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ABSTRACT

A series of anion exchange membranes for acid recovery via diffusion dialysis were prepared by
the reaction between vinyl chloride-acetate copolymer (P(VC/VAC)) and N-methylimidazole
(NMI), and their diffusion dialysis performances were characterized with a simulated feed (1.0 M HCl
+0.2 M FeCl,). The resulting membranes exhibited high dialysis coefficients (U,; 0.0116-0.0325 m/h)
and the separation factors (S) (26-36) at 25°C. At the same time, standardized techniques were used
to evaluate diffusion dialysis-related performance such as ion exchange capacity, water uptake
(W), linear expansion rate, elongation at break (E,), tensile strength (TS), initial decomposition
temperature and thermal decomposition temperature, etc. Surface morphologies of the prepared
anion exchange membranes were determined through scanning electron microscopy analysis.
Through the proposed method, in this report, toxic reagents (such as methyl iodide) for qua-
ternization are not required to prepare the anion exchange membranes. The experimental work
presented here provided the preparation method, which not only is simple and economical but
also exhibits excellent membrane performance, suggesting it as one of the promising candidates

for diffusion dialysis membranes fabrication.

Keywords: Diffusion dialysis; Anion exchange membrane; Acid recovery; P(VC/VAC)

1. Introduction

As an effective and feasible method, diffusion dialysis
(DD) technique was widely used for recovering acid from
waste acid solutions [1-5]. In comparison with other meth-
ods, DD method not only has low cost and low energy
consumption [6,7] but also performs with outstanding acid
recovery efficiency and environmental-friendly process [8,9].

As illustrated in Fig. 1, DD technique not only depends
on the membrane properties such as thickness and sur-
face conditions [10] but also the other conditions, for
example concentration gradients, fluid properties of two
rooms [11], mixing condition and so on.

* Corresponding authors.

As the key part of DD technique, a high-performance
anion exchange membrane should essentially acquire sev-
eral main features: appropriate water uptake, a high anion
permeability, good chemical and thermal stability, excel-
lent dimensional stability (DS), and selective separation of
acid and its salts from waste water solution [12]. Therefore,
the issue of the membrane preparation technology has
received considerable critical attention. In this work, the
aim was to provide a newly developed approach for mem-
brane preparation with the above requirements satisfied,
demonstrating their effectiveness as promising contender
for applications in acid recovery based on DD.

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.
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Fig. 1. Illustration of the DD principle for separation of A"B™" and HmB.

Results of recent studies on anion exchange membrane
for acid recovery via DD are summarized as follows.

According to Table 1, it can be found that high acid
DD coefficient (U,) normally requires high ion exchange
rate (IEC) and water uptake (W,) of anion exchange mem-
brane, while high IEC and water uptake have high negative
influence upon the DS as well as the physical and mechan-
ical strength of the membrane. Therefore, finding optimal
polymer backbone for anion exchange membrane is one of
the most frequently stated challenges for researchers.

At present, BPPO (brominated poly(2,6-dimethyl-1,
4-phenylene oxide)) [22,23], PVDF (polyvinylidene fluoride)
[24], PVA (polyvinyl alcohol) [25,26], PVC (polyvinyl chlo-
ride) [18], etc. are normally used to prepare anion exchange
membrane for acid recovery based on DD. Nevertheless,
although PVA-based membrane possesses high acid per-
meability, its application in DD is restricted because of its
poor DS and high water uptake. On the other hand, BPPO
and PVDF-based membranes possess good chemical and
thermal stability, but their application in DD is limited by
their low acid permeability and high price. P(VC/VAC) has
been considered as one of the good candidates because it
endows good membrane properties such as thermal sta-
bility and DD properties with low cost, which makes it
suitable for industrial application [27].

Quaternary ammonium groups are commonly used
for anion exchange membrane functional groups [28,29].
Imidazole groups can be used [30,31], since it has been
confirmed that good DD performance can be obtained by
using imidazole groups as the functional group of anion
exchange membrane [32].

In this work, N-methylimidazole (NMI) and P(VC/VAC)
are applied as raw materials to synthesize P(VC/VAC) grafted
N-methylimidazole (PVC-g-NMI) via alkylation reaction
[33,34]. By changing the content of N-methylimidazole
with respect to P(VC/VAC), the obtained products are used
for anion exchange membrane fabrication. Due to the exis-
tence of imidazole groups in the membrane structure, the
obtained membranes have good physical and chemical
stability comparing with the quaternary ammonium-based
membranes indicated by previous studies. This proj-
ect, therefore, sets out to prepare the membranes for acid
recovery through DD by synthesizing P(VC/VAC)-g-NMI.
In this study, a combination of quantitative and qualitative

approaches was used to evaluate the performance of the
prepared membranes where a simulated acid waste water
FeCl, (0.2 M) and HCI (1 M) mixture is introduced and
typical experiments are carried out. Furthermore, the
results are discussed based on the relevant literature, and
compared with the commercial membranes and other
findings.

2. Experimental setup
2.1. Materials

Vinyl chloride-vinyl acetate copolymer (P(VC/VAC)
with average polymerization degree of 700 + 50 is sup-
plied by Hanwha Group (South Korea), Vinyl acetate is
10% and model is CP-710. N-Methylimidazole (NMI, 98%)
is purchased from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). Other reagents possess analytical grade
and were obtained from domestic chemical reagent com-
panies. Deionized water (DI water) was used in all the
experiments.

2.2. P(VC/VAC)-g-NMI polymer and membrane preparation
2.2.1. Purification of P(VC/VAC)

20 g of vinyl chloride-vinyl acetate copolymer was dis-
solved in 100 mL toluene solvent. After precipitation (in
water), leaching, washing, and drying (60°C for 2 d), purified
vinyl chloride-vinyl acetate copolymer was obtained.

2.2.2. P(VC/VAC)-g-NMI polymer preparation

P(VC/VAC)-g-NMI polymer was synthesized by alkyla-
tion reaction [33,34] and the particular procedures are as
follows: (i) 5 g of purified vinyl chloride—vinyl acetate
copolymer was dissolved in 100 mL toluene to obtain a
5 wt.% solution in a 250 mL three-necked bottle, which was
equipped with Allihn condenser; (ii) a certain amount of
N-methylimidazole and aluminum trichloride were then
added into the solution with magnetic stirring so as to
achieve a homogeneous liquid; (iii) the mixture was by
reflux reaction for 8 h at 120°C. The final P(VC/VAC)-g-
NMI polymer was obtained after treatments of precipitation
(in water), leaching, washing, and drying (60°C for 2 d).
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Table 1
Recent research results on anion exchange membrane for acid recovery via diffusion dialysis
Num. IEC (mmol/g) W, U, (m/h) S(U,/U,) Feed concentration Temp. Polymer Ref.
°O) backbone
1 0.41-0.75 54.9%-81.3%  0.016-0.029 23.3-87.7  (1.28 M) HCl+ (0.2 M) FeCl, 25 PVA [13]
2 0.82-1.18 260%—-310% 0.042-0.065 24.5-34 (1 M) HCl + (0.2 M) FeCl, 25 BPPO [14]
3 1.86-2.13 410%—440% 0.045-0.063  19-21.5 (1 M) HCl + (0.2 M) FeCl, 25 BPPO [15]
4 1.04-1.06 81%—146% 0.016-0.024 33.2-47.6 (1 M) HCI +(0.25 M) FeCl, 25 PVA [16]
5 0.49-1.33 72.3%-153.3%  0.019-0.029  27.84-52.6 (1 M) HCI + (0.25 M) FeCl, 25 PVA [17]
6 0.34-1.32 5.62%-24.8%  0.012-0.040  36-61 (0.81 M) HCI + (0.18 M) FeCl, 25 PVC [18]
7 0.42-1.13 92%-122% 0.017-0.060  7.8-22.5 (0.81 M) HCI + (0.18 M) FeCl, 25 PVA [19]
8 1.39-2.01 10.1%-285%  0.021 3452 (1 M) HCl + (0.2 M) FeCl, 30 BPPO [20]
9 1.08-1.67 19%-27% 0.021-0.028  19-25 (1.3 M) HCl + (0.2 M) FeCl, 25 PVDF [21]
P(VC/VAC)-g-NMI polymers were prepared by  Table2

changing the amount of N-methylimidazole as shown
in Table 2.

2.2.3. Preparation of membrane

The above purified P(VC/VAC)-g-NMI polymer
(Number A) was added in 100 mL toluene, the mixture
was then stirred at 80°C for 8 h so as to achieve a com-
plete dissolution and following cast onto polytetrafluoro-
ethylene plates which were dried at 25°C under ventilated
condition for 48 h. After peeling off from the polytetraflu-
oroethylene plate, the membranes were immersed into DI
water for 48 h and the DI water was replaced every 8 h.
The membranes were finally dried at 50°C under venti-
lated condition for 48 h. P(VC/VAC)-g-NMI membrane
was prepared and named as membrane A. Membrane B, C,
D, E were prepared according to the methods of prepara-
tion of membrane A. For comparison, P(VC/VAC) film was
prepared through the same procedure as above.

2.3. Membrane characterizations

Water uptake (W,) was tested as below. The dried mem-
brane samples were weighed and immersed into DI water
for one and a half days at 25°C. Surfaces of the wet mem-
branes are then carefully dried with tissue paper and the
weight of wet membranes was accurately recorded. Water
uptake was defined as the relative weight gain per gram of
the dry membrane sample, which was calculated as follows:

Wwet - Wdrv
W, =9 . 100% 1)
W.

dry

where W, and W__ are the weight of dry and wet mem-
branes, respectively.

IEC was monitored by adopting the Mohr method. Dry
membranes were precisely weighed and converted into
CI” form in 1.0 M NaCl aqueous solution for 48 h at room
temperature (25°C). Excessive NaCl was washed off with DI
water. Then the membrane was immersed into 0.5 M Na,SO,
aqueous solution for 48 h at room temperature (25°C). Ion
exchange capacities were obtained by testing the amount of

Amount of P(VC/VAC) and NMI of the starting materials for
preparing P(VC/VAC)-g-NMI polymer

Number P(VC/VAC)(g) NMI(g) TOL(mL) AICL(g)
A 5 0.2 100 0.1
B 5 0.4 100 0.1
C 5 0.6 100 0.1
D 5 0.8 100 0.1
E 5 1.0 100 0.1

the exchanged CI- via titration with 0.1 mol/L AgNO, aque-
ous solution.

DS affects application performance of anion exchange
membrane. DS was monitored by linear expansion rate
(LER) in 25°C water. The dried membrane was cut into
dimension of 10 cm x 10 cm and recorded as L. L,
is defined as the length of wet membrane, which was
immersed into DI water for 72 h at 25°C. LER was calcu-

lated by the following equation:

Ly —L
LER = M x100% ()

DRY

where L., and L. represents the lengths of dry and wet
membranes, respectively.

Acidic stability was obtained starting by immersing the
weighed dry membrane samples into 65°C HCI (2.0 mol/L)
aqueous solution for 168 h. Then the samples were trans-
ferred out and washed with DI water. After drying for 48 h
at 50°C, the weight of dried membranes was measured
again at 25°C. Percentage of mass change before and after
was used to evaluate the acidic stability of membrane.

Tensile strength (TS) and elongation at break (E,) were
measured by Instron universal tester (Model 1185, US)
at room temperature (25°C).

Thermal stability of the membranes was determined by
TGA-50H analyzer (Shimadzu Corporation, Japan) with a
constant heating rate of 20°C/min from 40°C to 600°C under
N, condition.

Fourier transform infrared spectroscopy (FTIR-ATR) of the
membrane samples was recorded using FTIR spectrometer
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(Nicolet 6700, Thermo Fisher Scientific) with a resolution of
2 cm™ and a spectral range of 4,000-400 cm™.

The surface images of membranes were observed by
scanning electron microscopy (SEM; JSM-7500F, JEOL
of Japan).

2.4. Diffusion dialysis

DD tests were taken through a DD device, which has a
two-compartment cell separated by anion exchange mem-
brane with an effective area of 5.7 cm?. Prior to DD exper-
iments, the anion exchange membrane was first immersed
into the simulated acid waste (1 M HCI + 0.2 M FeCl,) for
2 h and then rinsed with DI water to clean the solution.
100 mL feed solution and 100 mL DI water were filled into
each compartment, respectively. During the experiment,
two compartments were stirred vigorously to minimize
concentration polarization. The diffusion time was set as
45 min and then the feed/osmotic solution was removed
from the two sides. The HCIl concentration of both sides
was tested by titration method with 0.05 mol/L Na,CO,
aqueous solution, while FeCl, concentration was deter-
mined by titration method with 0.002 mol/L. KMnO, aque-
ous solution. All the experiments were conducted at room
temperature (25°C).

The separation factor (S) was calculated using the ratio
of dialysis coefficients (U) of the two species (H"and Fe*')
presented in the solution. U can be calculated as below:

M

AtAC ©)
where M is the amount of component transported (mol),
A is the diffusion effective area (m?), t is the diffusion time
(h) and AC is the logarithm average concentration between
the two compartment cells (mol/m?®). AC was calculated
according to the equation below [26]:
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where C!, Cis the feed concentrations at time t and 0, respec-
tively. C' is the dialysate concentration at time ¢.

According to the above equations (Egs. (3) and (4)),
U, and U, can be calculated. Separation factor (5) was
calculated according to the equation below:
uH

U,

S= ®)

Fe

3. Results and discussion
3.1. FTIR spectra

The synthesis route of P(VC/VAC)-g-NMI polymer
is shown in Fig. 2. As shown in Fig. 3, FTIR spectra of the
membranes with the different degree of reaction and P(VC/
VAC) film were exhibited to confirm the successful synthe-
sis of P(VC/VAC)-g-NMI polymer. An obvious absorption
peak was observed at 2,928 cm™, which corresponds to the
characteristic peak of asymmetric stretching vibration of
—CH, group in the main chain of P(VC/VAC). The typical
absorption peak of P(VC/VAC) at 1,730 cm™ refers to stretch-
ing vibration of -COOCH, group. The bending absorption
peaks of C-C bond are at 1,034 cm™ [35]. The skeleton vibra-
tions, representing C=C stretching in imidazole ring, are
found in 1,578 cm™ region and C-H stretching bands are
absorbed in 1,367 cm™ [36,37]. The bending vibration peaks
of C-H and C-Cl bond are at -1,222 and -599 cm™, respec-
tively. By comparing FTIR spectra of membranes (A-E) and
P(VC/VAC) film, membranes (A-E) appeared with clear
absorption peaks of 1,367 and 1,578 cm™, which are origi-
nated from the reaction of N-methylimidazole with P(VC/
VAC). Hence, the successful synthesis of P(VC/VAC)-g-NMI
polymer has been confirmed by the presence of C-N bonds.

3.2. Water uptake (W), IECs and LER

The water uptake is significantly critical to the fun-

c —(Ct —Ct) damental properties of anion exchange membrane. The
AC=—_"1 f (4) . . .
“Lalc /(C_C' DD effect, microstructure, channel size and aggregation
n( f ( £ d)) state of the membrane are all related to the water uptake
"y T N
| ' | . " P W AP P S
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CH, CH,
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Fig. 2. Route of synthesis of P(VC/VAC)-g-NML
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Fig. 3. FTIR spectra of anion exchange membranes (A-E) and
P(VC/VAC) film.

of the membrane. Appropriate water uptake is beneficial
to the performance of DD of the membranes, while exces-
sive water uptake is detrimental to the DS of the membrane.
According to Table 3, with the increase of IEC value from
0.29 to 1.12, the water uptake of the membrane increased
from 6.8% to 24.5%, mainly due to hydrophobicity of P(VC/
VAC) and hydrophilicity of N-methylimidazole. Through
experiments, further analysis showed that increasing the
content of N-methylimidazole in the membrane can effec-
tively improve the water uptake of the membrane. In combi-
nation with Tables 3 and 4, a positive correlation was found
between the LER and water uptake value of the membrane.
As discussed earlier, increasing the water uptake of the
membrane to appropriate degree facilitates the DD per-
formance of the membrane; however if the water uptake is
enormous, the membrane will swell leading to decrease
in the DS of the membrane. As can be seen from Table 4,
LER of different P(VC/VAC)-g-NMI membranes is 5.1%—
12.1%, which is lower than those of many other PVA
basement membranes [38,39], suggesting the improved
DS in the process of application of membranes (A-E).

3.3. Thermal stability

Enhanced thermal stability is necessary for AEMs to
perform effectively in DD. The short-term thermal stability of
different P(VC/VAC)-g-NMI membranes was characterized
using thermogravimetry (TGA) as shown in Fig. 4.

From Fig. 4, the initial decomposition temperature
(IDT) and thermal decomposition temperature (Td) can
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Table 3
Ion exchange capacities (IECs) and water uptake (W) of
membranes (A-E)

Membrane A B C D E

IEC 0.29 0.46 0.67 0.78 1.12

W, (%) 6.8 13.6 16.1 22,5 24.7
10
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Fig. 4. TGA graphs of P(VC/VAC)-g-NMI membranes (A-E)
and P(VC/VACQ).

be determined, and the measurement results are shown in
Table 5. According to the table, IDT values of these P(VC/
VAC)-g-NMI membranes are in the range of 191°C-276°C
and Td values are in the range of 215°C-292°C. The weight
loss between 200°C and 300°C is ascribed to the degra-
dation of imidazole groups [40] and the second degrada-
tion step occurred in the range of 340°C-360°C, which is
linked to the main chain of the polymer backbone [41].

Reasons for the good thermal stability of the membranes
are mainly due to the following two aspects: (1) imidaz-
ole groups are thermally stable in the P(VC/VAC)-g-NMI
membranes [40], (2) the main chain of the polymer back-
bone is thermally stable, because Td and IDT values of
the P(VC/VAC) appear at 295°C and 312°C, respectively [27].

The TGA data indicate that the membranes are sta-
ble up to 191°C, these prepared membranes have accept-
able thermal stability in practical applications, where
the operating temperature of DD process is usually
below 100°C.

Table 4
Thickness and linear expansion rate (LER) of P(VC/VAC) film and membranes (A-E)
Membrane A Membrane B Membrane C MembraneD Membrane E  P(VC/VACQ) film
P(VC/VAC)/NMI dosage (g)  5/0.2 5/0.4 5/0.6 5/0.8 5/1.0 5/0
Thickness (pum) 111 114 113 115 109 112
LER (%) 5.1 7.9 9.2 10.6 12.1 0.7
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Table 5
Td and IDT of the membranes A-E and P(VC/VAC)

Number P(VC/VACQ) Membrane A Membrane B Membrane C Membrane D Membrane E
IDT (°C) 295 276 229 216 207 191
Td (°C) 312 292 246 231 226 215

Td is thermal decomposition temperature, which is defined as the temperature at 5% weight loss of P(VC/VAC)-g-NMI membranes A-E.
IDT is the initial decomposition temperature determined from TGA thermograms.

3.4. Elongation at break (E,) and TS

Elongation at break reflects the flexibility of the mem-
brane and TS represents the resistance of the membrane
to mechanical force. As shown in Table 6, membrane A
shows the biggest E, and TS, while membrane E shows the
lowest E, and TS.

In general, there is negative correlation between E,
and TS, but both E, and TS decrease with the increase of
content of imidazole group (ion exchange group) in the
prepared membranes. The main reasons are as follows:
(1) the aggregation of imidazole group in the membranes
affects the continuity of membranes formation, which
leads to formation of defects in the membranes, resulting
in simultaneous decay in both E, and TS. (2) In the pres-
ence of two-phase separation between P(VC/VAC) polymer
(with small polarity) and P(VC/VAC)-g-NMI polymer (with
large polarity), the distance between molecules becomes
larger, and inter-molecular forces become smaller, lead-
ing to weaker TS. (3) The inner plasticization within VAC
chain segment in P(VC/VAC) provides the prepared mem-
branes with higher E, than that of porous membrane [23]
or the hybrid membranes [25], The enhanced flexibility
is favorable for membrane storage and transportation.

3.5. Acid stability

Long-term acid resistance is another main challenge
for AEMs applied in DD for acid recovery, which is pro-
cessed in acidic operating environment. To evaluate the
acid resistance of the prepared membrane, the qualities of
the membranes were recorded before and after immersing
into aqueous HCI (2 mol/L) solutions for 168 h at 65°C.
The quality maintenance of the membrane is shown in
Table 7. It can be clearly observed that the quality main-
tenance of membrane A-E ranges from 99.2% to 99.8%. It
is apparent from this table that the prepared membranes
have stronger acid resistance. The enhanced acid resis-
tance can be ascribed to the high stability of P(VC/VAC)
backbone and imidazole group.

3.6. Membrane morphology

The surface morphology of membranes A-E was
observed through SEM to determine the impact of NMI con-
tent to the membrane structure. The surface morphologies
of membranes A-E are shown in Fig. 5.

The phase separation becomes more obvious with
the increase of NMI content. The surface morphologies of
membrane A and B are smooth and uniform. However,
with increasing NMI content, slight phase separation was

Table 6
Tensile strength (TS) and elongation at break (E,) of P(VC/VAC)-
g-NMI membranes A-E

Membrane A B C D E

E, (%) 206 193 172 156 135

TS (MPa) 23.2 21.8 20.6 19.5 18.6
Table 7

Quality changes of the membranes (A-E) after immersion into
2 mol/L HCl solutions at 65°C for 168 h

Membrane Quality maintenance
A 99.8
B 99.6
C 99.5
D 99.3
E 99.2

observed for membrane C. The aggregation of the particles
can be observed on the surface through SEM image of the
membranes D and E, and formation of defect appeared for
membrane E. The clear phase separation in the membranes
D and E, as shown in the SEM images, demonstrates the
strong correlation between NMI content and degree of
phase separation of membranes. By increasing the amount
of NMI, large dosage of NMI promotes the reaction between
NMI and P(VC/VAC). Therefore, with bigger amount
of NMI, large aggregates and bigger degree of phase
separation was observed in membranes D and E.

3.7. Diffusion dialysis

In order to better coordinate for the comparison with the
previous experimental results, a simulated waste liquid of
HCI/FeCl, mixture (1 M HCI + 0.2 M FeCl,) was prepared in
typical experiments and data were applied to evaluate the
DD performance. The corresponding results are demon-
strated in Fig. 5.

As shown in Fig. 6, with the increased content of imidaz-
ole group (ion exchange group), the U, value increases grad-
ually from 11.6 x 10° m/h (membrane A) to 32.5 x 10 m/h
(membrane E), and the U, value increases gradually from
0.32 x 10°* m/h (membrane A) to 1.23 x 10°* m/h (membrane
E). There are three reasons contributed to the increase of
U, and U, value: (1) in general, the larger content of imid-
azole group (ion exchange group) in membrane leads to
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Membrane A

Membrane C

Membrane B

Membrane D

Fig. 5. Morphology of membranes A—E are the surface images with the magnification of 10,000x by scanning electron microscopy.

bigger water uptake in the membrane. Under the same con-
tent of imidazole group (ion exchange group) conditions,
the water uptake increases in the membrane, which could
enhance H* and Fe?" content in the membrane, enhancing
the concentration gradient between membrane and dif-
fusion chamber. The bigger concentration gradient could
accelerate the diffusion of H* and Fe* ions from membrane
to diffusion chamber, resulting in the increase in U, and
U, values. (2) The phase separation can reduce the resis-
tance of ions (H*and Fe*) to pass through the membrane,
which is beneficial for the motion of H* and Fe* ions, so
U, and U, values become high accordingly. (3) As sche-
matically shown in Fig. 7, the -COOCH, groups existed in
P(VC/VAC) backbone are considered as auxiliary functional
group for H* transport [18,42,43], the oxygen in -COOCH,
groups exist exposed electrons, which can absorb H' ions,
H* concentration in anion exchange membranes become
high, the concentration gradient between membrane and
diffusion chamber is enhanced, so U, values are higher
than that of commercial membrane DF-120 (9 x 10° m/h),
which was produced by Shandong Tianwei Membrane
Technology Co., Ltd, China.

As can be seen from Fig. 6, as the content of imidaz-
ole group (ion exchange group) increases, the separation
coefficient of anion exchange membrane decreases from
36 (membrane A) to 30 (membrane B), increases to 33 (mem-
brane C), and decreases to 26 (membrane E). Comparing with
commercial membrane DF-120 (18.5) [44], the separation coef-
ficients of membranes A-E are higher than that of commercial
membrane. Arising from the increase in the imidazole group
(ion exchange group), both the IEC and W, of the mem-
branes increase and the phase separation of the membranes
becomes bigger. The high IEC is beneficial to the enhanced
separation coefficient. On the other hand, the increase of
W, and phase separation of the membranes is unfavorable
to the improvement of separation coefficient. Therefore,
no certain trend of separation coefficient was observed
through the combination of IEC, W, and phase separation.

Together these results provide important insight that
the U, and separation coefficient of the prepared mem-
branes are all higher than those of commercial membranes
DF-120 (0.009 m/h for U,, 18.5 for S), Therefore, the P(VC/
VAC)-g-NMI membranes have potential applications as
DD for acid recovery.
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Fig. 7. Schematic representation for ions diffusion in anion
exchange membrane with the presence of assistant functional
groups -(CO)OCH,,.

4. Conclusion

In this study, we have successfully prepared P(VC/VAC)
based graft polymer anion exchange membrane with P(VC/
VAC) and NMI. The results showed that with the increase of
the content of NMI, IEC increased from 0.29 to 1.12 mmol/g
and water uptake (W,) was between 6.8% and 24.7%, and
LER is in the range of 5.1%-12.1%. The membranes showed
good thermal stability with thermal decomposition tempera-
ture (Td) ranged from 215°C to 292°C and IDT in the range
of 191°C-276°C. The acid resistance was excellent and weight
maintenance was 99.2%-99.8% in 2 mol/L HCI for 168 h at
25°C. With the increase in the content of NMI, the perme-
ability of H" (U,)) increased and the separation coefficient

(S) decreases first, then increased and finally decreases, U,
and S values are all higher than that of commercial mem-
brane (DF-120). Overall, we predict that this simple and
cost-effective method to fabricate anion exchange membrane
will have potential applications in DD for acid recovery.
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