
A:0.03 Al,03-0.1 Fe;04, B: 0.03
Aly0;3-0.15 Fe304, C: 0.03
A1203*0.2 Fe304, and D: 0.03
A1203—0.25 Fe304

increases the flux up to 70% compared to the blank mem-
brane. In other studies [23, 42], the highest flux amount was
observed in the presence of 0.1 wt% of Fe;0, on the polymer
substrate. The results showed that an increasing amount of
nanoparticles leads to particle aggregation and reduces the
flux. Our results illustrated that the presence of a magnetic
field during casting of the membrane would significantly af-
fect the filtration performance.

The roughness of the membrane surface, the reduction of
flux, and the porosity of the membrane (due to the adhesion of
nanoparticles in high percentages) are the most important dis-
advantages of adding nanoparticles to the membrane structure
at high amount concentrations [23-27]. This drawback has
been noticed as one of the problems of adding nanoparticles.
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Fig. 3 The effect of concentration of nanoparticles on the membrane flux
in the MBR

In this study by using magnetic casting as a novel method, we
tried to increase the acceptance capacity of nanoparticles by
membrane without causing side effects on the morphology
and performance. Figure 3 reveals that magnetic casting has
an increasing effect on the flux of the nanocomposite mem-
brane. This upward trend can be observed up to 0.2 wt% of
Fe;0,4 nanoparticles, and then we will have a significant de-
crease due to the agglomeration of nanoparticles and the re-
duction of membrane porosity. The amount of 0.25 wt% of
Fe;0,4 nanoparticles is so much that magnetic casting is not
able to withstand. In this condition nanoparticles in the mag-
netic MBR hurt the structure and function of the membrane.

Figure 4 presents the filtration resistance of blank PSf and
nanocomposite membranes in the MBR. According to Fig. 4,
the cake layer’s resistance on the membrane is the main mech-
anism of membrane fouling in the MBR. As a result, by in-
creasing the nanoparticles up to 0.2 wt%, the total membrane
resistance is decreased, and the lowest extent of total resis-
tance is related to the 0.03 Al,05-0.2 Fe;04 membrane. As
mentioned in Table 1 the contact angle of this membrane was
about (46°), so the 0.03 Al,05-0.2 Fe;04 membrane is more
hydrophilic than the blank membrane and also other nano-
composite membranes. As our group reported [22], among
the investigated membranes the highest total resistance of fil-
tration is related to the conventional polymer membrane de-
void of nanoparticles. The lowest filtration resistance was re-
lated to the nanocomposite membranes, and the fouling miti-
gation was 48%. To compare, in this study we can reach
0.2 wt% of iron oxide nanoparticles and observe the fouling
mitigates as much as 70%.
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Fig. 4 The membrane (R,,), cake (R.), pore (Ry), and total (R,) filtration
resistances of blank PSf and nanocomposite membranes in the MBR

The effect of the magnetic field on the
nanocomposite membranes structures and MBR
performance

The effect of the magnetic field was investigated on the struc-
ture and performance of the membrane bioreactor. The mem-
brane behavior evaluates in response to a magnetic field’s
presence in terms of the structure, flux and fouling resistances
in the studied MBR.

Cross-sectional structure

Figure 5 represents the effect of a magnetic field on the struc-
ture of the membrane. Generally, by increasing the number of
nanoparticles and applying a magnetic field, the structure of
the finger pores of the membrane is changed. Also, the pres-
ence of a magnetic field causes moving the nanoparticles to
the lower layers of the membrane, and in contrast, it will
increase the thickness of the membrane shell. On the other
hand, the magnetic field can align the nanoparticles with each
other and create a better uniform structure for the membrane.

In part A, in 0.1 wt% of Fe;0,4 and 0.03 wt% of Al,O4
nanoparticles, the pores are almost aligned, and the lower
layers have high porosity while the thickness of the membrane
shell is small. In part B, with increasing the number of iron
oxide nanoparticles, the thickness of the membrane shell is
increased, and the length of finger pores is changed. In part
C, the orientation of the pores at the amount of 0.2 wt% of
Fe;0,4 nanoparticles is the best condition. Furthermore, the
thickness of the membrane shell, which is due to the presence
of hydrophilic alumina nanoparticles, is acceptable. With fur-
ther increase of iron oxide nanoparticles in part D, the loss of
porous structure can observe; in this case, due to the roughness
and agglomeration of nanoparticles in high percentages, the
membrane performance in the bioreactor is decreased.

In the previous study of this group [22], the magnetic field
effect on the membrane structure investigations. The results
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show that the length of the finger pores and the direction of the
pores are affected by the magnetic field. Also, the direction of
the magnetic field affects the orientation of the pores. In an-
other study [43], Fe;0, magnetic nanoparticles mention fac-
tors, increased the membrane porosity and permeability. The
results also show that iron oxide nanoparticles place along the
magnetic force line by applying a magnetic field. The dimen-
sional size will change their magnetic striction; thus, they may
bring the skin layer and pore structure deformation.

Flux and resistance

To evaluate the efficiency of the synthesized membranes in
MBR, we placed the synthesized nanocomposites in the MBR
and compared this situation related to the blank situation.

Figure 6 shows the effect of applying a magnetic field with
600 mT on the MBR flux. The results revealed that in the
presence and absence of the magnetic field, the flux is in-
creased. As described in “Cross-sectional structure” section,
with an increase of iron oxide nanoparticles up to 0.2 wt%
and a constant amount of 0.03 wt% of alumina nanoparticles,
the length of the finger pores is changed, and the porosity is
improved. Under this condition, the membrane hydrophobicity
and flux in the MBR is increased. As mentioned in our previous
study, although the percentage of nanoparticles was low and
the casting method was different, it increased flux and de-
creased the fouling observe. Besides, in the presence of a mag-
netic field the alignment of magnetic nanoparticles in the mem-
brane affects the flux rate; Fig. 6 shows a significant difference
between the presence and absence of a magnetic field on flux.
Jian et al. [43] investigated the effect of a magnetic field with an
intensity of 500 mT on the Fe;0,/PSf membrane. The results
showed that the magnetic field had low effect on the flux rate.
Therefore, our research results show that by increasing the
intensity of the magnetic field, as much as 100 mT, the flux
can significantly increase. In this regard, the previous research
of this group [22] shows an increase about 80% in flux using
magnetic field in the range of 40 to 100 mT.

On the other hand, the vibration of the membrane under the
magnetic field may increase the flux rate, following reduce the
intrinsic resistance of the membrane [28].

Figure 7 shows the effect of a magnetic field on the filtration
resistance. Besides the ratio of cake resistance to the total resis-
tance which decreases from 0.5 to 0.13, the results confirmed in
0.03 Al,05-0.2 Fe;04 membrane (the main mechanism of foul-
ing), the cake resistance reduce significantly due to the reduction
in sedimentation of sludge particles onto the membrane surface.
Noormohamadi et al. [29] also indicated by applying the mag-
netic field, the removal efficiency of the cake resistance is in-
creased. So, in the presence of the magnetic field the fouling of
the membranes and cake resistance is greatly reduced. As proven
in the previous research [22], the flux also increased in the MBR
magnetic system by using low percentages of iron oxide
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Fig. 5 SEM images of the cross-
section of the membranes
containing different
concentrations of nanoparticles in
presence of the magnetic field A:
0.03 A1203—01 FC304, B: 0.03
A1203*0.15 FC304, C:0.03
A1203—0.2 Fe3O4, D: 0.03
A1203*0.25 FC304

nanoparticles. In the current study, because of the usage of the
magnetic casting method, the fouling mitigates significantly.
Therefore, increasing nanoparticles with the magnetic casting is
a considerable method to enhance the efficiency and develop-
ment of the magnetic MBR performance.

COD removal

Table 2 represents the effect of different magnetic field states
on the COD removal rate in a membrane bioreactor. As can be
seen (Table 2), the magnetic field application leads to increase
the COD removal. Other researchers [44—47] have shown that
using a magnetic field increases the removal efficiency of the
contaminants in activated sludge. These results showed that
the COD removal rate for the static magnetic field is higher
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Fig. 6 Comparison of the flux of the magnetic nanocomposite membrane
in the presence and absence of the magnetic field in the MBR

than the other states because the applied magnetics flux for the
activated sludge is increased in the static magnetic field state.

Conclusion

In this research, nanocomposite membranes were synthesized
by iron oxide and alumina nanoparticles via the magnetic
casting method. The prepared membrane was applied to ex-
amine the MBR for oily wastewater treatment. The structure
and performance of the nanocomposite membranes was eval-
uated, and the best membrane was selected according to the
tow factors of minimum fouling and highest filtration efficien-
cy in the MBR. The parameters including the concentration of
Al,O3 and Fe;04 nanoparticles, magnetic fields on the
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Fig. 7 The membrane (R,,), cake (R.), pore (Ry), and total (R,) filtration
resistances of blank PSf and nanocomposite membranes in the presence
of a magnetic field in the MBR
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Table 2 COD removal rate in different magnetic field modes

Field type Input COD Output COD COD
(mg/L) (mg/L) removal (%)

Without field 2000 400 80

Dynamic field 2000 340 83

Static field 2000 140 93

membrane flux, filtration resistance and COD removal rate
were examined in a magnetic membrane bioreactor. The
highest percentages of Fe;O4 and Al,O3 nanoparticles in mag-
netic casting conditions are 0.2 wt% and 0.03 wt%, respec-
tively, which cause increasing of membrane hydrophilicity
and fouling mitigate in MBR. The magnetic casting method
provide higher percentages loading nanoparticles, increase the
effect of the magnetic field on the MBR performance, and
improve the filtration process in MBR. However, in higher
percentages of nanoparticles, the fouling increased due to
the accumulation of nanoparticles in the membrane pores. In
a magnetic field zone, the porosity of the nanocomposite
membrane, the flux and also the resistance would be im-
proved. Among the synthesized nanocomposite membranes,
the 0.03 Al,05—0.2 Fe;0, membrane was the optimal mem-
brane in the cases of flux and fouling. The results indicated
that in COD removal, the type of membrane is ineffective,
also the main mechanism of COD removal rate in MBR is
biological effluent removal. The static magnetic field removed
COD more than the dynamic magnetic field, and in general,
the magnetic field improved the sludge performance in COD
removal rate. Overall, the results indicated that it is possible to
profit from the induced magnetic field in MBRs for the mem-
brane fabrication and filtration process of oily wastewater.
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