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Abstract
Addition of functional nanoparticles to polymeric membrane matrices is a simple approach to fabricate nanocomposite membranes with new functions such as biofouling resistance. In this study, we incorporated Al2O3 and TiO2 nanoparticles into polysulfone ultrafiltration membranes by simply adding the nanoparticles into the coagulation bath. The content of the nanoparticles was varied by varying their concentration in the coagulation bath, which was able to tune the surface coverage of nanoparticles. At a concentration of 500 mg/L in the coagulation bath, surface coverage of nano-Al2O3 reached 41.0%, which reduced the water contact angle from 70.8° to 59.5°. At the same concentration, nano-TiO2 had a surface coverage of 27.7 %, and the modified membrane had a water contact angle of 66.2°. Though membranes modified by either nanoparticles had no antibacterial effect against P. aeruginosa, the modified membrane surfaces exhibited significantly improved anti-adhesion property. Within 12-hr of cultivation, P. aeruginosa adhesion on the nano-Al2O3 modified membranes was reduced by up to 94.9%, and the reduction increased with increasing surface coverage. An optimal surface coverage, however, was found for nano-TiO2 modified membranes, where a surface coverage of 22.4% achieved the highest reduction in adhesion, 93.0%. 
[bookmark: _GoBack]The adhesion force between the P. aeruginosa cells and the membrane surface was quantified by AFM force measurement using a modified P. aeruginosa bacteria probe. Consistent with the bacterial adhesion experimental results, the adhesion force decreased from 22.5 nN to 5.7 nN after modification using nano-Al2O3, and to 2.32 nN after modification using nano-TiO2 at a coverage ratio of 22.4%. Interestingly, correlation analysis suggest that the magnitude of the adhesion force and the bacteria adhesion observed were mainly affected by membrane surface roughness, and were influenced by surface hydrophobicity only for nano-Al2O3 modified membranes.
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