Structural Modification of Polymeric PES Membrane by
SiO,/Z1F-8 Nanoparticles for Forward Osmosis Process

Saina Akbari and Majid Peyravi*

Faculty of Chemical Engineering, Babol Noshirvani University of Technology,
Postal Code 47148-71167, Babol, Iran,

Received: 25 February 2020, accepted: 5 April 2021

ABSTRACT

forward osmosis (FO) process, one of the most important challenges of this

process is the internal concentration polarization (ICP) phenomenon. Different
methods have been investigated to reduce the effect of this undesirable phenomenon
and it is suggested that one of these methods is loading of hydrophilic nanoparticles in
the membrane structure. In this study, SiO,/ZIF-8 nanoparticles were used to improve
the structure and performance of polyethersulfone membranes (PES) in FO process.
Methods: At first, polyethersulfone membrane was synthesized by phase inversion
method. In the next step, ZIF-8 and SiO,/ZIF-8 nanoparticles as filler were synthesized
at room temperature. Thin film composite membranes were prepared by the interfacial
polymerization (IP) of two reactive organic (TMC) and aqueous (MPD) monomers.
Finally, the produced membranes and nanocomposite were characterized by contact
angle, FTIR spectroscopy, X-ray diffractometry (XRD), field emission scanning
electron microscopy (FE-SEM), and porosity measurements. Also, the performance
of all membranes composed of at least two different components was investigated
using reverse and forward osmosisi processes.
Finding: The outcomes demonstrated that the presence of a small amount of SiO,/
ZIF-8 nanoparticle in the membrane led to an increase in the membrane hydrophilicity
and porosity, and also improved the water flux and rejection of the FO. The water flux
of TFN FO membrane was reported to increase remarkably from 15.23 to 25.13 L/m*h
when 10 mM NaCl and 2 M NaCl salt were utilized as feed solution (FS) and draw
solution (DS), respectively. The improvement in FO water flux was ascribed to the
lower S parameter of modified PES sublayer and the reduction of internal concentration
polarization (ICP).

Hypothesis: Despite the wide application of nanofiltration (NF) membranes in
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Fig. 1. Laboratory system in forward osmosis process.
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Fig. 2. XRD patterns of ZIF-8 and SiO,/ZIF-8 nanoparticles.
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Fig. 4. FE-SEM images of nanoparticles: (a) ZIF-8 and (b) SiO,/ZIF-8.
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Fig. 5. Cross sectional FE-SEM images of membranes: (a) PES and (b) PES0.2.
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Fig. 6. Surface FE-SEM images of the produced membranes: (a) PES and (b) PES0.2.
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Fig. 7. EDX patterns of membranes: (a) PES and (b) PES0.2.
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Fig 8. Top surface FE-SEM images of thin film composite membranes: (a) TFC and (b) TFNO.2.
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Table 2. Comparison the separation properties of TFC/TFN membranes produced with commercial CTA membranes.

Membrane A" (L/m?h.bar) B* (L/m2.h) Rejection (%) Ref.
TFC 1.92+0.18 0.28 £0.15 94.53+0.46 Current study
TFNO.2 2.98+0.20 0.52+0.14 93.45+0.51 Current study
TFNO.4 2.75+0.15 0.47 £0.11 93.63+0.47 Current study
TFNO.6 2.57+0.17 0.42+£0.19 93.91+0.49 Current study
CTA-W 0.33 0.15 81.90 21
CTA-NW 0.46 0.1 94.10 21

*A:Water permeability, B: Salt permeability
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Table 3. Comparison of performance the FO water flux of TFC/TFN membranes produced with commercial CTA membranes.

N J, J, Feed solution Draw solution Ref
(L/m?.h) (g/m2.h) (Mm) M)

TFC 15.23+0.51 5.62+0.28 10 2 Current study
TFNO.2 25.13+0.78 7.95+0.24 10 2 Current study
TFNO.4 22.424+0.69 6.43+0.25 10 2 Current study
TFNO.6 19.57+0.63 5.85+0.27 10 2 Current study
CTA-W 12.10 - 10 2 21

CTA-NW 8.50 - 10 2 21
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Fig 9. Water flux and reverse salt flux of the produced mem-

branes in forward osmosis process.
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