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ABSTRACT

Research subject: Water source pollution on a global scale exhibits a concerning growth trend. Among these, effluents containing oil pollutants present
a major environmental challenge. To address this issue, various purification methods have been developed, with membrane separation technology being
one of the most effective. Furthermore, a significant portion of research in membrane separation has thus far concentrated on simple oil-water two-phase
mixtures, and the impact of salinity parameters on membrane performance has not been comprehensively investigated. The presence of salts can
fundamentally alter the fouling mechanisms and permeability of membranes. Despite considerable advancements in the design and fabrication of oil-
water separation membranes, achieving high water flux, satisfactory oil removal, and anti-fouling performance remains a formidable challenge.

Research approach: In this research, layered nanocomposite membranes were designed and fabricated utilizing phosphorous-functionalized graphene
oxide nanosheets (P-GO) through a pressure-assisted layer-by-layer self-assembly method. The functionalization process of GO using phosphoric acid
resulted in the formation of the P-GO structure with a significant increase in the content of oxygen-containing functional groups. Subsequently, these
engineered nanosheets were deposited onto a polyethersulfone (PES) substrate, which had been pre-treated with polydopamine (PDA) to enhance
adhesion and compatibility, at three different concentrations (25, 50, and 100 mg/mL) in order to evaluate the effect of nanosheet concentration on the
final membrane performance.

Main results: Based on the experimental results, the mP-GO50 membrane exhibited optimal water absorption (87.61%), desirable water permeability
(output flux of 81.66 L/m?-h), and 99.6% vegetable oil removal, while also demonstrating improved anti-fouling properties due to the higher negative
charge of P-GO, maintaining 95.5% oil removal after ten cycles. Additionally, the effect of adding different NaCl concentrations (0, 25, 50, and 100
mg/mL) to the feed solution was investigated. With increasing NaCl concentration, the oil removal capability of the mP-GO50 membrane decreased by
1.49%, but it still showed favourable performance with 98.12% oil removal at the highest salt concentration (100 mg/mL).
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Figure 2 (a) FTIR spectrum, (b) XRD pattern, (c) Zeta potential,
(d) and (e) Elemental analysis of GO and P-GO, respectively
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Table 2 Results of XRD patterns, zeta potential values, and
elemental analysis of GO and P-GO powder samples
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Figure 3 SEM images of the top surface of (a) pristine PES and (b-
d) P-GO layered membranes based on PES substrate prepared
using different P-GO solution concentrations
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Table 3 Water uptake and contact angle values of the P-GO-based
membranes in this research

Membrane Contact angle (°) Wate(l;/:;)take
mP-GO 25 57 7937
mP-GO 50 4 8761
mP-GO 100 50.5 86.38
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Figure 6 Optical microscope images of water-oil/salt emulsion at
different concentrations of NaCl salt, (a) 0 ppm, (b) 25 ppm, (c) 50
ppm, and (d) 100 ppm, respectively with particle size (10, 15, 20,
and 30) micrometres

Sliles (g, 5 ol (il o Lad San SVsb o Slae (o) j5kiiess
slodsle 5 <85 plnil mP-GOSO slic (g, b 0o (silulax
2 @l BT L ey 390 ()35 (gl bawgi (o7
Sbos 3l e g sl ol mls cwl eals ooyl () Y S
S5 a4 e, ilulaz 7A0/OL suls ags mP-GOS0 slié «gjlulas

A3 o dalol 545

(a) = TFR] (b) w mP-GOSO = 0GOS0
100 osg1 O RFR 100{ 2 39 786 %2 419 975 7.1 963 9351 1
3 59 9575 == [FR 9 | q
g5 8326 mm FRR| | =50 80 =
= Z 60 60 =
b1 60 E ! E
E E 0 a0 =
E 40 F =
o T 20 7
20 1325 16.74
8 0 0
J ! 12345678910
m-GOS50 mP-GO50 Separation cycle

K28, (RFR) jygas, K35,5 (TFR) Laé S 35,5 (Gl ¥ JSus

Figure 7 (a) Total fouling ratio (TFR), reversible fouling ratio
(RFR), irreversible fouling ratio (IFR), and flux recovery ratio
(FRR) for the mP-GO50 membrane, (b) Oil removal efficiency for
ten consecutive cycles for the mP-GO50 and m-GO50 membranes
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Figure 4 (a) Pure water flux, (b) Turbidity of the initial emulsion
and permeate solutions from the membranes, and (c) Oil rejection
percentage of GO-50 and P-GO-based layered membranes. (d)

Comparison of the oil rejection efficiency of the mP-GO50
membrane at different NaCl concentrations
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Figure 5 Digital image and optical micrograph of the water-in-oil
emulsion separated by the mP-GO50 membrane
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