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ABSTRACT 

 
 
 

 The objective of this work is to investigate silver ion exchanged fillers in the 

mixed matrix membrane for antibacterial application. Flat sheet Polyethersulfone 

(PES) mixed matrix membrane (MMM) was fabricated and characterized. MMM 

was fabricated using a dry/wet phase inversion technique. The work was performed 

to investigate the effect of incorporating Ag+-ion exchanged halloysite nano tubes 

(HNT) clay as large pore size filler in MMMs for bacterial removal. The chemical 

modification of HNTs involved silylation and Ag+-ion exchanged treatment. The 

silylated HNTs was prepared by treating them with N- )) (aminoethyl)- -

aminopropyltrimethoxy silane agent. It is interlude to show that Ag+-ion exchanged 

fillers can control the Ag+ leaching to very low amount which was 14 ppb during 

fabrication and 11 ppb during filtration. Membrane characterization were performed 

using Fourier Transforms Infrared (FTIR), Field Emission Scanning Electron 

Microscopy (FESEM), energy dispersive X-rays (EDX), atomic absorption 

spectroscopy (AAS). The differential coliform agar (DCA) was used as antibacterial 

test. Escherichia coli (E-coli) were considered as a typical bacteria in this study. A 

fabricated PES asymmetric MMM flat sheet membrane successfully removed 

bacteria from the treated water, whereby, almost all bacteria have been inhibited. 
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ABSTRAK 

 
 
 

Objektif kajian ini adalah untuk menyiasat kesan penukaran ion perak 

terhadap pengisi di dalam membran matrik campuran untuk penyingkiran bakteria. 

Membran matrik campuran (MMMs) Poliethersulfona (PES) kepingan rata telah 

dihasilkan dan dicirikan. Membran matrik campuran dihasilkan melalui teknik fasa 

balikan kering/basah. Kajian ini dijalankan untuk mengkaji kesan campuran tiub 

nano halloysite (HNTs) yang telah melalui penukaran ion Ag+ sebagai pengisi 

berliang besar dalam MMM untuk penyingkiran bakteria. Pengubahsuaian kimia ke 

atas HNTs telah melibatkan rawatan sililasi dan penukaran ion Ag+. HNTs telah 

melalui rawatan sililasi dengan menggunakan N- -(aminoetill)- -

aminopropiltrimetoxi silan. Pengisi yang telah melalui penukaran ion menunjukkan 

yang ia dapat mengawal kehilangan Ag+ semasa oleh jumlah sangat rendah yang mana 

14 ppb semasa rekaan dan 11 ppb semasa penurasan untuk permohonan antibakteria 

penambahan ion perak ke dalam dop. Pencirian membran telah dibuat menggunakan 

spektroskopi inframerah transformasis fourier (FTIR), mikroskopi imbasan elektron 

pemancaran medan (FESEM), penyerakan tenaga sinar X (EDX), spektroskopi 

penjerapan atom  (AAS), pembezaan koliform agar (DCA) digunakan sebagai 

penguji anti-bakteria. Escherichia coli (E-coli) digunakan sebagai bakteria tipikal 

untuk kajian ini. Membran matrik campuran tuk simetri PES dijangka daput 

menyingkir bakteria daripuda air yang dirawat. Ini menunjukan bahawa hampir 

semua bakteria telah dapat diskat.   
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CHAPTER 1

INTRODUCTION

1.1      Research Background

Membrane separation process has been proven to be effective for desalination        

of sea water and brackish water, reclamation of wastewater and agricultural drainage   

water, drinking water supply containing toxic substances and production of high        

quality pure water for industrial process such as in semiconductor manufacturing.     

Microfiltration, ultrafiltration, nanofiltration and reverse osmosis filtration have been 

widely used and successfully applied in drinking water treatment for the removal of 

colloidal particles, turbidity, dissolved organic matter (DOM) and microorganisms        

(Yuan and Zydney, 1999; Mohammad et al., 2004; Ismail et al., 2006; Mohammad et       

al., 2007; Schafer, 1999). This advanced technology is capable of producing superior    

water quality far beyond the current regulatory requirements and therefore can be     

adopted to serve as an alternative to conventional clarification and filtration water        

treatment process. 

The membrane filtration such as UF/MF procedure has been used for 

drinking water bacteriological testing for many decades and showed a great 

advantage in testing large numbers of water samples. In this way some pollutants

such as Escherichia coli (E.coli) can remove trough the membrane process. Recently 
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many studies have been done to decrease the membranes problem due to the 

uncontrolled accumulation of micro-species. For this reason some of the area such as 

membrane modification, low flux operation and chemical cleaning are focused more 

(Chang et al., 2002).    

On the other hand, weakness in membrane performance has encouraged to 

development of membrane with new materials and structures that exhibit both higher 

selectivity and permeability. Mixed matrix membranes (MMMs) are the latest 

emerging polymer based organic-inorganic composite membrane materials which 

may potentially surpass this upper bound. The successful implementation of this new 

membrane technology is greatly dependent on the appropriate selection of the 

polymer matrix and inorganic filter and most importantly the elimination of interface

defects.  Development of new membrane materials with higher selectivity requires a 

proper material selection for both polymer matrix and molecular sieves. Polymer 

matrix selection determines the minimum performance of mixed matrix material to 

be fabricated. The addition of molecular sieving materials can only enhance the 

selectivity of the membrane in the absence of defects (Mahajan and Koros, 2002). 

Properties of the pure polymer matrix are the first aspect to be considered. A polymer 

matrix candidate must not only attractive from the economic point of view, but also 

provide industrial acceptable performance. Hence, bacteria removal and seawater 

desalination by Mixed matrix membranes (MMMs) has good result because of high 

selectivity (Dipak et al., 2010; Hoek et al., 2003).
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1.2     Problem Statement

Membrane technology has been effectively applied for water treatment 

purpose. Therefore ultrafiltration (UF) membrane has been utilized for bacteria 

removal. To enhance the separation effectively silver ion was utilized recently as an 

antibacterial agent (Basri et al., 2010). Also, thin film composition membranes have 

been utilized for bacteria removal using different silver salts as additive (Dipak et al., 

2010). They could strongly remove more than 90% of the bacteria, however, Ag+ ion 

leached heavily during membrane fabrication. Then fabrication of high performance 

UF membrane for bacteria removal along with preserving Ag+ ion during the 

membrane fabrication of high fabrication step in one of the challenges that must be 

taken into consideration.

1.3       Objective of the Study

   

Based on the problem statement the objectives of this study                                      

are as follows:

1. To reduce silver leaches by functionalization and characterization of 

Halloysite nano-tubes (HNTs) clay using coupling agent.

2. To develop an antibacterial membrane by incorporating silver (Ag) as an 

antibacterial agent

3. To perform Ag+ ion exchange treatment on Halloysite nano-tubes (HNTs) 

clay to prepare and characterize mixed matrix membrane (MMM).



4

1.4       Scope of the Study

     To achieve the objectives of the study, the following scopes of the study have 

been identified: 

1. Fabricating of flat sheet mixed matrix membranes using Polyethersulfone

            (PES) and functionalized halloysite nano tubes clay.

2. Conducting Ag+ ion exchange treatment of halloysite nano-tubes to improve 

            the selectivity, hence the final MMMs permeability.

3. Functionalization of halloysite nano-tubes clay using N-β-(aminoethyl)-γ-

            aminopropyltrimethooxy silane (AEAPTMS) as coupling agent.

4. Membrane characterization was Field Emission Electron Microscopy

          (FESEM), Fourier Transform Infra Red Spectroscopy (FTIR), Energy     

           Dispersive X-rays (EDX), atomic adsorption spectroscopy (AAS),      

           antibacterial test, and constant pressure permeation test.

5. Performance evaluates of each mixed matrix membrane for bacteria removal.

1.5 Research Significance

This study is of significance to the research of water treatment which 

involves disinfection steps. The mixed matrix antibacterial membranes extend the 

multi-steps options for water treatment to a stand-alone removal and disinfection of 

bacteria. The results obtained in the study also provide the information in bacteria-

removal and which lead to the most effective options in treating polluted water. 

Furthermore, the information on fillers incorporating obtained in this study would be 

beneficial to the other related fields such as in medicine and electrical field where 

silver loss is optimized in wound dressings and conducting material.  
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1.6 Organization of the Thesis

The thesis is divided into five chapters. The first chapter presents research 

background, problem statement, objectives, scopes and significance are also 

highlighted in the first chapter. Second Chapter provides the literature review on 

membrane separation, ultrafiltration membrane, bacteria removal, antibacterial agent, 

mixed matrix membranes and ion exchange method. Chapter three is dedicated to the 

detailed description of the research methodology. The material selected for dope 

preparation, membrane fabrication and performance testing conducted in this work 

are explained in this chapter. In chapter four, the effect Ag+ -ion exchanged fillers in 

the mixed matrix membrane for bacteria removal properties and performance of 

fabricated membranes are explored and discussed. Finally in Chapter five, the 

conclusion of the research is drawn and the potential future works are proposed.



57

REFRENCES

Adham, S., S. Snoeyink, V. L. Clark, and J. L. Bersillon, (1991). Prediction and 

verifying organics removal by PAC in an ultrafiltration system. Journal of 

American Water Works Association. 83(12): 81-91.

Ah., U. D., Wiz, U. Pieles., A. U. Danials, (2008), Effects of silver nitrate and a 

silver nanoparticle biomaterials  additive on E.coli growth determined by 

isothermal micro-nano calorometry (IMNC). Journal of Euro Cell Material.

16: 9.

Bian, C. D. Samantha M. B. Richard C. D. (2000). Rates of Mass Transfer and 

Adsorption of Hexadecyltrimethylammonium Bromide at an Expanding Air–

Water Interface. Journal of Colloid Interface Science. (229); 247–256.

Baker, C. A. Paradhan, L. Pakstis, D. J. Pochan and S. I. Shah, (2005), Synthesis and 

antibacterial properties of silver. Jornal Nanoscience. Nanotechnology. 5: 

244-249

Baker, R. W. (2004). Membrane technology and application, 2nd Edition. McGraw-

Hill. Publication.

Baker, R. W. Wijamans, J. G. Kaschemekat, J. H.  (1998). The design of membrane 

vapor-gas separation systems. Journal of Membrane Science. 151; 55-62.

Basri. H, A. F. Ismail., M. Aziz (2011). Polyethersoulfone (PES) Ultrafiltration 

Membranes with silver filled. Journal of Membrane Wate. Treatment. 2(1): 

264-271



58

Basri. H, A. F. Ismail, M. Aziz, K. Nagai, T. Matsuura, M. S. Abdullah, B. C. Ng, D 

(2010). Silver-filled polyethersulfone membranes for antibacterial 

applications — Effect of PVP and TAP addition on silver dispersion. Journal 

of Desalination. 261: 264-271

Basri. H, (2012). PhD thesis. Developement of Hybrid Antibacterial Membrane for 

Enviromental Aplication. Universiti Teknologi Malaysia: 

Beerlage, M. A. (1994). PhD thesis. Polymide ultrafiltration membranes for non-

aqueous systems. University Of Netherlans.

Bouhabila, E. H., Aim, B. R. and Buisson, H. (2001). Fouling characterizing in 

membrane bioreactors. Journal of Separation and Purification Technology.

22-23. 123-132.

Bowen, W. R., Calvo, J. I. and Hernandez, A. (1995). Steps of membrane blocking in 

flux decline during protein microfiltration. Journal of Membrane Science.

101. 153- 165.

Carroll, T., King, S., Gray, S. R., Bolto, B. A. and Booker, N. A. (2000). The fouling 

of microfiltration by NOM after coagulation treatment. Journal of Water

Research. 34(11). 2861-2868.

Chao, W. L. D. G. Yu, M. C. Yang (2005). The preparation and characterization of 

silver-loading cellulose acetate hollow fiber membrane for water treatment. 

Journal of Polymer Advance Technolgy. 16: 600-607.

Chang. T. S, Chan, S. S., Wang, R., Lu, Z., He, C. (2002). Modeling formation of 

natural organic matter fouling. Journal of Environment Engineering. 

129.25.32

Chaturvedi, B. K. Ghoshb, A. K.  Ramachandhranb, V. Trivedi M. K. (2001) 

Preparation, characterization and performance of polyethersulfone

ultrafiltration membranes. Journal of  Desalination. 3; 133- 140.



59

Cheryan, M. (1986). Ultrafiltration handbook Technomic, Lancaster. Publication

Chung. T. S, Chan, S. S., Wang, R., Lu, Z., He, C. (2003). Characterization of 

permeability and Sorption in Matrimid/C60 Mixed matrix membranes. 

Journal of Membrane Science. 21: 91-99.

Clement, J. L., P. S. Jarrett, (1994), Antibacterial Silver. Journal Material Based 

Drugs. 1: 467-482.

Corapacioglu, M. Y., (1996), Advances in porous media, Vol 3, Elsevier Science 

B.V, the Netherlands.

Deng, Y. G. Dang, H. Zhou, X. Rao, C. Chen, (2008). Preparation and 

characterization of polymide membranes containing Ag nanoparticles in 

pores distributions on one side, mater. Journal of Letter. 62; 1143-1146.

Dipak Rana, Yekyung Kim, Takeshi Matsuura, Hassan A. Arafat, S (2010). 

Development of antifouling thin-film-composite membranes for seawater 

desalination. Journal of Membrane Science. 367: 110-118.

Dunling. W., F. Wanda, Journal of Environmental Sciences (2008). Evaluation of 

media for simultaneous enumeration of total coliform and E. coli in drinking 

water supplies by membrane filtration techniques. Journal of Enviroment  

Science. 20: (3), 273-277.

Duval, J. M. Folkers, B. Muler, M. H. V. Desgrandchamps, G. Smolders, C. A. 

(1993). Adsorbent-Filled Membranes for gas separations. Part 1. 

Improvement of the gas separation properties of polymeric membranes for 

gas separation. Part 1. Improvement of the gas separation properties of 

polymeric membrane by incorporation of microporous  adsorption. Journal of 

Membrane Science. 80: 189-198.

Enrico, D. and Lidietta, G, (2009). Membrane Operations. Mac Graw-Hill.



60

Evens, R. P., (2007). Drug and biological development from molecule to product and 

beyond. New York, Springer Berlin Heidelberg.

Fan, L., Harris, J. L., Roddick, F. A. and Booker, N. A. (2001). Influence of the 

characteristics of natural organic matter on the fouling of microfiltration 

membranes. Journal of Water Research. 35 (18). 4455-4463.

Ghose, S. Chiranjib, B. Siddhartha, D. (2000). Simulation of unstirred batch 

ultrafiltration process basedon a reversible pore-plugging model. Journal of 

Membrane Science. 169; 29–38

Godet, T. C. Vaxelaire, C. Michel, A. Milet, P. Bolmont, (2007). Silver versus gold 

catalysis in tandem reactions of carbonyl functions onto alkynes: a versatile 

access to furoquinoline and pyranoquinoline cores. Journal of chemistry. 13 

(19); 5632-5641.

Guan, H. M., Chung,T. S., Huang, Z., Chng,M. L., and Kulprathipanja, S. (2006). 

Poly (vinyl alcohol) multilayer mixed matrix membranes for the dehydration 

of ethanol-water mixture. Journal of Membrane Science. 268: 113-122.

Gulsen, D., Hacarlioglu, P., Toppare, L., Yilmaz, L. (2001). Effect of preparation 

parameters on the performance of conductive composite gas separation 

membranes. Journal of Membrane Science. 277: 46-54.

Hashemifard, S. A., (2011). PhD thesis Developement and Modeling of Mixed 

Matrix Membranes Incorporating Larg pore Size Clay For Gas Separation. 

Universiti Teknologi Malaysia.

Hashemifard, S. A. A. F. Ismail, T. Matsuura S (2011). Co-casting technique for 

fabricating dual-layer flat sheet membranes for gas separation. Journal of 

Membrane Science. 375 (2011) 258–267



61

Hashemifard, S. A. A. F. Ismail, T. Matsuura, S (2010). A new theoretical gas 

permeability model using resistance modeling for mixed matrix membrane 

systems. Journal of Membrane Science. 350 (2010) 259–268

Hesketh, R. (2003). PhD thesis. Electrodialysis, ultrafiltration, electroplating, liquid-

liquid extraction. Vanderbilt University.

Hoek, E. M. V. S. Bhattacharjee, M. Elimelech, (2003), Membrane surface 

roughness on colloid-Membrane DLVO intractions. Journal of Langmuir.

19; 4836-4847.

Ismai, A. F. Ng. B. C. Abdul Rahman. W. A. W. (2003). Effect of Shear Rate and 

Forced Convection Residence time on asymetric polysulfone membranes 

strucher and gas separation performance. Journal of Separation and 

Purification Technology. 33: 255-272.

Ismail, A. F. A. R. Hassan. (2007). Effect of additive contents on the performance 

and structural properties of asymmetric polyethersofone (PES) nanofiltration 

membranes. Journal of Separation and Purification Technology. 33(3): 255-

272.

Ismail, A. F. and Mustaffar, M. I, Illias, R. M. and Abdullah, M. S. (2006). Effect of 

dope extrusion rate on morphology and performance of hollow fiber 

membrane for ultrafiltration. Journal of Separation and Purification 

Technology. 49. 10-19

Ismail, A. F., Kusoworo, T. D., Mustafa, A. (2008). Enhanced gas permeation 

performance of polyethersulfone mixed matrix hallow fiber membranes using 

novel Dynasylan Amco silan agent. Journal of Membrane Science. 319:306-

312.

Ismail, A. F., Rahim, W. A. W. A. (2008). Characterization of 

polyethersulfone/materimid 5218 miscible blend mixed matrix membranes 

for O2/N2. Journal of Separation and Purification Technology. 63:200-206.



62

Jonsson, A. S. and Jonsson, B. (1996). Ultrafiltration of colloidal dispersion- a 

therotical model of the concentration phenomena. Journal of  Colloid 

Interface Science. 180. 504-518.

Kulprathipanja, S. Membrane Technology (2001). Mixed matrix membrane 

development. Membrane  Technology. 60017 (11) 9-12.

Kulprathipanja, S.  (2003). Mixed Matrix Membrane evelopment. New York 

Academy of Sciences

Kesting, R. E. (1985). Synthetic Polymeric Membranes a Structural Perspective. 

New York.  John Wiley and Sons.

Kesting, R. E. and Fritzche, A. K. (1993). Polymeric gas separation membranes.

New york: John Wiley & Sons Inc.

Kesting, R. E., (1971). Porous Phase-Inversion membranes synthetic polymeric 

membranes. USA: Mc Graw-Hill.

Khan, S. Ghosh, A. K. Ramachandhran, V. Bellare, J. Hanra, M. S. Trivedi, M. K.

Misra, B. M. (2000) Synthesis and characterization of low molecular weight 

cut off ultrafiltration membranes from cellulose propionate polymer. Journal 

of Desalination.128; 46-57.

Kumar R. and H. Munstedt, (2005), siulver ion release from antimicrobial 

polymide/silver composite, Journal of Biomedical Material. 26: 2081-2088.

Kusworo, T. D. (2008). PhD thesis. Fabrication and Characterization of Flat Sheet 

and Hallow Fiber Mixed Matrix Membrane for Gas Separation. Universiti 

Teknologi Malaysia.

Ladhe, A. R. P. Frailie, D. Hua, M. Darsillo, D. Bhattacharyya, (2009). Thiol-

functionalized silica–mixed matrix membranes for silver capture from 

aqueous solutions. Journal of Membrane Science. 326  460–471



63

Lee, S. and Lee, C-H. (2007). Effect of membranes properties and pretreatment on 

flux and NOM rejection in surface water. Journal of Nanofiltration. 56. 1-8.

Lee, T. H. (2004). PhD thesis: Silver Nanocluster single molecule opto-electronics 

and its applications, Georgia Institute of Technology.

Li, J. F. Z. L. Xu, H. Yang, C. D. Feng, J. H. Shi. (2008), Hydrophilic microprous

PES membranes prepared by PES/PEG/DMAc casting solutions. Journal of

Application Polymeric. Science. 107; 4100-4108.

Li, Y., Chung, T. S., and Kulprathipanja, S. (2006). Novel Ag+ zeolite/polymer 

mixed matrix membranes with a high CO2/CH4 selectivity. Journal of 

Application Interface. 53:610-621.

Lipp, P., Gimbel, R. and Frimmel, F.H. (1994). Parameters influencing the rejection 

properties of FT30 membranes. Journal of Membrane Science. 95. 185-197.

M. L. Lind, A.K. Ghosh, A. Jawor, X. Huang, W. Hou, Y. Yang, E. M. V. Hoek, 

Langmuir Article (2009) Influence of Zeolite Crystal Size on Zeolite-

Polyamide Thin Film Nanocomposite Membranes. Langmuir 2009, 25(17), 

10139–10145.

Mahajan, R., Koros, W. J. (1999). Mixed Matrix Membrane Polymer engineering 

and science: 105: 203-212.

Mahajan, R., Koros, W. J. (2002). Mixed Matrix Membrane materials with glassy 

polymers. Part 1. Polymer engineering and science. 42; 1432-1441.

Marcle, M. (1997). Basic Principles of Membrane Technology. Kluwer Academic 

Publishers. 

Mark C. P, (1990). Handbook Of Industrial Embrane Technology. Noyes 

Publications.



64

Mo, L. and Huang, X. (2003). Fouling characteristics and cleaning strategies in a 

coagulation-microfiltration combination process for water purification.

Journal of  Desalination. 159. 1-9.

Mohammad, A. W., Hilal, N., Al-Zoubi, H. and Darwish, N. A. (2007). Prediction of 

permeate flux. Journal of Membrane Science. 289.40-50

Mohammad, A. W., Rizahfizah., O. and Hilal, N., (2004). Potential use of 

nanofiltration membranes in treatment. Journal of  Desalination. 268.241-

252.

Mulder, M. (1991). Basic principles of membrane technology. Kluwer Academic 

Publishers.

Park, K. J. D. S. Seo, J. K. Lee. (2008). Conductivity of Silver paste prepared from 

nanoparticles. Journal of Nanoscience and Nanotechnology. 313–314 ; 351–

354.

Peiris, R. H.  H. Budman, C. Moresoli∗, R. L. Legge, Journal of Membrane Science 

(2010), Understanding fouling behaviour of ultrafiltration membrane 

processes and natural water using principal component analysis of 

fluorescence excitation-emission matrices. Journal of Membrane Science.

357: 62–72.

Rafizah, W. A. W., Ismail, A. F. (2008). Effect of csrobon moucular sieve sizing 

with poly(vinyl pyrrolidone) K-15 on carbon molcular sieve-polysulfone 

mixed matrix membrane. Journal of Membrane Science. 307:53-61.

Raia, G., (2006). Principles of Bioseparations Engineering. World Scientific

Publiisser.

Richard, W. B., (2004). Membrane technology and applications. Mac Graw-Hill.



65

Roberts, S. L., Koval, C. A., Noble, R. D.(2000). Strategy for selection of composite 

membrane materials. Journal of Chemical Engineering. 39:1673-1682.

Madaeni, S. S. (1997). Mechanism of Virus emoval Using Membranes Filtration and 

Separation. Journal of Separation and Purification Technology. 61-65

Satinder. A., (2000). Handbook of Bioseparations Volume 2. Academic Press.

Schafer, A. I. (1999). PhD thesis. Natural organic matter removal using membrane. 

University Of New South Wales.

Schafer, A. I., Schwicker, U., Fisher, M.M., Fane, A. G. and Waite, T. D. (2000). 

Microfiltration of colloidal and Natural organic matter. Journal of Membrane 

Science. 171: 151-172

Schweitzer, J. K. (1997). PhD thesis. Sixteen new polymorphic equine 

microsatellites., University of Minnesota. 

Scott, A. M. William, J. K. (1996). Phase separation, vitrification, and the 

manifestation of macrovoids in polymeric asymmetric membranes. Journal of 

Membrane Science. 112 (1996); 29-39

Son, W. K. J. H. Youk, W. H. Park. (2006). Antimicrobial cellulose acetate 

nanofibers containing silver nanoparticles, Journal of Carbohydrate Polymer.

65; 430-434.

Song, I. F., M. Elimethech, (1995), Particle deposition onto a permeable surface in 

laminar-flow, Journal of  Colloid Interface Science.137; 165-180.

Suhana, J. (2004). Master thesis. Developement of Nanofiltration Polyethersolfone 

Hollow fiber membrane for Cyclodextrin Glycosyltransferase (Cgtse) 

separation. Universiti Teknologi Malaysia.



66

Taizo, K., Tooru, N., Isao T., and Wataru, I. (1993). Manufacture of zeolite 3A from 

zeolite 4A. European Patent No. JP5147926.

Tan, K., S. K. Obendrof. (2007). Development of a microporous polyurethane 

composite. Journal of Membrane Science. 289; 199-209.

Taurozzi. S. J. H. Arul, V. Z. Bosak, A. F. Burban, T. C. Voice, M. L. Bruening, V.

V. Tarabara. (2008). Effect offiller incorporation route on the properties of 

Polysulfone-silver nanocompsite membranes of different porosities. Journal 

of Membrane Science. 325; 58-68.

Torrey. S. (1984). Membrane and Ultrafiltration Technology. Journal of Food

Engineering. 3 (2); 161-167.

Urbain, V. R., Benoit and Manem, J.(1996). Membrane bioreactor: A new treatment 

tool. Journal of American Water Works Association. 88(5). 75-86.

Virender, K. S. A. Y. Ria, L. Yekaterina, (2009), Silver nanoparticles: Green 

synthesis and their antimicrobial activities. Journal of Advance Colloid

Interface . Sci. 145: 83-96.

Von. U., Ah, D. Wirz, U. Pieles, A. U. Daniels, European Cells and Materials  

(2008). Effects of silver nitrate and a silver nanoparticle biomaterial additive 

on E. Coli growth, determined by isothermal micro-nano calorimetry 

(IMNC). Journal of Euro Cell Material. 16. 1. 1473-2262

Vu, D. Q. (2001). PhD thesis. Formation and characterization of asymetric carbon 

molcular sieve and mixed matrix membranes for natural gas purifications. 

The university of Texas at Austin.

Waite, T. D., Schafer, A. I. Fane, A. G. and Heuer, A. G. and Heuer, A. (1999). 

Colloidal fouling of ultrafiltration membranes: impact of aggregate structure 

and size. Journal of  Colloid Interface Science. 212. 264-274.



67

Wakida, S. I. Y. Ujihira. (1986). A new silver ion sensor with silver-7.7.8.8 

Tetracyanoquinodimethane Film. Journal of Science. 2; 231-233.

Wang, D. L., Fiessel, W. (2008) Evaluation of media for simultaneous enumeration 

of total coliform and E.coli in drinking water supplies by membrane filtration 

techniques. Journal of Environment Science. 20, (3); 273-277

Watson, E. S., O’Neil, M. J., Justin, J. and Brenner, N. (1964). A differential 

scanning calorimeter for quantitive thermal analysis. Journal of Analysis

Chemistry. 36: 1233-1238

Wunderlich, B. (1990). Differential Thermal Analysis. New York: Academic Press.

Yao, C., X. Li, K. G. Neoh, Z. Shib, E. T. Kang, (2008), Surface modification and 

antibacterial activity of electrospun polyurethane fibrous membranes with 

quaternary ammonium moieties, Journal of Membrane Science. 230; 259-

267.

Yi Li , T-S. Chung, C. Cao, S. Kulprathipanja. Journal of Membrane Science (2005). 

The effects of polymer chain rigidification, zeolite pore size and pore 

blockage on polyethersulfone (PES)-zeolite A mixed matrix membranes. 

Journal of Membrane Science. 260 (2005) 45–55

Yu, D., M. J. Teng W. L Chou and M. C. Yang (2003). Characterization and 

inhibitory effect of antibacterial PAN based hollow fiber loded with silver 

nitrate, Journal of Membrane Science. 225:115-123

Yuan, W. and Zydney, A. L. (1999). Humic acid fouling during Microfiltration. 

Journal of Membrane Science.157 1-12

Zhu, X. and Elimelech, M. (1997). Colloidal fouling of reverse osmosis membranes: 

measurements and fouling mechanisms. Journal of Environment Science & 

Technology. 31.3654-3662.



68

Zimmerman, C. M., Singh, A. and Koros, W.J.(1997). Tailoring Mixed Matrix 

Composite Membranes for Gas Separations. Journal of Membrane Science.

137: 145-154.




