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Abstract

Bi-functional electrocatalysts suited to alkaline water splitting systems are highly pursued,
towards the most realistic application enabled by simplified electrolyzer design and cost-
effective operation. Herein, a novel nanocomposite Co—Co(OH),/C electrocatalyst with
nanoscale hetero-structured metastable hexagonal-phase Co (H-Co) crystallites and Co(OH)>
crystallites encapsulated by amorphous carbon shells is developed. We employ a mild thermal
decomposition route coupled with in-situ carbon deposition performed at 400 °C to prepare H-
Co/C core/shell structured precursor. In a following controllable electrochemical
transformation at room temperature the partial conversion of the metastable H-Co to Co(OH)»
leads to the mutual embedding of nanoscale crystalline H-Co and Co(OH), confined in the
amorphous carbon shells. Taking advantage of the nanowire array morphology, carbon coated
core/shell structure, nanoscale size, and the synergistic H-Co and Co(OH), bi-components, an
outstanding bi-functional electrocatalytic performance for overall water splitting is attained
with proved small overpotentials (93 mV for hydrogen evolution reaction, 264 mV for oxygen

evolution reaction at 10 mA cm™2).
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1. Introduction

Water splitting to clean hydrogen energy source is a straightforward and promising route for
the expected sustainable energy strategy [1-4]. While, the-state-of-art expensive noble metal
involved electrode systems (e.g., Pt as the best hydrogen evolution reaction (HER) catalyst
[5-7], Ir-, Ru-based catalysts with excellent activities in (oxygen evolution reaction) OER
[8—10]) are imposing restrictions to the large-scale application of this technique. Regarding this
challenge, tremendous efforts have been devoted to exploration of non-noble metal based
electrocatalysts as cost-effective alternatives [11-14]. Among the extensively investigated cost-
effective catalysts, transition metal compounds are placing at the research frontier by virtue of
their earth-abundant characteristics, high catalytic activities, and especially the wide
opportunities of transition metal compounds as bi-functional electrocatalysts for overall water
splitting [ 15—18], which readily facilitate the electrolyzer design and benefit to mitigate the risk
in mutual contamination of anode and cathode [19-21].

Metallic cobalt (Co) and Co-compound based bi-functional electrocatalysts are one of the
most well-developed category for overall water splitting since they are suitable for more
realistic alkaline water splitting yet with outstanding catalytic property [22—-25]. The Co-based
chalcogenide, boride electrodes have presented promising catalytic activities for both OER and
HER. However, the involved complicated preparation process make such catalysts difficult to
be applied at a large scale [26—28]. Cobalt phosphide has been confirmed to be the most active
catalyst with low overpotentials when used as both HER and OER catalysts. Whereas, the
intrinsic toxicity of most phosphor sources needed for synthesis substantially restricted the
versatility of cobalt phosphide electrocatalysts [29—32]. From the perspective of macroscale
application, metallic cobalt, cobalt oxide, or hydroxide bi-functional electrocatalysts obtained
via facile processing yet evolved from inexpensive and safe starting materials are of practical
significance [33-36]. Ultrafine Co-based nano-electrocatalysts with conductive carbon

3



protective layers are ideal paradigm catalysts due to their great catalytic activity and working
stability, which have attracted tremendous research interests [37—40]. High temperature thermal
decomposition of metal organic framework (MOF) precursors is an intensively studied route to
carbon coated nano-Co. By thermal treatment of the typical ZIF-MOF at 900 °C, the prepared
ultrafine Co nanoparticles encapsulated in carbon-nanotubes-grafted graphene sheets was
reported to have superior HER performance (108 mV overpotential to achieve 10 mA cm~2 in
1 M KOH) [41]. However, in this study the application potential as bi-functional electrocatalyst
for both HER and OER has not been discussed. Zhang et al. employed similar MOF
transformation strategy to prepare Co nanoparticles encapsulated in B/N co-doped nanocarbon
[42], which could effectively work as bi-functional catalyst for overall water splitting. As an
OER catalyst, an overpotential of 302 mV is required to reach the current density of 10 mA
cm~2. An overpotential of 117 mV is required to drive the current density of 10 mA cm™ when
applied as HER catalyst. In this electrocatalyst preparation a high temperature thermal treatment
process at 900 °C is also involved. The overpotentials for both HER and OER are still high,
which thus led to a cell voltage of 1.68 V to achieve an electrolysis current density of 10 mA
cm~2 for the prototype electrolyzer. Accordingly, to explore mild preparation routes to high
performance Co/C nanocomposite electrocatalysts yet towards energy-saving production is of
great significance.

Recently, transition metal/transition metal hydroxide nanocomposite has been explored as an
outstanding bi-functional water splitting electrocatalyst both via theoretical prediction and
experimental proof [43]. With respect to this new type of nanocomposite electrocatalyst, on one
hand, the active defect sites across the metal-metal hydroxide interphase are benefiting to
improve the OER performance. On the other hand, the lowered binding energy with atomic
hydrogen enabled by the synergistic involvement of both metal component and metal hydroxide

component leads to a superior HER catalytic performance. The pioneer study reported a unique



ultrathin two dimensional nanocomposite including co-existed Ni and Ni(OH), crystallites at
the nanoscale, and presented a very promising application potential of this composite as bi-
functional electrocatalyst for alkaline overall water splitting [43]. While up to now, there are
still scarce available preparation routes to this new type low cost bi-functional electrocatalyst.
In this study, we first report a nanoscale hetero-structured Co—Co(OH), bi-functional
electrocatalyst via a novel preparation method based on electrochemical conversion of
metastable H-Co to Co(OH).. The targeting electrocatalyst design merits in terms of ultrafine
particle size (5-20 nm) for massive active sites, protective coating with conductive carbon
layers for promised working stability, and synergistic bi-component (Co and Co(OH),) hetero-
structure for enhanced catalytic property are all achieved in this paradigm electrocatalyst study.
Moreover, the Co—Co(OH),/C electrocatalyst is prepared at a relatively mild thermal treatment

condition (400 °C).

2. Experimental
2.1. Preparation of bi-functional electrocatalysts

Preparation of precatalysts: Co(CO3)o.5(OH)-0.11H20 nanowire arrays (NWAs) on carbon
cloth (CC) substrates as the precursors were prepared by modification of a previous report [44].
In a typical synthesis, 4 mmol Co(NO3)2, 8 mmol NH4F, and 20 mmol CO(NH;), were
dissolved in 70 mL de-ionized (DI) water. Then the obtained solution was transferred into a
100 mL Teflon-lined stainless-steel autoclave. A piece of carbon cloth was immersed into the
solution. Then the sealed autoclave was kept at 120 °C for 14 h. After cooling to room
temperature naturally, the Co(CO3)0.5(OH)-0.11H20 NWA precursors were thoroughly cleaned
by de-ionized water and ethanol for use. Subsequently, a mild thermal treatment coupled with
chemical vapor deposition (CVD) process was deployed and performed in a furnace with quartz

tube, to convert the obtained precursors to precatalysts. Specifically, Co(CO3)o.s(OH)-0.11H,0O



NWA samples were placed under vacuum, and when 5~10 mTorr was reached 500 sccm N»
were introduced to maintain atmospheric pressure in the quartz tube. The furnace was heated
up from room temperature to 400 °C at a rate of 2 °C min~!, and then kept at 400 °C for 100
minutes. In the following step, 10 sccm C;H> was added and held at 400 °C for 4 minutes.
After natural cooling to room temperature under the protection of N>, the samples were
collected for use.

Preparation of evolved catalysts: The precatalysts were subjected to a continuous anodic
polarization kept at a constant voltage (0.55 V vs Ag/AgCl) in a three-electrode system with 1
M KOH electrolyte for 3.5 hours at room temperature, in which the precatalysts grown on
carbon cloth, Ag/AgCl reference electrode (saturated KCI), and Pt foil were respectively

employed as the working electrode, reference electrode, and counter electrode.

2.2. Material characterization

Scanning electron microscopy (SEM, Hitachi S8230), transmission electron microscopy
(TEM, FEI Titan G2 60-300) with energy dispersive X-ray (EDX) spectrum were used for
characterization of the morphologies, element compositions, and crystallographic structures. X-
ray powder diffraction (XRD) patterns were measured on a Bruker D8 diffractometer with a Cu

Ka radiation.

2.3. Electrochemical performance characterization

The electrochemical measurements were performed both in three-electrode cells
(electrocatalyst/CC working electrode, Ag/AgCl reference electrode (saturated KCI), Pt foil
counter electrode) and 2-electrode full cells on a VMP3-Biologic electrochemical workstation
with 1 M KOH electrolyte (saturated by N2). The electrocatalyst samples grown on carbon cloth
are directly used as the electrodes without any further treatment.

Three-electrode measurement: Linear sweep voltammetry (LSV) was performed at a

scanning rate of 2 mV s !. All potentials in LSV were calibrated with respect to reversible



hydrogen electrode (RHE) via IR compensation based on following equation: P vs RHE =P vs
Ag/AgCl + 0.059pH — IR. On the basis of the LSV, Tafel slope was derived. Electrochemical
impedance spectroscopy (EIS) spectrum were performed over the frequency range from 100
mHz to 100 kHz with an AC perturbation of 10 mV at the potential of 0.55 V vs Ag/AgCl (or
—1.15 V vs Ag/AgCl) for evaluating the impedance behavior of electrocatalysts involved in
OER (or HER). Electrochemical active surface area (ECSA) evaluation was performed by
cyclic voltammetry (CV) conducted at non-Faradaic region (0.1-0.2 V vs Ag/AgCl) to measure
the apparent electrochemical double layer capacitance (Cdl).

Two-electrode full cell measurement: For overall water splitting measurement, the
electrochemically evolved H-Co/Co(OH),/C was employed both as cathode and anode in the
beaker-type prototype cell with 1 M KOH electrolyte. The electrocatalyst stability was
evaluated by recording the potential vs time profile in a continuous electrolysis at a constant

current density of 10 mA cm™.

3. Results and discussion
3.1. Structure characterization of H-Co/C precatalyst

Considering that metastable phase metal is more active [45,46], and accordingly could be
chemically transformed to its oxidized derivatives with low energy barrier, herein we propose
a strategy to achieve Co/Co(OH); nanoscale hetero-structures via controllable electrochemical
transformation of the metastable H-Co to Co(OH),. To prepare metastable nanoscale H-Co, a
mild thermal treatment coupled with the following CVD of carbon (see Experimental) was
employed to convert the Co(CO3)o.5(OH)-0.11H,0 NWA precursor (see Fig. S1, Supporting
Information) to H-Co/C nanocomposite, as shown in Fig. 1. Regarding H-Co is metastable and
cannot exist stably at high temperature, the thermal treatment was controlled at a mild condition

(400 °C). To keep the original NWA morphology of the precursors so that a large surface gain



and the favorable mass transfer can be achievable, a slow temperature ramping rate of 2 °C

min~' was adopted. The introduction of CoH at the end of the thermal decomposition of
precursors is the essential step in preparation of metastable H-Co/C nanocomposite. The
performed control experiment displayed that CoO was formed instead as the final product via
exclusive thermal decomposition of the Co(COz3)os5(OH)-0.11H20O precursors, without the
coupled CVD process (see Fig. S2). Based on this experimental research, the coupled CVD
indeed played two critical roles in facilitating the formation of H-Co/C nanocomposite: (1) As
a commonly used CVD gas source, the thermal decomposition of C2H> resulted in the coating
of amorphous carbon layers onto the nanoparticles, (2) C2H> was also employed as a reductant
to transform the thermal decomposition derived CoO intermediate to H-Co. The low-
magnification SEM characterization (Figs. 2a, b) proves that the NWA morphology was
maintained after the thermal treatment. The nanowires with the diameter ranging from 100 nm
to 200 nm were radially anchored onto the carbon fibers of carbon cloth. A typical high
magnification SEM image (Fig. 2c) shows that the H-Co/C nanowire is constructed with
interconnected tiny nanoparticles. TEM characterization (Figs. 2d, e) further demonstrates the
detailed architecture, presenting the clear nanoparticles (size range of 5-20 nm) assembled
nanowire morphology with abundant mesopores. The transformation from the smooth
nanowires (see Fig. S1) to nanoparticles assembled nanowires (see Fig. 2¢) is attributed to the
significant weight loss from Co(CO3)o.5(OH)-0.11H2O precursor to CoO via the thermal
decomposition and CoO intermediate to Co via the thermal reduction. The released gaseous
products in this process led to the formation of plentiful mesopores. Consequently, the
hierarchical macroporous—mesoporous structure endowed by NWA morphology and gapped
interconnected nanoparticles presents an ideal electrocatalyst design for favorable mass transfer.

The interconnected H-Co nanoparticles were encapsulated by thin amorphous carbon layers via

the CVD of carbon, which is revealed by the high resolution TEM (HR-TEM) imaging (Figs.



21, g). The H-Co/C core/shell structure can be further proved by the element mapping results
(Fig. 2h). Fig. 2f clearly displays one typical highly crystalline H-Co particle encapsulated with

ca. 2 nm amorphous carbon layers.

3.2. Study on partial conversion of H-Co to Co(OH); via the electrochemical transformation

By taking the metastable property of H-Co, we employed an electrochemical conversion
route to partially convert H-Co to Co(OH)> (see Experimental), thus a nanoscale hetero-
structured H-Co/Co(OH), composite encapsulated by amorphous carbon layers can be obtained
(sketched in Fig. 1). As shown in Fig. 3a, the anode current increased substantially in the first
3.5 hours during the anodic polarization of the precatalyst H-Co/C at 0.55 V vs Ag/AgCl, which
was mainly stemmed from the electron transfer contributed by the Co’ to Co** redox involved
in the transformation from H-Co to Co(OH),. After the partial conversion of H-Co within the
first 3.5 hours, the anode current turned out to be stabilized up to 45 hours. The stable anode
current is ascribed from the OER at a highly anodic potential. This stable current profile vs time
can also be translated to a stable OER performance of the evolved H-Co/Co(OH)./C
electrocatalyst. The conversion from H-Co to Co(OH), was confirmed by XRD characterization
(Fig. 3b). In the XRD pattern of H-Co/C precatalyst, all the XRD peaks are attributed to
hexagonal phase Co (JCPDF no. 5-727) and graphitic carbon. In comparison, the newly
appeared Co(OH), diffraction peaks co-exist with the original H-Co peaks in the
electrochemically evolved electrocatalyst. It should be noted that the inapparent weak
diffraction signal of amorphous carbon is difficult to be identified compared with the much
stronger diffraction signals of Co(OH). crystallites. The irreversible evolution from H-Co to
Co(OH): can further be revealed by the electrochemical measurements. Figs. 3c, d present the
CV measurements with the 1% to 3™ scanning cycles. Remarkable redox peaks appeared in the

first 2 scanning cycles, while they disappeared since the 3™ scanning cycle. This clue indicates



that the irreversible redox reaction did happen during the initial anodic polarization, which

corresponds to the transformation of H-Co to Co(OH)s.

3.3. Structure characterization of the evolved H-Co/Co(OH)»/C catalyst

The amorphous carbon layers of the H-Co/C precatalyst provided a confined space for crystal
phase evolution from H-Co to Co(OH),, which assisted to restrain the formation of bigger
crystallites and accordingly facilitate the mutual embedding of H-Co nanocrystallites and
Co(OH)2 nanocrystallites to form the nanoscale hetero-structures. SEM characterization (Figs.
4a—c) presents that the nanoparticle size and shape, as well as the assembled NWA hierarchical
architecture were maintained unchanged via the crystal phase evolution. The mesoporous
structure of the evolved H-Co/Co(OH)2/C can be revealed by a low-magnification TEM image
(Fig. 4j). The selected area element mapping of cobalt and carbon as shown in Figs. 4k, 1
confirms the inheritance of the original core/shell structure with about the same size range and
shape. We further employed the HR-TEM characterization to perform the phase identification.
Different crystalline areas can be detected in the electrochemically evolved catalyst (Fig. 4d).
Figs. 4e, f display the highlighted crystal lattices attributed to (002) facets of H-Co. While, the
(102) crystal lattices of Co(OH), are shown in Figs. 4g, h. Additionally, the crystal defects (see
Fig. 41) was also observed to be located adjacent to the interphase of H-Co and Co(OH),, which
could be possibly generated during the in-situ crystal phase transformation from H-Co to

Co(OH),.

3.4. Catalytic performance comparison of H-Co/C and H-Co/Co(OH)/C catalysts

To demonstrate the performance superiority of the electrochemically evolved H-
Co/Co(OH),/C catalyst compared with the H-Co/C precatalyst in bi-functional water splitting,
we first respectively compared their OER and HER catalytic performance. The LSV
measurements presented in Fig. 5a show that the overpotential at 10 mA cm~2 for OER (OER-
Nioma) of H-Co/Co(OH),/C is 264 mV, which is smaller than that of H-Co/C (295 mV). Also,
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the measurement of HER overpotential at 10 mA c¢cm™2 for H-Co/Co(OH),/C presented a
significant decrease compared with the precatalyst H-Co/C nanocomposite (see Fig. 5b),
showing 93 mV vs 160 mV. Fig. 5c displays that when the working electrodes were kept at
—1.15 V vs Ag/AgCl, both the precatalyst and the evolved catalyst electrodes are capable of
outputting steady cathode current, indicative of their steady working stability in alkaline
environment as HER electrocatalysts. The achieved electrochemical stability is believed to be
assisted by the conformal coating of amorphous carbon layers onto the Co-based active
materials. This has been widely confirmed to be an effective design for stable electrocatalysts
[47]. In comparison, the cathode current of H-Co/Co(OH),/C based electrode was stabilized at
around 17 mA cm™, which is much higher than that of H-Co/C based cathode. All the
aforementioned electrochemical measurement results prove the much better bi-functional
catalytic activity of the electrochemically evolved catalyst compared with the precatalyst,
towards overall water splitting. To gain more insights into the origin of the superior catalytic
performance of H-Co/Co(OH)./C, the ECSA evaluation was performed based on calculating
the double-layer capacitance (Cdl) (in proportion to ECSA) within a non-Faradic reaction
region (0.1-0.2 V vs Ag/AgCl) in CV (Fig. S3) [41]. The voltammetry current as a function of
the scanning rate, in connection with the calculated Cdl are displayed in Fig. 5d. Very high Cdl
values are both achieved by H-Co/Co(OH)2/C (379 mF cm2) and H-Co/C (260 mF cm™2),
which are contributed by the highly macro-/meso-porous structure. The higher ECSA of H-
Co/Co(OH),/C relative to H-Co/C is also revealed. This rationally can be translated into that
the electrochemically active surface areas for catalysis are much more available in H-
Co/Co(OH),/C. The improved ECSA most probably is derived from the crystal defects
generated during the evolution from H-Co to Co(OH)2, which can contribute positively to both
enhanced HER and OER performance. The defects sites in the evolved electrocatalyst have

been observed in the TEM identification (Fig. 4i). Inferred from the electrochemical
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measurement, the HER overpotential is more significantly diminished as shown in Fig. 5b.
Apart from the contribution from ECSA improvement, the lowered binding energy with atomic
hydrogen enabled by creating nanoscale hetero-structure with synergistic bi-component of H-
Co and Co(OH); is the other benefit, as that has been confirmed in Ni/Ni(OH)> nanocomposite
electrocatalyst [43]. Such efficient interface engineering of nanoscale electrocatalysts has been
regarded as an efficient strategy to improve the electrochemical water splitting performance
[48—-50]. Nyquist plots of H-Co/Co(OH),/C and H-Co/C electrocatalysts when worked for OER
and HER in the EIS measurements are respectively displayed in Fig. 5e and Fig. 5f. The smaller
semicircle diameter representing the smaller charge transfer resistance of H-Co/Co(OH)./C is
also in good agreement with its greater electrocatalytic performance in comparison with H-

Co/C when employed as both OER and HER electrocatalysts.

3.5. Water splitting performance of H-Co/Co(OH)»/C compared with state-of-the-art catalysts

Fig. 6 shows the systematic performance study of H-Co/Co(OH)./C nanocomposite
electrocatalyst. From the LSV measurement shown in Fig. 6a and Fig. 6¢, the Tafel slopes for
OER and HER can be derived (Figs. 6b, d). The electrocatalytic performance can be
summarized to be: (1) As OER catalyst, OER-n1oma 1s 264 mV, with a Tafel slope of 78 mV
dec™!, (2) As HER catalyst, HER-Nioma is 93 mV, with a Tafel slope of 121 mV dec™!. A
prototype full cell electrolysis with H-Co/Co(OH)./C as both the OER catalyst and HER
catalyst is built to demonstrate its bi-functional catalytic property (Fig. 6e). The inset
photograph shows that the hydrogen and oxygen gas bubbles can be respectively evolved from
the cathode and anode. To reach a water splitting current density at 10 mA cm2, a cell voltage
of around 1.62 V is required in 1 M KOH electrolyte. Further, the long-term running stability
was demonstrated with a very stable voltage profile as a function of time up to 19 hours. After
the full cell water splitting, the nanowire array morphology of both the HER and OER catalysts

was intactly maintained (details please see Fig. S4). Table 1 lists the current state-of-the-art

12



performance of Co-, CoOx-, Co(OH);-based bi-functional water splitting catalysts,
monofunctional HER catalysts, and monofunctional OER catalysts. The H-Co/Co(OH),/C
electrocatalyst is confirmed to have the lowest overpotentials both for HER and OER among
the bi-functional catalysts [34, 38, 42, 51-52]. Even compared with the monofunctional HER
catalysts and OER catalysts [41, 53—54], our developed H-Co/Co(OH),/C electrocatalyst is also

among the best performance.

4. Conclusions

In summary, we develop a new strategy to prepare high performance H-Co/Co(OH),/C
nanocomposite bi-functional electrocatalyst for alkaline water splitting, based on partial
electrochemical transformation of metastable phase H-Co to Co(OH),. The core/shell H-Co/C
precatalyst with ultrafine H-Co nanoparticles encapsulated in amorphous carbon layers
facilitates the confined in-situ crystal phase evolution to derive nanoscale hetero-structured H-
Co/Co(OH); with enhanced catalytic property. We combine four design merits in this novel H-
Co/Co(OH),/C nanocomposite electrocatalyst: (1) ultrafine catalyst size (5-20 nm) enabling
massive catalytic active sites, (2) macro-/meso-porous structure enabling improved mass
transfer, (3) conductive carbon layer protection enabling promised working stability and great
electron transfer, (4) nanoscale metal/metal hydroxide hetero-structure with synergistic bi-
component and electrocatalytically active defect sites enabling enhanced HER and OER
catalytic property. The proposed strategy based on controllable partial transformation of
metastable metal to its oxidized derivative herein is expected to be extended to derive many

other nanoscale hetero-structured electrocatalysts.
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Fig. 1. Sketch of the transformation from Co(CO3)o.5(OH)-0.11H>O precursor NWAs to H-
Co/C intermediate and the electrochemically evolved H-Co/Co(OH),/C catalyst via the
sequential processing: (1) thermal decomposition coupled with in-situ carbon deposition, (2)

electrochemical transformation.
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Fig. 2. a—c) SEM images of the H-Co/C precatalyst at different magnifications. d, e¢) Low
magnification TEM images and f) HRTEM image of the H-Co/C precatalyst. g, h) Selected
area EDX element mapping results to reveal the H-Co/C core/shell structure (Green color: Co,

Red color: Carbon).
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XRD characterization of the H-Co/C precatalyst and the evolved catalyst H-Co/Co(OH),/C (H-

Co (JCPDF no. 5-727), Co(OH)2 (JCPDF no. 30—443)). ¢, d) CV measurement of the H-Co/C
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Fig. 4. a—c) SEM images of the evolved H-Co/Co(OH),/C catalyst at different magnifications.
d—1) HRTEM characterization of different crystalline areas in the H-Co/Co(OH),/C catalyst to
reveal the co-existence of H-Co phase, Co(OH)> phase and the defects sites adjacent to the
interphase of H-Co and Co(OH).. j) Low magnification TEM image of the H-Co/Co(OH),/C
nanowire. k, 1) Selected area EDX element mapping results to reveal the core/shell structure

(Green color: Co, Red color: Carbon).
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Fig. 5. a) OER and b) HER performance comparison of H-Co/C precatalyst and evolved catalyst
H-Co/Co(OH),/C via LSV measurements. ¢) Long-term cathodic polarization of H-Co/C
precatalyst and evolved H-Co/Co(OH),/C catalyst at —1.15 V vs Ag/AgCl. d) ECSA
comparison of precatalyst and the evolved catalyst. Reduced charge transfer resistance of H-

Co/Co(OH),/C catalyst compared with H-Co/C precatalyst respectively worked for ¢) OER and

f) HER.
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Fig. 6. a,b) OER, and c,d) HER performance of the electrochemically evolved H-
Co/Co(OH),/C electrocatalyst (a and ¢ present the LSV profiles, b and d present the Tafel
slopes). e) Full cell performance of electrochemically evolved H-Co/Co(OH)./C
electrocatalyst, with presenting the electrolysis voltage vs time profile when kept at a constant
current density of 10 mA cm™2. Inset shows the evolved gas bubbles on both anode and cathode

in the electrolyzer.
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Table 1

Water splitting performance
electrocatalysts in alkaline water splitting

of H-Co/Co(OH),/C

compared with

state-of-the-art

Current density HER- Current density OER-
Catalyst (10 mA cm’z) MN10mA (10 mA cm’z) N10mA Reference
(mV) (mV)
H-Co/Co(OH),/C -10 93 10 264 This study
Co(OH)/CNT -10 170 10 270 [34]
Co-Co0Ox/C -10 232 10 260 [38]
Co NP/CNT/G -10 108 - - [41]
Co NP/B, N-C -10 117 10 302 [42]
Co NP/CNT -10 190 10 320 [48]
S doped CoOx -10 136 100 370 [49]
Co(OH)2/PANI -10 90 - - [50]
Co NP/YRCO - - 10 250 [51]

NP, nanoparticle; CNT, carbon nanotube; B, N-C, B/N-co doped carbon; YRCO, yttrium ruthenate pyrochlore oxide; G, graphene; PANI,

polyaniline
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