¢! Desalination and Water Treatment
www.deswater.com

o doi: 10.5004/dwt.2017.20485

75 (2017) 348-356
May

Preparation of polymer inclusion membrane with sodium
diethyldithiocarbamate as a carrier reagent for selective transport of zinc ions

Gulsin Arslan®*, Abdurrahman Yilmaz®, Ali Tor, Mustafa Ersoz®
“Department of Biochemistry, Selcuk University, 42075 Konya, Turkey, Tel. +90 332 223 3852; Fax: +90 332 241 2499;

email: 71arslan@gmail.com

"Department of Chemistry, Selcuk University, 42075 Konya, Turkey, email: ersozm@gmail.com
‘Department of Environmental Engineering, Necmettin Erbakan Univ., 42090 Konya, Turkey, email: ali.alitor@gmail.com

Received 23 August 2016; Accepted 2 January 2017

ABSTRACT

This study reports the design of a new type of polymer inclusion membrane (PIM) for selective
transport of zinc ion. Sodium diethyldithiocarbamate (NaDDTC) was incorporated in the cellulose
acetate-based membrane as a carrier for Zn(II) ion. The PIMs were characterized using Fourier trans-
form infrared spectroscopy, scanning electron microscopy, atomic force microscopy and contact angle
measurements. The effects of parameters, including concentration of Zn(Il) in the feed phase, HCl
in the stripping phase and amount of NaDDTC incorporated in the membrane, on the transport of
Zn(II) ion were studied. For 1 x 10* M of Zn(II) ion in the feed phase at pH 5.04, 96% of Zn(II) ion
was transported through the PIMs prepared with 1.0 (wt%) diethyldithiocarbamate via 0.5 M HCl as
a stripping phase. The diffusion of Zn(Il) ions through the membrane was governed by complex for-
mation between Zn(II) ion and NaDDTC in the membrane. Moreover, selective transport of Zn(II) ion
was achieved in the presence of divalent metal ions involving Cu(II), Pb(II) and Ni(Il). The prepared
PIM provided reproducible transport efficiency, and it can be efficiently used in separation processes.
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1. Introduction

Wastewater discharge into the environment is the primary
reason for the heavy metal contamination. Accumulation of
heavy metal species in human tissues is responsible for var-
ious disorders in humans such as kidney failures, nervous
system disorders and bone damages. Therefore, treatment of
water and wastewater containing heavy metals is of impor-
tance [1-3]. Up to now, various techniques such as adsorp-
tion, ion exchange and membrane-based technologies for the
removal of the heavy metal ions have been reported [4-6].
Still, more effective and selective techniques for the removal
of heavy metal ions from aqueous solutions are required.

* Corresponding author.

Membrane processes (i.e., reverse osmosis, ultrafiltra-
tion and electrodialysis) have been widely used in the sep-
aration technology [7]. Transport across liquid membranes
including bulk liquid membranes (BLMs), emulsion lig-
uid membranes (ELMs) and supported liquid membranes
(SLMs) [8] have emerged as alternative separation tech-
nique to membrane processes mentioned above [8-14]. In
the system of SLMs, carrier-facilitated transport is an effec-
tive technique used in selective separation and concentra-
tion of metal ions [10,15]. On the other hand, lack of stability
in these systems limits their upscale applications [16-21].
Polymer inclusion membranes (PIMs) have better stability
compared with other types of liquid membranes including
BLMs, ELMs and SLMs due to negligible loss of extractant
or carrier reagent from the membrane. Therefore, PIMs are
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becoming of great interest for the transport and separation
of chemical species [22-25]. PIMs are produced through a
casting solution containing a carrier reagent (or an extract-
ant), a modifier (or a plasticizer) and a base polymer (i.e.,
poly(vinyl chloride) or cellulose triacetate [CTA]). The feed
and stripping phases are separated by the membrane, and
in this system, organic solvents are not used to maintain
the phase separation. Loss of carrier from the membrane
is negligible, and small amount of carrier is often required,
enabling the use of expensive extractant types [26]. Although
PIMs are often accused of having low permeabilities due
to the increase in the viscosity of the membrane support
medium, various studies comparing transport efficiency of
PIMs with traditional SLMs have reported that PIMs pro-
vided good long-term stabilities and fluxes comparable
with those showed by SLMs [27]. For example, Schow et al.
[28] studied the fluxes for K" ion through flat-sheet and hol-
low fiber SLMs and a PIM prepared using CTA and 2-nitro-
phenyl octyl ether (NPOE) as plasticizer, and a crown ether
as carrier. They reported that PIM fluxes were three orders
of magnitude larger than those obtained from flat-sheet and
hollow fiber SLMs. On the basis of stability test performed
for 80 d, they also indicated that no decrease in K* flux was
observed for PIM. Paugam and Buffle [29] investigated the
facilitated transport of Cu(II) through both SLM- and CTA-
based PIM using lauric acid as carrier. They pointed out that
Cu(II) transport was controlled by diffusion in both type of
membranes, and on the basis of the correction for the dif-
ference in porosity and tortuosity, the diffusion coefficients
were determined as 22 times lower in the PIM than in the
SLM. Similarly, Aguilar et al. [30] investigated the transport
of Cd(II) and Pb(II) through CTA-based PIM and SLM using
Kelex 100 as carrier. Despite of the considerable difference
in viscosity between PIM and SLM, in case of Pb(II), maxi-
mum permeability for the PIM system was about two times
lower than that for SLM. The stability of PIM was tested by
using the same membrane for 20 cycles, and no significant
decrease in the permeability value was reported. Kim et al.
[31] studied the selective transport of cesium over other
alkali metal ions through PIM consisting of CTA-NPOE/
tris(2-butoxyethyl) phosphate (TBEP) and calixcrown ethers
as carriers. It was reported that PIM exhibited higher flux
and more stability than corresponding SLM. Similar results
were reported for the transport of Ag(I) ion through PIM
containing acyclic polyether bearing amide and amine end-
group in comparison with the SLM system [32].

Literature survey showed that the studies about the facil-
itated transport of Zn(II) ions through a PIM are very rare
[33-35]. Therefore, the objective of this study was to prepare
a PIM consisting of CTA as a polymer support, several plas-
ticizers and sodium diethyldithiocarbamate (NaDDTC) as a
carrier agent, and its application to the selectively facilitated
transport of Zn(II) ions.

Dithiocarbamates have functional groups with sulfur,
and therefore, they are considered as a suitable chelating
agent for metal ions with soft acid character such as Cd, Pb
and Cu [36]. NaDDTC is a chelating agent, which is able to
form complexes with several elements, including Cu, Ni, Co,
Fe, Cr, Mo, U, Se, Te, etc. These chelates are soluble not only
in water but also in organic solvents such as CCl,, CHC1,,
acetone, TBP, kerosene, etc. Therefore, NaDDTC has a wide

application in spectrophotometric analysis and solvent
extraction procedures [37].

In this study, Zn(II) ion was selected as model ion in
the transport experiments because it can be found in the
effluents of many industries including electroplating, rayon
fiber manufacture and steel works [38]. Stripping of Zn(II)
from the membrane was achieved using hydrochloric acid
[36,39]. The effects of parameters including Zn(II) ion con-
centration in the feed phase, initial pH and stripping phase
concentration, type of membrane plasticizers and existence
of Ni(II), Cu(Il) and Pb(II) on the transport of Zn(Il) ions
were studied.

2. Experimental
2.1. Chemicals

All chemical reagents used in this study were of analyt-
ical grade. Sodium diethyldithiocarbamate trihydrate solu-
tion (NaDDTC.3H,0O), dichloromethane, HCl, NaOH, NaCl,
CH,COOH, Zn(NQO,),.4H,0, Pb(NO,),, Cu(NO,),.3H,0 and
Ni(NO,),.6H,0 were obtained from Merck (Germany). CTA,
NPOE, tris(2-ethylhexyl)trimellitate (TEHM), bis-(2-ethyl-
hexyl)adipate (BEHA), dibutyl phthalate (DBP) and 1-deca-
nol (DOH) were obtained from Fluka (Switzerland).

2.2. PIM preparation procedure

A modified version of the procedure reported in reference
[24] was followed for the preparation of PIMs. Briefly, 200 mg
of CTA was dissolved in 20 mL of dichloromethane at room
temperature. 2-NPOE (0.3 mL) in 5 mL of dichloromethane
was then added. After this solution was stirred vigorously,
a desired amount of NaDDTC in 5 mL of glacial acetic acid
was added and stirred for 30 min in order to obtain a homog-
enous solution. The solution was rested overnight to evap-
orate the dichloromethane. The resulting membranes were
recovered from glass plate surface by immersion into cold
water. Finally, the PIMs were kept in distilled water for 2 h
before it was used in the transport experiments.

2.3. Characterization of PIM surfaces

The PIMs were characterized by employing Fourier
transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM) and atomic force microscopy (AFM)
techniques and contact angle measurements. FTIR spectrum
of the PIMs was recorded by an attenuated total reflection
(ATR) FTIR spectrometer (PerkinElmer 100 FTIR) over the
wave number range from 400 to 4,000 cm™. Surface images of
the PIMs were obtained by using an SEM (ZEISS EVO-LS10)
at 20 kV in high vacuum. The size of the PIMs was assessed
by Scandium 5.0 software (Olympus Soft Imaging Systems,
Japan). AFM images were recorded by a Veeco diCaliber
instrument. Contact mode of AFM in air was employed in
order to investigate the surface morphology with a scan-
ning speed of 2 kHz. Silicon nitride cantilevers (antimony,
ndoptFi) were used. The sessile drop method was followed
to measure the contact angle of the PIMs. A 4-uL droplet of
distilled water was placed on the PIM surface using a 0.10-uL
syringe, and a horizontal beam comparator (KSV CAM 200)
was employed to measure the contact angle.
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2.4. Transport experiments

The transport experiments were performed in a Teflon
cell consisting of two detachable chambers. The cham-
bers were separated by the PIM (effective membrane area:
7.07 cm?), and silicon rubber seals were used in order to pre-
vent any leakage from the chambers. Each chamber was filled
with equal volumes (40 mL) of the feed phase, and the strip-
ping phase and both phases were stirred at 600 rpm through-
out the experiment. Ionic strengths of the feed and stripping
phases were equal by employing NaCl. All transport exper-
iments were conducted for 4 h at a constant temperature
(25°C £ 1°C).

The effects of experimental parameters (i.e., initial
pH [1.0-6.0], feed phase concentration of Zn(II) [1 x 10*-1
x 107 M], NaDDTC.3H,0 concentration in the casting solu-
tion [0.5-5.0 wt%], stripping phase (HCI) concentration
[0.1-1.0 M]) on the transport of Zn(II) through the PIM were
studied. Moreover, the effects of various competitive ions
including Ni(II), Cu(Il) and Pb(II) on the transport of Zn(II)
were studied.

The permeability coefficient (P) was employed to evalu-
ate the influence of the studied parameters on the transport
of Zn(Il). P is defined as indicated in Eq. (1) [40]:

p_dC LV 0
C dt A
Integration of Eq. (1) produces Eq. (2):
c, A
In—¢=—.P-t
" TV 2)

t

where P is the permeability coefficient (m/s); C, is the initial
feed phase concentration of Zn(Il); and C, is the feed phase
concentration of Zn(Il) at time ¢ (s). A denotes the effective
membrane area (7.07 cm?), and V is the volume of the feed
phase (mL). Thus, the slope of the linear plot of In(C/C,) vs.
time provides the permeability coefficient.

Recovery of Zn(II) can also be defined according to Eq. (3):

Recovery (%) =100- [g] (3)

o

where C _is the stripping phase concentration of Zn(II) at time
t, and C, is the initial feed phase concentration of Zn(II).

Concentration of Zn(Il) in the feed or stripping phases
was determined by periodically withdrawing 1 mL of solu-
tion from the feed or stripping phases (every 1 h) over 4 h.
Zn(Il) concentration of the samples were determined by a
continuum source atomic absorption spectrometer (ContrAA
300, Analytik Jena) in air-acetylene flame system at wave-
length of 213.8 nm. In the competitive transport experiments,
Ni(II), Cu(Il) and Pb(Il) concentration was determined on
ContrAA 300 in air-acetylene flame at wavelength of 232.0,
324.8 and 217.0 nm, respectively. Each reported analytical
data is the mean of two replicates. pH measurements were
achieved by a pH-meter (Thermo 420A+) equipped with a
combined glass—Ag/AgCl electrode.

3. Results and discussion
3.1. Characterization of PIM

FTIR spectra of blank membrane (black line),
NaDDTC.3H,O (blue line) and PIM containing 1.0 wt% of
NaDDTC.3H,O (red line) are depicted in Fig. 1. For blank
membrane, the band appeared at around 1,749 cm™ can be
attributed to stretching vibrations of the carbonyl group. The
bands at 1,228 and 1,047 cm™ can be assigned to the stretching
modes of C-O single bonds. The bands at 2,927 and 2,856 cm™
correspond to C-H bonds. Infrared (IR) spectra of both blank
membrane and PIM are similar because of their similar struc-
ture. By considering the bands observed for blank mem-
brane, NaDDTC.3H,0 and PIM, it can be concluded that PIM
was successfully prepared. This conclusion is also supported
by differences between the AFM, SEM images of blank mem-
brane and PIM and contact angle measurements.

Fig. 2 shows the AFM images of surface of blank mem-
brane and PIM prepared with 1.0 wt% of NaDDTC. The
blank membrane has a non-porous surface character. As it
is seen in Fig. 2, the difference between the surface of blank
membrane and PIM can be attributed to the inclusion of the
carrier (NaDDTC) into the CTA membrane support.

Fig. 3 presents the SEM images of the blank membrane
and PIM. Fig. 3(a) shows that blank membrane has smooth
surface. However, Fig. 3(b) clearly indicates that NaDDTC is
dispersed throughout the membrane support, which means
that inclusion of NaDDTC.3H,O into the membrane support
was achieved.

Contact angle measurements are employed to study the
hydrophilicity of the material surfaces [41]. In this study, con-
tact angle measurements were taken at room temperature for
blank membrane and PIM with 1.0 and 5.0 wt% of NaDDTC,
and the contact angles were determined to be 57° +3°, 61° +4°
and 74° + 4°, respectively (n = 3). Contact angle values of the
PIM increased with increasing amount of NaDDTC in the
membrane. Increase in the contact angle corresponds to a
decrease in the wettability of the membrane surface. It is also
likely that higher carrier concentration led to a higher contact
angle due to the capillary force working from the membrane
pore, which prevented the movement of the water droplet on
the surface by leading to the higher contact angle [42].

3.2. Zn(Il) transport experiments
3.2.1. Effect of plasticizer type

PIMs were prepared using various plasticizer including
NPOE, TEHM, BEHA, DBP and DOH to reveal the effect of
plasticizer on the transport of Zn(II) by keeping the amount
of carrier and CTA in the PIM constant. The result in Table 1
showed that initial fluxes, permeability and recovery factor
were obtained with plasticizer in the order of NPOE > DOH >
BEHA > DBP > TEHM. The obtained result can be attributed
to the viscosity and dielectric constant of plasticizers exam-
ined in this study (Table 1). The highest transport efficiency
was recorded when the plasticizer NPOE with the highest
dielectric constant was used. The plasticizer with high dielec-
tric constant exhibits relatively high polarity. This kind of
plasticizer is particularly preferred for the preparation of
PIM because they provide better transport efficiency [43,44].
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Fig. 1. FTIR spectrum of blank membrane (black line), PIM containing 1.0 wt% of NaDDTC.3H,O (red line) and NaDDTC.3H,O

(blue line).
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Fig. 2. AFM images of blank membrane and PIM containing
1.0 (wWt%) of NaDDTC.3H,0.

3.2.2. Initial pH effect and Zn(1I) transport mechanism

Zn(Il) transport experiments were carried out at initial
pHof1.5,2.2,3.1,4.2,5.1 and 6.0 to reveal the effect of initial
pH of the feed phase on the transport. In each pH measure-
ment, a deviation of 0.1 was recorded. Fig. 4 shows that effi-
cient transport of Zn(II) through the PIM with NaDDTC can
be achieved when the initial pH of the feed phase is equal to
or higher than 5.04. This result is in good agreement with our
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Fig. 3. SEM images of blank membrane (a) and PIM containing
1.0 (wt%) of NaDDTC.3H,O (b).
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previous work [45], which reports the selectively facilitated
transport of Zn(II) through a PIM containing Cyanex 272 as
a carrier reagent.

Zinc ion exists as Zn*" in the feed phase under specified
conditions of the present study (at pH 5.1 and ionic strength
of feed phase: 0.5 M maintained with NaCl) [46]. It is likely
that the extraction of Zn(II) from the feed phase occurred by
means of the interaction between positively charged zinc ion
and negatively charged diethyldithiocarbamate (DDTC).

A possible Zn(Il) transport mechanism through PIM can
be described as follows: NaDDTC forms complex with Zn(II)
ions at the feed phase-membrane interface. The resulting
complex diffuses across the PIM, and it was decomplexed
by HCI at interface between the membrane-stripping phases.
This explanation is suggested on the basis of reference [37],
which described the transport of selenite through a solid SLM
using NaDDTGC, as carrier between HCl solutions. This mech-
anism, called as facilitated transport, has been mentioned in
earlier report [45].

3.2.3. Effect of carrier concentration

Metal ion transport through the membrane is consider-
ably affected by the carrier concentration in the membrane.

2.00 ~

.

1.20 - *

P x 10 m/s

0.80 -

0.40 -

0.00 T T T T T T 1

pH

Fig. 4. Effect of initial pH of the feed phase on the transport of
Zn(1I) through the PIM (feed phase: 1 x 10° M Zn(II), stripping
phase: 0.5 M HCl, PIM containing 1.0 wt% of NaDDTC.3H,0).

PIMs were prepared at four different amount of NaDDTC
(0.5, 1.0, 3.0 and 5.0 wt%). It was observed that increase in
the amount of NaDDTC up to 1.0 wt% improved the trans-
port of Zn(II) (Fig. 5). This can be linked to the stoichiometry
of the Zn(II)>NaDDTC complex is 1:2 [47]. Hence, increas-
ing the NaDDTC content of PIMs produced enhancement in
the transport. However, there is no significant change in the
transport efficiency of the PIMs when amount of NaDDTC in
the casting solution exceeded 1.0 wt%. In other words, all the
reactive sites do not contribute to the transport when carrier
concentration of the PIM is higher than 1.0 wt%.

These findings can be also attributed to the contact angle
measurement studies presented in section 3.1. The PIM with
5 wt% carrier had contact angle of 74° + 4°, which is higher
than those of blank PIM (57° + 3°) and PIM with 1 wt% of car-
rier (61° +4°). Thus, higher contact angle or lower wettability
of the surfaces produced lower permeability, hence lower
Zn(Il) transport. But, it should be stated that no detectable
movement of the Zn(II) ions through the blank PIM means
that the transport of Zn(Il) ions through the PIM is accom-
plished by the carrier. Hence, PIMs with 1 wt% carrier were
used in further experiments.
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Fig. 5. Effect of NaDDTC.3H,0 amount on the transport of Zn(II)
through the PIM (feed phase: 1 x 10° M Zn(I), initial pH of the
feed phase: 5.1 + 0.1, stripping phase: 0.5 M HCI).

Table 1

The parameters for the transport of Zn(Il) through PIM with different plasticizer
Plasticizer Viscosity (cP) Dielectric constant (¢,) J;x 107 [mol/(cm?.s)] P, x 107 (m/s) RF (%)
NPOE 11.1 (25°C) 24 (25°C) 3.95 3.95 96
TEHM 12.5 (na) 4.95 (na) 0.85 0.85 20
BEHA 13.7 (na) 5 (na) 1.69 1.69 42
DBP 16.6 (25°C) 6.58 (20°C) 1.69 1.69 39
DOH 5.4 (na) 5.19 (na) 1.97 1.97 43

Note: RF: Recovery factor and na: not available.
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3.2.4. Effect of Zn(II) concentration of feed phase

Fig. 6 shows that the effect of the concentration of Zn(II)
on its transport was studied at different concentration in the
range of 1 x 10-1 x 10 M. Increasing the ion concentration
in the feed phase from 1 x 10 to 1 x 10° M decreased the
transfer percentage from 100% to 71% for 6 h of transport.
We reported similar findings in our previous paper [48],
which described facilitated transport of Cr(VI) through an
activated composite membrane containing Cyanex 923 as

6 T T+ 120
5 + 100
*
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e 4T +80 @
[ [}
E 31 & t60 =
S =2
x
x 2T + 40
=}
i
11 + 20
0 : : : 0
0,1 0,25 05 1

Zn(ll) concentration, x1 03Mm
Fig. 6. Effect of Zn(II) concentration of the feed phase on the

transport (initial pH of the feed phase: 5.0 + 0.1, stripping phase:
0.5 M HClI, PIM containing 1.0 wt% of NaDDTC.3H,0).
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Fig. 7. Effect of stripping phase concentration on the transport of

Zn(1I) (feed phase: 1 x10-°* M Zn(II), initial pH of the feed phase:
5.0 £ 0.1, PIM containing 1.0 wt% of NaDDTC.3H,0).

carrier reagent. This finding is also in agreement with result
reported in reference [35].

Flux values, defined in Eq. (4) [49], are employed to assess
the influence of the Zn(II) concentration on the transport:

J=P-C, 4)

For different concentration of Zn(IT) from 1 x 10 to 1 x 10~
M, the flux values were recorded in the range between (3.09
+0.08) x 10-® and (5.36 + 0.04) x10~® mol/(cm? s). These results
are expectable as higher concentration yields a higher flux
according to Eq. (4). As the Zn(II) concentration increases, the
complexation rate at the feed phase-PIM interface increases,
which also results in the increase of the decomplexation rate
at the PIM-stripping phase interface. Moreover, amount of
Zn(Il) inside the membrane was determined on the basis
of mass balance. As a result, no retention of Zn(Il) in the
membrane was recorded, and the time lag was not observed
during the transport.

3.2.5. Influence of stripping phase concentration

Since the extraction takes place at the interface of the
feed phase-PIM, the extraction of Zn(II) occurs via a simul-
taneous back extraction step at the opposite side of the PIM.
During the back extraction step, the extractant or carrier is
regenerated, and the metal ions are stripped. As a result,
the extraction efficiency is influenced by type and concen-
tration of the reagents in the stripping phase. On the basis
of the study [37], which described the transport of selenite
through an SLM using NaDDTC, HCl was used as stripping
phase. Moreover, HCl was used in the stripping solution in
many other studies about the facilitated transport of metal
ion [40,42,45]. Therefore, in this study, HCl was used as strip-
ping phase. The effect of various HCI concentration in the
range of 0.1-1.0 M on Zn(Il) transport was investigated. By
considering the HCI concentration of stripping phase, the
ionic strength of the feed phase was also adjusted to 0.1-1.0 M
by using NaCl. As it is depicted in Fig. 7, an increase in HCl
concentration enhanced the transport of Zn(II). This behavior
corresponds to the expected transport mechanism of metal
ions through the PIM [50].

3.2.6. Stability of the PIMs

The transport efficiency of the PIMs produced in four
different batches of 1.0 wt% NaDDTC solution was studied
under the specified conditions (initial pH of the feed phase:

Table 2

The change in the permeability coefficient with sequential
transport experiment (initial pH of the feed phase: 5.04 + 0.01,
concentration of Zn(Il): 1 x 10 M, HCI concentration in the
stripping phase: 0.5 M, transport time: 4 h)

Transport cycle Permeability coefficient, P x 10 m/s

1 5.85+0.06
2 5.65+0.04
3 5.36 £ 0.04
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Comparison of the carrier reagent, pH, processing time and selectivity order for selective separation through various membrane

techniques with PIM used in this study

Membrane technique Carrier reagent pH Processing time, h Selectivity order Reference
PIM NaDDTC 5 4 Zn>Cu=Pb>Ni This study
PIM DEHPA 2 24 Zn>Cu [52]

PIM Cyanex 301 3 24 Pb>Cd>Zn [26]

PIM Cyanex 302 3 24 Cd>Zn>Pb [26]

ACM? Cyanex 301 3 24 Pb, Cd >Zn [26]

ACM Cyanex 302 3 24 Cd>Pb>Zn [26]

BLM® Aliquat 336 3 4 Zn>Ni>Cd [53]

PIM DEHPA 4 72 Zn>Cu [13]
HFSLM¢ LIX84 2 2 Cu>Zn [54]

*Activated composite membrane.
*Bulk liquid membrane.
“Hollow fiber supported liquid membrane.

5.04 £ 0.01, concentration of Zn(Il): 1 x 10° M, HCI concen-
tration in the stripping phase: 0.5 M). It was observed that
transport efficiency of the PIMs was reproducible (relative
standard deviation: <4%, mean transport percentage: 96%).

The stability of the PIM was examined by evaluation of
the permeability coefficients from three sequential exper-
iments. In the experiments, the same membrane was used
under the mentioned experimental conditions. As it is seen
in Table 2, the permeability coefficient did not change: (5.36
+0.04-5.85 + 0.06) x 10 m/s, within all transport cycles (each
cycle: 4 h), demonstrating that the PIMs have a potential to be
utilized in the long-term separation processes.

3.2.7. Selectivity studies

The most common matrix constituents that can be found
in real samples, e.g., alkali and alkaline earth elements, did
not react with NaDDTC. However, metal ions that are capa-
ble of reacting with NaDDTC may reduce the extraction effi-
ciency of Zn(II). Therefore, the effects of Cu(Il), Pb(Il) and
Ni(II) on the transport of Zn(Il) through the prepared PIM
were studied. In these experiments, the transport efficiency
of the PIMs from four different batches of 1.0 wt% NaDDTC
solution was assessed under the specified conditions: ini-
tial pH of the feed phase: 5.04 + 0.01, Zn(II); other metal ion
concentration: 1 x 102 M; stripping phase: 0.5 M HCI. The
results showed that Pb(II), Ni(II) and Cu(II) were transported
through the PIM with transport percentage of 26%, 20% and
27%, respectively. This result can be attributed to the con-
stant (3,) of complex formation between Zn(II), Pb(II), Ni(II)
and Cu(Il) with DDTC, which are 11.4, 18.3, 12.9 and 23.9,
respectively [47,51]. In other words, value of complex forma-
tion constants indicates the strength of the complex. A higher
value of the constant means difficult stripping of correspond-
ing ion, hence, difficult transport. Moreover, in the presence
of these ions, Zn(Il) was transported by giving a transport
percentage of 73%, which was lower compared with the
transport of Zn(II) from the feed phase containing only-Zn(II)
ions (96%). This result may be probably due to the negative
salting-out effect on the transport of Zn(II) through PIM [49].
A comparison for the transport of metal ion through various

membrane techniques by means of carrier reagent, pH of
feed phase, processing time and selectivity order for various
metal ions in the previously reported studies with presented
study are shown in Table 3. In our study, the comparable
results with previous studies were obtained.

4. Conclusions

This study showed that inclusion of NaDDTC in the
CTA structure was achieved, and the obtained PIM could
be successfully used for the facilitated transport of Zn(II)
ions. Moreover, in the presence of competitive divalent ions
including Pb(II), Ni(Il) and Cu(ll), selectively transport of
Zn(II) ions were achieved by prepared PIM. The results also
showed that the transport efficiency of the PIM was repro-
ducible and it can be suggested for the long-term separation
processes.
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