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Electrochemical water splitting requires new, low-cost cathode electrodes for the
hydrogen evolution reaction to enable the worldwide implementation of electrolyzers.
Cobalt borides are proposed as one of the most promising materials to overcome the
limitations of the commercial electrocatalysts, but the catalytic activity still needs to be
improved to be competitive. Here, we report that the introduction of zinc into cobalt boride
to produce a ternary cobalt boride is an efficient route to further improve the catalytic
activity towards the hydrogen evolution reaction (HER) of cobalt boride. The ternary Co-Zn-
B was prepared by an easy chemical reduction method to achieve superior HER
electrocatalytic performance with a lower overpotential than the homologous Co-B.
The larger surface area, structural order, crystallization degree and, in particular, the
different surface chemistry seem to be key factors for this improvement.
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INTRODUCTION

The hydrogen economy is proposed as a viable and efficient strategic model to replace the current
economic system based on fossil fuel combustion (Abdin et al., 2020; Fan et al., 2021). The main
advantage of hydrogen as an energy vector is its potential to supply energy without any dependence
on an external factor, thus overcoming the intermittency of other renewable systems, such as solar
and wind power (Abdin et al., 2020; Thomas et al., 2020; Fan et al., 2021; Singla et al., 2021). The
impact and relevance of hydrogen in the following years is such that the Hydrogen Roadmap for
Europe predicts that it will provide up to 24% of total energy demand in the European Union by 2050
(Hydrogen Roadmap Europe, 2019). However, the hydrogen economic system in the new economic
forecasts will only be viable if hydrogen is obtained from renewable technologies (known as green
hydrogen).

The most promising strategy to produce green hydrogen is electrochemical water splitting, which
is the most efficient route to produce hydrogen with zero-net carbon emissions (Wang et al., 2020;
Zhou and Fan, 2021). Water electrolysis requires the use of expensive electrocatalysts in the cathode
electrode for solving the sluggish kinetics of the hydrogen evolution reaction (HER) (Murthy et al.,
2018; Yu et al., 2019; Wu et al., 2021). Nevertheless, the most efficient electrocatalysts are based on

Edited by:
Simona Liguori,

Clarkson University, United States

Reviewed by:
Yongqiang Feng,

Shaanxi University of Science and
Technology, China

Jayeeta Chattopadhyay,
Amity University Jharkhand, India

*Correspondence:
Javier Quílez-Bermejo

javier.quilez-bermejo@univ-lorraine.fr
Vanessa Fierro

vanessa.fierro@univ-lorraine.fr

Specialty section:
This article was submitted to

Hydrogen Storage and Production,
a section of the journal

Frontiers in Energy Research

Received: 21 March 2022
Accepted: 21 April 2022
Published: 12 May 2022

Citation:
Quílez-Bermejo J, García-Dalí S,

Karthik R, Canevesi R, Izquierdo MT,
Emo M, Celzard A and Fierro V (2022)

Zinc Doping Enhances the
Electrocatalytic Properties of Cobalt

Borides for the Hydrogen
Evolution Reaction.

Front. Energy Res. 10:901395.
doi: 10.3389/fenrg.2022.901395

Frontiers in Energy Research | www.frontiersin.org May 2022 | Volume 10 | Article 9013951

ORIGINAL RESEARCH
published: 12 May 2022

doi: 10.3389/fenrg.2022.901395

http://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2022.901395&domain=pdf&date_stamp=2022-05-12
https://www.frontiersin.org/articles/10.3389/fenrg.2022.901395/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.901395/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.901395/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.901395/full
http://creativecommons.org/licenses/by/4.0/
mailto:javier.quilez-bermejo@univ-lorraine.fr
mailto:vanessa.fierro@univ-lorraine.fr
https://doi.org/10.3389/fenrg.2022.901395
https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2022.901395


platinum nanoparticles supported on carbon black. Platinum is a
rare material in nature, makes the cost of these electrocatalysts
unaffordable to enable the worldwide implementation of
electrolyzers. Different alternatives to platinum-based catalysts
have been proposed in recent years and can be classified into two
groups: (i) metal-free carbon-based electrocatalysts (Hu and Dai,
2016; Murthy et al., 2018; Nemiwal et al., 2021) and (ii) non-
precious metal-based electrocatalysts (Siwal et al., 2020; Zhou
et al., 2020). The latter have attracted the attention of the scientific
community because of the low cost of these metals and the easy
preparation of the electrocatalysts while retaining most of the
chemical features of metal nanoparticles.

Transition metal borides (TMBs) have attracted considerable
attention in recent years due to their excellent electrocatalytic
properties for HER (Gupta et al., 2020; Pu et al., 2021; Yao et al.,
2021). However, most of the TMBs exhibit poor catalytic
performance in alkaline water electrolysis. Cobalt boride (Co-
B) is the most promising HER electrocatalyst among all TMBs
since it is considered a robust, stable and efficient catalyst as
cathode electrode for electrochemical water splitting (Gupta et al.,
2015; Masa et al., 2016; Chen et al., 2018). Recent works have
attempted to enhance the electrocatalytic performance of Co-B by
introducing a second metal in the pristine Co-B structure such as
Fe (Qiang et al., 2021), Ni (Xu et al., 2017; Dutta et al., 2020) and
others (Fernandes et al., 2020). However, to the best of our
knowledge, the introduction of Zn and the impact in the
physicochemical and electrochemical properties of the
resulting Zn doped Co-B has not yet been studied.

Inspired by the high catalytic activity of Co-B, we report a
simple and effective strategy for the preparation of improved
HER electrocatalysts based on ternary metal boride doped with
Zn (Co-Zn-B) through a well-known chemical reduction method
(Tan et al., 2019). The resulting Co-Zn-B catalysts were
extensively characterized by XRD, XPS, N2-adsorption
isotherms, TEM, EDS and electrochemical characterization.
These new catalysts led to an improved HER performance
with significantly enhanced kinetics compared to the pristine
Co-B, postulating the doping of Zn in TMBs as a new opportunity
to improve the properties of metal borides for multiple
applications.

MATERIALS AND METHODS

Preparation of Co-Zn-B
A ternary metal boride based on Co and Zn (Co-Zn-B) was
prepared through a chemical reduction method by combining
different metals precursors in the synthesis. 50 ml of a 0.1 M
aqueous solution of the Zn precursor, Zn(NO3)2, was added into
50 ml of the Co precursor, a 0.3 M aqueous solution of CoCl2.
After vigorous stirring to ensure adequate contact of all
precursors, 15 ml of 0.3 M NaBH4 was added to the mixture.
The resulting solution was then stirred for 30 min until a powder
was obtained. The resulting material is filtered and washed with
water. The generated powder was introduced into a tubular
furnace for further heat treatment in N2 atmosphere with a
heating rate of 1°C min−1 up to 350°C and this temperature

was maintained for 2 h. Prior to the heat treatment, the furnace
was purged with a N2 flow of 150 ml min−1. The same flow was
kept during the heat treatment. The same procedure was
employed for the preparation of Co-B material, but without
the addition of the Zn precursor.

Figure 1 illustrates the experimental method for the
preparation of Co-B and Co-Zn-B.

Physicochemical Characterization
Transmission electron microscopy (TEM) images were acquired
by a JEM—ARN 200 F Cold FEC TEM/STEM equipped with a
probe and image spherical aberration correctors. Prior to the
experiments, the samples were prepared by dispersing the
powdered working material in an ethanol solution via
sonication. Once the suspension was obtained, the material
was drop-cast and deposited on a carbon-coated TEM grid
(200 mesh) and dried under ambient conditions. Particle size
distribution of the samples was measured by laser diffraction
using a Mastersizer 3000 (Malvern Panalytical) analyzer. Prior to
the measurements, the powder was dispersed in distilled water.

The crystallization degree and structural order of the samples
were studied through X-ray Powder Diffraction (XRD) using a
Bruker D8 Advance A25 polycrystalline powder X-ray
diffractometer. Textural properties, BET areas (ABET) among
them (Brunauer et al., 1938), were obtained from N2 adsorption
isotherms performed at -196°C on a fully automatized ASAP2020
manometric adsorption unit (Micromeritics, Atlanta, GA). Prior to
the measurements, the samples were degassed under high vacuum
(1.0x10−3 Pa) and 110°C for 24 h (Jagiello et al., 2021). X-ray
photoelectron spectroscopy (XPS) was obtained by using an
ESCAPlus OMICROM spectrometer equipped with a non-
monochromatized MgKα X-ray source. Shyrley-type background
and quantification were processed using the CASA software. Peak
deconvolution was performed by XPSPEAK software using 20:80
Laurentizan:Gaussian fitting.

Electrochemical Characterization
The electrochemical characterization of Co-B and Co-Zn-B was
studied in a conventional three-electrode cell equipped with a
rotating ring-disk electrode (RRDE) in a PGSTAT302N bi-
potentiostat (Metrohm). The working electrode was prepared
as detailed elsewhere (Bouleau et al., 2022). Briefly, the working
electrode consists of a glassy carbon disk of 0.196 cm2 and a
second working electrode based on a platinum ring surrounding
the working carbon-based electrode. To prepare the working
electrode, the Co-Zn-B and Co-B powdered samples were
suspended in a concentration of 4 mg ml−1 in a 20% aqueous
isopropanol solution with a 0.2 wt% Nafion®. A total of 33.68 µL
of the suspension were drop-casted into the working electrode to
obtain a carbon loading of 0.7 mg cm2. The material was dried
under an IR lamp at approximately 80°C. Then, the electrode is
introduced in the working electrolyte under vacuum conditions
for few minutes to ensure adequate wettability of the electrodes
(Bouleau et al., 2022). A reversible hydrogen electrode was used as
the reference electrode and a glassy carbon rod of 8 mm in
diameter was used as the counter electrode. The RHE consists
of a platinum electrode, which is immersed in the working
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electrolyte. After applying a voltage, pure hydrogen is produced at
the reference electrode and can be used for the electrochemical
measurements. The stability of the RHE was checked and
confirmed before the measurements.

The electrochemical behavior was analyzed through cyclic
voltammetries (CV) in a N2-saturated 1.0 M KOH solution at
50 mV s−1. The electrocatalytic activity towards HER was studied
by linear sweep voltammetry (LSV) in a N2-saturated 1.0 M KOH

FIGURE 1 | Illustration of the synthesis process of Co-Zn-B.

FIGURE 2 | TEM images of Co-B before (A) and after (B) heat treatment and (C) diffraction SAED pattern. TEM images of Co-Zn-B before (D) and after (E) heat
treatment and (F) diffraction SAED pattern EDS of Co-Zn-B after treatment. (G) High Resolution TEM images of Co-Zn-B. (H,I) EDXmapping of Co and Zn distribution in
Co-Zn-B.

Frontiers in Energy Research | www.frontiersin.org May 2022 | Volume 10 | Article 9013953

Quílez-Bermejo et al. Zinc Improves HER Performance

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


solution between 0.2 and −1.0 V vs. RHE at 1,600 rpm and a scan
rate of 5 mV s−1. Tafel slopes were obtained from the linear fitting
of the log(j) versus the applied potential.

RESULTS AND DISCUSSION

Bright Field TEM images were obtained before and after the heat
treatment step. Figure 2A shows the TEM image of the undoped
Co-B sample before the heat treatment, in which a laminar
arrangement was observed. After the heat treatment
(Figure 2B), the morphology of Co-B material is significantly
affected, leading to the formation of small nanospheres of about
10 nm in diameter with a high degree of agglomeration, similar to
other cobalt borides in the literature (Chundurri et al., 2019). At
the same time, the ternary metal boride (Co-Zn-B) before the heat
treatment step shows a high degree of agglomeration degree of
thin layers (Figure 2D). The heat treatment at 350°C of Co-Zn-B
leads to the formation of larger nanospheres of about 25 nm with
a lower degree of agglomeration compared to Co-B (Figure 2E).
Interesting differences were also observed in the diffraction
pattern from TEM images of the samples obtained after the
heat treatment step. The Co-B diffraction pattern shows that
the material is disordered since intense dots are not observed by
selected area electron diffraction (SAED), Figure 2C. This is
characteristic of amorphous phases of cobalt borides (Li et al.,
2002; Jiang et al., 2020). At the same time, the sample obtained by
adding Zn shows a well-ordered SAED pattern (Figure 2F),
highlighting the differences in the structural order of both
samples. The standard value of 0.1983 nm for (211) plane in
cobalt borides confirmed the formation of structured cobalt
boride phases (Zhang et al., 2020); however, the major ring
contributions are found at standard values of 0.2520 and
0.2832 nm, which are associated with (100) and (002) planes
of zinc oxide phases, respectively (Emil et al., 2018). Moreover,
Figure 2G shows the high-resolution TEM (HRTEM) images of
the Co-Zn-B sample, in which a clear atomic order was observed,
which confirm the presence of crystalline phases.

Energy Dispersive X-ray Spectroscopy (EDS) was used to
obtain information about the chemical nature of the Co-B and
Co-Zn-B samples. As observed in Supplementary Figure S1A,
the EDS profiles show the presence of cobalt, oxygen and boron in
the Co-B sample. If the material is prepared with the addition of
Zn(NO3)2, a new intense peak is observed in the EDS profile
(Supplementary Figure S1B), which is attributed to the presence
of Zn in the material composition Moreover, EDS mapping was
performed to further check the distribution of Co and Zn atoms
in HRTEM images. Figures 2H,I show a homogenous
distribution of both Co and Zn atoms in Co-Zn-B sample.
This confirm the successful doping of Co-B with the presence
of Zn in the bulk. In addition, the presence of small traces of Cl
was detected in Co-Zn-B sample, probably originating from the
CoCl2 used in the synthesis (Figure 2F). It is interesting to note
that this Cl peak is not found in the Co-B sample, so only if the Zn
is used in the synthesis the Cl remains after the heat treatment.
This fact suggests that Zn interacts strongly with the chlorides
and that, consequently, the Zn-Cl bonds formed are stable after

the 350°C heat treatment in good agreement with previous studies
(Jones et al., 2013).

The particle size distributions of the two samples are shown in
Supplementary Figure S2. The pristine Co-B shows a large and
broad contribution centered at 43 μm, with a minor contribution
at 10 µm. At the same time, the sample obtained with the
introduction of Zn (Co-Zn-B) led to a significant decrease in
particle size to a unimodal peak centered at about 17 µm. The
crystallization degree and the structural order of Co-B and Co-
Zn-B were studied via X-ray diffraction (XRD). The XRD-profile
of Co-B (Figure 3A) shows the predominance of a disordered
cobalt boride structure (PDF 75-1066), as shown by the broad
peak at 44.5°, characteristic of amorphous domains of cobalt
boride phase (green triangle in Figure 3A) (Wang et al., 2004). In
addition, the broad peaks at 37° indicate the presence of CoO
(PDF-721474) and Co3O4 (PDF-65-3103) cobalt oxide phases
(blue circle in Figure 3A). This means that our Co-B sample does
not only consist of cobalt boride domains, but there is also the
presence of cobalt oxides in its composition. On the other hand,
the XRD-profile of Co-Zn-B sample (Figure 3A) is significantly
different compared to Co-B sample, since a clear structural order
is observed, as confirmed in the diffraction pattern from TEM
images. Multiple peaks related to zinc oxide (PDF-653411) (black
squares in Figure 3A) and zinc chloride (PDF-070155) (red
squares in Figure 3A) are defined, showing that most of the
order originates from the metal oxide phases. The presence of
zinc chloride peak confirmed what was suggested in the EDS
profile, the presence of Zn-Cl phases. The peak related to metal
borides phase (green triangle in Figure 3A) is slightly observed at
44.5°, which indicates that this phase is present in the form of
amorphous domains, as in Co-B sample.

The surface chemistry of the samples was studied by X-ray
photoelectron spectroscopy (XPS) and the quantification of the
different elements in the two cobalt borides are gathered in
Table 1. The amount of Co in the composition decrease from
16.2 at.% to 7.4 at.% after the addition of Zn in the synthesis of the
samples. This decrease in the Co amount is related to the
introduction of Zn atoms into the structure of the cobalt
boride, which was found to be 7.6 at.% in Co-Zn-B. The total
metal amount in the ternary metal borides was 15.0 at.%, which is
similar to that in pristine Co-B. This means that the Zn atoms are
introduced in substitution of the Co atoms in the structure,
maintaining similar metal content in the borides. Moreover,
Table 1 also shows that the O and B contents are similar for
both samples, indicating that the only differences in the surface
chemistry of these samples are found in the metal composition.

The individual deconvolution of the Co 2p3/2 reveals
important information about the effect of the Zn in the
pristine Co-B structure. Figure 3B shows the Co 2p3/2 profile
of Co-B, in which two main peaks were detected. The first peak at
780.7 ± 0.2 eV is related to the presence of Co3+ and the second
peak at 782.7 ± 0.2 eV is associated with Co2+ (Tan et al., 2019;
Wang et al., 2021). In addition, the satellite peak is located at
785–787 eV. In the case of Co-B material, the ratio Co3+/Co2+ is
about 1.6, which indicates the larger contribution of Co3+ on the
electrocatalysts surface. However, if Zn is introduced in the
synthesis of cobalt borides, the Co3+ contribution increases to
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a Co3+/Co2+ ratio of 2.1. This indicates that chemical changes in
themorphology and structural order are accompanied by a higher
oxidation state of the cobalt atoms in the cobalt boride structure.
On the other hand, the Zn 2p3/2 profile of Co-Zn-B (Figure 3C)
shows the presence of single peak at 1,021.8 eV, which is related
to the presence of Zn2+ according to the literature (Choi et al.,
2016; Liang and Wang, 2018).

B 1s was studied to understand the chemical changes
associated with the boron element. Figure 3D shows the B 1s
profiles of Co-B and Co-Zn-B samples. The peak at 191.6 eV,
which is related to the presence of O-B-O (Sun et al., 2019;
Sukanya and Chen, 2020; Zhao et al., 2022), is observed in both
profiles, however, a new peak appears at 189.4 eV after the
introduction of the Zn into the cobalt boride composition.
This peak is related to the contribution of M-B-O moieties,
which reveals the formation of metal boride species (Sun
et al., 2019; Sukanya and Chen, 2020; Zhao et al., 2022). In
the case of the oxygen moieties, the O 1s spectra of the two
samples were evaluated and Figure 3E shows the O 1s profiles.
The pristine material shows the contribution of lattice O (at
529.1 eV), surface O groups (at 530.6 eV) and O vacancies (at
532.1 eV) (Wu et al., 2015; Masa et al., 2016). However, the
addition of Zn results in the disappearance of the both lattice O

and O vacancies. Thus, Co-Zn-B only shows the contribution of
surface O in the composition.

Figure 3F shows the N2 adsorption isotherms of both samples
and Table 1 summarizes the most important data. The undoped
Co-B material has an ABET of 70 m

2 g−1, typical of cobalt borides.
However, when the Zn-based ternary metal boride is formed, the
ABET increases up to 112 m2 g−1. The significant changes in the
morphology and the structural order seem to have a direct impact
on the textural properties of the cobalt borides, leading to an
increase of more than 30% in the apparent surface area.

Figure 4A shows the CVs of both samples in a N2-saturated
1.0MKOH solution at 50 mV s−1. The pristine Co-Bmaterial shows
aCV-profile similar to that of cobalt borides in the literature (Li et al.,
2020). As observed in Figure 4A, the CV-profile of the sample
modified with Zn does not present significant differences, but only a
slight tilt was observed, probably due to a lower electrical
conductivity of the material. The CV-profile of Co-Zn-B shows a
similar behavior to that observed for Co-B, which means that the
double layer capacitance is similar between the two samples (23.4
and 28.0 mF g−1 for Co-B and Co-Zn-B, respectively). This slightly
higher capacitance value for Co-Zn-B can be clearly associated with
the larger ABET of this sample (see Table 1), resulting in a larger
surface area accessible to the electrolyte.

FIGURE 3 | (A) XRD pattern of Co-B (top) and Co-Zn-B (bottom). (B) XPS spectra of Co 2p3/2 Co-B (top) and Co-Zn-B (bottom). (C) XPS spectrum of Zn 2p3/2 of
Co-Zn-B. (D) XPS spectra of B 1s of Co-B (top) and Co-Zn-B (bottom). (E) XPS spectra of O 1s of Co-B (top) and Co-Zn-B (bottom). (F)N2-absorption isotherms of Co-
B (purple) and Co-Zn-B (orange).

TABLE 1 | Atomic percentage of cobalt (Co), oxygen (O), boron (B) and zinc (Zn), Metal/Cobalt (M/Co) and Co3+/Co2+ ratios, obtained by XPS, and area BET (ABET), obtained
from N2-adsorption isotherms.

Sample Co (at.%) Co3+/Co2+ ratio Zn (at.%) Zn/Co ratio O (at.%) B (at.%) ABET (m2/g)

Co-B 16.2 1.6 - - 56.5 27.3 70
Co-Zn-B 7.4 2.1 7.6 1.0 53.9 31.0 112
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Figure 4B shows the LSV curves for all samples at 1,600 rpm
and 5mV s−1 in a N2-saturated 1.0MKOH solution. The LSV curve
of Co-B shows a poor catalytic performance towards the HER, with
an EHER of −0.57 V vs. RHE (overpotential = 570mV), which is far
from the commercial platinum-like performance, about −0.1 V, or
state-of-the art HER electrocatalysts (Feng et al., 2021; Feng Y et al.,
2022; Feng W et al., 2022). However, significant changes in the
morphology, structural order and surface chemistry also resulted in
an important change in the catalytic activity towards the HER. The
Co-Zn-B material shows a significant increase of the catalytic
activity, with an EHER of −0.50 V vs. RHE (overpotential =
500mV). Although this result is still far from the commercial
electrocatalysts, it suggests that the introduction of Zn induces
significant changes in the electron density of the material, which
also leads to an improvement in electrocatalytic activity.
Interestingly, this change in the HER activity is not accompanied
by a different electrochemical active surface area (ECSA), as shown
in Figure 4A, which means that the different catalytic activity
towards the HER comes from the changes in the
physicochemical properties obtained by the introduction of Zn.
This is also confirmed in the Tafel slopes, which provide
information about the kinetics of both electrocatalysts for the
HER. Figure 4C shows the Tafel plots of Co-B and Co-Zn-B
samples. The pristine material shows a low Tafel slope of 60mV
dec−1, which is characteristic of materials in which the Heyrovsky

stage (M-Hads + H+ + e−↔ H2 +M) is the rate-determining stage of
the hydrogen evolution mechanism (Fang and Liu, 2014).
Meanwhile, the ternary metal boride shows a higher Tafel slope
of 100 mV dec−1, significantly different from that obtained by the
Co-B material. Tafel slopes close to 120mV dec−1 indicate that the
rate-determining stage in the HER is the Volmer stage, which is
associated with the adsorption of the hydrogen atoms on the surface
of the electrocatalysts (M+H+ + e−↔M-Hads) (Fang and Liu, 2014).
This reveals that theHER on theCo-B andCo-Zn-B sample does not
proceed through the same mechanism and this can only be
explained if the active sites are different in the two samples since
the HER mechanisms are limited by different rate-determining
stages. The incorporation of Zn in the structure of Co-B leads to
the formation of new active sites that reduce oxygenmolecules more
efficiently than the pristine Co-B. Therefore, the contribution of a
larger surface area, a larger contribution of the Co3+ oxidation state
or a higher structural order after the introduction of Zn resulted in a
better HER catalytic activity in cobalt borides.

To assess whether the HER performance damaged the
chemical nature of the Co-Zn-B material, CV before and
after the HER measurements were performed.
Supplementary Figure S3 shows that the CV-profile does
not exhibit any significant change in the electrochemical
behavior of Co-Zn-B, suggesting strong stability under HER
working conditions. Furthermore, to confirm the high stability

FIGURE 4 | (A) CV comparison of Co-B and Co-Zn-B samples at 50 mV s−1 in a N2-saturated 1.0 M KOH solution. (B) LSV curves and (C) Tafel slopes of Co-B
and Co-Zn-B for HER in 1.0 M KOH. (D) LSV curves of Co-Zn-B sample at 50 mV s−1 in a N2-saturated 1.0 M KOH solution before and after chronopotentiometric
measurements.
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of the Co-Zn-B sample, chronopotentiometric (CP)
measurements were performed at a fixed current density of
−5 mA cm−2 (Supplementary Figure S4). Figure 4D shows the
LSV curves before and after the CP measurements of the most
catalytic sample. As observed, there is a slight improvement of
the electrocatalytic activity towards the HER after CP
measurements, probably related to better electrode wettability
after the working conditions. This demonstrates that the
introduction of Zn into the Co-B structure leads to the
preparation of a robust and stable HER electrocatalysts with
improved catalytic activity compared to the pristine Co-B. This
study should be considered as preliminary work and a proof of
concept and ongoing studies are being done on the addition of
different amounts of Zn.

CONCLUSION

A ternary Co-Zn-B boride was successfully prepared by using a
simple chemical reduction method of the metal precursors by
sodium borohydride. The introduction of Zn into cobalt boride
(Co-B) by this method leads to a 7.6 at.% content, which induces
significant changes inmultiples features of the pristine Co-B, such
as larger surface area, higher structural order and higher
crystallization degree as well as a shift of the particle size
distribution towards a smaller size. Nevertheless, the
electrochemical characterization of the Co-Zn-B and Co-B
sample, does not show significant differences in the CV-
profiles, suggesting similar electrochemical behavior.
Nonetheless, the Co-Zn-B material exhibits better
electrocatalytic activity towards the hydrogen evolution
reaction (HER) compared to Co-B. The electrocatalytic
experiments and Tafel slopes suggest that different active sites
were created with the introduction of Zn since different HER
kinetics and mechanisms were detected. In this study, the
introduction of Zn proved to be a useful strategy to modify
the chemical and electrochemical properties of Co-B, which may
be useful not only for HER but also for other applications.
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