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CORROSION RESISTANT TIN ELECTRO DEPOSIT 

v S VASANTHA, MALATHY PUSHPAVANAM AND V S MURALIDHARAN 

Central Electrochemical Research Institute, Karaikudi 630 006. INDIA 

A neutral gluconate plating bath was developed which offered a silvery white, compact deposit. The 
deposits were evaluated for tbe corrosion resistance by non electrochemical and electrochemical methods. 
The corrosion resistance behaviour was compared witb tbe deposits obtained by conventional plating 
baths. A correlation between corrosion potential, porosity and corrosion resistance was attempted. Detailed 
discussion is presented. 
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INTRODUCTION 

Tin coatings occupy an unparalled position in electronic 

industry and for bearing applications. The conventional 

acidic baths are add ilion agent dependent and involve 

corrosive acids. The acidic baths have low throwing power. 

The alkaline stannate fonnulations have low conductivity, 

high operating voltages and lower cathode curren.t 

efficiencies. To meet out the present demand of electronic 

industry and eliminate inherent problems associated with the 

conventional acid and alkaline plating baths, a neutral pH 

gluconate bath was developed (1-5). The corrosion resistancc 

behaviour of the tin plated specimens is discussed in this 

paper. 

TABLE I: Bath composition and operating conditions 

Bath Ingredients Cone pH CD Temp 
gil Aldm~ K 

Acid Stannous sulphate 10.0 1 2 303 
Sulphuric acid 20.0 
Pbenol sulpbonic acid 16.2 
Bela-naptbol 0.2 
Gelatin 0.4 

Alkaline Sodium stannte 100.0 to 2 343 
Potassium bydroxide 10.0 

Neutral Stannous sulphate 50.0 7 2 343 
gloconate Sodium gluconate 120.0 

Sodium acctate 10.0 
Peptone 1.0 

EXPERIMENTAL 

Table I presents the plating bath compositions and operating 

conditions. The solutions were prepared using laboratory 

grade chemicals. The pH of the plating bath was measured 

electrometrically and the temperature of the solution was 

controlled using a lhennostat. 

Mild steel panels of 2 x 4 em area were polished, degrcased, 

electrocleaned, acid dipped and then introduced into the 

plating bath. For salt spray experiments, specimens of 

10 x 5 cm area were used while maintaining the effective 

plating area as 7.5 x 5 cm. 

Soluble, cold rolled plating grade tin anodes were used in 

acid and alkaline tin plating baths. In neutral gluconate bath 

platinised titanium insoluble anode [6] was used. 

Porosity of the tin pia ted specimens of 6 !-l1l1 and 12 !-lin 

tbicknesses were measured by the electrographic test using 

a mixture of potassium ferricyanide and sodium cbloride 

solutions [71. The deposits after the above test were 

examined al tOO x magnification and the porosity detected 

was expressed as percentage defective area. 

Potentiodynamic polarisation studies were carried out to 

calculate corrosion currents for various electrodeposits. A 

conventional three electrode system was used with a 

platinum counter electrode and saturated calomel reference 

electrode. Plated specimens of 1 cm 2 area suitably masked 

at the unwanted portions were used as the working electrode. 

Analytical grade sodium chloride (5%) was used as tbe 

corrosive medium. The experiments w re carried out using 
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Electrochemical Analyser toOA, Bio Analytical Systems, 

USA. 

Salt spray testing was carried out in 5% sodium chloride 

solution at a rate of 8 hours spray and 18 hours rest. The 

experiment was run for 1648 hours and the results are 

expressed as per the ASTM standard (8 537 - 70) indicating 

both protection and appearance rating [81. 

RESULTS AND DISClfSSION 

The corrosion resisl<ince of noble coatings is primarily 

decided by the porosity. The 3 !Am thick e1ectrodeposit 

obl<iined from the acid bath was found to contain numerous 

pores compared to that obl<iined from alkaline bath in spite 

of tbe presence of various addition agents. The 3 !Am thick 

deposit, usually recommended for flow melting operations, 

obl<iined from neutral gluconate batb exhibited least porosity 

(Table I). Variation of corrosion potential of e1ectrodeposits 

with porosity is understood as follows [9J. 

If the anodic reaction (steel dissolution) is activation 

controlled and cathodic reaction (oxygen reduction) 

activation controlled, 
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Fig. I: TypicaL potentiodynamic poLarisation curves for
 
various tin eLectrodeposits obtained from acid bath in
 

5% NaCL solution at 303 K (5 mV
-J 
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and for a diffusion controlled cathodic reaction, 

where 

EC 
corr= Corrosion potential for the uncoupled metal, C (Tin) 

EA
Con= Corrosion potential for the uncoupled metal, A[ironJ 

bC = Cathodic Tafel slope for tin e 

bAa = Anodic Tafel slope for iron 

CE c = Potential of Tin at an overpotential cC 

EA = Potential of iron at an overpotential, aAa 

icc = Current densities of tin at Eee 

= Current densities of steel at EaAi3A 

EC 
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Fig. 2: TypicaL potentiodynamic poLarisation curves for 
the corrosion of various eLectrodeposits obtained from 

J
aLkaLine baJh in 5% NaCL solutions at 303 K (5 rnVs· ) 

(a) 0.5!lorn (b) 2.5!!m (c) 5.0 /U7l (d) 7.5 flJ7l (e) 10 ~ 

216 

-075 



VASANTHA, MALATHY AND MURAUDHARAN - Corrosion resistant tin electro deposit 

d c a.b 
-1 

-2
 
-3
 

-3 

-2 1-2 

-I. 

-5 

-6 

-7 

b-4N§ d-4 
a 
c 

-5 
:5­

-58 
-6 

-6
 
-7
 

__L 

-040 - 050 075 
-8 -7 -8 

E(Volt) vs SCE 

Fig. 3: Typical potentiodYfUlmic polarisatioin curves for
 
the corrosion of various tin deposits obtained from
 

neutral gl.uconate hath in 5% NaCI sol.ution at 303 K (5 mVs-1 
)
 

(a) 0.5 11m (h) 1.0 11m (c) 5.0 11m (d) 7.5 f.lI7l
 

It may be seen that for an oxygen starved condition,the 

corrosion potential would become more active with decrease 

in porosity. For 3 lAm thickness of all electrodeposits a 

decrease of porosity caused the corrosion potentials to 

become active. The cJectrodcposits from gluconate bath 

offered active corrosion potentials with decrease in porosity. 

For various thicknesses of e1ectrodeposits obtained from 

acid, alkaline and neutral gluconate baths, potentiodynamic 

polarisation curves are shown ill Figs. 1-3. The corrosion 

currents obtained for deposits obta ined from the acid baths 

are higher by one order of magnitude than that of those 

obtained from other two baths. The deposits obtained from 

alkaline and g]ucon3le baths exhibit similar behaviour 

(Table II). 

TABLE II: Porosity values for various electrodeposit'> 

Thickness COlTosion Percentage 
Deposit ~m potential· defective 

mV vs SeE area 

Acid bath 3.0 -542 35 
Alkaline bath 3.0 -586 15 
Neutral 1.5 -580 35 

glucon3te 3.0 -590 10 
6.0 -600 5 

12.0 -628 2 

E (Volt) vS SCE 

Fig. 4: Typical polarisation curves for
 
tin deposits obtained from various bath of
 

1.0 f.lI7l thickness in 5% NaCI solution at 303 K (5 mVs- l
)
 

(a) acid bath (h) alkaline hath and
 
(c) neutral sodium gl.uconate bath
 

The corrosion currents obtaincd for the various deposits of 

1 ~m thickness were compared (Fig. 4). On tin 

electrodeposited ste.el, the sted suhstrate exposed through the 

pores will act as anodic arcas and the deposit itself will be 

the cathode, porosity would decrease with thickness. A 

reduction in corrosion current with thickness is due to the 
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Fig. 5: Variation of corrosion current density with 
thickness of tin electrodeposits obtained from various baths 
(a) neutral gluconate hath (h) alkaline hath & (c) acid hath 
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TABLE UI: Variation of corrosion current densities 
with thickness • Effect of plating baths 

Corrosion current density (JLA/cm l
) 

Thickness Acid Alkaline Neutral 

~m bath bath gluconate 
bath 

0.5 261 26.8 4.4 
1.0 200 22.4 18.6 
2.5 150 20.0 18.0 
5.0 93 19.0 17.0 

reduction in porosity. The galvanic current flowing between 

steel and lin would decrease with rr.duction in anodic areas 

[3]. 

Variation of corrosion current with thick.ness is shown in 

Fig. 5. Above 2.5 J.llll thickness, the elcctrodrposit ohtained 

from an alkaline bath reached slr.ady corrosion while for the 

electrodeposit obtained from neutral gluconate bath it was 

1 J.lm. But even at 5 J.lm thickness, the t"Iectrodeposits 

obtained fJom acid baths are not pore free (fahle III). 

The salt spray experiments were carried out for a period of 

1648 hours. A high rating value shows best corrosion 

resistance. The electrodeposit obtained from acid bath 

exhibited poor appe.arance and protection (Table IV). The 

other two c1ectrodeposits offered ne.arly same protection. 

CONCLUSIONS 

The electrodeposils obta ined from neutral glu(~lIate bath 

offered identical corrosion resistance to the deposit from 

alkaline bath and superior to that of acid hath. 

TABLE IV: Salt spray testin~ of tin electrodeposits 

ASTM ratin$t numberBatb Thickness
 

11m
 Protection Appearance 

Gluconate 6 9.2 7.3 
12 9.8 8.2
 

A1k.aline 6 9.4 7.5
 
12 9.8 8.2 

Acid 6 9.0 6.0 
12 9.8 6.8 

REFERENCES 

1.	 F A Lowinheim, "Modern EleclroplatinK", John Wiley and 
Sons Inc, NY (1974) 

2.	 Metal Finishing Guide Book Directory, Metals and Plastics 
Publication Inc, New Jersey (1992) 

3.	 V S Vasantha, V S Muralidharan and Malathy Pushpavanam, 
Plat &. Surf Finish, 82, June (IQ95) 16 

4.	 V S Vasantha, M fathy Pushpavanam and V S Muralidharan, 
Mel Finish, 93 (19Q5) 16 

5.	 V S Vasantha, Malathy Pushpavanam and V S Muralidharan, 
Trans Inst of Met Finish, 74 1 (I Q%) 28 

6.	 V S Vasantha, Malathy Pushpavanam and V S Muralidharan, 
Bull Eleclroch.em, 11 8 (19Q5) 371 

7.	 L M Notter and D G Gabe, "Corrosion Reviews", 10, 3-4, 
(19Q2) 245 

9.	 A K Grahame, Electroplating Engineering Hand Book, Van 
Nostrand Reinhold Cnmpany, NY (IQ71) 

10.	 R Meenakshi undaram and V S Muralidharan, Proceedings 
of 61h Nail Convention of Eleclrochemists, CECR1, Dec 
(1995) 

11.	 K S Rajam and S R Rajagopalan, Proc Tenlh International 
Congress on Metallic Corrosion, Madras, Vol 2 (1987) 1243 

218 


