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dominantly are fabricated with various polymers. A number of polymers
which widely have been used for fabricating the NF membranes are
polyethersulfone (PES), cellulose acetate (CA), polyimide (PA) and
polysulfone (PS) [8, 9].

Among above mentioned polymers, the polyethersulfone (PES) is a
conventional choice for synthesizing NF membranes, due to its chemical,
thermal, and mechanical stability. However, the disadvantage for applying
PES is its high hydrophobicity, which increases membrane fouling tendency.
The PES membranes always show asymmetric structure, and are prepared by
a phase inversion method. The final membrane structure is influenced by the
composition (e.g. concentration, solvent, additives) and temperature of the
dope solution, the non-solvent (or even the mixture of non-solvents), and the
coagulation bath [10].

Increasing the membrane hydrophilicity is a commonly method for
modification of PES membranes to optimize their performance and properties
[9].

There are three main approaches for midifying the PES membranes,
including: (1) bulk modification of PES material, and then to prepare
modified membrane; (2) surface modification of prepared PES membrane;
and (3) blending, which can also be regarded as a surface modification. The
modification procedures allow finding a compromise between hydrophobicity
and hydrophilicity, localize the hydrophilic material specifically in the
membrane pores, where they have a positive effect on flux and fouling
features [11].

In the case of membranes modification methods, employing different
inorganic nanoparticles such as silver, titanium oxide, silica oxide and
zirconium oxide embedded into the membrane matrix is a very well-known
and interesting method. Utilizing inorganic materials (mostly nanoparticles)
into the polymeric matrix can lead to achieve unique physico-chemical
properties, such as hydrophilicity, and mechanical, thermal and oxidative
stabilities. It can also improve the separation characteristics. In better words,
introducing an inorganic filler into an organic polymer matrix contributes a
wide range of multifunctional properties which is due to the synergism
between the organic-inorganic materials [12].

Zeolite nanoparticles are well-known inorganic particles with great
features, such as high adsorption capacity, ion exchange property, sieving
characteristic, stable chemical property and safety toward the environment
which provides unique physicochemical properties [13 17].

According to the literature [18], a novel mixed matrix
(polyvinylchloride/zeolite nanoparticle) electrodialysis heterogeneous cation-
exchange membrane was prepared by casting solution technique and the
effect of zeolite concentration (as an additive) on the electrochemical
properties and its performance was studied. Generally speaking, the results
revealed better  performance/properties in  comparison of bare
polyvinylchloride membrane.

To the best of our knowledge, there is no reports have considered the
embedding zeolite nanoparticles into the PES nanofiltration membranes and
the open literature is silence on performance and properties of PES/zeolite
mixed matrix NF membranes.

Preparing a novel mixed matrix NF membrane for desalination and water
treatment purposes was the first aim of current research. For this aim, mixed
matrix (polyethersulfone/zeolite nanoparticles) NF membranes were prepared
by solution casting techniques. The effect of zeolite concentration
incorporated into the casting solution on the membrane performance and its
properties was studied.

2. Materials and Methods
2.1. Materials

Polyethersulfone (PES) (Ultrason E6020P, My= 58,000 g/mol, BASF)
was used as the membrane base binder. Polyvinylpyrrolidone (PVP) (Mw=
25,000 g/mol, Merck) was used as the pore former. Zeolite nanoparticles
(white powder, average particle size < 100 nm, Germany) were used as the
inorganic filler additive. N,N-dimethylacetamide (DMAC) (Mw=87.12 g/mol,
Merck) and deionized water were used as the solvent and the non-solvent,
respectively. All other chemicals were supplied by Merck.

2.2. Preparation of membranes

The conventional casting solution technique and phase inversion method
were used for fabricating the membrane samples. The preparation was
followed by dissolving of PES and PVP into the solvent (DMAC) in a glassy
reactor and then well-mixed using a mechanical stirrer (Model: Velp
Scientifica Multi 6 stirrer) for about 4 hr. The stirring was continued by
dispersion of various amounts of zeolite nanoparticles into the dope solution.

51

The prepared solutions were sonicated for 30 min by an ultrasonic cleaner
bath (Parsonicl1Smodel, S/N PN-88159, Iran) for better dispersion of
nanoparticles and breaking up their aggregates into the polymeric matrixes.
The obtained homogeneous dope solutions were casted on clean and dry glass
plates using a film applicator with constant thickness of 150 m. Then, they
were immediately immersed into deionized water as the non-solvent. The
prepared membranes were transferred into the fresh deionized water tanks to
remove any soluble components from the membranes structures. The
membranes were then placed between two filter paper sheets and were dried
at room temperature (25—2 C) for one day before testing. The composition of
the casting solution is given in Table 1.

Table 1. Compositions of casting solution used in preparation of membranes®.

sample No. Zeolite nanoparticles Solvent
(wt.%) (DMAC) (wt.%)
s.1 0 oL
S.2 0.05 80.95
S3 0.1 80.9
S4 0.5 80.5
S5 1 80

4PES (18 wt. %), PVP (1 wt. %))

2.3. Morphological studies

Membrane morphologies were investigated using the scanning electron
microscopy (SEM) (Seron Technology Inc. Korea). The membrane samples
firstly were frozen in the liquid nitrogen and then fractured. The samples were
sputtered with a thin gold film and then were scanned.

For SOM imaging, the membrane samples were cut into the small pieces,
mounted between two lamellas, then observation was made by the SOM
optical microscope.

Surface roughness of the membranes was also measured by analyzing the
surface images of the samples to investigate the effect of zeolite nanoparticles
addition into the casting solution.

The overall porosity () can be calculated by following expression [19]:
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where ¢ and V,, are the water density (g/cm®) and membrane small size
volume (cm®), respectively. It should be noted that all of the experiments were
repeated three times and the mean values are reported.

2.4. Water content and water contact angle

The water content was measured using the weight difference between the
dried and the wet membranes. To measure, the certain weight of membrane
pieces was dipped in the distilled water for 24 h. Afterward, the wet
membranes quickly were located between two filter paper sheets to remove
additional surface water and then were weighed immediately (OHAUS,
Pioneer , Readability: 10 4 g, OHAUS Corp.). The membrane samples then
dried in an oven (Behdad Co., Model: O5, Iran) until the constant weight was
obtained. The following equation was used for water content calculation [20-
23]:
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where W,, and Wy are the wet and dry membrane weights (g), respectively. To
minimize measuring errors, all measurements were repeated three times for
each sample and the average values are reported.

Also water drop contact angle measurement was employed to evaluate
the prepared membranes hydrophobicity. Doing so, very small droplets of the
deionized water were dropped on the membranes surface in several random
places, and the imaging of droplets were taken by using a digital camera. The
average values of the measurements were reported to minimize errors. All
experiments were carried out in an ambient condition.

2.5. Filtration experiments

The membranes performance was investigated using a dead-end
membrane module with the volume of 150 ml and filtration surface area of






