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1. Introduction – Cellulose acetate (CA) membranes, developed in the early 1960s, were the first 

membranes to be used in desalination plants [1]. Although CA reverse osmosis membranes have many 

advantages, low flux, low mechanical stability and fouling are the main problems in the CA membranes 

[2]. To overcome these limitations, additives such as silica, titanium, silver have been incorporated into 

the structure of the CA membranes with the mixed matrix membranes approach [3]. In this study, for the 

first time, advanced zwitterionic hybrid CA reverse osmosis membranes were easily produced by adding 

a zwitterionic trimethoxysilane compound as an additive to the membrane casting solutions before the 

non-solvent induced phase separation (NIPS) process. 

 

2. Experimental - Zwitterionic silane compound, (3-sulfopropylbetaine-propyl)-trimethoxysilane was 

obtained from the reaction of dimethylaminopropyl trimethoxy silane with 1-3-propane sultone [4]. 

Zwitterionic silane compound was added to membrane casting solutions as an additive in an attempt to 

fabricate hybrid asymmetric cellulose acetate membranes with zwitterionic moiety having quaternary 

ammonium (R4N+) as the cationic center and sulfonate (SO3
-) as the anionic center. Desalination 

performance tests were conducted in a dead-end stirred cell filtration system by filtering the feed solution 

through the membranes at room temperature, an operating pressure of 15 bar and a constant stirring speed 

of 300 rpm. Water flux and salt rejection of the membranes were measured. 

 

3. Results and Discussion - The fabrication of the zwitterionic hybrid CA membranes was based on in-

situ hydrolysis and sol-gel condensation reactions of trimethoxysilane groups during the homogenization 

of the casting solutions and phase inversion process. The integration of SPPT to the membranes was 

achieved not only by physical bonds but also by covalent bonds formed through condensation reactions 

between silanol and CA in an attempt to form monophasic zwitterionic hybrid membranes. As the amount 

of zwitterionic silane increased, the size of the pit holes on the membrane surfaces and the macropores in 

the membranes’ bulk increased, which may be related to the higher molecular weight or dimensional 

polysiloxane structures formed at higher SPPT concentrations. 

 

4. Conclusions - Compared to the control cellulose acetate membrane prepared without zwitterionic 

silane, the water fluxes in the modified zwitterionic hybrid membranes were increased significantly by up 

to 86.8%. In the fouling experiments with bovine serum albumin (BSA) protein as a foulant, it was 

determined that the zwitterionic hybrid membrane produced with zwitterionic silane of 1% was 

significantly less prone to fouling than the control.  
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