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Abstract: The cyclic voltammetry and chronoamperometry were used to study the influence of SiC particles on the nucleation and 
growth of nickel deposition on copper matrix from acid sulphate solution. The surface morphology of Ni-SiC co-deposition at initial 
stage was observed with scanning electron microscope(SEM). The results show that the nickel co-deposition with SiC particles may 
begin at −700 mV (vs SCE) under the experimental conditions, and the nucleation/growth mechanism of Ni-SiC co-deposition tends 
Scharifker—Hill with three-dimension model. In the case of low over-potential of −710−−740 mV, the nucleation process of Ni-SiC 
co-deposition may follow the progressive nucleation mechanism of Scharifker—Hill. During higher over-potential of −770−−800 mV, 
it trends to follow a 3D instantaneous nucleation/growth mechanism. With the increase of over-potential, the relaxation time tm, 
corresponding to the peak current Im of Ni-SiC co-deposition decreases regularly and is shortened apparently, compared with that of 
pure Ni deposition. The observation with SEM confirms that SiC particles can be considered as favorable sites for nickel nucleating. 
When certain amount of SiC particles are adsorbed (or cover) on cathode surface, especially under the condition of high over- 
potential, they may represent an external inhibition of the nickel electron deposition.  
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1 Introduction 
 

The composite coatings usually made up of solid 
grain and matrix metal have good properties for various 
applications and have attracted people’s attention. At 
present, many literatures about preparation method, 
process and properties of various composite coatings 
have been published[1−5] in recent years. Several 
researchers[6−9] have also studied the mechanics on 
metal co-deposition with solid particles. But few 
papers[10−11] on electron-crystallization behaviors of 
composite co-deposition were reported by using 
electrochemical measurement technique.  

The electron crystallization process mainly relates 
to nucleation and growth of electron deposition. At 
present, there are many electron crystallization 
mathematic models on metal electron deposition process, 
including 2D disk mode, 3D hemisphaerium shape and 
regular cone mode, etc. Three-dimensional semi-sphere 
mode and three-dimensional code mode are widespread 
recognized[12−16]. GOMEZ et al[17] studied the initial 
stage of electro-crystallization behaviors in NiCl solution 
system with constant step voltage technique and cyclic 

voltammetry. They considered that Ni electro- 
crystallization nucleation and growth under low 
over-potentials followed continuous nucleation mode. 
Under high over-potentials, they meet instantaneous 
nucleation of three-dimensional mode. The study on 
electron-crystallization behaviors of composite 
deposition may be favorable to understand the effect of 
solid particles on electron-crystallization process and 
analyses of the microstructure and properties of the 
composite coatings[18−19]. 

In this study, an attempt was made to clarify the 
effect of silicon carbide particles during co-deposition. 
The electron-crystallization behaviors of Ni-SiC 
co-deposition process and the influence of SiC particles 
on the nucleation process were investigated by using 
cyclic voltammetry and chronoamperometry technique 
with hope to offer favorable help and reference for 
composite coating application and research in the future. 
 
2 Experimental 
 

Ni-SiC composite films were electrodeposited onto 
the copper substrates (d 2.70 mm) from Watts-type 
electrolyte consisting of nickel sulfate NiSO4·6H2O,  
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nickel chloride NiCl·6H2O, boric acid H2BO3 and silicon 
carbide powders (25 g/L SiC). The experimental 
electrolyte was prepared with AR grade reagents and 
distilled water, and pH value of the solution was adjusted 
to 3.8−3.9 using H2SO4 and NaOH reagent. The silicon 
carbide particles were added to the bath and held in 
suspension by applying the bath agitation using a 
magnetic stirrer.  The experimental temperature was  
(50 ±1) ℃ controlled by thermostat water tank. 

A standard three-electrode configuration consisting 
of a sample as the working electrode(WE), a 
conventional saturated calomel reference electrode(SCE) 
and a large platinum foil with an area of 4 cm2 as the 
counter electrode was used to measure the cyclic 
voltammetry and chronoamperometry curves of electro- 
deposition on copper matrix. All electrochemical tests 
were performed with a commercial model CHI 660C 
electrochemical analyzer/workstation. Before testing, the 
exposed surface of the working electrode was polished 
with silicon carbide papers, rinsed with the distilled 
water, washed in acetone, rinsed with the distilled water 
again and then dried in air. The current—time curves 
were measured in the range from −230 to −890 mV at a 
step of 30 mV and the potential step began from zero 
potential (referred to SCE). Before measurement, the 
bath solution would hold still stabilization for 30 min or 
so. (I/Imax)2—t/tmax diagrams of Ni or Ni-SiC electron 
deposition were plotted from corresponding experimental 
I—t curves. 

The surface morphologies of various deposition 
films were also observed with Sirion200 type emission 
scanning electron microscope(SEM). The compositions 
on the film surface were analyzed with Genesis60S type 
energy detective spectrometer(EDS). The influence of 
SiC particles on Ni electro-deposition process was 
analyzed and discussed. 
 
3 Results and discussion 
 
3.1 Chronoamperometry for nucleation modeling 

In general, the electro-deposition nucleation at initial 
stage undergoes a series of process such as absorbing or 
inducing atoms on cathode surface, gathering to atom 
clusters and formatting new nucleation with critical size. 
At present, there are two classic mechanism for describing 
the electro-crystallization process, i.e. BFT and SHS 
nucleating models[15−17] with three-dimensional growth 
fashion. Supposing crystal nucleus as original cone shape 
and their growth in 3D fashion, electro-deposition rate is 
controlled by absorbed atoms moving into crystal lattice 
points at initial stage of electro-crystallization. According 
to BFTs’ models, the initial transient current is given as 
follows: 

Instantaneous nucleation: 
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Progressive nucleation:  
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where  K and K′ represent the growth rates along the 
parallel matrix surface and in the direction of vertical 
matrix surface respectively, F is the Faraday constant, n 
is the number of electrons involved in the chemical 
process, M is the molecular mole mass, A is the 
nucleation rate constant, ρ is the density, t is the time, 
and N and N0 are the crystal nucleus density and the 
maximum density of crystal nucleus number or active 
site number on surface, respectively. 

Scharifker—Hill model based on the assumption of 
the growth of crystalline nucleus (random distribution on 
matrix electrode) as semi-sphere shape may be controlled 
by diffusion process. No new nucleus are formed in the 
extended growth area. Overlap extended area may also 
be considered. So, the equations describing transience 
current are expressed as follows: 
Instantaneous nucleation:  
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Progressive nucleation:  
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where  D is the diffusion coefficient and c is called the 
molar concentration. Two equations mentioned above 
give the transient current of instantaneous or progressive 
nucleation, respectively. The important information on 
metal electron crystallization nucleation and growth can 
be obtained by analyzing the I—t curves of electron 
deposition. When the step-potential changes from OCP 
(open circuit potential) to metal deposition potential, the 
reaction process may gradually drive to steady-state 
reaction (controlled by mass transport process). The 
steady-state current is given by Cottrell equation as 
follows: 
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where  nF is the molar charge for nickel ion and c0 is 
the solution concentration. The non-dimension 
expressions for instantaneous and progressive nucleation 
can be derived from Eqns.(1)−(4). We can analyze I—tn 
curves and non-dimension (I/Imax)2 — t/tmax curves 
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according to BFT model and Scharifker—Hill model 
synthetically and may determine the nucleation fashion 
for electro-crystallization process.  
 
3.2 Cyclic voltammetry 

Fig.1 shows the cyclic voltammetry(CV) curves of 
pure Ni and Ni-SiC electron deposition. It can be seen 
from Fig.1 that there is a visible reduction current peak 
on CV curves at applied potential −350 mV (vs SCE) or 
so. The current peak may be a pre-peak that depends on 
pH change of bath solution according to the literature 
reported by CAO[20]. The experiments in this study 
confirm that no electric current of the nucleation and 
growth occur during potential from OCP (open circuit 
potential) to −680 mV (vs SCE). Appling −700 mV (vs 
SCE) just shows a visible electric current peak (as 
arrowhead notation) of nickel deposition and Ni-SiC 
deposition current may be a little larger than that of pure 
Ni deposition. In the range of −800−−1 000 mV, the 
electric current gradually increases with increasing 
potential. The current of pure Ni deposition exceeds that 
of Ni-SiC deposition, which may reflect the influence of 
SiC particles on the nucleation and growth process of 
nickel electron deposition.  

 

 

Fig.1 Cycle voltammograms for nickel co-deposition with SiC 
particles (scan rate: 100 mV/s) 
 
3.3 Potentiostatic current transient 

Fig.2 shows the current—time curves of nickel or 
Ni-SiC deposition on pure copper electrode under 
various step potentials. It can be found from Fig.2 that  
I—t curves of Ni-SiC co-deposition are similar to pure 
nickel deposition curves. In Figs.2(a) and (b), the electric 

 

 
Fig.2 Potentiostatic current transients for nucleation and growth on copper electrode under various applied potentials: (a) −230− 
−320 mV; (b) −470− −590 mV; (c) −710− −740 mV; (d) −770− −830 mV 
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electric current decreases rapidly because of charge on 
electric double layer of the electrode surface. In Figs.2(c) 
and (d), the current firstly rises, and then decreases (the 
current controlled by diffusion on electrode surface) due 
to the beginning of nucleation and new phase growth at 
−680−−710 mV. With negative step potential, the 
relaxation time tm, corresponding to peak current is 
shortened gradually, which reflects the rapid nucleation 
and growth for electron crystallization process under 
high over-potential. In the range of −710 mV−−800 mV, 
corresponding to the small peak current in Fig.1, the 
current of Ni-SiC deposition is a little larger than that of 
pure Ni deposition. 

Table 1 lists the maximum current and 
corresponding time respectively for pure nickel and 
Ni-SiC deposition under various step potentials 
according to above experimental curves in Figs.2(c) and 
2(d). 
 
Table 1 Imax and tmax of transient curves for nucleation and 
growth 

Pure Ni  Ni-SiC Potential/ 
mV tmax/s tmax/mA  tmax/s Imax/mA

−680 − −  73.20 0.127 

−710 − −  43.30 0.303 

−740 − −  38.10 0.562 

−770 36.54 0.751  13.00 1.034 

−800 33.42 1.371  7.800 1.568 

−830 12.42 1.953  5.300 1.719 

−860 6.25 2.791  1.400 2.702 

 
The beginning potential of Ni-SiC deposition may 

be ahead of pure nickel beginning crystalline potential. 
With over-potentials, the relaxation time tmax of Ni-SiC 
co-deposition will reduce gradually (in exponential 
decay relation). In the same applied potential, the time 
tmax for Ni-SiC deposition may be shorter than that of 
pure Ni deposition, which may imply that SiC particles 
on cathode surface can accelerate the nucleation process. 
It can also be found from Table 1 that at −770 and −800 
mV, the maximum current of Ni-SiC co-deposition is a 
little larger than that of pure nickel deposition.  

Fig.3 shows some non-dimensional (I/Imax)2—t/tmax 
curves of pure Ni and Ni-SiC electro deposition on pure 
copper electrode under various step potentials. In Fig.3, 
the test data (on the uplifted side of the current—time 
curve) may locate in the range between progressive and 
instantaneous nucleation of SHE model, indicating that 
the nucleation mechanism would prefer Scharifker— 
Hill 3D growth model than Bewick-Fleshmann-Thrisk 
growth model.  

In Fig.3(a), under −770 mV, the nucleation 

mechanism of pure nickel deposition can approach to the 
progressive nucleation fashion. With over-potential 
increment, the nucleation fashion of pure nickel 
deposition may meet the instantaneous nucleation of 
Scharifker—Hill model and the nucleation or growth 
current may be controlled by diffusion behavior on 
electrode surface. The experimental results accord with 
the work of GOMEZ et al[17]. The non-dimensional 
curves of nickel co-deposition with SiC particles are 
similar to those of pure nickel deposition. In Fig.3(b), 
under −680−−740 mV, the nucleation fashion of Ni-SiC 
co-deposition may be near to the progressive nucleation 
model, and with over potential, Ni-SiC co-deposition 
may undergo the transition change from the progressive 
to the instantaneous nucleation model. 

In the range of −770−−830 mV, the test data on the 
uplifted side is very near to instantaneous nucleation 
theoretical curves, which indicates that under high over 
potential, the nucleation of Ni-SiC co-deposition follows 
instantaneous nucleation of Scharifker—Hill model. At 
−830 and −860 mV, the test points on the uplifted side 
may locate outside the nucleation model curves and 
deviate from the instantaneous model to some extent. 
 

 
Fig.3 Non-dimensional (I/Im)2 vs t/ tm plots corresponding to 
Fig.2: (a) Pure Ni deposition; (b) Ni-SiC deposition (Dash—
BFT model, Solid—SHE model; 1,3—Progressive; 2,4—
Instantaneous) 
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3.4 SEM observation for co-deposition at initial stage 
Fig.4 shows the SEM images of Ni co-deposition 

with SiC particles for several seconds on copper matrix 
under the conditions of the current density 1 A/dm2, high 
over-potential (actual tank voltage about 1 100 mV) and 
the bath solution containing 25 g/L silicon carbide 
powders. 
 

 
Fig.4 SEM images of Ni-SiC co-deposition on pure copper 
matrix: (a) 5 s; (b) 10 s 
 

After the sample plated for 5 s (Fig.4(a)), there are 
many very small crystal nucleus and a few small SiC 
particles (marked with two arrows in Fig.4(a)) on copper 
matrix surface. But some regions are naked matrix and 
there are still no crystal nucleus. After plated for 10 s, a 
great deal of nucleus that overlap each other are 
formatted on matrix surface and the nucleation-free zone 
decreases apparently. In Fig.4(b), there are two dark 
regions (marked with two arrows) apparently which may 
be caused by the coarse particles separating off. It is 
found from the SEM images that SiC particles may 
refine the microstructure morphology of the composite 
coating. 

Nickel co-deposition nucleations from the bath 
solution containing SiC particles are complicated 
because of the influence of SiC particles on the 
deposition process. In the case of lower over-potential, it 
is considered from the nucleation interfacial energy that 
SiC particles on cathode surface may be favorable sites 
for the deposition nucleation to reduce the over-potential 
of the deposition nucleation and promote electron 
crystallization nucleation[9−10]. So, the beginning 
potential of Ni-SiC deposition may be ahead of pure 
nickel beginning crystalline potential. At initial stage, the 

corresponding peak current Imax of Ni-SiC deposition 
may be a little larger than that of pure nickel deposition. 
With the increase of over potential, the number of active 
sites for the nucleation on surface may enhance the 
deposition nucleation. The influence of SiC particles on 
the deposition process may shorten the nucleation time tm 
gradually and the nucleation time of Ni-SiC 
co-deposition is shorter than that of pure Ni deposition. It 
is found through fitting test curves that E—tm curves for 
Ni and Ni-SiC deposition meet exponential decay law 
and the correlation coefficients are about 0.9.  

Fig.5 shows the sketch for describing the influence 
of SiC particles on the nucleation process of Ni 
deposition. Several sites for the nucleation crystallization 
are indicated as 1−5 in Fig.5. It is considered from 
minimal interfacial energy that SiC particle surface may 
be favorable site for the nucleation. The analysis with 
EDS confirms that there is nickel element on SiC 
particles surface, showing that SiC particles may engage 
in the nucleating process. 
 

 

Fig.5 Sketch of metal atoms depositing at various activity 
positions: (○—Nickel ion; 1, 2, 3, 4, 5—Various positions for 
nickel deposition) 
 

Under higher over-potential, the nickel nucleation 
rate is high and there are more active sites for the 
nucleation on the electrode surface. If a large number of 
SiC particles are adsorbed or accumulated on matrix 
surface, because of their poor conductivity, they may 
mask matrix surface, decrease effective cathode surface 
and obstruct mass transmission for the nickel deposition 
(SiC on electrode surface may barricade the electric 
discharge of partial Ni2+ and Ni2+ transmission for Ni2+ 
reducing reaction), which leads to a little descending 
peak current. So, under the condition of high 
over-potential such as −830 mV, SiC particles 
congregated on the cathode surface may be a hindrance 
to the growth process. SiC particles on cathode surface 
will have a very complicated influence on the 
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co-deposition process and the microstructure 
morphology of composite coating.  
 
4 Conclusions 
 

1) The nickel co-deposition with SiC particles 
begins at −700 mV (vs SCE). The nucleation time of 
Ni-SiC deposition may gradually be shortened with over 
potential increasing and be more shorter than that of pure 
nickel deposition, which reflects that SiC particles on the 
electrode surface may offer many favorable sites for 
nickel crystallization nucleation. But SiC particles may 
also mask matrix surface, and obstruct mass transmission 
for the nickel deposition, which leads to a little 
descending peak current. 

2) The nucleation of Ni-SiC co-deposition at initial 
stage follows 3D Scharifker—Hill mode. In the case of 
low over-potential (−680−−740 mV), the nucleation 
fashion meets progressive nucleation. With increasing 
the applied potential, Ni-SiC electrodeposition may 
undergo the transition change from progressive to 
instantaneous nucleation. Under the condition of higher 
over-potential (−770−−830 mV), Ni-SiC co-deposition 
may meet instantaneous nucleation mechanism. 

3) SiC particles can not alternate the nucleation 
mechanism of nickel deposition on matrix surface, but 
have an influence on deposition process and can refine 
the microstructure morphology of the composite coating. 
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