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Alternating Currant Electrolysis with ?inc
Electrodes in Sodium Thiosulphate Solution.
If an electric current is passed through an electrolyte in
one direction, the ionic products of the electrolysis are liberated
at the respective electrodes.

After the current is interrupted

these liberated ions tend to combine producing a back electro¬
motive force.

In case the electrodes are insoluble the products

of the electrolysis may accumulate giving rise to a back electro¬
motive force equal to that required to effect decomposition.
If an alternating current of high frequency is substituted
for the direct current, the ions set free at each electrode may
recombine so rapidly that, there is no apparent electrolytic de¬
composition.

However, in case the efficiency of recombination

of the ions is less than 100 per cent, a certain amount of de¬
composition will be observed.
From purely theoretical considerations published more than
a quarter of a century ago Mengarin^ laid down the following
laws of alternating current electrolysis, considered from the
standpoint of the decomposition of the electrolyte.
(l)

The quantity of the electrolyte decomposed by the

alternating current is always less than that decomposed by a
direct current of equal strength and depends upon the current
density at each of the electrodes; the greater the density the
(1) Electrical World, 18, 96,

(1891)
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greater being the quantity of electrolyte decomposed.
(2) There exists a limiting current density below which
electrolytic decomposition does not take place.

This density

varies for different electrolytes and electrodes of different
materials.
(3) The amount of the electrolyte decomposed decreases as
the rapidity of the alternations increases.
(4) A limiting value to the rapidity of alternation exists,
beyond which decomposition does not take place.
Malagoli (1) determined experimentally the amount of electro¬
lytic products formed in an electrolysis with an alternating
current making 20 cycles per second.

He found that the quantity

of products formed was proportional to the quantity of current
passing and was dependent on the electrochemical equivalent of
the electrolyte.
Among the causes that ma.y operate to produce imperfect re¬
combination of the ions liberated in an alternating current
electrolysis and hence to increase the efficiency of the process
may be mentioned the following:
(l)

One of the ions may react with the solution to form an

insoluble compound, thereby removing it from the sphere of action
and recombination.

A specific example of this action is the

electrolysis by an alternating current of a ablution of silver
chloride in sodium thiosulphate with insoluble electrodes.

A
(2)7

precipitate of silver sulphide is formed at both electrodes.'

(1) L'Eclairage Electrique, 46, 255,

(1898)

(2) J. W. Richards: Trans. Am. Electrochem. Soc., 1, 221,

(1902)

-3(3)

One of the ions may react to form an insoluble com¬

pound (or a soMLble compound that readily ddcomposes with the
formation of an insoluble one), that is not attacked either by
the solution or by the other ionic product.

An example of such

action is the electrolysis with the alternating current of a
sodium thiosulphate solution with cadmium electrodes.
sulphide is the insoluble product formed.

Cadmium

Richards and Roepper

have patented this process for making cadmium yellow.
(3)

One of the ions may be “removed from .the sphere of

action and of recombination by reacting with the sioution to
form a complex ion.

In this connection LeBlano & Schick^say:

"If two metal electrodes are dipped into a solution that can
form a complex compound with the metal ion in question, so that
the metal can not be liberated at the cathode during electrolysis
by the direct current (for example, copper in potassium cyanide
solution), what would be the effect of using the alternating
current?

when the current flows in a given direction copper

ions go into solution at the anode; will these copper ions be
ddposited when the current f&ows in the oprosite direction?
Obviously that will depend on whether the copper ions have re¬
acted with the cyanide solution.

If they have formed the com¬

plex compound then only hydrogen can be liberated at the elect¬
rodes while the copper remains in solution.
Under such circumstances one should expect that by working
with a given current density and potassium cyanide concentration^
below a given frequency the copper electrodes should dissolve
almost quantitatively.

Above this frequency the electrodes should

(D

(3)

(
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-4always show a smaller loss since under the. latter conditions
not all of the copper ions which were carried into solution
by a half cycle will have time to react with the potassium
cyanide solution and hence will be reprecipitated by the re¬
verse half cycle?
The conclusions above quoted have bean proven exper¬
imentally by the authors quoted.
LeBlanc & Schick ^ have studied the effect of frequency •
on the efficiency in alternating currant electrolysis and have
found as we should expect that the efficiency falls off mater¬
ially as the frequency increases.
White^ studied the effect of current strength, temperr
ature and concentration of the electrolyte on the efficiency
of corrosion of. cadmium electrodes in sodium thiosulphatesolution, with an alternating current of 60 cycles.

He- found

that the efficiency calculated on the basis of the electrode
loss varied anywhere from 0.81 per cent to 36 per cent.

Since

ho was unable to get results for any given set of conditions
that checked even approximately, he concluded that the
efficiency was independent of the current strength, of the
temperature and of stirring and that it depended almost en¬
tirely on the electrode surface.
In discussing the results of white’s investigation
Bancroft

(Z)1

2 3

(1) Loc. cit.
(2) Trans. Am. Blectrochem. Soc., 9, 303,
(3) Ibid.

says: "It is not

(1906)

-5as to effect of current density or concentration or temper¬
ature from.any single set of experiments.

X have no doubt

that all those factors affect the yield to a certain extent;
but as that variation is probably small it disappears abso¬
lutely in comparison with fluctuations of from 15 to 25 per
cent or even more, depending on minor changes in the electrodes
which you cannot represent quantitatively,

Until some one

can devise a method for malting an absolutely reproducible
electrode, the changes in efficiency due to the other factors
have simply to be classed under the head of not b&ing meas¬
urable.”
The present investigation was started with the idea of
making a reproducible electrode and of studying the effect of
current density, temperature, etc. on the efficiency in an
electrolysis with the alternating current at constant fre¬
quency.
Experimental Part.
Experiments were made first with cadmium electrodes
using 60 cycle alternating current from the lighting circuit.
The electrodes were round cast sticks of the metal 0.6 nm in
diameter and 15 cm long which were thoroughly cleaned and
polished before each electrolysis.

After weighing,the elect¬

rodes were clamped firmly on a rotating spindle that made
about 5Q0 revolutions per minute.

The electrolyte used was

a 10 per cent solution of sodixun thiosulphate kept near the
boiling point "by immersing the electrolytic cell in a solution
of boiling water.

Water was added from time to time to main¬

tain the level of the liquid and the concentration of the
electrolyte approximately constant.

The experiments were run

with currents of one, two, or three amperes for a period of
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one hour, at the conclusion of which the electrodes were
removed from the solution, washed, dried and weighed.

The

current efficiency was calculated from the electrode loss.
Numerous experiments were carried out but the efficiencies
under constant conditions of temperature, concentration of the
electrolyte and current density varied so widely that no
generalizations were possible.

The electrodes corroded very

unevenly; certain portions appeared to be almost unattacked r- I
while deep grooves were out in at other places.

This was in

accord with the before mentioned observations of "'Ph.ite.

The

corrosion was particularly marked at the surface of the elec¬
trolyte,

In order to prevent this local action the upper

portion of the electrode was protected by a short piece of
rubber tubing of suitable size.

Under these conditions some¬

what mare uniform electrode losses were obtained but the re¬
sults were far from satisfactory.
It is quite evident that the difference in the rate of
corrosion of different portions of the electrode was due to
lack of uniformity of the surface, accordinglyssome attempts
were made to cast electrodes uniformly.

The process was

carried out in vacuo using a glass mould. / The heating was
effected in a large electric crucible furnace, the temper¬
ature of which could be regulated to within one or two degrees,
For the purpose of annealing the moulded electrodes, they
ware cooled dorm very slowly during a period of 34 to 36 hours.
Examination showed that these carefully prepared electrodes
trera not uniform and as was to be expected, they corroded un¬
evenly during electrolysis.
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During the electrolysis it was observed that there was
a rather marked evolution of hydrogen, particularly at the
higher current densities and this together with the appear¬
ance of the electrodes at the conclusion of an experiment, lead
me to believe that the corrosion was partly mechanical.

Mixed

in with the sallow sulphide there were always numerous dark
specks which Phite^ took to be all oxide but in all proba¬
bility, a portion of them were bits of metal.

That this was

the case was shown with considerable certainty by substituting
sine electrodes for cadmium in the electrolysis.

Mixed in

with the white sine sulphide, formed in the process, were
numerous black specks whffitfch could not have been oxide and
which microscopic analysis proved to be metal.

Prom this

observation it seems very likely indeed that the high effi¬
ciencies obtained by ^liite in certain cases were due in
part to mechanical corrosion of the electrodes.
Preliminary observations with sine electrodes showed
more even corrosion than was obtained with cadmium and it was
thought that more constant results could be obtained with
sine by taking particular care in casting and annealing the
electrodes and by working at current densities sufficiently
low to prevent mechanical disintegration.
The electrodes were cast in carbon moulds and v?ere an¬
nealed for several hours.

They were made the same size as t

the cadmixim electrodes and the method of procedure was the
same as before described.

Before each electrolysis the

electnodes were thoroughly cleaned and polished.

The re¬

sults for different current strengths are given in Table I.
(1)

Loc. cit.
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Table I
Cast 7inc Electrodes.
Temp.

Current
Amperes.
S/4
100°C.
3/4
100°C.
3/4
100°C,

Electrode Loss
B.
Bum
A.
0.0071 0.0061 0.0132
0.0070 0.0072 0.0142
0.0067 0.0080 0.0147

100°C.
100°C

0.0083
0.0090
0.0093

0.0113
0,0103
0.0092

0.0196
0.0193
0.0185

0.0636
0.0722

0.0547
0.0665

0.1183
0.1387

locrc.

1
1
1

100°C
100°C

2
2

.

Efficiency

•

Average

1.44
1. 54
1.64

1.54

1.64
1.64

1.64

1.54
4.84
5.7 4

5.24

As may be seen from the above table there is fairly
good agreement among the results at the lower current den¬
sities; at the higher current density, however, the agree¬
ment is not so good and there was unquestionably mechanical
corrosion.
No further work was done with cast electrodes since it
was found that much more satisfactory results could be ob¬
tained with electrodes of sheet zinc.
Electrodes 15 cm. long and 5 cm. wide were cut from a
piece of sheet zinc 0.5 ram-in thickness.

After these were

polished with purnmice stone and carefully cleaned and weighed,
they were clamped firmly in a tall beaker of 10 per cent
sodium thiosulphate solution by means of a specially designed
electrode holder that held them always exactly the same
distance apart.

In order to prevent corrosion at the sur¬

face of the electrolyte, the electrodes were protected by a
wide strip of thin rubber tubing.

Unless otherwise specified

the temporattire was maintained at about 100°C by immersing
the cell in boiling water.

The electrolyses were carried on

for one hour at different current densities and the efficiency

in each case was calculated from the electrode loss.
cells were usually run in series.

Three

The results are recorded

in Table II.
Table II
Effect of Current Density.
Temp.

Efficiency
Electrode Loss
B.
Sum
A.
0 . 73$
0.0041 0.0047 0.0088
0.5S$
0.0033 0.0039 0.0072
0.0041 0.0040 0.0081
0.66$

Average

100°C.
100°C
100° 8

Current
Amperes
~1
1
1

100°C
100°C
100° C

3
2
2

0.0107
0.0103
0.0109

0.0110
0.0108
0.0113

0.0217
0.0211
0.0222

0.89$
0. 87$
0. 91$

0. 89$

100°0
100°C
100°6

3
3
3

0.0152
0.0.63
0,0159

0.0164
0.0158
0.0167

0.0316
0.0320
0.0326

0.86$
■0.87$
0.89$

0.87$

1000C

4
4
4

0,0272
0.0237
0.0252

0.0340
0.0329
0.0301

0.0612
0.0566
0.0553

1.25$
1.16$
1.13$

1.18$

xoo°c
iO>$°c

0.66$

•

By referring to the above table it will be seen that
under a given set of conditions quite constant results were
obtained with currents of one, two and three amperes.

The

corrosion was even and the loss in weight of each electrode
in a given cell was practically the same.

Under these con-

V-

ditions it will^observed that the efficiency of corrosion
was practically independent of the current density.

With a

current of four amperes the efficiency was higher, but in¬
spection of the elec trodes and'the reaction products showed
that this was probably due to mechanical disintegration.
The effect on the efficiency of corrosion, by variation
in the temperature of the electrolyte was next studied.

The

current wag maintained constant at two amperes and experimextt
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were run at 0°0 and 50°C.

The zero was only approximate

since it was difficult to maintain the temperature at this
point with a current of 2 amperes.

For the sake of com¬

parison the.results at 100°C are included in Table III
Table III
Effect of Temperature
Temp.
0°C
0°C

Current
Amperes
2

0°C

2
2

Electrode Loss
Efficiency
B.
Sum
A.
0.7956 0.0098 0.0096 0.0194
0.0100 0.0101 0.0201
0.8336
0.0104 0.0098 0.0202
0.8256

50°C
50° 0
50°C

2
2
2

0.0102
©. 0109
0.0100

0.0108
0.0101
0.0106

0.0210
0.0210
0.0206

O.8656

100°C
100°C
100°C

2
2
2

0.0107
0.0103
0.0109

0.0110 ' 0.0217
0.0108 0.0211
0.0113 0,0222

0.8956
0.8756.
0.9156

0>°c

O.8656

Average
0. 81#

0.88#

0. 84$
0.89#

From the above table it is evident that the efficiency
falls off slightly with decreasing temperature.

This is

what we might expect since the final product of the elec¬
trolysis, zinc sulphide, results from the decomposition of
j zinc thiosulphate and this compound is more stable at low
7
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than at thigh temperatures.

Consequently at low temperatures

(

zinc ions will not be removed from the sphere of action as

'

fast as at higher temperatures; so that more of them will be
reprecipitated.

Such a condition will tend to result in lower

current efficiencies at lower temperatures.
The effect of concentration of the electrolyte was
studied by using a 40 per cent solution of thiosulphate in¬
stead of a 10 per cent solution as in the previous exper¬
iments.

The results are given in Table IF.
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Table IV.
Effect of Concentration of Electrolyte.
Concentrat ion
40$
40$
40$
10$
10$
10$

Current
Electrode Loss
Amperes
A.
B.
Sum Efficiency
2
0.0091 0.0098 0.0189
0. 77$
2
0.0087 0.0095 0.0182
0, 75$
2
0.0087 0.0094 0,0181
0.74$.
2
2
2

0.0107
0.0103
0.0109

0.0110
0.0108
0.0113

0.0217
0.0211
0.0222

0.89$
0.87$
0.91$

Average
.75$

.89$

The efficiency #as slightly lower with the higher con¬
centration of electrolyte.

This is exactly what we should

expedt since zinc thiosulphate is slightly soluble in sodium
thiosulphate solution^and since this solubility increases
with increased concentration of the solution.

Under thesa

conditions zinc ions are not removed so quickly from the
sphere of action by precipitation as sulphide and the effic¬
iency of corrosion is less as obsewed experimentally.
The results of this a investigation may be summarized as
follows:
(l)

Conditions have been enumerated which result in

corrosion of the electrodes and decomposition of the elec¬
trolyte in alternating current electrolysis.
(3)

The ef fect o-f temperature, current density and

concentration of electrolyte on the efficiency of corrosion
of zinc electrodes in sodium thiosulphate solution, have ben
been studied using an alternating current of 60 cycles.
(3)

The corrosion of cast zinc electrodes was very

uneven, but with sheet zinc electrodes the corrosion was
quite uniform except at high current densities.
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(4)

The high ourrent efficiencies observed by White

in certain experiments with cadmium Sleotrodes in sodium
thiosulphate solution were due in part to mechanical dis¬
integration of the electrodes.
(6)

Tinder the specific conditions studied the

efficiency of alternating current electrolysis is practically
independent of the current density; decreases with decreasing
temperature, and with increasing concentration of the elec¬
trolyte.
_

' f.

'

’

i

