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Abstract: The surface energy of disperse cadmium electrodeposits formation was
determined by using a procedure described earlier.!-% It was shown that the surface
energy strongly depends on the composition of the solution from which the deposi-
tion was carried out.
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INTRODUCTION

The surface energy of disperse copper electrodeposit formation in acid sulfate so-
lutions was determined as 2.7 + 0.3 J cm 2. On the basis of this value it was posible to
estimate the specific surface of the copper powders.!-2 On the other hand, this value is
much larger than the surface tension estimated for solid metals in vacuum,3 and proba-
bly includes all energetic requirements for disperse copper electrodeposition.

The aim of this work was to apply a procedure described earlier in the case of
disperse cadmium electrodeposition from different solutions and determine whe-
ther it does or does not depend on the composition of the solution.

EXPERIMENTAL

The electrodeposition of cadmium was performed potentiostatically from two different solu-
tions: sulfate (0.1 M CdSO,4 + 0.5 M H,SO,) and ammonium (0.1 M CdSO,4 + 0.1 M (NH,4),SOy,),
onto a stationary wire electrode. The cadmium wire electrode was prepared in two steps:

15t step — deposition of copper onto the platinum wire electrode, from a solution 0.1 M CuSO,
+ 0.5 M H,SOy, overpotential 200 mV, duration 3 min;

2Md step — deposition of cadmium from sulfate (0.1 M CdSO,4 + 0.5 M H,SO,, overpotential 20
mYV, duration 3 min) or ammonium solution (0.1 M CdSO,4 + 0.1 M (NH4),SOy, overpotential 100
mV, duration 3 min), onto a platinum wire electrode that had already been plated with copper.

After relaxation of the electrode diffusion layer for 15 min, the overpotential was adjusted to
20 mV and the current, I o was measured. The overpotential was then adjusted to a desired value,
1, and the deposition of cadmium was carried out. After the required quantity of electricity had been
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reached, the overpotential was set to zero and electrode was relaxed for 15 min. Then the
overpotential was adjusted again to 20 mV, and current, /5, measured. One experiment includes
deposition of the same quantity of cadmium at two overpotentials 1, and n,.

Polarization curves were determined from both cadmium containing solutions.

The energy for the disperse deposition was determined according to the formula?:

t
YZMIM (1)
(SZ_SI)()

where 1, and n; are the deposition overpotentials being within the limiting diffusion current density
t

range, I Idt is the quantity of electricity, S, is the surface of the electrode with cadmium deposited at

0
a higher overpotential, 1, and S is the surface of the electrode with cadmium deposited at a lower
overpotential, 1.
The quantity of electricity was determined by graphical integration of the /— ¢ dependence, re-
corded during the deposition.
The surfaces of deposited cadmium at overpotentials 1, and 1; can be calculated according to
the equations:
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where S is the surface of the platinum wire electrode plated with copper and an initial cadmium layer.
RESULTS AND DISCUSSION
Typical polarization curves for cadmium deposition are shown in Fig. 1.
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Fig. 1. Polarization curves for the cathodic process of cadmium deposition from: 0.1 M CdSO4 +

0.5 M H,SO4 (<O-), and from 0.1 M CdSOy4 + 0.1 M (NHy),SO4 (—0O-) solutions.
It can be seen from Fig. 1 that diffusion control begins at considerably lower
overpotentials in the sulfate than in the ammonium solution.
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The determination of surface energy was performed as described earlier and
the obtained results are presented in Tables I and I1.

TABLE I. Estimated values of the surface energy of the formation of a disperse cadmium electro-
deposit from sulfate solution (0.1 M CdSO4 + 0.5 M H,SOy,)

No. of eksperiment  [t/A's 7,/mV 7;/mV S,/cm? S/cm? y/J cm™
1 18.1 95 75 2.25 1.29 375
2 32.6 105 75 3.09 1.27 537
3 7.5 100 80 1.06 0.71 431
4 9.5 100 80 1.23 0.91 601
5 9.0 100 80 1.48 1.12 510
6 6.0 100 60 1.15 0.62 446

TABLE II. Estimated values of the surface energy of the formation of a disperse cadmium
electrodeposit from ammonium solution (0.1 M CdSO,4 + 0.1 M (NH,),SO,).

No. of eksperiment  [t/A's 7,/mV 7/mV S,/cm? S/cm? y/J cm?
1 12.0 120 100 0.65 0.52 1853
2 15.1 150 130 1.31 0.76 559
3 21.0 155 135 1.17 0.86 1426
4 15.0 155 135 0.81 0.66 2316
5 14.5 155 135 0.95 0.70 1131
6 19.0 155 135 1.08 0.90 2139
7 10.0 155 135 0.90 0.71 1058
8 25.8 155 135 1.16 0.87 1754
9 25.8 155 135 1.16 0.86 1739
10 26.4 145 125 1.43 1.13 1811

It can be seen from Tables I and II that the surface energy determined in this
way does depend on the composition of the solution. Hence, the measured surface
energy is not the surface tension of solid cadmium but the surface energy of the for-
mation of a disperse cadmium deposit, which includes all the energetic require-
ments for disperse cadmium electrodeposition. A more detailed analysis of this
will be the subject of a following paper.
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U3BOJ

INTOBPIIMHCKA EHEPTUJA EJTEKTPOXEMMNICKOI' POPMHPABA
JTUCITEP3HOT TAJIOTA KAIMUJYMA

I1. M. XMNBKOBWH u K. 1. [TIOTIOB
Texnoaouwiko-mettianypuku paxyaitieti, Ynusepauitieiti y beozpaoy, Kapnezujesa 4, 11120 Beozpao

TToBpIIMHCKA €HEPrHja eIeKTPOXEMH)CKOT (hOpMIparha AUCIIEP3HOT Talora KajMujyma
onpebena je npema pasuje onucanoj nporeaypu. 2 ITokasaHo je a MOBPIIMHCKA EHEPrija y
BEJIMKOj MEPH 3aBUCH OJf CAcTaBa eJIeKTPOJIUTA U3 Kora je (popMHpaH Tajor.

(ITpumibeHo 15. anpuia 2004)
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