Environ. Water Eng., 2022, 8(2), 350-364

DOI: 10.22034/JEWE.2021.296401.1600

L
\.._,.H-

EWE

Environment and Water Engineering

Homepage: www.jewe.ir

ISSN: 2476-3683

Research Paper

Fabrication of Antifouling Nanofiltration Polyethersulfone
Membranes Functionalized with the Fumarate Ferroxane
Nanoparticles for Dyes Removal from Aqueous Media

Golshan Moradit

. Masoud Rahimi?" and Sirus Zinadini®

PhD Scholar, Department of Chemical Engineering, Faculty of Engineering, Razi University,

Kermanshah, Iran

2Professor, Department of Chemical Engineering, Faculty of Engineering, Razi University,

Kermanshah, Iran

3Asist. Professor, Department of Chemistry, Faculty of Chemistry, Razi University, Kermanshah, Iran

Article information

Abstract

Received: July 23, 2021
Revised: September 23, 2021
Accepted: September 25, 2021

Keywords:
Antifouling
Dye Removal
Fumarate
Nanoparticles
Nanofiltration Membrane

Ferroxane

*Corresponding author:
m.rahimi@razi.ac.ir

=

The presence of dyes in the aquatic environment can cause soil/water
pollution, problems for human health, and abnormal plant growth
behavior. In the present study, functionalized polyethersulfone
nanofiltration membranes were prepared by ferroxane fumarate
nanoparticles. Ferroxane fumarate nanoparticles were characterized by
SEM and FTIR analyzes. The effect of nanoparticles on the performance
and properties of membranes was determined in terms of membrane pore
size, porosity, hydrophilicity, and separation of milk powder solution by
membranes. The hydrophilicity of the membranes was determined by
studying the pure water flux and the contact angle of the water.
Hydrophilicity increased significantly in membranes containing 0.5% wt
of ferrooxane fumarate nanoparticles. The results of measuring the pure
water flux passing through the prepared membranes showed that after
functionalization of the polysulfone nanofiltration membrane by ferroxane
fumarate nanoparticles, the permeability of this membrane increased more
than three times. The maximum flux recovery ratio and the minimum
irreversible permeability decay rate obtained by the M0.5 membrane were
95.20 and 4.8%, respectively. Moreover, M0.5 showed the highest
rejection for dyes of direct red 16 (99%) and methylene blue (98%). The
related results proved that an antifouling fumarate ferroxane functionalized
membrane can be efficiently applied for the removal of dyes.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

membrane filtration have been used to remove
toxic and organic pollutants from water and

Water contamination has become a crucial
problem due to the rapid population growth and
industrial development. Various methods such as
adsorption, ion exchange, coagulation and
flocculation, chemical precipitation, and
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wastewater. Among these methods, membrane
filtration technology is considered the most
promising method for water and wastewater
treatment. Small pore size (between 1-10 nm),
high permeate flux, and low energy consumption
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Yo Removal of Dyes using Antifouling Nanofiltration Membranes

of nanofiltration (NF) make it the promising
membrane filtration method for the removal of
dye from water and wastewater. Hence, in the
present  study, the fumarate ferroxane
functionalized  polyethersulfone (PES) NF
membranes were prepared for removal of a
cationic dye of methylene blue (MB) and an
anionic dye of direct red 16 (DR16) from
aquesous media.

Materials and methods

At first, the fumarate ferroxane nanoparticles
were synthesized and then incorporated (at
different concentrations of 0.3, 0.5, and 1 wt.%)
into the PES NF membrane via the phase
inversion technique. The compositions of casting
solutions are shown in Table 1. In order to
characterize the synthesized fumarate ferroxane
nanoparticles the scanning electron microscope
(SEM, TESCAN, MIRAIII, Czech) and Fourier
transform infrared (FTIR) spectroscopy (Nicolet
Avatar 370) were used. SEM analysis was also
used to study the morphology of the prepared
membranes. The overall porosity and mean pore
radius of the membranes were calculated by the
gravimetric method and Guerout-Elford—Ferry
equation, respectively. Water contact angle
measurements were carried out to study the
surface hydrophilicity of the membranes. A
contact angle between a 2-ul water droplet and
different spots on the membrane surface was
measured.

Table 1 The composition of the casting solutions

Membrane PES Fumarate  PVP DMACc
code (wt.%) ferroxane  (wt.%) (wt.%)
(wt.%)

PES 0 0 1 79.0
MO0.3 20 0.3 1 78.7
MO0.5 20 0.5 1 78.5
MO0.1 20 1 1 78

Pure water flux, antifouling properties, and dye
removal were investigated by a laboratory-scale
stirred dead-end filtration system with a volume
capacity of 125 mL and an effective membrane
area of 1256 m? (Fig. 1). The pressurized
nitrogen gas was used to push the liquid across
the testing membrane. After submerging each
testing membrane in deionized water for 30 min,
it was placed in the filtration cell. Then, the
filtration cell was poured with deionized water
and pressurized at the transmembrane pressure of
6 atm for 30 min to achieve steady flux. Then,
the transmembrane pressure was reduced to 4
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atm and the pure water flux was measured during
1.5 h filtration.

D

Feed water

(2]
E=———- Filteration
[ Module

Electronic Balance

L

Fig. 1 The schematic of the used dead-end
filtration.

The antifouling properties of the fumarate
ferroxane functionalized polyethersulfone (PES)
NF membranes were investigated through
powdered milk solution (8000 mg/l agueous
solutions of powdered milk) filtration
experiment. The pure water flux was measured.
next, the dead-end filtration cell was poured with
the powdered milk solution and the flux was
measured. In the end, the fouled membrane was
placed in the deionized water bath for 20 min to
remove the loosely attached foulants from the
membrane surface and the membrane once again
was pressurized to 4 atm and the pure water flux
of the cleaned membrane was measured. The
flux recovery ratio (FRR) irreversible fouling
ratio (DRy), reversible fouling ratio (DR,), and
total fouling ratio (DR:) were then calculated to
explain the antifouling properties of the prepared
membranes.

In order to investigate the Direct Red 16 and
Methylene blue dye rejection with the fumarate
ferroxane functionalized polyethersulfone (PES)
NF membranes, after pure water flux
measurements, the dead-end filtration cell was
filled with the dye solution at the concentration
of 50 ppm under a pressure of 4 atm and the
rejections were calculated.

Results

The overall porosity and mean pore radius of the
fumarate ferroxane functionalized
polyethersulfone (PES) NF membranes are listed
in Table 2. As shown, the overall porosity of the
membranes varied from 70 to 80%. The
incorporation of the fumarate ferroxane
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nanoparticles up to 0.5 wt.% led to an increase in
the pore radius and porosity due to increasing the
mass transfer between solvent (DMACc) and non-
solvent (water) during the phase inversion
process. However, a further increase in the
concentration of the fumarate ferroxane
nanoparticles (> 0.5 wt.%) decreased membrane
porosity and pore radius. This can be assigned to
the delayed phase separation due to increasing
the viscosity of the casting solution.

Table 2 Porosity and mean pore radius of the
fabricated membranes

Membrane Porosity (%) Mean pore
radius (nm)
PES 70+£2.0 4,15
MO0.3 76+2.4 4.28
MO0.5 80+2.7 4.73
M1 17+£2.3 4,52
0 50
[«b] =
£, %01 - 40 E
S 50 - 2
2 40 1 F30 %
& 30 1 F20 T
(&) 20 - =1
% L 10 g
8 10 1 g
T 0- Lo &
§ PES M03 MO05 M1

@Water contact angle = Pure water flux

Fig. 2 Water contact angle and pure water flux
of the fabricated membranes

From Fig. 2, it was found that the water contact
angle increased after the insertion of the
hydrophilic fumarate ferroxane nanoparticles.
The 0.5 wt.% fumarate ferroxane nanoparticles
embedded membrane (MO0.5) indicated a
remarkably  ameliorated surface hydrophilicity
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(water contact angle of 50°) which has favored
satisfactory antifouling behavior. The results of
pure water flux (PWF) measurements in Fig. 2
shows that due to the presence of hydrophilic
functional groups on the PES membrane surface
after functionalization with fumarate ferroxane
nanoparticles, the PWF increased significantly in
comparison to PES membrane.

Conclusion

e The 05 wt% fumarate ferroxane
nanoparticles embedded membrane (MO0.5)
indicated a remarkably
ameliorated surface hydrophilicity  (water
contact angle of 50°) which has favored
satisfactory antifouling behavior.

e The pure water flux (PWF) measurements
results showed that due to the presence of
hydrophilic  functional groups on the
membrane surface after functionalization
with fumarate ferroxane nanoparticles, the
PWF increased more than 3 times in
comparison to PES.

e The maximum flux recovery ratio (FRR)
and minimum irreversible permeability
decay rate (DRy) were attained to be 95.2
and 4.8%, respectively, for MO0.5.

e MO.5 showed the highest rejection for dyes
of direct red 16 (99%) and methylene blue
(98%).

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Composition of the fabricated membranes

(wWt%)
Membrane PES Fumarate DMAc  PVP
Code Ferroxane
PES 20 0 79 1
MO0.3 20 0.1 78.9 1
MO0.5 20 0.3 78.5 1
M1 20 0.5 78 1
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Table 2 Porosity and mean pore radius of the
fabricated membranes.

Membrane Pore size (nm) Porosity (%)
PES 4.15 70£2.0
MO0.3 4.28 76+2.4
MO0.5 4.73 80+2.7
M1 4.52 77+2.3
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