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Oil Effluent process. The modified membrane with FSM-16-Met nanoparticles showed

excellent fouling resistance, while maintaining a high net water transfer

Mgtfor_mln . efficiency of more than 150 kg/m2.h without significant oil infiltration. The
M'_Cmf'ltrat'on optimal modified membrane PES/FSM-16-Met had a high net water flux of
Silicate Mesoporous 156.07 kg/m2.h and a low contact angle compared with the unmodified
FSM-16 membrane (respectively 79.8 and 46.25 for the unmodified and was the
- modified optimum). Also, the flux recovery ratio is more than 97% and the
*Corresponding author: ability to resist clogging is Rir = 79.58 and Rir = 2.13%, respectively, for
sirus.zeinaddini@razi.ac.ir unmodified and modified membranes during filtration at different

concentrations of oily feed (300 and 500 mg/l). It was one of the features
obtained in this study. Overall, this work provides insight into efficient
polymer membrane modifications with very low oil cake layer formation on
the membrane surface, which shows great potential for industrial-scale oily
wastewater treatment in the future.
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petrochemical, and oil and gas, there is a lot of

attention to the highly efficient separation of oily
emulsions. Generally, oily contaminants in water

Introduction
With the rapid expansion of various
manufacturing  industries such as dairy,
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are soluble hydrocarbons or fatty glycerides, and
may exist in oil-water mixtures as free-floating
oils, volatile oil droplets, and stable emulsions.
To solve this problem, various technologies have
been developed for purification including
coagulation, and centrifugation. However, they
have limitations due to high energy consumption,
process complexity, and low separation
efficiency. They do not provide the necessary
efficiency, especially for micro-emulsions with
stable droplets <50 um. To sustainably treat
wastewater from oil pollution, membrane
separation technology has been proven promising
with advantages such as low energy consumption
and suitable space, low cost, and high efficiency
with flexibility, and scalability. To date, oil-
water emulsions have been separated using
membranes with conventional microfiltration
pore sizes (0.1-10 um). Different methods have
produced modified membranes with high water
permeability to address the problem of
membrane fouling as the primary practice.
Wettability is an inherent property of a solid
surface determined by the synergistic effect of
surface chemistry and surface geometry.
Knowing that oil and water have surface tensions
that tend to stick to different solids, designing
functional membranes with special wettability is
an effective way to achieve efficient separation
of oil-water emulsion. The separation of water by
a filtration process is due to the presence of a
hydration layer on the surface of the membrane,
which reduces the adhesion of oil to the surface.
FSM-16-Met can be used as a multifunctional
platform in microfiltration membranes using
polyethersulfone (PES) polymer. The FSM-16-
Met is an improved mesoporous silica with OH-
and NH- functional groups, for it s
biocompatible. However, there are no reports on
using FSM-16-Met as an antifouling agent and a
platform for membrane modification. Therefore,
in this research, various characteristics were
examined to evaluate the prepared membranes.
PES polymer membranes modified with FSM-
16-Met wer used in different concentrations of
oil (300 and 500 mg/l) and compared with the
unmodified membrane.

Material and Methods

1 g of FSM-16 and 06 g of 3-
chloropropyltrimethoxysilane (2.99 mM) were
subjected to reflux conditions with 50 ml of dry
toluene for 24 hours. The resulting powder is
chlorinated FSM-16 (FSM-16-Cl). In another
reflux, 1 g (5.86 mM) of metformin and 0.25 g
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(6.12 mM) of soda were dissolved in 30 ml of
acetonitrile, and then 1 g of potassium iodide and
1 g of FSM-16-CI were also added. Finally, the
final powder was presented as FSM-16-Met.
Microfiltration plate membranes based on FSM-
16-Met were fabricated using the phase inversion
method (150 um). A closed-end system equipped
with a nitrogen cylinder was used to characterize
the separation performance of the constructed
micro filter. The modified microfiltration
membranes were evaluated for their oil
separation ability. A repeated three-stage
experiment was designed. First, 60 min of
filtered distilled water, then 90 min of simulated
oily wastewater were tested in different
concentrations (300 and 500 mg/l), then 60 min
of distilled water was filtered again.

Results

Fig. 1 shows the tendency of water to spread on
the surface of the membrane. The addition of
hydrophilic nanoparticle to the membrane
structure improves the hydrophilicity of the
membrane. Due to the low viscosity of the
membrane template solution (0.1 wt%), the rapid
phase inversion in the membrane formation
causes the rapid migration of nanoparticles to the
membrane surface, which makes the surface of
the modified membrane more hydrophilic than
the unmodified membrane. At higher loadings
(M3, M4 and M5), the higher viscosity of the
template solution does not allow easy migration
towards the membrane surface.
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Fig. 1 The prepared membranes a) water contact angle
and b) pure water flux
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In order to accurately evaluate the hydrophilicity
and improve the porosity, in the prepared
membranes, the results of pure water flux (PWF)
are shown in Figure (2-b). The significant
improvement of M2 flux can be related to the
wettability property of M2 surface (Figure 2-a)
where it allows the membrane to form a layer of
water molecules on the membrane surface. This
can be explained in two ways: First, during the
formation of the hydration layer on the
membrane surface, water molecules have more
chances to pass through the membrane. In the
next step, oily clogging agents are withdrawn
and can play an important role as an inhibitor of
the formation of an oily layer on the surface of
the membrane. Porosity is an important
parameter in membrane characteristics and plays
an essential role in the amount of PWF of the
membrane. This part of the study will focus on
the effect of the porous nanoparticle added to the
membrane structure on the membrane porosity.
Porosity measurement results are shown in Table
1.

Table 1 The prepared membranes porosity and FRR

Para;;eter, M, M, Ms M. Ms
Porosity 61.62 86.34 58.11 72.81 75.84
FRR 20.42 97.87 24.04 45.02 62.13

As can be seen from the data, there is a positive
and significant correlation between the porosity
of the membrane and the number of
nanoparticles added to the membrane. Recent
developments in membrane processes require
membrane reusability and a high flux recovery
ratio (FRR). For this evaluation, the membranes
were tested with 1000 mg/l dry milk solution as
an excellent clogging agent in three repeated
steps. There was a significant difference between
the results obtained from different membranes
under the same conditions. The best results are
related to M2 (0.1 wt%) in terms of PWF for the
first and third stages of the graph. What is
essential from this graph is the difference in
PWF for the first and third stages. Based on the
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data obtained, M2 shows the highest FRR, where
the optimal percentage of loaded nanoparticles
can be verified. An atomic force microscope was
used to examine the membrane's surface. As can
be seen, the M1 membrane showed high surface
roughness. Also, the surface roughness was
reduced for the modified membranes. M2
showed the best surface improvement due to the
optimal FSM-16-Met loading. FSM-16-Met
mixed with polymer reduces membrane surface
roughness during phase inversion. In this case,
by improving the smoothness of the membrane
surface, the oil may not be able to be trapped in
the low elevations of the membrane surface, so
the performance of the membrane is improved,
especially in the types of clogging (Figure 5).
Based on the obtained data, the significant flux
reduction of the second stage of the experiment
is directly related to the larger size of the foulants
(emulsified oil droplets). Also, the concentration
polarization near the membrane surface and the
possibility of oil layer formation and clogging of
the optimally modified membrane, M2, showed a
significant ratio of flux recovery (comparison of
the first and third stages) with the electrostatic
repulsion between the membrane surface and the
negatively charged oily plumes.

Conclusions

The membranes modified by FSM-16-Met with
the combination of different percentages of
nanoparticles were used for the treatment of
simulated oily wastewater, and the optimal
dispersion of nanoparticles (0.1 wt%) prevented
the clogging of the pores in the membrane
structure and improved the anti-clogging
performance of the membrane.

Data Availability
The data used in this research are presented in
the paper.
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Table 2 The prepared membranes porosity and FRR

Para;;eter, M M, Ms Ma Ms
Porosity 61.62 86.34 5811 7281 75.84
FRR 20.42 97.87 24.04 45.02 62.13
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Fig. 3 Three frequent analyze: distilled water, 1000
mg/l milk powder solution, and distilled water
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Fig. 5 Membrane reversible and irreversible fouling
resistance of the prepared membranes
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Fig. 6 The three frequent steps analysis of the prepared membranes in: a) 500 and b) 300 mg/| feed
concentration

i VLl Sl sadpdlol slid s Shee Y
Syl e e mg/l oY e cdale g0y 40 e,

osld ay  cw yiwsd
dJlaso ey g u.:‘ 5o ool 9 .\.Jy seosls

el o0y &l

SN 53 3en oL
olas m;c.:.ca S \.\.E)l\)u;a ‘a)l.c‘ aJlie Q.;.l Qlf..\_;......lg.i
Ayl Alie ! leal b g Sacwng badaly o s3ls

References

Abdi, G., Alizadeh, A., Zinadini, S. and Moradi,
G. (2018). Removal of dye and heavy metal
ion using a novel synthetic polyethersulfone
nanofiltration ~membrane  modified by

Environment and Water Engineering

S e -F
S5 b FSM-16-Met Lo onsipdlol slalid -)
o3l iz aw,o

ey ol akal Gl

A eolaul OMd)wa

sl 5l mle (WH%+/Y) Slydgl Colle (SausTy -Y
Q)méwdb‘usbswwo)gwjowu‘;d;
(Rir=vy/ny

magnetic graphene oxide/metformin hybrid. J.
Membr.  Sci.,, 552, 326-335. DOI:
10.1016/j.memsci.2018.02.018

Ol ot 5 S jlanmes

Vol. 8, No. 4, 2022

(A RN ULMMA) f o)Lo..i} A 0,90


bshahmorady@gmail.com
Typewritten text
949


VE) oo San 5 608

Bubansky, B., Whitehead, A., Miller, J. T., Rice,
C. D. and Galvez, F. (2013). Multitissue
molecular, genomic, and developmental
effects of the Deepwater Horizon oil spill on
resident Gulf killifish (Fundulus grandis).
Environ. Sci. Technol., 47(10), 5074-5082.
DOI: 10.1021/es400458p

Gholami, F., Zinadini, S., Zinatizadeh, A.,
Abbasi, A. J. S. and Technology, P. (2018).
TMU-5 metal-organic frameworks (MOFs) as
a novel nanofiller for flux increment and
fouling mitigation in PES ultrafiltration
membrane. Sep. Purif. Technol., 194, 272-
280. DOI: 10.1016/j.seppur.2017.11.054

Gholami, F., Zinadini, S., Zinatizadeh, A., Noori,
E. and Rafiee, E. (2017). Preparation and
characterization of an antifouling
polyethersulfone nanofiltration membrane
blended with graphene oxide/Ag
nanoparticles. Int. J. Eng. Trans. A Basics.,
30, 1425-1433. DOI:
10.5829/ije.2017.30.10a.02

Hashemi-Uderji, S., Abdollahi-Alibeik, M. and
Ranjbar-Karimi, R. (2019). Fe;0.@ FSM-16-
SOsH as a novel magnetically recoverable

nanostructured catalyst: preparation,
characterization and catalytic application. J.
Porous Mater., 26(2), 467-480. DOI:

10.1007/s10934-018-0628-x

Kalla, S. (2020). Use of membrane distillation
for oily wastewater treatment-a review. J.
Environ. Chem. Eng., 104641. DOI:
10.1016/j.jece.2020.104641

Lee, W., Goh, P, Lau, W., Ong, C. and Ismail,
A. (2019). Antifouling zwitterion embedded
forward osmosis thin  film composite
membrane for highly concentrated oily
wastewater treatment. Sep. Purif. Technol.,
214, 40-50. DOI:
10.1016/j.seppur.2018.07.009

Li, J.-H., Ni, X.-X., Zhang, D.-B., Zheng, H.,
Wang, J.-B. and Zhang, Q.-Q. (2018).
Engineering a self-driven PVDF/PDA hybrid
membranes based on membrane micro-reactor
effect to achieve super-hydrophilicity,

How to cite this paper:

excellent  antifouling  properties  and
hemocompatibility. Appl. Surf. Sci., 444,
672-690. DOI: 10.1016/j.apsusc.2018.03.034

Munirasu, S., Haija, M. A. and Banat, F. (2016).
Use of membrane technology for oil field and
refinery produced water treatment—A review.
Process Saf Environ Prot., 100, 183-202.
DOI: 10.1016/j.psep.2016.01.010

Pirsaheb, M., Farahani, M. H. D. A,, Zinadini, S.,
Zinatizadeh, A. A., Rahimi, M. and
Vatanpour, V. (2019). Fabrication of high-
performance antibiofouling ultrafiltration
membranes with potential application in
membrane bioreactors (MBRS) comprising
polyethersulfone (PES) and polycitrate-
Alumoxane (PC-A). Sep. Purif. Technol.,
211, 618-627. DOI:
10.1016/j.seppur.2018.10.041

Rasouli, Y., Abbasi, M. and Hashemifard, S. A.
(2017). Investigation of in-line coagulation-
MF hybrid process for oily wastewater
treatment by using novel ceramic membranes.
J. Clean. Prod., 161, 545-559. DOI:
10.1016/j.jclepro.2017.05.134

Sun, Y., Lin, Y., Fang, L., Zhang, L., Cheng, L.,
Yoshioka, T. and Matsuyama, H. (2019).
Facile development of poly (tetrafluoride
ethylene-r-vinylpyrrolidone) modified PVDF
membrane with comprehensive antifouling
property for highly-efficient challenging oil-
in-water emulsions separation. J. Membr.
Sci., 584, 161-172. DOIl:
10.1016/j.memsci.2019.04.071

Zangeneh, H., Zinatizadeh, A. A., Zinadini, S.,
Feyzi, M. and Bahnemann, D. W. (2019).
Preparation ultrafine L-Methionine (C, N, S
triple doped)-TiO,-ZnO nanoparticles and
their photocatalytic performance for fouling
alleviation in PES nanocomposite membrane.
Compos. B. Eng., 176, 107158. DOI:
10.1016/j.compositesh.2019.107158

Zhu, Z., Zheng, S., Peng, S., Zhao, Y. and Tian,
Y. (2017). Superlyophilic interfaces and their
applications. Adv. Mater., 29(45), 1703120.
DOI: 10.1002/adma.201703120

Samari, M., Zinadini, S., Zinatizadeh, A., Jafarzadeh, M. and Gholami, F. (2022). Separation of oil-water
emulation with highly efficient mixed matrix microfiltration membrane modified by functionalized mesoporous.
Environ. Water Eng., 8(4), 940-950. DOI: 10.22034/jewe.2021.280714.1551

Environment and Water Engineering

ol swdign 5 S jlanmes

Vol. 8, No. 4, 2022

&

\f’\ ULM...A) sf o)Lo.:: A o)jd


bshahmorady@gmail.com
Typewritten text
950


