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Abstract−An anion exchange membrane was prepared by the chloromethylation and the amination of polyvinyl
chloride (PVC), as the base polymer. The membrane properties of the prepared anion exchange membrane, including
ionic conductivity, ion exchange capacity, and water content were measured. The ionic conductivity of the prepared
anion exchange membrane was in the range of 0.098×10−2-7.0×10−2 S cm−1. The ranges of ion exchange capacity and
water content were 1.9-3.7 meq./g-dry-membrane and 35.1-63.1%, respectively. The chemical stability of the prepared
anion exchange membrane was tested by soaking in 30 wt% KOH solution to determine its availability as a separator in
the alkaline water electrolysis. The ionic conductivity during the chemical stability test largely did not change.
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INTRODUCTION

Hydrogen is an attractive fuel because it is a renewable energy
resource and is also flexible as an energy carrier. Water electrolysis
produces hydrogen from water as an extremely abundant resource.
There are three main kinds of water electrolysis: alkaline water elec-
trolysis (AWE), polymer electrolyte membrane water electrolysis
(PEMWE), and high temperature steam electrolysis (HTSE) [1,2].

Alkaline water electrolysis is a well known method for hydrogen
production. Typically, 20-30 wt% of KOH or 15-20 wt% of NaOH
is used as an electrolyte. Alkaline water electrolysis cells employ a
separator that is selectively permeable OH− anions, and the anode
and cathode generate oxygen and hydrogen gas, respectively. AWE
is operated in the range of 40-80 oC [3,4].

In AWE, an anion exchange membrane should have a high hy-
droxide ion conductivity and stability in alkaline environment to
increase the electrolyzer efficiency and to avoid the mixing of
anodic and cathodic electrolytes.

Qiao et al. [5] reported that an anion exchange membrane pre-
pared from poly(inyl alcohol)/poly(vinylpyrrolidine) (PVA/PVP)
by blending and chemical cross-linking, followed by doping in aque-
ous KOH solution, had a maximum conductivity of up to 0.53 S
cm−1 and stability in a 10 M (mol L−1) KOH solution. Cao et al. [6]
reported that an anion exchange membrane prepared from meth-
ylated melamine grafted poly vinyl benzyl chloride (mm-qPVBz/
Cl−) had a conductivity of 1.6×10−2-2.7×10−2 S cm−1. Wu and Scott
[7] reported that an anion exchange membrane prepared from a
quaternary OH− conductive ionomer binder based on polymeth-

acrylate, by copolymerization of a three kinds of methacrylate mono-
mers followed by quaternization, had a conductivity of 0.059 S cm−1

at 50 oC. Hung et al. [8] reported that a prepared bipolar membrane
prepared from polyvinylidene fluoride-grafted 2-methacrylic acid
3-(bis-carboxymethylamino)-2-hydroxyl-propyl ester (PVDF-g-G-
IBM), improved the hydrogen production efficiency in alkaline
water electrolysis using 0.5 M NaOH.

Several researchers [9-15] have reported the preparation of anion
exchange membranes from poly(phthalazinone ether sulfone ketone),
poly(ether imide), quaternary-ammonium-functionalized radiation-
grafted ETFE (ethylene tetrafluoroethylene), quaternized polyben-
zimidazoles, and polyepichlorohydrin matrices for alkaline fuel cells
and Donnan dialysis.

In this study, an anion exchange membrane was prepared by the
chloromethylation and the amination using polyvinyl chloride as
the base polymer. The properties of the prepared membrane were
determined including ionic conductivity, ion exchange capacity,
and chemical stability in a solution of 30 wt% KOH.

EXPERIMENTAL

1. Preparation of Anion Exchange Membrane
1-1. Chloromethylation

The used reagents in the chloromethylation were similar to those
of Hwang et al. [16,17] and Sata et al. [18].

The chloromethylation was performed in the following way. PVC
(polyvinyl chloride, Wako Co.) powder (20 g) was dissolved in TCE
(1,1,2,2-tetrachloroethane), after which 7 g of SnCl4 and 10 ml of
CME (chloromethyl methyl ether) were added. The mixture was
placed in a round-bottomed flask, as shown in Fig. 1, and was then
allowed to react at 90-100 oC for 4 h. The product was washed with
deionized water and methanol, and was then precipitated with meth-



Preparation of anion exchange membrane using polyvinyl chloride (PVC) for alkaline water electrolysis 1897

Korean J. Chem. Eng.(Vol. 32, No. 9)

anol for about 20h to obtain a chloromethylated polymer (Scheme 1).
1-2. Amination and Membrane Preparation

The chloromethylated polymer was dissolved in DMF (N,N-di-
methylformamide). Then, 0.1-0.6 g of TMA (30% trimethylamine
solution, supplied by Wako Co.) was added for each 1 g of chloro-
methylated polymer, with stirring at 110 oC for 1 h to obtain the
aminated polymer solution.

This solution was cast on a glass plate, and was dried at 110 oC
for about 30 min in a drying oven. The product was then released
from the glass plate to obtain an anion exchange membrane; the
chemical structure is shown in Scheme 2.
2. Membrane Properties of the Prepared Anion Exchange Mem-
brane
2-1. Ionic Conductivity in 1 M (mol L−1) KOH Aqueous Solution

The measurement method and experimental apparatus for mem-
brane resistance in 1 M KOH aqueous solution were the same as
reported in a previous paper [16,17]. The electric resistance of the

conductivity cell shown in Fig. 2 with membrane (R1) and with-
out membrane (R2) was measured at room temperature using an
LCR meter (Furuka Co., PM-6304). Each compartment of the cell
was filled with 1M KOH aqueous solution by circulation. The effec-
tive membrane area (S) of the cell was 0.79 cm2. The membrane
resistance, R (in Ω cm2) was calculated by Eq. (1):

R=(R1−R2)×S (1)

The ionic conductivity, C (in S cm−1) was calculated by Eq. (2):

C=1/R×t (2)

where, t was the thickness of the prepared anion exchange mem-
brane.
2-2. Ion Exchange Capacity (IEC) 

The measurement method for ion exchange capacity (IEC) was
the same as reported in a previous paper [16]. After being dipped
in pure water for one day, a membrane sample was immersed for
two days in a large volume of 1 M NaOH aq. solution to convert
the membrane to the OH− form. The membrane sample was then
washed free of excess NaOH with distilled water, and further equili-
brated with distilled water for 4 h with frequent changes in the dis-
tilled water to remove the last traces of alkali. The membrane sample
was then equilibrated with 30 ml of 0.01 M HCl aq. solution for
24h, and the anion exchange capacity was determined by back titra-
tion. The IEC of the prepared anion exchange membrane was cal-
culated from the following equation:

IEC=(MO,HCl−ME, HCl)/W (3)

2-3. Water Content
The membrane was immersed in distilled water for 24 h at the

Fig. 1. Schematic diagram of chloromethylation apparatus.
1. Nitrogen bombe 5. Mechanical stirrer
2. Regulator 6. Additional funnel
3. Heating mantle 7. Temperature controller
4. 4-Neck round flask

Scheme 1.

Scheme 2.

Fig. 2. Schematic of device used to measure electrical resistance in
1 M (mol L−1) KOH aq. solution.
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ambient temperature, after which its surface moisture was wiped
with tissue paper, and the wet membrane was then weighed. Then,
this weighed wet membrane was dried at a fixed temperature of
60 oC until a constant weight of dry membrane was achieved.

The water content was calculated from Eq. (4):

WC=(WW−W)/WW×100 (4)

3. Chemical Stability in 30 wt% KOH Solution
A chemical stability test was carried out by soaking in 30 wt%

KOH solution at the ambient temperature. The chemical stability
of the prepared anion exchange membrane was determined based
on the change of the surface state and the membrane resistance in
1 M KOH solution induced by alkali degradation during storage
in 30 wt% KOH solution.

RESULTS AND DISCUSSION

1. Morphology of the Prepared Anion Exchange Membrane
Fig. 3 shows the morphologies of the surface and cross-section

of the prepared anion exchange membrane obtained with a scan- ning electron microscope (SEM).
The surface of the prepared anion exchange membrane had macro-

pores and a thickness of over 120μm measured by a micrometer
caliper. The reason of the macro-pore presence was not clear, yet.
But, it was guessed as the follows: In the amination, the chloro-
methylated polymer completely did not dissolve, and the solvent
(DMF) which was used to dissolve copolymer was locally remained
on the internal copolymers. And then the solvent was removed from
the copolymers; therefore the macro-pore remained at the location of
the removed solvents like to the macroreticular preparation behavior
[16]. The gases such as hydrogen and oxygen did not path through
this macro-pore because the channel was closed as shown in Fig.
3(b).

Fig. 4 shows the IR spectra of the prepared anion exchange mem-
brane obtained using a Fourier transform infrared spectrometer
(FT-IR).

As shown in Fig. 4, the peak of the prepared anion exchange mem-
brane was different with PVC as a base polymer.

The transmittance values for the prepared anion exchange mem-
brane were as follows: wagging vibration of cis C-H, 605.7 cm−1;
vibration of C-Cl, 680.3 cm−1; wagging vibration of trans C-H, 956.7
cm−1; stretching vibration of C-H, 1,252.7cm−1; and stretching vibra-
tion of CH3-NH-, 1,425.5 cm−1. From the IR spectrums of Fig. 4 it
was confirmed that the prepared membrane showed the vibration
of amine as an anion exchange group.

Fig. 5 shows an energy dispersive X-ray spectroscopy (EDXS)
analysis of the prepared anion exchange membrane with 20 keV.

As shown in Fig. 5, the Sn which was used as a catalyst in the
chloromethylation remained in the anion exchange membrane. It
seems that the remaining Sn was due to insufficient washing. How-
ever, the remaining Sn did not affect the properties of the anion
exchange membrane because of its non-reactivity with KOH. From
the result of EDXS, it was confirmed that an anion exchange group
was reasonably formed in the PVC chemical matrix.

The tensile strength of the prepared anion exchange membrane,
which was measured by a tensile testing machine (TO-101, TEST
ONE Co.), was about 0.87 kgf ∙mm−2. That of Nafion 117 was about

Fig. 4. IR spectra of the prepared anion exchange membrane ob-
tained using a Fourier transform infrared spectrometer (FT-
IR).

Fig. 3. Morphologies of the surface and cross-section of the prepared
anion exchange membrane obtained with a scanning elec-
tron microscope (SEM).
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3.0 kgf ∙mm−2. The mechanical strength of the prepared membrane
was lower than Nafion117. From this result, further research for
the improvement of the mechanical strength is needed.
2. Thermal Stability of the Prepared Anion Exchange Membrane

Fig. 6 shows the thermal stability of the prepared anion exchange
membrane analyzed by thermogravimetric analyzer (TGA).

The TGA traces of the prepared anion exchange membrane ex-
hibit the typical three-step weight loss at temperatures of approxi-
mately 100 oC, 230 oC and 410 oC. The first weight loss (at 100 oC) is
due to removal of the impurities. The second weight loss (at 230 oC)
is due to splitting-off of an anion exchange group (trimethylamine).
The third thermal degradation, which occurred at 410 oC, arises
from decomposition of the main chain. It suggests from the results

that the prepared anion exchange membrane could be used in alka-
line water electrolysis operation condition with the high thermal
stability.
3. Ionic Conductivity in 1 M KOH Solution

Fig. 7 shows the relationship between the ionic conductivity meas-
ured in 1 M KOH solution and the amount of added TMA (g) in
the copolymer for the amination.

With an increase of amount of added TMA, the ionic conduc-
tivity was increased from 0.098×10−2 S cm−1 to 6.95×10−2 S cm−1

at 0.28 g of TMA, and decreased to 4.11×10−2 S cm−1 at 0.38 g of
TMA, and then maintained almost the same value until 0.55 g of

Fig. 5. Energy dispersive X-ray spectroscopy (EDXS) analysis of the prepared anion exchange membrane.

Fig. 6. TGA thermograms of the prepared anion exchange mem-
brane. Fig. 7. Relationship between the ionic conductivity measured in 1M

KOH solution and the amount of added TMA (g) in the copo-
lymer for the amination.
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TMA, finally reaching to 2.77×10−2 S cm−1.
With an increase of the amount of added TMA, the ionic con-

ductivity of the prepared anion exchange membrane had a maxi-
mum value at 0.28 g, and the ionic conductivity was largely un-
changed in the region of 0.38-0.55 g. This suggests that the amount
of added TMA in the preparation of anion exchange membrane
using PVC as a base polymer is suitable from 0.28 g to 0.55 g from
the view point of the ionic conductivity.

Table 1 shows the characteristics of the prepared anion exchange
membranes.

The thickness of the prepared anion exchange membranes, which
was measured by a micrometer caliper, was 120-140μm.
4. Ion Exchange Capacity and Water Content of the Prepared
Anion Exchange Membrane

Fig. 8 shows the influence of amount of added TMA in the mem-
brane on the water content and ion exchange capacity.

With an increase of amount of added TMA, the ion exchange
capacity (IEC) increased from 1.90 meq./g-dry-membrane to 2.92
meq./g-dry-membrane at 0.38 g of TMA, and decreased to 1.97
meq./g-dry-membrane at 0.45 g of TMA, then increasing to 3.7
meq./g-dry-membrane. As shown in Fig. 8, the ion exchange capac-

ity showed the increasing tendency with an increase of amount of
added TMA.

The water content decreased from 63.1% to 30.7% at 0.38 g of
TMA, and increased to 35.1% at 0.55 g of TMA, and rapidly in-
creased to 46.3% at 0.58 g of TMA.

The membrane, having a maximum ionic conductivity of 6.95×
10−2 S cm−1, had IEC and water content values of 2.45 meq./g-dry-
membrane and 38.4%.

The prepared anion exchange membranes with a water content
of 30-35% exhibited ionic conductivity values of 3.65×10−2-6.95×
10−2 S cm−1 and IEC values of 1.97-3.32 meq./g-dry-membrane.

In general, the optimal water content is that which allows the
best ion exchange capacity-ionic conductivity combination [12].
From this viewpoint, the results suggest that the optimal water con-
tent of the prepared anion exchange membrane for a good ionic
conductivity and ion exchange capacity is in the range of 30-35%.
5. Chemical Stability in 30 wt% KOH Solution

Fig. 9 shows the change of ionic conductivity in A-5 membrane
before and after the chemical stability test, which was carried out
by soaking in 30 wt% KOH solution.

With an increase of soaking time in the 30 wt% KOH solution,
the ionic conductivity had almost the same value between 0 h and
672 h, and decreased a little at 840 h, then increasing a little again
at 1,344 h, and finally, had almost the same value at 1,680 h com-
pared to that at 0 h.

The surface change of the membrane was not altered during the
chemical stability test.

As shown in Fig. 9, the ionic conductivity after 1,680 h of chemi-
cal stability test in 30 wt% KOH solution had almost the same value
as that before the chemical stability test. It suggests that the anion
exchange membrane, which was prepared using PVC as a base poly-
mer, had good chemical stability with largely unchanged ionic con-
ductivity in 30 wt.% KOH solution.

It is expected that the prepared anion exchange membrane can
be used as a separator in alkaline water electrolysis with a high ionic
conductivity, ion exchange capacity, good chemical stability with a
long lifetime in 30 wt% KOH solution, and thermal stability until
100 oC.

Table 1. Characteristics of the prepared anion exchange mem-
brane

Name
Amount of

added TMA
(g)

Thickness
(μm)

Membrane
resistance
(Ω cm2)

Ionic
conductivity

×10−2 (S cm−1)
A-1 0.13 130 132.00 0.098
A-2 0.25 130 10.4 1.250
A-3 0.28 140 02.0 7.000
A-4 0.38 140 03.4 4.110
A-5 0.45 140 003.84 3.650
A-6 0.50 130 003.33 3.900
A-7 0.55 140 003.32 4.220
A-8 0.58 130 04.7 2.770

Fig. 8. Influence of amount of added TMA in the membrane on the
water content and ion exchange capacity.

Fig. 9. Change of ionic conductivity in A-5 membrane before and
after soaking in 30 wt% KOH solution.
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CONCLUSIONS

An anion exchange membrane was prepared by the chlorometh-
ylation and amination of polyvinyl chloride (PVC), used as a base
polymer. The FT-IR and EDXS analysis confirmed that the anion
exchange group was reasonably formed in the PVC chemical matrix.
The thickness of the prepared anion exchange membrane was 120-
140μm. The maximum conductivity of the prepared anion exchange
membrane was 6.95×10−2 S cm−1. The membrane having a water
content of 30-35% exhibited ionic conductivity values of 3.65×10−2-
6.95×10−2 S cm−1 and IEC values of 1.97-3.32 meq./g-dry-mem-
brane. The prepared anion exchange membrane had a good stabil-
ity during 1,680 h in 30 wt% KOH solution. Finally, it was expected
that the prepared anion exchange membrane can be used as a sep-
arator in the alkaline water electrolysis with a high ionic conduc-
tivity, ion exchange capacity, good chemical stability with a long
lifetime in 30 wt% KOH solution and thermal stability until 100 oC.
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NOMENCLATURE

R : membrane resistance in 1M KOH aqueous solution [Ω·cm2]
R1, R2 : electric resistance of the conductivity cell with and without

membrane, respectively [Ω]
S : effective membrane area [cm2]
C : conductivity [S cm−1]
t : thickness of the membrane [μm]
IEC : ion exchange capacity, meq./g-dry-membrane
MO, HCl : moles of HCl in the flask at the start of titration
ME, HCl : moles of HCl after equilibration

WC : water content [%]
W : weight of dry membrane [g]
WW : weight of wet membrane [g]
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