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ABSTRACT

ypothesis: This study constituted the effect of chitosan-zeolite active
Hnanocomposite layer formation on the morphological, physico-chemical

and separation properties, as well as the anti-fouling performance of the
polyethersulfone-based nanofiltration membrane.
Methods: The nanofiltration-based membrane was prepared by phase inversion
method and its surface was modified through the dip-coating technique in the
polymeric solution. The properties of the prepared membranes were investigated
by Fourier transform infrared spectroscopy (FTIR) analysis, scanning electron
microscopy (SEM), X-ray diffractometry, 3D surface images, contact angle, water
content, pure water flux, salt and heavy metal rejection and anti-fouling performance

techniques.
Findings: The FTIR analysis results confirmed the formation of the chitosan/zeolite
nanocomposite layer on the polyether sulfone-based membrane. Moreover, the
scanning electron microscopy images of the surface and cross-section of the prepared
nanofiltration, membranes showed the formation of an active layer on the membrane surface. The
bi-layer membrane, results of surface analysis showed that the surface modification reduced the surface

roughness of the membrane. In addition, the use of zeolite nanoparticles on the surface
layer caused to an increase in the membrane water content. The pure water flux of
chitosan/zeolite, bilayer modified membrane showed an increase in water content of > 54% compared
to the virgin membrane. The sodium sulfate salt rejection was measured > 70% for
the bi-layer modified membrane. The chromium rejection increased from 69% for the
virgin membrane to > 95% for the modified bi-layer membrane. The water contact
angle results exhibited that the surface hydrophilicity of the membrane increased
with the surface modification. The modified membranes showed superior antifouling
ability as the flux recovery ratio increased from 85% to 93.6% and the irreversible
resistance decreased considerably to 6.4%.

nanocomposite,

heavy metals removal
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Table 1. Compostion of solutions for the prepared membranes in this study.

s Zeolite Chitosan solution PES PVP DMAC
(%owt) (Yowt) (%owt) (Yowt) (Yowt)
PO 0.00 0.0 18 1 81
MO 0.00 0.4 18 1 81
M1 0.25 0.4 18 1 81
M2 0.50 0.4 18 1 81
M3 1.00 0.4 18 1 81
Lé Fiom 90 Water content % = [(W,,, — Wy, )/ W, ]x100 )
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Fig. 1. FTIR spectra of the modified membrane and pristine
membrane.
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Fig. 4. SEM surface images of the fabricated membranes.
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Fig. 5. The 3D surface images of the fabricated membranes.
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Fig. 6. The amount of water content of the prepared

membranes.
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Table 2. The amount of roughness for the the prepared

membranes.
Membrane Roughness (nm)
PO 5.35
MO 3.80
M1 3.91
M2 4.14
M3 3.21
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Fig. 9. The effect of surface modification on mean pore size.
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Fig. 10. The pure water flux of the fabricated membranes.
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Fig. 7. The amount of water contact angle for the investigated

membranes in this study.
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Table 3. The physico-chemical and separation properties of the prepared membranes.

Water content Contact angle Porosity Water flux Na SO, rejection (%) CrSO, rejection (%)
Membrane (%) (degree) (%) (L/m*.h) (1000 mg/L) (100 mg/L)
PO 66.4+4.0 62.7+5.1 45+3.8 4.6+0.3 46.5£5.1 69.0+4.2
MO 65.5+£2.6 54.4+4.9 39+2.1 5.240.2 69.0+4.3 70.1+5.5
M1 70.1+3.4 52.143.8 55+4.4 7.1+0.3 61.0£2.2 84.2+5.0
M2 72.0+4.1 43.7+4.2 57£3.5 6.9+0.4 41.5+4.1 59.046.1
M3 74.24+4.5 39.34£3.1 67+2.4 4.9+0.2 70.0+5.5 95.3+3.4
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Fig. 11. The effect of surface modification on (a) the flux and (b) Na SO, salt rejection.
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Fig. 12. The SEM images of the prepared sample containing of 0.5 wt% nanoparticles.
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Fig. 14. Flux recovery ratios (FRR) for the modified membranes

and pristine ones.
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Fig. 15. Investigated fouling parameters for the modified and

pristine membranes.
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