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Electrodeposition of  S n - C o  alloys was carried out from baths containing 2-20 g dm -3 SnSO4, 4 -  
18 g dm -3 CoSO4.7H20, C6HllO7Na and K2SO4 under  different conditions of  bath composition, 
pH, current  density and temperature on to copper substrates. The influence of  these variables on 
the cathodic potential, cathodic current  efficiency and composition of  the deposit were studied. The 
results show that the deposition of  S n - C o  alloys from gluconate baths depends greatly on the concen- 
tration of  tin. At high tin concentrations, tin is the more noble component.  At low tin concentrations, 
tin reduction is strongly suppressed due to the formation of  a more stable Sn-gluconate complex spe- 
cies and tin becomes the less noble component.  The codeposition of  Sn -Co  alloy from these baths can 
be classified as an irregular plating system. The surface morphology of  deposits was examined by scan- 
ning electron microscopy and crystal structure by X-ray. The results show that the structure of  the 
deposits was controlled by the alloy composition. 

1. Introduction 

Tin-cobalt plating has found extensive application as 
a convenient and economic way of providing an 
attractive finish for fasteners, office equipment, 
hinges, kitchen utensils, hand tools, tubular furniture 
and motor car interior trim and fittings [1]. Jennison 
and Bradley [2] described the electrodeposition of 
tin-cobalt from alkaline media. Ireland and Parkin- 
son [3] electroplated tin-cobalt alloys from fluoride 
bath. Sree and Rama Char [4] investigated the electro- 
deposition of this alloy from pyrophosphate bath, the 
results showed that at low current density 
(0.7 A dm -2) the deposits contained only a few percent 
of cobalt (the less noble metal) but at high current 
densities (7.0-8.9Adm -2) the percent of cobalt in 
the deposit increased and approached the metal per- 
centage of the cobalt in the bath. Clark et aI. [5] 
obtained white alloys from a mixed chloride/fluoride 
bath. Hemsley and Roper [1] electroplated bright 
tin-cobalt alloys from a bath containing stannous 
and cobalt sulphates, sodium gluconate as a chelating 
agent and sodium sulphate as supporting electrolyte. 
The authors studied the effect of some operating vari- 
ables on the physical and mechanical properties of the 
deposits. The appearance of the deposits are similar to 
chromium and they are sufficiently hard and wear 
resistant to allow use in most decorative and domestic 
applications. 

Therefore, it was felt that it would be interesting to 

study systematically the electrodeposition of tin- 
cobalt alloys from gluconate baths. The present study 
deals with the effects of some plating variables on 
cathodic polarization, cathodic current efficiency 
and composition and structure of the deposits. 

2. Experimental details 

Experiments were carried out in solutions containing 
SnSO4, CoSQ.7H20, C6HllO7Na and K2SO 4. All 
solutions used were freshly prepared with doubly dis- 
tilled water and analytical grade chemicals. The pH 
was adjusted using sulphuric acid or sodium hydro- 
xide. The experimental setup used was described pre- 
viously [6] and consisted of a rectangular Perspex cell 
equipped with a plane copper cathode and a platinum 
sheet anode. Each electrode had dimension 2.5 x 3 cm 
and filled the cross-section of the cell. Before each run, 
the cathode was mechanically polished with 600 mesh 
emery paper, washed with distilled water, rinsed with 
ethanol and weighed. The experiments were con- 
ducted at the required temperatures with the help of 
an air thermostat. The plating duration was 30 min, 
after which the cathode was withdrawn, washed 
with distilled water, dried and weighed. The composi- 
tion of the deposits was determined by EDX-ray spec- 
trometer (Cam Scan Cambridge Scanning Company 
Ltd) X-ray diffraction analysis was carried out by 
X-ray diffractometer (Siemens D 500/501). The mor- 
phology of the deposits was examined by scanning 
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Fig. 1. Cathodic polarization curves for the tin deposition at 25 °C 
from solutions containing 20gdm -3 K2SO 4 and 32gdm -3 sodium 
gluconate and different concentrations of SnSO4: (a) 2, (b) 5, and (c) 
20 g dm -3 . 

electron microscopy  (Cam Scan Cambr idge  Scanning 
C o m p a n y  Ltd). 

Po ten t iodynamic  cathodic  polar izat ion curves were 
traced by the use o f  a potent ios ta t  (Wenking model  70 
TSI). The measurements  were per formed in a three 
electrode cell provided with a copper  cathode,  a plati- 
num anode  and a saturated calomel electrode (SCE). 
The latter was connected to the cell via a luggin capil- 
lary filled with solution under  test to minimize 
contaminat ion.  

3. Results and discussion 

3.1. Cathodic polarization curves 

Poten t iodynamic  current  dens i ty -ca thod ic  potential  
curves for  bo th  the metals and the alloys were deter- 
mined under  different experimental conditions.  The 
potentials were swept f rom the zero current  values 
(the rest potential) up to -2000  mV vs SCE a t  a scan 
rate o f  1 mV s -1. The results are shown in Figs 1-5.  
The individual discharge o f  each metal  is accompa-  
nied by large polarization. Tin is p redominant ly  
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Fig. 2. Cathodic polarization curves for the cobalt deposition at 
25 °C from solutions containing 20gdm -3 K2SO 4 and 32gdm -3 
sodium gluconate and different concentrations of COSO4.7H20: 
(a) 5, (b) 8, and (c) 18gdm -3. 
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Fig. 3. Cathodic polarization (25 °C) curves for the electrodeposi- 
tion of (a) cobalt from solution containing 8 g dm -3 COSO4.7H20; 
(b) tin from solution containing 20 g dm-'SnSO4; (3) Sn-Co alloy 
from solution containing 20 g dm -3 SnSO 4 and 8 g dm -? 
COSO4.7H20. Each solution contained 20gdm -3 K2SO 4 and 
32 g dm -3 sodium gluconate. 

present as the [SnC6H1107] + complex ion in addit ion 
to other complex species [7] and cobalt  mainly exists 
as the [CoC6HllO7] + complex ion [8]. In Fig. 1, it is 
clearly seen that  tin reduct ion is strongly inhibited 
due to the fo rmat ion  of  Sn 2+ gluconate complex spe- 
cies. The deposi t ion potential  shifts f rom - 8 0 0 m V  
(Fig. 3) to 1600mV (Fig. 1) as a result o f  increased 
stability o f  the complex species. This negative shift 
in the tin deposit ion potential  is associated with pro- 
gressive evolution o f  hydrogen  gas. Thus,  a decrease 
in cathodic  current  efficiency of  tin deposit ion is 
expected in dilute solutions. On  the other hand,  data  
o f  Fig. 2 show that  cobalt  is deposited at about  
- 1 2 0 0 m V  and this deposi t ion potential  is hardly 
affected by change in Co 2+ concentrat ion.  
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Fig. 4. Cathodic polarization (25 °C) curves for the electrodeposi- 
tion of (a) tin from solution containing 2gdm 3SNSO4; (b) from 
solution containing 5 g dm -3 SnSO4; (c) cobalt from solution con- 
taining 8 g dm -3 COSO4.7H20; (d) Sn-Co alloy from solution con- 

3 3 taining 2gdm- SnSO4 and 8gdm- CoSO4.7H20. (e) Sn-Co 
3 alloy from solutions containing 5gdm- SnSO 4 and 8gdm -3 

COSO4.7H20. Each solution contains 30gdm -3 K2SO 4 and 
3 32 g dm- sodium gluconate. 
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Fig. 5. Cathodic polarization curves for the 
electrodeposition of Sn-Co alloy from 
solution containing 2 g dm -3 SnSO4, 
8gdm -3 CoSO 4.7H20 and 20gdm -? 
K2804, curve (at) 32gdm -3 sodium gluco- 
hate, (a2) 64 g dm -3 sodium gluconate, (bl) 
32 g dm 3sodium gluconate at pH 4.0, (b2) 
32gdm -3 sodium gluconate at pill.7, 
(cl) 32 g dm -3 sodium gluconate at 25 °C. 

Comparison of the curves of Figs 3 and 4 shows 
that the relation between the position of the polariza- 
tion curves of the alloy and those of the parent metals 
is not uniform and depends greatly upon the concen- 
tration of tin ions in the bulk electrolyte. At high tin 
ion concentrations, the individual polarization curves 
of tin lay to the left (to the more noble potential) of 
individual curves of cobalt, indicating that, under 
such conditions, tin is the more noble component. 
However, at low concentrations of tin in the bath, 
its deposition potentials become less cathodic (less 
negative) than those of cobalt. Under such conditions, 
cobalt is the more noble component.  In all cases it is 
found that the polarization curves of the alloy lay 
between those of the parent metals. This is common 
in many alloy plating systems [10, 11]. This infers 
that the codeposition enables the less noble metal to 
deposit at less cathodic (more positive) potentials 
and causes the more noble metal to deposit at more 
cathodic potentials than in the individual deposition 
cases :[9]. 

Figure 5 shows the effect of gluconate ion 
concentration, pH and temperature on the cathodic 
polarization of  alloy deposition from a bath 
containing 5 g d m  -3 SnSO4, 8 g d m  3 COSO4.7H20 ' 
and 20 g dm -3 K2SO 4. In this bath, tin is the less noble 
component. Increasing the gluconate ion concentra- 
tion in this bath increases the cathodic polarization 
mainly as a result of increasing stability of tin gluco- 
nate complexes. The deposition potential of the alloy 
is shifted towards less negative potentials with 
decrease in pH of the bath as shown in Fig. 5(b). It 
is possible that this trend is due to a decrease in hydro- 
gen overpotential of the cathode with increasing bath 
acidity since hydrogen evolution was observed to 
occur vigorously at low pH values. In addition, in 
gluconate bath containing tin and cobalt as complexes 
a variation of pH affects the equilibrium of the com- 
plexes unequally. It is possible that the stability of 
Co 2+ gluconate complex species decreases with 
increasing bath acidity. This shifts the deposition 
potential of cobalt in the noble direction and 
consequently causes easier deposition. However, 
elevating the bath temperature also decreases the alloy 
deposition potential, Fig. 5(c). This behaviour may be 

attributed to the depolarization effect of tempera- 
ture on the discharge overpotential of the reducible 
ions. 

3.2. Composition of the deposits 

Figure 6 shows the influence of tin ion concentration 
in the bath on the percentage of cobalt in the deposit 
and on the cathodic current efficiency (CCE) of the 
alloy deposition at 30 and 100 mAcro -2. The broken 
line AB in the figure indicates the composition refer- 
ence line which presents the percentage of cobalt in 
the bath. It is obvious that the cobalt percentage in 
the deposit decreases markedly with increasing tin 
content in the bath. At low tin ion concentrations 
(<  8 g dm -3 SnSO4), the percentage of cobalt in the 
deposit is above the composition reference line AB, 
this indicates the preferential deposition of cobalt 
(the more noble component) suggesting normal code- 
position. On the other hand, when the concentration 
of tin in the electrolyte is raised ( > 8 g dm -3 SnSO4) , 
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Fig. 6. The effect of the SnSO 4 concentration on CCE and the com- 
position of Sn-Co alloys from bath containing 8gdm 3 

3 3 COSO4.7H20, 20gdm- K2SO4, 32gdm- sodium gluconate at 
25 °C. Curves: (a) 30 and (b) 100mA cm -2. The reference line AB 
represents the percentage of cobalt in the bath. 
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Fig. 7. The effect of the CoSO4 concentration on CCE and the com- 
position of Sn-Co alloys at 25 °C, c.d. 30 mA cm -2 and pH 3.9 from 
baths containing 20gdm 3 K2SO4, 32gdm 3 sodium gluconate. 
Curves: (a) 5 and (b) 8 gdm -3 SnSO 4. The reference line AB repre- 
sents the percentage of cobalt in the bath. 

tin becomes the more noble component and so depos- 
its preferentially. This indicates normal codeposition 
and explains the decrease in the percent of cobalt in 
the as-deposited alloys. However, with still further 
increase in the concentration of tin in the bath 
(< 14gdm -3 SnSO 4 at 100mAcm -2 and < 16gdm -3 
SnSO 4 at 30 mA cm -2) the deposition of cobalt ceases 
entirely and the deposits consist only of tin and the 
CCE tends to reach 100%. This is because the poten- 
tials under these conditions are not sufficiently nega- 
tive to allow the reduction of both Co 2÷ and H + 
ions. These results agree well with the variation of 
the cathodic polarization of the alloy deposition 
with the concentration of tin in the bath. It is worth 
noting that, at a given bath composition, an increase 
in current density decreases the CCE of the alloy 
deposition as a result of increasing the cathodic 
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Fig. 8. The effect of the sodium gluconate concentration on CCE 
and the composition of Sn-Co alloys at 25 °C, c.d. 30mAcro -2 
and pH3.9 from bath containing 5gdm -3 SnSO4, 8gdm -3 
CoSO4.7H20 and 20gdm -3 K2SO 4. 
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Fig. 9. The effect of bath pH on CCE and the composition of Sn-Co 
alloys from bath containing 5 g dm -3 SnSO4, 8 g dm -3 
CoSO4.TH20, 20 g dm -3 K2SO4, 32 g dm -3 sodium gluconate at 
25 °C, and c.d. 30 mA cm -2. 

polarization which assists the evolution of hydrogen. 
The cobalt content in the deposit increases slightly 
with increasing current density irrespective of whether 
cobalt is the more or less noble metal. This indicates 
that Sn-Co alloy deposition from these baths can be 
classified as an irregular plating system. Irregular 
codeposition is most likely to occur with solutions 
of complex ions, particularly with systems in which 
the static potentials of the parent metals are markedly 
affected by the concentration of the complexing agent 
[91. 

Figure 7 illustrates the relation between the percen- 
tage of cobalt in the deposit and its concentration in 
the bath. The figure reveals that the cobalt content 
in the deposit increases with increasing bath cobalt, 
irrespective of whether cobalt is the more noble or 
not. This result can be attributed to the fact that an 
increase in the bath cobalt content tends to oppose 
the depletion of cobalt ions in the cathodic diffusion 
layer. 

Inspection of Fig. 8 reveals that an increase in the 
gluconate ion concentration causes a decrease in the 
CCE of alloy deposition and an increase in percent 
cobalt content in the deposit. This is due to an 
increase in stability of Sn 2+ complex species and con- 
sequent inhibition of the reduction of tin at the 
expense of the reduction of both cobalt and hydrogen. 
However, increasing the pH from 1.7 to 8.7 improves 
the CCE of the alloy deposition as shown in Fig. 9. At 
low pH, the blocking of the electrode surface by 
hydrogenated adsorbates may inhibit the discharge 
of tin and cobalt. Nevertheless, the cobalt content in 
the deposit initially decreases sharply up to about 
pH 5 and then becomes almost constant as the percent 
of cobalt in the bath increases. Similar results have 
been reported previously [1]. The initial decrease in 
cobalt content in the deposit is caused by gradual 
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Fig. 10. The effect of bath temperature on CCE and the composition 
Sn-Co alloys from baths containing 5gdm 3 SnSO4, 8gdm 3 
COSO4.7H20 , 20gdm 3 K2SO 4 and 32gdm -3 sodium gluconate 
at pH3.9 and c.d. 30mAcm -2. • 

decomposition of Co 2+ complex species with increas- 
ing the bath pH. This assists the discharge of cobalt• 
The fact that the alloy composition at pH > 5 becomes 
almost identical to the line AB indicates that both 
metal gluconate complexes have nearly the same 
values of diffusion coefficient and diffusion layer 
thickness [9]. 

Figure 10 shows that increase of bath temperature 
from 25 to 60 °C increases the cobalt content in the 
deposit but has no significant effect on the CCE of 
the alloy deposition. An increase in temperature 
enhances the concentration of metal ions in the cath- 
ode diffusion layer, because the rates of diffusion and 
of convection increase with temperature. An increase 
in metal concentration at the solution-cathode inter- 
face favours increased deposition of cobalt metal 
which is already depositing preferentially under such 
conditions. 

3.3. Structure of the deposits 

The alloy deposits were generally adherent, bright and 
similar to chromium in appearance• The brightness of 
the deposit was enhanced with increasing bath tem- 
perature but decreased with increasing current den- 
sity. The surface morphology of the as-plated tin- 
cobalt alloys deposited under different conditions 
were examined by scanning electron microscopy. 
Some of the SEM micrographs are shown in Fig. 11. 
These showed that the deposit obtained at low current 
density (30 mA cm -2) is compact. The deposit consists 
of regularly oriented nodular fine grains Fig. 1 l(a). 
Increasing the bath temperature increases the grain 
size, Fig 11. (b). This may be due to the decrease in 
cathodic polarization. The decrease in polarization 
may retard the nucleation rate and favour the forma- 
tion of coarse grains [6]. It is worth observing that at 
high current density (100mAcm -2) the deposition is 
not uniform and is composed of irregular grains which 
are grouped together in a random orientation and 
which include some pores. These features appear to 
be related to evolved and/or adsorbed hydrogen on 
the cathode surface Fig. 11 (c). 

Fig. 11. Scanning electron micrographs of Sn-Co alloy from a bath 
containing 5gdrn -3 SnSO4, 8gdm 3 COSO4.7H20, 20gdm -~ 
K2 SO4 and 32 g dm -3 sodium gluconate at pH 3.9, duration of elec- 
trolysis 20 rain, at (a) 30 mAcm -2, 25 °C (b) 30mAcm -2, 50 °C, (c) 
100mAcro -2, 25 °C. 

X-ray diffraction studies of the deposits (in as- 
deposited conditions) revealed that the phase 
structure of the deposits is controlled by their 
composition. Data of Table 1 show that the cobalt 
rich alloy (74% of cobalt) is composed mainly of a 
hexagonal close packed Co3Sn2 phase in addition to 
a minor quantity of the hexagonal close packed c~- 
Co lattice structure. On the other hand, the tin rich 
alloy (88% of tin) consists mainly of a tetragonal 
CoSn 2 phase with minor quantity of tetragonal 
crystals with the fl-Sn form. 

4. Conclusion 

Adherent, smooth and very bright deposits of Sn-Co 
alloys can be electroplated onto copper substrates 
from gluconate baths. The effect of some plating 
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Table 1. X-ray diffraction for Sn Co alloys electrodeposited from solutions containing. sample (I) 2 g dm -3 SnS04 and 8 g dm -3 SnSO 4 
8gdm ~ CoS04.7H20," sample (II) lOgdm -3 SnSO 4 and8gdm -3 COS04.7H20". 

Sample Alloy composition~% d/nm i/i ° Average lattice Phase 
parameters/nm 

Sn Co a e 

I 26 74 

II 88 12 

0.2045 t4,6 0.4107 0.5180 hexagonal Sn2Co 3 
0.2759 26.7 
0.2172 52.0 0.2508 0.4053 hexagonal c~ (Co) 
0.1913 34.0 
0.2071 14.0 0.6361 5.454 tetragonal CoSn 2 
0.2527 100.0 
0.2918 100.0 0.5841 0.3t32 tetragonal ¢~ (Sn) 
0.2024 67.0 

* Each solution contained 20 g dm -3 K 280 4 and 32 g dm -3 sodium gluconate at c.d. = 30 mA cm 2, t = 25 °C, duration 20 rain. 

variables on the cathodic current efficiency, composi- 
tion and structure of the alloy deposits were studied. 
An explanation has been offered for the various trends 
observed in the light of cathodic polarization. The 
optimum conditions are: 5gdm -3 SnSO4, 8 g dm -3 
C o S O 4 . 7 H 2 0  , 20gdm -3 K 2 S O  4 and 32gdm -3 
sodium gtuconate, c.d. 30 mAcm -2, pH 5.5 and 40 °C. 
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