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Abstract   Anion-exchange membranes (AEMs) with high conductivity and stability are essential components of hydrogen related water electrol-

ysis and fuel cell applications. During the past decades, polynorbornene (PNB)-based AEMs have shown excellent performance due to their satu-

rated all-carbon-based backbones and diverse strategies to prepare cross-linked membranes. However, nearly all previously reported PNB-based

AEMs rely on the alkyl-substituted norbornene monomers, whose low-yielding synthesis leads to high-cost of the AEMs. In addition, the cross-

linked PNB-based AEMs usually suffered from mechanical brittleness. Herein, we propose a novel semi-interpenetrating polymer network (s-IPN)

strategy to simultaneously enhance mechanical modulus and ionic conductivity, while using commercial 5-vinyl-2-norbornene (VNB) as the sin-

gle norbornene derivatives to prepare high-performance AEMs. A diallylphenol quaternary ammonium salt was used for photo-induced cross-

linking with poly-VNB and various dithiols to produce AEMs with s-IPN structures. The resultant membranes have excellent hydroxide conductivi-

ties and alkaline stability in 1 mol/L KOH at 80 °C, and are successfully applied in alkaline anion-exchange membrane water electrolyzers to stably

operate for over 150 h.
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INTRODUCTION

Hydrogen is an attractive and ecologically clean energy, and its
combustion product is water.[1−3] In recent years, the “green hy-
drogen” from  water  electrolysis  has  received  extensive  atten-
tion. Traditional water electrolysis processes can be divided into
two  categories:  alkaline  water  electrolysis  (AWE)  and  proton-
exchange  membrane  water  electrolysis  (PEMWE).[1,4] Although
AWE has  the advantage of  low-cost,  the high concentration of
KOH  electrolyte  carries  the  risk  of  corrosion  of  the  equipment.
Furthermore,  the  porous  separator  used  to  isolate  the  anode
and cathode in AWE prevents the generation of pressurized hy-
drogen.[5] The above disadvantages lead to AWE suffer from low
efficiency and safety concerns.  On the other hand,  PEMWE is  a
zero-gap configuration that can reduce AWE internal resistance.
Therefore,  PEMWE  can  improve  current  density  and  generate
high-pressure  hydrogen.  However,  the  acidic  conditions  in
which PEM operates result in the use of expensive membranes
(such as Nafion), electrocatalysts (such as Ir and Pt), and bipolar

plates.[5,6] For improving the efficiency of water electrolysis,  an-
ion-exchange  membrane  water  electrolysis  (AEMWE)  has  been
developed  and  has  received  a  great  attention  in  recent  years.
AEMWE  operates  in  alkaline  environment,  and  the  zero-gap
configuration involved in AEMWE allows it  to exempt from the
use of  precious metal  catalysts  and exhibits  fast  cathodic  reac-
tion  kinetics.[5,7−9] Therefore,  AEMWE  has  become  an  attractive
green method for hydrogen production.

The anion-exchange membrane (AEM), as a critical compo-
nent of AEMWE, is consisted of polymeric backbones, cations
attached  to  the  backbone via covalent  bonds,  and  free  an-
ions.[9] The  conductivity  and  dimensional/mechanical/alka-
line  stabilities  of  AEMs  are  considered  to  be  the  important
factors  to  enhance  the  current  density  and  durability  of
AEMWE  devices.  However,  the  conductivity  and  alkaline  sta-
bility  have  become  great  challenges  in  the  development  of
AEMs.[10−12] A high ion exchange capacity (IEC) is  required to
achieve the high conductivity for AEMs, but lead to an exces-
sive swelling, thereby reducing the stability of AEMs.[13−15] To
improve the stability or comprehensive performance of AEMs,
several  strategies  have  been  proposed,  including  the  use  of
alkali  resistant  aromatic  ether  free  polymer  backbone  struc-
tures,[16−24] the  introduction  of  alkaline  stable  cationic
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groups,[25−28] the  construction  of  microphase  separation  to
provide ion transport channels,[29−33] and cross-linking/blend-
ing  strategies.[34−37] The  cross-linking  strategy  has  been
proven  to  effectively  enhance  the  mechanical  strength  and
dimensional  stability  of  AEMs.  However,  cross-linking usually
compromises  with  a  decrease  in  conductivity.  Interpenetrat-
ing  polymer  network  (IPN)  and  semi-interpenetrating  poly-
mer  network  (s-IPN)  are  novel  approaches  to  enhance  me-
chanical  modulus  and  ionic  conductivity  simultaneously,
which can effectively address the trade-off  between conduc-
tivity and stability.[38,39] IPN is a polymer mixture composed of
two  or  more  interpenetrating  polymer  networks,  and  if  only
one  polymer  in  the  polymer  mixture  forms  cross-linked  net-
works,  it  is  called  s-IPN.[39] Wei et  al.[39] reported  IPN  AEMs
consisted  of  cross-linked  quaternized  poly(vinylbenzyl  chlo-
ride)  (PVBC)  and  cross-linked  poly(vinyl  alcohol)  (PVA)  for
H2/air (CO2-free) alkaline fuel cell. They also reported[40] dual-
cation  IPN  AEMs  with  cross-linked  quaternized  poly(2,6-
dimethyl-1,4-phenylene oxide) (QPPO) and cross-linked quat-
ernized PVBC, which increased the IEC and OH− conductivity.
Zhuang et  al. [41] synthesized  transparent  s-IPN  AEMs  com-
posed  of  cation  cross-linked  polystyrene-b-poly(ethylene-co-
butylene)-b-polystyrene (SEBS) and highly charged QPPO. Al-
kali-resistant SEBS enhanced dimensional stability and chemi-
cal stability of the s-IPN AEMs. Li et al.[42] reported s-IPN AEMs
composed of  quaternized poly(styrene) (PS)  and cross-linked
poly(2,6-dimethyl-1,4phenylene oxide) (PPO).

For  the  reported  IPN  and  s-IPN  AEMs,  most  of  them  fo-
cused on the aromatic-containing backbones such as PPO, PS,
SEBS, PVBC, but the aromatic groups are reported to have is-
sues of low oxidative stability and easy electrocatalyst adsorp-
tion.[43] Among  AEMs  with  heteroatom-free  backbones,
vinylic-addition  polynorbornenes  (PNBs)  possess  excellent
thermal  and  chemical  stability  as  well  as  good  film-forming
properties,[22,23] yet  have  not  been  utilized  to  build  IPN  or  s-
IPN systems. More importantly, in order to incorporate cation-
ic  functional  groups  in  PNBs,  nearly  all  previous  reports  rely
on  the  use  of  alkyl-substituted  norbornene,[44−46] which  suf-
fered  from  low  yielding  monomer  synthesis  and  thus  high
cost  of  the  membranes.  More  recently,  Zhuang et  al.[47] re-
ported  a  novel  strategy  using  the  homopolymer  of  poly(5-
vinyl-2-norbornene)  (PVNB),  and  the  cationic  groups  were
connected  through  a  Ru-catalyzed  cross-metathesis  post-
polymerization  functionalization  to  prepare  high-perfor-
mance AEMs. Herein, we prepared a series of vinylic-addition
polynorbornene-based s-IPN AEMs with PVNB as the mechan-
ical  support  phase  and  diallylphenol  quaternary  ammonium
salt  as  the  ion  conduction  phase.  Cross-linking  with  various
dithiols gave rise to s-IPN AEMs under UV irradiation by thiol-
ene  click  reactions.  The  PVNB  was  prepared  from  the  ho-
mopolymerization of commercial VNB monomers. The use of
quaternary ammonium cationic monomer enabled the prepa-
ration  of  AEMs  without  the  need  for  post-polymerization
quaternization. This convenient s-IPN strategy results in AEMs
with excellent hydroxide conductivities, good thermal and al-
kaline stability, low water absorption, and low swelling ratios.

EXPERIMENTAL

The synthetic details, experimental section and complementary
data are presented in the electronic supplementary information

(ESI).

RESULTS AND DISCUSSION

PVNB was prepared according to our previous reports.[22,23] We
used  the  three-component  catalytic  system  (tris(dibenzylide-
neacetone)  dipalladium  (Pd2(dba)3),  tricyclohexyl  phosphine
(PCy3), and lithium ion diethyl ether tetrakis(pentafluorophenyl)-
boranuide  (Li[FABA]))  to  synthesize  vinylic-addition  polymer  of
VNB. The number average molecular weights (Mn) and polydis-
persity (Đ) of the resulting vinylic-addition polynorbornene was
determined  by  gel  permeation  chromatography  (GPC)  to  be
37.5 kDa and 2.38, respectively (Fig. S1 in ESI). Two types of 2,6-
diallylphenol  quaternary  ammonium  salt  monomers  with
trimethylammonium  cation  and  piperidinium  cation  (3  and  5)
were  synthesized  by  nucleophilic  reaction  of  2,6-diallylphenol
(1)  and  monobromo  quaternary  ammonium  salt  (2  and  4)
(Scheme  1).  The  proton  nuclear  magnetic  resonance  (1H-NMR)
spectra  of  polymer  VA-PNB,  intermediate  product  2,6-dial-
lylphenol  (1),  and  monomer  2,6-diallylphenol  quaternary  am-
monium salt (3 and 5) are shown in Figs. S2−S5 (in ESI).

Semi-interpenetrating polymer network (s-IPN) AEMs were
prepared by the thiol-ene click reactions under UV irradiation
(Scheme  2).  First,  polymer  PVNB  was  dissolved  in
trichloromethane at room temperature. Then the correspond-
ing 2,6-diallylphenol  quaternary ammonium salt,  dithiol,  and
photo-initiator  (phenylbis(2,4,6-trimethylbenzoyl)phosphine
oxide) were added. The obtained solution was poured into a
mold,  and  the  cross-linking  reaction  was  carried  out  with  si-
multaneous  solvent  evaporation  under  UV  irradiation  (365
nm) for 30 min to obtain the cross-linked s-IPN membranes in
the Br– form. The membranes were denoted as x-y-z followed
by the types of thiols and cations, where x, y, z represent the
equivalent ratio of  alkenes in PVNB, 2,6-diallylphenol quater-
nary ammonium salt, and dithiol, respectively. C6OSH, C6SH,
C8SH,  and ArSH represent  using  the  3,6-dioxa-1,8-oc-
tanedithiol, 1,6-hexanedithiol, 1,8-octanedithiol, and 1,4-ben-
zenedithiol  as  the  cross-linking agents,  respectively  (Scheme
2). TMA and PIP represent  the  trimethylammonium  and
piperidinium  cation,  respectively.  Except  for ArSH,  which  a
free-standing  film  could  not  be  obtained,  all  other  dithiols
gave  rise  to  mechanically  intact,  smooth,  and  transparent
membranes (such as the picture in Fig. S6 in ESI). As a control
sample, the membranes obtained by casting a solution of 2,6-
diallylphenol  quaternary  ammonium  salt,  dithiol,  and  pho-
toinitiator under UV irradiation without the addition of PVNB
were  extremely  inhomogeneous  and  fragile,  confirming  the
importance of PVNB as the mechanical support.

The  detailed  properties  of  the  s-IPN  AEMs  are  listed  in
Table 1. The IEC values of AEMs obtained by theoretical calcu-
lation  and  Mohr  titration  were  found  to  be  close.  For 1.0-
0.25-0.5 C6OSH TMA membrane, the low IEC and conductiv-
ity result from the low proportion of diallyl quaternary ammo-
nium  salt  cations  involved.  When  the  amount  of  quaternary
ammonium  cations  increased,  the  IEC  and  conductivity  of
membrane 0.6-0.4-0.5  C6OSH  TMA increased,  but  at  the
same time the water absorption increased to 99%. In order to
regulate the water  uptake of  the membranes,  we attempted
to  vary  the  type  of  dithiols,  using  full  carbon  backbone  1,6-
hexanedithiol  and  1,8-octanedithiol,  both  of  which  yielded
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Scheme 1    Synthesis of the vinylic addition polynorbornene and diallylphenol quaternary ammonium salt.
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Scheme 2    Preparation of vinylic-addition polynorbornene-based semi-interpenetrating polymer network anion exchange membranes.

 

Table 1    Detailed properties of the dithiol-cross-linked VA-PNB-AEMs.
 

Membranes IEC a (mmol Cl–/g) IEC b (mmol Cl–/g) σ (HCO3
–, 25 °C) (mS/cm) WU c (%)

1.0-0.25-0.5 C6OSH TMA 0.79 0.67±0.04 2.1±0.1 23
0.6-0.4-0.5 C6OSH TMA 1.20 1.18±0.01 5.9±0.1 99
0.6-0.4-0.5 C6SH TMA 1.27 1.30±0.02 7.8±0.1 39

0.5-0.4-0.45 C6SH TMA 1.35 1.43±0.02 8.1±0.1 66
0.6-0.4-0.5 C6SH PIP 1.21 1.18±0.03 5.5±0.2 21

0.6-0.4-0.5 C8SH TMA 1.21 1.23±0.02 6.7±0.2 35
a The theoretical ion exchange capacity (IEC) was calculated from the feed ratio (including the mass of the dithiol); b IEC was determined by Mohr titration. The
conductivities and IECs were obtained according to the average of three samples; c WU was determined with samples in the HCO3

– form at 25 °C.
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AEMs  (0.6-0.4-0.5  C6SH  TMA,  0.6-0.4-0.5  C8SH  TMA)  with
reduced  water  uptake.  With  a  further  increase  in  diallyl  qua-
ternary ammonium salt cation content and the use of 1,6-hex-
anedithiol  as  the  cross-linking  agent,  the 0.5-0.4-0.45  C6SH
TMA membrane  exhibited  higher  IEC  and  conductivity  with
appropriate water absorption. When the cation was changed
to piperidine cation, the conductivity of 0.6-0.4-0.5 C6SH PIP
membrane was slightly lower than that of the corresponding
trimethylamine cation at the same content (0.6-0.4-0.5 C6SH
TMA).

The  high  hydroxide  conductivity  of  the  AEM  is  a  crucial
property, which was desired to improve the current density of
AEMWE.  The “true  hydroxide  conductivities” of  the  s-IPN
AEMs  were  measured  using  an in  situ de-carbonation  proto-
col  under  direct  current  and  high  humidity  conditions  (rela-
tive humidity (RH) > 98%, Fig. 1).[48,49] The results showed that
the hydroxide conductivities of all membranes increased with
temperatures. 0.6-0.4-0.5  C6SH  TMA membrane  exhibited
significantly  higher  hydroxide  conductivities  compared  to
0.6-0.4-0.5  C6SH  PIP membrane.  The hydroxide conductivi-
ty of 0.6-0.4-0.5 C6SH TMA membrane was up to 120 mS/cm
at  90  °C.  Under  the  same  feeding  ratio,  the  conductivities  of
AEMs  obtained  by  using  1,6-hexanedithiol  as  the  cross-link-

ing  agent  is  optimal  (Fig.  1a).  The  Arrhenius  plots  of  the  hy-
droxide  conduction  indicated  that  the  apparent  activation
energy  values  (Ea)  were  within  the  range  of  8.3–12.1  kJ/mol
(Fig. 1b and Table S1 in ESI),  which were similar to the previ-
ously reported cross-linked VA-PNB-AEMs.[44]

The  appropriate  amount  of  water  is  necessary  for  ion  hy-
dration and conductivity, while over-swelling can be a critical
issue  for  AEMs  due  to  mechanical  failure.  The  WU  and  SR  of
the 0.6-0.4-0.5  C6SH  TMA and 0.6-0.4-0.5  C6SH  PIP mem-
branes  at  different  temperatures  are  shown  in Figs.  2(a)  and
2(b),  respectively.  The membranes  remained low WU and SR
even  at  high  temperatures  (with  WU  less  than  50%  and  SR
less than 12% at 80 °C).  This was attributed to the cross-link-
ing effect of dithiols and the formation of s-IPN, which helped
maintaining  the  dimensional  stability  and  integrity  of  the
membranes. No evident peaks were observed in the small-an-
gle  X-ray  scattering  (SAXS)  results  (Fig.  S7  in  ESI)  of 0.6-0.4-
0.5  C6SH  TMA and 0.6-0.4-0.5  C6SH  PIP membranes.[22,23]

By  the  SAXS  results,  the  microstructures  of  s-IPN  were  likely
dominated  by  the  cross-linking  in  this  work,  which  inhibits
the  formation  of  microphase-separated  structures  while  im-
proving the mechanical properties.

Thermogravimetric analyses (TGA) were performed to eval-
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Fig. 1    Temperature dependence of: (a) Hydroxide conductivities for the s-IPN membranes with different salt cations; (b) Arrhenius plots
of the samples.
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Fig.  2    (a)  Water uptake and (b)  swelling ratio of 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP membranes with HCO3

– counter-
anions at various temperatures.
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uate the thermal stability of 0.6-0.4-0.5 C6SH TMA and 0.6-
0.4-0.5  C6SH  PIP membranes.  The  TGA  results  and  the
derivative thermogravimetry (DTG) curves are shown in Fig. 3.
There are three mass-loss stages in the TGA thermogram: the
first stage at about 250 °C corresponds to the loss of the qua-
ternary  ammonium  groups;[50,51] the  second  stage  of  degra-
dation around 350 °C is possibly attributed to the linkers and
sulfur-based cross-linkers within the AEMs; and the third mass
loss at over 400 °C is derived from polymer backbone decom-
position. These curves indicate that all the membranes exhib-
ited no significant degradation below 200 °C, suggesting that
they  possess  excellent  thermal  stability  that  meet  the  re-
quired  operating  temperature  range  of  AEMWE  (60–80  °C).
The  mechanical  properties  of  the  AEMs  were  evaluated  by
tensile measurements.  The stress-strain curves of 0.6-0.4-0.5
C6SH TMA and 0.6-0.4-0.5 C6SH PIP membranes are shown
in  Fig.  S8  (in  ESI).  The  stress-at-break  of 0.6-0.4-0.5  C6SH
TMA membrane  is  30±1  MPa,  which  is  higher  than  that  of
0.6-0.4-0.5  C6SH  PIP membrane.  However,  the  strain-at-
break of 0.6-0.4-0.5 C6SH PIP membrane is 40%±2%, which
is higher than that of 0.6-0.4-0.5 C6SH TMA membrane. The
temperature  dependence  of  the  storage  modulus  (E’),  which
represents  the  ability  to  resist  deformation  for  the  mem-
branes, was found to be similar for 0.6-0.4-0.5 C6SH PIP and

0.6-0.4-0.5 C6SH TMA through the DMA measurements (Fig.
4).  The Tg of 0.6-0.4-0.5 C6SH PIP above which the molecu-
lar  chains  between  the  cross-linking  points  begin  to  long-
range coordinated motion was determined to be ca. 100.4 °C
by  the  peak  temperature  of  the  tanδ (=E”/E’,  where E” is  the
loss  modulus),  higher  than  that  of 0.6-0.4-0.5  C6SH  TMA
(Fig.  4b).  Under  the  same  feeding  ratio,  the  types  of  cations
are  affecting  the  mechanical  properties  of  the  s-IPN  AEMs,
possibly due to different strength of ionic interactions.[52−55]

The  alkaline  stability  of  the  AEMs  is  critical  for  their  effec-
tive use in AEMWE, which can directly affect the durability of
device.  The alkaline  stabilities  of 0.6-0.4-0.5  C6SH  TMA and
0.6-0.4-0.5 C6SH PIP membranes were evaluated by soaking
them in a 1 mol/L KOH solution at 80 °C for 35 days. The bicar-
bonate conductivities  of  the membranes were measured ev-
ery  five  days,  and  the  results  showed  that  both  membranes
exhibited good alkaline stability,  with 73% and 86% conduc-
tivity remaining after 35 days for 0.6-0.4-0.5 C6SH TMA and
0.6-0.4-0.5  C6SH  PIP membranes,  respectively  (Fig.  5a).  By
measuring  the  IEC  change  of  the  membranes  before  and  af-
ter  the  alkaline  stability  testing,  it  was  found  that  85%  and
91%  IEC  were  remained  for 0.6-0.4-0.5  C6SH  TMA and 0.6-
0.4-0.5 C6SH PIP membranes, respectively (Fig. 5b). The FT-IR
analysis on the membranes before and after the alkaline sta-
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Fig. 3    (a) TGA curves and (b) DTG curves of 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP membranes with Br counter-anions.
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bility  testing  revealed  that  the  basic  structure  of  the  mem-
branes  was  not  significantly  influenced  (Figs.  5c and  5d).[23]

This suggests that the cation degradation is likely the primary
factor affecting alkaline stability of the AEMs.

The  membranes 0.6-0.4-0.5  C6SH  TMA and 0.6-0.4-0.5
C6SH PIP were subjected to AEMWE assembly for device per-
formance  evaluation.  We  utilized  the  catalyst-coated  sub-
strate (CCS) method to fabricate the membrane electrode as-
semblies  (MEAs).  For  the  anode,  precious  metal  catalyst  IrO2

and non-precious metal catalysts Ni2Fe1 and NiFe2O4 on stain-
less  steel,  respectively.  For  the cathode,  precious metal  cata-
lyst Pt/Ru/C on carbon and non-precious metal catalyst NiFe-
Co on Ni fiber mat,  respectively. Fig.  6(a)  shows the polariza-
tion  curves  of 0.6-0.4-0.5  C6SH  TMA and 0.6-0.4-0.5  C6SH
PIP measured  in  1  mol/L  KOH  at  60  °C  when  using  IrO2 and
Pt/Ru/C  as  catalysts.  At  an  applied  cell  voltage  of  2.0  V,  the
MEAs achieved electrolytic  currents  of  534 and 193 mA·cm–2

for 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP, respec-
tively.  The  current  density  of  AEMWE  assembled  with  TMA
cation-containing  membranes  was  significantly  higher  than
that  of  AEMWE  assembled  with  PIP  cation-containing  mem-
branes, which was attributed to the higher conductivity of the
former,  as shown in Fig.  1(a).  When changing the concentra-

tion of the electrolyte (the KOH concentration was reduced to
0.1  mol/L  or  replace  the  electrolyte  with  pure  water)  or  the
operating  temperature  (40−80  °C)  of  the  AEMWE,  the  MEAs
could  still  operate  smoothly  (Figs.  S9  and  S10  in  ESI).  When
the catalyst for the anode is replaced by a non-precious met-
al  catalyst  Ni2Fe1 and  the  cathode  is  still  using  Pt/Ru/C,  the
current density of the MEA assembled with 0.6-0.4-0.5 C6SH
TMA is  slightly  reduced  and  the  polarization  curve  does  not
change much (Fig. 6b). It is worth mentioning that when non-
precious metal catalysts NiFeCo and NiFe2O4 were used at the
cathode  and  anode,  respectively,  the  current  density  of  the
MEA  assembled  with 0.6-0.4-0.5  C6SH  TMA is  even  in-
creased above 2 V compared to the precious metal catalysts.
Durability tests of AEMWE were conducted with 1 mol/L KOH
electrolyte  at  60  °C  under  constant  current  mode  of  500
mA·cm–2 (Fig.  7).  The  AEMWE  for 0.6-0.4-0.5  C6SH  TMA as-
sembled  MEA  exhibited  stable  operation  for  more  than  150
hours with IrO2 and Pt/Ru/C as catalysts and the average volt-
age increment rate was measured to be 0.71 mV/h. The dura-
bility of AEMWE was reduced when using non precious metal
catalysts (Figs. S11 and S12 in ESI), which could be attributed
to the stability and compatibility of electrocatalysts and inter-
faces.[2,56]
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Fig. 5    (a) Conductivity stability test of 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP membranes in 1 mol/L aqueous KOH solution
at 80 °C; (b) The changes in IEC of 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP membranes in 1 mol/L aqueous KOH solution at 80
°C for 35 days; (c) The FT-IR spectra of 0.6-0.4-0.5 C6SH TMA membrane before and after in 1 mol/L aqueous KOH solution at 80 °C for
35 days; (d) The FTIR spectra of 0.6-0.4-0.5 C6SH PIP membrane before and after in 1 mol/L aqueous KOH solution at 80 °C for 35 days.
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CONCLUSIONS

In  this  study,  we  prepared  a  series  of  vinylic-addition  polynor-
bornene-based  s-IPN  AEMs  with  poly(5-vinyl-2-norbornene)  as
the  mechanical  support  phase  and  a  diallylphenol  quaternary
ammonium salt  as the ion conduction phase,  cross-linked with
various  dithiols  to  obtain  interpenetrating  polymer  networks
under UV irradiation by thiol-ene click reaction. This convenient
strategy does not need the synthesis  of  complicated alkyl-sub-
stituted norbornene or its corresponding ammonium-function-
alized  norbornene  monomers.  The  structural  effects  of  cations
and dithiols on the performance of s-IPN AEMs were investigat-
ed. Under the same feeding ratio, the use of 1,6-hexanedithiol as
the  cross-linking  agent  gave  rise  to  the  optimal  conductivity
performance.  The  hydroxide  conductivity  of 0.6-0.4-0.5  C6SH
TMA membrane  was  up  to  120  mS/cm  at  90  °C.  The  mem-
branes 0.6-0.4-0.5 C6SH TMA and 0.6-0.4-0.5 C6SH PIP exhib-
ited good alkaline stability in 1 M KOH at 80 °C for 35 days. The
s-IPN  AEMs  were  successfully  applied  in  alkaline  anion-ex-
change membrane water  electrolyzers  and operated stably  for
over 150 h.
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