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Abstract Cobalt (hydro)oxide films on Bekipor ST 20AL3

sintered metal fiber were formed by electrochemical

deposition under galvanostatic conditions using different

electrolyte baths (nitrate, acetate and chloride). Cobalt

oxide films were prepared via thermal treatment of as-de-

posited specimens at 673 K. Electroactive surface area of

as-deposited and annealed films was estimated using oxi-

dation–reduction system containing ferricyanide/ferro-

cyanide. Electrocatalytic and pseudocapacitive properties

of the prepared films were investigated using 0.1 M NaOH

aqueous solutions. The maximum specific capacitance of

1324 F g-1 was observed for a-Co(OH)2 films electrode-

posited from nitrate-containing electrolyte. Similarly, the

highest electrocatalytic activity and stability in oxygen

evolution reaction (OER) was determined to be character-

istic for Co3O4 films derived from nitrate bath.

Keywords Cobalt hydroxide � Oxygen evolution reaction �
Electroactive surface area � Metal fiber filters � Specific
capacitance

Introduction

Increasing energy demands along with sustainable con-

sumption and environmental concerns require searching for

alternative energy sources. Hydrogen, as a clean fuel, is

one of the most promising materials to fulfill all these

requirements, especially synthesized during water elec-

trolysis. Oxygen evolution reaction (OER) 2H2-

O ? 4H? ? O2 ? 4e (in acid) or 4OH- ? 2H2O ?

O2 ? 4e (in base) is a half reaction of electrochemical

water splitting, coupled with hydrogen production. How-

ever, these reactions are kinetically sluggish in nature and

typically require overpotential of thermodynamically cal-

culated potential for water splitting (1.23 eV) [1–3];

therefore, an effective catalyst is needed. So far RuO2 and

IrO2 are the most effective catalysts for OER, but the high

price and limited natural sources lead to search for alter-

native materials. The transition metal-based OER catalysts,

especially cobalt- and nickel-containing oxide, hydroxide

and oxyhydroxide, are reasonable selection due to their

photocatalytic and electrocatalytic activity in OER, good

stability and earth abundant nature [4–14]. A spinel-type

cobalt oxide Co3O4, consisting of Co2? at tetrahedral sites

and Co3? at octahedral sites, exhibits great electrocatalytic

activity and stability in alkaline media [15, 16].

Cobalt oxide compounds, having a layered structure

with large interlayer spacing, show not only high catalytic

activity in OER, but also distinguish with great pseudo-

capacitive properties. Pseudocapacitors store energy by

charge transfer between electrode and electrolyte because

of the Faradaic reactions, occurring on the surface of active

material; capacitance is determined by the electric charge

transfer which rate depends on the quantity of active sub-

stance and the surface area of transfer [17–20]. Superca-

pacitors provide much longer cycle life (* 106 cycles) and

shorter period of charge accumulation (* 0.6 s) compar-

ing with electrochemical batteries or fuel cells. The major

properties of supercapacitors are cycling life, self-dis-

charge current and efficiency [19]. Ruthenium oxide,

activated carbon and conducting polymers are successfully

used as active materials in the composition of
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supercapacitors. However, the metal oxides are considered

as the most promising electroactive materials [17].

Surface area is one of the most important parameters in

the design of electrocatalytic cell or supercapacitors;

forming 3D structure of the active substance on a con-

ductive support increase activity in oxygen evolution

reaction and the specific capacitance. For these purposes,

Ti or Ni meshes are often used as a supports in order to

enhance the performance of electroactive materials.

Alternatively, sintered metal fiber filter can be less

expensive option for the preparation of electrodes. For

example, Bekipor ST0AL3-type filter is a mechanically

and chemically stable composition of chaotically placed

thin metal filaments (d = 2–30 lm), in the form of a panel

(thickness 0.51 mm) [21]. Small fiber diameter, density

and thickness of this mesh enable to increase the active

surface area along with good accessibility of deeper fila-

ments and free-flow of the electrolyte solution. However,

traditional synthesis methods cannot guarantee the even

deposition of each filament without clogging the space

between fibers. Thin films with specific composition,

morphology and good adhesion between the deposited film

and the substrate can be prepared using the electrochemical

deposition. The final morphology and texture of the elec-

trodeposited material depend on the electrolyte composi-

tion, temperature, electrode potential or current density,

duration of electrodeposition process and nature of the

electrode substrate [22].

The aim of the present work was to prepare cobalt

(hydro)oxide films on Bekipor ST0AL3 type metal fiber

and to investigate their structure and electrochemical

properties. In order to achieve this goal, we tried to solve

the following tasks: (1) to determine the optimal conditions

for the uniform electrodeposition of cobalt (hydro)oxide

films on metal filaments; (2) to estimate the electroactive

surface area of the prepared films; (3) to evaluate their

pseudocapacitive properties and electrocatalytic activity in

oxygen evolution reaction using NaOH solutions.

Experimental

Preparation of the films

Cobalt hydroxide films on stainless steel were prepared by

electrochemical deposition using a standard three electrode

cell (volume 100 mL). Bekipor ST 20AL3 mesh was used

as a support. Sintered metal fiber filter (SMFF) Bekipor ST

20AL3 in the form of a panel with thickness of 0.49 mm

was supplied by Bekaert Fibre Technology (Belgium). This

material has a porosity of 81%.

All solutions were prepared using doubly distilled water

and analytical grade reagents. Cobalt nitrate

(Co(NO3)2�6 H2O,[ 99% purity, Chempur, Poland),

cobalt chloride (CoCl2�6 H2O, [ 99% purity, Chempur,

Poland), cobalt acetate (Co(CH3COO)2�4 H2O, [ 97%

purity, Reachim, Russia), potassium nitrate (KNO3, purity

[ 99%, Lachema, Czech Republic) and sodium hydroxide

(NaOH, [ 98% purity, Lachema, Czech Republic) were

used as received without further purification. Only freshly

prepared solutions (initial pH 3.93–7.05) were used for the

deposition. All solutions were not deaerated during the

experimental runs. The electrochemical synthesis was

carried out at 291 ± 1 K. The as-deposited samples were

thoroughly washed with distilled water and dried to con-

stant weight at room temperature. The electrodeposition

process was carried out under galvanostatic conditions. The

previously obtained results [23] showed that the most

stable films were obtained at 0.5 mA/cm2. Temperature

treatment for all deposited coatings was carried out in

673 K for 1 h; temperature raising speed was 10 K min-1

and after annealing coatings were allowed to cool.

Electrochemical measurements

The electrochemical measurements were taken by com-

puter-controlled potentiostats/galvanostat Autolab

PGSTAT12 (Ecochemie, The Netherlands). The GPES�

4.9 software was used for the collection and treatment of

the experimental data. A Pt wire (geometric area about

15 cm2) and Ag, AgCl | KCl(sat) electrode were used as

counter and reference electrodes, respectively. All poten-

tials throughout the paper are referred to Ag, AgCl |

KCl(sat) electrode. 0.1 M NaOH (purity[ 98%, Lachema,

Czech Republic) solution was used as a supporting elec-

trolyte. Potassium ferricyanide (purity [ 99%, Reachim,

Russia) was used for determination of electroactive surface

area of the coatings. The oxidation–reduction system of

ferricyanide/ferrocyanide exhibits nearly a reversible

electrode reaction without any side reactions. The system

can be illustrated by the reversible reaction below [24, 25]:

Fe3þðCN)6
� �3�þe� $ Fe2þðCN)6

� �4�
:

For the evaluation of the specific capacitance of the

films, all cyclic scans were repeated at least ten times. As it

has been mentioned previously [23], the losses of the

specific capacitance were calculated to be around 50–60%

for the first cycle and 1–3% for all the other cycles for as-

deposited coatings. Meanwhile, annealed coatings

distinguish with much better stability: the losses of

specific capacitance do not exceed 4%. According to

these estimations, the anodic charge value of the tenth

cycle was only used in calculations. During all

experimental runs, the potential of the prepared

electrodes was cycled between - 0.2 and ?0.2 at a scan
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rate of 20 mV/s. The amounts of the active materials were

determined by gravimetric method.

Structural and morphological characterization

The X-ray powder diffraction (XRD) data were collected

with DRON-6 (Bourevestnik Inc., Russia) powder

diffractometer with Bragg–Brentano geometry using Ni-

filtered Cu Ka radiation and graphite monochromator. The

average crystallite size Dhkl was calculated from the line

broadening using the Scherrer’s equation [26]:

Dhkl ¼
k � k

Bhkl � cos h
; ð1Þ

where k is the wavelength of the Cu-Ka radiation, h the

Bragg diffraction angle, Bhkl the full width at the half

maximum intensity of the characteristic reflection peak and

k is a constant (the value used in this study was 0.94).

All scanning electron microscopy (SEM) images were

acquired using the Hitachi S-4800 scanning electron

microscope operating at 2 kV accelerating voltage. Sam-

ples were imaged without any conductive film.

Results and discussion

Structure and morphology of the films

Previous studies [23] showed that the most stable films are

deposited at the current density of 0.5 mA/cm2. The

lamellar structure and composition of a-Co(OH)2 of as-

deposited films were confirmed by XRD, FTIR and XPS

[23].

The coatings were deposited from electrolyte baths

containing three different sources of cobalt (II) ions (ni-

trate, acetate and chloride). The composition and structure

of the as-deposited (Fig. 1a) and annealed at 673 K for 1 h

(Fig. 1b) cobalt (hydro)oxide films were investigated using

X-ray powder diffraction. XRD analysis of as-deposited

coatings indicated patterns characteristic mainly to a-
cobalt hydroxide Co(OH)2 (d-spacing 0.274, 0.268, 0.237,

etc., nm.; JCPDF 2-925). However, small quantities of

impurities and intercalated ions, which are unavoidable

during electrosynthesis, were specific to each electrolyte.

Cobalt hydroxide, deposited from cobalt chloride (Fig. 1a,

2), turned out to have the highest amount of impurities

indicated as potassium cobalt oxide KCoO2, JCPDF

32-769. This side-product gives a green shade to blue a-
Co(OH)2. XRD analysis of cobalt hydroxide, deposited

from nitrate electrolyte (Fig. 1a, 1), indicated a compound

of nitrate, cobalt and potassium ions, which intercalated

into the structure (peak marked as Y). Cobalt hydroxide,

deposited from cobalt acetate, also has impurity, deter-

mined as cobalt acetate (Fig. 1a, 3).

The corresponding XRD pattern of thermally treated

samples (Fig. 1b) reveals diffraction peaks which can be

readily attributed to the cubic phase of Co3O4 (d-spacing

4.6694, 2.8580, 2.4349, etc., nm.; JCPDF 76-1802) without

any impurities left after annealing.

To evaluate the influence of precursors to the mor-

phology of the deposits, crystallite sizes were calculated

according to Sherrer’s Eq. (1) and the results are given in

Table 1. It can be noticed, that cobalt hydroxide, deposited

from nitrate and acetate electrolytes distinguish with

almost equally crystallite size, meanwhile cobalt hydroxide

crystals, obtained from chloride precursor, are smaller.

SEM images at two magnifications of uncovered

Bekipor ST 20AL3 mesh (Fig. 2a) and mesh with cobalt

hydroxide deposited for 120 and 300 s are shown

(Fig. 2b–d). Formation of 3D structure of the electro-

catalyst with covered filaments and free space between

them for electrolyte to flow freely was one of the main

90

1

2

3

X
X
X

CH CH
CH

X
CH X

Y CH CH
CH

CH CH
CH

CA a

0 15 30 45 60 75

In
te

ns
ity

, a
.u

.

0 10 20 30 40 50 60 70

In
te

ns
ity

, a
.u

.

2θ, degrees 2θ, degrees

CO CO CO CO

CO

CO CO

CO CO
CO

CO

CO
CO CO

COS S

S

S
S

S

S S

S

b

1

2

3

Fig. 1 XRD patterns of as-deposited (a) and annealed at 673 K

(b) cobalt (hydro)oxide films, electrodeposited using different cobalt

precursors: 1 cobalt nitrate, 2 cobalt chloride, 3 cobalt acetate.

Indexes: CH cobalt hydroxide, CO cobalt oxide, CA cobalt acetate,

X potassium cobalt oxide, Y mixed potassium, nitrate and cobalt

compound, S substrate (stainless steel)
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purposes of this work. Reviewing SEM images, the

assumption can be made that deposition time of 120 s is

optimal while longer duration of synthesis reduce active

surface area by clogging the space between fibers

(Fig. 2c, d).

Capacitive properties

To evaluate the capacitive characteristics of the films

deposited from different electrolytes, the cyclic voltam-

metry tests were employed. The specific capacitance was

calculated using the following formula [17]:

SC ¼ Q

DE � m
; ð2Þ

where Q is electric charge in coulombs, DE is a potential

range in volts and m is the active substance mass in grams.

Table 2 illustrates the dependence between specific

capacitance and mass of cobalt hydroxide. As it can be

Table 1 Average crystallite size of cobalt oxide coatings, deposited

from different electrolyte baths, calculated according to Sherrer’s

equation

Sample Average crystallite size (nm)

Co(OH)2 from acetate 24.0

Co(OH)2 from nitrate 25.4

Co(OH)2 from chloride 18.3

Co3O4 from acetate 20.4

Co3O4 from nitrate 23.7

Co3O4 from chloride 26.6

Fig. 2 Representative SEM images of clean Bekipor ST20AL3 stainless steel mesh (a) and as-deposited cobalt hydroxide films at different

deposition times (s): b–120, c and d–300. Magnifications: a, b, c 91000, d 98000
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noticed from the results, the formation of coatings from

three sources of cobalt occurs at different growth rates,

what affects capacitive behavior as well. The highest

specific capacitance (1324 F g-1) was reached using

electrolyte bath containing cobalt nitrate. The influence of

the deposition time to a specific capacitance is clearly

observed from the obtained results: synthesis, longer than

300 s, has negative effect on specific capacitance. The

variation in the observed values of specific capacitance can

be explained in terms of different electroactive surface

area, pore structure, presence of adsorbed ions and impu-

rities [27]. For example, XRD analysis revealed that cobalt

hydroxide, deposited from chloride bath, has the highest

amount of side-product KCoO2, which decrease the

capacitive activity of the coating. Furthermore, deposition

from cobalt chloride electrolyte allows reaching the highest

amount of electroactive materials. This can be related to

the diffusional effects, as the mobility of anions in water

decreases in the order chloride[ nitrate[ acetate [28].

Much greater surface area of stainless steel mesh

allowed to increase values of specific capacitance, as the

highest value of the coating, deposited on AISI304 stain-

less steel only reached 490 F g-1 [29].

The same evaluations of the specific capacitance were

performed using annealed cobalt oxide Co3O4 films.

Unfortunately, the relatively low capacitance values were

detected (2–8 F g-1) and the detrimental effect of tem-

perature treatment to these values was observed. No further

measurements of the specific capacitance using Co3O4

coatings were taken in this work. The fact that Co(OH)2-

based materials show much higher specific capacitances

than Co3O4-based materials is pointed out in [30].

Determination of electroactive surface area

In order to calculate an effective current density, it is

important to evaluate electroactive surface area. This is a

challenging scientific task and various experimental pro-

cedures can be applied as it has been already emphasized

by Trasatti and Petrii [31]. The manufacturer of SMFF

Bekipor ST 20AL3 does not provide such information;

therefore, electroactive surface area was determined by

cyclic voltammetry using oxidation–reduction system,

containing 2 mM K3[Fe(CN)6] and 0.1 M KNO3. The

oxidation–reduction peaks are due to the Fe3?/Fe2? redox

couple [32]. In this work, calculation of electroactive sur-

face area was based on comparison of current peaks of

AISI 304 stainless steel plate with definite surface area and

Bekipor ST 20AL3 mesh with geometrically equal surface

area. It should be noted that the active surface area of

AISI304 is not necessary equal to geometric area but

served as a reference material. Each substrate was scanned

for ten times to assess the stability of the system and to

avoid possible deviations. The values of electroactive

surface area were calculated according to the Randles–

Sevcik equation:

Ip ¼ k � n
3
2 � A � D

1
2 � C � v

1
2:

In this experiment, D (diffusion coefficient in cm2),

n (number of electrons transferred per mole of electroactive

species), v (potential scan rate, V/s), k (constant) and C (the

solution concentration in moles/L) are the same for

AISI304 and Bekipor ST 20AL3. The electroactive

surface area A is directly proportional to the peak current

value Ip [32]. Analysis and calculation revealed that

average electroactive surface area of uncoated Bekipor

ST 20AL3 mesh is 6 cm2/cm2. This number was used for

calculation of effective current density of galvanostatic

deposition.

SMFF Bekipor ST 20AL3 distinguishes with mesh

structure having chaotically oriented metal filaments. To

achieve the highest surface area of an active material, each

filament should be coated separately and the space between

them should not be clogged. Therefore, it is important to

explore the growing process of the coating and to deter-

mine the most effective duration of synthesis. Electroactive

surface area of as-deposited Co(OH)2 films at different

deposition times (Fig. 3a) was measured using the same

ferro-ferricyanide oxidation–reduction system. Cobalt

oxide Co3O4, as well-known material for its electrocat-

alytic activity [6, 8, 13, 33–35] in oxygen evolution reac-

tion, was obtained during heat treatment of as-deposited

Co(OH)2 coatings at 673 K for 1 h. The lamellar structure

and composition of tricobalt tetraoxide was confirmed in

previous studies [23] by XRD, FTIR and XPS. In order to

investigate the effect of temperature treatment to elec-

troactive surface area, the same measurements as with

Co(OH)2 were performed (Fig. 3b). The values of elec-

troactive surface area of annealed coatings are presented in

Table 2 Capacitive characteristics of Co(OH)2 films on metal fiber

filter Bekipor ST 20AL3

Deposition

time t, (s)

Electrolyte bath

0.05 M

Co(CH3COO)2

0.05 M

Co(NO3)2

0.05 M CoCl2

m, mg c, F g-1 m, mg c, F g-1 m, mg c, F g-1

60 0.2 237 0.05 822 0.3 202

120 0.3 812 0.1 1324 0.6 239

180 0.4 842 0.5 459 0.8 449

240 0.5 965 0.9 306 1.1 315

300 0.7 689 1.1 171 1.2 302

360 0.8 154 1.2 156 1.3 273

m mass of cobalt hydroxide, c specific capacitance

Mater Renew Sustain Energy (2018) 7:1 Page 5 of 10 1

123



Table 3 along with the values of as-deposited coatings. It is

seen that the highest alteration in electroactive surface area

for all deposited coatings is between deposition times of 60

and 120 s. The lowest values of active surface area are

fixed for as-deposited and annealed coatings obtained from

cobalt nitrate electrolyte; this regularity can be attributed to

the lowest growth of the coatings when using nitrate bath

(Table 2). Meanwhile, the values of as-deposited cobalt

hydroxide surface area from chloride and acetate solutions

are rather similar, as these electrolytes can accumulate

more mass of the active material during the same elec-

trodeposition time. The electroactive surface area of all

annealed specimens drastically decreases after heat treat-

ment without reference to different precursor used. This

reduction of active surface area can be mostly related to the

mass loss during annealing, which reaches approximately

57% according to TG-DSC analysis [36].

Electrocatalytic activity for oxygen evolution

reaction

Linear sweep voltammetry (Fig. 4) was performed to

evaluate and compare electrocatalytic behavior in OER of

the films deposited from different electrolytes. The esti-

mated values of electroactive surface area (Table 3) were

used instead of geometric surface area during the

calculations of current density. These experimental runs

were carried out using films prepared after different elec-

trodeposition times (60–300 s). As shown in Fig. 4, there

are small oxidation peaks at around 0.3–0.35 V for all as-

deposited Co(OH)2 films, which can be related to primary

oxidation of the film itself [15, 36]:

Co(OH)2 + OH� $ CoOOH + H2O + e�

Scanning to more positive potential area the oxygen

evolution starts at 0.6 V along with the further oxidation of

the film:

CoOOH + OH� $ CoO2 + H2O + e�

The films deposited from cobalt nitrate and cobalt

acetate shows the highest electrocatalytic activity. The

electrocatalytic activity of the coatings synthesized from

cobalt chloride is relatively low. These variations can be

related to the different amount of impurities during

electrodeposition, confirmed by XRD analysis (Fig. 1).

As it was mentioned before, cobalt hydroxide, deposited

from chloride electrolyte, has a considerable quantity of

side-product KCoO2, which negatively affect the activity

of the active material in both capacitive and

electrocatalytic applications and gives a green shade to

blue a-Co(OH)2. Meanwhile, as-deposited coatings from

Fig. 3 Characteristic cyclic

voltammograms of as-deposited

(a) and annealed (b) cobalt
(hydro)oxide films in

2 mM K3[Fe(CN)6] ? 0.1 M

KNO3 electrolyte at different

deposition times: 1–60 s,

2–120 s, 3–180 s, 4–240 s,

5–300 s

Table 3 Values of electroactive surface area of as-deposited and annealed cobalt (hydro)oxide films

Source of cobalt Electroactive surface area, cm2/cm2

Cobalt nitrate Cobalt acetate Cobalt chloride

Deposition time (s) Co(OH)2 Co3O4 Co(OH)2 Co3O4 Co(OH)2 Co3O4

60 7.4 7.2 5.8 8.3 29.4 9.5

120 32.7 7.9 13.9 9.7 58.6 10.0

180 46.0 7.7 58 14.7 57.8 10.4

240 44.1 8.5 64 16.5 60.6 10.7

300 42.2 8.9 102 20.2 93.8 11.0
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nitrate and acetate solutions are much less impure and

retain their blue color.

Similarly, the plots of linear sweep voltammetry of

annealed films consisting of Co3O4 are shown in Fig. 5. In

all linear sweep voltammetry plots, the redox peaks at

around 0.58–0.65 V are observed, which correspond to the

change between different cobalt oxidation states according

to the following reactions [9, 37, 38]:

Co3O4 + H2O + OH� ! 3CoOOHþe�

CoOOH + OH� ! CoO2 + H2O + e�

The films deposited from cobalt nitrate electrolyte

distinguish as the most electrochemically active in

oxygen evolution reaction while cobalt oxide obtained

from cobalt acetate and cobalt chloride show lower

activity. This drop of current density for coatings from

acetate and chloride precursors can also be related to

significantly higher amount of impurities comparing with

nitrate precursor. As shown in Fig. 5, the considerable

peaks at 0.5–0.7 V prove the occurring oxidation of the

film, deposited from acetate and chloride electrolytes,

while nitrate precursor allows to obtain better purity of

cobalt oxide.

Due to the complexity of the OER occurring on the

surface of metal oxides, the exact interpretation of the

observed variations in electrocatalytic activity of the pre-

pared samples is almost impossible. As it has been pointed

out by Doyle and Lyons [1], metal oxides are extremely

complex experimental system and their electrocatalytic

activity is highly dependent on a multitude of parameters,

such as the electronic structure at the surface and in the

bulk, morphology and material preparation history. A

special attention should be paid to the electroconductivity

of the films if the OER is to proceed at a practical rate. The

electroconductive properties are highly influenced by the

presence of dopants, impurities, film thickness and other

factors. In our case, the variations in electrocatalytic

activity of cobalt (hydro)oxides can be partly related to the

different amount of impurities incorporated during elec-

trodeposition. As it was confirmed by XRD analysis

(Fig. 1), cobalt hydroxide, deposited from chloride elec-

trolyte, has a considerable quantity of side-product KCoO2,

which can negatively affect the activity of the active

material in both capacitive and electrocatalytic applica-

tions. On the other hand, the heat treatment improved the

electrocatalytic activity of the films tend to become more

compact and pure.

In order to investigate the electrochemical behavior of

Co3O4 films in oxygen evolution reaction, controlled

potential electrolysis was conducted in 0.1 M NaOH

solution at various applied potentials (Fig. 6a). The elec-

trolyte solution was continuously stirred and after each

measurement the electrode was allowed to reach its steady-

state potential. The collected current–potential data were

used to construct Tafel plot (Fig. 6b). It is well known that

the Tafel equation has a fundamental importance in elec-

trochemical kinetics and the slope b is an indicative

parameter of the electrode reaction mechanism [39].

Only Co3O4 films electrodeposited using nitrate bath

were used in the experiments due to their superior activity

Fig. 4 Linear sweep

voltammetry of Co(OH)2 films

deposited from nitrate (a),
acetate (b) and chloride (c) bath.
Deposition times: 1–60 s,

2–120 s, 3–180 s, 4–240 s,

5–300 s. 0.1 M NaOH

supporting electrolyte

Fig. 5 Linear sweep

voltammetry of Co3O4 films

deposited from nitrate (a),
acetate (b) and chloride (c) bath.
Deposition times: 1–60 s,

2–120 s, 3–180 s, 4–240 s,

5–300 s. 0.1 M NaOH

supporting electrolyte
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and stability. The overpotential g was calculated according

to this equation:

g ¼ Eappl � 0:26;

where Eappl is the applied potential (V) measured against

Ag, AgCl | KCl(sat) reference electrode, 0.26 is the value of

the equilibrium potential against Ag, AgCl | KCl(sat) ref-

erence electrode for water oxidation at pH 13.

Figure 6b presents the dependence of the overpotential

as a function of logarithm of current density for Co3O4

electrode. An abrupt change of Tafel slope from 35 to

101 mV/decade is observed at overpotential values higher

than 0.45 V. The switch of Tafel slope can be considered

as an indication of the change of reaction mechanism, for

example, the rate-determining step under changed reaction

conditions. A smaller Tafel slope suggests that the rate-

determining step is at the ending part of the multiple

electron transfer reaction [39]. The obtained results show

that Co3O4 films on sintered metal fiber can be assessed as

highly effective and stable electrode for OER, the activity

being very similar to those obtained by other authors using

nanocomposites [40, 41] or metal-doped structures

[2, 12, 42–46].

Conclusions

In this work, various cobalt (hydro)oxide films were syn-

thesized by means of galvanostatic electrodeposition using

three different electrolytes as the sources of cobalt ions

(nitrate, acetate and chloride). Sintered metal fiber was

used as a support to form a 3D structure in order to increase

specific surface area.

XRD analysis revealed that the as-deposited films con-

sist mainly of a-cobalt hydroxide. The presence of some

intercalated ions and impurities was identified too. The

annealing at 673 K for 1 h leads to the formation of pure

Co3O4. It was determined that the electrodeposition time

should be shorter than 120 s in order to obtain uniform

distribution of cobalt hydroxide films on the filaments of

metal fiber. The electrochemical measurements confirmed

that the electrocatalytic and capacitive properties are

highly dependent on film preparation conditions. The

highest value of specific capacitance (1324 F/g) was

determined for cobalt hydroxide films electrodeposited

using nitrate-containing bath. The results of linear sweep

voltammetry and controlled potential electrolysis showed

that the highest electrocatalytic activity and stability in

oxygen evolution reaction (OER) is characteristic for

Co3O4 films derived from nitrate bath. For these films, the

Tafel slope was calculated to be 35 mV/decade at the

overpotentials lower than 0.45 V. The obtained results

show that the cobalt (hydro)oxide supported on sintered

metal fiber present a promising electrode configuration for

energy-related applications.

Open Access This article is distributed under the terms of the
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