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Tin electrodeposition on carbon steel surface from acidic baths of tin chloride solutions was evaluated in the presence of 
N-(2-hydroxybenzilidene) thiosemicarbazide (HBTC), as additive in electrodeposition bath and as a thin film deposited on carbon 
steel surface before electrodeposition of tin. The phase formation of tin film on a carbon steel electrode was investigated using 
galvanostatic measurements, maintaining a constant current density of 10 mA/cm2, for 10 minutes. The morphology of the surface 
was examined using scanning electron microscopy (SEM). The corrosion behaviour of electrodeposited tin coatings was 
investigated in 0.1 M HCl solutions, using electrochemical measurements such as: polarization resistance technique and 
electrochemical impedance spectroscopy. Results showed a higher corrosion resistance of electrodeposited tin coating from acidic 
baths of tin chloride solution containing HBTC, as additive. 

 
 

INTRODUCTION∗ 

There is an interest, which is more and more 
accentuated, for the tin use as a substitute for the 
conventional depositions, because of its more 
inoffensive impact upon the environment.1,2 For 
example, the tin and the tin alloys are possible 
candidates for the replacement of chrome and 
cadmium depositions that are used for some 
decorative means, corrosion protection,3 pollutants 
degradation4 respectively in the electric/ electronic 
applications.1 

The electrodeposition of the tin can be realized 
both from the acidic baths and also from the 
alkaline baths.5,6 The tin acidic baths generally 
contain some additives in order to inhibit the 
oxidation of Sn (II) to Sn (IV).7,8 The process of 
electrochemical reduction of the Sn (II) presents 
some characteristics depending on the chemical 
composition of the electrolytic bath, respectively 
depending on the used additive.  

The present study aims to determine the role of 
N-(2-hydroxybenzilidene) thiosemicarbazide (HBTC), 
                                                 
∗  

as additive in electrodeposition bath and as a thin film 
deposited on carbon steel surface before 
electrodeposition of tin, using the galvanostatic 
measurements.  

RESULTS AND DISCUSSION 

Tin electrodeposition 

Preparation of HBTC thin film deposited on 
carbon steel surface before tin electrodeposition 

A dilute solution of HBTC (2 mM) dissolved in 
diluted acidic solution (DAS) containing 0.15 M 
NaCl and 0.001 M HCl was prepared. The clean 
substrate was then immersed into the HBTC-
containing solution, at room temperature; HBTC 
thin layer deposited itself on the substrate while it 
is pulled up from the solution using a Dip Coater 
with a pulling rate of 0.015 mm/s; then, the 
substrate was rinsed with distillate water, which 
is typically the same as that used to generate the 
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film or to remove any adsorbed molecules that 
might be physically adsorbed on the layer 
surface. The microscopic images of the surface 

coatings before and after HBTC film deposition 
are presented in Fig. 1. 

 

 
Fig. 1 – SEM images of: a – carbon steel, reference sample; b – HBTC layer pulled up with 0.015 mm/s. 

 
In “b” case the formation of specific layers of 

deposition is observed; it is easy to assess that 
these layers should be characteristic of HBTC thin 
films. In case “b”, when HBTC thin layer 
deposited itself on the carbon steel while it was 
pulled up from the solution with 0.015 mm/s, the 
layer uniformity is apparent and the feature of a 
thin film, which was formed on the substrate is 
nuanced. It might indicate that the surface 
morphology shown in the case „b” (Fig. 1b) is 
significantly different than that obtained in case 
“a” (Fig. 1a). 

Electrodeposition of tin on carbon steel surface 

Knowing that the electrodeposition of a metal 
or a metallic alloy is influenced by the generation 
scheme of the current or of the tension from the 
electrolyte solution, has been studied the tin 
electrodeposition through the galvanostatic 
measurements. Detached of the salt provenience of 
tin which was used in the experimental 
measurements (SnCl2 Fluka or Merk), tin chloride 
has a pronounced tendency of oxidation in water 
solution to Sn (IV). For this reason we tried to 
stabilize Sn(II) ion, using different additives and 
N-(2-hydroxybenzilidene) thiosemicarbazide 
(HBTC) has proved to be the most efficient.           

The most efficient deposition was made from 
system 0.25 M SnCl2 / 0.1 M HCl / 2 mM HBTC, 
maintaining a constant current density of 10 
mA/cm2, for 10 minutes. In our experiments, we 
suppose that HBTC complexes the Sn (II) ions, 

leading to a complex with a very short life. During 
the experimental electrochemical tests, it was 
observed the development of a fine precipitate, 
uniformly dispersed around the cathode, which is 
supposed to be a weakly HBTC complex with Sn 
(II); in these given experimental conditions HBTC 
is a weakly ligand, but it can block Sn (II), for a 
short period of time; in this way its oxidation to Sn 
(IV) was inhibited and it was stimulated the 
electrodeposition of metallic tin, not a SnO2.9 The 
morphology of the surface was examined using 
SEM. The resulted image is presented in Fig. 2a. 
Moreover, tin coating on modified carbon steel 
surface with HBTC thin film was deposited from 
the system 0.25 M SnCl2 / 0.1 M HCl, in the same 
experimental conditions, maintaining a constant 
current density of 10 mA/cm2, for 10 minutes. The 
resulted SEM image is presented in Fig. 2b. 

In “a” case the formation of specific layers of 
electrodepositions is observed; it is difficult to 
assess that these layers should be characteristic of a 
metal or an oxide. In the given experimental data, 
in HBTC presence, Mőssbauer spectroscopy 
showed that the metallic tin percentage is higher 
than the oxide percentage.9 In case of 
electrodepositions from solutions containing 2 mM 
HBTC (Fig. 2a) the layer uniformity is more 
apparent and the feature of a metallic nucleation is 
nuanced. It might indicate that the surface 
morphology shown in the case “a” is significantly 
different and denser than that obtained in the  
case “b”. 
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Fig. 2 – SEM images of: a – electrodeposited tin coating on carbon steel from 0.25 M SnCl2 / 0.1 M HCl / 2 mM HBTC solution; b – 

electrodeposited tin coating on modified carbon steel surface with HBTC thin film. 
 

Corrosion studies 

The corrosion behaviour of electrodeposited tin 
coatings was investigated in 0.1 M HCl solutions, 
using electrochemical measurements such as: 
polarization resistance technique and 
electrochemical impedance spectroscopy.   

Polarization resistance method 

The polarization curves obtained in the 
potential ranges near to corrosion potentials were 
recorded with a scan rate of 10 mVs-1. The 
linearization was accomplished in the domain of 
over-voltages values of ± 10 mV (Fig. 3). The 
slopes (di/dE)E→Ecorr of the lines from Fig. 3, 

represent the polarization conductances. 
Polarization resistance (Rp – Ωcm2) was calculated 
using relation 1. 

 1

corrE E p

di
dE R→

  =  
 (1) 

The study of the tin coatings response given 
by polarizing those in 0.1 M HCl solution has 
shown a higher polarization resistance (Rp) value 
(103.1 Ωcm2) for electrodeposited tin coating from 
tin chloride solution containing 2 mM HBTC than 
that obtained for electrodeposited coating on 
modified carbon steel surface with HBTC thin 
film, which is reaching a value of 84.7 Ωcm2. 

 

 
 

Fig. 3 – Polarization resistance (Rp) of electrodeposited tin coatings corroded in 0.1 M HCl solutions, at room temperature. 
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Electrochemical impedance measurements 

Electrochemical impedance measurements for 
all investigated samples in 0.1 M HCl solution 
were carried out at open circuit  potential  in the 
frequency range from 105 to 10-1 Hz, with a value 
of 10 mV for the amplitude. In Fig. 4 Nyquist plots 
of impedance spectra for the investigated coatings 
in 0.1 M HCl, at room temperature are shown. A 
more pronounced distorted capacitive loop was 
obtained for the sample coated with 
electrodeposited tin coating from tin chloride 
solution containing 2 mM HBTC than that 

obtained for electrodeposited coating on modified 
carbon steel surface with HBTC thin film.  

For the description of EIS measurements an 
equivalent circuit is inserted in Fig. 4, where (Rs) is 
the solution resistance of the bulk electrolyte and 
(Cdl) represents the double layer capacitance of the 
electrolyte/metal interface. (Rp) is the polarization 
resistance of the metal. The impedance parameters 
derived from EIS measurements and respective 
fitting results are given in Table 1 and Fig. 4, 
respectively. 

  
Table 1 

Electrochemical parameters obtained from impedance measurements  
for electrodeposited tin coatings corroded in 0.1 M HCl solution, at room temperature 

Electrodeposited    tin coating R s 
(Ω cm2) 

C dl 
(µF cm-2) 

R p 
(Ω cm2) 

with HBTC, as additive 2.21 235 115 
with HBTC thin film 2.92 247 92 

 

 
Fig. 4 – Equivalent circuit model and Nyquist plots of electrodeposited  

tin coatings corroded in 0.1 M HCl solutions, at room temperature. 
 

It can be observed that the polarization 
resistance values (Rp) obtained by polarization 
resistance technique and EIS measurements are in 
good agreement. 

EXPERIMENTAL PART 

The carbon steel used had the following composition 
(weight %): C=0.1%; Si=0.035%; Mn=0.4%; Cr=0.3%; 

Ni=0.3%, with the balance in Fe. The samples were 
mechanically polished with emery paper of different grades, 
degreased with acetone and dried.  

Tin electrodeposition 

Preparation of HBTC thin film 
TL0-01 Desktop Dip Coater was used for to prepare 

optical films from diluted acidic media containing 0.15 M 
NaCl, 0.001 M HCl and 2 mM HBTC at a pulling rate of 
0.015 mm/s. Its features are:  pulling rate varies from  
0.01 mm/sec to 3 mm/sec; digital display relative speed with 
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±0.05% accuracy. The carbon steel plate (2 cm x 2 cm) was 
immersed in the solution of the coating material at a constant 
speed; the substrate remained inside the solution for a while 
and then it start to be pulled up; the thin layer deposited itself 
on the substrate while it was pulled up; the withdrawing was 
carried out at a constant rate; excess liquid was drained from 
the surface. All the chemicals used in this work were procured 
from Fluka. 

Tin electrodeposition on carbon steel surface 
The tin electrodepositions on carbon steel surface were 

obtained from acidic baths of tin chloride 0.25 M SnCl2 /0.1M 
HCl containing N-(2-hydroxybenzilidene) thiosemicarbazide 
(HBTC) – the system SnCl2/HCl/ HBTC – using galvanostatic 
technique, maintaining a constant current density of 
10 mA/cm2, for 10 minutes. There was used a standard non-
divided electrochemical cell, with a working electrode of 
carbon steel (surface 2 cm2), an auxiliary electrode of 
platinum in the form of a plate (surface 1 cm2), and as 
reference was used the Ag/AgCl electrode. The carbon steel 
working electrode was sanded with emery paper of very fine 
granulation, washed with distilled water, degreased with 
acetone and dried, before introducing it in the electrolyte 
solution. The equipment used included an electronic 
multimeter 2420 3A Source Meter, made by Keithley firm that 
can generate and measure currents and/or tensions in different 
steps. The morphology of the surface was examined with a 
microscope Vega Tescan, SE detector. 

Corrosion studies 
For corrosion tests a standard cell has been used with a 

plate working electrode (surface 2 cm2) made of tin coatings 
electrodeposited on carbon steel surface, a platinum auxiliary 
electrode (surface 1 cm2) and a Ag/AgCl reference electrode. 
0.1 M HCl medium was used as blank corrosion test solution. 
A potentiostat VoltaLab 40 connected to a Computer with 
VoltaMaster 4 software was used in the measurements. 

CONCLUSIONS 

The nucleation process of the tin is more 
efficient when it was electrodeposited from a 

system consist of SnCl2/HCl containing HBTC, as 
additive. 

The values of polarization resistance (Rp) 
obtained by polarization resistance technique and 
EIS measurements are in good agreement. 

According to the stated affirmations, test 
corrosion showed a higher corrosion resistance of 
electrodeposited tin coating from tin chloride 
solution acidic baths containing HBTC, as 
additive, than that obtained for electrodeposited 
coating on modified carbon steel surface with 
HBTC thin film. 
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