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Abstract: Nickel-Silicon Carbide (Ni-SiC) composite has been prepared by electrochemical codeposition technique. 
Nickel sulfamate bath was used along with grain modifier saccharine and cationic surfactant cetyltrimetylammonium 
bromide (CTAB). The effect of stirring rate was systematically studied and optimized to get well dispersed SiC particles 
in appropriate amount. Mixed crystalline phase with reinforced [2 1 1] crystal orientation was obtained by XRD 
analysis. The result revealed that, 250 revolutions per minute (rpm) is optimum stirring rate for the electrochemical 
codeposition of Ni–SiC. Coating prepared at 250 rpm showed highest microhardness and lowest coefficient of friction 
with better surface morphology and well distributed nano SiC particles. 
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 INTRODUCTION

A number of investigations on the preparation of nano 
composite coating by electrochemical codeposition of 
second phase particles on metal matrix from electrolytic 
bath has been done by different  scientists [1-4].The 
codeposition of such second phase particles gives 
improved microhardness, excellent adhesion, good 
strength, self lubricating and high temperature inertness, 
along with chemical and biological compatibility 
[5]. Due to these improvements electrochemical 
codepositions become the popular method. Besides 
these, it has got advantage of low operational cost and 
high depositional rate. It can be conducted at normal 
pressure and ambient temperature[6]. 

Electrochemical codeposition is analogous to a galvanic 
cell but working in reverse way. The substrate to be plated 
is placed at cathode of the circuit whereas material to be 
plated is kept at anode. Both components are immersed 
in a solution called an electrolytic bath, which contains 
one or more dissolved metal salts  that permits the flow 
of electricity. Codeposition of the second phase particles 
into the metal matrix is carried out by dispersion of this 
particle into the electrolyte. They can incorporate along 
with growing metal matrix. Generally used  second 
phase particles are  hard oxides [7-10] Carbides  [11, 
12] ,  Nitrides  [1] , solid lubricants [13], TiB2 [14] and 
others include diamond, Al flakes [15], nano rods, nano 
tubes and nano wires [16]. 

The overall properties of the electrocodeposited 
materials depend upon the amount  of incorporated nano 

particles in growing metal matrix and their distribution 
While, the incorporation of these particles depends upon 
the different parameters like particle characteristics [17], 
bath composition [18], bath temperature [19], bath pH 
[20], stirring rate, types of current applied, variations in 
current frequency, current density and duty cycle [21]. 
In order to maintain the particles in suspension and to 
enhance particles transport towards cathode surface, 
electrolyte agitation is required. It controls the rate, 
direction and force with which the particles arrive at 
the electrode. In the past, much effort has been given to 
study the effect of ultrasonic, thermal, magnetic as well 
as physical agitation in electrolyte [7, 22-25]. Study 
on air agitation  was also carried out by Orlovskaja 
et al [26]. Most of the previous findings indicate that 
when the agitation rate is enhanced, the incorporation 
of particles will be automatically increased however 
drastically increased agitation rate may lead to lesser 
incorporation of particles. 

In present study, we report the preparation and 
characterization of composite coatings and also studied 
the effect of stirring rate on properties of composite 
coatings. After the systematic investigation, stirring 
rate was optimized to get highest microhardness and 
lowest coefficient of friction with agglomerate free, well 
dispersed nano particles in appreciable amount.   

MATERIALS AND METHODS

Experiments were carried out in conventional two 
electrode electrochemical cell, in which the nickel balls 
in the titania basket was used as anode whereas SUS 
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304 stainless steel substrate of (4.5×4.5) cm2 exposed 
surface area was taken as cathode. The sulfamate bath 
was used along with grain modifier saccharine and 
cationic surfactant CTAB. Electrolytic bath composition 
and operational conditions used for the codeposition 
process is given in Table 1. Three different samples were 
prepared namely (a) S-1, (b) S-2 (c) S-3 which were 
prepared at 100 rpm, 250 rpm and 400 rpm respectively. 
Controlled pulse current was supplied by using Pulse 
Rectifie, Jiasang Electric Co .Ltd. All the experiments 
were carried out in continuous stirring condition by 
using Teflon coated magnetic bar of diameter of 0.5 cm 
and length of 2 cm. All reagents used were of analytical 
grade and obtained from Duksan Pure Chemicals Co. 
Ltd. Korea. These reagents were prepared in de-ionized 
water.

Table 1: Bath Compositon and Operating Condition.

Bath composition            Operating condition 

Ni(NH2SO3)2 (g/L) 300  pH           4

NiCl2 (g/L) 10  Temperature (oC)         50

H3BO3 (g/L) 40  Current type          Pulse

CTAB   (g/L) 0.2  Duty cycle (%)          25

Saccharine (g/L) 2  Pulse frequency (Hz)         100

SiC (g/L) 20  Current density (mA/cm2)   60

SiC size (nm) 270  Stirring rate (rpm)    varies(100, 
250,400)

-   Time (h)           1 

Surface morphology and microstructure of coatings 

along with  crystal growth and  distribution of the 

incorporated  nano SiC  particle on thus prepared samples 

were characterized by the Scanning electron microscopy 

(SEM), mini-SEM (nanoeye, Co.).The phase and 

preferred crystal orientation of Ni was examined by 

applying X-ray diffraction (XRD) technique  utilizing 

Rigaku DMAX 2200, XRD, Japan, with Cu- kα 

radiation. Vickers Microhardness Tester (Buehler Ltd., 

USA) was used to measure the microhardness . Here 

100 g load was applied for 10 seconds on seven different 

places of the sample at the cross-sectional area. Then 

the corresponding final values were determined as the 

average of seven measurements. Tribological properties 

including coefficient of friction of the samples were 

evaluated by ball on disc method using Tribometer 

(CSM Swiss). The used tribological test condition is 

given in Table 2.

Table 2. Tribological Condition.

Tribological Parameters Operating Conditions

Normal load 2N

Sliding Seed 9.42 cm/s

Total sliding Distance 56.52 m

Rotating radius 3 mm

Temperature RT

Time 10 min

Lubricants No

RESULTS AND DISCUSSION

Surface Morphology

SEM images in Fig. 1. shows the surface morphology 

of the coated samples. As can be seen in this figure, 

the surface morphology of sample S-2 and S-3 seems 

to have regular surface with smaller grain growth sites. 

However, sample S-1 has irregular surface morphology 

with bigger grain growth sites and has agglomerated 

surface. Such agglomerate surface is not desirable 

because it reduces the smoothness of the surface and 

hence in homogeneity in the overall properties of 

coating. This result clarifies that samples with smooth 

surface can be prepared at higher stirring rate. 

Distribution of Particles

From the cross-sectional images in Fig. 2, we can 

clearly observe that Fig.2-b contains the uniformly 

distributed black SiC particles in higher amount than in 

the other two images. This result suggest that the coating 

prepared at the medium stirring rate i.e. 250 rpm gives 

the higher incorporation of the nano SiC particle with 

well dispersion. This result is in good agreement that  

the incorporation of the nano particles depends upon the 

residence time of particle in the cathode surface [27]. 

At low stirring rate, diffusion rate of particle is very 

slow as a consequence very less amount of particle will 

reach to the cathode surface. The high stirring speed 

gives rise to high impinging velocity to the particles 

towards the cathode. However, high impinging velocity 

may lead to bounce off the particles from the cathode 

surface resulting less residence time consequently less 

incorporation.
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Figure 1: SEM Images of coatings   a) S-1, b) S-2 and c) S-3.

Figure 2 : Cross-sectional SEM Images of Coating a) S-1, b) S-2 and c) S-3.

Phase and Orientation Analysis 

Figure 3: XRD Patterns of Samples S-1, S-2 and S-3.

In Fig. 3 four sharp diffraction peaks were observed at 44, 

52, 76 and 93  degrees of 2θ values of (111), (200), (220) 

and (311) crystal orientation respectively. These peaks are 

assigned for nickel according to JCPDS data: 04-0850. This 

sharp picks represents the mixed crystalline phase of coated 

sample which is found to be different than the pure nickel 

coating as previously reported by P. Gyoftou et al [21].The 

highly intense (311) and (111) peak  line is attributed to a 

dispersed[2 1 1] orientation which is responsible to higher 

hardness [28].
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Vickers Microhardness

Figure 4: Variation of Vickers microhardness of Ni-SiC coating 
as a function of different stirring rate.

Fig. 4 shows the bar diagram of microhardness. This 
diagram indicates that the Vickers microhardness 

value of coating sample S-2 is higher than the other 
two samples. This result suggests that the 250 rpm 
is the optimum stirring rate to produce excellent 

microhardness. It seems that the coating, which contain 
larger number of codeposited SiC particles (as in Fig. 
2(b)) exhibit  higher Vickers microhardness than other 

coatings those contains less amount of codeposited 
SiC particles, such higher values of the microhardness  

may resulted from the higher codeposited SiC 
particles which induced the hardening effect by unique 
dispersion method. [29]. 
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Tribological Test

Figure 5: Coefficient of Friction of Samples S-1, S-2 and S-3.

Fig. 5 shows the plots of coefficient of friction as a 
function of sliding time for the samples S-1, S-2 and 
S-3. Here curve (a) shows the higher coefficient of 
friction than others. Curve (b) for sample S-2 shows the 
initial increase of coefficient of friction value up to 200  
Sec then it changes its nature of i.e, the plateau 
indicating the constant value.  The curve (c) shows the 
large coefficient of friction value with large fluctuating 
value. This result infers that, coating prepared at 
medium stirring rate i.e 250 rpm in this case has the 
better anti frictional behavior. This result may be due to 
the homogenous distribution of the reinforced nano  SiC 
particle with higher amount in coating as can be seen  in 
Fig. 2-b.

CONCLUSION
Ni–SiC composites were successfully coated by 
electrochemical codeposition technique from a nickel 
sulfamate bath. The effects of stirring rate on the 
codeposition behaviors of SiC were studied. The 
following conclusions are derived from this studied.

1. The stirring rate of 250 rpm was found to be optimum 
stirring rate to bring smooth and regular surface 
morphology of composite coating as indicated by 
SEM image. 

2. The higher codeposited  nano SiC particles was 
obtained at medium stirring rate of 250 rpm   in this 
research. 

3. Mixed crystalline phase with reinforced [211] crystal 
orientation was obtained in case of composite coating 
by XRD analysis.

4.  Highest Vickers microhardness (575 ± 10 Hv) was 
achieved at 250 rpm of stirring rate.

5.  The lower and constant coefficient of friction value 
was observed in sample prepared at 250 rpm of 
stirring rate.

From the results, we  can concluded that the  250 rpm 
stirring rate is found to be optimum stirring rate for 
the electrochemical codeposition of Ni-SiC composite 
to get better surface morphology with improved 
microhardness that gives anti frictional properties. 
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