W; . -

from the anode compartment. It is interesting to note that the amount of lithium found from the current diffo%?
from that found by chemical analysis by a quantity which is constant over the entire region of the linear ivé
dependence. This is an argument in support of chemical oxidation of the incorporated lithium, because it U‘eia
that the rate of the competing process which depresses the current yield does not depend on potential, and this
process, therefore, is a chemical rather than an electrochemical one,

Thus, the above investigation has shown that the chief characteristics of the process — its rate and m“‘wch’t
anism — are independent of the state of aggregation of the cathode metal in the systems examined in the presep

work. But the anodic behavior of the intermetallic compounds may differ between solid and liquid electrodes:
owing to side effects,
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ADSORPTION OF IONS AND ELECTRIC DOUBLE-LAYER
STRUCTURE ON TITANIUM - RUTHENIUM OXIDE ANODES
ADSORPTION OF SULFATE, CHLORIDE, AND PHOSPHATE IONS*

V. E. Kazarinov and V, N, Andreev UDC 541.13

The radiotracer technique was used to study the adsorption of sulfate, chloride, and phosphate
ions on titanium—ruthenium oxide anodes as functions of potential and of anion concentration in
the solution. Specific adsorption of the anions was shown to be present,

Titanium-—ruthenium oxide anodes (TROA) presently are used in electrochemical chlorine production.
Data on the adsorption properties and on electric double-layer structure on TROA are needed in order to eluci”
date the mechanism of this reaction, Such information is not available in the literature, In the present commu~

nication, experimental dataare presented for the adsorption of sulfate, chloride, and phosphate ions on TROA as
functions of potential and of anion concentration in the solution.

The TROA electrodes were titanjum disks with an oxide layer consisting of 30% RuO, and 70% TiO, which

had been applied to their lower surface by thermal decomposition of a mixture of titanium and ruthenium salts.
The roughness factor of these electrodes was about 600,

* This paper was pr.esenfed at the Second Soviet-Japanese Symposium on Electrochemistry in May 1976,

Institute of Electrochemistry, Academy of Sciences of the USSR, Moscow. Translated from Elektro-
khimiya, Vol, 13, No. 5, pp. 685-689, May, 1977. Original article submitted November 29, 1976.
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Fig. 1. The adsorption of sulfate (1-3) and chloride (4) ions on TROA as a function
of potential in solutions of the following composition: 1) 107 N H,80,; 2) 10~ N
H,S0, + 0.1 N HC1O,; 3) 107! N H,SO,; 4) 10™2 N NaCl + 0.1 N HClO,. Arrows
show the direction in which the TROA potential was changed.

Fig. 2. The adsorption of phosphate ions on TROA as a function of potential in so-
lutions of the following composition: 1) 1073 N HgPOy; 2) 10~3 N HyPO, + 0.1 N
HClOg; 3) 1072 N H,;PO,.

dr I'-lﬂ’f mole/cm?

Fig. 3. The adsorption of sulfate (1, 2), chloride
@), and phosphate (4, 5) ions at 0.7 V asafunction
of their concentration in solutions of the following
compositions: 1) XN HySO4; 2) XN HSO, + 0.1 N
HCIO,; 3) XN NaCl + 0.1 N HC1Og 4) XN HgPOy; 5)
XN H3PO, + 0.1 N HClIO,. Arrows show the direc-~
tion in which the concentration was changed.

The radiotracer technique [1] was used to examine the adsorption of the anions. Previously this technique
had been widely used by us to study adsorption on platinum. The radioactive samples of sulfuric, phosphoric,
and hydrochloric acid which were labeled with the corresponding isotopes 38, P, and %C1 were subjected to
additional purification at a platinum screen,

The experiments were done at 22°C. All solutions were prepared with twice distilled water; "os.ch."
["ultrapure"] grade perchloric acid was used as the base electrolyte, since it followed from.preliminary
data obtained by us that perchlorate ions have low adsorption activity on TROA. :

Data on the adsorption kinetics of sulfate, chloride, and phosphate ions on TROA were obtained in the
range of ¢,* between 0.0 and 1.2 V at anion concentrations in the solution of 107 to 1072 N, either without base

* or is the electrode potential relative to the reversible hydrogen electrode in the same solution,
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Fig. 4. Time variation of the amount of labeled, adsorbed sulfate
(2) and phosphate (b} fons remaining on the electrode at a potential
of 0.2 V in solutions of the following composition: a: 1) 0.1 N HC],
2) 0.1 N HCIO,, 8) 1073 N H,S0, + 0.1 N HCIO,, 4) 10~2 N H,SO, +
0.1 N HCIO; b: 1) 0.1 N HCIO,, 2) 0.1 N HCI + 1073 N H,S0,, 3) 0.1
N HCIO, + 10™% N H;PO,. Explanations in the text.

electrolyte or with 0.1 N HClO, as the base electrolyte. It was found that the time required to attain stationar¥
adsorption values is less than 10 min when the concentration of the above anions inthe solution was 10~3 N, and
less than 2 min when the concentration was 1072 N, The time required to attain stationary anion adsorption
values is practically independent of the TROA potential,

The potential dependence of anion adsorption on TROA was measured over the range of ¢, from 0.0 to
1.2 V at different anion concentrationg in the solution, both with and without base electrolyte. These measuré”
ments were done in the following way. When stationary anion adsorption had been attained at some value of po~
tential in the range of ¢, between 0.0 and 1.2 V, then the electrode potential was displaced to a specified valu®
of ¢y which differed from the previous value by 0.1 V; the electrode's radioactivity was measured periodlcalb’
while a stationary adsorption value was attained at each ¢p. The data from these measurements are presenteé
in Figs. 1 and 2, from which it can be seen that the starting potential of adsorption and the direction of pot;ential
change have no effect on the character of the I" vs ¢r relations for sulfate fons, little effect in the case of phos~
phate jons, and a marked effect in the case of chloride ions. The anion adsorption is practically independent of
Op over the range from 0.0 to 0.8 V (for phosphate ions from 0.0 to 1.2 V). The decrease in the adsorption of
sulfate and chloride ions at ¢, > 0.8 V can be attributed to oxygen adsorption in this region of ¢,. It follows
from Figs. 1 and 2 that increasing anjon concentration in the solution (curves 1 and 3) and the presence of bas®
electrolyte in the solution (curves 1 and 2) lead to higher anion adsorption over the entire range of ¢y studied.

Adsorption of the anjons as function of their concentration in the electrolyte was measured over the rangé
of ¢y from 0.2 to 0.7 V while varying the concentration of sulfate ions from 10~4 to 10™! N, that of chloride ions
from 1074 to 1072 N, and that of phosphate ions from 10~¢ to 2 . 10~2 N, Technically these measurements were
performed as described in [2]. Data from these measurements which refer to 0.7 V are presented in Fig. 3. It
follows from curves 1-3 of Fig. 3 that the dependence of sulfate and chloride jon adsorption on their concentra~
tion in the solution which was obtained when the concentration was changed from 10~4 to 10~! (10~%) N is com~
pletely the same as that obtained when the concentration was changed from 10! (107%) to 1074 N. Complete de~
sorption of the anions from the electrode surface is attained when the sulfate or chloride ion concentration in
the solution is reduced practically to zero by replacing the adsorbate solution by base-electrolyte solution and
maintaining the adsorbate concentration in the solution at a value close to zero by periodic replacement of por~
tions of the base-electrolyte solution. One can agsert on the basis of these data that the adsorption of said
anions is reversible with respect to the adsorbate concentration in the solution.

It can be seen from curves 4 and 5 of Fig. 3 that the dependence of phosphate ion adsorption on their con-
centration in the solution which is obtained while increasing the adsorbate concentration in the solution (the
solid sections of curves 4 and 5) is substantially different from that obtained while decreasing the adsorbate
concentration (the dashed sections of curves 4 and 5). It also follows from curves 4 and 5 of Fig. 3 that after

-attainment of stationary anion adsorption from 2 . 10~2 N adsorbate solution, a decrease in adsorbate concen-
tration to 1074 N is not attended by any change in the amount of adsorbed anions. Exposure of a TROA electrode
which holds adsorbed phosphate fons to 0.1 N HClO4 at ¢, = 0.7 V after 1 h leads to desorption of only 30-35%
of the adsorbed anions, The above evidence points to strong, irreversible phosphate ion adsorption on TROA.

1t follows from the data obtained that a change in electrode potential within the region of ¢, between 0.2
and 0.7 V has no effect on the concentration dependence of sulfate and phosphate ion adsorption, within the limits
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of experimental error. It is seen by comparing curves 1 and 4 with curves 2 and 5 in Fig. 3 that the presence
of base electrolyte in the solution causes an increase in sulfate and phosphate ion adsorption over the entire
range of anion concentrations studied.

The kinetics of anjon desorption from TROA in 0.1 N HCI or in 0.1 N HCIO, and the kinetics of exchange
between preadsorbed anions and anions of the same kind in the solution have been studied over the potential
range from 0.2 to 0.7 V. Technically the measurements were done in the same way as described in [2]. That
part of the data obtained in these measurements which pertains to ¢, = 0.2 V is presented in Fig. 4, where T
denotes the time of desorption or exchange, and A the amount (in %) of labeled, adsorbed anjons remaining on
the electrode. In all experiments for which results are presented in Fig. 4, anion adsorption was at 0.2 V from
1073 N H,S0, for 1073 N HzPO,) + 0.1 N HCIO, solution. Curves 1 and 2 of Fig. 4 reflect the desorption kinetics
of sulfate and phosphate ions; curves 3 and 4 of Fig. 4a and curve 3 of Fig. 4b reflect the exchange kinetics of
adsorbed sulfate and phosphate ions, respectively.

It can be seen from Fig. 4 that desorption and exchange of adsorbed sulfate jons are faster than the cor-
responding processes involving phosphate ions (cf. curves 1 and 3 of Fig. 4a with curves 1 and 3 of Fig. 4h).
Both for sulfate and phosphate ions, the exchange of adsorbed anions occurs more rapidly than their desorption
(see curves 3 and 1 of Figs. 4a and b). Comparing curves 1 and 2 of Fig. 4a with curves 1 and 2 of Fig. 4b one
can conclude that the desorption kinetics of sulfaté ions depends on base-electrolyte composition, but that of
phosphate ions does not. It can be seen by comparing curves 3 and 4 of Fig. 4a that the exchange rate of ad-
sorbed sulfate ions increases with their concentration in the solution. A variation of electrode potential in the
range of ¢, between 0.2 and 0.7 V has practically no effect on the desorption or exchange kinetics of sulfate
and phosphate ions.

The data on the desorption kinetics of chloride ions (C17) in 0.1 N HClO, and on the kinetics of exchange
of these anions with ions of the same kind in the solution are not presented graphically, since these processes
take place within times of less than 1 min, and cannot be studied quantitatively with the radiotracer technique
used [1].

We have used the method of charging curves [3] to obtain additional information concerning the adsorp-
tion behavior of the anions on TROA. Anodic charging curves were measured over the potential range from
0.05 to 1.2 V using a current of 0,25 mA, Before starting the measurement the electrodes were held for 30
min at ¢ = 0.05 V. The measurements were carried out in 0.1 N HC1O, containing sulfate and chloride ions
at a concentration of 102 N, and in pure 0.1 N HCl0,. These measurements showed that the presence of sig-
nificant quantities of adsorbed anions on the TROA surface (Fig. 3) causes very small alterations in the shape
of the charging curves,

Thus, information concerning the adsorption behavior of anions on TROA has been obtained in the present
work for the first time with a "direct" method (the radiotracer technique). The presence of specific adsorption
of anions on TROA was demonstrated, and the principal features of these adsorption processes were studied.

It follows from the set of results presented above that a change in the potential drop across the electrode/
solution interface in the case of TROA has no effect on the amount of adsorbed anions or their state on the sur-
face. Experimental data obtained by other techniques are required to find the mechanism by which the poten-
tial drop across the solution/TROA electrode interface is generated.

The authors express their deep gratitude to L. I. Krishtalik and D. V. Kokoulina for valuable comments
made when discussing the experimental results of the present work. The authors thank L, V. Bunakov for pre~
paring the TROA electrodes.
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