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Abstract−Highly selective cation exchange membranes were prepared by coating a thin 2-acrylamido-2-methylpro-
panesulfonic acid based hydrogel layer and super activated carbon nanoparticles-co-hydrogel layer on polyvinyl chlo-
ride based cation exchange membranes. FTIR analysis proved hydrogel formation on membrane surface successfully.
Scanning electron microscopy images and swelling ratio measurement were used to study the effect of super activated
carbon nanoparticles on properties of formed hydrogel. The surface morphology, surface hydrophilicity and roughness
analysis were also used in membrane characterization. Membrane water content was increased by formation of modi-
fied layer on the membranes surface. Modified membranes showed a remarkable improvement in potential, permselec-
tivity and transport number compared to pristine type. Membrane ionic flux and permeability were improved initially
by using modifier layer on membrane surface, and then showed decreasing trend at high nanoparticles loading ratios
in hydrogel layer. Modified membranes showed lower electrical resistance compared to unmodified membrane.
Keywords: Cation Exchange, Thin Film, Coating Layer, Hydrogel, Super Activated Carbon Nanoparticles

INTRODUCTION

One of the main challenges of concern in the modern world is
water purification, due to the increasing human population and
limited water resources [1-4]. Membrane water treatment is expected
to be a promising method in areas such as drinking water treat-
ment, brackish and seawater desalination, and wastewater treat-
ment [4]. Electrodialysis (ED) is a separation technology that utilizes
ion exchange membranes (IEMs) for production of potable water
from brackish water under an electrical driving force [5,6]. IEMs
are also utilized as active separators in other electrochemical pro-
cesses where selective transport of charged particles is required,
such as sodium chloride concentration for chlor-alkali industry,
removal of specific cations from industrial effluent, waste water
treatment, pH adjustment, heavy metal removal, reverse electrodi-
alysis (RED) and many more processes [6-14]. However, scientists
must improve the electrochemical properties of ion exchange mem-
branes such as ion selectivity and conductivity, ionic permeability
and flux, thermal, mechanical and chemical stabilities to make
electrodialysis more effective and applicable [5,8,12,15,16]. Numer-
ous methods to modify ion exchange membranes have been exam-
ined to improve the membrane performance. These methods have
resulted in incorporation of highly adsorptive and/or hydrophilic
nanomaterials into membrane structure, functionalizing the incor-
porated nanomaterials, polymers blending and using various ionic
functional groups, etc. [2,15,17].

Moreover, many researches have been carried out to change the
surface hydrophilicity, adsorptive capacity, roughness, antifouling
and charge of membranes [1,14,17-20]. The methods include sur-
face modification by grafting hydrophilic monomers by chemical
treatment (e.g., UV or plasma treatment), self-assembled mono-
layer and thin-film coating [3,18-21].

Among the surface modification techniques, surface coating has
been widely adopted to modify the properties of different mem-
brane types, thereby achieving the desired separation performance
and characteristics [16-18]. In fact, it can be a proportional way to
introduce functional groups to membrane surface and increase the
hydrophilicity and separation performance of membranes with-
out affecting its matrix. In such a process, a coating layer is attached
to the membrane surface physically without interfering with the
chemistry of selective layer [19,22-25].

Super absorbent hydro-gels consist of chemically or physically
cross-linked network of flexible chains that carry functional ionic
groups. Upon contact with water, super absorbent ionic polymer
networks absorb water up to several hundred times of their dry
weight. Hydrogels based on polysaccharides, polyvinyl alcohol, cel-
lulose acetate and carboxymethyl cellulose have been widely used
as medical, tissue engineering, drug delivery systems, sanitary prod-
ucts etc. [2,26-29]. When immersed in an aqueous environment,
the functional ionic groups change into negatively charged groups,
enabling gel to interact with cationic ions so they seem to have the
capacity to get in wastewater treatment applications [27,30].

Activated carbon is one of the promising materials in different
fields such as porous electrodes, hydrogen storage and environmen-
tal remediation, which is related to good chemical stability, large
surface area and high pore distribution, availability, excellent adsorp-
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2. Preparation of Heterogeneous Cation Exchange Membrane
Heterogeneous cation exchange membranes were prepared based

on polyvinylchloride by solution casting technique. Cation exchange
resin powder was used as functional group agent and tetrahydro-
furan as solvent. Membrane preparations steps are listed as fol-
lows: 1) Drying the resin particles in oven (SANEE. V. S. Co.) at
30 oC for 48 h, then pulverizing into fine particles in a ball mill
(Pulverisette 5, Fritisch Co.) and sieving to the desired mesh size
(−300 to +400 mesh). 2) Dissolving polymers binder (PVC) into
solvent (THF : PVC, (20 : 1) (v/w)) in a glass reactor equipped with
a mechanical stirrer (Model: Velp Sientifica Multi 6 stirrer) for
more than 4 h. 3) Dispersing grinded resin particle (Resin: PVC,
1 :1 (w/w)) in the polymeric solution. 4) To break up particle aggre-
gations, the mixture was mixed vigorously at room temperature
for an hour, sonicated for 30 min using an ultrasonic instrument,
and then the mixing process was repeated for another 10 min
using a mechanical stirrer. The mixture was cast onto a clean and
dry glass plate at 25 oC, and the membranes were dried at ambi-
ent temperature (~25 oC) until solvent evaporated and solidifica-
tion was done totally. Then, the polymeric films were immersed in
distilled water. The composition of the base membrane and sur-

tion properties and low cost [31-33]. The capacity of activated car-
bon in heavy metal ions and organic materials removal is markedly
highlighted in different reports, which clarifies its utilization in mem-
brane bioreactors and surface water decontamination as an effec-
tive sorption barrier [34-37].

In the current study, we prepared novel cation exchange mem-
branes by coating a composite thin layer consist of network struc-
ture of 2-acrylamido-2-methylpropanesulfonic acid based hydrogel
(AMAH) and super activated carbon nanoparticles on polyvinyl-
chloride based substrate. Pristine cation exchange membranes based
on polyvinylchloride were prepared through solution casting tech-
nique using tetrahydrofuran as the solvent and resin particles as
functional groups agents. The modification step was preceded by
coating a thin layer of composite hydrogel with different percent-
age of super activated carbon nanoparticles on the surface of pre-
pared membranes.

MATERIALS AND METHODS

1. Materials
Polyvinylchloride (PVC, grade S-7054, density: 460 g/lit, viscos-

ity number: 105 cm3/g) supplied by Bandar Imam Petrochemical
Company, Iran, was used as membrane matrix. Tetrahydrofuran
(THF) (Mw: 72.11 g/mol, density: 0.89 g/cm3) was employed as sol-
vent. Super activated carbon (SAC) nanoparticles (100 nm, Bam-
boo as Raw Materials, purity >99.5%) (Merck Inc.), cation exchange
resin (Ion exchanger Amberlyst® 15, strongly acidic cation exchanger,
H+ form more than 1.7 meq/g dry, density 0.6 g/cm3, particle size:
0.355-1.18 mm) (Merck Inc.) were used in membrane preparation.
2-acrylamido-2-methylpropanesulfonic acid, 99% (AMPS) (Sigma-
Aldrich), N, N'-Methylene-bis-acrylamide, 99% (MBA) (Sigma-
Aldrich), ammonium persulfate, ≥98 (APS) (Mw: 228.20) (Sigma-
Aldrich) were utilized. All other chemicals were supplied by Merck
Inc, Germany. Distilled water was used throughout the experiment.

Table 1. The composition of pristine cation exchange membrane
and surface modification layer

Membrane (PVC+Resin) (w/w): (AMAH+gSAC) (w/w)
Sample 1 (M1) (50+50)/0
Sample 2 (M2) (50+50)/(100+0.00)
Sample 3 (M3) (50+50)/(100+0.02)
Sample 4 (M4) (50+50)/(100+0.05)
Sample 5 (M5) (50+50)/(100+0.10)
Sample 6 (M6) (50+50)/(100+0.30)
Sample 7 (M7) (50+50)/(100+0.50)

Fig. 1. The schematic diagram of coating procedure on membrane surface.
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face modifier layer is given in Table 1.
3. Surface Modification by Coating with Thin 2-Acrylamido-
2-methylpropanesulfonic Acid Based Hydrogel (AMAH) Layer

3 g AMPS was dissolved in 15 mL distilled water at room tem-
perature, afterwards 0.03 g MBA (cross-linker) and 1 mL solution
of APS in water (30%wt) was added to the solution. The reaction
mixture was stirred at room temperature for 30 min. Then SAC
nanoparticles (0.00, 0.02, 0.05, 0.10, 0.30, 0.50%wt) (SAC to AMPS)
were added to the solution. The prepared mixture was poured on
the upper surface of base heterogeneous membranes and rolled by
a soft roller to eliminate any bubble and make a uniform area. After
that, membranes were placed between two glass plates and sealed
with polypropylene tape to prevent any loss of the monomers.
Then the membranes were heated at 80 oC for 20 min in an oven
(SANEE V. S. Co.) and washed thoroughly with distilled water.
Finally, the membrane was washed sufficiently. The coating proce-
dure with 2-acrylamido-2-methylpropanesulfonic acid based hydro-
gel (AMAH) layer is shown schematically in Fig. 1.
4. Test Cell

A laboratory test cell was used to measure the electrochemical
properties of prepared membranes, as reported earlier [16].
5. Characterization of Hydrogel Layer
5-1. FTIR Analysis

Spectra measurements were carried out to prove the formation of
AMAH/SAC nanoparticles on membrane surface. FTIR spectra anal-
ysis was done using Galaxy series FTIR 5000 spectrometer. Scans
were taken with 4 cm−1 resolutions between 400 and 4,000 cm−1.
5-2. Hydrogel Morphological Analysis

To observe the internal morphology of the prepared hydrogel and
composite hydrogel, scanning electron microscope (SEM, SU3500)
was employed. The as-prepared hydro gels were dried in oven
(SANEE. V. S. Co.) At 30 oC for 48 h to remove any adsorbed water
then frozen in liquid nitrogen. Prior to analysis, the hydrogels were
sliced carefully and adhered on a copper stub, followed by being
coated with gold.
5-3. Hydrogel Swelling Measurements

The prepared hydrogels (AMAH and AMAH/SAC nanoparti-
cles) were weighted (after drying in oven at 30 oC for 48 h), then
immersed in distilled water at room temperature until swelling equi-
librium was achieved. Finally, the swollen hydrogels were weighed.
The swelling ratio was counted by the following equation [27], where
Ws and Wd(g) are the weights of the swollen hydrogels and the
dried gels, respectively.

(1)

6. Membrane Characterization
6-1. Surface Morphological Study
6-1-1. Contact Angle and Surface Roughness

Surface hydrophilicity and roughness are two effective factors
on membrane behavior. Water contact angle, which is the indicator
of membrane surface hydrophilicity, is a surface property affected
by surface roughness, porosity and composition. The surface hydro-
philicity of the prepared membranes was determined by contact
angle analyzer by deposition of ionized water droplet on the mem-
brane surface [38]. The membrane surface roughness was investi-

gated using 3D surface image metrology software.
6-1-2. Scanning Electron Microscope (SEM)

The modified membranes containing thin coated layer were
examined by scanning electron microscope (SEM, SU3500) to con-
firm the film formation on the membrane surface. For the mem-
branes scanning by SEM device, the samples were frozen in liquid
nitrogen and then were cut to keep the original structure. The sur-
face SEM images of the unmodified and modified membranes
were also examined. The prepared samples were coated with a
thin layer of gold after mounting on a double- sided carbon tape.
After sputtering with gold, their observation was undertaken by
using the electron microscope.
6-2. Water Content

The membrane water content is the weight difference between
the dried and swollen membranes. The membranes were immersed
in distilled water for 48 h, then weighed (OHAUS, PioneerTM,
Readability: 104 g, OHAUS Corp.) to get the dry membrane, then
they were dried in oven at 60 oC until the constant weight was
obtained. Following equation [38-41] can be used to calculate mem-
brane water content:

(2)

To minimize the experimental errors, measurements were repeated
three times and then the average values were reported.
6-3. Membrane Potential, Transport Number and Permselectivity

The membrane potential is defined as the algebraic sum of
Donnan and diffusion potentials. It is determined by the partition
of ions into the pores as well as the mobility of ions within the
membrane phase compared with the external phase [41-46]. This
parameter was evaluated for the equilibrated membrane at room
temperature with unequal concentrations of electrolyte solution
((NaCl (0.1 M/0.01 M) on each sides of membrane. During the
experiment, both sections were stirred constantly to minimize the
effect of boundary layers and concentration polarization. The ob-
tained potential across the membrane was measured by connect-
ing both compartments to a saturated calomel electrode (through
KCl bridges) and digital auto multi-meter (DEC, Model: DEC
330FC, Digital Multimeter, China). The measurement was repeated
until a constant value was obtained. The membrane potential
(EMeasure) is expressed by using Nernst equation [39,42-50] as follows:

(3)

where ti
m is transport number of counter ions in membrane phase,

R is gas constant, T is the temperature, n is the electrovalence of
counter-ion, a1, a2 are solutions electrolyte activities in contact
membrane surfaces and F is faraday constant. The ionic permse-
lectivity of membranes also is quantitatively expressed based on the
migration of counter-ion through the IEMs [45-49]:

(4)

where, t0 is the transport number of counter ions in solution [47].
6-4. Ionic Permeability and Flux

During the experiment, cations pass through the membrane and

Swelling % = 
Ws − Wd( )

Wd
------------------------

Water content% = 
Wwet − Wdry

Wdry
---------------------------

⎝ ⎠
⎛ ⎞ 100×

EMeasure = 2ti
m

 −1( ) RT
nF
-------

⎝ ⎠
⎛ ⎞ a1

a2
----

⎝ ⎠
⎛ ⎞ln

Ps = 
ti

m
 − t0

1− t0
-------------
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urements were conducted by an alternating current bridge with
1,470 Hz frequency (Audio signal generator, Electronic AfzarAzma
Co. P.J.S). The membrane resistance was calculated using the dif-
ferent resistance between the cell (R1) and electrolyte solution (R2)
(Rm=R1− R2) [11,15,41]. The areal resistance was expressed as fol-
lows:

r=(RmA) (9)

where, r is areal resistance and A is the surface area of membrane.

RESULTS AND DISCUSSION

1. FT-IR Spectra Analysis
Fig. 2 shows spectra of the bare heterogeneous PVC membrane,

2-acrylamido-2-methylpropanesulfonic acid based hydrogel and
PVC based heterogeneous membrane coated with 2-acrylamido-
2-methylpropanesulfonic acid based hydrogel layer.

reach to the cathodic section. As anodic and cathodic reactions
occur, a hydroxide ion is produced in the cathodic section per each
transported sodium ion. So, the amount of transported sodium
ions is equal to the produced hydroxide ions, which increases the
pH of cathodic section.

2H2O+2e−→H2↑+2OH− (Cathodic reaction) (R-1)

2Cl−→Cl2↑+2e− (Anodic reaction) (R-2)

Ionic permeability and flux were measured using the electrodialy-
sis test cell for Na ions. A 0.1 M (NaCl) solution was poured on
one side of the two compartments test cell and a 0.01 M solution
on another side. A DC electrical potential (Dazheng, DC power
supply, Model: PS-302 D) with an optimal constant voltage was
applied across the cell with stable platinum electrodes.

According to the first Fick’s law, the flux of ions through the mem-
brane can be expressed as follows [15,16,39,46]:

(5)

where, P is coefficient diffusion of ions, d is membrane thickness,
N is ionic flux and C is the cation concentration in the compart-
ments.

(6)

C1
0=0.1M, C2

0=0.01M, C1+C2=C1
0+C2

0=0.11M (7)

where, A is the membrane surface area. Integrating Eq. (6) was as
follows:

(8)

So, the flux of sodium ions/cations (N) is measured by using of
titration method directly or by Digital pH-meter (Jenway, Model:
2710) through considering pH changes in cathodic section. Diffu-
sion coefficient (P) is also calculated from Eq. (8) [15,39,41].
6-5. Electrical Resistance

The electrical resistance of equilibrated membrane was meas-
ured in NaCl solution with 0.5 M concentration (at 25 oC). Meas-

N = P
C1− C2

d
----------------

N = − 
V
A
----

dC1

dt
--------- = P

C1− C2

d
----------------×

C1
0

 + C2
0

 − 2C2( )

C1
0

 − C2
0( )

----------------------------------- = − 
2PAt
Vd
------------ln

Fig. 3. The cross sectional SEM images of hydrogel with 100X magnification, (a): AMAH, (b): AMAH-co-SAC nanoparticles.

Fig. 2. The FTIR spectrum analysis of prepared membranes: PVC
based membrane, AMAH and modified membrane by AMAH
thin layer.
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ecules could be accommodated [51].
4. Contact Angle and Surface Roughness

Membrane surface hydrophilicity was evaluated by contact angle
measurement between the membrane surface and air-water inter-
face. The changes of contact angle by coating a hydrophilic hydro-
gel layer on membrane surface are shown in Fig. 5. Obtained results
show that there is a significant enhancement in contact angles for

The characteristic bands at 1,640 cm−1 and 1,040 cm−1 are at-
tributed to C=O stretching of the amide and S=O stretching, re-
spectively. These bands and the band at 621 cm−1 are assigned to
AMAH hydrogel, which are not present in the pristine membrane.
2. Hydrogel Morphological Analysis

To observe the internal structure of the prepared hydrogel, com-
posite hydrogel and also the effect of super activated carbon nano-
particles on the hydrogel morphology, SEM was used. The related
cross section SEM is shown in Figs. 3(a) and (b). The composite
hydrogel (Fig. 3(b)) has more porous structure with wider voids
rather than the plain hydrogel. Actually, adding nanoparticles in-
creased the pores and free spaces in hydrogel structure. As void
sizes in hydrogel are in micro scales (~200-600μm), they cannot
be filled by nanoparticles.
3. Hydrogel Swelling Measurements

Swelling ratio measurement was used to investigate the effect of
nanoparticles on hydrogel structure. As it is clear, the swelling behav-
ior is related to crosslink density. Figs. 4(a), (b) show the AMAH and
composite AMAH in dry and swollen form. The hydrogel swell-
ing ratio (based on Eq. (1)) was calculated 12.15 and 21.70 for
AMAH and composite AMAH, respectively. Fig. 4 shows that the
composite AMAH is more swollen. It could be attributed to the
capacity of super activated carbon nanoparticles embedded in hy-
drogel to increase the pores and free spaces within the networks
structure of the prepared hydrogel, and therefore, more water mol-

Fig. 4. Photograph of (a) dry AMAH (white) and AMAH-co-SAC (black), (b) swollen AMAH and AMAH-co-SAC nanoparticles in distil-
lated water.

Fig. 6. Characterization of membrane surface roughness by 3D surface image metrology software, (a): Pristine membrane, (b): modified
membrane coated with hydrogel layer containing SAC nanoparticles.

Fig. 5. Membrane surface hydrophilicity detected by water contact
angle analysis.
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the modified membranes. Therefore, the modified membrane sur-
faces are more hydrophilic. This is due to the relatively smoother
membrane surface and the presence of a highly hydrophilic coated
layer (hydrogel) on the surface of modified membranes. A more
hydrophilic surface increases the solution interaction with the
membrane, which can be responsible for the higher ionic transfer.
The results show a decrease in the roughness of membrane surface
and a more uniform surface after coating the thin layer on mem-
brane surface (Fig. 6). Actually, by coating a hydrogel layer on mem-
brane surface, free spaces between resins are filled by the hydrogel
layer and a smoother surface is provided, which is in a good agree-
ment with the hydrophilic characteristic of membrane surface.
5. SEM Analysis

SEM studies were performed to prove the formation of the
modifier layer on membrane surface. The cross sectional SEM
images are presented in Figs. 7(a), (b). The images reveal that a
thin hydrogel layer was formed on the top surface of the mem-
branes. Activated carbon nanoparticles residing on the membrane
surface caused the formation of a thicker layer in some areas. The
surface SEM images of unmodified membrane and modified with
thin composite hydrogel layer with 1.0 K magnifications are pre-

sented in Figs. 8(a), (b). The polymer binder (PVC) and resin par-
ticles are clearly seen in Fig. 8(a). As Fig. 8(b) illustrates, the coated
layer covers the membrane surface and fills the spaces between
resins. This is responsible for the smoother membrane surface.
6. Water Content

The results for membrane water content (depicted in Fig. 9)
revealed an increasing trend, i.e., the unmodified membrane showed
18.4% water uptake in the membrane structure while the modi-
fied one with a thin hydrogel layer shows 21.64%. The modifier
coating layer contains a super hydrophilic hydrogel, which means
high capacity of water adsorption on membrane surface. Mem-
brane water content continued its increasing trend by adding super
activated carbon nanoparticles in modifier solution. This might be
attributed to the higher porous structure and the higher swelling
ratio of the composite thin layer. As a consequence, membrane
surface is more capable of adsorbing water molecules. The applica-
tion of thin-film coatings usually decreases ionic permeability due
to the presence of a thin, mass transfer resistant polymer layer
[52], but the modifying layer used in this research can relatively
reduce the mass transfer barrier effect since the higher amount of
water content can provide more and wider pathway channels for

Fig. 8. The SEM surface images of (a) virgin membrane, (b) modified membrane coated with hydrogel layer.

Fig. 7. The cross sectional SEM images of membranes: (a) pristine membrane, (b) modified membrane coated with hydrogel layer contain-
ing SAC nanoparticles.
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ions transportation. Note that high water content in membrane
structure leads to a loose structure for the membranes and rela-
tively free pathways for co- and counter-ions transportation, which
decreases the ionic selectivity, but this is not true for the prepared
membranes in this research since the membrane structure does
not adsorb more water, and the increased water content is due to
the membrane surface. Water content measurements were made
three times for each sample then their average value was reported.
7. Membrane Potential, Transport Number and Permselectivity

The obtained results (Figs. 10 and 11) indicate that potential,
transport number and permselectivity of prepared membranes in
NaCl solution had a remarkable improvement, which means that
prepared membranes are highly selective. As seen in SEM images
(Fig. 6(b)), the coating layer covers the membrane surface. Actu-
ally, the synergism between membrane functional groups and sul-
fonic groups of the modifier layer resulted in a stronger domination
of ionic sites on membrane performance. Thus, dissociation of
strongly acidic groups has a significant impact on the charged nature
of membrane matrix and its domination on ionic transfer. Fur-
thermore, embedding nanoparticles into modifier layer resulted in

membrane potential, transport number and permselectivity im-
provement. The specific surface area of the prepared composite
hydrogel increased markedly by loading nanoparticles, and sul-
fonic groups of the hydrogel are more accessible to the ions, and
channels on membrane surface are stricter as the result. There-
fore, co-ions are less likely to pass the membrane, so membrane
potential, transport number and permselectivity increase.
8. Ionic Permeability and Flux

During the typical ED process, ions pass through the membrane
and reach the concentrated section. Obtained results (Fig. 12) reveal
an improvement in ionic permeability and flux of sodium ions by
coating the hydrogel layer and adding nanoparticle to the surface
modifier layer up to 0.05 wt% (sample 4). This desirable perfor-
mance might be achieved in respect to the super hydrophilic nature
of the coated hydrogel, which enhances the ionic interaction with
membrane surface and provides more ionic transfer chances. Another
factor might be the strong acidic functional groups of AMAH
which provide a strong electrical field around membrane surface
and increase ionic interaction and mobility in the solution notice-
ably. The super adsorbent characteristic of activated carbon nano-

Fig. 10. The potential of prepared membranes in sodium chloride
ionic solution.

Fig. 12. Ionic permeability and flux for prepared membranes in NaCl
ionic solution.

Fig. 11. Membranes’ transport number and permselectivity in NaCl
ionic solution.

Fig. 9. The water content of prepared heterogeneous cation exchange
membranes.
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particles, on the other hand, brings more ions to the membrane
surface and makes more ionic interactions with membrane sur-
face. Thus, the more ionic interactions with membrane surface
results in a higher access of ions to the membrane surface, so ions
spend longer time in contact with membrane surface and have
higher chance to pass through it. Ionic permeability and flux of
ions started to decline by increasing the concentration of nanopar-
ticles in the modifying hydrogel layer. This might be attributed to
the formation of void and free spaces in the hydrogel structure,
which in turn enhances specific surface area of the modifier layer.
Actually, the porous layer with activated sites has strength ionic
site domination on ionic traffic and can reduce the permeability
and flux.
9. Areal Electrical Resistance

The electrical resistance of pristine membrane (M1) and supe-
rior membranes (M2, M4, M5, M7) were measured in 0.5 M NaCl
solution at ambient temperature. The electrical resistance has prac-
tical implications due to its relation with energy consumption in
the process. The modified membranes by the hydrogel layer and
composite hydrogel layer on their surface showed lower electrical
resistance compared to unmodified one (Fig. 13). Generally, selec-
tive membranes have higher electrical resistances, but in the pres-
ent research this is not true [16]. The lower electrical resistance for
the modified membranes can be explained with respect to the for-
mation of a uniform electrical field around membrane surface due
to the presence of functional groups of AMAH, which provides
more conducting regions for the membrane. Moreover, the supe-
rior hydrophilic property of hydrogel layer and high adsorptive
characteristic of super activated carbon nanoparticles increase the
ionic interactions with membrane surface, which facilitates the ion
traffic thorough the membrane and decreases the membrane elec-
trical resistance.

CONCLUSION

Coating of a PVC based heterogeneous cation exchange mem-
brane with a thin layer of hydrogel based on poly (2-acrylamido-

2-methyl propane sulfonic acid) and super activated carbon nano-
particles caused the increase of membrane surface hydrophilicity,
potential, permselectivity and transport numbers in sodium chlo-
ride ionic solution. Ionic flux and permeability were increased ini-
tially by increase of nanoparticles concentration up to the 0.05 wt.
in the modifier solution and showed decreasing trend by more
nanoparticle loading ratios. All membranes coated with a hydro-
gel containing SAC nanoparticles showed considerably lower elec-
tric resistance than the original uncoated membrane.
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