Journal of Advanced Materials and Technologies (JAMT): Vol. 15, No.1, (Spring 2026), 15-26

Journal Homepage: www.jamt.ir

Journal of Advanced Materials and Technologies

Materials and Energy
Research Center

MERC

Original Research Article - Extended Abstract

Controlled Electrophoretic Deposition of TizC, Mxene on Ni(OH):
Nanoparticles/NF for Enhanced Hydrogen Evolution Reaction

Nazli Morovati Sharifi

!, Samira Yousefzadeh

2%

! PhD student, Faculty of Physics, Department of Basic Sciences, Sahand University of Technology, Tabriz, Iran.
2 Associate Professor, Faculty of Physics, Department of Basic Sciences, Sahand University of Technology, Tabriz, Iran.

*Corresponding Author’s Email: Yousefzadeh@sut.ac.ir (Samira Yousefzadeh)

Paper History:
Received: 2025-12-16
Revised: 2026-05-26
Accepted: 2026-06-14

Keywords:

Nickel Hydroxide Nanoparticles,
Titanium Carbide MXene,
Electrophoretic,

Hydrogen Evolution Reaction

ABSTRACT In this study, nickel hydroxide nanoparticles were deposited on nickel foam (NF) via
electrodeposition, and then titanium carbide (Ti:C:) MXene was coated using the electrophoretic deposition
technique at different voltages (1, 3, and 5 V) and times (10, 20, and 30 min), resulting in the TisC:
MXene/Ni(OH)2/NF electrode. Field emission scanning electron microscopy (FESEM) revealed the porous
nanostructure of the TisC> MXene/Ni(OH)»/NF electrode. Attenuated total reflection infrared spectroscopy (ATR)
and X-ray diffraction (XRD) confirmed the chemical composition and crystalline structure of the synthesized
electrodes. Electrochemical measurements indicated that the optimal deposition voltage and time for HER were 3
V and 30 min, respectively. This research introduced the TisC. MXene/Ni(OH)./NF electrode as a promising
alternative to rare and expensive electrocatalysts and demonstrated the effect of voltage and time on the

electrophoretic deposition of TisC> MXene on the HER activity of the TisC> MXene/Ni(OH):/NF electrode.
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1. INTRODUCTION

Nowadays, the demand for energy resources is
increasing due to population growth, global warming,
and environmental problems resulting from the use of
non-renewable energy sources such as fossil fuels
(Hassmann & Kiihne, 1993; Nikolaidis & Poullikkas
2017; Singh et al., 2015). For a green and clean future,
suitable alternatives must be considered. In recent
decades, renewable and clean energy sources, such as
hydrogen energy, have attracted considerable attention
from researchers (Lopez Ortiz, Meléndez Zaragoza, &
Collins-Martinez, 2016; Marban & Valdés-Solis, 2007;
Veziroglu & Sahi'n, 2008). Among various methods,
hydrogen can be produced through the hydrogen
evolution reaction (HER) during electrolysis and water-
splitting processes. To achieve highly efficient hydrogen
production, the excess reaction energy (overpotential)
must be reduced using appropriate electrocatalysts
(Sayyar & Yousefzadeh, 2025).

Platinum and its compounds are recognized as
efficient catalysts for HER but suffer from scarcity and
high cost. Therefore, researchers have focused on
cheaper and more abundant alternatives (D. Y. Li et al.
2021; Shi & Zhang, 2016; Voiry et al., 2018; Zhong et
al., 2021; Zhou et al., 2016). Transition metal
hydroxides have attracted attention due to their
significant ability to chemically adsorb water molecules
and break H-O-H bonds in alkaline environments,
thereby facilitating the hydrogen evolution reaction
(Danilovic et al., 2012; Xu, Jiang, Zhang, Hu, & Li,
2019). Nickel hydroxide (Ni(OH).) is one of the
transition metal hydroxides used in this study to prepare

an electrocatalyst for HER (Danilovic et al., 2012). On
the other hand, the combination of other active materials
with nickel hydroxide can significantly enhance the
adsorption and recombination of Had during the
hydrogen evolution reaction. Platinum and other
conductive materials, such as transition metal
compounds, can be employed for this purpose (Deng,
Wang, Nie, & Wei, 2017; Liu et al., 2023; Rugia &
Choi, 2018). Transition metal nitride and/or carbide
compounds (MXenes), such as TisC>, exhibit favorable
metallic properties and high conductivity due to the
presence of transition metals in their structure, which
inherently improves electrocatalytic ~performance
(Durairaj, Annamalai, Dhanalakshmi, & Ghosh, 2024;
Tang et al., 2020; Xiao, Yan, Zhang, Yang, & Zhang,
2021). Therefore, it can be expected that a
heterojunction of MXene and Ni(OH). would enhance
HER electrocatalytic performance.

In this study, nickel foam (NF) was used as a
flexible, conductive, and porous substrate with a high
surface-to-volume ratio. Nickel hydroxide nanoparticles
were deposited via electrodeposition, and then titanium
carbide MXene was coated using the electrophoretic
deposition technique at different voltages and deposition
times, resulting in the TisC. MXene/Ni(OH)2/NF
electrode. The physical and chemical characteristics, as
well as the electrochemical properties related to HER
activity, of the TisC. MXene/Ni(OH)2/NF electrode
were investigated.

2. MATERIALS AND METHODS
First, a piece of nickel foam (0.5 x 2 cm?) was
cleaned in a hydrochloric acid solution. To deposit
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nickel hydroxide on the cleaned nickel foam, a 0.1 M
nickel nitrate hexahydrate solution was used as the
electrolyte, and the deposition process was carried out
using an electroanalyzer (SAMA 500) in a three-
electrode electrochemical cell consisting of a platinum
electrode (counter electrode), an Ag/AgCl electrode
(reference electrode), and a nickel foam substrate
(working electrode). Cyclic voltammetry (CV) analysis
was performed over a potential range of -0.2 to 1.2 V
versus the reversible hydrogen electrode (RHE) at a scan
rate of 0.005 V/s for three cycles.

To prepare the titanium carbide MXene suspension,
0.06 g of bulk titanium carbide powder was added to 20
mL of DI water and ultrasonicated in a bath sonicator for
90 min. Subsequently, the suspension was exposed to
ultrasonic waves using a probe sonicator (300 W) for 25
min, resulting in a titanium carbide MXene suspension
with a concentration of 3 mg/mL.

For the deposition of TisC. MXene on the
Ni(OH)2/NF electrode, the platinum electrode and the
Ni(OH)2/NF electrode were placed in the TisC. MXene
suspension at a distance of 1 cm from each other and
connected to the negative and positive terminals of the
power supply, respectively. By applying voltages of 1,
3, and 5 V for durations of 10, 20, and 30 min, the
negatively charged TisC. MXene suspension was
deposited onto the Ni(OH)/NF electrode. In the
electrophoretic deposition technique, the applied
voltage between the Ni(OH)./NF electrode and the
platinum electrode accelerated the TisC. MXene
particles in the direction opposite to the electric field,
resulting in their deposition onto the Ni(OH)./NF
electrode.

The morphology of the prepared electrodes was
investigated using a field emission scanning electron
microscope  (FESEM) (FEI-QUANTA-200). In
addition, elemental mapping analysis was performed to
identify the elements present in the fabricated
electrodes. Furthermore, attenuated total reflection
infrared spectroscopy (ATR) was conducted using an
Invenio-S to determine the chemical composition of the
materials. The crystalline structure of the prepared
electrodes was studied by X-ray diffraction (XRD)
(Bruker, D8-Advance).

The performance of the synthesized electrodes in the
hydrogen evolution reaction was evaluated through
electrochemical measurements using an electroanalyzer
(SAMA 500) in a three-electrode cell consisting of a
platinum electrode as the counter electrode, a Hg/HgCl
electrode as the reference electrode, and the fabricated
electrodes as the working electrodes. A 1 M KOH
solution was used as the electrolyte, and all
measurements were conducted at room temperature.
Linear sweep voltammetry (LSV) analysis was
performed over a potential range of 0.1 to -0.4 V vs.
RHE at a scan rate of 0.005 V/s. Moreover, the LSV
technique was used to investigate the stability of the
Ti:C2 MXene/Ni(OH)2/NF electrode after 500 cycles of
cyclic voltammetry.

3. RESULTS AND DISCUSSION

Based on the results, the nickel foam was porous,
and the surface of its branches was relatively smooth and
uncoated. Due to its corrosion resistance, metallic
properties, electrical conductivity, suitable mechanical

properties, and porous structure with a high surface-to-
volume ratio, it served as an appropriate substrate for the
deposition of electrocatalysts in alkaline media (Gong,
Wang, Chen, Hwang, & Dai, 2016). The SEM images
of the Ni(OH)2/NF electrode showed that the surface of
the nickel foam, compared to its initial state, was
covered with nanoclusters of Ni(OH). nanoparticles,
which created porosity on the branches of the NF and
increased the surface-to-volume ratio (Gu et al., 2020).

On the other hand, the SEM images of the TisC.
MXene/Ni(OH)2/NF  electrode indicated that the
presence of Ti:C. MXene formed cluster-like structures
on the Ni(OH): layer, further increasing the surface area
and significantly contributing to effective contact
between the electrode and the electrolyte during the
electrocatalytic hydrogen evolution reaction (Hu, Tian,
Lin, & Wang, 2019). To confirm the deposition of the
TisC. MXene layer on the Ni(OH):/NF electrode,
elemental mapping analysis was utilized. Based on the
results for the Ti:C: MXene/Ni(OH)2/NF electrode, the
carbon and titanium elements originated from TisC:
MXene, while nickel originated from both Ni(OH). and
the nickel foam substrate. The presence of Ni, O, Ti, and
C in the elemental mapping analysis of the TisC:
MXene/Ni(OH)/NF  electrode  provided further
evidence of the successful deposition of TisC. MXene
on the Ni(OH)./NF electrode.

According to the ATR spectrum of the Ni(OH)»/NF
electrode, the peaks at wavenumbers of 436 and 638
cm™' were attributed to the vibrations of Ni-O-H and
Ni—O bonds. Additionally, the peak at a wavenumber of
1292 ecm™ corresponded to C—H and C-O functional
groups. The peaks at 1508 and 1650 cm™ were
associated with N—O and C=C bonds, respectively,
while the peaks at 3566 and 3620 cm™ were related to
O-H functional groups. These functional groups
confirmed the presence of Ni(OH): on the nickel foam
(Lokhande & Chavan, 2019). Regarding the ATR
spectrum of the TizC. MXene/Ni(OH)2/NF electrode,
the peaks at 582, 681, and 814 cm! arose from
vibrations associated with Ni-O-H, Ni-O, Ti-O, and
Ti—C chemical bonds. These results confirmed the
chemical composition of Ti:C: MXene/Ni(OH): on the
nickel foam (Kadja et al., 2023).

The XRD analysis of the Ti:C2 MXene/Ni(OH)2/NF
electrodes showed peaks at 20 = 44° and 52°,
corresponding to the Miller indices (111) and (002),
respectively, originating from the nickel foam substrate
with a face-centered cubic (FCC) structure (Ahmed et
al., 2022; Mohammed & Chun, 2019). In addition, the
peaks at 20 = 18.36° and 59.2° were related to the (001)
and (110) planes of Ni(OH).. The peaks at 26 = 6.9° and
26.9° were attributed to the characteristic (200) and
(600) planes of TisC. MXene in the TisCa
MXene/Ni(OH)2/NF  electrode, respectively (Guo,
Zhao, liu, & Ma, 2019).

The electrocatalytic activity of the electrodes was
investigated by linear sweep voltammetry analysis at a
scan rate of 0.005 V/s. Figures 1 and 2 show the
polarization curves of the TisC. MXene/Ni(OH)2/NF
electrode at different deposition voltages and times. The
experiments indicated that increasing the deposition
time and voltage during the electrophoretic deposition
process resulted in a greater amount of Tis:C> MXene
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being deposited on the Ni(OH)2/NF electrode. However,
under certain conditions, the deposited Ti:C: MXene
formed clusters that could detach from the surface.
Therefore, determining the optimal deposition time and
voltage for the electrophoretic deposition of TisC:
MXene was essential.

Figure 1 illustrates the effect of deposition voltage
on the electrochemical properties of the TisCz
MXene/Ni(OH)2/NF  electrode in  HER. The
overpotentials at a current density of -10 mA/cm? for the
synthesized TisC. MXene/Ni(OH)/NF electrode
prepared at voltages of 1, 3, and 5 V with a deposition
time of 20 min were approximately -0.262, -0.241, and
-0.272 V vs. RHE, respectively. The results indicated
that the Ti3C2 MXene/Ni(OH)./NF electrode prepared at
3 V exhibited the lowest overpotential among the
samples. Moreover, to determine the optimal deposition
time, the Ni(OH)2/NF electrode was coated at a voltage
of 3 'V for deposition times of 10, 20, and 30 min (Figure
2). The overpotentials of the TisC. MXene/Ni(OH)2/NF
electrode at a current density of -10 mA/cm? for
deposition times of 10, 20, and 30 min were
approximately -0.262, -0.241, and -0.239 V vs. RHE,
respectively. Based on these results, the optimal
deposition conditions were determined to be 30 min at 3
V. Owing to its metallic properties and high electrical
conductivity, TisC2 MXene facilitated electron and ion
transfer, thereby improving electrocatalytic
performance. Furthermore, its porous structure, high
surface-to-volume ratio, and high electrical conductivity
made the TisC: MXene/Ni(OH)/NF electrode a
promising candidate for the hydrogen evolution
reaction.

0
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Figure 1. Polarization curve of the TisC:
MXene/Ni(OH)2/NF electrode at different deposition
voltages of 1,3 and 5 V.
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Figure 2. Polarization curve of the Ti;C:
MXene/Ni(OH)./NF electrode at different deposition times of
10, 20, and 30 min.

Figure 3 shows the polarization curves of the TisC
MXene/Ni(OH)2/NF electrode before and after 500
cycles. The overpotentials obtained before and after 500
cycles were -0.254 and -0.215 V vs. RHE, respectively.
The results indicated good stability of the TisCz
MXene/Ni(OH)2/NF  electrode. = The  observed
improvement after 500 cycles was attributed to
enhanced electrode/electrolyte contact and improved
penetration of water molecules to the surface of the
electrocatalytic materials within the porous electrode
structure.
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Figure 3. Stability of the Ti:C. MXene/Ni(OH)./NF
electrode, deposited at deposition voltage of 3V and time of
30 min, before and after 500 cycles.

Based on the results, the TisC2 MXene in the TisCa
MXene/Ni(OH)2/NF  electrode facilitated electron
transport through the Ni(OH): nanoparticles due to its
high electrical conductivity. In addition, the porous
structure of the TizC: MXene/Ni(OH)2/NF electrode
improved electrode/electrolyte contact, provided more
active sites, and enhanced HER electrocatalytic activity
(Liu et al., 2023). Moreover, the investigation of the
applied voltage and deposition time during the
electrophoretic deposition of TisC. MXene showed that
the highest HER efficiency was achieved at 3 V and 30
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min. These results demonstrated the important role of
the applied voltage and deposition time in the
electrophoretic deposition of electrocatalytic materials
for achieving a suitable and efficient surface for water
splitting and the hydrogen evolution reaction.

4. CONCLUSIONS

In summary, the Ni(OH)./NF electrode was prepared
by electrodeposition of Ni(OH). nanoparticles onto the
NF substrate, followed by the deposition of TisC:
MXene on the Ni(OH)o/NF electrode at different
voltages and deposition times. The results demonstrated
the effect of deposition time and voltage on HER
efficiency, which was attributed to the efficient electron
transport pathway between Ti:C. MXene and Ni(OH).,
as well as the increased number of active sites. The
synthesized TisC. MXene/Ni(OH):/NF electrode
prepared at a deposition voltage of 3 V and a deposition
time of 30 min exhibited an overpotential of 0.239 V vs.
RHE and demonstrated good stability.
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