
xxxi 
 

   

PERFORMANCE OF POLYETHYLENE GLYCOL (PEG) CAPPED ZINC 

OXIDE NANOPARTICLES AS PHOTOCATALYST IN MEMBRANE 

PHOTOCATALYTIC REACTOR FOR INDUSTRIAL DYE WASTEWATER 

TREATMENT 

 

 

AMIRA LIYANA BINTI DESA 

 

 

 

 

A thesis submitted in  

fulfillment of the requirement for the award of the 

Degree of Master of Engineering Technology  

 

 

 

 

 

 

 

Faculty of Engineering Technology  

Universiti Tun Hussein Onn Malaysia 

 

 

 

 

 

APRIL 2020

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



iii 
 

   

I dedicated this work with the deepest sense of gratitude to Almighty Allah for 

giving me strength, healthy life and power of mind in making my dreams come true.  

This work also dedicated to my beloved parents who have been my source of 

inspiration and continually provided their moral, spiritual and financial support in 

making this thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



iv 
 

   

ACKNOWLEDGEMENT 

 

 

 

I thank all who in one way or another contributed in the completion of this thesis. First, 

I give thanks to God for protection and ability to do work. I also would like to express 

my deep and sincere gratitude to my research supervisor, Ts. Dr. Nur Hanis Hayati 

Hairom and co supervisor, Ts. Dr. Nurasyikin Misdan for giving me the opportunity 

to do research and providing guidance throughout this research. Their dynamism, 

vision, sincerity and motivation have deeply inspired me. It was a great privilege and 

honour to work and study under their guidance. 

I must express my very profound gratitude to my parents; Desa Bin Saian and 

Salimah Binti Sarpan for providing me with unfailing support and continuous 

encouragement throughout my years of study and through the process of researching 

and writing this thesis. I also express my thanks to Mohamad Shafiq Aiman and my 

siblings for their support and valuable prayers. This accomplishment would not have 

been possible without them. 

I thank to my friends and staffs in the Faculty of Engineering Technology for 

their companionship and for providing a pleasurable and friendly working atmosphere. 

I am truly thankful for their prompt help whenever I needed it. Lastly, I would like to 

thank all those people who made this thesis possible and an unforgettable experience 

for me. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



v 
 

   

ABSTRACT 

 

 

 

Zinc oxide (ZnO) nanoparticles have gained immense research interest because of its 

high photocatalytic efficiency, inexpensive material and environmentally friendly 

characteristics. Several capping agents were used on ZnO nanoparticles to solve the 

problem concerning the agglomeration and aggregation. Nowadays, there is no study 

involving the effect of polyethylene glycol (PEG) as capping agent on ZnO 

nanoparticles via precipitation method in the application of membrane photocatalytic 

reactor (MPR) system. Therefore, this research focused on the effectiveness of PEG 

capped on ZnO as photocatalyst in MPR for treating dye wastewater from textile 

industry in Johor, Malaysia. Three different ZnO were utilized in the present study 

which are commercial ZnO, zinc oxide in the presence of polyvinylpyrrolidone (ZnO-

PVP) and zinc oxide in the presence of polyethylene glycol (ZnO-PEG) nanoparticles 

in order to evaluate their effectiveness and effect on the membrane filtration process. 

Overall, it was found that ZnO-PEG nanoparticles and polypiperazine amide 

ultrafiltration (UF-PPA) membrane were presented as a great approach in improving 

normalised flux reduction (58.67%) at best operating condition and produced excellent 

permeate quality in terms of dye removal (100%), turbidity removal (100%), chemical 

oxygen demand (COD) reduction (97.37±0.06%) and total dissolved solids (TDS) 

removal (92.34±0.01%). The best operational conditions of MPR occurred at pH 11 of 

feed wastewater and 0.10g/L of ZnO-PEG loading with 6 bars of inlet pressure. The 

overall results were supported by Field Emission Scanning Electron Microscopy 

(FESEM), Atomic Force Microscopy (AFM) and contact angle analysis which 

confirmed that ZnO-PEG nanoparticles has great potential in improving fouling 

phenomenon of UF-PPA process in MPR. Moreover, it was proved that the both stages 

of normalised flux during the best conditions fitted well with the cake filtration model 

according to Wiesner and Aptel equations. Hence, ZnO-PEG nanoparticle was found 

to assist on the reduction of membrane fouling and achieve excellent permeate quality 

using MPR system for industrial dye wastewater.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



vi 
 

   

ABSTRAK 

 

 

 

Nanopartikel zink oksida (ZnO) telah mendapat minat penyelidikan yang besar kerana 

kecekapan fotokatalitik yang tinggi, bahan yang murah dan ciri-ciri mesra alam. 

Beberapa agen pelindung telah digunakan secara meluas pada nanopartikel ZnO untuk 

menyelesaikan masalah mengenai aglomerasi dan pengagregatan. Sehingga kini, tiada 

kajian yang melibatkan kesan polietilena glikol (PEG) sebagai agen pelindung pada 

nanopartikel ZnO melalui kaedah pemendakan diaplikasikan dalam sistem reaktor 

membran fotokatalitik (MPR). Oleh itu, penyelidikan ini memberi tumpuan kepada 

keberkesanan PEG terhadap nanopartikel ZnO sebagai fotokatalis dalam MPR untuk 

untuk merawat air sisa daripada industri tekstil di Johor, Malaysia.. Tiga ZnO berbeza 

digunakan dalam kajian ini yang merupakan nanopartikel ZnO komersial, ZnO-PVP 

dan ZnO-PEG untuk menilai keberkesanan dan kesannya terhadap proses penapisan 

membran. Secara keseluruhan, didapati bahawa nanopartikel ZnO-PEG dan membran 

polipiperazine amida ultra-penapisan (UF-PPA) telah mempamerkan sebagai 

pendekatan yang hebat dalam meningkatkan pengurangan fluks yang normal (58.67%) 

pada keadaan operasi yang terbaik dan menghasilkan kualiti telap yang sangat baik 

dari segi penyingkiran pewarna (100%), penyingkiran kekeruhan (100%), 

pengurangan permintaan oksigen kimia (COD) (97.37 ± 0.06%) dan jumlah pepejal 

terlarut (92.34±0.01%). Keadaan operasi yang terbaik MPR berlaku pada pH 11 air 

sisa suapan dan 0.10g/L bebanan ZnO-PEG dengan 6 bar tekanan masuk. Hasil 

keseluruhannya disokong oleh analisis Mikroskop Pengimbasan Pelepasan Medan 

(FESEM), Mikroskop Berkuatkuasa Atom (AFM) dan sentuhan sudut yang 

mengesahkan bahawa nanopartikel ZnO-PEG mempunyai potensi yang besar dalam 

memperbaiki phenomena kotoran UF-PPA proses dalam MPR. Selain itu, kedua-dua 

tahap fluks normal semasa keadaan yang terbaik sepadan dengan model penapisan kek 

menurut persamaan Wiesner dan Aptel. Oleh itu, nanopartikel ZnO-PEG telah ditemui 

untuk membantu pengurangan kotoran membran dan mencapai kualiti telap yang 

sangat baik menggunakan sistem MPR untuk air sisa pewarna industri. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Research Background 

 

In the present scenario, textile industry is often associated with the environmental issue 

due to consumption of large amounts of water and variety of chemical wasted during 

dyeing and finishing processes (Paraschiv, Tudor & Petrariu 2015) (Choudhary & 

Islam, 2017). Generally, the effluent from textile industry is often rich in colour, 

residues containing chemicals and reactive dye (Sowmyashree et al., 2015). In-depth, 

the negative environmental effects can include aesthetic problems, obstruction of 

sunlight and interference with aquatic biological processes that modifies the balance 

of the ecosystem (Wijannarong et al., 2013). As reported by Hairom and co-workers, 

the discharge of dye wastewater constitutes a threat to the environment and human 

health. Furthermore, the releasing untreated wastewater from textile industry are 

known to be one of most difficult to treat due to the recalcitrant nature of dye (Rashidi, 

Sulaiman, & Hashim, 2012). The presence of dye even at very low concentrations 

could highly be visible and undesirable. The dye effluents generally can be 

characterised by high chemical oxygen demand (COD), pH, turbidity, and colour 

(Alcaina-Miranda et al., 2009). Yao and co-workers reported that the amounts of COD 

and total dissolved solids (TDS)  remained in the textile wastewater although more 

than 90% of pollutants has been removed by using the biochemical processes (Yao et 

al., 2016). Indeed, dye are stable to light and heat due to their complex aromatic 

structures (Rizzi et al., 2017). Thus, in order to limit the environmental impact, the 

textile wastewater must be adequately treated before being discharged into the 

receiving water bodies.
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Currently, conventional wastewater treatment methods based on physical, 

biological or chemical processes were typically anticipated to protect the public from 

exposure to organic dye and their derivatives (Su et al., 2016) (Komolafe et al., 2013). 

These approaches are undesirable method since not fully degraded and its ability to 

convert into another pollutant. Many researchers agreed that adsorption method as the 

alternative in the environment treatment system application (Zhang et al., 2015) 

(Rashed, 2013). However, this treatment consists of complex processes, time-

consuming, usage of hazardous reagents and requirement of specific equipment. Thus, 

photocatalysis is one of the promising method for exhibit higher efficiency in the 

degradation of dye wastewater and disinfection of pathogenic microorganisms (Zheng 

et al., 2017). In spite of these advantages, the main limitation for photocatalytic 

activity is the separation of photocatalyst in slurries from the treated wastewater for 

reusability purpose. Alternatively, the use of a membrane photocatalytic reactor 

(MPR) could potentially achieve more sustainable operations (Mozia, 2010). 

Typically, the MPR ensures efficient degradation of dye, which have gained 

considerable attention in wastewater treatment in recent years. The MPR is a hybrid 

system demonstrated by the coupling of photocatalysis process and membrane 

filtration system (Hairom et al., 2014). It has attracted extensive attention to 

researchers as a potential dye wastewater treatment to compete with existing treatment 

in the future.  It also shows remarkable improvement over the existing treatment and 

has potential impacts for the industrial dye wastewater treatment. This is due to several 

advantages such as low consumption of energy, not require large area for installation 

and continuous process (Hairom et al., 2014a). 

Photocatalyst played a critical role that influenced the MPR performance in 

producing a better quality of treated wastewater (Zheng et al., 2017). Recent studies 

reported that zinc oxide (ZnO) nanoparticle has well known as effective photocatalyst 

due to their reasonable properties which are strong excitation binding energy, higher 

reactivity, surface area, photosensitivity, non-toxic nature and chemical stability 

(Hairom et al., 2014a & 2015) (Sudha & Rajarajan, 2013) (Bhatia & Verma, 2017) 

(Kayani, Saleemi, & Batool, 2015).  In addition., ZnO has been widely used due to the 

stable wurtzite structure and wide band gap (3.2eV) that suitable as a photocatalyst for 

dye wastewater treatment (Hairom et al., 2015). ZnO nanoparticles are 

commercialised for various applications such as sensor (Lu et al., 2012) (Lacy et al., 

2008), solar cells (Hau et al., 2008), light emitting diode (Lee et al., 2010) and 
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photocatalysis (Bhatia & Verma, 2017). However, the ZnO nanoparticles have the 

tendency to agglomerate in which resulting from the Ostwald ripening and Van der 

Waals interactions between nanoparticles. The previous study also reported that ZnO 

nanoparticles are aggregated severely due to the high surface energy of ZnO 

nanoparticles (Raoufi & Raou, 2013). Therefore, these problems generally resolved by 

the capping technique of ZnO nanoparticles in which predicted to controls the particles 

size, reduces the agglomeration and obtain well-dispersed nanoparticles.  

Membranes technologies provide an important solution in environmental fields 

such as recycling valuable components from the waste streams, pollution reduction 

and water reuse. There are two important parameters that affect the efficiency of 

membrane processes which are rejection and permeate flux (Koyuncu, Topacik, & 

Wiesner, 2004). Lately, the utilization of membrane separation process is growing fast 

due to a more restrictive legislation concerning industrial wastewater and the necessity 

of water resources. According to Aouni et al., (2012), they reported that the membrane 

techniques have potential to remove the dye stuffs, allow the reuse of the auxiliary 

chemicals used for dyeing, concentrate the dyestuffs and auxiliaries and produce 

purified water. There have been many investigations on the treatment of the dye 

wastewater using microfiltration (MF) (Gopakumar et al., 2017) (Saini, Bulasara, & 

Reddy, 2018), ultrafiltration (UF) (Lin et al., 2016) (Alventosa-Delara et al., 2014), 

and nanofiltration (NF) membranes (Buscio et al., 2016). A special attention was given 

to the NF membrane that owing to its well-balanced performance between water flux 

and solute rejection as well as relatively low operations. UF and MF are inherently 

constrained by membrane fouling with dissolved organic substances such as humic 

acid (HA) and proteins which acting as major foulants. The previous study reported 

that lower quality of permeate during the both MF and UF membranes since small 

particles, molecules and ions can pass easily through the membranes (Hairom, 

Mohammad, & Kadhum, 2014a).  On the other hands, the accumulation of species at 

the membrane surface adversely affects the process performance since it leads to an 

increase in the membrane resistance over time. Hence, a primary treatment is required 

for the further improvement in both flux and separation efficiency during the filtration 

of textile wastewater. The efficiency of the hybrid MPR system in the presence of 

polymer capped ZnO was investigated in mitigating membrane fouling and analysing 

the effect of permeate quality. The outcomes of this research can provide instructive 

information on the best operational conditions during the MPR treatment. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



4 
 

   

1.2  Problem Statement 

  

The greatest technical challenges during the synthesis of ZnO nanoparticles are 

agglomeration and aggregation. There has been a lot study reported that the uncapped 

ZnO has no particular morphology and the particles are highly agglomerated 

(Chandrasekaran, Viruthagiri, & Srinivasan, 2012). In addition, the particle size 

obtained by uncapped ZnO is much bigger than capped ZnO since the capping agent 

was used to control the growth by formed a shell surrounding the particles (Yogamalar, 

Srinivasan, & Bose, 2009).  The previous study by Saravanan and co-workers 

investigated the formation of cadmium sulphide (CdS) nanoparticles capped by PVP 

(polyvinylpyrrolidone) were synthesised via chemical co-precipitation method. It can 

be inferred that PVP can lower the surface energy of the nanoparticles, and hence the 

PVP capped CdS nanoparticles shows excellent monodispersed property (Saravanan 

et al., 2011).  Generally, PVP tends to modify the Ostwald ripening kinetics in such a 

way that the growth rate decreases with the size of the CdS nanoparticles and 

effectively narrow the size distribution. Furthermore, the previous study reported that 

capping agent of PVP has ability to reduce the formation of agglomeration and 

aggregation of ZnO nanoparticles (Hairom et al., 2014). They also reported that ZnO-

PVP nanoparticles was the best photocatalyst in hybrid treatment system of MPR for 

dye wastewater treatment that exhibited the highest photodegradation efficiency. 

However, ZnO-PVP nanoparticles was resulting in severe flux decline and membrane 

fouling. 

The choice of capping agents has placed much emphasis since the properties 

which included size, shape and the interaction with solvent surroundings of the 

nanoparticle are strongly influenced to the synthesised ZnO nanoparticles (Toh, 

Jurkschat, & Compton, 2015). The interesting properties of PEG have been studied 

well in the biotechnology and medicine field for controlled drug released compounds 

since PEG are inexpensive, stable under ambient condition and do not release volatile 

organic compounds (VOCs). Furthermore, many researchers have reported preparation 

of noble metal nanoparticles using PEG, exploiting its non-toxic, non-irritating and 

moisturizing properties (Sudha et al., 2013). PEG is known to have long hydrocarbon 

chain structures with hydrophobic ends. The number of monomers in PEG is critical 

in manipulating the nanoparticle sizes. The rate of particle aggregation is a major factor 

that controls the morphology and crystallinity of the final product. Besides that, it has 
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been reported that PEG with uniform and ordered chain structure is easily absorbed at 

the surface of metal oxide colloid (Thirugnanam, 2013). Based on previous study, PEG 

was used as a templating reagent for producing synthesized microstructure titanium 

dioxides (TiO2) photocatalyst via sol–gel method (Sun et al., 2008). PEG molecules 

acted significantly in well-controlled crystal growth and the enlargement of surface 

area via the pore-forming function.  Although there has been an increasing amount of 

studies on polymer capped on ZnO, the effectiveness of PEG capped on ZnO 

nanoparticles to improve MPR system has not been discovered yet in the previous 

study. Therefore, these details are very useful to improve the photocatalyst 

performances in the photocatalytic activity and membrane filtration process. The 

present study attempted to obtain the best conditions of MPR by studying the effect of 

different capping agents on ZnO nanoparticles. 

 

1.3  Objectives of the Study 

 

The objectives of this research are: 

(i) To study the effectiveness of different ZnO photocatalyst in membrane 

photocatalytic reactor (MPR) for industrial dye wastewater treatment. 

(ii) To determine the flux decline, membrane fouling and permeate quality after 

MPR process regarding to the selected capped ZnO and membranes types, and 

influence of operating parameters for the MPR system. 

(iii) To study the mechanisms of membrane fouling using model fitting according 

to the theory of blocking filtration laws. 

 

1.4  Scopes of the Study 

 

The scopes of this research are: 

(i) Study the self-synthesised ZnO capped by the different types of polymers (PVP 

and PEG) via precipitation method by using Transmission Electron 

Microscopy (TEM), X-ray diffractometer (XRD) and Brunauer-Emmett-Teller 

(BET), respectively. 

(ii) Study the permeability performance on the different types of membranes (NF-

PPA, UF-PPA, MF-PES and MF-PVDF) under different pressure (3, 4, 5 and 

6 bars) in the MPR system. 
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(iii) Study the effectiveness of photocatalyst (ZnO-PEG, ZnO-PVP, commercial 

ZnO and absence ZnO) in MPR for industrial dye wastewater treatment under 

different types of membrane (NF-PPA, UF-PPA, MF-PES and MF-PVDF), 

initial pH (pH 4-13), ZnO loading (0.08-0.30 g/L), dilution of dye wastewater 

(0-75% dilution) and pressure (4-7bars). 

(iv) Determination of the flux decline and membrane fouling in terms of membrane 

surface and cross-section morphology by using Field Emission Scanning 

Electron Microscopy (FESEM), surface roughness analysis by using Atomic 

Force Microscopy (AFM) and contact angle based on standard sessile drop 

method. 

(v) Determination of the permeate quality in terms of colour intensity, turbidity, 

and chemical oxygen demand (COD) and Total Dissolved Solids (TDS). 

(vi) Study for the membrane fouling mechanism during the best conditions using 

model fitting according the theory of blocking filtration laws that have been 

modified by Wiesner & Aptel, (1996). 

 

1.5  Significance of the Study 

 

The findings of this study will redound to the benefits of MPR in the long term for 

treating dye wastewater by maximizing degradation efficiency of dye wastewater and 

minimizing membrane fouling to enhance the technology of wastewater treatment 

plant. The greater demands in textile industries justified the need for more effective in 

treatment approaches. Thus, the present study applied the recommended approach of 

treatment in which significance on technical and economical to the industry that 

produced effluent based on dye wastewater. It is beneficial to save energy as well as 

to cut down the size of installation due to additional operations such as coagulation, 

flocculation and sedimentation are not necessary for this reactor.  

Moreover, ZnO-PEG nanoparticle via precipitation method provide significant 

boost to the development of synthesised ZnO since it contributed to the manufacturer 

of ZnO nanoparticles. The improvement on synthesised ZnO influenced to the 

performance of MPR system. Furthermore, this is a preliminary study of MPR before 

it could be applied in the pilot scale of wastewater treatment plant project. Therefore, 

the present study provided an elucidation of the effectiveness of different capping 

agents on ZnO nanoparticles in MPR, behavior of the used membranes and membrane 
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fouling mechanisms in order to develop advanced treatment systems that have 

potential to meet the stringent imply of effluent discharge regulations. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



104 

  

   

REFERENCES 

 

 

Abdollahi, Y., Abdullah, A. H., Gaya, U. I., Ahmadzadeh, S., Zakaria, A., Shameli, 

K., Zainal, Z., Jahangirian, H., & Yusof, N. A. (2012). Photocatalytic degradation 

of 1,4-Benzoquinone in aqueous ZnO dispersions. Journal of the Brazilian 

Chemical Society, 23(2), 236–240. https://doi.org/10.1590/S0103-

50532012000200007 

Abid, M. F., Zablouk, M. A., & Abid-Alameer, A. M. (2012). Experimental study of 

dye removal from industrial wastewater by membrane technologies of reverse 

osmosis and nanofiltration. Iranian Journal of Environmental Health Science and 

Engineering, 9(17), 1. https://doi.org/10.1186/1735-2746-9-17 

Akhil, K., Jayakumar, J., Gayathri, G., & Khan, S. S. (2016). Effect of various capping 

agents on photocatalytic , antibacterial and antibio fi lm activities of ZnO 

nanoparticles. Journal of Photochemistry & Photobiology , B : Biology, 160, 32–

42. https://doi.org/10.1016/j.jphotobiol.2016.03.015 

Akyol, A., Yatmaz, H. C., & Bayramoglu, M. (2004). Photocatalytic decolorization of 

Remazol Red RR in aqueous ZnO suspensions. Applied Catalysis B: 

Environmental, 54(1), 19–24. https://doi.org/10.1016/j.apcatb.2004.05.021 

Al-Asheh, S., & Aidan, A. (2017). Operating Conditions of Coagulation-Flocculation 

Process for High Turbidity Ceramic Wastewater. Journal Water Environmental 

Nanotechnology, 2(22), 80–87. https://doi.org/10.22090/jwent.2017.02.002 

Al-Ghouti, M. A., Khraisheh, M. A. M., Allen, S. J., & Ahmad, M. N. (2003). The 

removal of dyes from textile wastewater: A study of the physical characteristics 

and adsorption mechanisms of diatomaceous earth. Journal of Environmental 

Management, 69(3), 229–238. https://doi.org/10.1016/j.jenvman.2003.09.005 

Al Abdullah, K., Awad, S., Zaraket, J., & Salame, C. (2017). Synthesis of ZnO 

Nanopowders by Using Sol-Gel and Studying Their  Structural   and    Electrical

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



105 

  

   

 Properties   at    Different  Temperature.  Energy  Procedia,   119,     565–570. 

https://doi.org/10.1016/j.egypro.2017.07.080 

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

Clar, A., & Mendoza-Roca, J. A. (2009). Nanofiltration as a final step towards 

textile wastewater reclamation. Desalination, 240(1–3), 290–297. 

https://doi.org/10.1016/j.desal.2008.02.028 

Ali, A. H., Tlaiaa, Y. S., Razak Nasir, Z. A., & Rdhaiwi, A. Q. (2018). Photocatalytic 

Degradation of Reactive Green-19 Dye Using Nano ZnO Catalyst. IOP 

Conference Series: Materials Science and Engineering, 454(1). 

https://doi.org/10.1088/1757-899X/454/1/012027 

Alventosa-deLara, E., Barredo-Damas, S., Alcaina-Miranda, M. I., & Iborra-Clar, M. 

I. (2012). Ultrafiltration technology with a ceramic membrane for reactive dye 

removal : Optimization of membrane performance. Journal of Hazardous 

Materials, 209–210, 492–500. https://doi.org/10.1016/j.jhazmat.2012.01.065 

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

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

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

Purification Technology, 129, 96–105. 

https://doi.org/10.1016/j.seppur.2014.04.001 

Amini, M., & Ashrafi, M. (2016). Photocatalytic degradation of some organic dyes 

under solar light irradiation using TiO 2 and ZnO nanoparticles, 1(1), 79–86. 

https://doi.org/10.7508/ncr.2016.01.010 

Andrade, L. H., Mendes, F. D. S., Espindola, J. C., & Amaral, M. C. S. (2014). 

Nanofiltration as tertiary treatment for the reuse of dairy wastewater treated by 

membrane bioreactor. Separation and Purification Technology, 126, 21–29. 

https://doi.org/10.1016/j.seppur.2014.01.056 

Aouni, A., Fersi, C., Ben, M., Ali, S., & Dhahbi, M. (2009). Treatment of textile 

wastewater by a hybrid electrocoagulation / nanofiltration process. Journal of 

Hazardous Materials, 168, 868–874. 

https://doi.org/10.1016/j.jhazmat.2009.02.112 

Aouni, A., Fersi, C., Cuartas-uribe, B., Bes-pía, A., Alcaina-miranda, M. I., & Dhahbi, 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



106 

  

   

M. (2012). Reactive dyes rejection and textile effluent treatment study using 

ultrafiltration and nanofiltration processes. Desalination, 297, 87–96. 

https://doi.org/10.1016/j.desal.2012.04.022 

Arab, M. C., Bagherian, G., Bahramian, B., & Fahimi Rad, B. (2015). Synthesis and 

application of multiple rods gold–zinc oxide nanostructures in the photocatalytic 

degradation of methyl orange. International Journal of Environmental Science 

and Technology, 12(1), 151–160. https://doi.org/10.1007/s13762-014-0669-x 

Assi, N., Mohammadi, A., Sadr Manuchehri, Q., & Walker, R. B. (2014). Synthesis 

and characterization of ZnO nanoparticle synthesized by a microwave-assisted 

combustion method and catalytic activity for the removal of ortho-nitrophenol. 

Desalination and Water Treatment, 54(7), 1939–1948. 

https://doi.org/10.1080/19443994.2014.891083 

Ates, H., Dizge, N., & Yatmaz, H. C. (2017). Combined process of electrocoagulation 

and photocatalytic degradation for the treatment of olive washing wastewater. 

Water Science and Technology, 75(1), 141–154. 

https://doi.org/10.2166/wst.2016.498 

Attia, A. J., Kadhim, S. H., & Hussein, F. H. (2008). Photocatalytic Degradation of 

Texile Dyeing Wastewater Using Titanium Dioxide and Zinc Oxide. E-Journal 

of Chemistry, 5(2), 219–223. https://doi.org/10.1155/2008/876498 

Ayanda, O. S. (2014). Treatment processes of organic dyes in water and wastewater : 

A review. Journal of Natural Sciences, 5, 2308–5061. Retrieved from 

http://journal-of-biotechnological-sciences.darsgah-e-ahlebait.com/ 

Bahrami, M., & Nezamzadeh-ejhieh, A. (2015). Materials Science in Semiconductor 

Processing Effect of the supported ZnO on clinoptilolite nano-particles in the 

photodecolorization of semi-real sample bromothymol blue aqueous solution. 

Materials Science in  Semiconductor Processing, 30, 275–284. 

https://doi.org/10.1016/j.mssp.2014.10.006 

Barredo-Damas, S., Alcaina-Miranda, M. I., Iborra-Clar, M. I., & Mendoza-Roca, J. 

A. (2012). Application of tubular ceramic ultrafiltration membranes for the 

treatment of integrated textile wastewaters. Chemical Engineering Journal, 192, 

211–218. https://doi.org/10.1016/j.cej.2012.03.079 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



107 

  

   

Baruah, S., & Dutta, J. (2009). Hydrothermal growth of ZnO nanostructures. Science 

and Technology of Advanced Materials, 10(1). https://doi.org/10.1088/1468-

6996/10/1/013001 

Baruah, S., Pal, S. K., & Dutta, J. (2012). Nanostructured Zinc Oxide for Water 

Treatment. Nanoscience and Nanotechnology-Asia, 2, 90–102. 

Baruwati, B., Kumar, D. K., & Manorama, S. V. (2006). Hydrothermal synthesis of 

highly crystalline ZnO nanoparticles: A competitive sensor for LPG and EtOH. 

Sensors and Actuators, B: Chemical, 119(2), 676–682. 

https://doi.org/10.1016/j.snb.2006.01.028 

Behnajady, M. A., Modirshahla, N., & Hamzavi, R. (2006). Kinetic study on 

photocatalytic degradation of C . I . Acid Yellow 23 by ZnO photocatalyst. 

Journal of Hazardous Materials, 133, 226–232. 

https://doi.org/10.1016/j.jhazmat.2005.10.022 

Benhebal, H., Chaib, M., Leonard, A., Lambert, S. D., & Crine, M. (2012). 

Photodegradation of phenol and benzoic acid by sol-gel-synthesized alkali metal-

doped ZnO. Materials Science in Semiconductor Processing, 15(3), 264–269. 

https://doi.org/10.1016/j.mssp.2011.12.001 

Bhatia, S., & Verma, N. (2017). Photocatalytic activity of ZnO nanoparticles with 

optimization of defects. Materials Research Bulletin, 95, 468–476. 

https://doi.org/10.1016/j.materresbull.2017.08.019 

Buscio, V., García-Jiménez, M., Vilaseca, M., López-Grimau, V., Crespi, M., & 

Gutiérrez-Bouzán, C. (2016). Reuse of textile dyeing effluents treated with 

coupled nanofiltration and electrochemical processes. Materials, 9(6). 

https://doi.org/10.3390/ma9060490 

Cailean, D., Barjoveanu, G., Teodosiu, C., Pintilie, L., Dascalescu, I., & Paduraru, C. 

(2014). Technical performances of ultrafiltration applied to municipal wastewater 

treatment plant effluents Technical performances of ultrafiltration applied to 

municipal wastewater treatment plant effluents Daniela Ca. Desalination and 

Water Treatment, (August), 1–13. 

https://doi.org/10.1080/19443994.2014.951693 

Cao, Z., Zhang, Z., Wang, F., & Wang, G. (2009). Synthesis and UV shielding 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



108 

  

   

properties of zinc oxide ultrafine particles modified with silica and trimethyl 

siloxane. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

340(1–3), 161–167. https://doi.org/10.1016/j.colsurfa.2009.03.024 

Carmen, Z., & Daniel, S. (2012). Textile Organic Dyes – Characteristics, Polluting 

Effects and Separation/Elimination Procedures from Industrial Effluents – A 

Critical Overview. Environmental and Analytical Update, 55–86. 

https://doi.org/10.5772/32373 

Cassano, A., Conidi, C., Ruby-Figueroa, R., & Castro-Muñoz, R. (2018). 

Nanofiltration and tight ultrafiltration membranes for the recovery of polyphenols 

from agro-food by-products. International Journal of Molecular Sciences, 19(2). 

https://doi.org/10.3390/ijms19020351 

Chakrabarti, S., & Dutta, B. K. (2004). Photocatalytic degradation of model textile 

dyes in wastewater using ZnO as semiconductor catalyst. Journal of Hazardous 

Materials, 112(3), 269–278. https://doi.org/10.1016/j.jhazmat.2004.05.013 

Chakrabarty, B., Ghoshal, A. K., & Purkait, M. K. (2008). Ultrafiltration of stable oil-

in-water emulsion by polysulfone membrane. Journal of Membrane Science, 

325(1), 427–437. https://doi.org/10.1016/j.memsci.2008.08.007 

Chakraborty, S., Purkait, M. K., DasGupta, S., De, S., & Basu, J. K. (2003). 

Nanofiltration of textile plant effluent for color removal and reduction in COD. 

Separation and Purification Technology, 31(2), 141–151. 

https://doi.org/10.1016/S1383-5866(02)00177-6 

Chandrasekaran, P., Viruthagiri, G., & Srinivasan, N. (2012). The effect of various 

capping agents on the surface modifications of sol – gel synthesised ZnO 

nanoparticles. Journal of Alloys and Compounds, 540, 89–93. 

https://doi.org/10.1016/j.jallcom.2012.06.032 

Chekir, N., Benhabiles, O., Tassalit, D., Laoufi, N. A., & Bentahar, F. (2015). 

Photocatalytic degradation of methylene blue in aqueous suspensions using TiO 

2 and ZnO. Desalination and Water Treatment, (July), 1–7. 

https://doi.org/10.1080/19443994.2015.1060533 

Chen, W., Ye, T., Xu, H., & Chen, T. (2017). An ultrafiltration membrane with 

enhanced photocatalytic performance from grafted N – TiO 2 / graphene oxide. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



109 

  

   

Royal Society of Chemistry, 9880–9887. https://doi.org/10.1039/c6ra27666k 

Chequer, F. M. D., Oliveira, G. A. R. De, Ferraz, E. R. A., Cardoso, J. C., Zanoni, M. 

V. B., & Oliveira, D. P. De. (2013). Textile Dyes: Dyeing Process and 

Environmental Impact. Eco-Friendly Textile Dyeing and Finishing, 151–176. 

https://doi.org/10.5772/53659 

Choudhary, B., Chawla, S., Jayanthi, K., Sood, K. N., & Singh, S. (2010). Synthesis 

and surface modification of ZnO : Cu nanoparticles by silica and PMMA. Current 

Applied Physics, 10(3), 807–812. https://doi.org/10.1016/j.cap.2009.09.019 

Choudhary, M. P., & Islam, S. (2017). Assessment of Environmental Impacts during 

Operational Phase of a Textile Industry. International Research Journal of 

Engineering and Technology (IRJET), 4(1), 22–26. Retrieved from 

https://irjet.net/archives/V4/i1/IRJET-V4I105.pdf 

Cristina, F., Paschoalino, S., Paschoalino, M. P., & Jordão, E. (2012). Evaluation of 

TiO2 , ZnO , CuO and Ga2O3 on the Photocatalytic Degradation of Phenol Using 

an Annular-Flow Photocatalytic Reactor. Journal of Physics and Chemistry, 

2012(August), 135–140. 

Daneshvar, N., Salari, D., & Khataee, A. R. (2004). Photocatalytic degradation of azo 

dye acid red 14 in water on ZnO as an alternative catalyst to TiO2. Journal of 

Photochemistry and Photobiology A: Chemistry, 162(2–3), 317–322. 

https://doi.org/10.1016/S1010-6030(03)00378-2 

Darvishi Cheshmeh Soltani, R., Rezaee, A., Safari, M., Khataee, A. R., & Karimi, B. 

(2013). Photocatalytic degradation of formaldehyde in aqueous solution using 

ZnO nanoparticles immobilized on glass plates. Desalination and Water 

Treatment, 53. https://doi.org/10.1080/19443994.2013.855674 

Dasgupta, J., Sikder, J., Chakraborty, S., Curcio, S., & Drioli, E. (2015). Remediation 

of textile ef fl uents by membrane based treatment techniques : A state of the art 

review. Journal of Environmental Management, 147, 55–72. 

https://doi.org/10.1016/j.jenvman.2014.08.008 

Demerlis, C. C., & Schoneker, D. R. (2003). Review of the oral toxicity of polyvinyl 

alcohol ( PVA ). Food and Chemical Toxicology, 41, 319–326. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



110 

  

   

Deveci, E. Ü., Dizge, N., Yatmaz, H. C., & Tansel, B. (2016). Degradation of 

Recalcitrant Textile Dyes by Coupling Fungal and Photocatalytic Membrane 

Reactors. Clean - Soil, Air, Water, 44(10), 1345–1351. 

https://doi.org/10.1002/clen.201500838 

Elaziouti, A., Laouedj, N., & Ahmed, B. (2011). ZnO-Assisted Photocatalytic 

Degradation of Congo Red and Benzopurpurine 4B in Aqueous Solution. Journal 

of Chemical Engineering & Process Technology, 2(2), 2–10. 

https://doi.org/10.4172/2157-7048 

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

treatment by membrane processes. Desalination, 244(1–3), 321–332. 

https://doi.org/10.1016/j.desal.2008.04.046 

Fujishima, A., Rao, T. N., & Tryk, D. A. (2000). Titanium dioxide photocatalysis. 

Journal of Photochemistry and Photobiology C: Photochemistry Reviews, 1(1), 

1–21. https://doi.org/10.1016/S1389-5567(00)00002-2 

Garciá-Molina, V., Lyko, S., Esplugas, S., Wintgens, T., & Melin, T. (2006). 

Ultrafiltration of aqueous solutions containing organic polymers. Desalination, 

189(1–3 SPEC. ISS.), 110–118. https://doi.org/10.1016/j.desal.2005.11.002 

Georgaki, I., Vasilaki, E., & Katsarakis, N. (2014). A Study on the Degradation of 

Carbamazepine and Ibuprofen by TiO 2 & ZnO Photocatalysis upon UV / 

Visible-Light Irradiation. American Journal of Analytical Chemistry, 5(June), 

518–534. 

Ghorbani, H. R., & Mehr, F. P. (2015). Synthesis of ZnO Nanoparticles by 

Precipitation Method. Oriental Journal of Chemistry, 31(2), 1219–1221. 

Ghule, L. A., Patil, A. A., Sapnar, K. B., Dhole, S. D., & Garadkar, K. M. (2011). 

Photocatalytic degradation of methyl orange using ZnO nanorods. Toxicological 

& Environmental Chemistry, 93(4), 623–634. 

https://doi.org/10.1080/02772248.2011.560852 

Gnanasangeetha, D., & Thambavani, S. D. (2014). Facile and Eco-Friendly Method 

for the Synthesis of Zinc Oxide Nanoparticles using Azadirachta and Emblica. 

International Journal of Pharmaceutical Sciences and Research, 5(7), 2866–

2873. https://doi.org/10.13040/IJPSR.0975-8232.5(7).2866-73 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



111 

  

   

Gopakumar, D. A., Pasquini, D., Henrique, M. A., Morais, L. C. De, Grohens, Y., & 

Thomas, S. (2017). Meldrum’s Acid Modified Cellulose Nanofiber-Based 

Polyvinylidene Fluoride Microfiltration Membrane for Dye Water Treatment and 

Nanoparticle Removal. ACS Sustainable Chemistry & Engineering, 5, 2026–

2033. https://doi.org/10.1021/acssuschemeng.6b02952 

Gozálvez-Zafrilla, J. M., Sanz-Escribano, D., Lora-garcía, J., & Hidalgo, M. C. L. 

(2008). Nanofiltration of secondary effluent for wastewater reuse in the textile 

industry. Desalination, 222, 272–279. 

https://doi.org/10.1016/j.desal.2007.01.173 

Gupta, S. M., & Tripathi, M. (2011). A review of TiO2 nanoparticles. Chinese Science 

Bulletin, 56(16), 1639–1657. https://doi.org/10.1007/s11434-011-4476-1 

Hai, F. I., Yamamoto, K., & Fukushi, K. (2007). Hybrid treatment systems for dye 

wastewater. Critical Reviews in Environmental Science and Technology, 37(4), 

315–377. https://doi.org/10.1080/10643380601174723 

Hairom, N. H. H., Mohammad, A. W., & Kadhum, A. A. H. (2014a). Effect of various 

zinc oxide nanoparticles in membrane photocatalytic reactor for Congo red dye 

treatment. Separation and Purification Technology, 137, 74–81. 

Hairom, N. H. H., Mohammad, A. W., & Kadhum, A. A. H. (2014b). Nanofiltration 

of hazardous Congo red dye : Performance and flux decline analysis. Journal of 

Water Process Engineering, 4, 99–106. 

https://doi.org/10.1016/j.jwpe.2014.09.008 

Hairom, N. H. H., Mohammad, A. W., & Kadhum, A. A. H. (2015). Influence of zinc 

oxide nanoparticles in the nanofiltration of hazardous Congo red dyes. Chemical 

Engineering Journal, 260, 907–915. https://doi.org/10.1016/j.cej.2014.08.068 

Hairom, N. H. H., Mohammad, A. W., Ng, L. Y., & Hassan, A. A. (2014). Utilization 

of self-synthesized ZnO nanoparticles in MPR for industrial dye wastewater 

treatment using NF and UF membrane. Desalination and Water Treatment, 

(May), 1–12. https://doi.org/10.1080/19443994.2014.917988 

Halim, R., Utama, R., Cox, S., & Le-Clech, P. (2010). Performances of submerged 

membrane photocatalysis reactor during treatment of humic substances. 

Membrane Water Treatment, 1(4), 283–296. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



112 

  

   

https://doi.org/10.12989/mwt.2010.1.4.283 

Han, J., Liu, Y., Singhal, N., Wang, L., & Gao, W. (2012). Comparative photocatalytic 

degradation of estrone in water by ZnO and TiO2 under artificial UVA and solar 

irradiation. Chemical Engineering Journal, 213, 150–162. 

https://doi.org/10.1016/j.cej.2012.09.066 

Hassani, H., Mirzayee, R., Nasseri, S., Borghei, M., Gholami, M., & Torabifar, B. 

(2008). Nanofiltration process on dye removal from simulated textile wastewater. 

International Journal of Environmental Science and Technology, 5(3), 401–408. 

https://doi.org/10.1007/BF03326035 

Hau, S. K., Yip, H. L., Baek, N. S., Zou, J., O’Malley, K., & Jen, A. K. Y. (2008). Air-

stable inverted flexible polymer solar cells using zinc oxide nanoparticles as an 

electron selective layer. Applied Physics Letters, 92(25). 

https://doi.org/10.1063/1.2945281 

Hong, R. Y., Li, J. H., Chen, L. L., Liu, D. Q., Li, H. Z., Zheng, Y., & Ding, J. (2009). 

Synthesis, surface modification and photocatalytic property of ZnO 

nanoparticles. Powder Technology, 189(3), 426–432. 

https://doi.org/10.1016/j.powtec.2008.07.004 

Huang, Y. L., Li, Q. B., Deng, X., Lu, Y. H., Liao, X. K., Hong, M. Y., & Wang, Y. 

(2005). Aerobic and anaerobic biodegradation of polyethylene glycols using 

sludge microbes. Process Biochemistry, 40(1), 207–211. 

https://doi.org/10.1016/j.procbio.2003.12.004 

Huertas, S. P., Terpilowski, K., Wisniewska, M., & Zarko, V. (2017). Influence of 

Polyvinylpyrrolidone adsorption on stability of silica aqueous suspension-Effects 

of polymer concentration and solid content. Physicochemical Problems of 

Mineral Processing, 53(1), 121–135. 

Hussein, F. F. H., & Abass, T. T. A. (2010). Photocatalytic treatment of textile 

industrial wastewater. International Journal of Chemical Science, 8(3), 1353–

1364. Retrieved from 

http://www.sadgurupublications.com/ContentPaper/2010/1_1011_8(3)2010.pdf 

Hussein, F. H. (2013). Effect of Photocatalytic Treatments on Physical and Biological 

Properties of Textile Dyeing Wastewater. Asian Journal of Chemistry, 25(16), 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



113 

  

   

9387–9392. https://doi.org/10.14233/ajchem.2013.15909 

Iglesias, O., Rivero, M. J., Urtiaga, A. M., & Ortiz, I. (2016). Membrane-based 

photocatalytic systems for process intensification. Chemical Engineering 

Journal, 305, 136–148. https://doi.org/10.1016/j.cej.2016.01.047 

Intarasuwan, K., Amornpitoksuk, P., Suwanboon, S., & Graidist, P. (2017). 

Photocatalytic dye degradation by ZnO nanoparticles prepared from X2C2O4 

(X = H, Na and NH4) and the cytotoxicity of the treated dye solutions. Separation 

and Purification Technology, 177, 304–312. 

https://doi.org/10.1016/j.seppur.2016.12.040 

Izadpanah, A. A., & Javidnia, A. (2012). The ability of a nanofiltration membrane to 

remove hardness and ions from diluted seawater. Water (Switzerland), 4(2), 283–

294. https://doi.org/10.3390/w4020283 

J. Hermia. (1982). Constant pressure blocking filtration laws: application to power-

law non-Newtonion fluids. Trans. Ind. Chem. Eng., 60, 183–187. 

Jafarzadeh, M., Rahman, I. A., & Sipaut, C. S. (2009). Synthesis of silica nanoparticles 

by modified sol-gel process: The effect of mixing modes of the reactants and 

drying techniques. Journal of Sol-Gel Science and Technology, 50(3), 328–336. 

https://doi.org/10.1007/s10971-009-1958-6 

Janotti, A., & Walle, C. G. Van de. (2009). Fundamentals of zinc oxide as a 

semiconductor. Reports on Progress in Physics, 72(April 2016), 126501. 

https://doi.org/10.1088/0034-4885/72/12/126501 

Japic, D., Djerdj, I., Marin, M., & Orel, Z. C. (2013). In Situ and Ex Situ TEOS Coating 

of ZnO Nanoparticles and the Preparation of Composite ZnO / PMMA for UV-

VIS Absorbers. Acta Chimica Slovenica, 60, 797–806. 

Jasso-salcedo, A. B., Palestino, G., & Escobar-barrios, V. A. (2014). Effect of Ag , pH 

, and time on the preparation of Ag-functionalized zinc oxide nanoagglomerates 

as photocatalysts. Journal of Catalysis, 318, 170–178. 

https://doi.org/10.1016/j.jcat.2014.06.008 

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

membrane for dye/salt mixtures. Desalination and Water Treatment, 51(19–21), 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



114 

  

   

3721–3727. https://doi.org/10.1080/19443994.2013.794764 

Joshi, K. M. ., & Shrivastava, V. S. (2011). Photocatalytic degradation of Chromium 

( VI ) from wastewater using nanomaterials like TiO 2 , ZnO , and CdS. Applied 

Nanoscience, 1, 147–155. https://doi.org/10.1007/s13204-011-0023-2 

Jung, S. H., Oh, E., Lee, K. H., Yang, Y., Park, C. G., Park, W., & Jeong, S. H. (2008). 

Sonochemical preparation of shape-selective ZnO nanostructures. Crystal 

Growth and Design, 8(1), 265–269. https://doi.org/10.1021/cg070296l 

Jurablu, S., Farahmandjou, M., & Firoozabadi, T. P. (2015). Sol-Gel Synthesis of Zinc 

Oxide (ZnO) Nanoparticles : Study of Structural and Optical Properties. Journal 

of Sciences, 26(3), 281–285. 

Kamani, H., Bazrafshan, ; Edris, Mohammad, ;, Ghozikali, G., Majid Askari, ;, & 

Ameri, R. (2015). Photocatalyst Decolorization of C. I. Sulphur Red 14 From 

Aqueous Solution by UV Irradiation in the Presence of ZnO Nanopowder. Health 

Scope, 4(2), 22248. 

Kandjani, A. E., Tabriz, M. F., & Pourabbas, B. (2008). Sonochemical synthesis of 

ZnO nanoparticles: The effect of temperature and sonication power. Materials 

Research Bulletin, 43(3), 645–654. 

https://doi.org/10.1016/j.materresbull.2007.04.005 

Kansal, S. K., Singh, M., & Sud, D. (2007). Studies on photodegradation of two 

commercial dyes in aqueous phase using different photocatalysts. Journal of 

Hazardous Materials, 141(3), 581–590. 

https://doi.org/10.1016/j.jhazmat.2006.07.035 

Karthik, V., Saravanan, K., Bharathi, P., Dharanya, V., & Meiaraj, C. (2014). An 

overview of treatments for the removal of textile dyes. Journal of Chemical and 

Pharmaceutical Sciences, 7(4), 301–307. 

Karunakaran, C., Rajeswari, V., & Gomathisankar, P. (2011). Combustion synthesis 

of ZnO and Ag-doped ZnO and their bactericidal and photocatalytic activities. 

Superlattices and Microstructures, 50(3), 234–241. 

https://doi.org/10.1016/j.spmi.2011.06.005 

Kayani, Z. N., Saleemi, F., & Batool, I. (2015). Synthesis and characterization of ZnO 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



115 

  

   

nanoparticles. Materials Today: Proceedings (Vol. 2). Elsevier Ltd. 

https://doi.org/10.1016/j.matpr.2015.11.100 

Khan, M. M., Adil, S. F., & Al-Mayouf, A. (2015). Metal oxides as photocatalysts. 

Journal of Saudi Chemical Society, 19, 462–464. 

https://doi.org/10.1016/j.jscs.2015.04.003 

Khodja, A. A., Sehili, T., Pilichowski, J.-F., & Boule, P. (2001). Photocatalytic 

degradation of 2-phenylphenol on TiO2 and ZnO in aqueous suspensions. 

Journal of Photochemistry and Photobiology A: Chemistry, 141(2–3), 231–239. 

https://doi.org/10.1016/S1010-6030(01)00423-3 

Kolodziejczak-Radzimska, A., & Jesionowski, T. (2014). Zinc oxide-from synthesis 

to application: A review. Materials, 7(4), 2833–2881. 

https://doi.org/10.3390/ma7042833 

Komolafe, C. A., Agboola, B. ., Adejumo, A. O. D., & Areola, J. B. (2013). Modern 

Conventional Water Treatment Technologies and Challenges for Optimal 

Utilization in Nigeria. International Conference and Annual General Meeting of 

Nigerian Society of Engineers, 3, 1–10. 

Konsowa, A. H., Abd El-Rahman, H. B., & Moustafa, M. A. (2011). Removal of azo 

dye acid orange 7 using aerobic membrane bioreactor. Alexandria Engineering 

Journal, 50(1), 117–125. https://doi.org/10.1016/j.aej.2011.01.014 

Konyar, M., Yildiz, T., Aksoy, M., Yatmaz, H. C., & Öztürk, K. (2017). Reticulated 

ZnO Photocatalyst: Efficiency Enhancement in Degradation of Acid Red 88 Azo 

Dye by Catalyst Surface Cleaning. Chemical Engineering Communications, 

204(6), 705–710. https://doi.org/10.1080/00986445.2017.1306520 

Koros, William J; MA, Y, H; Shimidzu, T. (1996). Terminology for Membranes and 

Membrane Prosesses. Journal of Membrane Science, 120(7), 149–159. 

https://doi.org/10.1351/pac199668071479 

Kosmulski, M. (2018). The pH dependent surface charging and points of zero charge. 

VII. Update. Advances in Colloid and Interface Science, 251, 115–138. 

https://doi.org/10.1016/j.cis.2017.10.005 

Koyuncu, I., Topacik, D., & Wiesner, M. R. (2004). Factors influencing flux decline 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



116 

  

   

during nanofiltration of solutions containing dyes and salts. Water Research, 38, 

432–440. https://doi.org/10.1016/j.watres.2003.10.001 

Kumar, H., & Rani, R. (2013). Structural and Optical Characterization of ZnO 

Nanoparticles Synthesized by Microemulsion Route. International Letters of 

Chemistry, Physics and Astronomy, 14, 26–36. 

Kundu, T. K., Karak, N., Barik, P., & Saha, S. (2011). Optical Properties of Zno 

Nanoparticles Prepared by Chemical Method Using Poly (VinylAlcohol) (PVA) 

as Capping Agent. International Journal of Soft Computing and Engineering, 1, 

19–24. 

Lacy, B. P. J. C., Ewen, R. J., Ratcliffe, N. M., & Richards, M. (2008). Highly sensitive 

room temperature sensors based on the UV-LED activation of zinc oxide 

nanoparticles. Sensors and Actuators B: Chemical, 134(2), 945–952. 

https://doi.org/https://doi.org/10.1016/j.snb.2008.06.055 

Lai, Y., Meng, M., Yu, Y., Wang, X., & Ding, T. (2011). Photoluminescence and 

photocatalysis of the flower-like nano-ZnO photocatalysts prepared by a facile 

hydrothermal method with or without ultrasonic assistance. Applied Catalysis B: 

Environmental, 105(3–4), 335–345. 

https://doi.org/10.1016/j.apcatb.2011.04.028 

Laohaprapanon, S., Matahum, J., Tayo, L., & You, S. (2015). Photodegradation of 

Reactive Black 5 in a ZnO / UV slurry membrane reactor. Journal of the Taiwan 

Institute of Chemical Engineers, 000, 1–6. 

https://doi.org/10.1016/j.jtice.2014.11.017 

Lee, H., Park, I., Kwak, J., Yoon, D. Y., & Lee, C. (2010). Improvement of electron 

injection in inverted bottom-emission blue phosphorescent organic light emitting 

diodes using zinc oxide nanoparticles. Applied Physics Letters, 96(15). 

https://doi.org/10.1063/1.3400224 

Lee, K. M., Lai, C. W., Ngai, K. S., & Juan, J. C. (2016). Recent developments of zinc 

oxide based photocatalyst in water treatment technology: A review. Water 

Research (Vol. 88). Elsevier Ltd. https://doi.org/10.1016/j.watres.2015.09.045 

Lee, S., & Cho, J. (2004). Comparison of ceramic and polymeric membranes for 

natural organic matter (NOM) removal. Desalination, 160(3), 223–232. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



117 

  

   

https://doi.org/10.1016/S0011-9164(04)90025-2 

Li, Q., Xu, Z., & Pinnau, I. (2007). Fouling of reverse osmosis membranes by 

biopolymers in wastewater secondary effluent : Role of membrane surface 

properties and initial permeate flux. Journal of Membrane Science, 290, 173–181. 

https://doi.org/10.1016/j.memsci.2006.12.027 

Lim, A. L., & Bai, R. (2003). Membrane fouling and cleaning in microfiltration of 

activated sludge wastewater. Journal of Membrane Science, 216, 279–290. 

https://doi.org/10.1016/S0376-7388(03)00083-8 

Lin, H., Peng, W., Zhang, M., Chen, J., Hong, H., & Zhang, Y. (2013). A review on 

anaerobic membrane bioreactors: Applications, membrane fouling and future 

perspectives. Desalination, 314, 169–188. 

https://doi.org/10.1016/j.desal.2013.01.019 

Lin, J., Ye, W., Baltaru, M. C., Tang, Y. P., Bernstein, N. J., Gao, P., … Van der 

Bruggen, B. (2016). Tight ultrafiltration membranes for enhanced separation of 

dyes and Na2SO4during textile wastewater treatment. Journal of Membrane 

Science, 514, 217–228. https://doi.org/10.1016/j.memsci.2016.04.057 

Liu, C., Mao, H., Zheng, J., & Zhang, S. (2017). Tight ultrafiltration membrane: 

Preparation and characterization of thermally resistant carboxylated cardo poly 

(arylene ether ketone)s (PAEK-COOH) tight ultrafiltration membrane for dye 

removal. Journal of Membrane Science, 530, 1–10. 

https://doi.org/10.1016/j.memsci.2017.02.005 

Liufu, S., Xiao, H., & Li, Y. (2004). Investigation of PEG adsorption on the surface of 

zinc oxide nanoparticles. Powder Technology, 145(1), 20–24. 

https://doi.org/10.1016/j.powtec.2004.05.007 

Lizama, C., Freer, J., Baeza, J., & Mansilla, H. D. (2002). Optimized photodegradation 

of reactive blue 19 on TiO2 and ZnO suspensions. Catalysis Today, 76(2–4), 

235–246. https://doi.org/10.1016/S0920-5861(02)00222-5 

Lu, G., Xu, J., Sun, J., Yu, Y., Zhang, Y., & Liu, F. (2012). UV-enhanced room 

temperature NO2 sensor using ZnO nanorods modified with SnO2 nanoparticles. 

Sensors and Actuators B: Chemical, 162(1), 82–88. 

https://doi.org/https://doi.org/10.1016/j.snb.2011.12.039 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



118 

  

   

Luo, M., Shen, C., Feltis, B. N., Martin, L. L., Hughes, A. E., Wright, F. A., & Turney, 

T. W. (2014). Reducing ZnO nanoparticle cytotoxicity by surface modification. 

Nanoscale, 6, 5791–5798. https://doi.org/10.1039/c4nr00458b 

Ma, X., Chen, P., Zhou, M., Zhong, Z., Zhang, F., & Xing, W. (2017). Tight 

Ultrafiltration Ceramic Membrane for Separation of Dyes and Mixed Salts ( both 

NaCl / Na2SO4) in Textile Wastewater Treatment. Industrial & Engineering 

Chemistry Research, 56, 7070–7079. https://doi.org/10.1021/acs.iecr.7b01440 

Macwan, D. P., Dave, P. N., & Chaturvedi, S. (2011). A review on nano-TiO2sol-gel 

type syntheses and its applications. Journal of Materials Science, 46(11), 3669–

3686. https://doi.org/10.1007/s10853-011-5378-y 

Marsalek, R. (2014). Particle size and Zeta Potential of ZnO. Procedia - Social and 

Behavioral Sciences, 9, 13–17. https://doi.org/10.1016/j.apcbee.2014.01.003 

Mauro, A. Di, Cantarella, M., Nicotra, G., Pellegrino, G., Gulino, A., Brundo, M. V., 

Privitera, V., & Impellizzeri, G. (2017). Novel synthesis of ZnO / PMMA 

nanocomposites for photocatalytic applications. Nature Publishing Group, 

(October 2016), 1–12. https://doi.org/10.1038/srep40895 

Molinari, R., Lavorato, C., & Argurio, P. (2017). Recent progress of photocatalytic 

membrane reactors in water treatment and in synthesis of organic compounds. A 

review. Catalysis Today, 281, 144–164. 

https://doi.org/10.1016/j.cattod.2016.06.047 

Mondal, K., & Sharma, A. (2016). Photocatalytic Oxidation of Pollutant Dyes in 

Wastewater by TiO 2 and ZnO nano-materials – A Mini-review, 36–72. 

Moon, J., Yun, C. Y., Chung, K. W., Kang, M. S., & Yi, J. (2003). Photocatalytic 

activation of TiO2under visible light using Acid Red 44. Catalysis Today, 87(1–

4), 77–86. https://doi.org/10.1016/j.cattod.2003.10.009 

Mozia, S. (2010). Photocatalytic membrane reactors ( PMRs ) in water and wastewater 

treatment . A review. Separation and Purification Technology, 73(2), 71–91. 

https://doi.org/10.1016/j.seppur.2010.03.021 

Neppolian, B., Choi, H. C., Sakthivel, S., Arabindoo, B., & Murugesan, V. (2002). 

Solar/UV-induced photocatalytic degradation of three commercial textile dyes. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



119 

  

   

Journal of Hazardous Materials, 89(2–3), 303–317. 

https://doi.org/10.1016/S0304-3894(01)00329-6 

Ni, M., Leung, M. K. H., Leung, D. Y. C., & Sumathy, K. (2007). A review and recent 

developments in photocatalytic water-splitting using TiO2for hydrogen 

production. Renewable and Sustainable Energy Reviews, 11(3), 401–425. 

https://doi.org/10.1016/j.rser.2005.01.009 

Nohavica, D., & Gladkov, P. (2010). ZnO nanoparticles and their applications-New 

Achievements. Nanocon Proceedings, (100), 1–3. 

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

membrane for decolorization and salt reduction. Desalination and Water 

Treatment, 50(1–3), 245–253. https://doi.org/10.1080/19443994.2012.719473 

Ou, W., Zhang, G., Yuan, X., & Su, P. (2015). Experimental study on coupling 

photocatalytic oxidation process and membrane separation for the reuse of dye 

wastewater. Journal of Water Process Engineering, 6, 120–128. 

https://doi.org/10.1016/j.jwpe.2015.04.001 

Paraschiv, D., Tudor, C., & Petrariu, R. (2015). The textile industry and sustainable 

development: A holt-winters forecasting investigation for the Eastern European 

area. Sustainability (Switzerland), 7(2), 1280–1291. 

https://doi.org/10.3390/su7021280 

Parra, M. R., & Haque, F. Z. (2015). Optik Poly ( Ethylene Glycol ) ( PEG ) -assisted 

shape-controlled synthesis of one-dimensional ZnO nanorods. Optik - 

International Journal for Light and Electron Optics, 126(18), 1562–1566. 

https://doi.org/10.1016/j.ijleo.2015.05.011 

Pirkarami, A., & Olya, M. E. (2017). Removal of dye from industrial wastewater with 

an emphasis on improving economic efficiency and degradation mechanism. 

Journal of Saudi Chemical Society, 21, S179–S186. 

https://doi.org/10.1016/j.jscs.2013.12.008 

Quintana, A., Altube, A., García-Lecina, E., Suriñach, S., Baró, M. D., Sort, J., … 

Guerrero, M. (2017). A facile co-precipitation synthesis of heterostructured 

ZrO2|ZnO nanoparticles as efficient photocatalysts for wastewater treatment. 

Journal of Materials Science, 52(24), 13779–13789. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



120 

  

   

https://doi.org/10.1007/s10853-017-1488-5 

Rafaie, H. A., Nor, R. M., Azmina, M. S., Ramli, N. I. T., & Mohamed, R. (2017). 

Decoration of ZnO microstructures with Ag nanoparticles enhanced the catalytic 

photodegradation of methylene blue dye. Journal of Environmental Chemical 

Engineering, 5(4), 3963–3972. https://doi.org/10.1016/j.jece.2017.07.070 

Rajeev, B., Yesodharan, S., & Yesodharan, E. P. (2015). Application of solar energy 

in wastewater treatment: Photocatalytic degradation of α-methylstyrene in water 

in presence of ZnO. Journal of Water Process Engineering, 8, 108–118. 

https://doi.org/10.1016/j.jwpe.2015.09.005 

Rajeshwar, K., Osugi, M. E., Chanmanee, W., Chenthamarakshan, C. R., Zanoni, M. 

V. B., Kajitvichyanukul, P., & Krishnan-Ayer, R. (2008). Heterogeneous 

photocatalytic treatment of organic dyes in air and aqueous media. Journal of 

Photochemistry and Photobiology C: Photochemistry Reviews, 9(4), 171–192. 

https://doi.org/10.1016/j.jphotochemrev.2008.09.001 

Rajeswari, A. ., Vismaiya, S. ., & Pius, A. (2009). Preparation, characterization of nano 

ZnO-blended cellulose acetate - polyurethane membrane for photocatalytic 

degradation of dyes from water. Chemical Engineering Journal, 313, 928–937. 

https://doi.org/10.1016/j.ympev.2009.07.024 

Raliya, R., Avery, C., Chakrabarti, S., & Biswas, P. (2017). Photocatalytic degradation 

of methyl orange dye by pristine titanium dioxide , zinc oxide , and graphene 

oxide nanostructures and their composites under visible light irradiation. Applied 

Nanoscience, 7(5), 253–259. https://doi.org/10.1007/s13204-017-0565-z 

Ramlow, H., Machado, R. A. F., & Marangoni, C. (2017). Direct contact membrane 

distillation for textile wastewater treatment: a state of the art review. Water 

Science and Technology, 1–14. https://doi.org/10.2166/wst.2017.449 

Rani, M., & Shanker, U. (2018). Sun-light driven rapid photocatalytic degradation of 

methylene blue by Poly(methyl methacrylate)/metal oxide nanocomposites. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 559, 136–

147. https://doi.org/10.1016/j.colsurfa.2018.09.040 

Raoufi, D., & Raou, D. (2013). Synthesis and microstructural properties of ZnO 

nanoparticles prepared by precipitation method. Renewable Energy, 50, 932–937. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



121 

  

   

https://doi.org/10.1016/j.renene.2012.08.076 

Rashed, M. N. (2013). Adsorption Technique for the Removal of Organic Pollutants 

from Water and Wastewater. Organic Pollutants - Monitoring, Risk and 

Treatment, 167–194. https://doi.org/10.5772/54048 

Rashidi, H. R., Sulaiman, N. M. N., & Hashim, N. A. (2012). Batik Industry Synthetic 

Wastewater Treatment Using Nanofiltration Membrane. Procedia Engineering, 

44, 2010–2012. https://doi.org/10.1016/j.proeng.2012.09.025 

Rathore, P., Chittora, A. K., Ameta, R., & Sanyogita, S. (2015). Enhancement of 

Photocatalytic Activity of Zinc Oxide By Doping With Nitrogen. Scientific 

Reviews & Chemical Communications, 5(4), 113–124. 

Rehman, S., Ullah, R., Butt, A. M., & Gohar, N. D. (2009). Strategies of making 

TiO2and ZnO visible light active. Journal of Hazardous Materials, 170(2–3), 

560–569. https://doi.org/10.1016/j.jhazmat.2009.05.064 

Rizzi, V., Mongiovì, C., Fini, P., Petrella, A., & Semeraro, P. (2017). Operational 

parameters affecting the removal and recycling of direct blue industrial dye from 

wastewater using bleached oil mill waste as alternative adsorbent material. 

International Journal of Environment, Agriculture and Biotechnology, 2(4), 

1560–1572. https://doi.org/10.22161/ijeab/2.4.15 

Rodnyi, P. A., & Khodyuk, I. V. (2011). Optical and luminescence properties of zinc 

oxide (Review). Optics and Spectroscopy, 111(5), 776–785. 

https://doi.org/10.1134/S0030400X11120216 

Said, M., Ahmad, A., Mohammad, A. W., Nor, M. T. M., & Abdullah, S. R. S. (2014). 

Journal of Industrial and Engineering Chemistry Blocking mechanism of PES 

membrane during ultrafiltration of POME. Journal of Industrial and Engineering 

Chemistry, 21, 1–7. https://doi.org/10.1016/j.jiec.2014.02.023 

Saini, P., Bulasara, V. K., & Reddy, A. S. (2018). Performance of a new ceramic 

microfiltration membrane based on kaolin in textile industry wastewater 

treatment. Chemical Engineering Communications, 0(0), 1–10. 

https://doi.org/10.1080/00986445.2018.1482281 

Sakthivel, S., Neppolian, B., Shankar, M. V, Arabindoo, B., Palanichamy, M., & 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



122 

  

   

Murugesan, V. (2003). Solar photocatalytic degradation of azo dye: comparison 

of photocatalytic efficiency of ZnO and TiO_2. Solar Energy Materials and Solar 

Cells, 77(1), 65–82. https://doi.org/10.1016/S0927-0248(02)00255-6 

Salahi, A., Abbasi, M., & Mohammadi, T. (2010). Permeate flux decline during UF of 

oily wastewater: Experimental and modeling. Desalination, 251(1–3), 153–160. 

https://doi.org/10.1016/j.desal.2009.08.006 

Samhaber, W. M., & Nguyen, M. T. (2014). Applicability and costs of nanofiltration 

in combination with photocatalysis for the treatment of dye house effluents. 

Beilstein Journal of Nanotechnology, 5, 476–484. 

https://doi.org/10.3762/bjnano.5.55 

Sampath, M., Shukla, A., & Rathore, A. S. (2014). Modeling of Filtration Processes—

Microfiltration and Depth Filtration for Harvest of a Therapeutic Protein 

Expressed in Pichia pastoris at Constant Pressure, 260–277. 

https://doi.org/10.3390/bioengineering1040260 

Samsudin, E. M., Goh, S. N., Wu, T. Y., Ling, T. T., Abd Hamid, S. B., & Juan, J. C. 

(2015). Evaluation on the photocatalytic degradation activity of reactive Blue 4 

using pure anatase nano-TiO2. Sains Malaysiana, 44(7), 1011–1019. 

https://doi.org/10.17576/jsm-2015-4407-13 

Saravanan, L., Diwakar, S., Mohankumar, R., Pandurangan, A., & Jayavel, R. (2011). 

Synthesis , Structural and Optical Properties of PVP Encapsulated CdS 

Nanoparticles. Nanomaterials and Nanotechnology, 1(2), 42–48. 

https://doi.org/https://doi.org/10.5772/50959 

Sarfaraz, M. V., Ahmadpour, E., Salahi, A., Rekabdar, F., & Mirza, B. (2012). 

Chemical Engineering Research and Design Experimental investigation and 

modeling hybrid nano-porous membrane process for industrial oily wastewater 

treatment. Chemical Engineering Research and Design, 90(10), 1642–1651. 

https://doi.org/10.1016/j.cherd.2012.02.009 

Satheeskumar, S., Ramesh, K., & Srinivasan, N. (2015). pyrrolidone ( PVP ) capped 

ZnO nanoparticles and their antibacterial activity against Escherichia coli and 

Staphylococcus aurens, 7(5), 2478–2482. 

Satyanarayana, S. V., Bhattacharya, P. K., & De, S. (2000). Flux decline during 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



123 

  

   

ultrafiltration of kraft black liquor using different flow modules: A comparative 

study. Separation and Purification Technology, 20(2–3), 155–167. 

https://doi.org/10.1016/S1383-5866(00)00086-1 

Sawaaboon, S., Sukamnerd, S., & Anglong, U. (2007). Morphological control and 

optical properties of nanocrystalline ZnO powder from precipitation method. 

Songklanakarin J. Sci. Technol., 29(6), 1563–1570. Retrieved from 

http://rdo.psu.ac.th/sjstweb/journal/29-6/0125-3395-29-6-1563-1570.pdf 

Shifu, C., & Gengyu, C. (2005). Photocatalytic degradation of organophosphorus 

pesticides using floating photocatalyst TiO2 • SiO2/beads by sunlight. Solar 

Energy, 79(1), 1–9. https://doi.org/10.1016/j.solener.2004.10.006 

Sidik, D. A. B., Hairom, N. H. H., Zainuri, N. Z., Desa, A. L., Misdan, N., Yusof, N., 

Ong, C. B., Mohammad, A. W., & Aripen, N. S. M. (2018). Photocatalytic 

Degradation of Industrial Dye Wastewater using Zinc oxide-

Polyvinylpyrrolidone Nanoparticles. Malaysian Journal of Analytical Sciences, 

22(4), 1–9. 

Singbal, M., Cbbabra, V., Kang, P., & Shah, D. O. (1997). Synthesis of ZnO 

nanoparticles for varistor application using Zn-substituted aerosol of 

microemulsion. Materials Research Bulletin, 32(2), 239–247. 

https://doi.org/10.1016/S0025-5408(96)00175-4 

Soleimani, E., & Fatemeh, B. N. (2017). Preparation , characterization and properties 

of PMMA / NiO polymer nanocomposites. Journal of Materials Science: 

Materials in Electronics, 3(29), 2392–2405. https://doi.org/10.1007/s10854-017-

8158-x 

Song, J., Zhang, Z., & Zhang, X. (2017). A comparative study of pre-ozonation and 

in-situ ozonation on mitigation of ceramic UF membrane fouling caused by 

alginate. Journal of Membrane Science, 538(January), 50–57. 

https://doi.org/10.1016/j.memsci.2017.05.059 

Sowmyashree V.C., Tejaswini N. Bhagwat, R. S. (2015). Removal of Reactive Blue 

Dye from Aqueous Solution Using Neem Leaves Powder as an Adsorbent. 

International Journal of Innovative Research & Development, 4(8), 117–120. 

Su, C. X. H., Low, L. W., Teng, T. T., & Wong, Y. S. (2016). Combination and 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



124 

  

   

hybridisation of treatments in dye wastewater treatment: A review. Journal of 

Environmental Chemical Engineering, 4(3), 3618–3631. 

https://doi.org/10.1016/j.jece.2016.07.026 

Su, R., Xue, Y., Zhang, G., Wang, Q., Hu, L., & Wang, P. (2016). Optimization and 

Degradation Mechanism of Photocatalytic Removal of Bisphenol A Using 

Zn0.9Fe0.1S Synthesized by Microwave-assisted Method. Photochemistry and 

Photobiology, 92(6), 775–782. https://doi.org/10.1111/php.12660 

Sudha, M., & Rajarajan, M. (2013). Deactivation of photocatalytically active ZnO 

nanoparticle by surface capping with poly vinyl pyrrolidone . IOSR Journal of 

Applied Chemistry, 3(3), 45–53. 

Sudha, M., Senthilkumar, S., Hariharan, R., Suganthi, A., & Rajarajan, M. (2012). 

Controlled reduction of the deleterious effects of photocatalytic activity of ZnO 

nanoparticles by PVA capping. Journal of Sol-Gel Science Abd Technology, 

61(1), 14–22. https://doi.org/10.1007/s10971-011-2584-7 

Sudha, M., Senthilkumar, S., Hariharan, R., Suganthi, A., & Rajarajan, M. (2013). 

Synthesis, characterization and study of photocatalytic activity of surface 

modified ZnO nanoparticles by PEG capping. Journal of Sol-Gel Science and 

Technology, 65(3), 301–310. https://doi.org/10.1007/s10971-012-2936-y 

Sun, W., Zhang, S., Liu, Z., Wang, C., & Mao, Z. (2008). Studies on the enhanced 

photocatalytic hydrogen evolution over Pt/PEG-modified TiO2 photocatalysts. 

International Journal of Hydrogen Energy, 33(4), 1112–1117. 

https://doi.org/10.1016/j.ijhydene.2007.12.059 

Tachikawa, S., Noguchi, A., Tsuge, T., Hara, M., Odawara, O., & Wada, H. (2011). 

Optical Properties of ZnO Nanoparticles Capped with Polymers. Journal of 

Materials Science, 4, 1132–1143. https://doi.org/10.3390/ma4061132 

Thirugnanam, T. (2013). Effect of polymers (PEG and PVP) on sol-gel synthesis of 

microsized zinc oxide. Journal of Nanomaterials, 2013. 

https://doi.org/10.1155/2013/362175 

Thompson, M. A. (2001). Membrane filtration of high turbidity sources. Water Science 

and Technology: Water Supply, 1(5–6), 325–330. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



125 

  

   

Toh, H. S., Jurkschat, K., & Compton, R. G. (2015). The Influence of the Capping 

Agent on the Oxidation of Silver Nanoparticles : Nano-impacts versus Stripping 

Voltammetry. Chemistry - A European Journal, 21, 1–8. 

https://doi.org/10.1002/chem.201406278 

Tripathy, N., Ahmad, R., Eun Song, J., Park, H., & Khang, G. (2017). ZnO nanonails 

for photocatalytic degradation of crystal violet dye under UV irradiation. AIMS 

Materials Science, 4(1), 267–276. https://doi.org/10.3934/matersci.2017.1.267 

Tshabalala, M. A., Dejene, B. F., & Swart, H. C. (2012). Synthesis and 

characterization of ZnO nanoparticles using polyethylene glycol ( PEG ). Physica 

B: Physics of Condensed Matter, 407(10), 1668–1671. 

https://doi.org/10.1016/j.physb.2011.09.113 

Vafaee, M., & Ghamsari, M. S. (2007). Preparation and characterization of ZnO 

nanoparticles by a novel sol-gel route. Materials Letters, 61(14–15), 3265–3268. 

https://doi.org/10.1016/j.matlet.2006.11.089 

Vafaee, M., Olya, M. E., Drean, J., & Hekmati, A. H. (2017). Synthesize , 

characterization and application of ZnO / W / Ag as a new nanophotocatalyst for 

dye removal of textile wastewater ; kinetic and economic studies. Journal of the 

Taiwan Institute of Chemical Engineers, 0, 1–12. 

https://doi.org/10.1016/j.jtice.2017.07.025 

Verma, A. K., Dash, R. R., & Bhunia, P. (2012). A review on chemical 

coagulation/flocculation technologies for removal of colour from textile 

wastewaters. Journal of Environmental Management, 93(1), 154–168. 

https://doi.org/10.1016/j.jenvman.2011.09.012 

Visvanathan, C., & Abeynayaka, A. (2012). Developments and future potentials of 

anaerobic membrane bioreactors (AnMBRs). Membrane Water Treatment, 3(1), 

1–23. https://doi.org/10.12989/mwt.2012.3.1.001 

Wang, H., Xie, C., Zhang, W., Cai, S., Yang, Z., & Gui, Y. (2007). Comparison of dye 

degradation efficiency using ZnO powders with various size scales. Journal of 

Hazardous Materials, 141(3), 645–652. 

https://doi.org/10.1016/j.jhazmat.2006.07.021 

Wang, W., Gu, M., & Jin, Y. (2003). Effect of PVP on the photocatalytic behavior of 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



126 

  

   

TiO2 under sunlight. Materials Letters, 57(21), 3276–3281. 

https://doi.org/10.1016/S0167-577X(03)00047-8 

Warule, S. S., Chaudhari, N. S., Kale, B. B., & More, M. A. (2009). Novel 

sonochemical assisted hydrothermal approach towards the controllable synthesis 

of ZnO nanorods, nanocups and nanoneedles and their photocatalytic study. 

Crystal Engineering Communication, 11(12), 2776. 

https://doi.org/10.1039/b909916f 

Wei, W. C. (2013). Study on domestic water treated using modified rice husk 

sequences slow sand filter. Retrieved from 

http://www.unodc.org/documents/gsh/pdfs/GLOBAL_HOMICIDE_Report_Ex

Sum.pdf 

Wen, W. P., Tow, T., & Mohtlzain, Z. (1993). Removal of Disperse Dye and Reactive 

Dye by Coagulation - Flocculation Method, 264–269. 

Wenten, I. (1996). Ultrafiltration in Water Treatment and Its Evaluation as 

Pretreatment for Reverse Osmosis System. Dept. of Chemical Engineering - 

Institut Teknologi Bandung. https://doi.org/igw@che.itb.ac.id 

Wiesner, M. R., & Aptel, P. (1996). Mass transport and permeate flux and fouling in 

pressure-driven process. In Water Treatment Membrane. McGraw- Hill, New 

York. 

Wijannarong, S., Aroonsrimorakot, S., Thavipoke, P., Kumsopa, A., & Sangjan, S. 

(2013). Removal of Reactive Dyes from Textile Dyeing Industrial Effluent by 

Ozonation Process. APCBEE Procedia, 5, 279–282. 

https://doi.org/10.1016/j.apcbee.2013.05.048 

Willander, M., Nur, O., Sadaf, J. R., Qadir, M. I., Zaman, S., Zainelabdin, A., Bano, 

N., & Hussain, I. (2010). Luminescence from zinc oxide nanostructures and 

polymers and their hybrid devices. Materials, 3(4), 2643–2667. 

https://doi.org/10.3390/ma3042643 

Xiao, Y., Xu, S., Li, Z., An, X., Zhou, L., Zhang, Y., & Shiang, F. Q. (2010). Progress 

of applied research on TiO2 photocatalysis-membrane separation coupling 

technology in water and wastewater treatments. Chinese Science Bulletin, 55(14), 

1345–1353. https://doi.org/10.1007/s11434-010-0171-x 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



127 

  

   

Xiong, H.-M. (2010). Photoluminescent ZnO nanoparticles modified by polymers. 

Journal of Materials Chemistry, 20(21), 4251. https://doi.org/10.1039/b918413a 

Xu, L., Zhou, Y., Wu, Z., Zheng, G., He, J., & Zhou, Y. (2017). Improved 

photocatalytic activity of nanocrystalline ZnO by coupling with CuO. Journal of 

Physics and Chemistry of Solids, 106(November 2016), 29–36. 

https://doi.org/10.1016/j.jpcs.2017.03.001 

Yadav, R. S., Mishra, P., & Pandey, A. C. (2008). Growth mechanism and optical 

property of ZnO nanoparticles synthesized by sonochemical method. Ultrasonics 

Sonochemistry, 15(5), 863–868. https://doi.org/10.1016/j.ultsonch.2007.11.003 

Yang, H. M., Ouyang, J., Tang, A. D., Xiao, Y., Li, X. W., Dong, X. D., & Yu, Y. M. 

(2012). Electrochemical synthesis and photocatalytic property of zinc oxide 

nanoparticles. Nano-Micro Letters, 4(1), 14–24. Retrieved from 

http://dx.doi.org/10.3786/nml.v4i1.p14-24 

Yang, L. Y., Dong, S. Y., Sun, J. H., Feng, J. L., Wu, Q. H., & Sun, S. P. (2010). 

Microwave-assisted preparation, characterization and photocatalytic properties of 

a dumbbell-shaped ZnO photocatalyst. Journal of Hazardous Materials, 179(1–

3), 438–443. https://doi.org/10.1016/j.jhazmat.2010.03.023 

Yao, J., Wen, D., Shen, J., & Wang, J. (2016). Zero discharge process for dyeing 

wastewater treatment. Journal of Water Process Engineering, 11, 98–103. 

https://doi.org/10.1016/j.jwpe.2016.03.012 

Yatmaz, H. C., Dizge, N., & Kurt, M. S. (2017). Combination of photocatalytic and 

membrane distillation hybrid processes for reactive dyes treatment. 

Environmental Technology (United Kingdom), 38(21), 2743–2751. 

https://doi.org/10.1080/09593330.2016.1276222 

Yildirim, Ö. A., & Durucan, C. (2010). Synthesis of zinc oxide nanoparticles 

elaborated by microemulsion method. Journal of Alloys and Compounds, 506(2), 

944–949. https://doi.org/10.1016/j.jallcom.2010.07.125 

Yogamalar, N. R., Srinivasan, R., & Bose, A. C. (2009). Multi-capping agents in size 

confinement of ZnO nanostructured particles. Optical Materials, 31(11), 1570–

1574. https://doi.org/10.1016/j.optmat.2009.03.002 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



128 

  

   

Yu, S., Liu, M., Ma, M., Qi, M., Lü, Z., & Gao, C. (2010). Impacts of membrane 

properties on reactive dye removal from dye / salt mixtures by asymmetric 

cellulose acetate and composite polyamide nanofiltration membranes. Journal of 

Membrane Science, 350, 83–91. https://doi.org/10.1016/j.memsci.2009.12.014 

Yuliah, Y., & Bahtiar, A. (2013). Synthesis and characterization of PVP-capped ZnO 

particles and its blend with poly(3-hexylthiophene) for hybrid solar cells 

application. AIP Conference Proceedings, 1554, 139–142. 

https://doi.org/10.1063/1.4820304 

Zainuri, N. Z., Hairom, N. H. H., Sidik, D. A. S., Desa, A. L., Misdan, N., Yusof, N., 

& Mohammad, A. W. (2018). Palm oil mill secondary effluent ( POMSE ) 

treatment via photocatalysis process in presence of ZnO-PEG nanoparticles. 

Journal of Water Process Engineering, 26(April), 10–16. 

https://doi.org/10.1016/j.jwpe.2018.08.009 

Zhang, C., Sabouni, R., Shao, Y., & Gomaa, H. G. (2017). Performance of submerged 

oscillatory membrane photoreactor for water treatment. Journal of Environmental 

Chemical Engineering, 5(4), 3330–3336. 

https://doi.org/10.1016/j.jece.2017.06.046 

Zhang, W., Ding, L., Luo, J., Jaffrin, M. Y., & Tang, B. (2016). Membrane fouling in 

photocatalytic membrane reactors ( PMRs ) for water and wastewater treatment : 

A critical review. Chemical Engineering Journal, 302, 446–458. 

https://doi.org/10.1016/j.cej.2016.05.071 

Zhang, X., Huang, Q., Liu, M., Tian, J., Zeng, G., Li, Z., Wang, K., Zhang, Q., Wan, 

Q., Deng, F., Wei, Y. (2015). Preparation of amine functionalized carbon 

nanotubes via a bioinspired strategy and their application in Cu 2+ removal. 

Applied Surface Science, 343, 19–27. 

https://doi.org/10.1016/j.apsusc.2015.03.081 

Zheng, X., Shen, Z., Shi, L., & Cheng, R. (2017). Photocatalytic Membrane Reactors 

( PMRs ) in Water Treatment : Configurations and Influencing Factors. Catalysts, 

7(224), 1–30. https://doi.org/10.3390/catal7080224 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH




