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Abstract— This work aims to investigate the behaviour of 
enhanced MoS2-based cathode electrocatalysts, both in supported 
and unsupported form, in a practical PEM water electrolyser. 
More in detail, the study reports both the synthesis and a thorough 
characterization of MoS2-based electrocatalysts, including an 
investigation of their structural, morphological and 
electrochemical properties with validation in practical single cell 
devices. 
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I. INTRODUCTION  
Green hydrogen, produced through water electrolysis 

powered by renewable energy (solar, wind, hydroelectric, 
geothermal energy), is considered an excellent energy carrier 
that can be used in many sectors, from energy production to 
mobility [1]. Among different electrochemical water splitting 
technologies, proton exchange membrane (PEM) electrolysis is 
considered among the most promising pathways for large-scale 
green hydrogen production.  This technology offers several 
advantages, such as high efficiency, high current density, high 
purity hydrogen production and high operation pressure. 
However, the need to use noble metals as catalysts, such as 
iridium and platinum, which are typically employed at the anode 
and cathode [2]. The aim of this work was to analyse the 
behaviour of enhanced non-critical raw materials MoS2-based 
cathode electrocatalysts, both in supported and unsupported 
form, in a practical PEM water electrolyser. 

II. EXPERIMENTAL 
Three different MoS2-based materials were developed and 

compared with a MoS2 (C01) commercial catalyst. The 
developed electrocatalysts were an unsupported MoS2 (S00) 
obtained by a hydrothermal synthesis, supported MoS2/C (S01), 
where the synthetized MoS2 was mechanically mixed with a 
conductive high surface area carbon black (Ketjenblack EC-
600JD®), and MoS2/C (S02) directly obtained by mixing the 

carbon black with the molybdenum sulphide precursors during 
the hydrothermal synthesis. The electrochemical performance of 
these electrocatalysts was evaluated in a water electrolysis single 
cell by polarization curves, impedance spectroscopy and 
durability tests exceeding a thousand hours. 

III. RESULTS AND DISCUSSION  
Fig. 1a shows the X-ray diffraction patterns of the prepared 

catalysts.  The patterns of the in-house MoS2 samples, obtained 
by hydrothermal synthesis, are indexed by the JCPDF card 
number 37-1492. The structure identified for these catalysts was 
hexagonal in all cases. These patterns are characterised by 
significant peak broadening (Fig. 1a) indicating a small 
crystallite size. The peak broadening was essentially similar in 
the unsupported and carbon supported MoS2 catalysts indicating 
an average crystallite size in the same range. Interestingly, the 
commercial C01 sample in Fig. 1b showed a rhombohedral 
structure and a pattern with sharp and intense peaks. This was 
indexed by the JCPDF card number 06-0097.  From the peak 
broadening an average crystallite size of 59 ± 6 nm was 
estimated. 

 
Fig. 1. XRD patterns of the synthesized (a) and commercial (b) MoS2 
catalysts.  



 
Fig. 2. Initial polarization curves at 80 °C for the MEAs based on unsupported 
MoS2 sample S00, carbon supported MoS2 sample S01, carbon supported MoS2 
sample S02 and carbon supported C01 commercial MoS2 catalyst 

Fig. 2 compares the raw polarization curves for the different 
catalysts in the same plot at the working temperature of 80°C. 
At low current density, where the conductivity of carbon is less 
relevant, the unsupported S00 catalyst performs similarly to the 
supported homologues. However, a high slope is registered in 
the polarization curves of the unsupported S00 at high current 
density with the consequent ohmic losses governing the 
performance of the MEA based on this material. This behaviour 
is essentially related to the semiconducting properties of MoS2. 
The in-house synthesized catalysts and the commercial catalyst, 
both mixed with carbon black, show a similar slope at high 
current density; however, the polarization curve of the cell with 
the commercial catalyst is shifted to larger cell voltages with the 
consequent loss of efficiency due to the poor catalytic activity. 
Whereas the in-house synthesized catalysts combined with the 
carbon black show an optimal behaviour characterised by low 
activation energy at low current densities and low ohmic drop at 
high currents.  

 
Fig. 3. Durability tests at 1 A cm-2 and 80°C for the MEAs based on S00, S01, 
S02 and C01 catalysts 

All MEAs showed an increase of cell potential at the very 
beginning of the durability test (Fig. 3) with subsequent rapid 
improvement of performance corresponding to a decrease of cell 
voltage versus time. The best performing catalysts were the in-
house MoS2 catalyst mixed to carbon black (S01) and especially 
the in-house MoS2 catalyst with the carbon black added during 

the preparation procedure (S02). Both showed a continuous 
improvement during the durability test with the S02 catalyst 
operating below 1.8 V/cell for most of the 1350 hours steady-
state test. This corresponds to a voltage efficiency better than 82 
% vs. the H2 high heating value (HHV). Interestingly, during the 
entire durability test, the S02 catalyst showed a distinctly better 
performance than the S01 despite the similar initial performance 
in the BoT polarization curves. This could be related to the 
presence of oxidation products such as oxides and sulphates on 
the surface of the S01 sample, due to ball milling, as well as to 
some mass transfer issues that may be present in the 
mechanically mixed MoS2-Ketjenblack composite catalyst 
compared to the catalyst where KB was added during the 
preparation process, the latter resulting in a more intimate 
mixing of the two phases. This is also evident from the lower 
raise of cell voltage at the beginning of the durability test. 

The present results evidence that a properly designed MoS2-
Ketjenblack composite cathode-based MEA, after about a 
thousand hours of operation can reach a promising performance 
in the presence of a standard Nafion® 212 membrane and a 
conventional commercial IrO2 electrocatalyst. 

IV. CONCLUSIONS 
The novel and distinctive approach of this work relies on the 

development of a nanostructured composite between MoS2 and 
a high surface area (1400 m2/g) carbon black, capable of 
achieving a good synergy between electronic conductivity and 
electrocatalytic activity, and its assessment in terms of long-term 
durability in electrolysis single cell. Such durability testing 
exceeding a thousand hours can provide a useful validation of 
the enhanced MoS2 material for practical hydrogen evolution 
reaction applications. 
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