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ABSTRACT 

 

 

 

 

To date, membrane distillation (MD) has been regarded as a potential 

candidate in treating textile effluents as this thermally-driven membrane process has 

unique advantages over pressure-driven membrane processes. However, the main 

challenge for the MD process to be practically used in textile industry is the 

difficulty of getting a membrane with desirable characteristics. In this work, 

polyvinylidene fluoride incorporated Cloisite 15A hollow fiber composite 

membranes were developed for textile wastewater treatment using direct contact 

membrane distillation (DCMD) system. The effects of polymer concentrations, types 

of additives and Cloisite 15A clay loadings on the membrane properties and its 

DCMD performance were investigated. Membrane made of 12 wt% PVDF was 

found to be the best performing membrane based on its overall separation 

performance in comparison to the membranes prepared with higher PVDF 

concentration. In terms of additive, ethylene glycol (EG) was found to be better pore 

former agent as compared to polyvinylpyrrolidone (PVP). The 12 wt% PVDF 

membrane with EG as additive was further modified by Cloisite 15A at different 

loadings. Results showed that the PVDF membrane incorporated with 3 wt% Cloisite 

15A (PVDF-3% C15A) was the best composite membrane in terms of permeate flux 

(10.13 ± 0.18 kg m
-2

 h
-1

) and dye rejection (>99%). Its membrane contact angle, 

wetting pressure, mean pore size and surface roughness was reported to improve 

upon addition of 3 wt% Cloisite 15A. Besides, this membrane also exhibited the 

highest thermal stability, mechanical strength and overall porosity compared to other 

composite membranes. In view of this, PVDF-3% C15A membrane was selected for 

further studied using synthetic dyeing solutions containing dyes and salts. With 

respect to separation performance, higher rejections were able to achieve in all 

experimental tests, regardless of operating conditions, which indicate the potential of 

PVDF-3% C15A membrane in producing purified water from synthetic dyeing 

solutions. The membrane was further subjected to another experiment using real 

textile wastewater collected from a textile factory located in Kulai, Johor. The treated 

water was analyzed with respect to biological oxygen demand (BOD5), chemical 

oxygen demand (COD), total dissolved solid (TDS), color, turbidity and 

conductivity. Higher permeate flux (36.82 ± 1.96 kg m
-2

 h
-1

) with excellent removal 

efficiency (>90%) was recorded for each measured analytical parameter during 

textile wastewater treatment. The stability of the membrane was also assessed for up 

to 40-h. Results showed that a significant flux decline was observed during the long-

term operation, owing to fouling resulted from cake layer formed at the outer surface 

of the membrane. Nevertheless, the quality of permeate could be practically 

maintained at not less than 72% removal for both COD and color. As a conclusion, it 

can be said that the in-house made PVDF-Cloisite 15A composite membrane can 

facilitate the development of textile wastewater treatment if several issues such as 

membrane fouling and pore wetting can be further addressed. 
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ABSTRAK 

 

 

 

 
Sehingga kini, penyulingan bermembran (MD) telah dilihat sebagai calon yang 

berpotensi dalam merawat air sisa tekstil kerana proses membran terpacu haba ini 

mempunyai kelebihan yang unik berbanding proses membran terpacu tekanan. Walau 

bagaimanapun, cabaran utama untuk proses MD digunakan dalam industri tekstil ialah 

kesukaran untuk mendapatkan membran dengan ciri-ciri yang dikehendaki. Dalam kajian ini, 

membran komposit gentian geronggang polivinilidin florida (PVDF) Cloisite 15A telah 

dibangunkan untuk rawatan air sisa tekstil menggunakan sistem penyulingan bermembran 

secara langsung (DCMD). Pengaruh berat kepekatan polimer, jenis bahan tambah dan berat 

muatan tanah liat Cloisite 15A kepada sifat-sifat membran dan prestasi DCMD telah dikaji. 

Membran yang diperbuat daripada 12% berat kepekatan PVDF telah dikenalpasti sebagai 

membran unggul berdasarkan prestasi pemisahan keseluruhannya berbanding dengan 

membran yang dihasilkan dengan berat kepekatan PVDF yang lebih tinggi. Dari segi bahan 

tambah pula, etilena glikol (EG) didapati sebagai ejen pembentuk liang yang terbaik bagi 

membran PVDF berbanding polivinil pirolidon (PVP). Seterusnya, membran PVDF yang 

mempunyai berat kepekatan 12% beserta bahan tambah  EG  telah diubahsuai pula pada 

berat muatan Cloisite 15A yang berlainan. Keputusan kajian menunjukkan bahawa membran 

PVDF yang ditambah dengan 3% berat Cloisite 15A (PVDF-3% C15A) adalah membran 

komposit yang terbaik dari segi fluks resapan (10.13 ± 0.18 kg m
-2

 h
-1

) dan penyingkiran 

pewarna (> 99%).  Membran PVDF yang diubahsuai itu dilaporkan telah meningkatkan nilai 

sudut sesentuh membran, tekanan kebasahan, purata saiz liang dan kekasaran permukaan 

selepas ditambah dengan 3% berat Cloisite 15A. Selain itu, membran tersebut juga 

menunjukkan kestabilan haba, kekuatan mekanikal dan keliangan keseluruhan yang tertinggi 

berbanding dengan membran komposit yang lain. Oleh yang demikian, membran PVDF-3% 

C15A telah dipilih untuk kajian seterusnya menggunakan larutan pencelupan sintetik yang 

mengandungi pewarna dan garam. Berkenaan dengan prestasi pemisahan, penyingkiran yang 

tinggi telah dicapai dalam setiap ujikaji yang dijalankan tanpa mengira keadaan operasi 

dimana menunjukkan keupayaan membran tersebut dalam menghasilkan air yang bersih 

daripada larutan pencelupan sintetik. Membran tersebut seterusnya digunakan untuk 

merawat air sisa tekstil yang diambil dari sebuah kilang tekstil di Kulai, Johor. Air yang 

telah dirawat kemudiannya dianalisis berdasarkan keperluan oksigen biokimia (BOD5), 

keperluan oksigen kimia (COD), jumlah pepejal terlarut (TDS), warna, kekeruhan dan 

konduktiviti. Kadar flux (36.82 ± 1.96 kg m
-2

 h
-1

) yang tinggi serta kecekapan penyingkiran 

yang sangat baik (>90%) telah dicatat bagi setiap parameter kualiti air yang dianalisis 

semasa rawatan air sisa tekstil. Kestabilan membran juga telah dinilai sehingga 40 jam dan 

hasil keputusan menunjukkan bahawa penurunan fluks yang ketara telah diperhatikan 

semasa operasi jangka panjang tersebut. Hal ini berlaku disebabkan oleh kekotoran yang 

terhasil daripada pembentukan lapisan kotoran di permukaan luar membran. Walau 

bagaimanapun, kualiti air yang dirawat masih memberangsangkan iaitu sekitar 72% keatas 

bagi penyingkiran COD dan warna. Kesimpulannya, boleh dikatakan bahawa membran 

komposit PVDF-Cloisite 15A yang dihasilkan ini dapat membantu dalam pembangunan 

rawatan air sisa tekstil sekiranya beberapa isu seperti masalah membran tersumbat 

disebabkan kotoran serta kebasahan liang dapat diatasi sepenuhnya. 
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CHAPTER 1  

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1  Research Background 

 

 

Over the last decades, membrane processes for water and wastewater 

treatment are gaining a larger acceptance in the industry, mainly due to its flexibility 

and cost-competitive in comparison to conventional separation processes (i.e. 

chemical and biological treatment processes). Since the early 1960s, the membrane 

separation system has become an alternative way to replace conventional separation 

process in a wide range of applications such as drinking water production and 

municipal/industrial wastewater treatment technologies (Baker, 2004). In particular 

to industrial wastewater treatment, pressure-driven membrane processes have gained 

more interest in industrial sectors as the technologies are more reliable and 

sustainable (Gryta et al., 2006). The pressure-driven membrane processes mainly 

consist of microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse 

osmosis (RO).  

 

 

Advances in pressure-driven membrane technology in recent years have 

offered many advantages in separating almost all the substances regardless of organic 

or inorganic compounds (Ramesh Kumar et al., 2013; De Jager et al., 2014; Ong et 

al., 2014). Compared to the biological treatment plants, membrane separation units 

can be installed in relatively small-scale facilities and thus lower footprint. Besides, 

the process is also more environmentally friendly compared with the chemical 

treatment plants which usually require large amounts of chemicals to treat the 

wastewater. However, substantial increase in energy consumption resulted from 
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higher osmotic pressure is the major drawback of the pressure driven membrane 

processes such as RO and NF (Suksaroj et al., 2005). To deal with that problem, 

researchers have paid attention into the second generation of membrane processes 

such as membrane distillation (MD), membrane contactor (MC), membrane reactor 

(MR) and forward-osmosis (FO) for the industrial applications.   

 

 

Of these new membrane technologies, MD gains the most remarkable 

attention, mainly because it is very suitable for feed solution containing water as the 

major component (Khayet, 2008). MD is seen as a potential candidate in treating 

industrial effluents as this membrane process has unique advantages over other 

membrane processes. Unlike NF and RO membrane processes which strongly rely on 

external osmotic pressure to operate, the existence of vapor pressure difference 

between the hot solution (wastewater) and cold water across the membrane could act 

as driving force which potentially minimizes fouling tendency in the long run (Qu et 

al., 2009). Furthermore, MD in principle has the ability to completely eliminate ions, 

macromolecules, colloids, cells, and other non-volatile organic compounds from the 

wastewater (El-Bourawi et al., 2006). Because of this, MD can reduce the process 

materials requirement and further minimize waste disposal costs by reusing the clean 

water produced from the membrane process. 

 

 

 

 

1.2  Problem Statements 

 

 

Current concerns about environmental issues and water shortage have driven 

scientists and researchers to find effective ways to reduce the amount of 

contaminants released to the river as well as potential treatment process to reuse 

process water in industry.  The reuse of industrial wastewater is practically applied in 

developed countries such as  United States, Australia, South Africa and Japan as 

most of the industrial projects having an agricultural vocation, being intended for 

irrigation (Amar et al., 2009). Statistics revealed that textile factories consume 

average 0.06–0.40 m
3
 of fresh water for each 1 kg of finished product and  the 

effluents discharged (Yusuff and Sonibare, 2005; Amar et al., 2009). Furthermore, 
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textile industries are considered as one of the largest generators of toxic chemical 

wastewater in the world as they contain more than 2000 types of chemicals and over 

7000 types of dyes (Halimoon and Yin, 2010). 

 

 

Various techniques are used for the conventional treatment of textile 

wastewater such as coagulation flocculation, biotechnology, electrochemical 

oxidation and adsorption (Lau and Ismail, 2009; Amar et al., 2009; Amini et al., 

2011). Treatment of textile wastewater with biotechnology is most preferred over 

other technologies because this process is more environmentally friendly and cost-

effective (Ahmed et al., 2007; Chen et al., 2007). However, most of the conventional 

treatment processes are associated with significant drawbacks, i.e. relatively low 

rejection of salt and insufficient to remove completely color from the textile 

effluents. Since 1990s, vast research of pressure-driven membrane processes (i.e. UF, 

MF, NF and RO) in textile wastewater treatment were widely reported in the 

literature (Marcucci et al., 2001; Fersi et al., 2009; Lau and Ismail, 2009; Amini et 

al., 2011). It is shown that membrane separation technologies are an attractive 

alternative to the conventional treatment processes due to their potential to either 

produce purified water or allow reuse of the auxiliary chemicals used for dyeing 

process. However, the major problem in these pressure-driven membrane processes 

is the rapid decline of the permeation flux that arises from membrane fouling during 

operation (Fersi et al., 2009; Amini et al., 2011).  

 

 

To tackle this problem, the use of MD in textile wastewater treatment could 

be the most ideal candidate owing to its low fouling tendency which resulted from 

relatively low operating pressure (average 1 bar). MD is a promising candidate for 

textile wastewater treatment as the textile industry originally discharges hot effluent 

(80–90˚C) that can be used directly in the MD process (Criscuoli et al., 2008). By 

exploiting the hot textile effluent, no/minimum energy is required to maintain the 

feed (effluent) temperature. A literature search revealed that only commercial 

membranes made of polypropylene (PP) and polytetrafluoroethylene (PTFE) were 

used in MD studies of dyeing solution treatment process (Calabro et al., 1991; Banat 

et al., 2005; Criscuoli et al., 2008; Mozia et al., 2009; Qu et al., 2014). However, the 

problems associated with these commercial membranes are their high price and 
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availability. Khayet and Matsuura (2011) stated that some of the commercial 

membranes were initially developed for MF application and the manufactured data 

(i.e. rejection and hydraulic permeability) are not relevant to MD application. In view 

of this, the production of in-house made MD membrane for textile wastewater 

application is needed.  

 

 

Currently, special attention is paid to polyvinylidene fluoride (PVDF) 

development in membrane preparations of MD application. Unlike PP and PTFE, 

PVDF can be easily dissolved in common organic solvents which make it easier for 

membrane making process. Besides, PVDF membrane is much cheaper compared to 

PTFE membrane which makes it more cost-effective (Alklaibi and Lior, 2005). 

Although PVDF is one of the most commonly used polymers in MD due to its 

unique advantages such as low melting point, high chemical resistance, good thermal 

stability, low surface energy, etc. (Bonyadi and Chung, 2007; Kuo et al., 2008; 

Edwie et al., 2012; Goh et al., 2013), some modification is still needed to improve its 

structural properties to enhance the MD performance. As reported by Adnan et al. 

(2012), the key factor in selecting the best MD membrane is not based on the 

membrane pore size and membrane thickness, instead it is based on membrane 

porosity.  

 

 

Conventionally, porous PVDF membranes are produced in various methods, 

such as polymer nanofibers, thermally induced phase separation and non-solvent 

induced phase separation (Feng et al., 2008; Kuo et al., 2008; Hou et al., 2009; 

Prince et al., 2012; Song et al., 2012; Lalia et al., 2013). Of these, many researchers 

preferred to prepare porous PVDF membrane using a simple blending process by 

including either organic or inorganic additives (Wang et al., 2008; Wang et al., 2009; 

Edwie et al., 2012; Tang et al., 2012). As simple blending method is the common 

technique employed by many researchers to improve MD performances, the effects 

of ethylene glycol (EG) and polyvinylpyrrolidone (PVP), mainly for membrane 

porosity enhancement have been explored in this work.  

 

 

Over the past several years, EG is reported as the preferable additive for MD 

membrane preparation  due to its ability to induce pore formation and produce a thin 
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skin layer during phase inversion process (Wang et al., 2008; Bonyadi and Chung, 

2009; Teoh and Chung, 2009; Wang et al., 2009; Edwie et al., 2012). Compatibility 

of EG in the dope solution is not a main concern as EG is highly miscible with dope 

solution containing both NMP (solvent) and water (non-solvent) (Wang et al., 2009). 

It has been previously reported that PVDF membrane blended with EG exhibited 

much better performances than that of neat PVDF membrane in the desalination 

process, mainly due to its highly porous structure (Wang et al., 2008). On one hand, 

PVP is scarcely reported in MD process but this type of additive is widely used in 

other membrane applications to improve the pore size, pore size distribution, degree 

of hydrophilicity as well as increase water permeability (Yoo et al., 2004; Basri et 

al., 2011; Xu et al., 2012). Apart of issue in MD process regarding the hydrophilic 

properties of this additive, relatively few researchers have reported their studies on 

the utilization of PVP additives in MD membranes (Simone et al., 2010; Drioli et al., 

2013; Figoli et al., 2014). Both studies proved that the incorporation of PVP into 

membrane matrix has improved the membrane porosity and enhanced permeate flux.  

 

 

Although the highly porous membrane is desirable in MD process, there are 

also some limitations of the PVDF membrane blended with additives. Usually, the 

additives affect the membrane hydrophobicity and mechanical strength (Yoo et al., 

2004; Simone et al., 2010). In view of this, composite membrane was developed in 

this study to overcome the limitations. Among various polymers and inorganic 

composites, PVDF membranes incorporated with clays have attracted considerable 

attention because clays are highly compatible with polymer and relatively abundant. 

In MD, various types of Cloisite groups were used as inorganic filler for their in-

house made membranes especially for desalination process. Bonyadi and Chung 

(2007) utilized both Cloisite Na
+
 and Cloisite 15A to their inner and outer dope 

solutions to induce different surface tension properties between the two layers of the 

dual layer hydrophilic-hydrophobic hollow fiber membrane. Meanwhile, Wang et al. 

(2009) incorporated Cloisite 20A clay particles to their dope solution to reinforce 

fiber mechanical strength and control the coefficients of thermal expansion and heat 

insulation by forming a kind of mixed matrix membrane embedded with a dispersed 

inorganic phase. The Cloisite 20A also showed a good potential in preventing pore 

wetting problem during MD process (Prince et al., 2012). 



6 

 

 

In this work, Cloisite 15A was chosen as this type of clay exhibits the highest 

hydrophobicity compared with other organically modified clays (Jaafar et al., 2009; 

Daraei et al., 2013). Previous works have shown the importance of Cloisite 15A in 

improving the properties of PVDF composite which include enhanced melting and 

crystallization temperatures, membrane toughness and hydrophobicity (Yu et al., 

2008; Patro et al., 2008; Hwang et al., 2011). The enhancement in properties can be 

attributed to the interaction between the cation di-tallow and the PVDF crystalline 

structure. Hence, this is also the aims of this work to study the effect of the clay 

loading on the structural properties of PVDF membrane and how the changes in 

membrane properties (upon clay incorporation) would alter the membrane 

performances during DCMD process of dyeing solution. 

 

 

 

 

1.3  Objectives of the Study 

 

 

Based on the research background and the problem statement as written 

earlier, the main objectives of this study are: 

 

 

i. To study the effect of polymer weight concentrations and different types of 

additives on the performances of the PVDF-based hollow fiber membranes 

for MD application. 

 

 

ii. To select the best composition of the PVDF Cloisite 15A hollow fiber 

composite membranes in terms of structural properties and performances. 

 

 

iii. To evaluate the performances of the selected PVDF Cloisite 15A hollow fiber 

composite membrane for treatment of synthetic dyeing solutions and 

industrial textile wastewater using direct contact membrane distillation 

(DCMD) system. 
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1.4  Scopes of the Study 

 

 

 In order to achieve the above mentioned objectives, the following scopes of 

works have been performed; 

 

 

i. Designing and constructing laboratory-scale DCMD system which the 

installation consisted of two thermostatic cycles (hot feed and cold permeate) 

that were connected to a stainless steel membrane module.  

 

 

ii. Fabricating neat PVDF hollow fiber membrane at three different polymer 

concentrations and preparing modified PVDF hollow fiber membrane 

blended with different types of additives using dry-jet wet phase inversion 

method with fixed spinning conditions. 

 

 

iii. Identifying the ideal control PVDF-based dope solution by selecting the best 

polymer concentrations, either 12, 15 or 18 wt% and the best type of pore 

former additive, either ethylene glycol (EG) or polyvinylpyrrolidone (PVP) 

for DCMD application with respect to permeate flux and dye rejection. 

 

 

iv. Preparing the PVDF Cloisite 15A hollow fiber composite membranes by 

varying the clay concentration in the control PVDF-based dope solution at 

three different concentrations (3, 5 and 10 wt% per total polymer). 

 

 

v. Characterizing membrane morphology and Cloisite 15A dispersion in the 

PVDF Cloisite 15A hollow fiber composite membranes using scanning 

electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform 

infrared (FTIR) and energy dispersive X-ray (EDX). 

 

 

vi. Determining physicochemical properties of the PVDF Cloisite 15A hollow 

fiber composite membranes in terms of membrane porosity, mean pore size, 

liquid entry pressure (LEP), contact angle (CA), surface roughness (Ra), 
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tensile strength, elongation, Young‘s modulus, glass transition temperature 

(Tg) and thermal decomposition behaviors. 

 

 

vii. Identifying the optimum clay loadings for the PVDF Cloisite 15A hollow 

fiber composite membranes based on DCMD performances.  

 

 

viii. Evaluating the selected PVDF Cloisite 15A hollow fiber composite 

membrane in treating synthetic dyeing solutions under various operating 

conditions. 

 

 

ix. Investigating the feasibility of the selected PVDF Cloisite 15A hollow fiber 

composite membrane for industrial application using the real textile 

wastewater. 

 

 

 

 

1.5  Rational and Significance of the Study 

 
 

 MD is relatively new in industrial application and has not been extensively 

studied like other membrane processes. Therefore, this study is an attempt to 

establish a framework for better understanding the MD process and to provide the 

starting point for membrane researchers to develop this thermally driven separation 

process for industrial purpose. Three strategies towards implementation of MD in 

industrial scale should be optimized in order to fulfill the high performance criteria. 

These strategies include membrane characteristics, process conditions and module 

design. This research covers the membrane characteristics and process conditions in 

terms of fabricating improved membrane materials with desirable structural 

properties as well as high mechanical and thermal stability for the textile wastewater 

treatment process. 

 

 

 Composite membrane consisted of inorganic clay and organic polymer was 

prepared and characterized to meet the MD requirements. The attempt is made to 
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investigate the potential of the composite membrane in treating industrial textile 

wastewater. Although PVDF is not a common polymeric membrane used for this 

application, the significance impacts from that type of material have proved its 

effectiveness towards wastewater treatment applications. The addition of Cloisite 

15A as the inorganic clay into membrane does not increase cost of production owing 

to the low material cost of Cloisite 15A. From the experiment works, it is proved that 

the composite membrane is effective in producing clean water (potentially suitable 

for reuse) and further reducing environmental impacts. It is expected that this study 

may provide a better understanding for the academicians and industrial scientists, 

particularly in environmental areas to recognize MD as a new technology in textile 

wastewater treatment process.  

 

 

 

 

1.6  Organization of the Thesis 

 

 

This thesis consists of five chapters. Chapter 1 outlines brief information on 

membrane separation processes in water and wastewater application including MD 

process. Then, the details of the problem statements, objectives and scopes of this 

study have also been stated in detail. In Chapter 2, general literature review about the 

main topics of this thesis is discussed. This chapter covers background information 

about the current textile wastewater treatment technologies, chronological 

development and fundamental of MD process and overview of composite 

membranes used for MD application. Chapter 3 focuses on the experimental works 

such as materials, characterization methods and DCMD experimental setup that were 

performed in this study.  

 

 

Chapter 4 describes in detail the characterizations and performance 

evaluations of neat PVDF membrane made of different polymer weight 

concentrations, modified PVDF membrane blended with different types of additives 

and PVDF Cloisite 15A composite membrane made of different Cloisite 15A clay 

concentrations. This chapter also evaluates the membrane performances from the 

best composition of PVDF Cloisite 15A hollow fiber composite membranes in 
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treating effluents containing dyes and salts under different feed properties and 

operating conditions. After that, the selected composite membrane was further 

studied using real textile wastewater to study the potential of the fabricated 

composite membrane for industrial application. Finally, the general conclusions and 

some recommendations are given in Chapter 5, outlining the directions for further 

research and optimization. 



153 

 

 

REFERENCES 

 

 

Adnan, S., Hoang, M., Wang, H. and Xie, Z. (2012). Commercial PTFE membranes 

for membrane distillation application: Effect of microstructure and support 

material. Desalination. 284, 297–308.  

Ahmad, A. L., Puasa, S. W. and Zulkali, M. M. D. (2006). Micellar-enhanced 

ultrafiltration for removal of reactive dyes from an aqueous solution. 

Desalination. 191, 153–161.  

Ahmed, M., Idris, A. and Adam, A. (2007). Combined anaerobic-aerobic system for 

treatment of textile wastewater. J. Eng. Sci. Technol. 2(1), 55–69. 

Ajmal, A., Majeed, I., Malik, R. N., Idriss, H. and Nadeem, M. A. (2014). Principles 

and mechanisms of photocatalytic dye degradation on TiO2 based 

photocatalysts: a comparative overview. RSC Adv. 4, 37003–37026.  

Alcaina-Miranda, M. I., Barredo-Damas, S., Bes-Piá, A., Iborra-Clar, M.I., Iborra-

Clar, A. and Memdoza-Roca, J.A. (2009). Nanofiltration as a final step 

towards textile wastewater reclamation. Desalination. 240, 290–297.  

Alkhudhiri, A., Darwish, N. and Hilal, N. (2012). Membrane distillation: A 

comprehensive review. Desalination. 287, 2–18.  

Alklaibi, A. M. and Lior, N. (2005). Membrane-distillation desalination: Status and 

potential. Desalination. 171, 111–131. 

Al-Obaidani, S., Curcio, E., Macedonio, F., Profio, G. D., Al-Hinai, H. and Dioli, E. 

(2008). Potential of membrane distillation in seawater desalination: Thermal 

efficiency, sensitivity study and cost estimation. J. Membr. Sci. 323, 85–98. 

Alventosa-deLara, E., Barredo-Damas, S., Zuriaga-Agustí, E., Alcaina-Miranda, M. 

I. and Iborra-Clar, M. I. (2014). Ultrafiltration ceramic membrane 

performance during the treatment of model solutions containing dye and salt. 

Sep. Purif. Technol. 129, 96–105.  

Amar, N. B., Kechaou, N., Palmeri, J., Deratani, A. and Sghaier, A. (2009). 

Comparison of tertiary treatment by nanofiltration and reverse osmosis for 

water reuse in denim textile industry. J. Hazard. Mater. 170, 111–117. 



154 

 

 

Amini, M., Arami, M., Mahmoodi, N. M. and Akbari, A. (2011). Dye removal from 

colored textile wastewater using acrylic grafted nanomembrane. 

Desalination. 267, 107–113.  

Aouni, A., Fersi, C, Cuartas-Uribe, B., Bes-Pia, A., Alcaina-Miranda, M. I. and 

Dhahbi, M. (2012). Reactive dyes rejection and textile effluent treatment 

study using ultrafiltration and nanofiltration processes. Desalination. 297, 

87–96.  

Arnal, J. M., León, M. C., Lora, J., Gozalvez, J. M., Santafe, A., Sanz, D. and Tena, 

J. (2008). Ultrafiltration as a pre-treatment of other membrane technologies in 

the reuse of textile wastewaters. Desalination. 221, 405–412.  

Awanis Hashim, N., Liu, Y. and Li, K. (2011). Stability of PVDF hollow fibre 

membranes in sodium hydroxide aqueous solution. Chem. Eng. Sci. 66, 

1565–1575.  

Babu, B. R., Parande, A. K., Raghu, S. and Kumar, T. P. (2007). Cotton textile 

processing: waste generation and effluent treatment. J. Cotton Sci. 11, 141–

153. 

Baker, R. W. (2004). Membrane Technology and Applications. (2
nd

 ed.) California: 

John Wiley & Sons Ltd. 

Banat, F., Al-Asheh, S. and Qtaishat, M. (2005). Treatment of waters colored with 

methylene blue dye by vacuum membrane distillation. Desalination. 174, 87–

96.  

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, 72–

80. 

Bélafi-Bakó, K. and Koroknai, B. (2006). Enhanced water flux in fruit juice 

concentration: Coupled operation of osmotic evaporation and membrane 

distillation. J. Membr. Sci. 269, 187–193.  

Bonyadi, S. and Chung, T. S. (2007). Flux enhancement in membrane distillation by 

fabrication of dual layer hydrophilic–hydrophobic hollow fiber membranes. 

J. Membr. Sci. 306, 134–146.  

Bonyadi, S. and Chung, T. S. (2009). Highly porous and macrovoid-free PVDF 

hollow fiber membranes for membrane distillation by a solvent-dope solution 

co-extrusion approach. J. Membr. Sci. 331, 66–74.  



155 

 

 

Bonyadi, S., Chung, T. S. and Rajagopalan, R. (2009). A Novel Approach to 

Fabricate Macrovoid-Free and Highly Permeable PVDF Hollow Fiber 

Membranes for Membrane Distillation. AIChe J. 55(3), 828–833.   

Brik, M., Schoeberl, P., Chamam, B., Braun, R. and Fuchs, W. (2006). Advanced 

treatment of textile wastewater towards reuse using a membrane bioreactor. 

Process Biochem. 41, 1751–1757.  

Calabro, V., Drioli, E. and Matera, F. (1991). Membrane distillation in the textile 

wastewater treatment. Desalination. 83, 209–224. 

Camacho, L. M., Dumée, L., Zhang, J., Li, J. D., Duke, M., Gomez, J. and Gray, S. 

(2013). Advances in membrane distillation for water desalination and 

purification applications. Water. 5, 94–196.  

Cassie, A. B. D. and Baxter, S. (1944). Wettability of porous surfaces. Trans. 

Faraday. Soc. 40, 546–551. 

Cervantes-Uc, J. M., Cauich-Rodríguez, J. V., Vázquez-Torres, H., Garfias-Mesias, 

L. F. and Paul, D. R. (2007). Thermal degradation of commercially available 

organoclays studied by TGA–FTIR. Thermochim. Acta. 457, 92–102.  

Chabot, S., Roy, C., Chowdhury, G. and Matsuura, T. (1997). Development of 

poly(vinylidene fluoride) hollow-fiber membranes for the treatment of 

water/organic vapor mixtures. J. Appl. Polym. Sci. 65, 1263–1270.  

Chai, X. (2007). Wood modifications for valued-added applications using 

nanotechnology-based approaches. Doctor of Philosophy, Université Laval, 

Canada. 

Chau, T. T., Bruckard, W. J., Koh, P. T. L. and Nguyen, A. V. (2009). A review of 

factors that affect contact angle and implications for flotation practice. Adv. 

Colloid Interface Sci. 150, 106–115.  

Chen, J., Wang, Q., Hua, Z. and Du, G. (2007). Research and application of 

biotechnology in textile industries in China. Enzyme Microb. Technol. 40, 

1651–1655.  

Chen, T. C., Ho, C. D. and Yeh, H. M. (2009). Theoretical modeling and 

experimental analysis of direct contact membrane distillation. J. Membr. Sci. 

330, 279–287.  

Chen, X., Shen, Z., Zhu, X., Fan, Y. and Wang, Y. (2005). Advanced treatment of 

textile wastewater for reuse using electrochemical oxidation and membrane 

filtration. Water SA. 31(1), 127–132. 



156 

 

 

Chhabra, M., Mishra, S. and Sreekrishnan, T. R. (2015). Combination of chemical 

and enzymatic treatment for efficient decolorization/degradation of textile 

effluent: High operational stability of the continuous process. Biochem. Eng. 

J. 93, 17–24.  

Cho, K. Y., Jung, H. Y., Choi, N. S., Sung, S. J., Park, J. K., Choi, J. H. and Sung, Y. 

E. (2005). A coated Nafion membrane with a PVdF copolymer/Nafion blend 

for direct methanol fuel cells (DMFCs). Solid State Ionics. 176, 3027–3030.  

Christensen, K, Andresen, R., Tandskov, I., Norddahl, B. and Preez, J. H. D. (2006). 

Using direct contact membrane distillation for whey protein concentration. 

Desalination. 200, 523–525.  

Chung, T. S. and Hu, X. (1997). Effect of air-gap distance on the morphology and 

thermal properties of polyethersulfone hollow fibers. J. Appl. Polym. Sci. 66, 

1067–1077. 

Crini, G. (2008). Kinetic and equilibrium studies on the removal of cationic dyes 

from aqueous solution by adsorption onto a cyclodextrin polymer. Dyes 

Pigments. 77, 415–426.  

Criscuoli, A., Zhong, J., Figoli, A., Carnevale, M. C., Huang, R. and Drioli, E. 

(2008). Treatment of dye solutions by vacuum membrane distillation. Water 

Res. 42, 5031–7.  

Curcio, E. and Drioli, E. (2005). Membrane Distillation and Related Operations — A 

Review. Sep. Purif. Rev. 34, 35–86. 

Daraei, P., Madaeni, S. S., Salehi, E., Ghaemi, N., Ghari, H. S., Khadiri, M. A. and 

Rostami, E. (2013). Novel thin film composite membrane fabricated by 

mixed matrix nanoclay/chitosan on PVDF microfiltration support: 

Preparation, characterization and performance in dye removal. J. Membr. Sci. 

436, 97–108.  

Dasgupta, J., Sikder, J., Chakraborty, S., Curcio, S. and Drioli, E. (2014). 

Remediation of textile effluents by membrane based treatment techniques: A 

state of the art review. J. Environ. Manage. 147, 55–72.  

De Jager, D., Sheldon, M. S. and Edwards, W. (2014). Colour removal from textile 

wastewater using a pilot-scale dual-stage MBR and subsequent RO system. 

Sep. Purif. Technol. 135, 135–144.  



157 

 

 

Debik, E., Kaykioglu, G., Coban, A. and Koyuncu, I. (2010). Reuse of anaerobically 

and aerobically pre-treated textile wastewater by UF and NF membranes. 

Desalination. 256, 174–180.  

Deshmukh, S.P. and Li, K. (1998). Effect of ethanol composition in water 

coagulation bath on morphology of PVDF hollow fibre membranes. J. 

Membr. Sci. 150, 75–85. 

Dong, C., He, G., Li, H., Zhao, R., Han, Y. and Deng, Y. (2012). Antifouling 

enhancement of poly (vinylidene fluoride) microfiltration membrane by 

adding Mg(OH)2 nanoparticles. J. Membr. Sci. 387–388, 40–47.  

Drioli, E., Ali, A., Simone, S.,  Macedonio, F., Al-Jlil, S. A., Al-Shabonah, F. S., Al-

Romaih, H. S., Al-Harbi, O., Figoli, A. and Criscuoli, A. (2013). Novel 

PVDF hollow fiber membranes for vacuum and direct contact membrane 

distillation applications. Sep. Purif. Technol. 115, 27–38.  

Drioli, E., Ali, A. and Macedonio, F. (2015). Membrane distillation: Recent 

developments and perspectives. Desalination. 356, 56–84.  

Edwie, F., Teoh, M. M. and Chung, T. S. (2012). Effects of additives on dual-layer 

hydrophobic–hydrophilic PVDF hollow fiber membranes for membrane 

distillation and continuous performance. Chem. Eng. Sci. 68, 567–578.  

El-Abbassi, A., Hafidi, A., Khayet, M. and García-Payo, M. C. (2013). Integrated 

direct contact membrane distillation for olive mill wastewater treatment. 

Desalination. 323, 31–38.  

El-Bourawi, M. S., Ding, Z., Ma, R. and Khayet, M. (2006). A framework for better 

understanding membrane distillation separation process. J. Membr. Sci. 285, 

4–29.  

El-Zanati, E. and El-Khatib, K. M. (2007). Integrated membrane–based desalination 

system. Desalination. 205, 15–25. 

Feng, C., Shi, B., Li, G. and Wu, Y. (2004). Preparation and properties of 

microporous membrane from poly (vinylidene fluoride-co-

tetrafluoroethylene) (F2.4) for membrane distillation. J. Membr. Sci. 237, 15–

24.  

Feng, C., Khulbe, K. C., Matsuura, T., Gopal, R., Kaur, S., Ramakrishna, S. and 

Khayet, M. (2008). Production of drinking water from saline water by air-gap 

membrane distillation using polyvinylidene fluoride nanofiber membrane. J. 

Membr. Sci. 311, 1–6.  



158 

 

 

Fersi, C., Gzara, L. and Dhahbi, M. (2005). Treatment of textile effluents by 

membrane technologies. Desalination. 185, 399–409.  

Fersi, C., Gzara, L. and Dhahbi, M. (2009). Flux decline study for textile wastewater 

treatment by membrane processes. Desalination. 244, 321–332.  

Figoli, A., Simone, S., Criscuoli, A., Al-Jlil, S. A., Al-Shabouna,  F. S., Al-Romaih, 

H. S., Di-Nicolo, E., Al-Harbi, O. A. and Drioli, E. (2014). Hollow fibers for 

seawater desalination from blends of PVDF with different molecular weights: 

Morphology, properties and VMD performance. Polymer. 55, 1296–1306. 

Firmino, P. I. M., da-Silva, M. E. R., Cervantes, F. J. and dos-Santos, A. B. (2010). 

Colour removal of dyes from synthetic and real textile wastewaters in one- 

and two-stage anaerobic systems. Bioresour. Technol. 101, 7773–7779.  

Fongsatitkul, P., Elefsiniotis, P. and Boonyanitchakul, B. (2006). Treatment of a 

textile dye wastewater by an electrochemical process. J. Environ. Sci. Health. 

A Tox. Hazard Subst. Environ. Eng. 41, 1183–1195. 

Frizon, F., Eloy, J. D. O., Donaduzzi, C. M., Mitsui, M. L. and Marchetti, J. M. 

(2013). Dissolution rate enhancement of loratadine in polyvinylpyrrolidone 

K-30 solid dispersions by solvent methods. Powder Technol. 235, 532–539.  

Gamal, A. M., Farha, S. A. A, Sallam, H. B., Mahmoud, G. E. A. and Ismail, L. F. 

M. (2010). Kinetic Study and Equilibrium Isotherm Analysis of Reactive 

Dyes Adsorption onto Cotton Fiber. Nature Sci. 8(11), 95–110. 

García-Payo, M. C., Essalhi, M. and Khayet, M. (2010). Effects of PVDF-HFP 

concentration on membrane distillation performance and structural 

morphology of hollow fiber membranes. J. Membr. Sci. 347, 209–219.  

Ge, J., Peng, Y., Li, Z., Chen, P. and Wang, S. (2014). Membrane fouling and 

wetting in a DCMD process for RO brine concentration. Desalination. 34, 

97–107.  

Gethard, K., Sae-Khow, O. and Mitra, S. (2012). Carbon nanotube enhanced 

membrane distillation for simultaneous generation of pure water and 

concentrating pharmaceutical waste. Sep. Purif. Technol. 90, 239–245.  

Gharbani, P, Tabatabaii, S. M and Mehrizad, A. (2008). Removal of Congo red from 

 textile wastewater by ozonation. Int. J. Environ. Sci. Technol. 5, 495–500.  

Goh, S., Zhang, J., Liu, Y. and Fane, A. G. (2013). Fouling and wetting in membrane 

distillation (MD) and MD-bioreactor (MDBR) for wastewater reclamation. 

Desalination. 323, 39–47.  



159 

 

 

Gryta, M. (2005). Long-term performance of membrane distillation process. J. 

Membr. Sci. 265, 153–159.  

Gryta, M. (2008a). Alkaline scaling in the membrane distillation process. 

Desalination. 228, 128–134.  

Gryta, M. (2008b). Fouling in direct contact membrane distillation process. J. 

Membr. Sci. 325, 383–394.  

Gryta, M., Tomaszewska, M. and Karakulski, K. (2006). Wastewater treatment by 

membrane distillation. Desalination. 198, 67–73.  

Guillen-Burrieza, E., Ruiz-Aguirre, A., Zaragoza, G. and Arafat, H. A. (2014). 

Membrane fouling and cleaning in long term plant-scale membrane 

distillation operations. J. Membr. Sci, 468, 360–372.  

Gullinkala, T., Digman, B., Gorey, C., Hausman, R. and Escobar, I. C. (2010). 

Desalination: Reverse Osmosis and Membrane Distillation. In Escobar, I. C. 

and Schafer, A. I. (Ed.) Sustainability Science and Engineering. (pp. 65–93). 

Ohio: Elsevier. 

Halimoon, N. and Yin, R. G. S. (2010). Removal of Heavy Metals from Textile 

Wastewater using Zeolite. EnvironmentAsia. 3, 124–130. 

Han, M. J. and Nam, S. T. (2002). Thermodynamic and rheological variation in 

polysulfone solution by PVP and its effect in the preparation of phase 

inversion membrane. J. Membr. Sci. 202, 55–61. 

Hashemifard, S. A., Ismail, A. F. and Matsuura, T. (2011). Effects of 

montmorillonite nano-clay fillers on PEI mixed matrix membrane for CO2 

removal. Chem. Eng. J. 170, 316–325.  

Hausmann, A., Sanciolo, P., Vasiljevic, T., Kulozik, U. and Duke, M. (2014) 

Performance assessment of membrane distillation for skim milk and whey 

processing. J. Dairy Sci. 97, 56–71.  

Hausmann, A., Sanciolo, P., Vasiljevic, T., Weeks, M., Schroen, K., Gray, S. and 

Duke, M. (2013a). Fouling mechanisms of dairy streams during membrane 

distillation. J. Membr. Sci. 441, 102–111.  

Hausmann, A., Sanciolo, P., Vasiljevic, T., Weeks, M., Schroen, K., Gray, S. and 

Duke, M. (2013b). Fouling of dairy components on hydrophobic 

polytetrafluoroethylene (PTFE) membranes for membrane distillation. J. 

Membr. Sci. 442, 149–159.  



160 

 

 

Hou, D., Wang, J., Qu, D., Luan, Z. and Ren, X. (2009). Fabrication and 

characterization of hydrophobic PVDF hollow fiber membranes for 

desalination through direct contact membrane distillation. Sep. Purif. 

Technol. 69, 78–86.  

Hou, D., Wang, J., Sun, X., Ji, Z. and Luan, Z. (2012). Preparation and properties of 

PVDF composite hollow fiber membranes for desalination through direct 

contact membrane distillation. J. Membr. Sci. 405–406, 185–200.  

Hui-ling, S., Lu, B., Hua, L., Chang-fa, X. and Shi-ru, J. (2009). Effect of Pore-

Forming Agents on Structure and Properties of PVDF/PVC Blend 

Membranes. Adv. Mater. Res. 79–82, 1627–1630.  

Hunger, K. (2002). Industrial Dyes. (Ed.) Germany, WILEY-VCH Verlag 

GmbH&Co. 

Hwang, H. Y., Kim, D. J., Kim, H. J., Hong, Y. T. and Nam, S. Y. (2011). Effect of 

nanoclay on properties of porous PVdF membranes. Trans. Nonferrous. Met. 

Soc. China. 21, s141–s147.  

Idris, A., Hashim, R., Abdul-Rahman, R., Ahmad, W..A., Ibrahim, Z., Abdul-Razak, 

P. R., Mohd-Zin, H. and Bakar, I. (2007). Application of bioremediation 

process for textile wastewater treatment using pilot plant. Int. J. Eng. 

Technol. 4(2), 228–234. 

Ince, N. H. and Tezcanh, G. (1999). Treatability of textile dye-bath effluents by 

advanced oxidation: Preparation for reuse. Wat. Sci. Tech. 40(1), 183–190. 

Ismail, A. F. and Lau, W. J. (2009). Influence of feed conditions on the rejection of 

salt and dye in aqueous solution by different characteristics of hollow fiber 

nanofiltration membranes. Desalin Water. Treat. 6(1–3), 281–288.  

Jaafar, J., Ismail, A. F. and Matsuura, T. (2009). Preparation and barrier properties of 

SPEEK/Cloisite 15A
®
/TAP nanocomposite membrane for DMFC 

application. J. Membr. Sci. 345, 119–127.  

Jaafar, J., Ismail, A. F., Matsuura, T. and Nagai, K. (2011a). Performance of SPEEK 

based polymer–nanoclay inorganic membrane for DMFC. J. Membr. Sci. 

382, 202–211.  

Jaafar, J., Ismail, A. F. and Matsuura, T. (2011b). Effect of dispersion state of 

Cloisite15A
®
 on the performance of SPEEK/Cloisite15A nanocomposite 

membrane for DMFC application. J. Appl. Polym. Sci. 124, 969–977. 



161 

 

 

Ji, L., Zhang, Y., Liu, E., Zhang, Y. and Xiao, C. (2013). Separation behavior of NF 

membrane for dye/salt mixtures. Desalin. Water Treat. 51(19–21), 3721–

3727.  

Jian, C., Jiding, L. and Cuixian, C. (2009). Surface Modification of Polyvinylidene 

Fluoride (PVDF) Membranes. Plasma Sci. Technol. 11(1), 42–47. 

Khaing, T. H., Li, J., Li, Y., Wai, N. and Wong, F. S. (2010). Feasibility study on 

petrochemical wastewater treatment and reuse using a novel submerged 

membrane distillation bioreactor. Sep. Purif. Technol. 74, 138–143.  

Khayet, M. (2008). Membrane Distillation. In Li, N. N., Fane, A. G. and Ho, W. S. 

W. and Matsuura, T. (Ed.) Advanced Membrane Technology and 

Applications. (pp. 297–357). New Jersey: John Wiley & Sons, Inc. 

Khayet, M. and Matsuura, T. (2003). Application of surface modifying 

macromolecules for the preparation of membranes for membrane distillation. 

Desalination. 158, 51–56. 

Khayet, M. and Matsuura, T. (2011). Membrane Distillation: Principles and 

Applications. (Ed.) Amsterdarm: Elsevier. 

Kiliaris, P. and Papaspyrides, C. D. (2010). Polymer/layered silicate (clay) 

nanocomposites: An overview of flame retardancy. Prog. Polym. Sci. 35, 

902–958. 

Kim, I. C. and Lee, K. H. (2006). Dyeing process wastewater treatment using fouling 

resistant nanofiltration and reverse osmosis membranes. Desalination. 192, 

246–251.  

Kim, Y. J., Ahn, C. H. and Choi, M. O. (2010). Effect of thermal treatment on the 

characteristics of electrospun PVDF−silica composite nanofibrous membrane. 

Eur. Polym. J. 46, 1957–1965.  

Klavins, M. and Babre, K. (2002). Decarboxylation and alkaline colour fading 

reactions in presence of humic substances. Chemosphere. 49, 685–689. 

Klueh, R. L. (1982). Chromium-molybdenum steels for fusion reactor first walls - a 

review. Nucl. Eng. Des. 72, 329–344. 

Koh, M. J., Hwang, H. Y., Kim, D. J., Kim, H. J., Hong, Y. T. and Nam, S. Y. 

(2010). Preparation and characterization of porous PVdF-HFP/clay 

nanocomposite membranes. J. Mater. Sci. Technol. 26, 633–638.  



162 

 

 

Koyuncu, I. and Topacik, D. (2003). Effects of operating conditions on the salt 

rejection of nanofiltration membranes in reactive dye/salt mixtures. Sep. 

Purif. Technol. 33, 283–294.  

Kuo, C. Y., Lin, H. N., Tsai, H. A., Wang, D. M. and Lai, J. Y. (2008). Fabrication 

of a high hydrophobic PVDF membrane via nonsolvent induced phase 

separation. Desalination. 233, 40–47.  

Laganà, F., Barbieri, G. and Drioli, E. (2000). Direct contact membrane distillation: 

modelling and concentration experiments. J. Membr. Sci. 166, 1–11.  

LaGrega, M. D., Buckingham, P. L. and Evans,  J. C. (2001). Hazardous Waste 

Management. (2
nd

 ed.) New York: McGraw Hill Publishers.  

Lalia, B. S., Guillen-Burrieza, E., Arafat, H. A. and Hashaikeh, R. (2013). 

Fabrication and characterization of polyvinylidenefluoride-co-

hexafluoropropylene (PVDF-HFP) electrospun membranes for direct contact 

membrane distillation. J. Membr. Sci. 428, 104–115.  

Lau, W. J. and Ismail, A. F. (2009). Polymeric nanofiltration membranes for textile 

dye wastewater treatment: Preparation, performance evaluation, transport 

modelling, and fouling control — a review. Desalination. 245, 321–348.  

Lawson, K. W. and Lloyd, D. R. (1996). Membrane distillation. II. Direct contact 

MD. J. Membr. Sci. 120, 123–133.  

Lawson, K. W. and Lloyd, D. R. (1997). Membrane distillation. J. Membr. Sci. 124, 

 1–25.  

Lin, P. J., Yang, M. C., Li, Y. L. and Chen, J. H. (2014). Prevention of surfactant 

wetting with agarose hydrogel layer for direct contact membrane distillation 

used in dyeing wastewater treatment. J. Membr. Sci. 475, 511–520.  

Liu, F., Awanis Hashim, N., Liu, Y., Moghareh Abed, M. R. and Li, K. (2011a). 

Progress in the production and modification of PVDF membranes. J. Membr. 

Sci. 375, 1–27.  

Liu, H. and Wang, J. (2013). Treatment of radioactive wastewater using direct 

contact membrane distillation. J. Hazard. Mater. 261, 307–315.  

Liu, M., Lü, Z., Chen, Z., Yu, S. and Gao, C. (2011b). Comparison of reverse 

osmosis and nanofiltration membranes in the treatment of biologically treated 

textile effluent for water reuse. Desalination. 281, 372–378. 



163 

 

 

Liu, Y., Zhang, S., Zhou, Z., Ren, J., Geng, Z., Luan, J. and Wang, G. (2012). Novel 

sulfonated thin-film composite nanofiltration membranes with improved 

water flux for treatment of dye solutions. J. Membr. Sci. 394–395, 218–229.  

Lucas, M. S. and Peres, A. J. (2006). Decolorization of the azo dye Reactive Black 5 

by Fenton and photo-Fenton oxidation. Dyes Pigments. 71, 236–244. 

Mago, G., Kalyon, D. M. and Fisher, F. T. (2008). Membranes of polyvinylidene 

fluoride and PVDF Nanocomposites with carbon nanotubes via immersion 

precipitation. J. Nanomater. 2008, 1–8.  

Marcucci, M., Ciabatti, I., Matteucci, A., and Vernaglione, G. (2003). Membrane 

technologies applied to textile wastewater treatment. Ann. N. Y. Acad. Sci. 

984, 53–64. 

Marcucci, M., Nosenzo, G., Capannelli, G., Ciabatti, I., Corrieri, D. and Ciardelli, G. 

(2001). Treatment and reuse of textile effluents based on new ultrafiltration 

and other membrane technologies. Desalination. 138, 75–82. 

Martínez, L. and Rodríguez-Maroto, J. M. (2006). Characterization of membrane 

distillation modules and analysis of mass flux enhancement by channel 

spacers. J. Membr. Sci. 274, 123–137.  

Masuelli, M., Marchese, J. and Ochoa, N. A. (2009). SPC/PVDF membranes for 

emulsified oily wastewater treatment. J. Membr. Sci. 326, 688–693.  

Melián-Martel, N., Sadhwani,  J. J., Malamis, S. and Ochsenkühn-Petropoulou, M. 

(2012). Structural and chemical characterization of long-term reverse osmosis 

membrane fouling in a full scale desalination plant. Desalination. 305, 44–53.  

Mo, J. H., Lee, Y. H., Kim, J., Jeong, J. Y. and Jegal, J. (2008). Treatment of dye 

aqueous solutions using nanofiltration polyamide composite membranes for 

the dye wastewater reuse. Dyes Pigments. 76, 429–434.  

Mokhtar, N. M., Lau, W. J. and Ismail, A. F. (2014a). The potential of membrane 

distillation in recovering water from hot dyeing solution. J. Water Process 

Eng. 2, 71–78.  

Mokhtar, N. M., Lau, W. J., Ismail, A. F. and Ng, B. C. (2014b). Physicochemical 

study of polyvinylidene fluoride-Cloisite15A
®
 composite membranes for 

membrane distillation application. RSC Adv. 4, 63367–63379.  

Mokhtar, N. M., Lau, W. J. and Ismail, A. F. (2015a). Dye wastewater treatment by 

direct contact membrane distillation using polyvinylidene fluoride hollow 

fiber membranes. J. Polym. Eng. 35(5), 471–479. 



164 

 

 

Mokhtar, N. M., Lau, W. J., Ng, B. C., Ismail, A. F. and Veerasamy, D. (2015b). 

Preparation and characterization of PVDF membranes incorporated with 

different additives for dyeing solution treatment using membrane distillation. 

Desalin. Water Treat. doi.org/10.1080/19443994.2014.959063.  

Mostaço-guidolin, L. B., Murakami, L. S., Batistuti, M. R., Nomizo, A. and 

Batchmann, L. (2010). Molecular and chemical characterization by Fourier 

transform infrared spectroscopy of human breast cancer cells with estrogen 

receptor expressed and not expressed. Spectroscopy. 24, 501–510.  

Mozia, S., Morawski, A. W., Toyoda, M. and Tsumura, T. (2009). Effect of process 

parameters on photodegradation of Acid Yellow 36 in a hybrid 

photocatalysis–membrane distillation system. Chem. Eng. J. 150, 152–159.  

Mozia, S., Morawski, A. W., Toyoda, M. and Tsumura, T. (2010). Integration of 

photocatalysis and membrane distillation for removal of mono- and poly-azo 

dyes from water. Desalination. 250, 666–672.  

Naim, R. and Ismail, A. F. (2013). Effect of polymer concentration on the structure 

and performance of PEI hollow fiber membrane contactor for CO2 stripping. 

J. Hazard. Mater. 250–251, 354–361.  

Nghiem, L. D. and Cath, T. (2011). A scaling mitigation approach during direct 

contact membrane distillation. Sep. Purif. Technol. 80, 315–322.  

Nordin, N., Amir, S. F. M., Riyanto and Othman, M. R. (2013). Textile industries 

wastewater treatment by electrochemical oxidation technique using metal 

plate. Int. J. Electrochem. Sci. 8, 11403–11415. 

Ntuli, F., Ikhu-Omoregbe, D., Kuipa, P. K., Muzenda, E. and Belaid, M. (2009). 

Characterization of effluent from textile wet finishing operations. 

Proceedings of the World Congress on Engineering and Computer Science. 

20–22 October. San Francisco, USA. 

Oades, B. J. M. and Townsend, W. N. (1962). The use of piperidine as an aid to clay-

mineral identification. Clay Miner. Bull. 29, 177–182. 

Ogunlaja, O. O. and Aemere, O. (2009). Evaluating the efficiency of a textile 

wastewater treatment plant located in Oshodi, Lagos. African J. Pure Appl. 

Chem. 3(9):189–196. 

Ong, C. S., Lau, W. J., Goh, P. S., Ng, B.C. and Ismail, A. F. (2014). Investigation of 

submerged membrane photocatalytic reactor (sMPR) operating parameters 

during oily wastewater treatment process. Desalination. 353:48–56.  



165 

 

 

Ong, C. S., Lau, W. J., Goh, P. S., Ng, B. C. and Ismail, A. F. (2015). Preparation 

and characterization of PVDF–PVP–TiO2 composite hollow fiber membranes 

for oily wastewater treatment using submerged membrane system. Desalin. 

Water Treat. 53(5), 1213–1223. 

Ong, C. S., Lau, W. J. and Ismail A. F. (2012). Treatment of dyeing solution by NF 

membrane for decolorization and salt reduction. Desalin. Water Treat. 50(1–

3), 245–253. 

Onsekizoglu, P. (2012). Membrane Distillation: Principle, Advances, Limitations 

and Future Prospects in Food Industry, Distillation - Advances from 

Modeling to Applications, Zereshki, S. (Ed.), Croatia: InTech. 

Patro, T. U., Mhalgi, M. V., Khakhar, D. V. and Misra, A. (2008). Studies on 

poly(vinylidene fluoride)–clay nanocomposites: Effect of different clay 

modifiers. Polymer. 49, 3486–3499.  

Peinemann, K. V., Nunes, S. P. and Giorno, L. (Eds.). (2010). Membrane 

Technology: Volume 3: Membranes for Food Applications. Germany: Wiley-

VCH Verlag. 

Peng, Q. Y., Cong, P. H., Liu, X. J., Liu, T. X., Huang, S. and Li, T. S. (2009). The 

preparation of PVDF/clay nanocomposites and the investigation of their 

tribological properties. Wear. 266, 713–720.  

Prince, J. A., Singh, G., Rana, D., Matsuura, T., Anbharasi, V. and 

Shanmugasundaram, T. S. (2012). Preparation and characterization of highly 

hydrophobic poly(vinylidene fluoride)–Clay nanocomposite nanofiber 

membranes (PVDF–clay NNMs) for desalination using direct contact 

membrane distillation. J. Membr. Sci. 397–398, 80–86.  

Qtaishat, M., Rana, D., Khayet, M. and Matsuura, T. (2009). Preparation and 

characterization of novel hydrophobic/hydrophilic polyetherimide composite 

membranes for desalination by direct contact membrane distillation. J. 

Membr. Sci. 327, 264–273.  

Qu, D., Qiang, Z., Xiao, S., Liu, Q., Lei, Y. and Zhou, T. (2014). Degradation of 

Reactive Black 5 in a submerged photocatalytic membrane distillation reactor 

with microwave electrodeless lamps as light source. Sep. Purif. Technol. 122, 

54–59.  



166 

 

 

Qu, D., Wang, J., Hou, D., Luan, Z., Fan, B. and Zhao, C. (2009). Experimental 

study of arsenic removal by direct contact membrane distillation. J. Hazard. 

Mater. 163, 874–9.  

Ramesh Kumar, M., Koushik, C. V. and Saravanan, K. (2013). Textile wastewater 

treatment using reverse osmosis and SDI. Chem. Eng. 54A, 12713–12717. 

Raj, B., Choudhary, B. K and Singh Raman R. K. (2004). Mechanical properties and 

non-destructive evaluation of chromium–molybdenum ferritic steels for 

steam generator application. Int. J. Press. Vessel Pip. 81, 521–534.  

Rajaram, T. and Das, A. (2008). Water pollution by industrial effluents in India: 

Discharge scenarios and case for participatory ecosystem specific local 

regulation. Futures. 40, 56–69.  

Ramezanianpour, M., and Sivakumar, M. (2014). An analytical flux decline model 

for membrane distillation. Desalination. 345, 1–12.  

Ravindra Babu, B., Rastogi, N. K. and Raghavarao, K. S. M. S. (2008). 

Concentration and temperature polarization effects during osmotic membrane 

distillation. J. Membr. Sci. 322:146–153. 

Ravindran, N., Balasubramani, G., Microbiology, A. and College, V. (2014). Role of 

White Rot Fungi in Textile Dye Degradation. Inter. J. Adv. Interdiscip. Res. 

1(2), 38–44. 

Rezaei, M., Ismail, A. F., Hashemifard, S. A., Bakeri, G. and Matsuura, T. (2014a). 

Experimental study on the performance and long-term stability of 

PVDF/montmorillonite hollow fiber mixed matrix membranes for CO2 

separation process. Int. J. Greenh. Gas Control. 26, 147–157.  

Rezaei, M., Ismail, A. F., Hashemifard, S. A. and Matsuura, T. (2014b). Preparation 

and characterization of PVDF-montmorillonite mixed matrix hollow fiber 

membrane for gas–liquid contacting process. Chem. Eng. Res. Des. 92, 2449–

2460.  

Sadrzadeh, M. and Bhattacharjee, S. (2013). Rational design of phase inversion 

membranes by tailoring thermodynamics and kinetics of casting solution 

using polymer additives. J. Membr. Sci. 441, 31–44. 

Saffaj, N., Persin, M., Younssi, S. A., Albizane, A., Bouhria, M., Loukili, H., Dach, 

H. and Larbot, A. (2005). Removal of salts and dyes by low ZnAl2O4–TiO2 

ultrafiltration membrane deposited on support made from raw clay. Sep. 

Purif. Technol. 47, 36–42.  



167 

 

 

Sahinkaya, E., Uzal, N., Yetis, U. and Dilek, F. B. (2008). Biological treatment and 

nanofiltration of denim textile wastewater for reuse. J. Hazard. Mater. 153, 

1142–1148.  

Salavagione, H. J., Martínez, G. and Ellis, G. (2010). Graphene-Based Polymer 

Nanocomposites. In Milkhailov, S. Physics and applications of graphene 

experiments. (pp. 169–192). Croatia: Intech. 

Sani, N. A. A., Lau, W. J. and Ismail, A. F. (2014). Influence of polymer 

concentration in casting solution and solvent-solute-membrane interactions 

on performance of polyphenylsulfone (PPSU) nanofiltration membrane in 

alcohol solvents. J. Polym. Eng. 34, 489–500. 

Saxena, S. and Raja A. S. M. (2014). Natural Dyes: Sources, Chemistry, Application 

and Sustainability Issues. In Muthu S. S. (Ed.) Roadmap to Sustainable 

Textiles and Clothing. (pp. 37–80). Singapore: Springer. 

Sen, S. and Demirer, G. N. (2003). Anaerobic Treatment of Synthetic Textile 

Wastewater Containing a Reactive Azo Dye. J. Environ. Eng. 129, 595–601. 

Sethia, S. and Squillante, E. (2004). Solid dispersion of carbamazepine in PVP K30 

by conventional solvent evaporation and supercritical methods. Int. J. Pharm. 

272, 1–10.  

Shakaib, M., Hasani, S. M. F., Ahmed, I. and Yunus, R. M. (2012). A CFD study on 

the effect of spacer orientation on temperature polarization in membrane 

distillation modules. Desalination. 284, 332–340.  

Shen, Y. and Lua, A. C. (2012). Preparation and characterization of mixed matrix 

membranes based on PVDF and three inorganic fillers (fumed nonporous 

silica, zeolite 4A and mesoporous MCM-41) for gas separation. Chem. Eng. 

J. 192, 201–210.  

Simone, S., Figoli, A., Criscuoli, A., Carnevale, M. C., Roselli, A. and Drioli, E. 

(2010). Preparation of hollow fibre membranes from PVDF/PVP blends and 

their application in VMD. J. Membr. Sci. 364, 219–232.  

Smolders, K. and Franken, A. C. M. (1989). Terminology for Membrane Distillation. 

Desalination. 72, 249–262.  

Song, Z., Xing, M., Zhang, J., Li, B. and Wang, S. (2012). Determination of phase 

diagram of a ternary PVDF/γ-BL/DOP system in TIPS process and its 

application in preparing hollow fiber membranes for membrane distillation. 

Sep. Purif. Technol. 90, 221–230.  



168 

 

 

Srivastava, H. P., Arthanareeswaran, G., Anantharaman, N. and Starov, V. M. 

(2011). Performance of modified poly(vinylidene fluoride) membrane for 

textile wastewater ultrafiltration. Desalination. 282, 87–94.  

Su, M., Teoh, M. M., Wang, K. Y., Su, J. and Chung, T. S. (2010). Effect of inner-

layer thermal conductivity on flux enhancement of dual-layer hollow fiber 

membranes in direct contact membrane distillation. J. Membr. Sci. 364, 278–

289.  

Sukitpaneenit, P. and Chung, T. S. (2009). Molecular elucidation of morphology and 

mechanical properties of PVDF hollow fiber membranes from aspects of 

phase inversion, crystallization and rheology. J. Membr. Sci. 340, 192–205.  

Sukitpaneenit, P. and Chung, T. S. (2011). PVDF/nanosilica dual-layer hollow fibers 

with enhanced selectivity and flux as novel membranes for ethanol recovery. 

Ind. Eng. Chem. Res. 51, 978–993.  

Suksaroj, C., Héran, M., Allègre, C. and Persin, F. (2005). Treatment of textile plant 

effluent by nanofiltration and/or reverse osmosis for water reuse. 

Desalination. 178, 333–341.  

Susanto, H. (2011). Towards practical implementations of membrane distillation. 

Chem. Eng. Process Process Intensif. 50, 139–150.  

Tang, Y., Li, N., Liu, A., Ding, S., Yi, C. and Liu, H. (2012). Effect of spinning 

conditions on the structure and performance of hydrophobic PVDF hollow 

fiber membranes for membrane distillation. Desalination. 287, 326–339.  

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

and Tarabara, V. V. (2008). Effect of filler incorporation route on the 

properties of polysulfone–silver nanocomposite membranes of different 

porosities. J. Membr. Sci. 325, 58–68.  

Teoh, M. M. and Chung, T. S. (2009). Membrane distillation with hydrophobic 

macrovoid-free PVDF–PTFE hollow fiber membranes. Sep. Purif. Technol. 

66, 229–236.  

Teoh, M. M., Chung, T. S. and Yeo, Y. S. (2011). Dual-layer PVDF/PTFE 

composite hollow fibers with a thin macrovoid-free selective layer for water 

production via membrane distillation. Chem. Eng. J. 171, 684–691.  

Thomas, S., Sreekanth, R., Sijumon, V. A., Aravind, U. K. and Aravindakumar, C. T. 

(2014). Oxidative degradation of Acid Red 1 in aqueous medium. Chem. Eng. 

J. 244, 473–482.  



169 

 

 

Tomaszewska, M. (2000). Membrane distillation-examples of applications in 

technology and environmental protection. Polish J. Environ. Studies. 9(1), 

27–36. 

Tüfekci, N., Sivri, N. and Toroz, İ. (2007). Pollutants of textile industry wastewater 

and assessment of its discharge limits by water quality standards. Turkish J. 

Fisheries Aquat. Sci. 7:97–103. 

Vajnhandl, S. and Valh, J. V. (2014). The status of water reuse in European textile 

sector. J. Environ. Manage. 141, 29–35.  

Villaluenga, J. P. G., Khayet, M., López-Manchado, M. A., Valentin, J. L., Seoane, 

B. and Mengual, J. I. (2007). Gas transport properties of polypropylene/clay 

composite membranes. Eur. Polym. J. 43, 1132–1143. 

Vishnu-Mahesh, K. R., Narasimha-Murthy, H. N., Kumaraswamy, B. E., 

Raghavendra, N., Sridhar, R., Krishna, M., Pattar, N., Pal, R. and Sherigara, 

B. S. (2011). Synthesis and characterization of organomodified Na-MMT 

using cation and anion surfactants. Front. Chem. China. 6(2), 153–158. 

Wang, D., Li, K. and Teo, W. K. (1995). Effects of temperature and pressure on gas 

permselection properties in asymmetric membranes, J. Membr. Sci., 105,  89–

101. 

Wang, D., Li, K. and Teo, W. (1999). Preparation and characterization of 

polyvivylidene fuoride (PVDF) hollow fiber membranes, J. Membr. Sci. 163, 

211–220. 

Wang, K. Y., Chung, T. S. and Gryta, M. (2008). Hydrophobic PVDF hollow fiber 

membranes with narrow pore size distribution and ultra-thin skin for the fresh 

water production through membrane distillation. Chem. Eng. Sci. 63, 2587–

2594.  

Wang, K. Y., Foo, S. W. and Chung, T. S. (2009). Mixed matrix PVDF hollow fiber 

membranes with nanoscale pores for desalination through direct contact 

membrane distillation. Ind. Eng. Chem. Res. 48, 4474–4483. 

Wang, L., Li, B., Gao, X., Wang, Q., Lu, J., Wang, Y. and Wang, S. (2014). Study of 

membrane fouling in cross-flow vacuum membrane distillation. Sep. Purif. 

Technol. 122, 133–143.  

Wang, Z., Xue, M., Huang, K. and Liu, Z. (2011). Textile Dyeing Wastewater 

Treatment. In Hauser, P. Advances in Treating Textile Effluent. (pp. 91–116). 

Croatia: Intech. 



170 

 

 

Warsinger, D. M., Swaminathan, J., Guillen-Burrieza, E., Arafat, H. A. and 

Lienhard-V, J. H. (2015). Scaling and fouling in membrane distillation for 

desalination applications: A review. Desalination. 356, 294–313. 

Wei, X., Kong, X., Sun, C. and Chen, J. (2013). Characterization and application of a 

thin-film composite nanofiltration hollow fiber membrane for dye 

desalination and concentration. Chem. Eng. J. 223, 172–182.  

Wenzel, R. N. (1936). Resistance of solid surfaces to wetting by water. Ind. Eng. 

Chem. 28, 988–994. 

Wu, B., Li, K. and Teo, W. K. (2007). Preparation and characterization of poly 

(vinylidene fluoride) hollow fiber membranes for vacuum membrane 

distillation. J. Appl. Polym. Sci. 106, 1482–1495.  

Xia, Q., Zhao, X. J., Chen, S. J., Ma, W. Z., Zhang, J. and Wang, X. L. (2010). Effect 

of solution-blended poly(styrene-co-acrylonitrile) copolymer on 

crystallization of poly(vinylidene fluoride). eXPRESS Polym. Lett. 4(5), 284–

291.  

Xu, C., Huang, W., Lu, X., Yan, D., Chen, S. and Huang, H. (2012). Preparation of 

PVDF porous membranes by using PVDF-g-PVP powder as an additive and 

their antifouling property. Radiat. Phys. Chem. 81, 1763–1769.  

Yang, C., Li, X. M., Gilron, J., Kong, D. F., Ying, Y., Oren, Y., Linder, C. and He, 

T. (2014). CF4 plasma-modified superhydrophobic PVDF membranes for 

direct contact membrane distillation. J. Membr. Sci. 456, 155–161.  

Yarlagadda, S., Gude, V. G., Camacho, L. M., Pinappu, S. and Deng, S. (2011). 

Potable water recovery from As, U, and F contaminated ground waters by 

direct contact membrane distillation process. J. Hazard. Mater. 192, 1388–

1394. 

Yoo, S. H., Kim, J. H., Jho, J. Y., Won, J. and Kang, Y. S. (2004). Influence of the 

addition of PVP on the morphology of asymmetric polyimide phase inversion 

membranes: effect of PVP molecular weight. J. Membr. Sci. 236, 203–207.  

Yousefi, A. A. (2011). Hybrid polyvinylidene fluoride/nanoclay/MWCNT 

nanocomposites: PVDF crystalline transformation. Iran Polym. J. 20(9), 725–

733. 

Yu, W., Zhao, Z., Zheng, W., Song, Y., Li, B., Long, B. and Jiang, Q. (2008). 

Structural characteristics of poly(vinylidene fluoride)/clay nanocomposites. 

Mater. Lett. 62, 747–750.  



171 

 

 

Yuliwati, E., Ismail, A. F., Matsuura, T., Kassim, M. A. and Abdullah, M. S. (2011). 

Characterization of surface-modified porous PVDF hollow fibers for refinery 

wastewater treatment using microscopic observation. Desalination. 283, 206–

213.  

Yusuff, R. O. and Sonibare, J. A. (2005). Characterization of textile industries ‘ 

effluents in Kaduna, Nigeria and pollution implications. Glob. Nest. Int. J. 

6(3), 212–221. 

Zaghbani, N., Hafiane, A. and Dhahbi, M. (2007). Separation of methylene blue 

from aqueous solution by micellar enhanced ultrafiltration. Sep. Purif. 

Technol. 55, 117–124.  

Zeng, L. and Gao, C. (2010). The prospective application of membrane distillation in 

the metallurgical industry. Membr. Technol. 2010(5), 6–10.  

Zulhairun, A. K. and Ismail, A. F. (2014). The role of layered silicate loadings and 

their dispersion states on the gas separation performance of mixed matrix 

membrane. J. Membr. Sci. 468, 20–30.  

Zulhairun, A. K, Ismail, A. F, Matsuura, T., Abdullah, M. S. and Mustafa, A. (2014). 

Asymmetric mixed matrix membrane incorporating organically modified clay 

particle for gas separation. Chem. Eng. J. 241, 495–503.  

Zuriaga-Agustí, E., Alventosa-deLara, E., Barredo-Damas, S., Alcaina-Miranda, M. 

I., Iborra-Clar, M. I. and Mendoza-Roca, J. A. (2014). Performance of 

ceramic ultrafiltration membranes and fouling behavior of a dye-

polysaccharide binary system. Water Res. 54, 199–210.  

 


	NadzirahMohdMokhtarPPREE2015ABS
	NadzirahMohdMokhtarPPREE2015TOC
	NadzirahMohdMokhtarPPREE2015CHAP1
	NadzirahMohdMokhtarPPREE2015REF



