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Introduction

Membrane technology as an attractive method in
separation processes has been growing recently.
Nanofiltration membranes are one of the types of
filtration membranes that have shown excellent
separation performance for monovalent and polyvalent
salts. The use of nanotechnology and nanomaterials in
membrane matrices is one of the promising methods
to increase membrane separation performance and
their physical and chemical properties [ 1-4]. Graphene
oxide, metal oxide nanoparticles, carbon nanotubes,
etc. have been studied as a hydrophilic nanomaterial for
membrane fabrication [5,6]. In this study, copper oxide
nanoparticles were synthesized. These nanoparticles
are widely used in solar cells, sensors (biosensor and
gas sensors), polymer memory devices, semiconductor
devices, as photocatalysts and electrocatalysts, lithium
ion batteries [7-9]. Nanoparticles were then used
to fabricate PES-based membranes. Modified and
unmodified membranes were identified by FTIR, SEM
analysis. The separation performance of the prepared
membrane with pure water flux and MgCl, salt yield
was investigated.

Materials and Methods

Polyethersulfone (PES) manufactured by BASF
as a membrane body material with a molecular
weight of 58000 g/mol, Polyvinylpyrrolidene (PVP)
manufactured by Merck Germany was used. Dimethyl
acetate (DMAC) produced by Merck Company was
also used as a polymer solvent with a molecular
weight of 87.12 g/mol. Ion-free water was also used

Accepted: June/13/2022

as an insoluble bath in the experiments. Monovalent
copper oxide (Cu,0) nanoparticles with the smallest
diameter of 12.19 nm, which were synthesized
electrochemically, were used as membrane modifiers.
Merck magnesium chloride (MgCl)) was used to
evaluate membrane performance.

Membrane Preparation

Nanofiltration membranes were fabricated by phase
inversion and immersion in ion-free water. To make
membranes with this method, polymer solutions
containing PES as body polymer, PVP as pore-
forming, copper oxide (I) nanoparticles in different
concentrations as modifier and DMAC were stirred
as solvent for 5 hours by a model magnetic stirrer
(Velp Scientific) at 300 rpm to completely dissolve the
material and obtain uniform solutions. Then, for better
dispersion of the nanoparticles, the solutions were
placed in an ultrasonic device for 40 minutes. They
were kept at room temperature for 12 hours to remove
air bubbles from the solution. Next, the uniform
solutions containing the nanoparticles are spread by
a 300 pm-thick hand-held film on a clean, dry glass
plate at the same constant rate and then immediately
transferred to an ion-free water bath at room
temperature. The membranes were then washed with
ion-free water and placed in a container containing
ion-free water for 24 hours to ensure the release of
solvent and water-soluble materials. The membranes
were placed between two sheets of filter paper in room
air for 24 hours to dry completely.

Archive of SID.ir



Archive of SID.ir

Results and Discussion

Membrane Analysis

The results of infrared spectroscopic analysis for
fabricated membranes including pure PES and
modified membranes are shown in Figure 1. Infrared
spectroscopy was performed in the range of 400-
4000 cm. The peaks shown in 1637.32 and 3444.15
cm! correspond to the O-H bonds in the vibrating
and curved state. Also, the bands specified in 828.07
and 621.35 cm™ are related to Cu-O and Cu-O-Cu
tensile vibrations. According to the results of infrared
spectroscopy, the synthesized nanoparticles are free
of any copper (II) oxide [10,11]. The peaks marked in
the range of 600-500cm-1 are related to metal oxide
vibrations [12]. The identified bands 1166.67 cm'!
are related to asymmetric tension in group S=O and
1229.75 em-1 for asymmetric tension in group S=0O
[13]. The peaks are widely observed in the range of
1487.15-1579.68 cm™', which itis related to the benzene
ring in the PES membrane [14]. Nanoparticles and
membranes have wide adsorption peaks in the range
of 3068.77 and 3096.35 cm’!, which belong to the
hydroxyl functional groups of the O-H tensile group.

PES/Cu,0 membrane

|

25 5

Transmittance [%]

Pure PES membrane

12975 116667

3500 3000 2500 2000 1500 1000 s00
Wavenumber (™)

Fig. 1 FTIR of fabricated membranes.

Separation Performance

As shown in Table 1, the largest flow of pure water
(36.78 L/m*h) passes through the M1 membrane.
Moreover, the MgCl, rejection (Figure 2) improved
from 62.78% to 72%.

Table 1 Flux results of prepared membranes.

Membrane No. Flux (L/m?h)
MO 9.8

Ml 36.78

M2 29.49

M3 13.7

M4 14.61

M5 11.75
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Fig. 2 The MgCl, rejection of membranes.

Conclusions

This study reported the fabrication of PES membranes
containing copper (I) oxide nanoparticles. The highest
pure water flux was obtained by M1 membrane which
has 0.05 wt.% of synthesized nanoparticles and the
highest salt yield was obtained by M5 membrane
which has 2% by weight of synthesized nanoparticles.
Pure water flux increased due to the presence of
hydrophilic groups and an increase in the average
size of cavities and porosity. The increase in yield can
also be related to the creation of more active sites of
magnesium chloride adsorption and the presence of a
negative charge for Cl- excretion.
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