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INTRODUCTION

Nanofiltration membranes are attractive to
wastewater treatment, and they show high
separation performance for monovalent and
multivalent salts. The most challenges for
enhancement of NF membranes are achievement
to high pure water flux without salt rejection and
good anti-fouling properties [1-3]. The methods
for overcoming these challenges are surface
modifications of membrane, grafting, cross-
linking, coating and incorporation of organic and
inorganic materials [4]. Among these methods,
incorporation of hydrophilic nanomaterial into the
polymer structure has been applied [5, 6]. Titanium
dioxide nanoparticles with interesting features
such as good hydrophilicity, adsorption property
and high surface area gained much attention in
membrane area. In addition, polyhedral oligomeric
silsesquioxane (POSS) with its unique structure
is also used for modification of nanomaterials
membrane

and have been considered in
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applications. POSS materials exhibit high flexibility
for functionalization. Moreover, POSS materials
have good mechanical and thermal stabilities [7-
9]. In this study, titanium dioxide nanoparticles
were functionalized by L-cysteine/POSS and then
utilized in fabrication and modification of PEI-
base nanofiltration membranes. The prepared
membranes were characterized by FTIR, FESEM
and AFM analyses. The separation performance
of fabricated membrane was examined by using

pure water flux and rejection of Na,SO,.

EXPERIMENTAL PROCEDURE
MATERIALS AND METHODS

The Glycidyl POSS was supplied by Iran Polymer
and Petrochemical Institute. Polyetherimide (PEI)
(Mw: 35,000 Da)was obtained from Sigma Aldrich.
Tetrahydrofuran (THF), N, N-dimethylacetamide
(DMACc) was purchased from DAEJUNG, Korea.
The polyvinylpyrrolidone (PVP) as pore forming

and L-cysteine wer e purchased from Merck.



Aqueous solution of Na,SO, was applied as feed

solutions for studies of membrane separation.

MEMBRANE PREPARATION

The nanofiltration membranes were prepared
by phase inversion method. The 18 wt.% and 1
wt.% PEl and PVP dissolved into the DMAc and
was stirred for 6 h. The different concentration
of composite nanoparticles was added to the
polymeric solution in prior section, and stirring
was continued for another 4 h. Then the casting
solution was sonicated for 1h for better dispersion
of nanoparticles. After removing air bubbles
from the homogeneous solution during the 6
h, prepared solution was casted on a glass plate
by applicator. Then the casted membranes were

soaked into the deionized water for complete
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phase inversion process.

RESULTS AND DISCUSSION
MEMBRANE ANALYSIS

The FTIR analysis of composite nanoparticles and
fabricated membranes is shown in Figure 1. The
strongly peak at 1100 cm™ and 3000-3500 cm'!
attributed to present Si-O-Si bonds. Moreover,
the adsorption peak in 1640 and 1400-1500
cm™ are due to Ti-OH and Ti-O bonds [10]. The
stretching vibration of 1730 and 1777 cm? is
attributed to C=0 symmetric and asymmetric
carbonyl groups in to the imide ring of PEI [11].
The FESEM images of fabricated membranes
showed the asymmetric structure of membranes
including selective layer and a porous layer as

membrane supporter (see Figure 2).
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Figure 1: The FTIR analysis of composite nanoparticles and fabricated composite membranes
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Figure 2: The FESEM image of membranes
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By incorporation of nanoparticles, membrane
porosity increased due to present hydrophilicgroups
on the membrane surface and more interaction
with water molecules. Also, the selective layer
thickness enhanced by increasing nanoparticles
that is desirable for salt separation [12-14].

The surface morphology of fabricated
membranes was investigated by AFM analysis.
By incorporation of nanoparticles, average

roughness of membranes decreased in
comparison with pure PEI due to fill cavities with

hydrophilic composite nanoparticles.

SEPARATION PERFORMANCE

As shown in Figure 3, the highest pure water
flux (22.03 L/m?h) was observed for M4 in 1wt.%
nanoparticles. Moreover, the Na, SO, rejection
(Figure 4) improved from 69% in pure PEl to 78%
in M1 due to present negative charges on the
membrane surface and electrostatic repulsion of

sulfate ions [9].
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Figure 3: Pure water flux of prepared membranes.
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Figure 4: The Na,SO, rejection of membranes.
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In Figure 5, the flux recovery ratios (FRR %) of
pristine membrane and modified membrane are
illustrated. The FRR% of nanocomposite mem-
brane increased in comparison with pure PEI
membrane, and the highest FRR% was obtained
81% in 0.1 wt.% composite nanoparticles. The
improvement of FRR% was related to present
functional groups —OH, —COOH on the membrane

surface and decreasing membrane roughness.

90
80 A
70 -
60 A
50
40 A
30 |
20 A
10 A
0

FRR%

PurePEI PEI/L-cysteinePOSS-TiO2

Memrane
Figure 5: The anti-fouling properties of pure PEl and
PEI/modified TiO, NPs

CONCLUSIONS

This study showed the potential of functionalized
TiO, nanoparticles incorporation into the PEI NF
membranes for enhancement of pure water flux
and separation performance. PWF increased up
t0 22.03 (L/m2.h) by applying 0.1 wt.% composite
nanoparticles. The Na,SO, rejection reached to

78% in modified membranes in comparison with

CONCLUSIONS

This study showed the potential of functionalized
TiO, nanoparticles incorporation into the PEI NF
membranes for enhancement of pure water flux
and separation performance. PWF increased up
t0 22.03 (L/m2.h) by applying 0.1 wt.% composite
nanoparticles. The Na,SO, rejection reached to
78% in modified membranes in comparison with

pristine membrane. Moreover, the hydrophilic



groups in composite nanoparticles enhanced

anti-fouling properties of prepared membranes.
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