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TEXTURE AND CORROSION RESISTANCE OF ELECTRODEPOSITED TIN COATINGS

TEKSTURA I ODPORNOSC NA KOROZJE ELEKTROLITYCZNIE OSADZONE]J
POWLOKI CYNOWE]

Tin electrodeposition on mild steel substrates using stannous sulfate and sulfuric acid
electrolyte was studied under different current densities. The morphology, macrotexture,
and the orientations and sizes of individual grains were examined by FEG-SEM, X-ray
texture goniometry and orientation imaging microscopy (OIM) respectively. The corrosion
resistance of electrodeposited tin coatings was measured using a standard corrosion cell kit
according to the ASTM standard G3-89 (94).

It was found that tin coatings with two different texture, (100) and (301) fiber texture
can be produced by electrodeposition at room temperature by varying current density. At
a lower current density of 100A/m?, (301) fibre was obtained. At the current densities of
100 and up to 400 A/m?, only (100) fibre texture was observed. An increase in current
density leads to a decrease in grain size. At a higher current density of 200 A/m?, the
deposit was dense and smooth. The corrosion resistance of tin coatings increases with an
increase in current density. The results suggest that operating parameters play an important
role in controlling corrosion rate of tin based coatings. par Keywords: Tin, electrodeposition,
texture, grain size, morphology, corrosion resistance, OIM

Przedmiotem badatt bylo osadzanie elektrolityczne cyny na stali migkkiej przy za-
stosowaniu elektrolitu z siarczynu cynowego i kwasu siarkowego w zaleznoéci od réznych
gestosci pradu. Morfologia, makrotekstura, orientacja i wielko§¢ pojedynczych ziaren zostaly
okreSlone przy uzyciu FEG-SEM, rentgenograficznych badari tekstury oraz metody OIM.
Odporno$¢ na korozje elektrolitycznie osadzonej powloki cynowej byla mierzona przy po-
mocy standardowego zestawu do badania korozji zgodnie z normg ASTM o numerze G3-89
(94).

Wykazano, ze w pokryciach cynowych z dwoma réznymi teksturami (100) i (301)
wibkniste tekstury moga byé uzyskane przy zmianie gesto$ci pradu w czasie osadzania
elektrolitycznego. Przy gestoSci pradu nizszej od 100A/m? otrzymano teksturg wibknista
(301). Natomiast przy gesto$ciach pradu pomiedzy 100 a 400A/m?® otrzymywano jedynie
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teksture wiéknista (100). Wzrost gestosci pradu prowadzit do zmniejszenia wielkosci ziaren
a przy gestosci powyzej 200A/m? depozyt byt gesty i gladki. Odpornoé¢ na korozjg powloki
cynowej zwicksza si¢ wraz z podniesieniem gestosci pradu osadzania. Otrzymane wyniki
sugeruja, ze zmiana parametréw osadzania odgrywa istotng rolg w kontroli wlasciwosci
korozyjnych powlok cynowych.

1. Introduction

A metal surface is a complex of crystal faces, edges, corners, boundaries, and
disturbed layers [1]. A composite of these various types of structure, in turn, dictates
the properties of the surface [2]. The driving force of a reaction is dependent on the
change in free energy in going from the initial to the final state. The free energy of
a solid surface varies with the crystal face due to the different arrangement of atoms
for different crystal faces. The free energy of a surface also depends on the medium in
which it exists. Tungsten, for instance, the ratio of free energies between faces may in
some cases be as high as a factor of 5 [1]. The corrosion behavior of metallic coatings
is dependent on the texture, morphology and chemical composition of the deposits [3].
In addition, grain boundary character distribution of the coating also influences the
corrosion behavior [4]. Experimental evidence for the variation of corrosion resistance
with crystal face has been obtained in iron, copper, nickel, and zinc. Park and Szpunar
[3] have found that Zinc and zinc-iron coatings with a strong basal texture exhibit a
better corrosion resistance than the deposits with a weak basal texture or texture with
a pyramidal fiber component. Zinc grains possessing an {0001} orientation were found
by Vlad [5] to have a higher corrosion resistance in NaOH than that of grains with
other orientations.

Tinplate, steel coated with a thin layer of tin, has been used for steel cans for food
preservation for decades. The corrosion resistance is obviously of critical importance
since the consequences of corrosion are product contamination and loss of package
integrity. However, no published work has yet been made on the influence of current
density on the corrosion resistance of tin coatings.

In the present work, the texture, morphology and microstructure of tin coatings
obtained under different current densities were studied. The corrosion resistance of
tin coatings was also measured electrochemically. This work purported to suggest the
optimum operation conditions to obtain the best corrosion resistance.

2. Experimental

The electrodeposition experiments were carried out in a conventional two-electrode
cell under galvanostatic control using an EG&G Princeton Applied Research poten-
tiostat. The temperature was controlled by a thermostat. The substrate, a sheet of low
carbon steel, was the cathode. The anode was a tin rod (99.98%) with a diameter of
12.7 mm. The steel substrate was degreased in acetone, and then pickled in 2M sulfuric
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acid solution before deposition. Between every procedure, it was thoroughly rinsed in
distilled water. The composition of the electrolyte used was the same as in a previous
paper [6], namely, 0.2MSnO4 + 0.3MH,SO, + 0.2g/1 gelatin. The surface morphology
of tin coatings was examined by a Philips XL-30 field-emission-gun SEM. A Siemens
x-ray Diffractometer was used for pole figures measurements. For every specimen,
four pole figures, (200), (201), (211) and (311) were measured. And all these pole
figures were used to quantitatively describe the texture in the orientation distribution
function (ODF). This was done using commercially available TexTools software [7].
The microstructure was examined by a TSL orientation imaging microscope (OIM).
Corrosion measurements were conducted according to ASTM standard G3 [8] in a
deaerated 1M NaCl solution at room temperature using a computer-controlled Voltal-
ab PGZ100 potentiostat in a three-electrode cell, where the tin coating specimen was
the working electrode, a spiral platinum wire the counter electrode, and a saturated
calomel electrode (SCE) the reference electrode.

3. Results and discussion

3.1. Morphology

In order to investigate the influence of current density on the morphologies and
texture of tin coatings, a wider range of current density was intent to choose. On the
one hand, however, at a low current density, say 10 A/m?, the covering power is poor
and a complete coverage could not be produced. On the other hand, if current density
is too high, such as 450 A/m?, burnt deposit was obtained. In this study, the current
densities were chosen from 50 A/m? up to 400 A/m?. Figure 1 shows the morphologies
of tin coatings deposited at 50 and 200 A/m?. As can be seen, at 50 A/m?, the deposit
was rough; while at a higher current density of 200 A/m?, it was very dense, compact
and smooth.

(a) ®)

Fig. 1. The SEM images of tin deposits. (a) S0 A/m?. (b) 200 A/m?
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3.2. Texture of tin coatings

Figure 2 shows the ODFs of tin coatings obtained at various current densities. The
deposition time at different current densities was chosen to obtain the same thickness
of tin coatings about 15 microns. Fig. 2a and 2b are (301) fibre texture and Fig.2c and
2d are (100) fibre texture. It is clear that (301) fibre texture evolved at lower current
densities and the coating’s texture changed to (100) when applied current density was
100 A/m? or higher.

Fig. 2. The ODFs of tin coatings obtained at different current densities. (a) 10 A/m? for Shr. (b) 50
A/m? for 1 hr. (¢) 100 A/m? for 30 min. (d) 400 A/m? for 7.5 min

3.3. Microstructure of tin coatings

Figure 3 shows the OIM images of tin coatings deposited at different current
densities. The orientations of individual grains can be identified using color coded
maps. The grain size distribution is shown in Figure 4 and one can see that the grain
size decreases with an increase in current density. The grain size of 15 um has the
highest area fraction in Fig. 4a, and in Fig. 4b, the highest fraction is observed for 7 um
grains. At a higher current density, the number of nucleation sites increased resulting
in a smaller grain size.

3.4. Corrosion resistance of tin coatings

The Tafel plots of tin coatings are shown in Figure 5. The corrosion current
densities and the corrosion potentials were measured on the polarization curves by
using the Tafel extrapolation method. The corrosion current densities in Fig. 5 were
determined to be 0.2 pA/cm? for coatings deposited at 200 A/m? and 0.5 uA/cm? for
coatings deposited at 50 A/m?. It is evident that the applied current density influences
the corrosion resistance of tin coatings. The corrosion resistance of tin coatings in-
creases with an increase in deposition current density. A smooth, compact deposit has a
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Fig. 3. EBSD maps of tin coatings obtained at different current densities. (a) 50 A/m?. (b) 200 A/m’.
The color code indicates which crystallographic direction is parallel to ND
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Fig. 4. Grain size distributions of tin coatings deposited at different current densities. (a) 50 A/m?. (b)
200 A/m?

higher corrosion resistance. How the texture and grain size contribute to the corrosion
resistance is currently under investigation.

Fig. 5. The Tafel plots of tin coatings deposited at different current densities

4. Conclusions

Tin coatings with two different texture, (100) and (301) fiber texture was produced
by electrodeposition. At a lower current density of 100A/m?2, (301) fibre was obtained.
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At the current densities of 100 and up to 400 A/m?, only (100) fibre texture was
observed. An increase in current density leads to a decrease in grain sizes, resulting in a
smoother, more compact deposit. A smooth and compact deposit has a better corrosion
resistance. The deposit obtained at 200 A/m? has a better corrosion resistance than that
obtained at 50 A/m>.
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