Available online at www.joac.info
ISSN: 2278-1862

o Journal of Applicable Chemistry

—* 2021, 10 (5): 591-600
N (International Peer Reviewed Journal)

Review

Membrane Fabrication, Characteristics and Filtration Process
for the Removal of Aqueous-Electrolytes/Heavy Metal
lons from Wastewater: A Short Review

Mohd Arsalan*

Department of Applied Chemistry, Aligarh Muslim University Aligarh, INDIA
Email: mohdarsalan.chem@gmail.com

Accepted on 21°" August, 2021

ABSTRACT

Membrane filtration (MF) is a pressure-driven separation process that employs a membrane for both
mechanical and chemical sieving of particles, as well as also uses to remove particles from waste
water. This process is very similar to conventional sand or media filters where the suspended solids
are removed, but generally dissolved solids are not removed, but membrane is a material that
separates substances, when a driving force is applied across the membrane. Membrane processes are
increasingly used for removal of bacteria, microorganisms, particulates, and natural organic
material, which can impart colour, tastes, and odours to water and react with disinfectants to form
disinfection by-products. The basic technology behind MF is using a semi-permeable membrane to
separate a liquid into two distinct streams. Filtration membranes are essentially micro porous
barriers of polymeric, ceramic or metallic materials which are used to separate dissolved materials
(solutes), colloids, or fine particulate from solutions. To remove aqueous-electrolytes/heavy metal
ions from wastewater many conventional techniques such as membrane filtration, reverse osmosis,
ion exchange, chemical precipitation, electro dialysis, electrochemical treatment, and adsorption
technique have been employed. The membrane filtration for wastewater is a promising new avenue.
With increasing pollution of water bodies as well as increasing complexities related to removal of
heavy waste from water, membrane filtration can be a cost-effective, compact, and time-efficient
solution.

Graphical Abstract

Indicated the Separation of electrolyte solution
through reverse osmosis membrane

Keywords: Membrane filtration, Conventional, Microporous barriers, Aqueous-electrolytes/ heavy
metal ions, Sand filters,.

591


http://www.joac.info
mailto:mohdarsalan.chem@gmail.com

Mohd Arsalan Journal of Applicable Chemistry, 2021, 10(5):591-600

INTRODUCTION

Nowadays membrane systems are used in many separation processes. Composite and asymmetric
membranes are used in desalting processes under the pressure gradient such as nanofiltration and
reverse osmosis due to their high salt rejection, volume flux, and mechanical stability. These
membranes can be considered as multilayer systems coupled in series by infinitely thin layers of
aqueous solutions in local equilibrium with both adjacent layers. Membrane-based chemical
separations constitute an emerging research area and industrial technology [1]. The objective is to
develop membranes that selectively transport a particular targeted molecule which are having definite
sizes and discard (or transport at much lower rates) other molecules that might be present in the feed
solution or gas [2].

The membrane separation techniques like nanofiltration, ultrafiltration, microfiltration, gas
separation, reverse 0osmosis, pervaporation, and liquid membranes etc, have been studied and
industrially applicable. The ion-exchange membrane is one of the most sophisticated separation
techniques among these above membrane separation. The important property of the cation and anion-
exchange membrane is to selectively permeate cations or anions through the membrane [3].
Membrane- based technologies are potentially less energy intensive than other types of competing
separations technologies and, as such, can be viewed as an example of “green chemistry.” However,
materials with higher chemical selectivity for the desired target molecule that can be incorporated into
geometries that required high flux of this particular molecule [4]. A charged membrane transforms the
ions due to the differences in their concentrations, pore sizes of the membrane and electrolyte
interaction with the membrane. In addition to this, a charged membrane can separate electrolyte ions
according to the charge of the membrane. Recently it has become necessary to analyze the ion
transport phenomena specifically in aqueous, organic, electrolyte solution systems across a charged
membrane from the view point of industrial and medical applications [5, 6].

As the membrane begins to capture particles that larger than the pore size, it begins to “ripen.” As
a membrane ripens, the pore size available for filtering decreases and smaller particles are captured.
The main disadvantages of barrier-based filtration are: Replacement and disposal costs. When this
type of filter becomes blocked by waste particles, it needs to be replaced [7].

Application of extraction techniques for removal and recovery of heavy metals is of immensely
growing importance from the viewpoint of environmental protection problems [8]. During the second
half of the last century ion-exchange membranes and their practical utilization in electro-membrane
processes have gained significant technical and commercial importance in water deionization and
purification as well as in electrochemical synthesis and in energy conversion and energy storage,
while other processes such as capacitive electro-deionization and electro-dialysis with bipolar
membranes or the use of ion-exchange membranes in fuel cells and energy conversion are more recent
developments which show a large number of interesting applications. Removal of heavy metal ions
from wastewater is of prime importance for a clean environment and human health. Different reported
methods were devoted to heavy metal ions removal from various wastewater sources. These methods
could be classified into adsorption, membrane, chemical, electric, and photocatalytic-based treatments
[9, 10]. The chemical and membrane methods are pre dominantly used, through which the large-
volume sludge formation and post-treatment requirements are vital issues that need to be solved for
chemical techniques. Fouling and scaling inhibition could lead to further improvement in membrane
separation. However, pre-treatment and periodic cleaning of membranes incurs additional costs.
Following figure 1 are the various methods which are used for the filtration of waste water as well as
heavy metal ions [11].

Composite membrane fabrications and their characteristics: The synthesis of ion-exchange
inorganic-organic hybrid membranes can be done by several processes like sol-gel, co precipitation,
intercalation, blending, in situ polymerization, molecular self-assembling etc, but among them the sol-
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gel process is one of the most common and qualitative method of material synthesis. Many
researchers used the sol-gel or liquid coupling process of silane coupling agents to prepare a hybrid
anion exchange membrane [12].
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Figure 1. The methods used for the filtration of waste water as well as heavy metal ions.

The organic-inorganic or polymeric-inorganic composite materials which are used to make the
membrane, have been widely studied for a long time due to their combined characteristic of both the
used materials, and these may be micro or nano composites about 200-800 mesh size. Such type of
micro and nano composite membranes generally have the organic polymer materials with inorganic
nano scale building blocks which results to show the combine advantages of inorganic materials
rigidity, thermal stability ion exchange property and organic polymers flexibility, dielectric property,
ductility and easy binding ability. Therefore such membranes are confirmed to be useful for the
molecular separations such as bimolecular purification, seawater desalination, environmental
remediation as well as petroleum, chemicals and fuels production. These molecular separations are
classically used for distinguished technologies like distillation, filtration, absorption and adsorption,
which otherwise involve extreme energy and capital. Recently the selective permeations through the
membranes have become much attractive because these are economical therefore categorized as green
technology [13-15].

The extensive use of such membranes is due to the low operating costs with a desirable
combination of high selectivity and high permeability. Presently, polymers are still the main materials
in membrane technology with the advantages of good binding ability, flexibility and low cost criteria,
however some limitations in their chemical, mechanical and thermal resistance restrict the
applications of polymeric materials [16]. The inorganic materials used in membranes although have
longer lifetime- and higher thermal and chemical stabilities but they are expensive and brittle in
nature with poor membrane forming ability. Therefore, the organic-inorganic composite materials are
used to make the membranes and these have attracted more attention due to combining the basic
properties of both the materials and these give advantage in designing the membranes with excellent
separation performances, good thermal plus chemical resistance and adaptability for insensitive
environments [17-19]. So the composite membranes find interest in analytical chemistry as these can
be used for the direct measurement of ion concentration, precipitation reaction and titration analysis
which provides the information means that it may easily provide the fundamental knowledge of
precipitation processes.

It has been observed that the mechanical, chemical and thermal stabilities of the membranes
make it applicable for the water filtration and purification processes like industrial wastewater as well
as hazardous waste treatment, oil-water separations etc [20, 21] through it. Such membranes are more
easily recovered after fouling the flux process as these can sustain very harsh chemical condition [22].
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These membranes are more expensive for the large scale applications like drinking water production
as well as wastewater treatment etc. So the applications of such membranes are relatively limited and
these are mostly used for the separation purposes in small scale industries [23].

Process of ions separation through membrane technology: The separation process occurs at the
thin side of membranes whereas the support layer provides a nearly resistance free path for water to
exit through the membrane. The highly selective MF and UF membranes have the pore size ranging
from -0.01-0.2 um. A thin sheet of MF and UF membranes are formed by an induced phase inversion
of preformed polymers over a support fabric which provides the mechanical stability for the
membranes, whereas the alternative of phase inversion reaction can be completed to form a hollow
fiber forms of MF and UF membranes. The phase inversion technique has been completed by a
controlled interaction of solvent and non solvent solutions to induce a phase separation transition
which means a polymer forms a liquid dispersion into a solid state. A recent review has indicated that
the uniform polymer solution contains the polymer as well as solvent immersed into a non solvent
coagulation bath which results the solidification of polymer during the exchange of miscible solvent
and non solvent [24, 25]. The overall characteristics of membrane can vary according to the
conditions like casting condition, polymer selection, polymer concentration, solvent and non solvent
system and additives and coagulation bath condition etc. Separation of electrolyte solution through
reverse osmosis membrane shows by the following figure 2.
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Figure 2. Indicated the Separation of electrolyte solution
through reverse osmosis membrane.

lonic conductivity and porosity: The ionic conductivity of membrane is an important characteristic
which is the major deciding factor for the application point of views in any ion exchange membranes.
It depends on the type of functional groups like strong ionic phosphonic, sulfonics acids and
quaternary ammonium salts and the weak ionic like hydroxyls, carboxylic acids and primary
secondary and tertiary amine groups etc. It has been analyzed that the porosity of membranes also
affects the ionic conductivity, which suggest that a highly porous membrane always follow high ionic
conductivity and vice versa. So the porosity in hybrid composite membrane can easily be modified by
using the suitable organic and inorganic materials as well as the synthesis processes [26, 27]. Water
content property of hybrid membrane has also indicated the effect for ionic conductivity, which means
that the high water uptake leads to high ionic conductivity or ionic migration. So, the well and
appropriate applications in different industrial fields demand the low water content with high ionic
conductivity. Therefore, the designing of new composite membrane for the commercial purposes, the
required criteria that must be followed is the lower water content as well as higher ionic conductivity.
Perm selectivity is also an important phenomenon which governs the performances as well as
applications of membranes and it is essential that the membrane should have impermeable to co-ions
but be permeable for the counter ions. It mainly depends on the type of ion-exchange charges present
on membranes as well as the surface porosity of membrane [28].
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Separation of aqueous electrolyte/heavy metal ions through membrane: In the separation of
electrolyte ions through membrane, many authors suggested that there are membranes with
characteristic fixed surface charge and that the mechanism of separation of ions is by the differences
in the valences of ions. A membrane is a barrier that allows certain substances to pass through while
blocking others. Water treatment facilities use various types of membranes and processes to clean
surface water, groundwater, and wastewater to produce water for industry and for drinking [29, 30].
There are mainly four main types of these membrane filtration processes. These are microfiltration
(MF), ultrafiltration (UF), nano filtration (NF), and reverse osmosis (RO). The main difference
exhibited by these processes, apart from their pressure requirements, is their membrane pore sizes.
Therefore it is very clear that membrane technology is a generic term for a number of different, very
characteristic separation processes. These processes are of the same kind, because in each of them a
membrane is used. Membranes are used more and more often for the creation of process water from
groundwater, surface water or wastewater. It is an important characteristic that the composition of
membrane has cation or anion exchangers [31, 32].

Cation and anion exchangers: In most of the industrial processes ion-exchange membranes are
used to complete the process of purification, separation and decontamination of aqueous and other ion
containing solutions. Typical ion exchangers which are used to make the ion exchange membranes
are ion exchange resins, zeolites, montmorillonite, clay, soil humus etc. Wide use of ion exchange
membranes for fuel cell storage batteries, electrochemical separation, electro dialysis, electro
deionization etc have drawn the attention of the researchers in making ion selective membrane using
ion exchange materials. Cation exchange materials and cation exchange membranes have been widely
explored by researchers over the past few years because of their commercial applications [33, 34].
However, anion exchangers have been poorly reported and need proper investigations because of their
importance in the field of environmental science for separation, identification and determination of
toxic anions from industrial waste and drinking water. There are also amphoteric exchangers which
are able to exchange both the cations as well as anions simultaneously. These ion exchangers may be
selective or nonselective which are used to bind certain ions or classes of ions depending on their
physical and chemical properties [35].

Pore size of membrane for ion filtration: The separation of particles by membrane mainly depends
on the pore size distribution. If size of the particles is larger than the pore size of membrane then these
are rejected, while the smaller particles can easily pass through the membrane barrier. Hence, the
membrane filtration is entirely based on the membranes pore size distributions [36]. The resistance 'of
mass transfer in such type of membranes is totally determined by their thickness and porosity which
shows that the membrane thickness is inversely proportional to the permeation rate of transferable
particles. Membranes often respond to gradients that they experience on either sides of them. If
concentration is a gradient, the dialysis results, if pressure is a gradient then reverse osmosis, ultra
filtration, micro filtration or nano filtration result. If potential is a gradient then electro dialysis and
electrophoresis result. All these processes differ from each other depending on the pore diameter of
the membrane [37, 38].

Electrochemical studies of composite membrane for ionic filtration: Membrane potential is
defined as a potential difference arising between the solutions of an electrolyte or heavy metal ions
with different concentrations at the constant temperature and pressure separated by a membrane with
fixed ion exchange groups [39]. At the interface between membrane and electrolyte solutions, the
donnan potential occurs due to the transfer of ions. donnan potential appears as a result of donnan
equilibrium, which refers to the distribution of ionic species between two ionic solutions separated by
a permeable membrane or boundary. The boundary layer maintains an unequal distribution of ionic
solute concentration by acting as a selective barrier to ionic diffusion. Some species of ions may pass
through the barrier while others may not. Electrical potential arising between two solutions is called
donnan potential. Inside the membrane, the diffusion potential arises since ions would diffuse from
the high concentration side to the low concentration side under a certain concentration gradient.
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Diffusion potential is the potential difference generated across a membrane because of the
concentration difference of an ion. It can be generated only if the membranes are permeable to the
ions. The size of the diffusion potential depends on the size of the concentration gradient. The sign of
diffusion potential depends on whether the diffusing ion is positively or negatively charged. Diffusion
potentials are created by the diffusion of very few ions which do not result in changes in concentration
of the diffusing ions. Membrane potential is the summation of the donnan potential and the diffusion
potential, and it can also be named as the exclusion-diffusion potential [40]. Membrane potential can
be measured directly or by determining the electrical properties of a membrane or the activities of
ions inside the membrane. The earlier theoretical studies on membrane potential were almost based on
the Teorell, Meyer and Sievers (TMS) model and developed by Kobatake et.al. [41, 42],
Lakshminarayanaiah et.al. [43]. Kobatake et. al. derived an equation of membrane potential for uni-
univalent electrolyte solutions and first time proved that the derived equation agreed well with typical
corresponding experimental data. Nikonenko et al. [44] investigated the influence of the electrolyte/
heavy metal ions concentration, and the ratio of the diffusion boundary layer length and the counter-
ions diffusion coefficient on the membrane potential of an ion-exchange membrane. The research
work concluded that the membrane potential determined numerically by the TMS model were similar
to those obtained experimentally by Dammak if the salt concentration was less than 100 mmol.
Lefebvre et al. [45] derived the general equations of the membrane potential, and the filtration
potential of a charged membrane in an arbitrary electrolyte solution using an analytical approach. The
group limited their studies to the related aspects of the comparison of normalized filtration potential
calculated numerically and analytically with no discussion on membrane potential. The above analysis
demonstrates that most studies of membrane potential evaluated by the TMS model have been
emphasized with the attention being given to the uni-univalent electrolytes. Nevertheless, there is not
enough convincing theoretical investigation concerning the other kinds of electrolytes. It is
worthwhile clarifying the fact whether the TMS model can be employed to evaluate membrane
potential in multivalent electrolyte solutions [46]. In contact with external electrolyte solutions of low
or moderate concentration the membrane excludes the co-ions (donnan exclusion) by electrostatic
repulsion while the counter ions are admitted to the membrane and experience negligible resistance in
passing from one side of solutions to the other. At higher concentration, the donnan exclusion
becomes less effective and thus perm selectivity gets reduced. The perm selectivity [47] is reflected
not only in the differences in permeability, but also in the electric potential difference which arises
between the two solutions. Figure 3 shows the electrochemical setup used for observing the
membrane potential through digital potentiometer.

Saturated Calomel  Electrolyte Solution  Electrolyte Solution  Saturated Calomel
Electrode Cl1 C2 Electrode

LN J
C\D m,,,,m“ C )

Electrode Potential Pm"l“hl Elec‘lmde Potentia

Figure 3. The electrochemical setup used for observing the membrane potential
through digital potentiometer.

lonic transference in terms of water flux: In the absence of an electric field, the migration of an
ionic species across the membrane involves a transfer of electric charge and this charge transfer has
been balanced by one or more other fluxes. The compensation of the fluxes is brought about by the
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electric potential gradient, called the diffusion potential, built up by the process of diffusion. These
characteristics of the fluxes, the action of the diffusion in the membrane and the perm selectivity for
counter ions are the key to the understanding of diffusion phenomena in membrane systems. When a
membrane is between two solutions of the same electrolytes of different concentrations, the
membrane potential is called concentration potential. In such a concentration cell, the counter ions
diffuse more rapidly than the co ions, due to perm selectivity, resulting in a net transfer of electric
charge. With cation selective membranes, the electric potential in the dilute solution thus is more
positive than in the concentrated solution. With anion-selective membranes, the opposite is true [48].

Charge density, ionic mobility and transport number: The important parameters of membrane like
ionic maobility, which is defined as the velocity attained by an ion moving through a medium under an
electric field. The effective fixed charge density of membranes refers to the charge distribution over
the volume of a particle, such as a molecule, atom or ion. Charge density is the central parameter that
controls the membrane phenomenon, which calculated by using the observed potential values of
different used electrolyte/heavy metal solutions as well as TMS theoretical potential values [49, 50].
The other important parameters of membrane which include the transport number, mobility ratio and
charge effectiveness and distribution coefficient have been easily calculated by the above discussed
TMS equations. The transport number is another very important factor of membrane defined as the
mobility of the ion divided by the sum of mobilities of the two ions. It is also called as the
transference number which is the fraction of the total current carried by an electrolyte/heavy metal
ion. The transport number has been obtained by using the above Nemst-Planck equations [51].

So, the electrochemical studies of membrane have been done by observing the membrane
potential throgh using the potentiometer. Different univalent and divalent electrolytes like KCI, NaCl,
LiCl and CaC1l, MgCl,, BeCl, respectively may used to observe the membrane potential. The
measurement of membrane potential is used to obtain the transport property of ions across an
incubated charged membrane. Hypothetically the membrane potential for aqueous electrolytes or
heavy metal ions solution system can determined by many theories like TMS, Altug and Hair,
Kobatake et.al., as well as the most new one is Nagasawa and co-workers. Among these the TMS
theory is most prominent and easily used, which can treated by the help of donnan equilibrium and
Nemst Planck equation. The donnan potential totally depends on the membrane charge density which
plays a significant role in the selectivity and applications of membrane [52]. The diffusion potential
depends on the mobility of ions through membrane that affects the transport property of ions, through
which the measurement of diffusion as well as donnan potential will be very easy and give the
important parameters like ionic mobility and effective fixed charge density of membranes.

APPLICATION

This review article may be helpful to understand the filtration of electrolytes/heavy metal
ions from waste water by composite membrane, through which it must be easier to analyse
the membrane application for waste water filtration.

CONCLUSION

The preparation of membrane material is mostly done by the sol gel process while the membrane
fabrication done by the die casting methods, which shows the uniform and novel characteristics like,
there chemical, mechanical and thermal stabilities. The filtration of electrolytes/heavy metal ions
through membranes are increasingly used, it can also used for removal of bacteria, microorganisms,
particulates, and natural organic material, which can impart colour, tastes, and odours to water and
react with disinfectants to form disinfection by-products. The basic technology behind membrane
filtration is by using a porous membrane to separate a liquid into two distinct streams. It is amicro
porous barriers of polymeric, ceramic or metallic materials which are used to separate dissolved
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materials (solutes), colloids, or fine particulate from solutions. To remove Aqueous-
Electrolytes/Heavy metal ions from wastewater many techniques like ion exchange, chemical
precipitation, electro dialysis, electrochemical treatment, and adsorption are mostly used but the
membrane filtration is most prominent and cost effective among others. The widely used membrane
processes include microfiltration, ultrafiltration, nanofiltration, reverse osmosis, electrolysis, dialysis,
electrodialysis, gas separation, vapor permeation, pervaporation, membrane distillation, and
membrane contactors.So the membrane technology is dominantly used in the process of waste water
which mostly includes the heavy metals as well as electrolyte solutions of various ions.

Conflict of Interest: The authors declare that there is no conflict of interests regarding the publication
of this paper.

REFERENCES

[1]. H. C. Charan Kumar, R. Shilpa and Sannaiah Ananda, Synthesis and Characterization of Al-
Doped ZnO Nanoparticles by Electrochemical Method: Photodegradation Kinetics of
Methylene Blue Dye and Study of Antibacterial Activities of Al-Doped ZnO Nanoparticles, J.
of Applicable Chem., 2020, 9, 9-21

[2]. S. Wedqgar, A. Khan, A. Shakeel, Inamuddin Synthesis, characterization and ion-exchange
properties of a new and novel ‘organic-inorganic’ hybrid cation-exchanger: Poly(methyl
methacrylate) Zr(1V) phosphate. Collo Surf., 2007 295, 193-199.

[3]. T.J.Chou, Tanioka A lonic behavior across charged membranes in methanol-water solutions. I:
Membrane potential, J Mem Sci., 1998, 144, 275-284.

[4]. L Chaabane, G. Bulvestre, C. Innocent, G. Pourcelly, B. Auclair, Physicochemical
characterization of ion-exchange membranes in water—methanol mixtures, Euro Poly J, 2006,
42, 1403-1416.

[5]. H. Matsumoto, Y. C. Chen, R. Yamamoto, Y. Konosu, M. Minagawa, Membrane potentials
across nanofiltration membranes: effect of nanoscaled cavity structure, J Mol Str, 2005, 739, 99-
104.

[6]. H. Matsumoto, Y. C. Chen, Yamamoto R, Konosu Y, Minagawa M, Membrane potentials
across nanofiltration membranes: effect of nanoscaled cavity structure, J Mol Str., 2005, 739:
99-104.

[7]1. A. A. Moya, Harmonic analysis in ideal ion-exchange membrane systems, Electrochimica
Acta, 2013, 90, 1-11.

[8]. C. N. Kumara, H. C. Charan Kumar and Sannaiah Ananda, Electrochemical Degradation of 3-
(dimethylamino)-7-(methylamino) phenothiazin-5-ium chloride Dye at Barium/Graphite
Modified Electrode in Aqueous Solution, J. Applicable Chem, 2021, 10, 49-61.

[9]. Chou TJ, Tanioka A Membrane potential of composite bipolar membrane in ethanol water
solutions: The role of membrane interface, J Coll Inter Sci., 1999, 212, 293-300.

[10]. L. Chaabane, G. Bulvestre, C. Innocent, G. Pourcelly, B. Auclair, Physicochemical
characterization of ion-exchange membranes in water—-methanol mixtures, Euro Poly J, 2006,
42, 1403-1416.

[11]. H. Matsumoto, Y. C. Chen, R. Yamamoto, Y. Konosu, M. Minagawa, Membrane potentials
across nanofiltration membranes: effect of nanoscaled cavity structure, J Mol Str., 2005, 739,
99-104.

[12]. A. A. Khan, U. Habiba, S. Shaheen, M. Khalid, lon-exchange and humidity sensing properties
of poly-o-anisidine Sn(IV) arsenophosphate nano composite cation-exchanger, Journal of
Environmental Chemical Engineering, 2013, 1, 310-3109.

[13]. Z. A. Al-Othmana, Inamuddin, M. Naushad, Determination of ion-exchange kinetic parameters
for the poly-o-methoxyanilineZr(1VV) molybdate composite cation-exchanger, Chem Eng J,
2011, 166, 639-645.

[14]. T. Arfin, Rafiuddin, An electrochemical and theoretical comparison of ionic transport through a
polystyrene-based cobalt arsenate membrane, Electro Acta, 2011, 56, 7476-7483.

www. joac.info 598



Mohd Arsalan Journal of Applicable Chemistry, 2021, 10(5):591-600

[15].

[16].

[17].
[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].
[26].

[27].

[28].
[29].

[30].

[31].

[32].

[33].

[34].

A. A. Khan, Inamuddin, M. M. Alam, Determination and separation of Pb2+ from aqueous
solutions using a fibrous type organic-inorganic hybrid cation-exchange material: Polypyrrole
thorium (1V) phosphate, React, Funct. Polym, 2005, 63, 119-133.

U. Ishrat, Rafiuddin, Preparation and characterization of polystyrene based nickel molybdate
composite membrane electrical-electrochemical properties, J. Sau. Chem. Soc. (in press),
d0i:10.1016/j.jscs.2013.01.004.

K. P. Lee, T. C. Arnot, D. Mattia, A review of reverse osmosis membrane materials for
desalination-development to date and future potential, J. Membr. Sci., 2011, 370, 1-22.

N. Lakshminarayanaiah, Transport Phenomena in Membranes, Academic Press, New York,
NY, 1969.

H. Matsumoto, A. Tanioka, T. Murata, M. Higa, K. Horiuchi, Effect of proton on potassium ion
in counter- transport across fine porous charged membrane, J. Phys. Chem. B, 1998, 102,
5011-5016.

T. J. Chou, A. Tanioka, Membrane potential across charged membranes in organic solutions, J.
Phys. Chem. B, 1998, 102, 7198-7202.

M. R. Khan, Rafiuddin Synthesis, characterization and properties of polystyrene incorporated
calcium tungstate membrane and studies of its physicochemical and transport behaviour. J Mol
Str, 2013, 1033, 145-153.

. Arfin, Rafiuddin, Transport studies of nickel arsenate membrane, J Electrol Chem., 2009, 636,
113-122.

A. A. Khan, T. Akhtar, Preparation, physicochemical characterization and electrical
conductivity measurement studies of an organic-inorganic nano-composite cation- exchanger:
poly-o-toluidine Zr(IV) phosphate, Electrochim Acta, 2008, 53, 5540-5548.

G. S. Gohil, R. K. Nagarale, V. V Shahi, Preparation and characterization of monovalent cation
selective sulfonated poly (ether etherketone) and poly (ether sulfone) composite membranes,
Journal of Colloid and Interface Science, 2006, 298, 845-853.

F. Jabeen, Rafiuddin Membrane Potential and Fixed Charge Density across TiPO,- VPO,
Composite Membranes for Uni-univalent Electrolyte Solution, J. Por. Mat., 2009, 16, 257-265.

U. Ishrat, Rafiuddin Synthesis characterization and electrical properties of Titanium molybdate
composite membrane, Desal, 2012, 286, 8-15.

S. Wegar, A. Khan, A. Shakeel, Inamuddin, Synthesis, characterization and ion-exchange
properties of a new and novel ‘organic-inorganic’ hybrid cation-exchanger: Poly(methyl
methacrylate) Zr (IV) phosphate, Colloids Surf., 2007, 295, 193-199.

M. M. A. Khan, Rafiuddin, Synthesis, characterization and electrochemical study of calcium
phosphate ion exchange membrane, Desalination, 2011, 272, 306-312.

M. Amara, H. Kerdjoudj, Water reuse of an industrial effluent by means of electrode ionisation,

Desalination, 2003, 167, 49-54.

R. K. Nagarale, V. K. Shahi, S. K. Thampy, R. Rangarajan, Studies on electrochemical
characterization of polycarbonate and polysulfone based heterogeneous cation exchange
membranes, React. Funct. Polym., 2004, 61, 131-138.

M. M. A. Khan, Rafiuddin, Inamuddin, Electrochemical characterization and transport
properties of polyvinyl chloride based carboxy methyl cellulose Ce(IV) molybdophosphate
composite cation exchange membrane, J.Ind. Eng. Chem., 2012, 18, 1391-1397.

F. A. Siddigi, M. N. Beg, S. P. Singh, Studies with model membranes. X. Evaluation of the
thermodynamically effective fixed charge density and perm selectivity of mercuric and cupric
iodide parchment-supported membranes, J. Polym. Sci., 1979, 159, 59-972.

F. Jabeen, Rafiuddin, Preparation and development of the surface charge density of vanadium
phosphate membranes in electrolyte solutions, J. Appl. Polym. Sci., 2008, 110, 3023-3030.

M. Arsalan, M.M. A. Khan, Rafiuddin, A comparative study of theoretical, electrochemical and
ionic transport through PVC based Cu3 (PQO,). and polystyrene supported Ni3 (P04)2
composite ion exchange porous membranes, Desalination, 2013, 318, 97-106.

www. joac.info 599



Mohd Arsalan Journal of Applicable Chemistry, 2021, 10(5):591-600

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

[49].
[50].

[51].

[52].

M. Arsalan, Rafiuddin, Synthesis, structural characterization, electrochemical, and electrical
study of polystyrene based manganous tungstate composite cation exchange membrane,
Desalin. Water Treat. doi: 10.1080/19443994.2013.831793.

H. Zou, S. Wu, J. Shen, Polymer/silica nanocomposites: Preparation, characterization,
properties, and applications, Chem. Rev., 2008, 108, 3893-3957.

R. Niwas, A. A. Khan, K. G. Varshney, Synthesis and ion exchange behavior of poly aniline
Sn(1V) arsenophosphate: A polymeric inorganic ion exchanger, Colloids Surf. A, 1999, 150, 7-
14,

M. Arsalan, Rafiuddina Fabrication, characterization, transportation of ions and antibacterial
potential of polystyrene based Cus; (PO,)./Niz (PO,), composite membrane, Journal of
Industrial and Engineering Chemistry, 2014, 20, 3568-3577.

Arsalan M, Rafiuddin Binding nature of polystyrene and PVC 50:50% with CP and NP 50:50%
ion exchangeable, mechanically and thermally stable membrane, J Ind Engg Chem., 2014, 20,
3283-3291.

M. R. Khan, Rafiuddin, Influence of mono valent electrolytes on the electrochemical studies of
newly synthesized thermally stable inorganic—organic nanocomposite membrane, Desalination
2013, 329, 103-114.

F. A. Siddigi, M. N. Beg, S. P. Singh, Studies with mode membranes. X. Evaluation of the
thermodynamically effective fixed charge density and permselectivity of mercuric and cupric
iodide parchment-supported membranes, J Poly Sci, 1979, 15, 959-972.

Anand Pandey, K. P. Tiwari, Electrochemical Polymerization and Characterization of
Multipurpose Advanced Polymers, J. Applicable Chem., 2020, 9, 447-450.

F. A. Siddigi, M. N. Beg, S. P. Singh, Studies with model membranes. X. Evaluation of the
thermodynamically effective fixed charge density and perm selectivity of mercuric and cupric
iodide parchment-supported membranes, J Poly Sci., 1979, 15, 959-972.

Shandi KA, Wedian FA Estimation of composition, coordination model, and stability constant
of some metal/ phosphate complexes using spectral and potentiometric measurements,
Chemical Papers, 2009, 63, 420-425.

A. S. Fouda, N. E. Al-Hazmi, H. H. El-Zehry, A. El-Hossainy, Electrochemical and Surface
Characterization of Chondria Macrocarpa Extract (CME) as Save Corrosion Inhibitor for
Aluminum in 1M HCI Medium, J. Applicable Chem., 2020, 9, 362-381.

V. K. Shahi, G. S. Trivedi, S. K. Thampy, R. Ranrarajan, Studies on the electrochemical and
permeation characteristics of asymmetric charged porous membranes, Coll Int Sci., 2003, 262,
566-573.

Sangeeta B. Kulkarni, the Studies on Properties of Epoxy-Graphene Nano Composites, J.
Applicable Chem., 2020, 9, 660-663.

A. A. Khan, Inamuddin, M. M. Khan, Determination and separation of Pb* from aqueous
solutions using a fibrous type organic—inorganic hybrid cation-exchange material: polypyrrole
thorium (1V) phosphate. React, Fun Poly., 2005, 63, 119-133.

N. Lakshminarayanaiah, Equations of Membrane Biophysical, Academic Press, Orland.

Beg MN, Siddigi FA, Shyam R, Altaf | Studies with inorganic precipitate membranes: Part
XXVI. Evaluation of membrane selectivity from electric potential and conductivity
measurements, J Electroana Chem, 1978, 98, 231-240.

M. R. Khan, Rafiuddin Synthesis, characterization and properties of polystyrene incorporated
calcium tungstate membrane and studies of its physicochemical and transport behaviour, J. Mol
Str., 2013, 1033, 145-153.

F. A. Siddigi, N. Lakshminarayanaiah, Beg MN Studies with inorganic precipitate membranes.
IV. Evaluation of apparent fixed charge on membranes, J Poly Sci., 1971, 9, 2869-2875.

www. joac.info 600



