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Measurements of the current yield of oxygen and of the anode potential during electrolytic
preparation of peroxodisulphates in a continually operating flow-through model electrolyser
both in the stationary state and alter the beginning of anolyte feeding with an increased content
of Caro’s acid into the anode space proved that this acid is preferentially oxidised at the anode
under evolution of oxygen, whercby the current yield of peroxo compounds is lowered. Owing
to this reaction taking place preferentially on the anode, the anode potential is lowered at constant
current density, which is denoted as “depolarization effcct” of Caro’s acid in persulphate electro-
lysis.

It has been known since ]ong"2 that the preparation of peroxodisulphuric acid or its salts by
anodic oxidation of concentrated solutions of sulphuric acid or its mixtures with sulphates is
negatively influcnced by the simultaneously formed peroxomonosulphuric acid (Caro’s acid),
H,S0;. Two reasons for this were considered! ~¢: a) The Caro’s acid is preferentially oxidized
on the anode:

H,S805 -+ H,0 — 2e -» O, + H,S0, + 2H", )

causing an adcquate decrease of the current yield of peroxo compounds; and b) the preferential
anodic oxidation (/) causcs a decrease of the anodic potential (so-called depolarization effect of
Caro’s acid), whereby the conditions for electrosynthesis of peroxodisulphates become worse.

However, Smit and Hoogland” concluded that this opinion about the negative depolarization
effect of Caro’s acid is nof justified since they found during clectrolysis with an increased content
of this acid even an increase of the anodic potential. According to them, Caro’s acid is formed in
the clectrosynthesis of peroxodisulphates not only by their hydrolysis but also by direct anodic
discharge of HSO4 ions according to the reaction

HSOy 45y 1+ OHagsy — Hy505. @
We proved® that this rcaction is improbable since the amount of H,S0; in the anolyte of
a continually operating flow-through electrolyser is much smaller than would correspond to the
spontaneous hydrolysis of S,_Oé“ ions according to the equation:
$,03” + H,0 — HSO; + S0}~ + H* 3
outside the electrolyser under the same conditions (temperature and composition).
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To elucidate the concept of the “depolarization effect” of Caro’s acid in electro-
synthesis of peroxodisulphates, we carried out some new measurements which form
the subject of the present work.

EXPERIMENTAL

The effect of Caro’s acid in elcctrosynthesis of ncarly saturated solutions of (NH,),S,05 was
measured in a laboratory flow-through electrolyser of a monopolar type used earlier®, At first,
the course of electrolysis was followed at constant current density j, = 0416 A/cm? on a platinum
anode at stationary conditions; temperature of cooling water 20°C, that of anolyte in anodic
compartment 21-5°C, temperature of catholyte in cathodic compartment 21-0°C; the rate of flow
of electrolyte led in parallel into both cathodic compartments and then, after joining the streams,
into the anodic (middle) compartment was in the range 65—69 cma/h (owing to fluctuations of
the pump power), corresponding to the time of delay of the anolyte in the anodic compartment
4-78—5-08 h. The outflowing anolyte was apalysed for the content of peroxo compounds (ex-
pressed as (NH,),S,0g) and for the content of H,SOg besides H,50, and (NH,),50,. From
this analysis and rate of oxygen evolution on the anode, the current yield of peroxo compounds
and oxygen was calculated. For the sake of simplicity, we assumed that the rate of ozone evolution
was negligible in accord with ecarlier measurements®. To check the stationary state of the
continual electrolysis, we analysed also the catholyte. The anode potential was measured against
a Hg/Hg,80, reference clectrode in the same solution as used in electrolysis.

After a sufficiently long time of electrolysis at constant rate of flow, temperature, and current
density, we began to collect the catholyte flowing out from both cathodic compartments in
a separate vessel and to fecd the anodic compartment with a partially hydrolysed anolyte at a rate
of flow of 1230 cm? /h. This was obtained by hydrolysing at room temperature outside the clectro-
lyser the anolyte collected during the preceding stationary electrolysis. A portion of the szog‘
ions was hydrolysed to the first stage to H,SO; but not 1o H,0, which could not be found in the
hydrolysed anolyte even after three days. The total content of peroxo compounds in the anolyte
practically did not change. Except for the changed composition and ratc of feeding the solution
into the anodic compartment, the conditions of electrolysis did not change. The anodc potential
and the rate of anodic oxygen evolution were followed systematically during the changed regime
of electrolysis. The anolyte was analysed at the end of clectrolysis regime.

The starting solution which was fed during normal electrolysis into both cathodic compart-
ments and then into the anodic one was 22:69wt% H,S0,4 + 20-34wt?; (NH,),S0,. This was the
highest possible concentration'® for a temperature of 20°C, molav ratio of the acid to the sulphate
Py =15, and assumed maximum dcgree of conversion to ammonium peroxodisulphate
%nax = 0-8. We did not use any additions to increase the current yield of peroxodisulphates since
we wanted to prevent any possible side reactions of Caro’s acid which would distort the results.

The anode potential, measured as given above, was not corrected for the IR drop between the
tip of the Luggin capillary and the anode surface; it was recalculated against hydrogen electrode
in the same solution and is given here on this scale. The current yield of oxygen was calculated in
all cases on the assumption of a four-electron anodic reaction, although only two electrons are
involved in reaction () leading to gaseous oxygen.

RESULTS AND DISCUSSION

The results of measurements shown in Fig. 1 give the course of the current yield of
oxygen evolution (curve 1) and of the anodic potential (curve 2) in different stages of

Collection Czechoslovak Chem. Commun. [Vol. 46] [1981]



464 Balej @

electrolysis. The first stage, lasting for 100 h, corresponds to the normal course of
electrolysis under the given conditions. It is apparent from Fig. 1 that both mentioned
quantities attained their stationary values already after some 20 h of electrolysis which
did not change during another 80 h. The current yield of peroxodisulphate determined
by chemical analysis was on the average 50-0 4 0-5% in good agreement with the
values found gasometrically for anodic evolution of oxygen. The total content of
peroxo compounds expressed as (NH,),S,0g was on the average 22:8wt% (i.c.,
1-27 mol[/dm?®).cotresponding to the mean degree of conversion of sulphate to peroxo-
disulphate o = 0:65. The content of Caro’s acid was on the average 0:20 + 0-0lwtY;
(0-022 mol/dm®) corresponding to only 1:75% of the total content of peroxo com-
pounds in the outflowing anolyte.

The values of the anodic potential shown in Fig. 1 are the average values from two
measured points differing by not more than 10 mV. It is secn that the noncorrected
anode potential was during stationary electrolysis cqual to 3:09 + 0-005 V.

When the partially hydrolysed anolyte began to flow into the anodic compartments
both measured quantities indicated a change in the course of electrolysis. The
inlet composition corresponded to 22-5wt%; (NH,),S,04 (1:25M-(NHy),S,04), the
content of Caro’s acid attaining 5-84wt% H,8O; or 0-65 mol/l. This corresponded
to 51% hydrolysis of S,03~ ions originally present to HSO;. 1t is seen from the dia-
gram that the increased concentration of Caro’s acid in thc anode compartment leads
to accelerated evolution of oxygen by the preferred reaction (1) and to a gradual
lowering of the anodic potential. During this stage, lasting for 75 min, both quantities
approached slowly their stationary values corresponding to the changed electrolysis
conditions. Thus, the current yield of oxygen (assuming four electron oxidation of
water) attained 120%, while the anode potential dropped finally by 65 mV.
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That the current yield of oxygen exceeded 100% during this stage suggests that
its essential part was due to anodic oxidation of Caro’s acid, the rate of teaction (1)
being higher than the rate of formation of peroxo compounds by anodic oxidation
of SO}~ to S,03™ ions. As a result, the total content of peroxo compounds in the
flowing anolyte grew smaller, namely finally to 22:05wt%; or 1:226M-(NH,),S,0g, the
difference being 0024 mol/l. At the same time, the concentration of Caro’s acid
dropped to 5-15wtY; or 0-572 mol/l, i.e., by 0-078 mol/l. Hence it is obvious that the
concentration of $,0;” ions increased during flow through the anode space by
0-054 mol/l and the total decrease of peroxo compounds was caused only by the loss
of Caro’s acid through reaction ().

After finishing the second stage of electrolysis lasting for 75 min (Fig. 1), the
anodic compartment of the electrolyser was fed at the same rate (1230 cm®/h) with
an anolyte solution with a nearly equal total content of peroxo compounds (22:25wt%
or 1-237m-(NH,),S,04), whose degree of hydrolysis to Caro’s acid was 73-5%, hence
it contained 8-17wt%; or 0-908M-H,SO;. During this third stage, lasting also for 75 min,
the current yield of oxygen attaincd about 1409, while the anode potential dropped
initially by 4 mV and did not change any further.

The outflowing anolyte at the end of this third period contained peroxo compounds
corresponding to 21-37wt% or 1-20M-(NH,),S,04, the concentration of Caro’s acid
being 6:936wt%, or 0778 mol/l. The total drop of the concentration of peroxo com-
pounds during flow through the anode space was hence 0-037 mol/l while the loss of
Caro’s acid was 0-130 mo]/l. Accordingly, the concentration of S,03~ ions must have
increased during the third period by 0-093 mol/l. Also in this case the rate of anodic
oxidation of Caro’s acid (Eq. (1)) was higher than the rate of formation of peroxo-
disulphates by anodic oxidation of sulphate ions®.

Tt follows from our results that Caro’s acid formed by hydrolysis of S,03~ ions
or by disproportionation of primarily discharged anion radicals according to the
proposed mechanism® rcacts preferentially on the anode with the formation of
gaseous oxygen according to reaction (1) This process requires less energy than
oxidation of SO}~ ions to S,03~ and brings about a decrease of the anode potential
at constant current density, denoted as “depolarization effect of Caro’s acid”. The
fact that the most pronounced decrease of the anode potential was observed imme-
diately after the supply of electrolyte with increased content of Caro’s acid had
commenced is conceivable since the relative increase of its concentration was highest
at that moment: the concentration of Caro’s acid in the anolyte in the first stage of
electrolysis (0:022 molfl) was about thirty-times lower than that in the partially
hydrolysed inlet electrolyte in the second stage (0-65 molfl). In compatison, the ratio
between the concentration of Caro’s acid in the second stage and that in the third
(0-908 mol/l) was equal to 0:716. Accordingly, the anode potential drop in the first
case was 65 mV and in the second 4 mV. The change of the electrode potential is name-
ly a logarithmic function of the concentration of clectroactive particles. The electrode
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reaction of Caro’s acid is, however, not the only reaction determining the anode
potential in our case, hence no quantitative correlation can be expected. The ratio
between the anode potential drops observed is equal to 16, whereas the logarithm
of the concentration ratio of the mentioned acid is equal to 10-1. From the point
of view of our results, which are consistent with the findings about the behaviour of
Caro’s acid in industrial electrolyses, the increase of anode potential by 0-1 V caused
by increase of the concentration of Caro’s acid from 0-02 to 0-07 mol/dm?, as reported
by Smit and Hoogland’, is difficult to comprehend.

It can be concluded that the results of our measurements substantiate the earlier
concepts about the behaviour of Caro’s acid in electrolytic manufacture of peroxo-
disulphates' ~°; the newer concept of Smit and Hoogland’, according to which the
formation of this acid under these conditions is attributed also to the anodic discharge
of HSO; ions and its ‘“depolarization effect” is considered nonexistent, appears
improbable.
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