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Figure 33. The EIS of cell based on NiMo as cathode and NiFe oxide as anode measured at 1.5
V and 1.8 V at 30 °C (a), 40 °C (b) and 50 °C (c).

A short galvanostatic test carried out at 50 °C was sufficient to show as the cell improved its
performance but the voltage was still high.
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Figure 34. Durability test carried out under galvanostatic conditions at 50 °C for cell based on
NiMo as the cathode and NiFe oxide as anode.

The next experiments are related to the investigation of Ni0.4Cu0.4Mo0.2. In Figure 35, the
polarisation curves of cell using this electrocatalyst as cathode are reported.
As shown, the best performance was observed at 50 °C that was an optimal compromise
between the lower activation overpotential and better conductivity of membrane.
A further increase of current density was achieved vs. NiMo but the performance was still
lower than NiCu.
As can be seen, at 60°C a I-V curve with lower performance was achieved. Such behaviour is a
consequence of partial loss of electrocatalytic activity from the Ni0.4Cu0.4Mo0.2 at
temperatures higher than 50 °C.
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Figure 35. Comparison of polarization curves carried out on the cell mounting Ni0.4Cu0.4Mo0.2
as cathode and NiFe oxide as anode in the temperature range 30 °C - 60 °C.

EIS analyses are reported in figure 36. As for the other experiments, this cell exhibited two
well defined semicircles with the one appearing at low frequencies being highly sensible to
the cell potential.
Nevertheless, in the case of this cell, the increase in temperature the series resistance as a
whereas the total resistance (low frequency intercept with x-axis) showed an increase
between 50 and 60 °C.
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Figure 36. The EIS of cell based on Ni0.4Cu0.4Mo0.2 as cathode and NiFe oxide as anode
measured at 1.5 V and 1.8 V at 30 °C (a), 40 °C (b), 50 °C (c) and 60 °C (d).

A much recent investigation for this electrocatalyst was conducted with a KOH feed at both
electrodes. Figure 37 compares the results of this new approach with the performance of the
cell investigated in a conventional configuration (i.e. by feeding KOH to the anode). As
observed, the presence of KOH on both sides of cell worsened the performances in terms of
both activation and ohmic overpotentials.
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Figure 37. A comparison of polarization curves carried out on the cell based Ni0.4Cu0.4Mo0.2 as
cathode and NiFe oxide as anode at 50 ° by feeding KOH on one or both sides of cell.

The EIS reported in the figure 35 shows as the presence of KOH on both sides of cell caused
an increase of semicircle appearing at low frequencies. Thus, hydrogen evolution is negatively
affected by the presence of KOH at the cathode.

Figure 38. The EIS of cell based Ni0.4Cu0.4Mo0.2 as cathode and NiFe oxide as anode measured
at 50 °C by feeding KOH at one or both sides of cell.
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Then, the cell was placed under galvanostatic mode to evaluate the durability using circulation
of KOH at both sides. Figure 36 shows a slight increase in performance with time at low current
density.
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Figure 39. Durability test conducted under galvanostatic conditions (i.e. 0.2 A cm-2- 0.4 A cm2)

for the cell based on Ni0.4Cu0.4Mo0.2 as cathode and NiFe oxide as anode at 50 °C and by

feeding KOH on both sides of cell.

The EIS reported in the figure 40 shows as the presence of KOH on both sides of cell caused
an increase of semicircle appearing at low frequencies. Thus, hydrogen evolution is negatively
affected by the presence of KOH at the cathode.
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Figure 40. The EIS of cell based Ni0.4Cu0.4Mo0.2 as cathode and NiFe oxide as anode measured
at 50 °C by feeding KOH after durability test.

Figure 41 shows slight losses in performance at the end of the test and it is essentially ascribed
to a lower activation constraint probably associated with the cathode reaction (i.e. hydrogen
evolution). No evidence of membrane degradation was observed since the ohmic slop
remained the same after the prolonged test (fig 40).

2.4

Potential /V

2.2
2
1.8

1.6

50°C before DT
50°C after DT

1.4
1.2
1
0

0.2

0.4

0.6

Current density / A

46

0.8

cm-2

1

GA No. 875024

Figure 41. Comparison of polarization curves at the beginning and end of the Durability test
conducted under galvanostatic conditions) at 50 °C with the cell based on Ni0.4Cu0.4Mo0.2 as
cathode.
As shown in the figure 42, the best performance was observed at 50 °C for CNR-ITAE catalysts
compared with commercial materials, that was an optimal compromise between the lower
activation overpotential and better conductivity of membrane.

Figure 42. Comparison of polarization curves at 50 °C with the cell based CNR-ITAE catalysts
and the cell based commercial catalysts.

Conclusions
The performance targets have been almost achieved using NiFe oxide anode and NiCu
cathode catalyst showing 170 mV and 190 mV overpotentials at 1 A cm-2 at 50°C with a Tafel
slope indicative of a one electron transfer rate determining step.
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The durability target was fully achieved with the NiFe oxide anode catalyst showing no
degradation in a 1000 hrs durability test at 1 A cm-2. On the contrary, the stability target was
not achieved with the investigated Ni-based cathode catalysts both NiCu and NiMo.
NiCu is promising in terms of performance but shows rapid degradation whereas NiMo is not
yet properly optimised with regard to composition, surface and morphology. Additional steps
are necessary to improve these catalytic systems and their interface with the membrane
developed in the project needs to be assessed.
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