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Abstract: The tin coating was elaborated electrolytically on an ordinary steel substrate in SnSO4 based electrolyte
in acid medium with additive (bis-glycobenzimidazolone) at ambient temperature. The pH is maintained at 1.2+0.2
Bis-glycobenzimidazolone influence on the electrochemical properties of the tin coating was investigated using
stationary polarization, chronopotentiometry, and cyclic voltammetry techniques. These studies show an apparent
decrease in cathodic peak current and a drop in potential. The deposition rate also decreases as the concentration
of the additive increases. SEM (Scanning Electron Microscopy) observation and XRD (X-ray Diffraction) analysis
showed that the coating consists of good surface quality of the deposit elaborated by the addition of an optimal
concentration of bis-glycobenzimidazolone (10M) in the electrolyte, which constitutes the continuation of a

preliminary study.
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1. Introduction

Though tin electrodeposition has been known since
the mid-nineteenth century, the process is still
exciting, and improvement is always crucial. There
are many reasons to choose tin coatings: the good
solderability properties °, the non-toxicity **> and
the excellent corrosion resistance *2°, Therefore, tin
coatings have a wide range of applications and are
used in both the food industry and electronic industry
147 Furthermore, tin coating and its alloys are
solicited to replace chromium and cadmium
deposits *8-1° because of their toxicity.

In acidic baths, tin layers are poriferous, less adherent,
and rough with the spontaneous formation of thin
filaments on the surface due to a high deposition
overvoltage 459112 |nitially, lead was often added in
the electrodeposition electrolytes to decrease this
overvoltage®. However, the wastewater from baths
containing lead presents real environmental problems.
To remedy this problem, several authors have
suggested the addition of organic compounds 45 or
surfactants '2¢1". which can play the same role as
lead. Some efforts have been made to develop
appropriate additives and to discover their modes of
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intervention in the deposition kinetics and thus their
impact on the morphological properties and structure.
These compounds can change tin voltage reduction,
decrease the hydrogen evolution and reduce the
surface roughness as a result 25718,

The present work is the continuation of a previous
study in which we have studied the effect of bis-
glycobenzimidazolone on tin coating electrochemical
and  morphological  properties. An  optimal
concentration of the additive mentioned above helps
improve the surface state, becoming more adherent
and uniform. The reasons that lead to bis-
glycobenzemidazolone are: First, the additive helps
improve tin electrodeposition by blocking active sites
on the metal surface. Second, this additive is
environmentally friendly. Third, the use of that
additive helps decrease the current, which will save
energy. In perspective, we will go deeper with more
details in our coming work.

This study was carried out by stationary polarization,
chronopotentiometry, and cyclic voltammetry
techniques. At the same time, the surface state
characterization of the elaborated deposit was
determined by X-ray diffraction (XRD) and scanning
electron microscopy (SEM).
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2. Experimental work

The electrolytes were prepared using analytical-grade
chemicals. The pH is maintained at 1,2+0.2 to meet
industrial conditions, and the temperature was kept at
20 + 1°C. Table 1 summarizes the baths compositions
of this study. The additive is  bis-
glycobenzimidazolone.

The so-called additive was synthesized by a method
described by Lakhrissi and al *° as it was mentioned
in a previous study 2°. A cell of 200ml was used. The
substrates were iron plates (1cm?) mechanically
polished down to 1200 SiC paper, degreased in
ethanol, etched in dilute sulfuric acid, and rinsed with
demineralized water before the experiment. Metal salt
(SnS0O4) was dissolved in distilled water first. Then
sulfuric acid was poured into the solution under
magnetic stirring. Additive preparation consists of
dissolving bis-glycobenzemidazolone in distilled

Table 1. Composition of studied baths.

Electrolytes SnSO4(M)
1 0.14
2 0.14
3 0.14

3. Results and discussion

3.1. Deposition rate
The following formula determined the deposition
rate R:

mf — mi
V(pm/h) = ———

Many authors use this formula to determine the
deposition rate without bibliographic evidence.

e: coating thickness (um), t: deposition time (h)

me: final weight of the sample; mi : initial weight of
the sample, S(cm?): substrate surface (1cm?).

For an electrodeposited coating, at E = -0.525V, the
calculation shows that the deposition rate increases
with the intensity of the applied current. Conversely,
it also demonstrates that the deposition rate decreases
in the presence of bis-glycobenzimidazolone for
different applied currents.

Thus, the rate passes from 32,8 pum/h to 7 pm/h at
-15 mA/cm? with additive. Furthermore, the
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water for 5 min under magnetic stirring. After that, a
given volume of additive will be poured into the
beaker containing SnSO., distilled water, and sulfuric
acid, according to Table 1. The deposit rate was
estimated from the weight gain after immersion time
(1/2-1h).

The electrochemical measurements were carried out
using Potentiostat/Galvanostat/Voltalab PGZ 100
monitored by a personal computer in the laboratory.
The morphology of coatings was examined with a FEI
Quanta 200 scanning electron microscope at CNRST
(Centre National de Recherche Scientifique et
Technique - Rabat). In addition, XRD measurements
were made on a PANalytical diffractometer type
X’PERT3 POWDER with Cu K ol radiation in
CUAETTI  (Centre  Universitaire  d’Analyse,
d’Expertise de Transfert de Technologie et
d’Incubation - Ibn Tofail University — Kénitra).

H2S04(M) Additive (M)
0.56 0
0.56 10°
0.56 103

mechanism of tin deposition is controlled by
diffusion, which would explain the decrease in
deposition rate °. We noticed that the best surface
state was obtained for a current density equal to -
15mA.cm at of 10 mole.L concentration of bis-
glycobenzimidazolone. The optimal additive
concentration is 10 mole.L™.

3.2. Electrochemical investigations

3.2.1. Polarization curves

The cathodic stationary current-voltage related to the
baths 1, 2 and 3 increases more or less rapidly with
the potential from -475 mV (Figure 1). We note that
the current is lower in the presence of bis-
glycobenzimidazolone (Figure 1, curve 2, and
curve 3). This current decreases as the concentration
of bis-glycobenzimidazolone increases, confirming
the additive's influence on the deposition rate.
According to Figure 1, we notice that the intensity of
the current decreases after remarkably adding the
additive, especially at the concentration of 10-3M,
which confirms the influence of the additive on
deposition speed.
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Figure 1. I=f (E) curves with stirring, scan rate = 1mV/S plotted respectively in baths: (1), (2) and (3).

3.2.2. chronopotentiometry

The transitory curves E=f (t) plot for a current density
of -15 mAJ/cm? in the electrolyte (1), (2), and (3)
(Figure 2) show a stabilization of potential at - 476
mV for electrolyte (1) and - 490 mV for electrolyte
(2) ?° while it reaches - 525 mV in the case of
electrolyte (3) at an optimal concentration of bis-
glycobenzimidazolone.

The transitory curves E=f (t) plot for a current density
of -15 mA/cm? in the electrolyte (1), (2), and (3)
(Figure 2) show a drop in potential that reaches
-525 mV  after the addition of bis-
glycobenzimidazolone at an optimal concentration of
10°M. The partial blockage of the surface could
explain this by its adsorption.
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Figure 2. Chronopotentiometry curves for a current density of -15 mA/cm? with stirring in baths: (1), (2) and

3.2.3. Cyclic voltammetry

The cyclic voltammograms recorded at a scan rate of
10 mV.min in the electrolytes 1 and 3 are shown in
Figure 3. In both cases, a cathodic peak (A) was
observed at -525 mV. During the reverse scan, the
current was higher for the electrolyte (1) without
additive than the direct scan, which confirms that a

heterogeneous deposit has been formed 2. In
electrolyte (3), we note that the current obtained
during the reverse scan is less critical than the direct
scan. This confirms a compact and uniform deposit.
In the anodic domain, in both electrolytes, an
oxidation peak (B) was observed at -325+10mV.
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A decrease in the current density was observed from -
525mV in the bath with and without bis-
glycobenzimidazolone related to the reduction of tin:

Sn'' +2e — Sn @)

A more detailed mechanism is proposed in the
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Sn** + 2H20 — Sn**(H20):2 3)
2(Sn?*)3(H20)s +12 & — SneOs (OH)s + 6H2 (4)
Sn**(H20)2+4 & — SnO2+2H2 (5)

This increase is followed by a cathodic plateau due to
diffusion of tin, and finally, the hydrogen evolution:

literature with the formation of hydrated stannic 2H* (aq) +2 & — Ha(g) ©)
complexes %
3Sn?* + 4H20 — (Sn?*)3(H20)4 )
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Figure 3. Cyclic voltammograms of tin electrodeposition in electrolyte with and without bis-
glycobenzimidazolone at a scan rate of 10 mV S

As shown in Table 2, in the absence of the additive
(electrolyte 1), the efficiency estimated by anodic and
cathodic charges (Q4/Qc) ratio was significantly less
than the unity. This could be explained by the
important reduction of H* and the incomplete anodic
dissolution of tin deposit. The deposit has been

detached and fallen in the bottom of the
electrochemical cell during oxidation. However, this
ratio increases significantly in the bath with additive
(electrolyte 3). Indeed, it is clear that bis-
glycobenzimidazolone decreases hydrogen
evolution %24,

Table 2. Anodic and cathodic charges were calculated from tin deposit dissolution cyclic voltammograms (data

extracted from Figure 3).

Electrolyte Qa (mC cm?)
Electrolyte (1) 1546,85
Electrolyte (3) 402,40

4. Surface morphology and crystalline orientation
of electrodeposited tin

4.1. Surface morphology of electrodeposited tin
As shown in Figure 4, the tin deposit obtained in the
basic bath containing no additive is very
inhomogeneous, irregular, dendritic, and has large
black spots.

Qc (mC cm?) Qa/Qc
2521,16 0,614
408,00 0,986

We also note that the surface is not covered; some of
the coatings are easily removed. In the presence of
bis-glucobenzimidazolone, the surface state of the
coating produced was improved mainly. The deposit
is more uniform and more adhering %; it covers almost
the entire surface.

The best surface state (Figure 5) was obtained at
10-3mole. L additive concentration is the optimal one.
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Figure 4. SEM images of Sn coating obtained
at | = - 15 mA/cm? from electrolyte (1)

4.2. Crystalline orientation of electrodeposited tin
The X-ray patterns of Sn coatings performed at -15
mA/cm? in electrolytes 1 and 3 compared with JCPDS
file of tin (N°. 4-673) Figure 7 % are shown in
Figure 6. They all exhibit a tetragonal structure. The
coating deposited from electrolyte (3) (with additive)
presents the intensity of the orientation (200) slightly
more significant than the one deposited from
electrolyte (1) (without additive). In contrast, the

8000

10:07:48 AM 10.9 mm 500x ETD 30.0 kV 2.5
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Figure 5. SEM images of Sn coating obtained
at 1 = - 15 mA/cm? from electrolyte (3)

intensity of the orientation (101) of the coating
deposited from electrolyte (3) is significantly higher
than the one deposited from electrolyte (1) %%. In a
previous  study conducted in  the  bis-
glycobenzimidazolone, a robust preferential
orientation in the direction (112) was observed 2. This
change in the preferential direction of tin deposit
growth in the presence of the additive could also
explain the improvement of the coating quality.
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Figure 6. X-ray diffraction patterns of coatings deposited from electrolytes (1) and (3).
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Figure 7. Reference pattern of tin (JCPDS file 4-673).
5. Conclusion electrodeposition of tin from an acid sulfate
. . . solution, Plat. and Surf. Finish., 2003 ,90, 1,
An optimal concentration of bis-

glycobenzimidazolone (10-*M) was beneficial to help
improve the surface state of tin coating. Furthermore,
the anodic and cathodic charges (Qa/Qc) ratio
increases significantly in the bath with additive
(electrolyte  3). It is evident that bis-
glycobenzimidazolone decreases hydrogen evolution
which gives more adherent and uniform coatings. We
concluded that the concentration of the additive is also
a critical factor in getting more uniform and brilliant
coatings at a current density of -15mA/cm2,
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