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: urea electrooxidation reaction was investigated.

: Methods: Different nickel coatings were deposited using the electrodeposition
: method in the presence of different additive concentrations. The microstructural
: studies, surface roughness measurement, and electrocatalytic behavior
: investigations were done by SEM, roughness instrument, and electrochemical

: tests in the alkaline media in the presence of 0.33 M urea, respectively.
: Findings: The SEM images revealed the different morphologies, from vertical
: plate-like morphology to rough colony features and, finally, to branched-like
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: like morphology of the coating showed a good electrocatalytic ability at higher
: concentrations of urea up to 2 M. Moreover, this coating exhibited significant
: electrostatic stability through long-term monitoring.

: Conclusion: The results verified that the morphological changes and
: electrocatalytic behavior were affected by the additive concentration. The best
: result of electrocatalytic kinetics was related to the existence of 240 g/L additive
: in the electrodeposition electrolyte.
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Investigation of electrocatalytic behavior of different coated nickel morphologies in urea electrooxidation reaction

Extended Abstract

Introduction:

Direct urea fuel cells (DUFCs) are a type of energy
generation device that converts directly stored
chemical energy in urea molecules to useful
electricity. The more important urea source for
DUFCs is urine-rich wastewater, so it is a renewable
energy source. Electrocatalytic urea oxidation
reaction (UOR) in DUFCs suffers from sluggish
Kinetics. Thus, selecting highly efficient and cost-
effective electrocatalysts focused on the Ni-based
catalysts as non-noble metals. Different strategies
can boost UOR Kkinetics. Increasing active
electrochemical surface area (ECSA) is more
effective among them. In the electrodeposition
method, the addition of special additives can be
effective in the control of deposited morphologies as
well as ECSA. The main idea of this work's novelty
is investigating the effect of nickel morphologies
due to using various additive concentrations on the
electrocatalytic behavior of the produced coatings
on UOR.

Materials and methods

In the first stage, the copper substrate was ground by
abrasive paper and polished with alumina slurry.
The coated samples were produced by
electrodeposition  process in an electrolyte
containing NiCI2.6H20 (1 mol L), H3BO3 (0.5
mol L), and C,H10CI:N; (as additive) in various
concentrations from 0 up to 240 g L, so that the
samples were labeled into NiO, Ni60, Ni120, Ni180
and Ni240. In the second stage, microstructural
evolution, XRD analyses, surface roughness
assessment, and electrochemical investigation were
performed. Electrochemical experiments included
cyclic voltammetry, ECSA measurement, and
chronoamperometry. The electrocatalytic activity
measurements were done in 1 M KOH solution with
and without 0.33 M urea. Furthermore, a smooth
nickel plate was used as the control sample.

Findings and Discussion

The morphological changes of different coated
samples showed that vertical plate-like morphology
was the dominant feature in the absence of an
additive (NiO sample). By adding the additive in low
concentration, the morphology changed, and the
microstructure contained a distribution of rough
colonies (Ni60 sample). By further adding the
additive, in Nil20, a new morphology with a
branched-like structure appeared, where a lot of
small and large lateral branches were not clear and
sharp. More additive concentrations led to perfect
maturity of sharp branched-like morphology from
Ni180 to Ni240. The more suggested mechanism of
additive performance has been kinetically increasing
or decreasing the growth rate of special crystallin
facets due to adsorption/desorption of the additive.

The surface roughness measurement verified that
the roughness value increased by further increasing
the additive concentration. According to the cyclic
voltammetry experiment, the highest electroactivity
was related to the mature branched-like morphology
with the peak current density of 59.19 mA cm”
2(Ni240), which this result was agrees with ECSA
values. A high population of NiOOH active sites and
a porous structure of the branched-like feature of the
Ni240 sample facilitate urea adsorption and
mass/charge transfer. The peak current density of
NiO, Ni60, Nil20, Ni180, Ni240, and Ni plate
samples was 27.78, 32.59, 40.97, 47.64, 59.19, and
11.2 mA cm?, respectively. The ordered ECSA
values in different samples were as below:

Ni240 > Ni180 > Ni120 > Ni60 > Ni0 > Ni plate
Furthermore, injection of higher urea concentration
up to 2 M exhibited an increasing trend of output
current density. The calculated reaction order was
0.474. The chronoamperometry test exhibited
enough long-term stability during 25 min. The
solution agitation had a reverse effect on the output
chronoamperometry current density due to the
removal of reactants near the electrocatalyst surface.
The catalytic rate constant was extracted to be
0.493x10° mol?! st XRD analysis verified the
deposition of the FCC nickel phase structure.

Conclusion

After electrodeposition of different samples and
electrocatalytic  investigations  toward  urea
electrooxidation, the important results were briefly
reported as follows:

1. The morphological changes were significantly
distinguishable due to additive concentration-
dependency

2. The highest electroactivity was related to the
Ni240 sample, with the peak current density of
59.19 mA cm™.

3. The long-term stability of the nickel-coated
sample was remarkable.
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