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Introduction

Membranes technology is one of the attractive
technologies in separation processes.

Meanwhile, nanofiltration membranes as a filtration
membrane show high separation performance for
monovalent and multivalent salts.

One of the most methods for improvement of
nanofiltration membrane performance is to introduce
the incorporation of organic and organic materials
into the membrane matrix which it leads to enhance
physic-chemical properties, separation performance
and fouling resistance of the membrane [ 1-3].

The use of hydrophilic nanomaterials such as graphene
oxide, metal oxide nanoparticles, carbon nanotubes for
the membrane preparation have been reported in many
studies [4].

8-hydroxyquinoline (8-HQ) was known as chelating
agent in analytical chemistry because of high potential
in creating complex with metal ions such as Fe, Co,
Ni, and Mn. 8-HQ has a crystalline structure with low
water solubility [5]. This material has been used to
fabrication different adsorbents [6, 7].

In this study, 8-HQ is applied for the synthesis of
FeQ, nanoparticles and modification of HQ-Fe,O,
nanoparticles.  Afterwards, nanoparticles were
incorporated into the PES as membrane matrix. The

Accepted: May/29/2020

prepared membranes were characterized by FTIR,
SEM and AFM analysis. The separation performance
of prepared membrane was examined by pure water
flux and rejection of MgSO,.

Materials and methods

Materials

Polyethersulfone (PES Ultrason E6020P with MW =
58,000g/mol) was supplied by BASF. N, N-Dimethyl
acetamide (DMAc) (87.12 g/mol), deionized water
and PVP (Merck Inc., Germany) were used as solvent,
nonsolvent and pore-former in membrane fabrication
respectively.

8-hydroxyquinoline (145.16 g/mol), Fe(NO,),.9H,0
(403.95 g/mol), Cetyl trimethyl ammonium bromide
(364.45 g/mol), Ammonia hydroxide and Acetic Acid were
obtained from Merck Inc.; in addition, 8-hydroxyquinoline
(145.16 g/mol), Fe,O, NPs (Less than 20 nm) and MgSO,
were provided by Merck Inc., Germany.

Membrane Preparation

The nanofiltration membranes were prepared from the
phase inversion method.

The blend membranes with 17wt.% and 1wt.% PES
and PVP were dissolved into the DMAc, and they were
stirred for Sh.



The different concentrations of nanoparticles were
added to the polymeric solution in the prior section,
and the time of stirring that was continued for another
was 4 hours. Then the casting solution was sonicated
for 1 h for better dispersion of nanoparticles. After
removing air bubbles from the homogeneous solution
during the 6 hours. The prepared solution was casted
on a glass plate by an applicator. Afterwards, the casted
membranes were soaked into the deionized water for
complete phase inversion process. The fabricated
membranes were coated with M1, M2, M3, M4 in
0, 0.05, 0.1 and 0.5 wt.% of HQ-Fe304 and FeQ3
nanoparticles.

Results and Discussion

Membrane Analysis

The synthesized 8-HQ/Fe,O, and FeQ, nanoparticles
were characterized by FTIR spectra.

The FTIR spectra in the rage of 500 to 4000 cm-1 are
shown in Figure 1 for 8-HQ, Fe,O,, 8-HQ/Fe O, and
FeQ, nanoparticles.

All spectra show characteristic peaks of nanoparticles
and 8-HQ in the broad of 3404-3062 cm™' which
attributed to the stretching vibration of hydroxy groups
in nanoparticles and phenolic hydroxyl groups in 8-HQ
with intermolecular interactions.

The aromatic amine resonance (C-N-C) is
characterized at the peak of 1275 cm. The strong
peaks in the range of 824 cm-1 (region below 1000
cm™') attributed to the out-of-plane CH wagging
vibrations of the quinoline groups. Moreover, C-C
stretching vibration was assigned by peak 1574 cm™.
The displayed bands at 1497 and 1464 cm™' may be
ascribed to pyridyl and phenyl groups of 8-HQ. Also,
absorption peaks of at 574 and 631 cm™' show the
presence of Fe-O groups in synthesized 8-HQ/Fe,O,
nanoparticles [8-10]. In Figure 2, the SEM images of
modified Fe,O, and FeQ, nanoparticles are shown.
The average size of HQ-Fe,O, and FeQ, nanoparticles
which were obtained was 17.08 nm and 36.61 nm
respectively.
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Fig. 1 FTIR analysis of synthesized nanoparticles.
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SEM images of the fabricated membranes show
the asymmetric structure of membranes including
a selective layer and a porous layer as membrane
supporter as shown in Figure 3. By introducing
nanoparticles, membrane porosity improved because
of present hydrophilic groups into the membrane
structure [11-13].

M2-HO/F

N4 Fe@s

e

Fig. 3 SEM image of fabricated membranes.

AFM analysis was applied to the characterization of
surface morphology of the fabricated membranes. By
introducing nanoparticles, mean averages roughness
(Ra) of membranes decreased compared with neat PES.
Because the membrane cavities fill with hydrophilic
synthesized nanoparticles.

Separation Performance of Fabricated Membranes
The hydrophilic groups of nanoparticles enhanced
membrane hydrophilicity and pure water flux as clear
in Figure 4. The highest pure water flux (17.6 L/m*h)
was observed for M4 in 0.5 wt.% of nanoparticles.
Moreover, MgSO4 rejection enhanced from 58%
in pure PES to 91% and 86% in 0.5 wt.% of HQ-
Fe,O, and FeQ, nanoparticles, respectively which
can be explained by present negative charges on
the membrane surface and electrostatic repulsion
of SO,* ions and the formation of complex between
8-hydroxyquinoline and Mg?" and thus the adsorption
of MgSO, ions (see Figure 5).

The fouling resistance of the fabricated membranes was
evaluated by the changes of MgSO, flux versus time as
shown in Figure 6. As clear in this Figure, MgSO, flux
improved for modified membranes compared with the
pure PES membrane.
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membrane (M1) and PES/HQ-Fe,O, and PES/FeQ, mem-
branes in 0.5 wt.% of nanoparticles (M4).

Conclusion

In

synthesize new nanoparticles.

this study, 8-hydroxyquinoline was used to

Then synthesized

nanoparticles were applied to construct PES-based
membranes. The fabricated membranes showed high
separation performance with pure water flux of 17.6
L/m’h and MgSO, 91% and 86% at 0.5 wt.% of HQ-
Fe30, and FeQ, nanoparticles.
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