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ABSTRACT 

In nanofiltration and other membrane processes, membrane fouling become a common 

problem that contributes to a major problem in water filtration. Fouling normally occurs 

due to natural organic matters like humic acid and various bacteria that already exist in 

the water. Some common methods like coagulation, flocculation, ion exchange, 

electrodeposition and extraction were used to remove pollutants from the water and 

wastewater. However, they encounter disadvantages which required series steps of 

heterogeneous reactions or substances distribution between different phases that normally 

require a lengthy operating period. Thin film composite membrane serves a physical 

barrier that can removes solids, bacteria, viruses and other unwanted molecules in such a 

better way. Previously, there were several attempts to produce polyamide membrane 

using different monomers. The aim of this present study was to produce antibacterial 

polyamide-silver nanofiltration thin film composite membrane using M-phenyldiamine 

and trimesoyl chloride as monomers on polyethersulfone membrane via interfacial 

polymerization for humic acid removal. The silver nanoparticles were synthesized from 

silver nitrate and polyphenols in tea extract was used as reducing agent. Success of silver 

formation were characterized by UV- Vis spectrophotometer, Transmission Electron 

Microscopy, X-ray Diffractometer and Attenuated Total Reflectance-Fourier Transform 

Infrared Spectroscopy. Antimicrobial properties of silver nanoparticles were tested 

against Escherichia coli bacteria. On the membrane preparation part, the variable change 

such as reaction time can produce good nanofiltration membrane. The effect of reaction 

time (dipping time) and the addition of silver nanoparticles onto the membrane were 

investigated. The success of formation of polyamide layer on membrane were determined 

by analysis of Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy 

and Field Emission Scanning Electron Miscroscopy. All membranes were characterized 

in term of chemical structure parameters, pure water permeability, rejection of different 

charged solutes (sodium chloride and sodium sulphate) and uncharged solute (Vitamin 

B12) and rejection of humic acid solution. These properties include hydrophilicity (), 

pore size (rp) and effective thickness over membrane porosity (x/Ak). From the 

characterization, all polyamide membrane was considered as tight nanofiltration 

membranes. From the flux-loss analysis, polyamide-silver nanoparticles membrane with 

60seconds reaction time exhibited the lowest total flux-loss which is 1.69% in the 

filtration of humic acid. The addition of silver nanoparticles with concentration of 60x10-

3 g/mL onto the membrane slightly gave an effect to the membrane and reduced the 

fouling. This study will provide a valuable guideline to produce nanofiltration thin film 

composite membrane that have antibacterial properties for removal of humic acid in the 

water and wastewater filtration. 
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ABSTRAK 

Dalam membran nanoturasan dan lain-lain proses membran, pengotoran merupakan 

masalah biasa yang menyumbang kepada masalah utama dalam proses penapisan air. 

Biasanya, pengotoran berlaku disebabkan oleh bahan organik semula jadi seperti asid 

humik dan dan pelbagai bakteria yang wujud di dalam air. Kaedah umum seperti 

pembekuan, pemberbukuan, pertukaran ion, elektrodeposisi dan pengekstrakan 

digunakan untuk menghilangkan bahan pencemar daripada air dan air buangan. Walau 

bagaimanapun, kaedah-kaedah ini terdapat kelemahan yang memerlukan beberapa siri 

tindak balas heterogen atau pengedaran bahan-bahan di antara fasa yang berbeza yang 

biasanya memerlukan tempoh operasi yang panjang. Membran komposit filem nipis 

berfungsi sebagai penghalang fizikal yang boleh menapis pepejal, bakteria, virus dan 

molekul yang tidak dikehendaki dengan cara yang lebih baik. Sebelum ini, terdapat 

beberapa percubaan untuk menghasilkan membran poliamida menggunakan monomer 

yang berbeza. Tujuan kajian ini adalah untuk menghasilkan membran komposit filem 

nipis poliamida-perak nanofiltration dengan menggunakan M-phenyldiamina dan 

trimesoyl klorida sebagai monomer pada membran polyethersulfone melalui 

pempolimeran antara muka untuk penyingkiran asid humik. Nanopartikel perak yang 

disintesis dari perak nitrat dan polifenol dalam ekstrak teh digunakan sebagai agen 

penurunan. Kejayaan pembentukan perak dicirikan oleh spektrofotometer UV-Vis, 

Mikroskopi Elektron Transmisi, Diffractometer sinar-X dan Total Reflectance-Fourier 

Transform Spektroskopi Inframerah. Ciri-ciri antimikrobial nanopartikel perak telah diuji 

terhadap bakteria Escherichia coli. Dalam bahagian penyediaan membran, pemboleh 

ubah seperti masa tindakbalas dapat menghasilkan membran nanoturasan yang baik. 

Kesan tindakbalas (masa pencelupan) dan penambahan nanopartikel perak ke dalam 

membran disiasat. Kejayaan pembentukan lapisan poliamida pada membran ditentukan 

dengan analisis Reflectance Total Reflectance-Fourier Transform Spektroskopi 

Inframerah dan mikroskop elektron pengimbas pancaran medan. Semua membran telah 

dicirikan dari segi parameter struktur kimia, kebolehtelapan air tulen, penolakan larutan 

yang bercaj (natrium klorida dan natrium sulfat) dan larutan tidak bercaj (Vitamin B12) 

dan penolakan larutan asid humik. Sifat-sifat membran ini termasuklah sifat hidrofilik 

(), saiz liang (rp) dan ketebalan berkesan membran terhadap keporosan (x/Ak). 

Daripada pencirian membran, semua membran poliamida yang dihasilkan 

dipertimbangkan sebagai membran nanoturasan padat. Daripada analisis kehilangan 

fluks, poliamida-nanoperak membran dengan masa tindakbalas 60saat menunjukkan 

jumlah kehilangan fluks terendah iaitu 1.69% dalam penapisan asid humik. Penambahan 

nanopartikel perak dengan kepekatan 60x10-3 g/mL ke atas membran sedikit memberi 

kesan kepada membran dan mengurangkan pengotoran. Kajian ini akan memberi garis 

panduan yang berharga untuk menghasilkan membran komposit filem nipis nanoturasan 

yang mempunyai sifat antibakteria untuk penolakan asid humik dalam penapisan air dan 

air buangan. 

 



 

v 

TABLE OF CONTENT 

   Page 

DECLARATION  

 

TITLE PAGE i 

ACKNOWLEDGEMENTS ii 

ABSTRACT iii 

ABSTRAK  iv 

TABLE OF CONTENTS v 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiii 

LIST OF ABBREVIATIONS xv 

 

CHAPTER 1 INTRODUCTION 

1.1 Background of Study 1 

1.2 Problem Statements 3 

1.3 Objectives of the Research 4 

1.4 Scopes of the Research 4 

1.5 Significant of the Research 5 

 

CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction 6 

2.2 Metal Nanoparticles and Its Application 6 

2.3 Silver Nanoparticles (AgNPs) 7 

 2.3.1     Synthetization of AgNPs 8 



 

vi 

 2.3.2     Antimicrobial Properties of AgNPs 11 

 2.3.3     Application of AgNPs 13 

2.4 Natural Organic Matter (NOM) 

2.4.1     Humic Acid 

15 

16 

2.5 Membrane Separation Technology  17 

 2.5.1     Membrane Processes 17 

 2.5.2     Membrane Technology Application 18 

 2.5.3     Membrane Fouling 19 

 2.5.4     Biofouling 20 

2.6 Microfiltration, Ultrafilration and Reverse Osmosis 20 

2.7 Nanofiltration 21 

 2.7.1     Transport Mechanism in NF Membranes 22 

2.8 Preparation of NF Membranes 24 

 2.8.1     Phase Inversion Method 26 

 2.8.2     Interfacial Polymerization (IP) Method 27 

2.9 Solute Rejection Study 29 

 2.9.1     Uncharged/Neutral Solutes 31 

 2.9.2     Charged Solutes 32 

 2.9.3     Concentration Polarization  34 

 

CHAPTER 3 RESEARCH METHODOLOGY 

3.1 Introduction  37 

3.2 Materials 39 

3.3 Synthetization of AgNPs 39 

3.4 AgNPs Characterization 39 

 3.4.1     UV-Vis Spectrophotometer Analysis 39 

 3.4.2     Transmission Electron Microscopy (TEM) Analysis 40 



 

vii 

 3.4.3     X-ray Diffractometer (XRD) Analysis 40 

 3.4.4     Attenuated Total Reflectance-Fourier Transform Infrared   

Spectroscopy Analysis 

40 

3.5 Antimicrobial Assays of AgNPs 41 

 3.5.1     Preparation of Culture Medium 41 

 3.5.2     Preparation of Microbial Culture 41 

 3.5.3     Antimicrobial Test 41 

3.6 Preparation of Membrane via IP Method  42 

3.7 Antimicrobial Assay of PA/Ag20 Membranes  43 

3.8 Membrane Characterization  44 

 3.8.1    Attenuated Total Reflectance-Fourier Transform Infrared   

Spectroscopy Analysis 

44 

 3.8.2    Field Emission Scanning Electron Microscope (FESEM) 

and Energy Dispersive X-ray spectroscopy (EDX) Analysis 
44 

 3.8.3     Contact Angle Measurement 45 

 3.8.4     Pure Water Permeability (PWP) Test  45 

 3.8.5     Determination of Uncharged Solute Rejection 45 

 3.8.6     Determination of Charged Solute Rejection 46 

 3.8.7     HA Removal and Fouling Test 47 

 3.8.8     Reversible Flux-loss 47 

3.9 Nanofiltration Set-up 49 

 

CHAPTER 4 RESULTS AND DISCUSSIONS 

4.1 Introduction  50 

4.2 Synthetization of AgNPs 50 

 4.2.1     Visual observations and UV-visible spectroscopy 

4.2.2     Transmission Electron Microscopy (TEM) 

4.2.3     X-ray Diffraction (XRD)  

50 

52 

53 



 

viii 

 

CHAPTER 5  CONCLUSIONS AND RECOMMENDATIONS 

 5.1 Conclusions 76 

 5.2 Recommendations  78 

REFERENCES 79 

APPENDIX A    Standardization of 0.1M Silver Nitrate (AgNO3) 

APPENDIX B    Concentration of Silver Nanoparticles in Solution 

APPENDIX C    Calibration Curve of Vitamin B12 

APPENDIX D1  Calibration Curve of NaCl Salt 

APPENDIX D2  Calibration Curve of Na2SO4 Salt 

91 

92 

93 

94 

94 

4.2.4     ATR-FTIR 56 

 4.3 Antibacterial Assays of AgNPs 57 

 4.4 

 4.5 

Preparation of NF Membranes  

Antimicrobial Assays of PA/Ag20 Membrane 

58 

59 

 4.6 Surface Characterization of NF Membranes 

4.6.1     FTIR Analysis 

4.6.2     FESEM Analysis 

4.6.3     EDX Analysis 

4.6.4     Membrane Hydrophilicity / Contact Angle 

61 

61 

63 

65 

66 

 4.7 Pure Water Permeability Test 

4.7.1     Permeability of PES UF Membrane Support 

4.7.2     Permeability of PA and PA/Ag20 NF Membranes 

4.7.3     Effect of Reaction Time on PWP   

67 

67 

68 

70 

 4.8 Pore Size and ∆X/Ak Parameter 71 

 4.9 Sodium Chloride and Sodium Sulphate Salt Rejection 72 

 4.10 Humic Acid Removal and Fouling Test 

4.10.1 Flux-Loss Analysis 

73 

75 



 

ix 

APPENDIX E    Experiment Data for Vitamin B12 

APPENDIX F    Sample Calculation of Pore Size, rp for PA/Ag20-60 

(2%w/v MPD, 60s) 

APPENDIX G   Sample Calculation of Ratio of Thickness to Porosity, 

Δx/Ak for PA/Ag20-60 (2%w/v MPD, 60s) 

APPENDIX H   List of Publications 

95 

97 

 

99 

 

100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

x 

LIST OF TABLES 

Table 2.1 AgNPs Production from Various Types of Plants and its Size 

Distribution 

10 

Table 2.2 Applications of AgNPs  15 

Table 2.3 Various Fabrication Techniques and Polymers Used for 

Preparation of Polymeric Membranes for Water Treatment 

Processes 

25 

Table 3.1 Characteristic of PES support membrane  38 

Table 3.2 McFarland Nephelometer Standards  42 

Table 3.3 Monomers and AgNPs Compositions of Membranes  43 

Table 4.1 Crystal Sizes of AgNPs using Scherrer Formula  55 

Table 4.2 FTIR Correlation Chart  57 

Table 4.3 Characteristic Infrared Bands of PA Membranes  63 

Table 4.4 Elements Compositions (percentage) of PA/Ag20 Membrane 66 

Table 4.5 Contact Angle Values for PES and six PA Membranes  67 

Table 4.6 PWP for PA and PA/Ag20 Membranes 69 

Table 4.7 Pore size (rp) and Δx/Ak of Six Different Types of Membranes 71 

Table 4.8 Percentage of Flux-Loss for Six Types of Modified 

Membranes  

75 

 

 

 

 

 

 

 



 

xi 

LIST OF FIGURES 

Figure 2.1 Types of Metal Nanoparticles and Their Applications in 

Biological Field 

7 

Figure 2.2 Various Modes of Action of AgNPs on Bacteria 12 

Figure 2.3 Schematic Structure of Humic Acid 16 

Figure 2.4 Classification of membrane process 18 

Figure 2.5 Molecular Transport Through Membranes can be Described 

by: (A) Pore-Flow or (B) Solution-Diffusion 

23  

Figure 2.6 Interfacial Polymerization Process 28 

Figure 2.7 Schematic Diagram of Concentration Polarization 34 

Figure 3.1 The Overall Research Work Flow  38 

Figure 3.2 Schematic Diagram of Amicon Stirred Cell and 

Experimental Set-Up Used for the NF 

49 

Figure 4.1 Aqueous Solution of 0.1 M AgNO3 with Black Tea Extract 51 

Figure 4.2 UV/Vis Spectrum of AgNPs Formation After 24 Hours 

Reaction which the Supernatant Endured  (a) Non-Washing 

Step And (b) Washing Step 

52 

Figure 4.3 TEM Images of AgNPs 53 

Figure 4.4 The Corresponding Particle Size Distribution Histogram of 

AgNPs 

53 

Figure 4.5 XRD Patterns of AgNPs 54 

Figure 4.6 FTIR Spectrum of (a) Tea Extract Solution (Control) and (b) 

AgNPs Solution 

56 

Figure 4.7 Representative Results of Antimicrobial Activity of AgNPs 

against E. coli 

58 

Figure 4.8 Membranes (a) Unmodified PES Membrane (b) PA 

Membrane and (c) PA/Ag Membrane 

59 

Figure 4.9 Antimicrobial Activities of (a) M0, (b) M1, (c) M2 and (d) 

M3 Membranes against E. coli 

60 

Figure 4.10 FTIR Spectra of (a) TMC; (b) MPD; (c) PES Membrane; (d) 

PA Membrane and (e) PA/Ag Membrane 

62 

Figure 4.11 FESEM Micrographs of (a) Unmodified PES Membrane, (b) 

PA Membrane, (c) PA/Ag Membrane and (d) PA/Ag 

Membrane (with Higher Magnification) Surface 

64 



 

xii 

Figure 4.12 Surface FESEM Micrograph of PA/Ag Membrane at 

10,000x Magnification 

65 

Figure 4.13 FESEM Image at 25,000x Magnification and EDX Spectra 

of PA/Ag20 Membrane 

65 

Figure 4.14 Pure Water Permeability of NF PA Membrane at 2% MPD 

Monomer Concentration with Different Reaction Time (10s, 

30s and 60s) 

68 

Figure 4.15 Pure Water Permeability of NF PA/Ag20 Membrane at 

Different Reaction Time (10s, 30s and 60s) 

 

69 

Figure 4.16 Effect of Changes Reaction Time to Membrane Permeability 

 

71 

Figure 4.17 Rejection of 0.001M NaCl and 0.001M Na2SO4 Salt 

Solutions at 4 Bar 

73 

Figure 4.18 Normalized Flux of 15mg/L HA for PA membranes 

 

74 

Figure 4.19 Normalized Flux of 15mg/L HA for PA/Ag20 membranes 

 

74 

 

  



 

xiii 

LIST OF SYMBOLS 

Ag0 Argentum colloid (silver colloid) 

Ag+ Argentum ion (silver ion) 

Α Stokes radius, nm 

Ak/Δx Ratio of porosity to thickness of a membrane, m-1 

Ci Concentration of ion in membrane, mol m-3 

Cb Concentration of bulk solution, mol m-3 

Ci,b Concentration of i component in bulk solution, mol m-3 

Ci,p Concentration of permeate, mol m-3 

Cw Concentration of solution at the membrane wall, mol m-3 

Di,p Permeate diffusivity, m2 s−1 

Di,∞ Bulk diffusivity, m2 s−1 

F Faraday constant, C mol-1 

G Hydronamic resistance coefficient 

Ji Flux of ion, mol m2s-1 

Jv Volume flux, m s-1 

Jw Flux of pure water, m s-1 

k Mass transfer coefficient, m s-1 

K-1 Drag coefficient 

Ki,c Hindrance factor for convection 

Ki,d Hindrance factor for diffusion 

Mw Molecular weight, g mol-1 

Pem Peclet number 

Pm Permeability, m s-1 Pa-1 

ΔP Transmembrane pressure, kN m-2 

r Radius of filtration cell, m 

rp Pore radius, nm 

rs Stokes radius, nm 



 

xiv 

R Gas constant, J mol-1 K-1 

Robs Rejection from the observation 

Rreal Real rejection 

V Solute velocity, m s-1 

Xd Effective membrane charge density 

zi Ion valency 

λ Ratio of solute radius to pore radius 

µ Solvent viscosity, Pa. s 

ξ Ratio of effective volume charge density of membrane to the 

electrolyte concentration of feed solution 

Ψ Electrostatic potential of the system, V 

ΨD Donnan potential difference, V 

ω Stirring speed of filtration cell, rad s-1 

ν Kinematic viscosity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xv 

LIST OF ABBREVIATIONS 

Abs Absorbance 

Ag Silver 

AgNO3 Silver Nitrate 

AgNPs Silver Nanoparticles 

ATR Attenuated Total Reflectance 

BPA Bisphenol A 

CA Cellulose Acetate 

E.coli Escherichia coli 

FA Fulvic Acid 

FESEM Field Emission Scanning Electron Microscopy 

FTIR Fourier Transform Infrared Spectroscopy 

HA Humic Acid 

HCL Hydrochloric Acid 

HS Humic Substances 

IP Interfacial Polymerization 

MD Membrane Distillation 

MF Microfiltration 

MPD M-phenyl Diamine 

MWCO Molecular Weight Cut Off 

NaCl Sodium Chloride 

NaOH Sodium Hydroxide 

Na2SO4 Sodium Sulphate 

NF Nanofiltration 

NOM Natural Organic Matter 

PA Polyamide 

PAN Polyacrylonitrile 

PE Polyethylene 



 

xvi 

PEEK Polyetheretherketone 

PES Polyethersulfone 

PP Polypropylene 

PPESK Poly(phthazine ether sulfone ketone) 

PTFE Poly(tetrafluoroethylene) 

PVDF Polyvinylidene Fluoride 

PS Polysulfone 

RO Reverse Osmosis 

SHP Steric Hindrance Pore 

TEOA Triethanolamine 

TEM Transmission Electron Microscopy 

TFC Thin Film Composite 

TMC Trimesoyl Chloride 

UF Ultrafiltration 

UV-Vis UV-Vis Spectrophotometer 

XRD X-ray Diffractometer 

 

 

 

 

 

 

 

 

 

 



79 

REFERENCES 

Abdel-Aziz, M. S., Shaheen, M. S., El-Nekeety, A., and Abdel-Wahhab, M. (2014). 

Antioxidant and antibacterial activity of silver nanoparticles biosynthesized using 

Chenopodium murale leaf extract. Journal of Saudi Chemical Society, 18(4), 356–

363.  

Abdelrasoul, A., Doan, H., and Lohi, A. (2013). A mechanistic model for ultrafiltration 

membrane fouling by latex. Journal of Membrane Science, 433, 88–99.  

Abu Seman, M. N., Khayet, M., and Hilal, N. (2011). Development of antifouling 

properties and performance of nanofiltration membranes modified by interfacial 

polymerisation. Desalination, 273(1), 36–47.  

Ahmad, N., Sharma, S., Singh, V. N., Shamsi, S. F., Fatma, A., and Mehta, B. R. (2011). 

Biosynthesis of Silver Nanoparticles from Desmodium triflorum: A Novel Approach 

Towards Weed Utilization. Biotechnology Research International, 2011, 1–8.  

Akbari, B., Tavandashti, M. P., and Zandrahimi, M. (2011). Particle Size Characterization 

of Nanoparticles- A Practical Approach. Iranian Journal of Materials Science & 

Engineering, 8(2), 48–56. 

Ali, N., Mohammad, A. W., and Ahmad,  a. L. (2005). Use of nanofiltration predictive 

model for membrane selection and system cost assessment. Separation and 

Purification Technology, 41(1), 29–37.  

Ali, N., and Suhaimi, N. S. (2009). Performance Evaluation of Locally Fabricated 

Asymmetric Nanofiltration Membrane for Batik Industry Effluent, World Applied 

Sciences Journal, 5, 46–52. 

Álvarez-Fernández, E., Cancelo, A., Díaz-Vega, C., Capita, R., and Alonso-Calleja, C. 

(2013). Antimicrobial resistance in E. coli isolates from conventionally and 

organically reared poultry: A comparison of agar disc diffusion and Sensi Test 

Gram-negative methods. Food Control, 30(1), 227–234.  

Bankar, A., Joshi, B., Kumar, A. R., and Zinjarde, S. (2010). Banana peel extract 

mediated novel route for the synthesis of silver nanoparticles. Colloids and Surfaces 

A: Physicochemical and Engineering Aspects, 368(1–3), 58–63.  

Basri, H., Ismail,  a. F., and Aziz, M. (2011). Polyethersulfone (PES)–silver composite 

UF membrane: Effect of silver loading and PVP molecular weight on membrane 

morphology and antibacterial activity. Desalination, 273(1), 72–80. 

Bäuerlein, P. S., Ter Laak, T. L., Hofman-Caris, R. C. H. M., de Voogt, P., and Droge, S. 

T. J. (2012). Removal of charged micropollutants from water by ion-exchange 

polymers -- effects of competing electrolytes. Water Research, 46(16), 5009–5018.  

Bottino, A., Capannelli, G., Comite, A., Ferrari, F., Firpo, R., and Venzano, S. (2009). 

Membrane technologies for water treatment and agroindustrial sectors. Comptes 

Rendus Chimie, 12(8), 882–888.  

Boutinguiza, M., Comesaña, R., Lusquiños, F., Riveiro,  a., del Val, J., and Pou, J. (2014). 

Production of silver nanoparticles by laser ablation in open air. Applied Surface 



80 

Science, 336, 108–111.  

Bowen, W. R., and Mukhtar, H. (1996). Characterisation and prediction of separation 

performance of nanofiltration membranes. Journal of Membrane Science, 112(2), 

263–274.  

Cai, W., and Liu, Y. (2016). Enhanced membrane biofouling potential by on-line 

chemical cleaning in membrane bioreactor. Journal of Membrane Science, 511, 84-

91. 

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

Microfiltration Membranes by NOM After Coagulation Treatment, Water Research. 

34(11), 2861–2868. 

Cataldo, F. (2014). Green Synthesis of Silver Nanoparticles by the Action of Black or 

Green Tea Infusions on Silver Ions, European Chemical Bulletin, 3(3), 280-289. 

Chaturvedi, S., and Dave, P. N. (2012). Removal of iron for safe drinking water. 

Desalination, 303, 1–11.  

Chen, Q., Yu, P., Huang, W., Yu, S., Liu, M., and Gao, C. (2015). High-flux composite 

hollow fiber nanofiltration membranes fabricated through layer-by-layer deposition 

of oppositely charged crosslinked polyelectrolytes for dye removal. Journal of 

Membrane Science, 492, 312–321.  

Cheng, S., Oatley, D. L., Williams, P. M., and Wright, C. J. (2011). Positively charged 

nanofiltration membranes: review of current fabrication methods and introduction 

of a novel approach. Advances in Colloid and Interface Science, 164(1–2), 12–20.  

Choi, H., Zhang, K., Dionysiou, D., Oerther, D., and Sorial, G. (2005). Effect of permeate 

flux and tangential flow on membrane fouling for wastewater treatment. Separation 

and Purification Technology, 45(1), 68–78.  

Cushen, M., Kerry, J., Morris, M., Cruz-Romero, M., and Cummins, E. (2012). 

Nanotechnologies in the food industry – Recent developments, risks and regulation. 

Trends in Food Science & Technology, 24(1), 30–46.  

Dalwani, M. (2011). Thin film composite nanofiltration membranes for extreme 

conditions. Ph.D. Thesis. University of Twente, Netherlands. 

Dhoondia, Z. H., and Chakraborty, H. (2012). Lactobacillus Mediated Synthesis of Silver 

Oxide Nanoparticles. Nanomaterials and Nanotechnology, 1–7. 

Donda, M. R., Rao, K., Alwala, J., Miryala, A., Sreedhar, B., and Pratap, M. P. (2013). 

Synthesis of silver nanoparticles using extracts of Securinega leucopyrus and 

evaluation of its antibacterial activity. International Journal of Current Science, 7, 

1–8. 

Donlan, R. M. (2002). Biofilms : Microbial Life on Surfaces, Emerging Infectious 

Diseases, 8(9), 881–890. 

Du, R., and Zhao, J. (2004). Properties of poly (N,N-dimethylaminoethyl 

methacrylate)/polysulfone positively charged composite nanofiltration membrane. 

Journal of Membrane Science, 239(2), 183–188.  



81 

Dubey, S. P., Lahtinen, M., and Sillanpää, M. (2010). Green synthesis and 

characterizations of silver and gold nanoparticles using leaf extract of Rosa rugosa. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 364(1–3), 34–

41.  

Dwivedi, A.D. and Gopal, K. (2010). Biosynthesis of silver and gold nanoparticles using 

Chenopodium album leaf extract. Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 369(1–3), 27–33.  

Ebrahimi, M., Willershausen, D., Ashaghi, K. S., Engel, L., Placido, L., Mund, P., and 

Czermak, P. (2010). Investigations on the use of different ceramic membranes for 

efficient oil-field produced water treatment. Desalination, 250(3), 991–996.  

El-aassar, A. M. A. (2012). Polyamide Thin Film Composite Membranes Using 

Interfacial Polymerization : Synthesis, Characterization and Reverse Osmosis 

Performance for Water Desalination, Australian Journal of Basic and Applied 

Sciences, 6(6), 382–391. 

El-abbassi, A., Khayet, M., and Hafidi, A. (2011). Micellar enhanced ultrafiltration 

process for the treatment of olive mill wastewater. Water Research, 45(15), 4522–

4530.  

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

characteristics of natural organic matter on the fouling of microfiltration membranes. 

Water Research, 35(18), 4455–4463. 

Field, R. (2010). Fundamentals of Fouling. Wiley-Vch Verlag GmbH & Co. KGaA, 

Weinheim. 

 

Flemming, H.C. (1997). Reverse Osmosis Membrane Biofouling. Experimental Thermal 

and Fluid Science, 1777(96), 382–391. 

Flemming, H., Schaule, G., Griebe, T., Schmitt, J., and Tamachkiarowa, A. (1997). 

Biofouling the Achilles heel of membrane processes. Desalination, 113(2–3), 215–

225. 

Flower, N. A. L., Kumar, N. S. V., Brabu, B., Gopalakrishnan, C., and Raja, S. V. K. 

(2015). Fabrication and characterization of Ag-PSf nanocomposite membrane 

towards microbial filtration of contaminated water. International Journal of 

ChemTech Research, 7(3), 1335–1342. 

Garba, Y., Taha, S., Gondrexon, N., and Dorange, G. (1999). Ion transport modelling 

through nanofiltration membranes, Journal of Membrane Science, 160(20), 187-

200. 

Ghosh, A. K., Jeong, B.H., Huang, X., and Hoek, E. M. V. (2008). Impacts of reaction 

and curing conditions on polyamide composite reverse osmosis membrane 

properties. Journal of Membrane Science, 311(1–2), 34–45.  

Gu, J.E., Lee, J. S., Park, S.-H., Kim, I. T., Chan, E. P., Kwon, Y.N., and Lee, J.H. (2015). 

Tailoring interlayer structure of molecular layer-by-layer assembled polyamide 

membranes for high separation performance. Applied Surface Science, 356, 659–

667.  



82 

Haslaniza H., Wan Yaacob W. A., SaifulIrwan Z. and Maskat M. Y. (2016). Potential of 

Amberlite IRA 67 Resin for Deacidification of Organic Acids in Noni Juice. Der 

Pharma Chemica, 7, 62-69. 

Hebeish,  A., El-Naggar, M. E., Fouda, M. M. G., Ramadan, M. A., Al-Deyab, S. S., and 

El-Rafie, M. H. (2011). Highly effective antibacterial textiles containing green 

synthesized silver nanoparticles. Carbohydrate Polymers, 86(2), 936–940.  

Hilal, N., Al-Zoubi, H., Darwish, N. a., Mohamma,  a. W., & Abu Arabi, M. (2004). A 

comprehensive review of nanofiltration membranes:Treatment, pretreatment, 

modelling, and atomic force microscopy. Desalination, 170(3), 281–308.  

Hilal, N., Kochkodan, V., Al-Khatib, L., and Levadna, T. (2004). Surface modified 

polymeric membranes to reduce (bio)fouling: A microbiological study using E. coli. 

Desalination, 167, 293–300.  

Hong, S., and Elimelech, M. (1997). Chemical and physical aspects of natural organic 

matter (NOM) fouling of nanofiltration membranes. Journal of Membrane Science, 

132(2), 159–181.  

Huang, J., Arthanareeswaran, G., and Zhang, K. (2012). Effect of silver loaded sodium 

zirconium phosphate (nanoAgZ) nanoparticles incorporation on PES membrane 

performance. Desalination, 285, 100–107.  

Hussein, A. K. (2015). Applications of nanotechnology in renewable energies—A 

comprehensive overview and understanding. Renewable and Sustainable Energy 

Reviews, 42, 460–476.  

Iravani, S., Korbekandi, H., Mirmohammadi, S. V, and Zolfaghari, B. (2014). Synthesis 

of silver nanoparticles : chemical , physical and biological methods, Research in 

Pharmaceutical Science, 9(6), 385–406. 

Irshad, S., Mahmood, M., and Perveen, F. (2012). In-Vitro Anti-Bacterial Activities of 

Three Medicinal Plants Using Agar Well Diffusion Method, Research Journal of 

Biology, 2(01), 1–8. 

Jeong, B.H., Hoek, E. M. V., Yan, Y., Subramani, A., Huang, X., Hurwitz, G., and Jawor, 

A. (2007). Interfacial polymerization of thin film nanocomposites: A new concept 

for reverse osmosis membranes. Journal of Membrane Science, 294(1–2), 1–7. 

Joseph, S., and Mathew, B. (2014). Microwave-assisted facile synthesis of silver 

nanoparticles in aqueous medium and investigation of their catalytic and 

antibacterial activities. Journal of Molecular Liquids, 197, 346–352.  

Kandasamy, K., Alikunhi, N. M., Manickaswami, G., Nabikhan, A., and Ayyavu, G. 

(2012). Synthesis of silver nanoparticles by coastal plant Prosopis chilensis (L.) and 

their efficacy in controlling vibriosis in shrimp Penaeus monodon. Applied 

Nanoscience, 3(1), 65–73.  

Kaviya, S., Santhanalakshmi, J., Viswanathan, B., Muthumary, J., and Srinivasan, K. 

(2011). Biosynthesis of silver nanoparticles using citrus sinensis peel extract and its 

antibacterial activity. Spectrochimica Acta. Part A, Molecular and Biomolecular 

Spectroscopy, 79(3), 594–598.  



83 

Khot, L. R., Sankaran, S., Maja, J. M., Ehsani, R., and Schuster, E. W. (2012). 

Applications of nanomaterials in agricultural production and crop protection: A 

review. Crop Protection, 35, 64–70. 

Kilduft, J. E., Mattaraj, S., Pieracci, J. P., and Belfort, G. (2000). Photochemical 

modification of poly (ether sulfone) and sulfonated poly (sulfone) nanofiltration 

membranes for control of fouling by natural organic matter, Desalination, 132(1-3), 

3–6. 

Kim, E.S., Hwang, G., Gamal El-Din, M., and Liu, Y. (2012). Development of nanosilver 

and multi-walled carbon nanotubes thin-film nanocomposite membrane for 

enhanced water treatment. Journal of Membrane Science, 394–395, 37–48.  

Kim, J. S., Kuk, E., Yu, K. N., Kim, J.H., Park, S. J., Lee, H. J., Cho, M.H. (2007). 

Antimicrobial effects of silver nanoparticles. Nanomedicine: Nanotechnology, 

Biology, and Medicine, 3(1), 95–101.  

Kim, S., Kwak, S., Sohn, B., and Park, T. (2003). Design of TiO2 nanoparticle self-

assembled aromatic polyamide thin-film-composite (TFC) membrane as an 

approach to solve biofouling problem. Journal of Membrane Science, 211, 157–165.  

Kim, S., Lee, S., Lee, E., Sarper, S., Kim, C.H., and Cho, J. (2009). Enhanced or reduced 

concentration polarization by membrane fouling in seawater reverse osmosis 

(SWRO) processes. Desalination, 247(1–3), 162–168.  

Kocherginsky, N. M., Yang, Q., and Seelam, L. (2007). Recent advances in supported 

liquid membrane technology. Separation and Purification Technology, 53(2), 171–

177.  

Kochkodan, V., and Hilal, N. (2014). A comprehensive review on surface modified 

polymer membranes for biofouling mitigation. Desalination, 356, 187–207.  

Kokura, S., Handa, O., Takagi, T., Ishikawa, T., Naito, Y., and Yoshikawa, T. (2010). 

Silver nanoparticles as a safe preservative for use in cosmetics. Nanomedicine : 

Nanotechnology, Biology, and Medicine, 6(4), 570–574.  

Kshirsagar, P., Sangaru, S. S., Malvindi, M. A., Martiradonna, L., Cingolani, R., and 

Pompa, P. P. (2011). Synthesis of highly stable silver nanoparticles by 

photoreduction and their size fractionation by phase transfer method. Colloids and 

Surfaces A: Physicochemical and Engineering Aspects, 392(1), 264–270.  

Ladj, R., Bitar, A., Eissa, M. M., Fessi, H., Mugnier, Y., Le Dantec, R., and Elaissari, A. 

(2013). Polymer encapsulation of inorganic nanoparticles for biomedical 

applications. International Journal of Pharmaceutics, 458(1), 230–241.  

Lalia, B. S., Kochkodan, V., Hashaikeh, R., and Hilal, N. (2013). A review on membrane 

fabrication: Structure, properties and performance relationship. Desalination, 326, 

77–95.  

Lau, W. J., and Ismail,  a. F. (2009). Theoretical studies on the morphological and 

electrical properties of blended PES/SPEEK nanofiltration membranes using 

different sulfonation degree of SPEEK. Journal of Membrane Science, 334(1–2), 

30–42.  



84 

Lee, H. S., Im, S. J., Kim, J. H., Kim, H. J., Kim, J. P., and Min, B. R. (2008). Polyamide 

thin-film nanofiltration membranes containing TiO2 nanoparticles. Desalination, 

219(1–3), 48–56.  

Lee, S., Cho, J., and Elimelech, M. (2005). Combined influence of natural organic matter 

(NOM) and colloidal particles on nanofiltration membrane fouling. Journal of 

Membrane Science, 262(1–2), 27–41.  

Lee, S. Y., Kim, H. J., Patel, R., Im, S. J., Kim, J. H., and Min, B. R. (2007). Silver 

nanoparticles immobilized on thin film composite polyamide membrane: 

Characterization, nanofiltration, antifouling properties. Polymers for Advanced 

Technologies, 18, 562–568.  

Lehr, B., Seufert, M., Wenz, G., and Decher, G. (1996). Fabrication of poly ( p-phenylene 

vinylene) ( PPV ) nanoheterocomposite films via layer-by-layer adsorption,  

Supramolecular Science,2(1995), 199–207. 

Leung, L. K., Su, Y., Chen, R., Zhang, Z., Huang, Y., and Chen, Z. (2001). Theaflavins 

in Black Tea and Catechins in Green Tea Are Equally, Journal of Nutrition, 131(9), 

2248–2251. 

Li, Q., Mahendra, S., Lyon, D. Y., Brunet, L., Liga, M. V., Li, D., and Alvarez, P. J. J. 

(2008). Antimicrobial nanomaterials for water disinfection and microbial control: 

Potential applications and implications. Water Research, 42(18), 4591–4602.  

Lianchao, L., Baoguo, W., Huimin, T., Tianlu, C., and Jiping, X. (2006). A novel 

nanofiltration membrane prepared with PAMAM and TMC by in situ interfacial 

polymerization on PEK-C ultrafiltration membrane. Journal of Membrane Science, 

269(1–2), 84–93.  

Lin, J., Chen, R., Feng, S., Pan, J., Li, Y., Chen, G., and Zeng, H. (2011). A novel blood 

plasma analysis technique combining membrane electrophoresis with silver 

nanoparticle-based SERS spectroscopy for potential applications in noninvasive 

cancer detection. Nanomedicine : Nanotechnology, Biology, and Medicine, 7(5), 

655–663.  

Lipczynska-kochany, E. (2018). Chemosphere Humic substances , their microbial 

interactions and effects on biological transformations of organic pollutants in water 

and soil : A review. Chemosphere, 202, 420–437.  

Liu, C. X., Zhang, D. R., He, Y., Zhao, X. S., and Bai, R. (2010). Modification of 

membrane surface for anti-biofouling performance: Effect of anti-adhesion and anti-

bacteria approaches. Journal of Membrane Science, 346(1), 121–130.  

Liu, Y.F., Tsai, J.J., Chin, Y.T., Liao, E.C., Wu, C.C., and Wang, G.J. (2012). Detection 

of allergies using a silver nanoparticle modified nanostructured biosensor. Sensors 

and Actuators B: Chemical, 171–172, 1095–1100.  

Lu, P.J., Huang, S.C., Chen, Y.P., Chiueh, L.C., and Shih, D. Y.C. (2015). Analysis of 

titanium dioxide and zinc oxide nanoparticles in cosmetics. Journal of Food and 

Drug Analysis, 23(3), 587–594.  

Lutskiy, M.Y., Avneri-Katz, S., Zhu, N., Itsko, M., Ronen, Z., Arnusch, C. J., and Kasher, 

R. (2015). A microbiology-based assay for quantification of bacterial early stage 



85 

biofilm formation on reverse-osmosis and nanofiltration membranes. Separation 

and Purification Technology, 141, 214–220.  

Lv, Y., Liu, H., Wang, Z., Liu, S., Hao, L., Sang, Y., and Boughton, R. I. (2009). Silver 

nanoparticle-decorated porous ceramic composite for water treatment. Journal of 

Membrane Science, 331(1–2), 50–56. 

Lyon, D. Y., Brown, D., Sundstrom, E. R., and Alvarez, P. J. J. (2008). Assessing the 

antibiofouling potential of a fullerene-coated surface. International Biodeterioration 

& Biodegradation, 62(4), 475–478.  

Mah, K.H., Yussof, H.W., Jalanni, N.A., Seman, M. N. A., and Zainol, N. (2014). 

Separation of Xylose from Glucose Using Thin Film Composite (TFC) 

Nanofiltration Membrane: Effect of Pressure, Total Sugar Concentration and Xylose 

/ Glucose Ratio, Jurnal teknologi, 70(1), 93-98. 

M. Sharon, A. K. C. and R. K. (2010). Nanotechnology in a gricultural diseases and food 

safety, Journal of Phytology, 2(4), 83–92. 

Malaisamy, R., Berry, D., Holder, D., Raskin, L., Lepak, L., and Jones, K. L. (2010). 

Development of reactive thin film polymer brush membranes to prevent biofouling. 

Journal of Membrane Science, 350(1–2), 361–370.  

Marchetti, P., Solomon, M. F. J., Szekely, G., and Livingston, A. G., a. (2014). Molecular 

Separation with Organic Solvent Nano filtration : A Critical Review. Chemical 

Review, 114(21), 10735–10806. 

Mayyahi, A. Al. (2018). TiO2 Polyamide Thin Film Nanocomposite Reverses Osmosis 

Membrane for Water Desalination. Membranes, 8(3), 66.  

Mittal, A. K., Chisti, Y., and Banerjee, U. C. (2013). Synthesis of metallic nanoparticles 

using plant extracts. Biotechnology Advances, 31(2), 346–356.  

Mollahosseini, A., Rahimpour, A., Jahamshahi, M., Peyravi, M., and Khavarpour, M. 

(2012). The effect of silver nanoparticle size on performance and antibacteriality of 

polysulfone ultrafiltration membrane. Desalination, 306, 41–50.  

Monteiro, C., Ventura, C., and Martins, F. (2013). A new approach for the extraction of 

pollutants from wastewaters handled by the graphic industry. Journal of 

Environmental Management, 122, 99–104.  

Morones, J. R., Elechiguerra, J. L., Camacho, A., Holt, K., Kouri, J. B., Ramírez, J. T., 

and Yacaman, M. J. (2005). The bactericidal effect of silver nanoparticles. 

Nanotechnology, 16(10), 2346–2353.  

MubarakAli, D., Thajuddin, N., Jeganathan, K., and Gunasekaran, M. (2011). Plant 

extract mediated synthesis of silver and gold nanoparticles and its antibacterial 

activity against clinically isolated pathogens. Colloids and Surfaces. B, 

Biointerfaces, 85(2), 360–365.  

Munir, A. (2006). Dead End Membrane Filtration (Technical Report).  

Nabikhan, A., Kandasamy, K., Raj, A., and Alikunhi, N. M. (2010). Synthesis of 

antimicrobial silver nanoparticles by callus and leaf extracts from saltmarsh plant, 



86 

Sesuvium portulacastrum L. Colloids and Surfaces. B, Biointerfaces, 79(2), 488–

493. 

Parashar, V., Parashar, R., Sharma, B., and Pandey, A. C. (2009). Parthenium leaf extract 

mediated synthesis of silver nanoparticles : a novel approach towards weed 

utilization, Digest Journal of Nanomaterials and Biostructures, 4(1), 45–50. 

Prabhu, S., and Poulose, E. K. (2012). Silver nanoparticles: mechanism of antimicrobial 

action, synthesis, medical applications, and toxicity effects. International Nano 

Letters, 2(1), 32.  

Rabinal, M. K., Kalasad, M. N., Praveenkumar, K., Bharadi, V. R., and Bhikshavartimath,  

a. M. (2013). Electrochemical synthesis and optical properties of organically capped 

silver nanoparticles. Journal of Alloys and Compounds, 562, 43–47.  

Rai, M., Yadav, A., and Gade, A. (2009). Silver nanoparticles as a new generation of 

antimicrobials. Biotechnology Advances, 27(1), 76–83.  

Raja, K., Saravanakumar, and Vijayakumar, R. (2012). Efficient synthesis of silver 

nanoparticles from Prosopis juliflora leaf extract and its antimicrobial activity using 

sewage. Spectrochimica Acta. Part A, Molecular and Biomolecular Spectroscopy, 

97, 490–494.  

Rashid, M. U., Bhuiyan, K. H., and Quayum, M. E. (2013). Synthesis of Silver Nano 

Particles ( Ag-NPs ) and their uses for Quantitative Analysis of Vitamin C Tablets, 

Journal of Pharmaceutical Science, 12(1), 29-33. 

Raut, R. W., Mendhulkar, V. D., and Kashid, S. B. (2014). Photosensitized synthesis of 

silver nanoparticles using Withania somnifera leaf powder and silver nitrate. Journal 

of Photochemistry and Photobiology. B, Biology, 132, 45–55.  

Ravindra, S., Murali Mohan, Y., Narayana Reddy, N., and Mohana Raju, K. (2010). 

Fabrication of antibacterial cotton fibres loaded with silver nanoparticles via “Green 

Approach.” Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

367(1–3), 31–40. 

Samadi, N., Hosseini, S. V, Fazeli, A., and Fazeli, M. R. (2010). Synthesis and 

antimicrobial effects of silver nanoparticles produced by chemical reduction method, 

DARU Journal of Pharmaceutical Sciences, 18(3), 168–172. 

Sari, M. A., and Chellam, S. (2013). Surface water nanofiltration incorporating (electro) 

coagulation–microfiltration pretreatment: Fouling control and membrane 

characterization. Journal of Membrane Science, 437, 249–256.  

Sathyavathi, R., Krishna, M.B., Rao, S. V., and Saritha, R. and Rao, D. N. (2010). 

Biosynthesis of Silver Nanoparticles Using Coriandrum Sativum Leaf Extract and 

Their Application in Nonlinear Optics. Advanced Science Letters, 3(2), 138–143.  

Saviz Mortazavi. (2008). Application of Membrane Separation Technology to Mitigation 

of Mine Effluent and Acidic Drainage, USA: Natural Resources Canada. 

Saxena, A., Tripathi, R. M., and Singh, R. P. (2010). Biological synthesis of silver 

nanoparticles by using onion ( allium cepa ) extract and their antibacterial activity, 

Digest Journal of Nanomaterials nd Biostructures, 5(2), 427–432. 



87 

Schaep, J., and Vandecasteele, C. (2001). Evaluating the charge of nanofiltration 

membranes, Journal of Membrane Science, 188(2001), 129–136. 

Schaep, J., Vandecasteele, C., Mohammad, A. W., and Bowen, W. R. (2001). Modelling 

the retention of ionic components for different nanofiltration membranes, Separation 

and Purification Technology, 22-23(2001), 169–179. 

Seman, M. N. A., Khayet, M., and Hilal, N. (2010). Nanofiltration thin-film composite 

polyester polyethersulfone-based membranes prepared by interfacial 

polymerization. Journal of Membrane Science, 348(1–2), 109–116.  

Shameli, K., Ahmad, M. Bin, Jazayeri, S. D., Shabanzadeh, P., Sangpour, P., Jahangirian, 

H., and Gharayebi, Y. (2012). Investigation of antibacterial properties silver 

nanoparticles prepared via green method. Chemistry Central Journal, 6(1), 73. 

Shankar, S. S., Rai, A., Ahmad, A., and Sastry, M. (2004). Rapid synthesis of Au, Ag, 

and bimetallic Au core-Ag shell nanoparticles using Neem (Azadirachta indica) leaf 

broth. Journal of Colloid and Interface Science, 275(2), 496–502.  

Sharma, V. K., Yngard, R. a, and Lin, Y. (2009). Silver nanoparticles: green synthesis 

and their antimicrobial activities. Advances in Colloid and Interface Science, 145(1–

2), 83–96.  

Shivaji, S., Madhu, S., and Singh, S. (2011). Extracellular synthesis of antibacterial silver 

nanoparticles using psychrophilic bacteria. Process Biochemistry, 46(9), 1800–

1807.  

Smolkova, B., El Yamani, N., Collins, A. R., Gutleb, A. C., and Dusinska, M. (2015). 

Nanoparticles in food. Epigenetic changes induced by nanomaterials and possible 

impact on health. Food and Chemical Toxicology : An International Journal 

Published for the British Industrial Biological Research Association, 77, 64–73.  

Sondi, I., and Salopek-Sondi, B. (2004). Silver nanoparticles as antimicrobial agent: a 

case study on E. coli as a model for Gram-negative bacteria. Journal of Colloid and 

Interface Science, 275(1), 177–182.  

Subramani, A., and Jacangelo, J. G. (2015). Emerging Desalination Technologies for 

Water Treatment: A Critical Review. Water Research, 75, 164–187.  

Sulaiman, G. M., Mohammed, W. H., Marzoog, T. R., Al-Amiery, A. A. A., Kadhum, A. 

A. H., and Mohamad, A. B. (2013). Green synthesis, antimicrobial and cytotoxic 

effects of silver nanoparticles using Eucalyptus chapmaniana leaves extract. Asian 

Pacific Journal of Tropical Biomedicine, 3(1), 58–63.  

Sun, Q., Cai, X., Li, J., Zheng, M., Chen, Z., and Yu, C.P. (2014). Green synthesis of 

silver nanoparticles using tea leaf extract and evaluation of their stability and 

antibacterial activity. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 444, 226–231.  

Sun, W., Liu, J., Chu, H., and Dong, B. (2013). Pretreatment and membrane hydrophilic 

modification to reduce membrane fouling. Membranes, 3(3), 226–241.  

Syed, A., Saraswati, S., Kundu, G. C., and Ahmad, A. (2013). Biological synthesis of 

silver nanoparticles using the fungus Humicola sp. and evaluation of their cytoxicity 



88 

using normal and cancer cell lines. Spectrochimica Acta. Part A, Molecular and 

Biomolecular Spectroscopy, 114, 144–147.  

Szczepanowicz, K., Stefańska, J., Socha, R. P., & Warszyński, P. (2010). Preparation of 

silver nanoparticles via chemical reduction and their antimicrobial activities, 

Physicochemical Problems of Mineral Processing, 45, 85–98. 

Szymczyk,  A., Labbez, C., Fievet, P., Vidonne, A., Foissy,  A., and Pagetti, J. (2003). 

Contribution of convection, diffusion and migration to electrolyte transport through 

nanofiltration membranes. Advances in Colloid and Interface Science, 103(1), 77–

94. 

Tang, B., Huo, Z., and Wu, P. (2008). Study on a novel polyester composite nanofiltration 

membrane by interfacial polymerization of triethanolamine (TEOA) and trimesoyl 

chloride (TMC). Journal of Membrane Science, 320(1–2), 198–205.  

Tao, H.C., Liang, M., Li, W., Zhang, L.J., Ni, J.R., and Wu, W.M. (2011). Removal of 

copper from aqueous solution by electrodeposition in cathode chamber of microbial 

fuel cell. Journal of Hazardous Materials, 189(1–2), 186–192.  

Tarboush, B. J. A., Rana, D., Matsuura, T., Arafat, H. A., and Narbaitz, R. M. (2008). 

Preparation of thin-film-composite polyamide membranes for desalination using 

novel hydrophilic surface modifying macromolecules. Journal of Membrane 

Science, 325(1), 166–175.  

Tolaymat, T. M., El Badawy, A. M., Genaidy, A., Scheckel, K. G., Luxton, T. P., and 

Suidan, M. (2010). An evidence-based environmental perspective of manufactured 

silver nanoparticle in syntheses and applications: a systematic review and critical 

appraisal of peer-reviewed scientific papers. The Science of the Total Environment, 

408(5), 999–1006.  

Tran, Q. H., Nguyen, V. Q., & Le, A.-T. (2013). Silver nanoparticles: synthesis, 

properties, toxicology, applications and perspectives. Advances in Natural Sciences: 

Nanoscience and Nanotechnology, 4(3), 033001.  

Trbojevich, Raúl A. and Fernández, A. (2013). Silver Nanoparticles: Synthesis, 

Characterization and health Concerns, Italy: Nova Acience Publisher. 

Veerasamy, R., Xin, T.A., Gunasagaran, S., Xiang, T.F.W., Yang, E.F.C., Jeyakumar, N. 

and Dhanaraj, S. A. (2011). Biosynthesis of silver nanoparticles using mangosteen 

leaf extract and evaluation of their antimicrobial activities. Journal of Saudi 

Chemical Society, 15(2), 113–120.  

Vidhu, V. K., Aromal, S. A., and Philip, D. (2011). Green synthesis of silver nanoparticles 

using Macrotyloma uniflorum. Spectrochimica Acta. Part A, Molecular and 

Biomolecular Spectroscopy, 83(1), 392–397.  

Wang, H., Zhang, Q., and Zhang, S. (2011). Positively charged nanofiltration membrane 

formed by interfacial polymerization of 3,3′,5,5′-biphenyl tetraacyl chloride and 

piperazine on a poly(acrylonitrile) (PAN) support. Journal of Membrane Science, 

378(1–2), 243–249.  

Wang, Q., Zhang, G., Li, Z., Deng, S., Chen, H., and Wang, P. (2014). Preparation and 

properties of polyamide/titania composite nanofiltration membrane by interfacial 



89 

polymerization. Desalination, 352, 38–44.  

Wijmans, H. (2000). Membrane Separation, USA: Academic Press. 

Wu, D., Huang, Y., Yu, S., Lawless, D., & Feng, X. (2014). Thin film composite 

nanofiltration membranes assembled layer-by-layer via interfacial polymerization 

from polyethylenimine and trimesoyl chloride. Journal of Membrane Science, 472, 

141–153. 

Wu, Y.F., Liu, W., Gao, N.Y., and Tao, T. (2011). A study of titanium sulfate flocculation 

for water treatment. Water Research, 45(12), 3704–3711.  

Xu, G.R., Wang, J.N., and Li, C.J. (2013). Strategies for improving the performance of 

the polyamide thin film composite (PA-TFC) reverse osmosis (RO) membranes: 

Surface modifications and nanoparticles incorporations. Desalination, 328, 83–100.  

Yang, H.L., Lin, J. C.T., and Huang, C. (2009). Application of nanosilver surface 

modification to RO membrane and spacer for mitigating biofouling in seawater 

desalination. Water Research, 43(15), 3777–3786.  

Yin, J., Yang, Y., Hu, Z., and Deng, B. (2013). Attachment of silver nanoparticles 

(AgNPs) onto thin-film composite (TFC) membranes through covalent bonding to 

reduce membrane biofouling. Journal of Membrane Science, 441, 73–82.  

Yong, Z., Sanchuan, Y., Meihong, L., and Congjie, G. (2006). Polyamide thin film 

composite membrane prepared from m-phenylenediamine and m-

phenylenediamine-5-sulfonic acid, Journal of Membrane Science, 270, 162–168. 

Yu, S., Ma, M., Liu, J., Tao, J., Liu, M., and Gao, C. (2011). Study on polyamide thin-

film composite nanofiltration membrane by interfacial polymerization of 

polyvinylamine (PVAm) and isophthaloyl chloride (IPC). Journal of Membrane 

Science, 379(1–2), 164–173. 

Zamora, L. L. and Gracia, M. T. P. (2012). Using digital photography to implement the 

McFarland method. Journal of the Royal Society, Interface / the Royal Society, 

9(73), 1892–1897.  

Zhang, D., Chen, L., Zang, C., Chen, Y., and Lin, H. (2013). Antibacterial cotton fabric 

grafted with silver nanoparticles and its excellent laundering durability. 

Carbohydrate Polymers, 92(2), 2088–2094.  

Zhang, M., Zhang, K., De Gusseme, B., and Verstraete, W. (2012). Biogenic silver 

nanoparticles (bio-Ag 0) decrease biofouling of bio-Ag 0/PES nanocomposite 

membranes. Water Research, 46(7), 2077–2087.  

Zhao, C., Xue, J., Ran, F., and Sun, S. (2013). Modification of polyethersulfone 

membranes – A review of methods. Progress in Materials Science, 58(1), 76–150.  

Zhong, J., Sun, X., and Wang, C. (2003). Treatment of oily wastewater produced from 

refinery processes using flocculation and ceramic membrane filtration. Separation 

and Purification Technology, 32(1–3), 93–98.  

Zhu, X., Bai, R., Wee, K.-H., Liu, C., and Tang, S.L. (2010). Membrane surfaces 

immobilized with ionic or reduced silver and their anti-biofouling performances. 



90 

Journal of Membrane Science, 363(1–2), 278–286. 

Zodrow, K., Brunet, L., Mahendra, S., Li, D., Zhang, A., Li, Q., and Alvarez, P. J. J. 

(2009). Polysulfone ultrafiltration membranes impregnated with silver nanoparticles 

show improved biofouling resistance and virus removal. Water Research, 43(3), 

715–723.  

Zularisam, A. W., Ismail, A. F., and Salim, R. (2006). Behaviours of natural organic 

matter in membrane filtration for surface water treatment — A review, Desalination, 

194(1-3), 211–231.  

 

 


	COVERPAGE and CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	CHAPTER 4
	CHAPTER 5
	REFERENCES and APPENDICES

