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ABSTRACT

Research subject: Oil-based wastewater treatment is essential to prevent environmental harm and comply with regulations. Membrane processes are
ideal for this due to their efficiency, low energy use, and ability to handle complex emulsions effectively.

Research approach: The primary goal of this study is to employ an ultrafiltration membrane separation process for the treatment of wastewater
containing oil compounds (e.g., diesel fuel). To achieve this, polyethersulfone/sulfonated-polyethersulfone (PES/SPES) blend membranes with various
SPES loadings were fabricated using the nonsolvent-induced phase separation (NIPS) method. The effects of SPES loading on the membrane
morphology, surface roughness, surface hydrophilicity, mechanical strength, porosity, and water and wastewater flux were investigated using scanning
electron microscopy (SEM), atomic force microscopy (AFM), water contact angle measurement, mechanical strength testing, and filtration performance
tests, respectively.

Main results: The results showed that adding SPES to PES and increasing the loading of SPES led to the formation of macrovoids in the membrane
cross-section, enhanced surface roughness and hydrophilicity, increased porosity, improved water and wastewater flux, and increased the pure water
flux recovery ratio. However, these benefits came with reduced mechanical strength and increased membrane compaction. Among the prepared
membranes, the PES/SPES (60/40 wt./wt.) blend membrane exhibited the best filtration performance, achieving a final wastewater flux of 34.78 L/m2-h,
compared to 11.35 L/m2-h for the neat PES membrane. Meanwhile, the PES/SPES (40/60 wt./wt.) composite demonstrated the highest surface roughness,
hydrophilicity, and flux recovery ratio. Notably, all membranes synthesized in this study achieved over 99% rejection efficiency for the diesel fuel-water
emulsions, which is significant for practical and industrial applications.
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Table 1 Sample code and composition of fabricated membranes

Sample code
Membrane composition
PES Pure PES
80P-20SP 80 wt.% PES — 20 wt.% SPES
60P-40SP 60 wt.% PES — 40 wt.% SPES
40P-60SP 40 wt.% PES — 60 wt.% SPES
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Figure 4 Comparison of FTIR spectra of SPES polymer and
fabricated membranes in the wavenumber range of 650-1800 cm-!
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Figure 3 The SEM images of the cross-section of synthetic
membranes (a) PES, (b) 80P-20SP, (c) 60P-40SP, and (d) 40P-
60SP
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Figure 6 Diagram of tension force versus elongation to investigate
the mechanical strength of the synthesized membranes
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Table 3. Applied force and elongation at break for the fabricated

membranes
Membrane Force (N) Elongation at
break (mm)
PES 5.063 9.668
80P-20SP 2.168 2.083
60P-40SP 1.838 1.848
40P-60SP 1.929 2.479
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Figure 7 The images of water contact angle analysis of the
synthesized membranes (a) PES, (b) 80P-20SP, (c) 60P-40SP, and
(d) 40P-60SP
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Figure 5 Surface topography of (a) PES, (b) 80P-20SP, (c) 60P-
40SP, and (d) 40P-60SP membranes
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Table 2 The results of the average surface roughness of the
membranes by the AFM test

Membrane Average Surface Roughness (nm)
PES 3.01
80P-20SP 3.10
60P-40SP 3.32
40P-60SP 5.19

blicd wgdol ol (o) #-F

Jolowe J18 43 SPES 54381 b 09l 0 odaline V S jo a5 jobo len
Ohl38l 4 yomie g 4Bl ralS Lié o jo oI L Guled (gl e only
oy ialdl b eled saygly pals asgy ol il Lie wgao!
OF U PES slig slyp az,0 #A 5l 9 00,5 lay aslol SPES (5 135,
Sy 40P-60SP slis gl az 0



Ul381 40P-60SP sl (gly duo 0 AA B alls- PES (gly aoy0 #0 5
9 40P-60SP slié Cuvgoos] zhw 4 Gle oo ) o o a5 88 o
Bl s Koo slalid b anslin 1o digdlguw (sboog S iy joa>

160

1407 PBO0-SP20
e PB0-SP40
120 A P40-3P60
—m— PES
=
= 100
e
E
—
= g0
>
3
L
60 -
404
204
.s-lﬁ-/
T T T T
0 50 100 150 200 250

Time (min)

ilie slado o S 5 b PESISPES (slaled

Figure 8 The primary pure water flux, water-oil flux, and
secondary pure water flux for the PES/SPES membranes with
different compositions
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Table 5 Oil-water separation performance of the fabricated
membranes based on the flux and antifouling effects

. Final Flux
Em::_ Final oil- secondar recove recnsljol\D/a
Membrane p Y water flux y water ry
water flux |\ 2 iy flux ratio )
(L.m2.h?) (Lm2h) (%) (%)
PES 28.58 11.35 18.73 65 99.3
80P-20SP 80.14 30.97 58.52 73 98.9
60P-40SP 74.68 34.78 64.76 84 99.3
40P-60SP 43.45 21.92 37.05 88 99.6
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Table 4 Porosity, pure water flux, and average pore size of
different PES/SPES blend membranes

Pure water flux Average
Memebrane Porosity (%) Y pore size
(L.m2.ht)

(nm)
PES 22 19 28.1
80P-20SP 68 453 64.9
60P-40SP 83 411 51.4
40P-60SP 81 274 43
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