
Polybenzimidazole membranes in alkaline
water electrolysis: Chemical and electro-
chemical stability

Polybenzimidazole (PBI) based membranes offer advantages over 
traditional porous separators for use in alkaline water electrolysis. A 
better gas separation and the resulting decrease in required thick-
ness promises lower ohmic resistance. The chemical stability of PBI 
has been tested at 88 ˚C in aqueous potassium hydroxide with con-
centrations ranging from 0 to 50 wt% for up to 6 months, showing 
excellent chemical stability for KOH concentrations up to about 10 
wt%. The electrochemical stability is assessed by applying the mem-
branes in a full alkaline electrolysis cell using a zero gap configura-
tion with nickel foam electrodes operating with 5-30 wt% KOH at 80 
˚C. Cell experiments ran for 2 days at a constant potential of 1.7 V 
or 2.0 V respectively.
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Chemical Stability
The chemical stability of PBI 
has been investigated in KOH 
(aq) concentrations of 0-50 
wt% for 200 days at 88 ˚C.

Inherent viscosity over time. Membranes stored in different KOH (aq) 
concentrations were washed, dried and dissolved in sulfuric acid.

Conductivity of KOH doped m-PBI. Comparison between the ionic con-
ductivity at room temperature of KOH doped mPBI and pure KOH (aq) at 
various concentrations. Measured data for membrane and solution ver-
sus that of [1].

PBI chemical test. PBI membranes were stored in PTFE bottles at vario-
us KOH (aq) concentrations at 88 oC for 200 days.

Motivation. Polybenzimidazole-based membranes are widely 
used for high temperature proton exchange membrane (HT-
PEM) fuel cell applications where ionic conductivity is obtained 
through doping with phosphoric acid. However, for HT-PEM ele-
ctrolysis applications, PBI have been seen to disintegrate rapidly 
under electrolysis conditions.
Alternatively to phosphoric acid doping, PBI can be doped with 
aqueous KOH for alkaline applications, e.g. alkaline water elec-
trolysis. This enables the use of non-noble catalysts e.g. metal 
oxides based on nickel, iron or cobalt.

Electrochemical Stability
PBI membranes were evalua-
ted in an operational alkaline 
water electrolysis cell at 80 ˚C. 
Electrolyte concentrations of 
5-30 wt% KOH (aq) were used.

Constant potential mode. Constant potential of 2.0 V for 2 days. Several 
polarization curves were measured after 2 hr, 25 hr and 48 hrs. T = 80 oC.
Analyte dried out during operation and was refilled around t ~ 45 h.
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Alkaline water electrolysis cell. PBI membranes were applied between 
two pressed nickel foam electrodes with aqueous KOH circulating in 
both electrode compartments. Area = 11.6 cm2, Temperature = 80 oC.
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Test procedure. Membranes were cast from DMAc solution and 
doped for more than 16 hours in concentrated KOH (aq) prior 
to assembly. Membrane thickness after doping was ~50-60 µm. 
The alkaline water electrolysis cell was assembled with pressed 
nickel foam electrodes, PBI membrane, and EPDM/PTFE ga-
skets. KOH (aq) of the same concentration as the doping was 
circulated continually in anode and cathode compartments.
After 1 hr at 10 mA/cm2 and a single polarization curve, the cell 
was operated at constant 1.7 V or 2.0 V. Polarization curves 
were recorded after 2, 25 and 48 hrs.

Chemical stability. Membranes (Dapozole® M-40) supplied by 
Danish Power Systems were treated in water for 2 h at 95 oC, 
dried in vacuum for 4 h at 110 oC, and subsequently put into 
PTFE bottles with aqueous KOH at various concentrations and 
placed in an oven at 88 oC.
Sampling was done after 33, 64, 100, 148 and 200 days.

Various techniques were used at each sampling. Stress-strain 
curves, weight fraction measurements, NMR and FTIR.
Membranes were dissolved in concentrated sulfuric acid for me-
asurements of inherent viscosity and size exclusion chromato-
graphy (SEC). For full results see [2].

The inherent viscosity relates to the average molecular weight 
as indicated by a gradual decrease of the inherent viscosity. Hy-
drolytic scissoring of the backbone of mPBI is known to occur in 
highly alkaline solutions, which in long term will result in mem-
branes disintegrating.
Up to 5 wt% KOH (aq) membranes remainly largely unaffected 
at 88 oC, but after 148 days in 50 wt% KOH (aq) the membranes 
disintegrate upon handling. At room temperature membranes 
show no significant degradation.
SEC reveals that for membranes stored at 10 wt% KOH (aq) a 
significant amount of high molecular weight polymer remains.
No cross-linking or other modifications were done, but cross-lin-
king have been shown to improve mechanical strength [3].

mPBI doping in aqeuous KOH. [KOH] > 3 wt% results in deprotonation 
and binding of positive potassium-ions.

Conductivity. Membranes doped with KOH at concentrations 
above 10 wt% show significant ionic conductivity. Aqueous KOH 
is dissolved in the PBI matrix, but the membrane composition 
depends very much on concentration. The ionic conductivity is 
seen to peak at lower concentrations than bulk solution KOH.

Polarization curves. Potential scan from 1.225 V to 2.5 V, scanrate 2.5 
mV/s. Membrane thickness ~50-60 µm

2 day test. For 5 wt% and 15 wt% membranes cell performance 
does not deteriorate and no apparent damage is visible on mem-
branes post-dissassembly. For 2.0 V operation in 30 wt% KOH, 
the membrane had broken along part of the electrode edge. The 
electrolyte is seen to miss-color when cell is operated at 30 wt%.
Some assembly instances have shown short-circuit behavior 
when the ’pointy’ nickel foam pressed to strongly against the thin 
and soft membrane.


