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ABSTRACT 

 

Polyamide (PA) thin-film composite (TFC) membranes have attained much attention for 

separation processes like water treatment, wastewater reclamation and desalination due 

to their superior intrinsic properties, such as high salt rejection and water permeability 

compared to the first generation of cellulose-based membranes. Nonetheless, several 

problems like fouling and trade-off between membrane selectivity and water permeability 

hinder the progress of conventional PA TFC forward osmosis (FO) membranes for real 

applications. To overcome these issues, nanomaterials have been integrated into the TFC 

membranes. Nanomaterial-modified membranes have demonstrated significant 

improvement in their anti-fouling properties and performance. Besides, PA TFC 

membranes can be designed for targeted applications like heavy metal removal and 

osmotic membrane bioreactor by using specific nanomaterials to modify their 

physicochemical properties (porosity, surface charge, hydrophilicity, membrane structure 

and mechanical strength). However, poor compatibility between nanomaterial and 

polymer matrix can result in poor membrane stability and selectivity. Hence, it is 

important to improve the stability of nanocomposite membranes to enable their successful 

application. Therefore, this doctoral study aims to modify the TFC membranes using 

graphene oxide (GO) derivatives for FO processes. Different TFC membrane and GO 

modification techniques have been employed and extensively characterized to understand 

and possible interaction between GO and TFC membranes to overcome and explain the 

existing challenges. 

Firstly, the PA layer of commercial TFC FO membrane was coated with glutaraldehyde 

cross-linked polyvinyl alcohol (PVA) hydrogel solution comprising of GO at various 

loadings to enhance their fouling resistance. Experimental results showed that the 
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PVA/GO coating improved the smoothness and hydrophilicity of the membrane surface. 

PVA hydrogel with an optimal GO loading of 0.02 wt% showed a 55% reduction in 

specific reverse solute flux (SRSF), only a marginal reduction in the water flux, and the 

best anti-fouling property with a 58% higher flux recovery compared to the pristine TFC 

membrane. The significant improvement in the selectivity of the modified membranes 

meant that the hydrogel coating could be used to seal PA defects. The addition of GO 

flakes in PVA hydrogel coating also improved the biofouling resistance of the modified 

membranes, which can be attributed to the biocidal activity of GO and the superior surface 

properties and morphology of the modified membranes arising from hydrophilic PVA 

coating. 

Following the surface modification of commercial TFC FO membranes with PVA/GO 

hydrogel, the effect of GO flake lateral size on the PA layer formation, TFC membrane 

properties and performance was investigated. GO suspensions with an average flake size 

ranging from 0.01 to 1.06 μm2 were prepared by varying the sonication duration. It was 

observed that the large GO flakes obstructed the reaction between m-phenylenediamine 

(MPD) and trimesoyl chloride (TMC) monomers during the interfacial polymerization 

(IP) process by creating impervious regions that deteriorated membrane performance by 

forming defective PA layer formation. Whereas, smaller GO flakes were distributed more 

uniformly in the PA layer, creating fewer defects and demonstrating better desalination 

performance and anti-fouling property than the thin-film nanocomposite (TFN) 

membranes modified with larger GO flakes. The SRSF and water flux of the GO-modified 

TFN membranes improved by over 60% and 50%, respectively, when the average GO 

flake size was reduced from 1.06 to 0.01 μm2 due to the formation of a thinner and more 

uniform PA layer. Our findings showed that a smaller GO flake size could be beneficial 

for minimizing PA layer defects. 
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After establishing that large GO flakes increase PA defects and deteriorate membrane 

selectivity, Aquaporin Z (AqpZ) reconstituting nanostructures (AQN) were embedded in 

the PA layer of GO TFN membranes to enhance their FO separation performance. The 

effect of increasing GO loading while retaining the AQN at an optimal loading of 0.2 

wt% in the PA layer was investigated. Experimental results showed that GO flakes 

increased membrane water flux but decreased selectivity; whereas, AQN increased 

membrane selectivity by reducing the PA defects created by the GO flakes. As a 

consequence of favourable synergies between GO and AQN, the GO/AQN-incorporated 

TFN membranes demonstrated significantly higher SRSF while retaining the water 

permeability compared to the GO-incorporated TFN membranes. The TFN50 membrane 

with 0.2 wt% AQN and 0.005 wt% GO loading showed almost 3 folds increase in water 

flux (24.1 L∙m−2∙h−1) in comparison to the TFC membrane (8.2 L∙m−2∙h−1), while retaining 

membrane selectivity (0.37 g∙L−1). However, the TFN50 membrane demonstrated a 27% 

lower SRSF and a marginal increase in water flux than the TFNGO50 membrane 

embedded with 0.005 wt% GO and no AQN. It was concluded that the synergistic effect 

of GO and aquaporin facilitated enhancement in both the membrane permeability and 

selectivity.  

Finally, graphene oxide quantum dots (GQD) were used for their small size (< 5 nm) to 

improve the FO performance of outer-selective hollow fiber (OSHF) TFC membranes 

fabricated using the vacuum-assisted interfacial polymerization (VAIP) technique. Both 

experimental and molecular dynamics (MD) simulation proved that the GQD loading 

could influence both the IP process and the water transport across the PA layer. The TFN5 

membrane with an optimal GQD loading of 5 mg∙L−1 demonstrated a 64% lower SRSF 

(0.12 g∙L−1) and 68% higher water flux (30.9 L∙m−2∙h−1) compared to the TFC membrane 

due to its improved hydrophilicity and creation of more water channels inside the PA 
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layer after addition of GQDs. MD simulation was also employed at water-hexane and 

water-PA interface to investigate the effect of GQD loading on the IP reaction and 

membrane separation performance. The MD simulation results showed that a very high 

loading of GQDs could result in their aggregation at the water-hexane interface during 

the IP reaction and form a defective PA layer. It was also found that uniform dispersion 

of GQDs inside the PA layer can increase the water diffusivity inside the membrane 

leading to high water permeability, but too high GQD density can reduce the membrane 

water permeability by GQDs acting as barriers to water transport.  

Overall, this study considered various strategies to improve the performance of GO-

incorporated PA TFC and TFN membrane by investigating the factors that govern water 

transport across the membranes. The findings of this study could deliver strategies for 

future improvements in GO-based PA TFC membranes. 
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