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ABSTRACT

l l ypothesis: Nanofiltration (NF) is a very important technique in separation

and purification of aqueous and non-aqueous mixtures in several applications,

such as the retention of dyes from water, which is the largest application in
this field. Nonetheless, it is still a key issue to enhance the rejection performance
and improve the flux, the key factors for the performance of the final membrane.
Accordingly, MIL-53(Al) nanoparticles were utilized in this research work because
of their small pore sizes, significant hydrophilicity and outstanding water stability.
Methods: In this study, the synthesis of the MIL-53(Al) nanoparticles was conducted.
Then, the preparation of polyethersulfone (PES)-MIL-53(Al) mixed matrix
membranes was done through the VIPS-NIPS method, which is the vapor-induced
phase inversion (VIPS) method coupled with non-solvent-induced phase inversion
(NIPS) technique, in which the co-solvent of 1,4-dioxane was employed. Finally, the
Keywords: prepared nanoparticles and membranes were characterized using several techniques
including attenuated total reflection-Fourier transform infrared spectroscopy (ATR-
FTIR), X-ray diffractometry (XRD), field-emission scanning electron microscopy
(FE-SEM), inductively coupled plasma optical emission spectroscopy (ICP-OES),
and contact angle analyses.
Findings: Different membrane compositions with various MIL-53(Al) contents were
prepared so that a membrane with superior performance in dye rejection application
and high flux can be achieved. The performance of the fabricated membranes was
investigated for rejection of various dyes in aqueous solutions including Methylene
Blue (MB), Rhodamine B (RDB), Methyl Green (MG), and Crystal Violet (CV),
based on which a great separation performance (dye rejections of 99.4, 99.1, 98.6
and 97.9 for MG, RDB, CV and MB, respectively) and an excellent water flux
(6.1 L/m?.h.bar) were provided by the membrane containing 0.4 wt% MIL-53(Al).
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Table 1. The composition of the prepared casting solutions for the fabrication of the neat and mixed matrix membranes.

PES PEG Dioxane DMF MIL-53(Al)
Membrane sample
(Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
Neat PES* 18 0.5 21.5 60 0
PES -0.1% MIL-53(Al) 18 0.5 21.4 60 0.1
PES -0.4% MIL-53(Al) 18 0.5 21.1 60 0.4
PES -0.8% MIL-53(Al) 18 0.5 20.7 60 0.8

*Polyethersulfone.
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Table 2. Molecular weight and chemical structure of the dyes utilized for the evaluation of the membranes performance.

Solute Molecular weight (g/mol) Chemical structure
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Fig. 1. TGA curve of the prepared MIL-53(Al) nanoparticles.
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Fig. 2. (a) TEM and (b) SEM images of the prepared MIL-53(Al) nanoparticles.
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Fig. 4. XRD patterns of MIL-53(Al) nanoparticles and the

fabricated membranes.
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Fig. 3. FTIR spectra of MIL-53 (Al) nanoparticles and the

fabricated membranes.
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Fig. 5. Top surface FE-SEM images of samples: (a) neat polyethersulfone and polyethersulfone containing MIL-53(Al) (b) 0.1 wt%,

(c) 0.4 Wt%, and (d) 0.8 Wt%.
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Fig. 6. Cross-sectional surface FE-SEM images of samples: (a), (b) neat polyethersulfone, and polyethersulfone containing MIL-53(Al) (c),

(d) 0.1 wt%, (), (f) 0.4 Wt%, and (g), (h) 0.8 Wt%.
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Fig. 7. AFM analysis results of samples: (a) neat polyethersulfone and polyethersulfone containing MIL-53(Al) (b) 0.1 wt%, (c)
0.4 wt%, and (d) 0.8 wt%.
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Table 3. The surface roughness parameters of the neat and mixed matrix membranes (scan size= Spmx5um).

Sample R, (nm) R, (nm) Rq (nm) Ry (nm)
Neat PES 4.16+£0.43 30.09+0.28 6.14+0.21 69.93+0.55
PES-0.1% MIL-53(Al) 4.98+0.11 36.27+0.24 7.05+0.16 90.08+0.15
PES-0.4% MIL-53(Al) 6.1+0.21 39.25+0.51 8.35+0.66 116.05+0.22
PES-0.8% MIL-53(Al) 10.52+0.28 61.56+0.34 13.01+0.36 156.15+0.43
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Table 5. Repeatability of analysis results on membranes.

Number of Number of samples
Test Membrane
membrane batches each batch tested
Neat PES
PES-0.1% MIL-53(Al)
Water contact angle 2 3
PES-0.4% MIL-53(Al)
PES-0.8% MIL-53(Al)
Neat PES
PES-0.1% MIL-53(Al)
AFM analysis 2 3
PES-0.4% MIL-53(Al)
PES-0.8% MIL-53(Al)
Dyes rejection and water permeability PES-0.4% MIL-53(Al) 3 3
Dyes rejection and fluxes after long-term stability | PES-0.4% MIL-53(Al) 2 3
) Neat PES
Fluxes vs. time 2 3
PES-0.4% MIL-53(Al)
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Table 4. Comparing nanofiltration membranes reported in the literature and the polyethersulfone-0.4% MIL-53(Al) sample

fabricated in this study.

Flux (L/m?.h.bar),
Nanofiltration membrane Dye (M) Rejection (%) Ref.
Pressure (bar)
MG (653.2 Da) 99.4
RDB (479 Da) 99.1
PSF/MIL-53 (Al) 6.1,6 This study
CV (407.9 Da) 98.6
MB (319 Da) 97.9
Methyl orange (327 Da) 81.2 45,2
ZIF-8/Polyethyleneimine 29
Acid fuschin (585 Da) 94.4 51,2
MIL-53 (Al)/poly(m-phenylene Nitroso-R salt (356 Da) 81.3 4510 -
isophthalamide) Xylenol orange (672 Da) 98.7 -
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Fig. 10. the Performance of polyethersulfone-0.4% MIL-53(Al)
membrane: (a) long-term durability and (b) antifouling in terms

of permeate flux vs. time.
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Fig. 8. Water contact angle results of the fabricated

membranes.
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