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ULTRASONIC-ASSISTED ELECTRODEPOSITION 
OF SnNi(C) COMPOSITE COATINGS 

Katya Ignatova, Daniela Lilova

ABSTRACT

By changing various parameters: content of graphite particles, ultrasonic stirring and electrolyte temperature data 
on the growth rate, elemental composition and morphology of electrodeposited Sn-Ni(C) composites on copper were 
obtained. The coatings deposition was performed at galvanostatic conditions in gluconate-glycinate electrolyte with 
pH = 4 - 4.5. Fine graphite powder with concentrations of 1 - 4 g L-1 was added to the solution. Coatings deposited 
under “quiet” conditions are coarse-crystalline and the graphite particles are unevenly distributed. By increasing 
the temperature to 60oC, ultrasonic stirring and graphite content in the solution of 3 g L-1, the coatings become finer-
crystalline and smooth. The Ni content increased by about 11 wt. % and това на Sn varies between 44 wt. % to 71 
wt. % in these conditions. When applying ultrasonic stirring and when the graphite content in the solution increases 
from 0 to 4 g L-1, the average growth rate of the coating varies around higher limits (from 108 mg cm-2 h-1 to 74 mg 
cm-2 h-1 ) compared to “ the “quiet” conditions (from 95 mg h-1 to 44 mg cm-2 h-1). 
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INTRODUCTION

Because of their attractive appearance, high hardness, 
corrosion and friction resistance, the dense Ni-based 
coatings are of interest to automobile and petroleum 
industries, machine-building and electronics [1 - 4]. 
Thanks to their magnetic properties, Ni-based coatings 
are very intensively studied and applied in sensors for 
hard disks, biosensors, microelectromechanical systems 
(MEMS) and electrotechnics [5 - 8]. 

Over the last 20 years, the interest in alloys based 
on transition metals has increased due to their attractive 
prices and excellent electrocatalytic properties towards 
hydrogen and oxygen electrode reactions (HER and OER 
resp.) in water electrolysis [4, 12, 13] and for HER in 
chlorine-alkaline electrolysis [14].  In the last decade, 
Sn-based alloys with transition elements (mainly nickel 
and cobalt) have been applied with increasing success as 

anodic materials in lithium-ion batteries (LIBs) [15 - 20] 
and sodium-ions batteries (NaIBs)  [20, 21] because of 
the high theoretical capacitance of Sn (994 mAh g–1 for 
Sn compared to 372 mAh g-1 for graphite). Introducing of 
graphite, graphene and other particles in Sn-based anodic 
materials increases the current capacity and extends the 
battery life [4, 22].

To receive composite coatings with high quality 
and homogenous distribution of dispersed in solution 
and in the coating material, using the proper way to stir 
and deagglomerate the inert particles is important. An 
appropriate technique is electrodeposition with ultrasound 
assistance [23, 27].  The principles of action and 
theoretical aspects of the effect of the ultrasound stirring 
on the electrodeposition of metals and particles, using pure 
solutions and suspensions are presented in [23 - 27].  A 
million bubbles produced inside the solution at a high 
sound frequency cause the stirring effect realized by an 
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ultrasonic bath. Data on the application of ultrasound 
in the deposition of Ni and Ni-based alloys [28, 29] 
and of Ni(Al2O3) [30], Ni/SiC [31], Ni(Diamond) [9] 
composites are presented in the literature.

Some of the well-known compositions for 
electrodeposition of SnNi alloys are glycinate electrolyte 
[16], fluoride-chloride electrolyte [32], and alkaline 
pyrophosphate-chloride electrolyte with gelatin addition 
[33]. The glycinate electrolyte has the composition: 
0.175 ÷ 0.068M SnCl2, 1.262M NiCl2, 0.5M K4P2O7, 
0.125 М glycine, 5 ml L-1 NH3. In our previous work, 
the effect of the separate and co-presence of sodium 
gluconate and glycine on the deposition kinetics and 
morphology of SnNi alloy coating was investigated [34]. 
It has been found that glycine whit a concentration above 
5 - 8 g L-1 gives coatings with better adhesion. 

This study aimed to investigate the influence of 
ultrasonic stirring, the content of the graphite particles 
in the solution and its temperature on the particle 
distribution in coatings, elemental composition and 
morphology of SnNi(C) composite coatings.

EXPERIMENTAL

Composition of the electrolyte
The electrolyte for galvanostatic deposition of coatings 

on copper electrodes has the following composition: 95 
g L-1 SnCl2×5H2O (0.42 M); 200 g L-1 NiCl2×5H2O (0.42 
M); 100 g L-1 C6H11NaO7 (sodium gluconate); addition 
of 100 g L-1 C2H5NO2 (glycine); pH = 4 - 4.5. The high 
concentration of sodium gluconate and glycine provides 
the deposition of denser coatings. Fine graphite powder, 
based on soft carbon (type Soft) with concentrations of 
1 - 4 g L-1 was added to the solution. The graphite powder 
used is distinguished by parallel arranged graphene 
layers with a high degree of defects, an average particle 
size of 3 - 8 μm, and is suitable for use in lithium-ion 
batteries [35]. The electrolyte is subjected to ultrasonic 
stirring both during the electrodeposition of the coating 
and 15 - 20 min before it for deagglomeration and good 
distribution of the graphite particles. A peculiarity of 
the preparation of the solutions is that the Sn salt was 
added to pre-dissolved sodium gluconate and glycine 
at a temperature of 50 - 60°C. The Ni salt, dissolved 
previously in distilled water, was added to the so-
prepared stable solution. The pH value was adjusted to 
4 - 4.5 using NaOH and HCl.  

Electrodeposition of the coatings
Fig. 1 shows a scheme of the experimental technique 

used in the study. A two-electrode cell contains a 
working copper electrode (WE) with a surface area of 4 
cm2 (2 cm  / 2 cm) and a counter platinum electrode (CE) 
with an area of 20 cm2. The cell was immersed in the 
thermostatic ultrasonic bath, Digital Ultrasonic Cleaner 
CD-4830 with volume 3 L and 36 kHz frequency.

The deposition was carried out under galvanostatic 
conditions using Galvanostat/Poten-tiostat OH-405 
(Hungary) (1). All coatings were deposited at current 
density j = 7.5 mA cm-2. 

Pretreatment of the electrodes 
Copper foil was used to prepare working electrodes; 

non-worked side was isolated. Before each experiment, 
the electrodes were subjected to pretreatment operations 
to clean possible contaminants and oxides on their 
surface: degreasing in an alcohol-ether mixture, washing 
in hot distilled water (80oC), glossy etching in a mixture 
of concentrated acids (HNO3 : H2SO4  = 2 : 1) with an 
addition of 10 mL c. HCl in 100 mL of solution and 
subsequently rinsing with distilled water repeatedly. 
The platinum counter electrode was periodically 
left submerged for 5 - 10 min in a solution of 50 % 
HNO3 heated to 50°C. After the deposition, the coated 

Fig. 1. Experimental schema of coating deposition: (1) 
galvanostat; (2) electrochemical cell; (3) ultrasonic bath; 
(4) copper working electrode (WE); (5) platinum counter 
electrode (CE).
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electrodes were rinsed with distilled water and dried 
with filter paper. 

Morphological and elemental analysis
The surface morphology of the samples was analysed 

by Scanning Electron Microscopy (SEM) using an SEM/
FIB LYRA I XMU microscope of the company TESCAN 
with tungsten heated filament as an electronic source, 3.5 
nm resolution at 30 kV and accelerating voltage from 
200 V up to 30 kV. The microscope was equipped with 
an EDS detector, Quantax 200, company BRUKER for 
quantitative analysis. Spectroscopic resolution of the ED 
spectrometer of 126 eV was measured by the FWHM 
resolution of the Mn-Kα X-ray peak at 5.9 keV. 

RESULTS AND DISCUSSION

Elemental composition
By varying various parameters: application 

of ultrasonic stirring with a frequency of 36 кHz, 
electrolyte temperature in the range of 20 - 60oС 
and graphite concentration 0 - 4 g L-1, data about the 
elemental composition (Table 1) and the morphology 
of SnNi(C) coatings were obtained. To obtain more 
detailed information on the distribution of graphite 
particles in the coatings, elemental composition data 
were received at two different points on the surface of 
samples “1” and “5” (Table 1, Fig. 2 and Fig. 3). The 
two samples were deposited under different conditions: 
sample „1“ - at  20oС, without ultrasonic stirring and 

low graphite content of 1 g L-1 and sample „5” - at 60oС, 
with ultrasonic stirring and graphite content of 3 g L-1.     

As can be seen from Table 1, in the absence of 
ultrasonic stirring and with a graphite content of 1 g L-1, 
the temperature rising from 20 to 40oС results in a slight 
change in the coating composition - only 2 - 3 % for Sn 
and less than 1 % for Ni and oxygen (Table 1, sample 
“1” - Point 2 and sample “2”).

EDS analysis shows that the oxygen content in the 
places of incorporated graphite particles is about 20 wt.% 
higher than in the other areas - 35.97 wt. % for point 1 
and 15 wt. % for point 2 in sample “1” (Тable 1, Fig. 2). 
In the same place, the Sn content, although decreasing, 
remains high (43.95 wt. %). In the regions outside the 
embedded graphite particles, with increasing temperature 
from 40oС to 60oС and simultaneous application of 
ultrasound under constant other conditions, the Ni content 
increases from 12.62 wt. % to 23.24 wt. % in sample 
“5” (Table 1, Fig. 3). In the areas of embedded graphite 
particles, it is 5.5 wt. % (Fig. 3, point 1 for sample “5”). 
Under the same conditions, a decrease in the oxygen 
content of the coatings was found. 

SEM images of samples “1” and “5”, shown in 
Fig. 2 and Fig. 3, clearly illustrate the differences in 
morphology as the deposition conditions change. Sample 
“1”, received at low temperature and without ultrasound, 
has a rougher structure (Fig. 2). Sample “5”, obtained 
by ultrasonic stirring of the solution, high temperature 
(60oС), and at a graphite content of 3 g L-1, has a fine-
crystalline structure (Fig. 3). This is mainly due to the 

Table 1. Elemental composition of SnNi(C) coatings, deposited under the relevant set of conditions: ultrasonic stirring 
(US), electrolyte temperature (t, oC), content of graphite particles in the solution in g L-1.

Sample US t, oС
Graphite, 

g L-1 Sn, wt.% Ni, wt.% C, wt.% O, wt.%

1, Point1 - 20 1 43.95 4.91 15.18 35.97
1, Point 2 - 20 1 66.84 14.65 5.15 13.37
2   - 40 1 69.01 14.24 3.78 12.97
3    + 40 1 71.45 12.07 3.92 13.10
4 + 40 2 70.06 12.62 4.32 13.15
5, Point 1 + 60 2 16.89 5.50 54.97 22.64
5, Point 2 + 60 2 66.21 23.24 3.38 7.17
6   + 60 3 58.23 30.98 4.56 6.23
7  + 60 4 63.35 22.82 6.79 7.04
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nickel enrichment of the alloy. In these conditions, 
the nickel content reaches a maximum value of 30.98 
wt. % (Table 1, sample “5”). It is assumed that the 
established change in the composition of the coating is 
due to a change in the hydrodynamics of the electrolyte 
under conditions of high temperature and simultaneous 
application of ultrasound. In these conditions, the 
deposition of the metal with greater kinetic difficulties, 
i.e., nickel, is facilitated [34].

 Structure and morphology of coatings 
The change in appearance of the coatings, deposited 

under different conditions, is shown in Fig. 4.  All 
coatings are smooth and shiny and change color with 
increasing temperature, application of ultrasound and 
changing graphite content. The coating of pure Ni is 
grey, and those of the SnNi(C) coating, depending on 

the graphite content, goes from yellow (sample “2”) to 
light grey (samples “5” and ”6”) and dark grey colour 
(sample “4”), all of which are smooth and shiny.

The SEM images in Fig. 5 show more clearly the 
change in the morphology of the coatings with varying 
deposition conditions. In the absence of ultrasonic 
stirring at а low temperature (20 oС) and a graphite 
content of 1 g L-1, the coatings are coarse-crystalline, 
and the graphite particles are unevenly distributed (Fig. 
5 a-a**).  

Increasing the temperature in the solution up to 
40oС without ultrasonic stirring at the same graphite 
content in the solution of 1 g L-1 does not cause a change 
in the structure of the coatings but affects the graphite 
distribution, which is more uniform (Fig. 5 b-b**). 
When applying ultrasonic stirring under the same 
other conditions, the coatings acquire a fine crystalline 

Fig. 2. SEM image and EDS spectrum in two points for 
sample “1” from Table 1. 

Fig. 3. SEM image and EDS spectrum in two points for 
sample “5” from Table 1.
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structure and are smooth at the base and the graphite 
particles are more uniformly distributed (Fig. 5 c-c**). 
The average diameter of graphite agglomerates is 
about 8 - 18 μm. It is seen that only ultrasound-assisted 
electrodeposition (all other conditions being identical) 
gives a smooth SnNi(C) composite coating with very 
uniform distribution of graphite particles on the surface. 

The composition of the coating, according to EDS data, 
corresponds to Ni(C) alloy with included oxides. 

The effect of increasing graphite concentration in 
the electrolyte from 3 to 4 g L-1 at the temperature of 
60oС and ultrasonic stirring of the electrolyte on the 
morphology of the composite SnNi(C) coatings was 
studied. Fig. 6 shows SEM images of the coatings at three 

Fig. 4. Photographic images of coatings of Ni (the first photo) and of SnNi(C) on copper electrode (samples “2“, „5“, 
„6“ and „7“ from Table 1).

 Fig. 5. Effect of the temperature and ultrasonic treatment at graphite content in the solution of 1 g L-1: SEM images of 
SnNi(C) coatings - samples  “1” (а-а**); “2” (b-b**); “3” (c-c**) from Table 1. 
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different magnifications. The comparison of the images 
from Fig. 6 c-c** to those from Fig. 6 а-а** for samples 
“1” and “5” resp. shows that the higher temperature and 
increase the graphite content in the solution up to 3 g 
L-1 have a favourable effect on the morphology of the 
coatings. The structure becomes more fine-crystalline and 
the distribution of the graphite particles on the coating 
surface is uniform in these conditions. When the graphite 
concentration is further increased to 4 g L-1, a rather uneven 
distribution of graphite agglomerations on the surface is 
obtained (Fig. 6 b-b**). It can be assumed that the critical 
concentration of the graphite is 3 g L-1.  Increasing the 

graphite concentration in the solution above this critical 
concentration would be ineffective if a composite coating 
with a uniform graphite distribution is required. 

Growth rate of the coating mass

The growth rate (GR) of the coating mass is 
estimated by the Eq. (1):

GR = m2 – m1 =  Δm/S.tel , mg cm-2 h-1                                                  (1)

where m1 [mg] is the mass of the electrode before 

 Fig. 6. Influence of the graphite content in the solution on the structure of the coatings: SEM images of samples “5” and 
“7” from Table 1 at three different magnifications.
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electrolysis, m2 [mg] - the mass of the electrode after 
electrolysis, S - electrode surface [cm2] and tel [h] is the 
time for which the electrolysis itself is carried out.

Fig. 7 shows the variation of the mass growth of 
the coatings depending on the concentration of graphite 
in the solution and the application of ultrasound. The 
dependences show that when applying ultrasonic 
stirring, the increase in the mass of the coating occurs 
at a higher rate (Fig. 7, curve 1) compared to that under 
“quiet” conditions (Fig. 7, curve 2). 

The growth rate of the coating mass decreased 
with increasing graphite concentration in the solution 
regardless of the application of ultrasonic stirring.  It 
is changed from 108 mg cm-2 h-1 to 74 mg cm-2 h-1 at 
ultrasonic stirring (Fig. 7, curve 1) and from 95 mg cm-2  h-1 

to 44 mg cm-2 h-1 under “quiet” conditions (Fig. 7, curve 2) 
with increasing of graphite concentration in the solution 
from 0 to 4 g L-1. The obtained data can be explained by 
the fact that the ultrasonic stirring of the solution affects 
the thickness of the formed diffusion layer, which becomes 
thinner and therefore increases the limiting current density, 
leading to a higher coating deposition rate. Increasing 
the concentration of graphite particles in an aqueous 
suspension leads to a decrease in the electrical conductivity 
of the solution, which hinders the movement of ions by 
migration and therefore reduces the deposition rate. 

CONCLUSIONS

The following conclusions can be drawn from 
the presented research: i/ Elemental composition, 
morphology and mass growth rate of SnNi(С) alloy 
composites were investigated in galvanostatic mode 
depending on the ultrasonic stirring of the solution, 
temperature and concentration of graphite particles; 
ii/ The coatings deposited under “quite” conditions 
were found to be coarse-crystalline and the graphite 
particles were unevenly distributed within;  iii/ The 
optimal graphite concentration in the solution, in which 
a uniform graphite particles distribution in the coatings 
is formed at the conditions of ultrasonic stirring and a 
temperature of 60 oС, is from 1 to 3 g L-1; iv/ As the 
concentration of graphite in the solution increases from 
0 to 4 g L-1 the growth rate of the coating mass decreases 
from 108 mg cm-2 h-1  to 74 mg cm-2 h-1    under ultrasonic 
stirring and from 95 mg cm-2 h-1  to 44 mg cm-2 h-1  under 
“quiet” conditions.
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