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ABSTRACT

Osmotic power generation through pressure retarded osmosis (PRO) has been
recognized as an alternative source of energy. Membrane is one of the major elements
to guarantee the successful application of PRO for power generation. However, the
major current limitation in PRO lies in the design of a high-performance membrane
which is endowed with desired properties in terms of flux and anti-fouling properties.
Hence, the main objective of this study was to fabricate a hydrophilic and high flux
PRO thin film nanocomposite (TFN) membrane with high flux and anti-fouling
properties through the incorporation of zwitterionic polymers, poly (3-
methacryloylethoxy carbonyl pyridinium sulfopropyl betaine) (PMAPS) in the
substrate and titanium dioxide nanotube (TNT) into the polyamide (PA) layer.
Different loadings of PMAPS were physically mixed with polysulfone (PSF) dope
prior to the formation of the TFC substrate. Further optimization via etching treatment
was performed to increase substrate porosity and the PA selective layer incorporated
with TNT was formed on top of the substrate through interfacial polymerization
technique. Membrane characterizations were carried out using scanning electron
microscope, transmission electron microscopy, Fourier-transform infrared
spectroscopy, x-ray diffractometer, energy dispersive x-ray, and contact angle
goniometer. The water flux and power density performance of the zwitterion
incorporated TFN membranes were evaluated using a custom-made PRO system. The
power density exhibited by etched TFN membrane incorporated with 2.0% PMAPS
(PSF/PMAPS-2.0 Etched TFN) was 2.12 W/m? at 5 bar while unetched TFN
membrane exhibited power density of 0.96 W/m? at 7 bar. Addition of TNT resulted
in the highest power density of 2.22 W/m? at 5 bar. In terms of anti-fouling properties,
PSF/PMAPS-2.0 Etched TFN achieved higher normalized water flux with 97% flux
recovery compared to control substrate with 90% flux recovery. In conclusion,
membrane modification using PMAPS zwitterions and TNT nanoparticles improved

water flux, anti-fouling properties and power density.
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ABSTRAK

Penjanaan kuasa osmosis melalui tekanan osmosis terencat (PRO) telah
dikenal pasti sebagai sumber alternatif tenaga. Membran merupakan satu elemen
utama untuk menjamin kebolehlaksanaan aplikasi PRO dalam penjanaan kuasa. Walau
bagaimanapun, antara halangan utama dalam aplikasi PRO ini ialah reka bentuk
membran berkeupayaan tinggi yang dapat memenuhi kriteria yang ditetapkan dari segi
sifat fluks dan anti kotoran membran. Oleh itu, objektif utama dalam kajian ini ialah
menghasilkan membran lapisan saput nipis poliamida komposit nano (TFN) yang
mempunyai sifat hidrofilik serta kadar fluks dan tahap anti kotoran yang tinggi dengan
melalui penggabungan polimer zwitterion poli (3-metakriloiletoksi karbonil
piridinium sulfopropil betaina) (PMAPS) di dalam substrat dan tiub nano titanium
dioksida (TNT) ke dalam lapisan poliamida (PA). Muatan berbeza PMAPS
dicampurkan secara fizikal dengan dop polisulfona (PSF) sebelum pembentukan
substrat TFC. Pengoptimuman seterusnya melalui rawatan punar dilakukan untuk
meningkatkan keliangan substrat dan lapisan memilih PA digabungkan dengan TNT
telah dibentuk di atas substrat melalui teknik pempolimeran antara muka. Pencirian
membran telah dilakukan dengan menggunakan mikroskop electron imbasan,
mikroskop elektron transmisi, spektroskopi inframerah jelmaan Fourier, difraktometer
sinar-x, sinar-x pelepasan tenaga, dan goiniometer sudut sentuhan. Prestasi fluks air
dan ketumpatan kuasa TFN membran yang digabungkan dengan zwitterion dinilai
menggunakan sistem PRO buatan sendiri. Ketumpatan kuasa yang dipamerkan oleh
membran TFN punar yang digabungkan dengan 2.0% PMAPS (TFN PSF/PMAPS-2.0
TFN punar) ialah 2.12 W/m? pada 5 bar, manakala bagi membran TFN tanpa punar
mempamerkan ketumpatan kuasa 0.96 W/m? pada 7 bar. Penambahan TNT
menghasilkan ketumpatan kuasa tertinggi dengan nilai 2.22 W/m? pada 5 bar. Dari
segi sifat anti kotoran, PSF/PMAPS-2.0 TFN punar telah mencapai fluks air ternormal
tertinggi dengan 97% perolehan fluks berbanding dengan substrat kawalan dengan
90% perolehan fluks. Kesimpulannya, pengubahsuaian membran dengan zwitterion
PMAPS dan nanopartikel TNT telah meningkatkan fluks air, sifat anti kotor, dan

ketumpatan kuasa.
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CHAPTER 1

INTRODUCTION

1.1 Problem Background

Energy is a crucial aspect of every life on the earth including economic and
technological development which is derived mostly from fossil fuel such as petroleum
and coals (Chow et al., 2009). From simulation studies conducted on global energy
consumption, the energy consumption will face large increase in the tropic region
countries by 7% and 17% under moderate and warming weather temperature
respectively by 2050 (De Cian and Sue Wing, 2019). It is expected that the global
energy demand will increase by 56% in 2040, and the global energy consumption will
spike up to 240 TWh. However, the current stock of oil and gas can only sustain until
2042, while coals as another alternative of fossil fuel is expected to sustain until 2112
(Han et al., 2014; Shafiee and Topal, 2009). Although the reserve of fossil fuel is not
alarming in foreseeable future, the combustion of these fuel will lead to the increase
of the greenhouse gasses such as carbon dioxide in the atmosphere. The carbon dioxide
emission from fossil fuel and industry comprise 90 % of all CO2 emission from human
activities and it is the main factor that contributes to global climate change (Jackson et

al., 2017).

Reliability on natural resources energy surely one day will come to an end.
New technology of energy generation must be developed as energy plays important
role in the world evolution and advancement. The major challenge of the energy
system is to ensure adequate supply of energy services at low cost, while not giving
any bad impact to the environment locally and globally (Sagar and Holdren, 2002).
Considering the current depletion of natural resources such as crude oil and coal,
renewable energy is still relevant and needed to ensure the global energy supply is on
its track. New type of renewable energy needs to be developed to eliminate or at least

decrease our dependency on natural resources.



Green and renewable energy refers to the energy that is harvested from
renewable resources in which they are replenished naturally through time, such as
sunlight, rain, wind, tides, geothermal heat, and waves (Ellabban, Abu-rub and
Blaabjerg, 2014). There are many advantages in renewable energy as its source will
not run out, numerous benefits to health and environment with less carbon footprint,
lower maintenance compared to natural energy resource, and many more. However,
each type of them has their own limitations and disadvantages. Currently, solar energy
has been utilized in many ways such as in the forms of photovoltaic system, solar hot
water, solar electricity, passive solar heating and day lighting, and space heating &
cooling. However, in order to commercialize solar energy, enormous space is needed
to build the plant. Topaz Solar Farm located in California, United States takes almost
25 km? land space for their plant and this size is equivalent to 3500 standard football
fields (Journal and Technologies, 2017). Such large area is not suitable for small
country like Malaysia, Singapore, and many European countries and also there has no
constant sun light throughout the year. As for wind energy, despite the zero-cost fuel
and no production of harmful polluting gases, wind farms are noisy and may spoil the
view for people living near them. Furthermore, the amount of electricity generated
depends on the strength of the wind where if there is no wind, there is no electricity.
On the other hand, geothermal energy is known to be the most expensive in terms of
capital expenditure due to the cost of drilling wells to the geothermal reservoir as well

as the cost of heating, and cooling system installation.

As an alternative of currently available renewable energy sources, salinity
gradient energy (SGE) is one of the promising areas in which need to be developed as
new energy source. Roughly, about 2 TW of SGE is available globally of which
possibly 980 GW of energy can be harnessed if all river water discharging into the sea
are systematically utilized and this equivalent to the supply of 80% of global electricity
demand for 2018 (Guler and Nijmeijer, 2018)(Logan and Elimelech, 2012). By
continuing research and development on SGE as an alternative for energy generation,
it is believed that our dependency and reliability towards fossil fuel can be reduced.
One of the technologies introduced in SGE is pressure retarded osmosis (PRO). PRO
is a new form of renewable energy that converts the pressure difference between two

water flows with different salinity gradient which are waters with high salinity to water



with low salinity or no salinity into hydraulic pressure. The hydraulic pressure can be
used to drive a turbine in order to produce electrical energy. PRO holds the potential
to produce renewable energy from natural and anthropogenic salinity gradients (Yip
et al., 2011) PRO has many advantages such as it can be operated 24 hours daily, not
affected by wind and solar radiation, small foot-print, and easy to scale-up. A PRO
prototype plant system was developed in Norway in the late 2009 (Achilli and
Childress, 2010) by using combination of river water as feed solution and sea water as
draw solution. In terms of energy production, the power density of PRO is known to
directly proportional to the water flux. Hence, desired range of power density cannot

be achieved because of low water flux through the membrane.

Normally, ideal PRO requires high water flux, high salt rejection, high
mechanical strength, and low fouling tendency (Cai ef al., 2016). Two major factors
that affect PRO productivity are PRO membrane and the feed pair which are feed and
draw solutions. Feed and draw solutions must be two different solutions with different
salinity. The greater the salinity difference, the higher the osmotic pressure, and this
leads to high water flux and results in higher power density. The foulant molecules
from feed and draw solutions during separation process tends to clog the membranes
by depositing the retained inorganic materials, or organic compound and
microorganism on the membrane pores. This problem is known as membrane fouling
and it affects the productivity of the membrane over the operation time. This problem
not only causes inconvenience for practical operation, but also increase the operating
cost due to membrane cleaning and replacement process and also increase the energy
input for PRO operation (Shahkaramipour ef al., 2017). This fouling problem leads to
the significant decrease in power density of PRO system, and hence the energy is
produced below the expectation for practical application. Concerns on anti-fouling
performance have raised among membrane researchers as fouling effect can reduce
water flux with time. To address this problem, various methods can be adopted such
as pretreatment of feed solution, periodic cleaning, or surface modification of
membrane. In terms of feasibility, surface modification of PRO membrane via
molecular design is a preferred method to deal with fouling problem without affecting

the membrane bulk properties (Cai ef al., 2016).



In recent years, researchers have shown interest in developing polymeric
membrane with the incorporation of zwitterionic polymer (Bengani-Lutz et al., 2017,
Wang, Y. lei Su, ef al., 2009; Zhu et al., 2017). The key components that make
zwitterionic polymer as a new material to be incorporated in separation membranes
are the ability to improve hydrophilicity of the membrane itself and to exhibit excellent
anti-fouling properties. It has been reported that zwitterionic poly(arylene ether
sulfone) incorporated with poly(vinylidene fluoride) (PVDF) resulted in excellent anti-
fouling properties and good thermostability (Rong et al., 2018). Zwitterion, which also
known as dipolar ion, is a molecule that has two or more functional groups, in which
one has a positive electrical charge and the another one has the negative electrical
charge, ang hence the net electrical charge of the entire molecule is zero (Mi et al.,
2017). The incorporation of zwitterion and membrane can be achieved via phase
inversion, interfacial polymerization (IP) or spray grafting method. Zhu et, al. blended
zwitterion with PVDF to create a membrane via phase inversion method for oil in
water emulsion separation (Zhu et al., 2017). It was reported that the zwitterion cross-
linked membrane reached nearly 91% of permeate recovery. On the other hand, TFC
was formed via IP of 3, 3’-diamino-N-methyldipropylamine (DNMA) zwitterion and
trimesoyl chloride (TMC) (Mi et al., 2017).

Apart from zwitterion polymer, titanium dioxide nanotubes (TNT) has also
been widely used in various applications such as in fuel cell technology, photocatalytic
system, sensors, energy storage, and environmental analysis (Abdullah and
Kamarudin, 2017). Researchers incorporated TNT into the membrane substrate and
polyamide (PA) active layer as nanofiller to enhance the properties of the membranes.
This inorganic photocatalytic nanomaterial attract the interest of researchers due to
their unique properties such as self-cleaning, and anti-fouling, anti-microbial (Geng ef
al.,2019). Subramaniam et al., (2016) incorporated TNT with polyether sulfone (PES)
via physical blending method. The incorporation of TNT into PES showed
improvement of 20% membrane flux and the rejection was improved from 79% to

96%.



1.2 Problem Statement

Salinity gradient energy created by PRO commonly falls between 0.70-0.75
kWh (2.5-2.7 MJ) when 1 m? of river water mixes with 1 m® of sea water (Yip and
Elimelech, 2012). But in current situation, the practicability of PRO is low due to the
poor performance of PRO membranes. The two major limitations related to PRO
membranes are their low flux and fouling issues. Currently, no commercial PRO
membrane is available, and the early studies of PRO were based on the use of
commercial RO membranes. The thick layer support has resulted in unfavorable low
permeate flux. While sufficiently thick membrane support is required to render high
mechanical strength in order to withstand the hydraulic pressure of PRO system, the
water flux can be improved by increasing the membrane hydrophilicity. Currently, one
of the most feasibly used methods to achieve this purpose is through the incorporation
of hydrophilic nanoparticles into the TFC membranes. However, one concern with this
strategy 1s the incompatibility of the inorganic nanofiller and polymeric phases where
the dispersion of the nanofillers is difficult to be achieved. This has in turn caused the

formation of defective membranes.

Like other membrane processes, PRO suffers from membrane fouling which is
caused by the contaminants present in feed water. Zwitterionic materials have been
extensively studied as hydrophilic and fouling-resistant modifiers for membrane
surface due to their absorption resistance towards organic compounds. One of the most
common approaches to introduce zwitterion is through membrane surface coating,
However, this method has several limitations such as lack of surface functionalities for
surface coating, leaching of coating layer and increased surface roughness which may
result in more severe fouling. In this study, the blending of PMAPS zwitterion polymer
into the substrate layer was proposed to overcome the abovementioned issues.
Meanwhile, TNT has been used to address the fouling issue. The incorporation of TNT
in membranes can be achieved by various method such as physical blending
(Subramaniam et al., 2016), physical deposition (Veréb et al., 2019), and PA thin film

nanocomposite modification (Azelee ef al., 2017).



The aim of this research was to develop highly hydrophilic and high-flux PRO
membranes that also have an excellent anti-fouling performance to offer high power
density. In this study, zwitterionic polymer, a highly hydrophilic material, was used
in modifying the substrate of the PRO membrane to increase the water flux and render
good anti-fouling properties. TNTs were also incorporated within the PA (PA) layer
for better water flux in order to increase the power density of PRO system. Physical
blending approach between zwitterionic polymer and common polymer was used to
create the substrate dope solution. Phase inversion casting was performed to form the
substrate of the membrane and followed by IP to form the thin film selective layer.
Characterizations tests were performed to investigate the effects of zwitterionic
polymer modification on the properties of the resultant modified TFC membrane. Lab
scale PRO system was used to determine the flux, power density and anti-fouling

properties of the membranes.

1.3 Objectives of Study

In order to address the abovementioned problems, the objectives of this study are set

as below:-

1. To characterize PRO TFC membrane with substrate incorporated with PMAPS

zwitterionic polymer.

2. To optimize and characterize TFC membrane incorporated with TNT in PA

active layer.

3. To evaluate the performance of the PRO membranes in terms of flux, power

density and anti-fouling performance through PRO system.



1.4

Scope of Study

To achieve the objectives of this study, the following scopes have been derived:

Characterization of PMAPS using Fourier-transform infrared spectroscopy

(FTIR) for chemical functional group studies.

. Preparation of membrane substrate dope based on 15% of polysulfone (PSF),

84% of n-methyl-2-pyrrolidone (NMP) solvent and 1% of
polyvinylpyrrolidone (PVP) pore former.

. Mixing of 0.5-2.0 wt% of zwitterionic polymer into the PSF dope through

physical blending method.

. Fabrication of membrane substrate through phase inversion technique.

Substrate etched using 500 ppm of sodium hypochlorite (NaOCI) (4-4.99%)

aqueous solution for 1 hour.

. Fabrication of TNTs nanoparticles using hydrothermal synthesis method and

titanium dioxide (TiO2) powder and 10 M of sodium hydroxide were used

during the process.

Characterization of TNTs nanoparticles using transmission electron
microscopy (TEM), x-ray diffraction (XRD) and FTIR for morphology and

chemical functional group studies.

. Fabrication of PA thin film using 2% (w/v) m-Phenylenediamine MPD

aqueous solution, 0.1% (w/v) trimesoyl chloride (TMC) solution in n-hexane,

and 0.5% (w/v) of TNTs via IP

Characterizations of fabricated TFC membrane using scanning electronic

microscope (SEM), Fourier-transform infrared spectroscopy (FTIR) and



contact angle meter goniometer for morphology, chemical functional group,

and hydrophilicity, respectively.

9. Evaluation of neat TFC, zwitterion incorporated TFC, and TFN membrane
using lab scale PRO module for water flux and power density. 3, 5, 7, and 10
bars of operating pressure used. RO water used as feed solution while 2 M of

NaCl used as draw solution.

10. Calculation of water flux, reverse salt flux, power density, and normalized
water flux to compare the performance of neat TFC and zwitterion incorporated

TFC membrane with and without TNT.

1.5  Significance of Study

High water flux and salt rejection are great concerns for membrane properties
and have attracted many researcher attentions’ in their studies. The application of
zwitterionic polymer has been proven to render more hydrophilic properties to the
membrane and improve the anti-fouling performance of the membranes. This study
was the first attempt of applying novel PMAPS zwitterionic polymer in flat sheet
membrane substrate and addition of TNTs nanoparticles for PRO application. It did

give higher power density than current PRO membrane available in industry.



REFERENCES

Abdullah, M. and Kamarudin, S. K. (2017) ‘Titanium dioxide nanotubes (TNT) in
energy and environmental applications: An overview’, Renewable and
Sustainable FEnergy Reviews. Elsevier Ltd, 76(January), pp. 212-225. doi:
10.1016/j.rser.2017.01.057.

Achilli, A, Cath, T. Y. and Childress, A. E. (2009) ‘Power generation with pressure
retarded osmosis: An experimental and theoretical investigation’, Journal of
Membrane Science, 343(1-2), pp. 42-52. doi: 10.1016/j.memsci.2009.07.006.

Achilli, A. and Childress, A. E. (2010) ‘Pressure retarded osmosis: From the vision of
Sidney Loeb to the first prototype installation - Review’, Desalination.
Elsevier B.V., 261(3), pp. 205-211. doi: 10.1016/j.desal 2010.06.017.

Alsvik, I. L. and Hégg, M.-B. B. (2013) ‘Pressure Retarded Osmosis and Forward
Osmosis Membranes: Materials and Methods’, Polymers, 5(1), pp. 303-327.
doi: 10.3390/polym5010303.

Altaee, A. and Sharif, A. (2015) ‘Pressure retarded osmosis: Advancement in the
process applications for power generation and desalination’, Desalination.
Elsevier B.V., 356, pp. 31-46. doi: 10.1016/j.desal.2014.09.028.

Altaee, A., Zaragoza, G. and Sharif, A. (2014) ‘Pressure retarded osmosis for power
generation and seawater desalination: Performance analysis’, Desalination.
Elsevier B.V., 344, pp. 108-115. doi: 10.1016/j.desal.2014.03.022.

Asatekin, A. ef al. (2006) ‘Antifouling nanofiltration membranes for membrane
bioreactors from self-assembling graft copolymers’, 285, pp. 81-89. doi:
10.1016/j. memsci.2006.07.042.

Azelee, 1. W. et al. (2017) ‘Enhanced desalination of polyamide thin fi Ilm
nanocomposite incorporated with acid treated multiwalled carbon nanotube-
titania nanotube hybrid’, Desalination. Elsevier B.V., 409, pp. 163-170. doi:
10.1016/j.desal.2017.01.029.

B. B. Sales ef al. (2010) ‘Direct power production from a water salinity difference in
a membrane-modified supercapacitor flow cell’, Environmental Science and

Technology, 44(14), pp. 5661-5665. doi: 10.1021/es100852a.

71



Bengani-Lutz, P. ef al. (2017) ‘Extremely fouling resistant zwitterionic copolymer
membranes with ~ 1 nm pore size for treating municipal, oily and textile
wastewater streams’, Journal of Membrane Science. Elsevier B.V., 543, pp.
184-194. doi: 10.1016/j.memsci.2017.08.058.

Bijmans, M. F. M. et al. (2012) ‘CAPMIX - Deploying capacitors for salt gradient
power extraction’, FEnergy  Procedia, 20, pp. 108-115. doi:
10.1016/j.egypro.2012.03.013.

Borisov, 1. et al. (2017) ‘Development of polysulfone hollow fiber porous supports for
high flux composite membranes: Air plasma and piranha etching’, Fibers, 5(1).
doi: 10.3390/fib5010006.

Brogioli, D. (2009) ‘Extracting renewable energy from a salinity difference using a
capacitor’,  Physical ~ Review  Letters, 103(5), pp. 31-34. doi:
10.1103/PhysRevLett.103.058501.

Brogioli, D., Zhao, R. and Biesheuvel, P. M. (2011) ‘A prototype cell for extracting
energy from a water salinity difference by means of double layer expansion in
nanoporous carbon electrodes’, Energy and Environmental Science, 4(3), pp.
772-7717. doti: 10.1039/c0ee00524;.

Burheim, O. et al. (2016) ‘Imece2011-6 3459 Auto Generative Capacitive Mixing for
Power Conversion of Sea’.

Cadotte, J. E. ef al. (1980) ‘A new thin-film composite seawater reverse osmosis
membrane’, Desalination, 32(C), pp. 25-31. doi: 10.1016/S0011-
9164(00)86003-8.

Cai, T. ef al. (2016) ‘Zwitterionic polymers grafted poly(ether sulfone) hollow fiber
membranes and their antifouling behaviors for osmotic power generation’,
Journal of Membrane Science. Elsevier, 497, pp. 142-152. doi:
10.1016/j. memsci.2015.09.037.

Cao, S. et al. (2018) ‘Preparation and characterization of thin-film-composite reverse-
osmosis polyamide membrane with enhanced chlorine resistance by
introducing thioether units into polyamide layer’, Journal of Membrane
Science. Elsevier BV, 564(July), Pp. 473-482. doi:
10.1016/;. memsci.2018.07.052.

Chen, X. and Mao, S. S. (2007) ‘Titanium dioxide nanomaterials: Synthesis,
properties, modifications and applications’, Chemical Reviews, 107(7), pp.

2891-2959. doi: 10.1021/cr0500535.

72



Chong, C. Y. ef al. (2018) ‘Studies on the properties of RO membranes for salt and
boron removal : In fl uence of thermal treatment methods and rinsing
treatments’,  Desalination.  Elsevier, 428, pp. 218-226. doi:
10.1016/j.desal.2017.11.009.

Chow, J. et al. (2009) ‘Energy Resources and Global Development’, Science,
1528(2003), pp. 1528-1532. doi: 10.1126/science.1091939.

Chu, C.-W. ef al. (2017) ‘Zwitterionic polymer brush grafting on anodic aluminum
oxide membranes by surface-initiated atom transfer radical polymerization’,
Polym. Chem., 8(15), pp. 2309-2316. doi: 10.1039/C7PY00045F.

De Cian, E. and Sue Wing, 1. (2019) ‘Global Energy Consumption in a Warming
Climate’, Environmental and Resource Fconomics, 72(2), pp. 365-410. doi:
10.1007/s10640-017-0198-4.

Corry, B. (2008) ‘Designing Carbon Nanotube Membranes for Efficient Water
Desalination’, pp. 1427-1434.

Dumitriu, C. ef al. (2018) ‘Production and characterization of cellulose acetate —
titanium dioxide nanotubes membrane fraxiparinized through polydopamine
for clinical applications’, Carbohydrate Polymers. Elsevier, 181(August
2017), pp. 215-223. doi: 10.1016/j.carbpol .2017.10.082.

van Egmond, W. J. ef al. (2018) ‘Performance of an environmentally benign acid base
flow battery at high energy density’, Infernational Journal of Energy Research,
42(4), pp. 1524-1535. doi: 10.1002/er.3941.

Ellabban, O., Abu-rub, H. and Blaabjerg, F. (2014) ‘Renewable energy resources :
Current status , future prospects and their enabling technology’, Renewable
and Sustainable FEnergy Reviews. Elsevier, 39, pp. 748-764. doi:
10.1016/j.rser.2014.07.113.

Emadzadeh, D. ef al. (2015) ‘Synthesis , modification and optimization of titanate
nanotubes- polyamide thin film nanocomposite ( TFN ) membrane for forward
osmosis ( FO ) application’, CHEMICAL ENGINEERING JOURNAL. Elsevier
B.V., 281, pp. 243-251. doi: 10.1016/j.cej.2015.06.035.

Ferroukhi, R. ef al. (2019) ‘“Renewable Energy and Jobs: Annual Review 2014,
International ~Renewable FEnergy Agency, (May), pp. 1-12. dot:
http://www irena.org/menu/index.aspx?mnu=Subcat&PriMenulD=36&CatID
=141&SubcatID=585.

73


http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID

Gabelich, C. J. ef al. (2005) ‘Enhanced oxidation of polyamide membranes using
monochloramine and ferrous iron’, Journal of Membrane Science, 258(1-2),
pp. 64-70. doi: 10.1016/;. memsci.2005.02.034.

Gai, W, Zhao, D. L. and Chung, T. (2018) ‘Novel thin fi Im composite hollow fi ber
membranes incorporated with carbon quantum dots for osmotic power
generation’, Journal of Membrane Science. Elsevier B.V., 551(October 2017),
pp. 94-102. doi: 10.1016/j.memsci.2018.01.034.

Geng, Z. et al. (2019) ‘High-performance TiO2 nanotubes/poly(aryl ether sulfone)
hybrid self-cleaning anti-fouling ultrafiltration membranes’, Polymers, 11(3).
doi: 10.3390/polym11030555.

Ghanbari, M. et al. (2015) ‘Synthesis and characterization of novel thin fi Im
nanocomposite ( TFN ) membranes embedded with halloysite nanotubes (
HNTs ) for water desalination’, DES. Elsevier B.V., 358, pp. 33-41. doi:
10.1016/j.desal.2014.11.035.

Gray, G. T., McCutcheon, J. R. and Elimelech, M. (2006) ‘Internal concentration
polarization in forward osmosis: role of membrane orientation’, Desalination,
197(1-3), pp. 1-8. doi: 10.1016/j.desal.2006.02.003.

Guillen, G. R. et al. (2011) ‘Preparation and characterization of membranes formed by
nonsolvent induced phase separation: A review’, Industrial and Engineering
Chemistry Research, 50(7), pp. 3798-3817. doi: 10.1021/ie101928r.

Giiler, E. and Nijmeijer, K. (2018) ‘Reverse electrodialysis for salinity gradient power
generation: Challenges and future perspectives’, Journal of Membrane Science
and Research, 4(3), pp. 108-110. doi: 10.22079/JMSR.2018.86747.1193.

Han, G. ef al. (2014) ‘Progress in pressure retarded osmosis (PRO) membranes for
osmotic power generation’, Progress in Polymer Science, 51, pp. 1-27. doi:
10.1016/;.progpolymsci.2015.04.005.

Han, G, Wang, P. and Chung, T. (2013) ‘Highly Robust Thin-Film Composite
Pressure Retarded Osmosis ( PRO ) Hollow Fiber Membranes with High
Power Densities for Renewable Salinity-Gradient Energy Generation’.

Hatzell, M. C. et al. (2014) ‘Effect of strong acid functional groups on electrode rise
potential in capacitive mixing by double layer expansion’, Environmental

Science and Technology, 48(23), pp. 14041-14048. doi: 10.1021/es5043782.

74



Hatzell, M. C., Cusick, R. D. and Logan, B. E. (2014) ‘Capacitive mixing power
production from salinity gradient energy enhanced through exoelectrogen-
generated ionic currents’, Energy and Environmental Science, 7(3), pp. 1159-
1165. doi: 10.1039/c3ee43823f.

Helfer, F. and Lemckert, C. (2015) ‘The power of salinity gradients: An Australian
example’, Renewable and Sustainable Energy Reviews, 50, pp. 1-16. doi:
10.1016/j.rser.2015.04.188.

Hong, J. G. et al. (2019) Nanocomposite and nanostructured ion-exchange membrane
in salinity gradient power generation using reverse electrodialysis, Advanced
Nanomaterials for Membrane Synthesis and its Applications. Elsevier Inc. doi:
10.1016/b978-0-12-814503-6.00013-6.

Huang, H. et al. (2018) ‘Improved antifouling performance of ultrafiltration membrane
via preparing novel zwitterionic polyimide’, Applied Surface Science. Elsevier
B.V,, 427, pp. 38-47. doi: 10.1016/j.apsusc.2017.08.004.

IRENA (2014) ‘IRENA (International Renewable Energy Agency)’, Renewable
Power  Generation Costs in 2014, pp. 1-13. Available at:
http://www irena.org/.

Ismail, A. F. et al. (eds) (2019) Membrane Separation Principles and Application. 1st
edn. cambridge: Elsevier.

Jackson, R. B. et al. (2017) ‘“Warning signs for stabilizing global CO 2 emissions’,
Environmental Research Letters, 12(11), p. 110202. doi: 10.1088/1748-
9326/2a9662.

Journal, 1. and Technologies, A. E. (2017) ‘SEGS VI & Topaz Solar Farm SAM
Empirical Trough & PVWatts Models Case Studies & Validation’, 1(October).

Juhn Roh, 1. (2003) ‘Effect of the physicochemical properties on the permeation
performance in fully aromatic crosslinked polyamide thin films’, Journal of
Applied Polymer Science, 87(3), pp. 569-576. doi: 10.1002/app.11472.

Kang, J. S. ef al. (2001) ‘Colloidal Adsorption of Bovine Serum Albumin on Porous
Polypropylene- g -Poly(2-hydroxyethyl methacrylate) Membrane’, Langmuir,
17(14), pp. 4352-4359. doi: 10.1021/1a001310y.

Kim, J. ef al. (2016) ‘A high-performance and fouling resistant thin-film composite
membrane prepared via coating TiO2 nanoparticles by sol-gel-derived spray
method for PRO applications’, Desalination, 397, pp. 157-164. doi:
10.1016/.desal.2016.07.002.

75


http://www.irena.org/

Kitano, H. ef al. (2002) ‘Hydrogen-bonded network structure of water in aqueous
solution of sulfobetaine polymers’, Journal of Physical Chemistry B, 106(43),
pp. 11391-11396. doi: 10.1021/jp020185r.

Kitano, H. ef al. (2003) ‘Structure of Water in the Vicinity of Phospholipid Analogue
Copolymers as Studied by Vibrational Spectroscopy’, Langmuir, 19(24), pp.
10260-10266. doi: 10.1021/1a0349673.

Lee, K. L., Baker, R. W. and Lonsdale, H. K. (1981) ‘Membranes for power generation
by pressure-retarded osmosis’, Journal of Membrane Science, 8(2), pp. 141-
171. doi: 10.1016/S0376-7388(00)82088-8.

Lee, W.J. et al. (2018) ‘Zwitterion embedded thin film composite membrane for oily
wastewater treatment’, Infernational Journal of Engineering, Transactions B:
Applications, 31(8), pp. 1464-1472. doi: 10.5829/1je.2018.31.08b.39.

Li, D, Yan, Y. and Wang, H. (2016) ‘Recent advances in polymer and polymer
composite membranes for reverse and forward osmosis processes’, Progress
in Polymer Science, 61, Pp- 104-155. doi:
10.1016/;.progpolymsci.2016.03.003.

Li, X et al. (2013) ‘Deformation and reinforcement of thin-film composite ( TFC )
polyamide-imide ( PAI ) membranes for osmotic power generation’, Journal
of Membrane  Science.  Elsevier, 434 pp. 204-217. doi:
10.1016/j. memsci.2013.01.049.

Li, X, Cai, T. and Chung, T. (2014) ‘Anti-Fouling Behavior of Hyperbranched

2

Polyglycerol-Grafted Poly ( ether sulfone ) Hollow Fiber Membranes for
Osmotic Power Generation’.

Lian, C. ef al. (2017) ‘Capacitive Energy Extraction by Few-Layer Graphene
Electrodes’, Journal of Physical Chemistry C, 121(26), pp. 14010-14018. doi:
10.1021/acs.jpcc.7b02827.

Liu, G. ef al. (2015) ‘Zwitterionic chitosan—silica-PVA hybrid ultrafiltration
membranes for protein separation’, Separation and Purification Technology,
152, pp. 55-63. doi: 10.1016/j.seppur.2015.08.006.

Liu, X. et al. (2013) ‘Synthesis and characterization of novel antibacterial silver
nanocomposite nanofiltration and forward osmosis membranes based on layer-

by-layer assembly’, 7. doi: 10.1016/j.watres.2013.03.018.

76



Liu, X. ef al. (2016) ‘Fabrication and characterization of nanocomposite pressure
retarded osmosis (PRO) membranes with excellent anti-biofouling property
and enhanced water permeability’, Desalination, 389, pp. 137-148. doi:
10.1016/j.desal.2016.01.037.

Liu, Y. ef al. (2017) ‘Exploration of zwitterionic cellulose acetate antifouling
ultrafiltration membrane for bovine serum albumin (BSA) separation’,
Carbohydrate Polymers, 165, pp- 266-275. doi:
10.1016/j.carbpol.2017.02.052.

Liu, Y., Koops, G. H. and Strathmann, H. (2003) ‘Characterization of morphology
controlled polyethersulfone hollow fiber membranes by the addition of
polyethylene glycol to the dope and bore liquid solution’, Journal of
Membrane  Science, 223(1-2), pp. 187-199. doi: 10.1016/S0376-
7388(03)00322-3.

Loeb, S. (1976) ‘Production of energy from concentrated brines by pressure-retarded
osmosis. 1. Preliminary technical and economic correlations’, Journal of
Membrane Science, 1(C), pp. 49-63. doi: 10.1016/S0376-7388(00)82257-7.

Logan, B. E. and Elimelech, M. (2012) ‘Membrane-based processes for sustainable
power generation using water’, Nature, 488(7411), pp. 313-319. doi:
10.1038/nature11477.

LaMantia, F., Brogioli, D. and Pasta, M. (2016) Capacitive mixing and mixing entropy
battery, Sustainable FEnergy from Salinity Gradients. Elsevier Ltd. doi:
10.1016/B978-0-08-100312-1.00006-7.

Mary, P. et al. (2007) ‘Reconciling low- and high-salt solution behavior of
sulfobetaine polyzwitterions’, Journal of Physical Chemistry B, 111(27), pp.
7767-7777. doi: 10.1021/jp071995b.

Mi, Y. F. ef al. (2017) ‘Constructing zwitterionic surface of nanofiltration membrane
for high flux and antifouling performance’, Journal of Membrane Science,
541(March), pp. 29-38. doi: 10.1016/j.memsci.2017.06.091.

Mohammadi, T., Madaeni, S. S. and Moghadam, M. K. (2003) ‘Investigation of
membrane fouling’, Desalination, 153(1-3), pp. 155-160. doi:
10.1016/S0011-9164(02)01118-9.

Nayak, V. et al. (2017) ‘Zwitterionic ultrafiltration membranes for As (V) rejection’,
Chemical  Engineering  Journal, 308, pp- 347-358. doi:
10.1016/j.c€).2016.09.096.

77



Ong, C. S. et al. (2017) ‘Anti-Fouling Double-Skinned Forward Osmosis Membrane
with Zwitterionic Brush for Oily Wastewater Treatment’, Scientific Reports,
7(1), pp. 1-11. doi: 10.1038/s41598-017-07369-4.

Online, V. A. (2013) ‘Environmental Science thin- fi Im nano fi ber composite pressure
retarded’, pp. 1199-1210. doi: 10.1039/c3ee23349a.

PATTLE, R. E. (1954) ‘Production of Electric Power by mixing Fresh and Salt Water
in the Hydroelectric Pile’, Nature, 174(4431), pp. ©660-660. doi:
10.1038/174660a0.

Paulose, M. et al. (2007) ‘Ti0O 2 nanotube arrays of 1000 um length by anodization of
titanium foil: Phenol red diffusion’, Journal of Physical Chemistry C, 111(41),
pp. 14992-14997. doi: 10.1021/jp075258r.

Qin, J. J. et al. (2003) ‘A high flux ultrafiltration membrane spun from PSU/PVP
(K90)/DMF/1,2-propanediol’, Journal of Membrane Science, 211(1), pp. 139—
147. doi: 10.1016/S0376-7388(02)00415-5.

Renuka, N. K. and Nikhila, M. P. (2016) ‘Synthesis, characterization and
photocatalytic activity of Titania nanotube’, Journal of Chemical and
Pharmaceutical Sciences, 2016-Janua(1), pp. 85-90.

Rica, R. A. et al. (2014) ‘Capacitive mixing for harvesting the free energy of solutions
at different concentrations’, FEntropy, 15(4), pp. 1388-1407. doi:
10.3390/e15041388.

Rong, G. ef al. (2018) ‘Preparation and characterization of novel zwitterionic
poly(arylene ether sulfone) ultrafiltration membrane with good thermostability
and excellent antifouling properties’, Applied Surface Science. Elsevier B.V ,
427, pp. 1065-1075. doi: 10.1016/j.apsusc.2017.08.156.

Rouaix, S., Causserand, C. and Aimar, P. (2006) ‘Experimental study of the effects of
hypochlorite on polysulfone membrane properties’, Journal of Membrane
Science, 277(1-2), pp. 137-147. doi: 10.1016/j.memsci.2005.10.040.

Sagar, A. D. and Holdren, J. P. (2002) ‘ Assessing the global energy innovation system:
some key issues’, Energy Policy, 30(6), pp. 465-469. doi: 10.1016/S0301-
4215(01)00117-3.

Saito, K. ef al. (2012) ‘Power generation with salinity gradient by pressure retarded
osmosis using concentrated brine from SWRO system and treated sewage as
pure water’, Desalination and Water Treatment, 41(1-3), pp. 114-121. doi:
10.1080/19443994.2012.664696.

78



Sarp, S. and Hilal, N. (2018) Membrane Modules for Large-Scale Salinity Gradient
Process Applications, Membrane-Based Salinity Gradient Processes for Water
Treatment and Power Generation. Elsevier B.V. doi: 10.1016/b978-0-444-
63961-5.00008-0.

Saththasivam, J. ef al. (2018) ‘OPEN A Novel Architecture for Carbon Nanotube
Membranes towards Fast and Efficient Oil / water Separation’, Scientific
Reports. Springer US, pp. 4-9. doi: 10.1038/s41598-018-25788-9.

Shahkaramipour, N. ef al. (2017) ‘Membranes with Surface-Enhanced Antifouling
Properties for Water Purification’, Membranes, 7(1), p. 13. doi:
10.3390/membranes7010013.

She, Q. et al. (2016) ‘Membrane fouling in osmotically driven membrane processes:
A review’, Journal of Membrane Science, 499, pp. 201-233. doi:
10.1016/j.memsci.2015.10.040.

She, Q., Jin, X. and Tang, C. Y. (2012) ‘Osmotic power production from salinity
gradient resource by pressure retarded osmosis: Effects of operating conditions
and reverse solute diffusion’, Journal of Membrane Science, 401-402, pp.
262-273. doi: 10.1016/j.memsci.2012.02.014.

Shi, L. et al. (2011) ‘Effect of substrate structure on the performance of thin-film
composite forward osmosis hollow fiber membranes’, Journal of Membrane
Science. Elsevier B.V, 382(1-2), pp- 116-123. doi:
10.1016/j.memsci.2011.07.045.

SHI, Q. et al. (2008) ‘Zwitterionic polyethersulfone ultrafiltration membrane with
superior antifouling property’, Journal of Membrane Science, 319(1-2), pp.
271-278. doi: 10.1016/j.memsci.2008.03.047.

Shintani, T. ef al. (2009) ‘Characterization of methyl-substituted polyamides used for
reverse osmosis membranes by positron annihilation lifetime spectroscopy and
MD simulation’, Journal of Applied Polymer Science, 113(3), pp. 1757-1762.
doi: 10.1002/app.29885.

Son, M. et al. (2016) ‘Thin-film nanocomposite membrane with CNT positioning in
support layer for energy harvesting from saline water’, Chemical Engineering

Journal, 284, pp. 68-77. doi: 10.1016/.cej.2015.08.134.

79



Subramaniam, M. N. ef al. (2016) ‘Effect of titania nanotubes on the flux and
separation performance of polyethersulfone membranes’, /OP Conference
Series: Larth and Environmental Science, 36(1), pp. 1-6. doi: 10.1088/1755-
1315/36/1/012024.

Tian, M. et al. (2015) ‘Synthesis and characterization of high-performance novel thin
film nanocomposite PRO membranes with tiered nano fi ber support reinforced
by functionalized carbon nanotubes’, Journal of Membrane Science, 486, pp.
151-160. doi: 10.1016/j.memsci.2015.03.054.

Tong, X., Zhang, B. and Chen, Y. (2016) ‘Fouling resistant nanocomposite cation
exchange membrane with enhanced power generation for reverse
electrodialysis’, Journal of Membrane Science, 516, pp. 162-171. doi:
10.1016/j. memsci.2016.05.060.

Touati, K. and Tadeo, F. (2016) ‘Study of the Reverse Salt Diffusion in pressure
retarded osmosis : In fl uence on concentration polarization and effect of the
operating conditions’, DES. Elsevier B.V. doi: 10.1016/j.desal.2016.02.014.

Touati, K. and Tadeo, F. (2017a) Effects of the Temperatures on PRO, Pressure
Retarded Osmosis. Elsevier Inc. doi: 10.1016/B978-0-12-812103-0.00003-9.

Touati, K. and Tadeo, F. (2017b) ‘Green energy generation by pressure retarded
osmosis: State of the art and technical advancement—review’, International
Journal — of  Green  Energy, 14(4), pp- 337-360. doi:
10.1080/15435075.2016.1255633.

Tsai, C.-C., Nian, J.-N. and Teng, H. (2006) ‘Mesoporous nanotube aggregates
obtained from hydrothermally treating TiO 2 with NaOH’, Applied Surface
Science, 253(4), pp. 1898-1902. doi: 10.1016/j.apsusc.2006.03.035.

Veréb, G. et al. (2019) * Advantages of TiO2/carbon nanotube modified photocatalytic
membranes in the purification of oil-in-water emulsions’, Water Science and
Technology: Water Supply, 19(4), pp. 1167-1174. doi: 10.2166/ws.2018.172.

Vijesh, A. M. et al. (2018) ‘Preparation and Characterization of Polysulfone Based
Hollow Fibre Composite Membranes for Water Purification’, Journal of
Applied Membrane Science & Technology, 22(2), pp. 109-118. doi:
10.11113/amst.v22n2.130.

Voros, N. G., Maroulis, Z. B. and Marinos-Kouris, D. (1996) ‘Salt and water
permeability in reverse osmosis membranes’, Desalination, 104(3), pp. 141-

154. doi: 10.1016/0011-9164(96)00037-9.

80



Wan Azelee, 1. ef al. (2018) ‘Facile acid treatment of multiwalled carbon nanotube-
titania nanotube thin film nanocomposite membrane for reverse osmosis
desalination’, Journal of Cleaner Production. Elsevier Ltd, 181, pp. 517-526.
doi: 10.1016/j jclepro.2018.01.212.

Wan, C. F. ef al. (2018) ‘Thin-film composite hollow fiber membrane with inorganic
salt additives for high mechanical strength and high power density for pressure-
retarded osmosis’, Journal of Membrane Science. Elsevier B.V., 555(January),
pp. 388-397. doi: 10.1016/;.memsci.2018.03.050.

Wang, L. ef al. (2009) ‘Highly efficient antifouling ultrafiltration membranes
incorporating zwitterionic poly([3-(methacryloylamino)propyl]-dimethyl(3-
sulfopropyl) ammonium hydroxide)’, Journal of Membrane Science, 340(1—
2), pp. 164-170. doi: 10.1016/j.memsci.2009.05.027.

Wang, L. ef al. (2018) ‘Science of the Total Environment Shift in the microbial
community composition of surface water and sediment along an urban river’,
627(1), pp. 600-612. doi: 10.1016/j.scitotenv.2018.01.203.

Xu, Y. et al. (2010) “Effect of draw solution concentration and operating conditions
on forward osmosis and pressure retarded osmosis performance in a spiral
wound module’, Journal of Membrane Science, 348(1-2), pp. 298-309. doi:
10.1016/j. memsci.2009.11.013.

Yan, W. ef al. (2016) ‘Enhancing the flux of brackish water TFC RO membrane by
improving support surface porosity via a secondary pore-forming method’,
Journal of Membrane Science. Elsevier, 498, pp. 227-241. doi:
10.1016/j. memsci.2015.10.029.

Ye, M. et al. (2014) ‘Performance of a mixing entropy battery alternately flushed with
wastewater effluent and seawater for recovery of salinity-gradient energy’,
Energy and  Environmental Science, 7(7), pp. 2295-2300. doi:
10.1039/c4ee01034e.

Yi, Z. et al. (2014) ‘lonic liquids as co-solvents for zwitterionic copolymers and the
preparation of poly(vinylidene fluoride) blend membranes with dominated 3-
phase crystals’, Polymer, 55(11), pp- 2688-2696. doi:
10.1016/j.polymer.2014.04.025.

Yip, N. Y. et al. (2011) ‘Thin-film composite pressure retarded osmosis membranes
for sustainable power generation from salinity gradients’, FEnvironmental

Science and Technology, 45(10), pp. 4360-4369. doi: 10.1021/es104325z.

81



Yip, N. Y. and Elimelech, M. (2012) ‘Thermodynamic and energy efficiency analysis
of power generation from natural salinity gradients by pressure retarded
osmosis’, Environmental Science and Technology, 46(9), pp. 5230-5239. doi:
10.1021/es300060m.

Yue, W.-W. et al. (2013) ‘Grafting of zwitterion from polysulfone membrane via
surface-initiated ATRP with enhanced antifouling property and
biocompatibility’, Journal of Membrane Science, 446, pp. 79-91. doi:
10.1016/j.memsci.2013.06.029.

Zhang, L. et al. (2015) “Unique roles of aminosilane in developing anti-fouling thin fi
Im composite ( TFC ) membranes for pressure retarded osmosis ( PRO ), DES.
Elsevier B.V. doi: 10.1016/j.desal .2015.12.024.

Zhang, M. et al. (2013) ‘Gypsum scaling in pressure retarded osmosis : Experiments ,
mechanisms and implications’, Water Research. Elsevier Ltd, 48, pp. 387-395.
doi: 10.1016/j.watres.2013.09.051.

Zhang, Q. et al. (2010) ‘Novel zwitterionic poly(arylene ether sulfone)s as antifouling
membrane material’, Journal of Membrane Science, 349(1-2), pp. 217-224.
doi: 10.1016/j. memsci.2009.11.048.

Zhang, S., Fu, F. and Chung, T. (2013) ‘Substrate modifications and alcohol treatment
on thin film composite membranes for osmotic power’, Chemical Engineering
Science. Elsevier, 87, pp. 40-50. doi: 10.1016/j.ces.2012.09.014.

Zhang, S., Sukitpaneenit, P. and Chung, T.-S. (2014) ‘Design of robust hollow fiber
membranes with high power density for osmotic energy production’, Chemical
Engineering Journal, 241, pp. 457-465. doi: 10.1016/j.cej.2013.10.063.

Zhao, D. et al. (2016) ‘Zwitterions coated hollow fiber membranes with enhanced
antifouling properties for osmotic power generation from municipal
wastewater’, Water Research. Elsevier Ltd, 104, pp. 389-396. doi:
10.1016/j.watres.2016.08.045.

Zhao, Y .-F. et al. (2014) ‘Zwitterionic hydrogel thin films as antifouling surface layers
of polyethersulfone ultrafiltration membranes anchored via reactive copolymer
additive’, Journal of Membrane Science, 470, pp. 148-158. doi:
10.1016/j.memsci.2014.07.023.

Zheng, L. et al. (2017) ‘Applications of zwitterionic polymers’, Reactive and
Functional Polymers, 118, pp. 51-61. doi:

10.1016/} reactfunctpolym.2017.07.006.

82



Zhu, Y. et al. (2013) ‘A novel zwitterionic polyelectrolyte grafted PVDF membrane
for thoroughly separating oil from water with ultrahigh efficiency’,
Journal of Materials Chemistry A, 1(18), p. 5758. doi: 10.1039/c3ta01598;.

Zhu, Y. et al (2017) ‘Superhydrophilic In-Situ-Cross-Linked Zwitterionic
Polyelectrolyte/PVDF-Blend Membrane for Highly Efficient Oil/Water
Emulsion Separation’, ACS Applied Materials and Interfaces, 9(11), pp. 9603—
9613. doi: 10.1021/acsami.6b15682.

83



LIST OF PUBLICATIONS

Indexed Journal

1.

Sharudin, S., Goh, P., Ismail, A. (2019). 'Modification of Polymeric
Membrane for Energy Generation through Salinity Gradient: A Short Review',
Journal of Membrane Science and Research, (), pp. 0-0.

https://doi.org/10.22079/jmsr.2019.115128.1294

Conferences

1.

National Congress on Membrane Technology (NATCOM 2018)

30M — 31° of October 2018, Pulai Springs Resort, Johor Bahru, Malaysia.
Oral presentation on “ZWITTERION INCORPORATED THIN FII.M
COMPOSITE MEMBRANE FOR POWER GENERATION THROUGH
PRESSURE RETARDED OSMOSIS™

International Conference of Sustainable Environment Technology 2019
(ISET)

20™ — 22™ of August 2019, Double Tree by Hilton, Johor Bahru, Malaysia.
Oral presentation on “ZWITTERION INCORPORATED THIN FIIM
COMPOSITE MEMBRANE FOR POWER GENERATION THROUGH
PRESSURE RETARDED OSMOSIS

85


https://doi.org/10.22079/jmsr.2019.115128.1294

