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Microstructure Evolution of Nickel Strike Plating Layer by Electrochemical Deposition  
and Heat Treatment

Nickel strike layers were electrodeposited on stainless steel from a NiCl2-HCl bath, and the effects of applied potential, depo-
sition time, and post-plating heat treatment were investigated. Chronoamperometry showed that cathodic current density increased 
and current fluctuations became more pronounced at more negative potentials, indicating intensified hydrogen evolution. Surface 
images revealed needle-like morphology at less negative potentials, whereas non-uniform deposition with incomplete coating 
regions appeared at –1.8 V due to competition from hydrogen evolution. Heat treatment transformed the surface into polygonal 
grains and promoted grain coarsening. Texture analyses indicated increased average grain size and decreased local misorientation, 
suggesting microstructural recovery and relaxation of residual/internal stress.
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1. Introduction

Surface modification by electrodeposition is widely used to 
add corrosion resistance, wear resistance, and functional surface 
properties to structural metals used in industrial components. 
Strike plating is a short, initial electrodeposition step that deposits 
a thin, highly active, and adherent metal layer to enable subse-
quent plating. Nickel is commonly used as the material for the 
strike layer, and its bath chemistry and electrical conditions can 
be tuned to control deposit microstructure and properties [1-6]. 

Strike plating on stainless steel uses a Woods strike bath 
containing HCl (10 vol.%) and NiCl2 (240 g/dm3) operated at 
high current density for a short time [7]. For comparison, a Watts 
nickel bath platform uses NiSO4∙2O (260 g/dm3), NiCl2∙ 6H2O 
(50 g/dm3), and H3BO3 (30 g/dm3) [4,8,9]. In the electrolyte, 
NiSO4 and NiCl2 supply Ni2+, chloride increases conductivity 
and supports nickel anode dissolution, and boric acid acts as 
a buffer to limit local pH rise and help prevent Ni(OH)2 precipi-
tation near the cathode.

Nickel electrodeposition research has been conducted to 
control microstructure and properties by adjusting bath composi-
tion (including additives), operational conditions (temperature, 
stirring) and electrical control modes (potential control, current 
control, pulse mode) [1,2,5,9]. Many studies on electrodeposi-
tion have focused on controlling morphology [1,10]. However, 

to ensure the desired mechanical properties of electrodeposited 
layers, investigations of crystallographic transitions and internal 
stress are required [5,11]. Moreover, electrodeposited nickel mi-
crostructure is not necessarily stable; heat-treatment of deposits 
is considered to modify microstructure and relieve internal stress 
generated during electrodeposition [12,13].

Therefore, this study aims to optimize nickel strike plating 
conditions to enhance morphological stability and to investigate 
the effect of post-plating heat treatment on the deposited film. 
To achieve this, we control the applied potential and deposition 
time during nickel strike electrodeposition and evaluate post-
heat-treatment changes through microstructural characterization.

2. Experimental 

A 500 mL nickel strike bath was prepared by dissolving 
1.05 M NiCl2 ∙ 6H2O (Alfa Aesar) and adding 1.17 M HCl 
(DAEJUNG) to deionized water. The electrolyte was stirred for 
30 min. Electrochemical experiments were conducted in a three-
electrode cell using a potentiostat (AUTOLAB, PGSTAT302N). 
An Ag/AgCl electrode was used as the reference electrode, and 
pure nickel metal was used as the counter electrode. Nickel was 
electrodeposited onto stainless steel 316 plates that had been 
polished with #2000 SiC paper, cleaned with ethanol, and rinsed 
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with deionized water. Prior to nickel strike electrodeposition, 
the stainless-steel surface was activated in 10 vol.% HCl for 
30 s to remove the passive oxide film. A Teflon housing was 
used to expose a fixed 1 cm2 area of the stainless-steel surface 
to the electrolyte. To investigate the electrochemical behavior 
of nickel plating, chronoamperometry was performed at –0.9, 
–1.2, –1.5, and –1.8 V vs. Ag/AgCl for 10 min at each poten-
tial. All experiments were performed at room temperature with 
continuous stirring.

After electrodeposition, samples with electrodeposited Ni 
films were rinsed several times with deionized water to remove 
residual electrolyte and then dried in a vacuum oven for 24 h. 
Subsequently, the dried samples were heat-treated at 300 ~ 900℃ 
under an argon atmosphere using a tube atmosphere furnace. 
The samples were heated to the target temperature at a heating 
rate of 10℃/min, held for 3 h, and then furnace-cooled under 
an argon atmosphere.

Phase identification and morphology of the samples were 
characterized by X-ray diffraction (XRD; Shimadzu, XRD-6100) 
and field-emission scanning electron microscope (FE-SEM; 
Hitachi, SU8700), respectively the average surface roughness 
(Ra) was measured using a 3D Laser Confocal Surface Profiler 
(KEYENCE, VK-X3000).

3. Results and discussion

Fig. 1(a) shows current transient curves with respect to each 
applied reduction potential. As the applied potential becomes 
more negative (from –0.9 to –1.8 V vs. Ag/AgCl) the cathodic 
current density increases in magnitude, indicating a higher 
overall reduction rate during electrodeposition. At –0.9 and 
–1.2 V the current density is comparatively stable and exhibits 
only small fluctuations. However, at more negative potentials 
(–1.5 and especially –1.8 V), the current transient curves show 
large and irregular fluctuations. This behavior is typically at-
tributed to hydrogen evolution and bubble dynamics at the 
cathode; intermittent bubble nucleation, growth, and detachment 
transiently block and re-expose the cathode surface and locally 
change electrolyte resistance, producing current noise. Hydrogen 
evolution reduces current efficiency and can adversely affect 
surface morphology, for example by producing rough deposits.

XRD patterns were analyzed to identify the phases of all 
samples. Fig. 1(b) shows the XRD patterns of the deposits on 
stainless steel. The diffraction peaks were indexed to Ni (elec-
trodeposited layer) and γ-Fe (stainless-steel substrate). As the 
applied potential became more negative, the Ni peaks increased 
in intensity relative to the γ-Fe peaks. This trend is attributed 
to an increased deposit thickness at more negative potentials.

Fig. 2(a, b) show top-view SEM images of nickel layers elec-
trodeposited on stainless steel. The deposits exhibit a needle-like 
morphology, and the feature size increases as the applied potential 
becomes more negative. In the range of –0.9 to –1.5 V, the nickel 
layers show relatively uniform surface coverage. By contrast, 
at –1.8 V, areas of incomplete nickel coverage are observed, 
indicating non-uniform deposition. This behavior is attributed 
to intensified hydrogen evolution at the more negative potential. 
As a result, the nickel layer roughness increases due to deposit 
growth and hydrogen evolution, and the Ra value reaches 38 nm 
at –1.8 V. Fig. 2(c) shows cross-sectional SEM images of the 
nickel layers. The measured thicknesses of the nickel layers were 
4.6 (–0.9 V), 5.4 (–1.2 V), 8.3 (–1.5 V), and 10.3 μm (–1.8 V), 
increasing with more negative applied potentials. The theoreti-
cal thicknesses, calculated from the current transient curves in 
Fig. 1(a) using Faraday’s law, were 20.5 (–0.9 V), 24.6 (–1.2 V), 
56.4 (–1.5 V), and 95.5 μm (–1.8 V). Accordingly, the current ef-
ficiencies were 22.3% (-0.9 V), 22.0% (–1.2 V), 14.7% (–1.5 V), 
and 10.8% (–1.8 V), decreasing as the potential became more 
negative. The discrepancy between the measured and theoreti-
cal thicknesses is attributed to competitive hydrogen evolution, 
which becomes more significant at more negative potentials.

Nickel strike plating experiments were conducted with 
varying deposition times at –0.9 V, where hydrogen evolution 
was low and deposition was stable. The thickness of the nickel 
layer increased with deposition time (1.9 μm at 5 min, 4.7 μm 
at 10 min, 8.2 μm at 20 min, and 15.4 μm at 30 min), with an 
average growth rate of approximately 0.47 μm/min.

Samples prepared at –0.9 V for 10 min were used to in-
vestigate the effect of heat treatment. Fig. 3(a) shows top-view 
SEM images of the nickel layers after heat treatment at differ-
ent temperatures. With increasing heat-treatment temperature, 
the surface morphology evolves from a needle-like (acicular) 
structure to a polygonal, faceted grain morphology, indicating 
microstructural coarsening and recrystallization-driven grain 

Fig. 1. (a) Current density-time transient curves recorded during Ni strike electrodeposition on stainless steel at different applied potentials. 
(b) XRD patterns of the corresponding nickel-coated stainless-steel samples
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growth. This morphological transition is consistent with ther-
mally activated diffusion and grain-boundary migration during 
annealing, which promote the formation of larger, lower-energy 
grains. As shown in Fig. 3(b), the EBSD results (Confidence in-
dex, Inverse Pole Figure map, and Kernel Average Misorientation 
map) indicate microstructural evolution after heat treatment. The 
IPF maps reveal an increase in Ni grain size, with the average 
grain size increasing from 0.598 μm to 0.874 μm. In addition, the 
KAM maps exhibit an overall decrease in local misorientation 

(0.584 to 0.400°), suggesting reduced local lattice distortion and 
stored strain. Taken together, these EBSD observations support 
that heat treatment promotes grain growth and recovery, leading 
to relaxation of residual/internal stress in the electrodeposited Ni 
layer. Unlike previous annealing studies on Ni-coated steel that 
discussed corrosion-related surface modification and passive-
layer behavior, this study focused on post-plating heat treatment 
under an Ar atmosphere to suppress oxidation and examine 
the microstructural recovery of the Ni strike layer itself [13]. 

Fig. 2. Surface and cross-sectional characterization of Ni layers electrodeposited on stainless steel at different applied potentials: (a) low-magni-
fication top-view SEM images, (b) high-magnification top-view SEM images, (c) cross-sectional SEM images showing coating thickness, and 
(d) 3D surface-profiler images with Ra values

Fig. 3. Microstructural evolution of the Ni strike layer after heat treatment: (a) top-view SEM images of the as-deposited and heat-treated sam-
ples, and (b) EBSD results including confidence index (CI), inverse pole figure (IPF), and kernel average misorientation (KAM) maps for the 
as-deposited and heat-treated Ni layers
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The heat-treated layer showed grain coarsening and a decrease 
in local misorientation, suggesting recovery and relaxation of 
residual/internal stress. These changes may be favorable for 
electrical conductivity and for maintaining a stable interlayer 
during subsequent plating, although measurements of electrical 
and adhesion properties were not included in the present study.

4. Conclusions

Nickel strike electrodeposition on stainless steel under po-
tentiostatic control showed that the applied potential strongly af-
fects not only the deposition rate, but also the balance between Ni 
reduction and competitive hydrogen evolution, which ultimately 
determines coating quality. As the applied potential became more 
negative from –0.9 to –1.8 V vs. Ag/AgCl, the cathodic current 
density increased and the current transient curves exhibited 
larger fluctuations, indicating intensified hydrogen evolution. 
Although the measured Ni-layer thickness increased from 4.6 
to 10.3 μm with increasing overpotential, the current efficiency 
decreased from 22.3% to 10.8%, and non-uniform deposition 
with incomplete coating regions appeared at –1.8 V. These results 
indicate that excessively negative potentials accelerate appar-
ent deposition, but simultaneously promote hydrogen-induced 
surface instability, thereby lowering deposition efficiency and 
degrading coating uniformity.

Under the more stable condition of –0.9 V, the Ni layer 
thickness increased linearly with deposition time, with an aver-
age growth rate of approximately 0.47 μm/min. Post-plating heat 
treatment transformed the as-deposited needle-like morphology 
into polygonal grains and promoted grain coarsening. EBSD 
analysis showed that the average grain size increased from 
0.598 to 0.874 μm, while the KAM value decreased from 0.584 
to 0.400°, indicating microstructural recovery and relaxation 
of residual/internal stress in the Ni strike layer. Overall, this 
study demonstrates that controlling hydrogen evolution during 
Ni strike plating is essential for achieving uniform and efficient 
coating formation, while subsequent heat treatment plays an 
important role in stabilizing the deposit microstructure. These 
findings provide a useful basis for optimizing Ni strike layers 
for reliable interfacial conditioning and subsequent plating 
processes.
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