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Influence of variables on Cd-Ni-Ti alloy plating from a sulphate bath
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Cadmium, nickel and titanium have been codenosited from a sulphate bath containing sulphates of
cadmium and nickel, potassium titanium oxalate, s. .rch and sulphuric acid under different electroplating
conditions. The codeposits obtained are grey and dull. The effect of operating conditions on the contents of
the individual metals in the codeposit has been studied. The throwing power of the electroplating bath has

also been evaluated.

The electrodeposition of alloys of nickel and
cadmium with other metals has become techno-
logically important because of their potential
applications as protective coatings.

Ternary thin films containing nickel and cadmium
as major components have been electrodeposited
mainly from sulphate'-? and acetate3'# baths under
different operating conditions. The fluoride®,
fluoroborate® and borate” baths have also been
utilized to obtain satisfactory deposits. However, a
very little work has been done to incorporate titanium
into such ternary systems®. It is quite probable that
such ternary systems are more corrosion resistant and
possess better mechanical properties than those
without titanium. This encouraged us to investigate
the possibility of codepositing titanium with nickel
and cadmium from a sulphate bath under various
electrolytic conditions.

Experimental Procedure

Thin alloy films were obtained by electrolysing
225 mL of a solution containing sulphates of nickel
and cadmium, potassium titanium oxalate, ammo-
nium sulphate (20 g dm™3), starch (1 g dm™3) and
conc. H,SO,4 (2mL dm ™ 3) in a rectangular electrolytic
cell for 30 min. Details of the electrolytic cell have
been given elsewhere®. The pH of the electrolytic
solution was adjusted to the desired value using either
0.1 N sulphuric acid or ammonia solution. The
cathode was washed with distilled water, dried and
then peeled off carefully. A fixed amount (50 mg) of
the alloy was dissolved in 2 N sulphuric acid in a S0 mL
flask for analysing its various metal constituents.
Nickel and cadmium were estimated gravimetrically
using dimethylglyoxime and B-naphthaquinoline
complexes, respectively, whereas titanium was
estimated by standard colorimetric method!'®.

The deposit composition and hence the cathode
current efficiency under various plating conditions
were calculated by the usual method''. The cathode

potentials with and without a definite flow of current
were measured to an accuracy of +0.001 V againsta
saturated calomel electrode. The difference between
the potentials gave the value of the cathode
overpotential 1.

The throwing power N was calculated from the
resistivity p of the electrolyte and the Tafel slope b of
the plot of the cathode overpotential against the
logarithm of current density by using Gardam'’s
formula'?: N = b/2p.

Results and Discussion
The relative position of the cathode potential-
current density curves given in Fig. | for Ni, Cd, Ti
and binary Ni-Cd, Cd-Ti and Ti-Ni alloy suggests
that codeposition of these metals is feasible.
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Fig. 1--Cathode potential-current density curves for Ni, Tiand
Cd and their codeposits at 30°C and at a pH of 2.0 [Bath
composition (gdm ™ 3): (NH,),S0,, 20.0; H,S04~2 mL; starch
1.0; curve | —Ni (NiSO,.7H;0, 60.0); curve 2 —Ti (potassium
titanium oxalate, 2.0); curve 3—Cd (CdSO,.8H,0. 15.0);
curve 4—Ni-Ti (NiSO,.7H,0, 60.0 & potassium titanium
oxalate, 2.0); curve 5-Ni-Cd (NiSO.7H,0. 600 &
CdSO,4.8H,0, 15.0); curve 6—Cd-Ti (CdSO,.8H,0, 150 &
potassium titanium oxalate, 2.0]
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Table 1—Effect of pH, temperature and current density on the
deposit composition

pH  Temperature Metal ~ Amount (%) of the metal in the de-
C posit atcurrent density(Adm ?) of

1.0 2.0 3.0 4.0

Ni 122 289 326 571
2.0 20 Ti 027 041 055 063
Cd 98.51 96.70 96.19 93.66
Ni 1.85 325 412 698
20 25 Ti 023 040 053 0.62
Cd 97.92 96.35 9535 92.40
Ni 261 366 488 936
2.0 30 Ti 023 037 049 059
Cd 97.16 9597 9463 90.05
Ni 285 409 519 1054
2.0 35 Ti 021 035 040 049
Cd 96.94 9556 94.41 B88.97
Ni 0.81 122 325 5.69
1.8 30 31 027 049 061 0.68
Ccd 9892 9829 96.14 93.63
Ni 1.19  1.63 366 692
1.9 30 Ti 023 039 054 0.6l
Cd 98.58 9798 9580 9247
Ni 315 402 651 1465
21 30 Ti 015 022 035 054
Cd 96.70 9576 93.14 848l

Bath composition (gdm™?) : Nickel sulphate, 60.0; potassium
titanium oxalate, 2.0; cadmium sulphate, 15.0; ammonium
sulphate, 20.0; starch, 1.0; & conc. H,SO;~2 mL dm 3.

Deposits of compositions Ni:0.81-14.65%,
Ti:0.15-0.68% and Cd:84.81-98.92% were obtained
from baths of different compositions under the
following conditions: current density. 1.0-4.0
Adm 2; pH, 1.80-2.10: temperature, 20-35°C and
duration of deposition, 30 min. In general, uniform
semibright grey coatings were obtained at low current
densities. The deposits became dark grey, patchy and
dull at higher current densities. Their brightness
improved with increcasing pH and current density,
whereas it decreased with increasing temperature of
the bath.

Codeposit composition—Tables 1 and 2 show the
effects of the plating variables on the composition of
the codeposit. As the current density is increased, the
nickel and titanium contents of the deposits gradually
increase, whereas the cadmium content decreases
continuously. The percentage of nickel in the alloy
rises with increasing temperature and pH of the
electrolyte whereas the percentage of cadmium and
titanium exhibits a reverse behaviour. Furthermore,
it was observed (Table 2) that if the concentration of
nickel in the bath is increased, the amount of nickel in
the deposits increases, whereas the amounts of the
other two constituents, namely, titanium and

Table 2—Effect of metal concentration in the bath on the deposit
composition at a temperature of 30°C, pH of 2.0 and current
density of 3.0 Aam ?

Concentration of Amount (%) of the Bath composition,

metal compound metal in the deposit gdm 3
gdm™?
Ni Ti Cd
Nickel sulphate )
55.0 373 049 95.78 K,TiO(C,0,),—2.0,
60.0 488 049 9463 CdSO,—15.0,
65.0 531 0.35 9434 (NH,),50,—20.0,
70.0 6.51 0.29 93,18 starch—10&
—- conc. H,SO4~2.0mL
Potassium titanium
oxalate
1.5 4.13 038 9549 NiSO,—60.0,
2.0 4.88 049 9463 CdSO,—15.0
25 548 0.52 94.00 (NH4),.S0,-20.0,
3.0 590 0.52 93.58 starch—1.0 &
conc. H,SO;~2.0mL
Cadmium sulphate
10.0 585 0.51 93.64 K,TiO(C,04),— 2.0,
12.5 501 0.50 94.49 NiSO,—60.0,
15.0 488 0.49 94.63 (NH4).50,—20.0,
17.5 462 047 949] starch—1.0&

conc.H,S04~ 2.0 mL

cadmium decrease. Similar is the behaviour with
cadmium addition. However, when the concentra-
tion of titanium in the electrolyte is increased, the
concentration of both nickel and titanium in the alloy
rises slowly, whereas the concentration of cadmium
shows a downward trend.

Cathode efficiency—The cathode current effi-
ciency for the deposition of single metal is 1.20-
12.36% for Ni; 0.29-1.85% for Ti; 29.01-77.43% for
Cd and 36.18-83.39% for alloy deposition under
similar conditions. The variation in the total current
efficiency with temperature and pH is represented in
Figs 2 and 3. Tt increases slowly with decrease in the
pH of solution from 2.10 to 1.80 and temperature of
the electrolytic bath from 35 to 20°C at a given current
density. Itis also observed that at any particular pH
and temperature of the bath the total curtent
efficiency decreases rapidly to begin with and then
decreases slowly as the current density is raised.

Cathode overpotential—The variation in the
cathode overpotential with current density during
clectrodeposition at pH values of 1.80-2.10 and:
temperatures of 20-35°C is summarized in Table 3. It
is observed that the overpotential shifts to more
negative values when the current density and the pH
values of the solution are increased. With increasing
current density, the diffusion of metal ions becomes
insufficient to keep pace with their discharge at the
cathode, with the result that more hydrogen ions get
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Fig. 2—Effect of pH on the cathode efficiency at 30°C [Bath
composition : as given in Table 1]

Table 3—Variation in cathode overpotential with pH and
temperature at different current densities

pH  Tempe- Rest Cathode overpotential n(V)
rature potential at current density(Adm™?) of
€ Vv
1.0 2.0 3.0 4.0
1.8 30 —-0.3185 —0.551 —-0.742 —0.850 —-0.926
1.3 30 —0.3265 —0.581 —0.801 —-0919 —1.010
2.0 30 —0.3485 —0.671 —-0.896 —1.018 —1.110
2.1 30 —0.3505 —0.698 -0938 —1.084 —1.179
2.0 20 —0.3875 —0.800 —1.054 —1.185 —1.308
2.0 25 -0.3695 —0.740 —0.959 —1.079 —1.181
2.0 35 —0.3275 —0.615 —0.820 —-0.932 -1.023

Bath composition : as in Table |,

simultaneously discharged which makes the cathode
overpotential more negative. In contrast, with
increasing temperature the overpotential becomes
less negative at a constant current density which may

be due to a higher rate of diffusion of the depositing
ion.
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Fig. 3—Effect of temperature on the cathode efficiency ata pH of
2.0 [Bath compsotion : as given in Tuble 1]

5.0

Table 4—Effect of temperature and pH on the resistivity, the Tafel
slope and the throwing power of electrodeposits

Temperature pH  Resistivity Tafel slope  Throwing

°'C p.Qcm bV power

Acm !
20 2.0 75.145 0.850 0.0057
25 20 34.682 0.733 0.0106
30 2.0 23.410 0.733 0.0157
35 2.0 23.121 0.663 0.0143
30 1.8 20.896 0.625 0.0150
30 1.9 22.543 0.700 0.0155
30 Z 23.988 0.800 0.0167

Bath composition: as in Table' 1.

Throwing power—The cathode overpotential was
found to vary linearly with the logarithm of the
current density (Figs 4 and 5), thus the Tafel
relationship holds. The throwing power which is a
measure of the tendency of the bath to give a uniform
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Fig. 4-—-Variation of cathode overpotential with logarithm of
current density at various temperatures and a pH of 2.0 [Bath
composition : as given in Table 1]

deposit, was calculated from the values of the Tafel
slope and the resistivity and the results are listed in
Table 4. Its value was found to increase with
increasing temperature, however, above 30°C, the
value of throwing power decreases. This indicates
that 30°C and relatively high value of pH should
favour more uniform deposits.
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