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Novel High-Temperature Alkaline Water Electrolysis Using
Molten KOH–H2O System
Kenji Kawaguchi,*,z Keita Goto, Aozora Konno, and Toshiyuki Nohira*,z

Institute of Advanced Energy, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan

To improve water electrolysis efficiency, we investigated the hydrogen and oxygen evolution reactions (HER and OER) at a Ni electrode
in a molten KOH–H2O system (85:15 wt%, 65:35 mol%) at a high temperature (150 °C). The overpotentials for the HER and OER at
500 mA cm−2 were significantly reduced, by 261 mV and 75 mV, respectively, in the novel system relative to those obtained in a
conventional aqueous solution system (30 wt% KOH, 80 °C). The decreases in polarization were attributed predominantly to kinetic
effects, including a change in the rate-determining steps, on the HER and OER with the change of electrolytes.
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Electricity from renewable energy sources, such as solar and wind,
is intermittent and often generated far from the place of consumption.
Therefore, “hydrogen energy systems”,1 in which electricity is
converted to hydrogen through water electrolysis, stored, transported,
and then converted back into electricity at the location of consumption
by fuel cells or hydrogen turbines, are desirable.

Conventional commercial water electrolysis involves alkaline
water electrolysis (AWE).2–4 AWE can employ inexpensive mate-
rials such as Ni as the electrode material, which allows for large-
scale electrolyzers; however, it is difficult to perform at high current
densities owing to the large overpotential in electrode reactions and
ohmic loss. Therefore, high efficiency and high current density are
important for AWE.

In general, the energy consumption required for hydrogen
production by water electrolysis is primarily determined by the
cell voltage of the electrolyzer. The reduction of cell voltage is
necessary to improve efficiency, and the reduction of overpotentials
for the hydrogen evolution reaction (HER) and oxygen evolution
reaction (OER) is of foremost importance. Conventional commercial
AWE has been performed using 20–30 wt% KOH aqueous solution
at electrolysis temperatures of 60 °C–80 °C.3 An effective approach
for reducing the overpotential for the HER and OER is to increase
the electrolysis temperature. Previous studies have reported results
in the high-temperature range (above 100 °C) up to 400 °C using
30–52 wt% KOH aqueous solution.5–15 Previous high-temperature
experiments were conducted using aqueous KOH solutions under
pressurized conditions to suppress the evaporation of water.

In this study, we focused on water electrolysis in a molten
KOH–H2O system (85:15 wt%, 65:35 mol%), a super-concentrated
KOH solution, which has not been reported before. The melting
point of the 85 wt% KOH system is 100.4 °C (Fig. 1), and the
boiling point is estimated to be over 300 °C, according to published
data.17 We investigated the HER and OER behavior of a Ni
electrode in the molten KOH–H2O system (85 wt% KOH) at a
high temperature of 150 °C and atmospheric pressure by linear
sweep voltammetry (LSV) and galvanostatic electrolysis, and
compared the results with those obtained in the conventional
30 wt% KOH aqueous solution at 80 °C.

Experimental

LSV and galvanostatic electrolysis were performed in molten
KOH–H2O (85 wt% KOH) at 150 °C using a three-electrode cell

with an electrochemical measurement system. The cell was
consisted of a perfluoroalkoxy alkanes (PFA) beaker, a polytetra-
fluoroethylene (PTFE) cover, and electrodes. The mass of
KOH–H2O was 500 g. A Ni plate (thickness: 0.1 mm) with a flag
shape and 3 mm diameter was used as the working electrode. A Pt
rod was used as the counter electrode. A palladium hydride (Pd–H)
electrode was used as the reference electrode, and the potential was
calibrated with respect to a reversible hydrogen electrode (RHE).
The equilibrium potential of the Pd–H electrode for the RHE was
determined using thermodynamic calculations based on the rela-
tionship between the equilibrium hydrogen pressure and the
temperature in the two-phase coexistence region of Pd–H.18 The
potential of the Pd–H reference electrode was very stable during
the electrochemical measurements (Fig. S1). For comparison,
similar electrochemical measurements were conducted using a
30 wt% KOH aqueous solution at 80 °C, assuming the conditions
of conventional commercial AWE. In this case, RHE was used as
the reference electrode. All measured potentials were IR-compen-
sated. All measurements were performed in stationary electrolytes
under Ar gas flow at atmospheric pressure.

Results and Discussion

Polarization measurements were performed on Ni electrodes by
LSV at a slow scan rate of 10 mV s−1 (Fig. 2). The polarizations for
both the HER and OER significantly decreased in molten KOH–H2O
at 150 °C compared with those in the conventional 30 wt% KOH
aqueous solution at 80 °C.

Figure 3 shows the Tafel plots constructed from the LSVs. The
Tafel slope for the HER is –100 mV dec−1 in aqueous KOH,
whereas the Tafel slope in molten KOH–H2O is much lower, at
–34 mV dec−1. For the OER, the Tafel slope is 87 mV dec−1 in
aqueous KOH, and 72 mV dec−1, which is 15 mV dec−1 lower, in
molten KOH–H2O. The changes are also observed in the Tafel
region. For the HER, the Tafel region was 10–200 mA cm−2 in
aqueous KOH and 5–1500 mA cm−2 in molten KOH–H2O, a
significant expansion toward the high current density range.
Similarly, for the OER, the Tafel region was 3–30 mA cm−2 in
aqueous KOH and 3–70 mA cm−2 in molten KOH–H2O, indicating
the expansion of the Tafel region to the high current density range.
The decrease in the Tafel slope with the change of electrolyte from
aqueous KOH to molten KOH–H2O suggested a change in the rate-
determining steps for the HER and OER. The expansion of the Tafel
region to the high current density range was also considered to have
promoted mass transfer. These effects were more significant for the
HER than the OER. These results suggest that the change in the rate-
determining step and the promotion of mass transfer associated withzE-mail: kawaguchi.kenji.6a@kyoto-u.ac.jp; nohira.toshiyuki.8r@kyoto-u.ac.jp
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Figure 1. Binary phase diagram for the KOH–H2O system. Reproduced and modified with permission from Ref. 16. Copyright 1967 American Chemical
Society.

Figure 2. Linear sweep voltammograms for the (a) HER and (b) OER at Ni electrode in molten KOH–H2O (85 wt% KOH) at 150 °C and 30 wt% KOH aqueous
solution at 80 °C. Scan rate: 10 mV s−1.
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the change of electrolyte from aqueous KOH to molten KOH–H2O
were two of the main reasons for the decrease in polarizations for the
HER and OER.

Galvanostatic electrolysis was conducted at ±500 mA cm−2,
which corresponds to the high current density of a conventional
commercial AWE, and at ±1000 mA cm−2, which is double the
current density, to measure the steady-state potential. Figure 4 shows
the change in overpotentials in aqueous KOH and molten
KOH–H2O. Similar to the LSV results, the overpotentials for the
HER and OER significantly decreased with the change of electrolyte
from aqueous KOH to molten KOH–H2O. Specifically, at
500 mA cm−2, the HER overpotential decreased by 261 mV, from
467 mV (aqueous KOH) to 206 mV (molten KOH–H2O). The OER
overpotential decreased by 75 mV, from 553 mV (aqueous KOH) to
478 mV (molten KOH–H2O). Thus, the total overpotential decreased
by 336 mV, from 1020 mV (aqueous KOH) to 684 mV (molten
KOH–H2O). Here, the standard theoretical decomposition voltage
decreased by 28 mV as the temperature increased from 80 °C to
150 °C. According to the aforementioned values, the total over-
potential and standard theoretical decomposition voltage decreased
by 364 mV as the electrolyte changed from aqueous KOH to molten
KOH–H2O. Therefore, the thermodynamic effect on the decrease in
polarization was 8%, whereas the kinetic effect was 92%, indicating
that the polarization decreased with the change of electrolyte mainly
owing to kinetic effects. As shown in Fig. 4, even when the current
density was doubled from 500 mA cm−2 to 1000 mA cm−2, the total

overpotential decreased by 361 mV, from 1149 mV (aqueous KOH)
to 788 mV (molten KOH–H2O). These results indicate that water
electrolysis using the molten KOH–H2O system has the potential to
improve energy efficiency, even when operated at higher current
densities than conventional AWE.

Conclusions

In this study, to develop highly efficient water electrolysis, we
investigated the HER and OER behavior of a Ni electrode in a
molten KOH–H2O system (85 wt% KOH) at the high temperature of
150 °C. In LSV, the polarizations for the HER and OER at the Ni
electrode were significantly reduced in the novel system compared to
those in the conventional system (30 wt% KOH aqueous solution at
80 °C). The Tafel plots revealed that the change in the rate-
determining step and the promotion of mass transfer associated
with the change of electrolyte from aqueous KOH to molten
KOH–H2O were two of the main factors that reduced polarizations
for the HER and OER. Steady-state potentials were measured during
galvanostatic electrolysis at ±500 mA cm−2, which correspond to the
high current density for conventional commercial AWEs. As a
result, the HER overpotential decreased by 261 mV and the OER
overpotential decreased by 75 mV as the electrolyte changed with a
total decrease of 336 mV. The thermodynamic effect on the decrease
in polarization between aqueous KOH at 80° C and molten
KOH–H2O at 150 °C is 8%, whereas the kinetic effect is 92%,
indicating that as the electrolyte changed, the polarization decreased,
mainly due to kinetic effects. Even when the current density was
doubled from 500 mA cm−2 to 1000 mA cm−2, the total overpoten-
tial decreased by 361 mV.
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