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The characteristics of the overvoltage of hydrogen on aluminum in alkalis—variation of the over-
voltage with time, increased slope of the overvoltage curves=are explained by the concept of the
introduction of alkali metals into the metal of the electrode and the formation of intermetallic
compounds, in this case of aluminum with potassium,

The kinetics of the cathodic liberation of hydrogen in alkalis has received little investigation[1, 2], The
unusual shape of the curves of the hydrogen overvoltage in this case has not yet received any satisfactory explana-
tion. The explanation of the peculiarities of the overvoltage of hydrogen in alkalis on Ag, Cd, Zn, and Pb found
recently [3], as well as the explanation that we had given earlier for the phenomenon of hyperactivation of alu-
minum [2], also permit the understanding of the peculiarities of the overvoltage of hydrogen on aluminum. Hence,
we are now reporting on our earlier unpublished results of experiments on the measurement of the overvoltage of
hydrogen on aluminum in alkalis [4].

Measurement Procedure, The electrode was aluminum (content of the pure metal 99,9945%, impurities:
Mg 0.002%, Si 0,0015%, Fe and Cu 0,0005% each) in the form of a wire with diameters equal to 0,81 mm and
1,62 mm, The aluminum wire was preliminarily annealed at a temperature of 250°C for 1 h in a closed vessel,
through which electrolytic hydrogen, subjected to the usual purification, was passed, The solutions of the alkalis
were prepared by dissolving the chemically pure alkali, produced by Becker Company (Fe 0,0002%) or Schering,
in double-distilled water. The alkaline solution of tetramethylammonium bromide was prepared by prolonged
cathodic polarization of a solution of chemically pure tetramethylammonium bromide with separation of the cath-
ode and anode spaces, with an aluminum cathode; anode—platinum. All the measurements except thoserelated
to the determination of the gas evolution, were performed in the usual closed electrolytic cell of pyrex glass.
The solution was mixed with hydrogen. At large current densities, the solution was mixed with a strong stream
of nitrogen, purified by passage through a glass filter and coil immersed in liquid air. In such purification, the
nitrogen was cooled, which was compensated for by heating the solution by the passage of current, The scheme
of the polarization circuit made it possible to change the current density a set number of times in 0,1 sec, Oxide~
mercury electrodes in the same solutions in which the measurements were performed were used as the reference
electrodes. In the conversion to normal hydrogen equivalents, 0,07 V was subtracted in the case of a 2,6 M solu-
tion of KOH. 1In measurements of the capacitance and resistance of the reaction on an aluminum electrode, a
platinized platinum cylinder was used for the passage of alternating current, The measurements of the capaci-
tance and resistance of the aluminum electrode were performed with an impedance bridge at different frequencies.
The rate of self-solution was determined volumetrically in the usual glass instrument with burette,

o E.xperimemal Results, In the passage of direct current through an aluminum electrode preliminarily purified
En a{r, just as in the absence of current, the electrode potential varies with time (Fig, 1), The electrode purified
In air was rapidly immersed in solution, with the simultaneous application of the corresponding cathode polariza=
tion on the electrode. In the case of anodic current, the pétemial of the aluminum was displaced in the positive
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Fig. 1. Variation of the potential of an aluminum electrode
with time in 2.6 M KOH: 1) Cathode current 0,5 Alcm?
2) without current (Becker Company KOH); 3) without current
(less pure KOH); 4) cathode current 0,12 A/cm? 5) without
current; 6) anode current 0,02 A/cm?% 7) in 10,4 M KOH,
0.24 A/cm? cathode current,

oV [ el |
(nH.e) [
a A
Fd
7
-20t o//
_]’5 -
— 1 L 2
0 -2 -1 0 log i, A/cm

Fig. 2. Potential of the liberation of hydrogen on aluminum: 1) Rapid meas-
urements, purified electrode (crosses); 2) rapid measurements, electrode pre-
liminarily kept without current in solution for 1 h (crosses—measurements
according to current, light circles—according to volume of hydrogen); 3-6)
potential established with time (dotted curves); arrows—slow changes in the
potential with time at constant current density: 1-3 and 6) in 2.6 M KOH;
4) in 5.2 M LiOH; 9) in 0,58 M [(CHg({NOH + (CHj)gNBr); 6) after strong
cathode polarization (Becker Company KOH).

direction with time (curve 6).* At the same time, the double layer capacitance (measured at 10,000 cps) was re=
duced from 20 to 10 pF/cm? Evidently both effects are related to oxidation of the surface of the aluminum elec-

trode and denote its passivation,

* A shift of the potential in the positive direction without current and at low densities of the cathode current, on
account of gradual reduction of the overvoltage of hydrogen, may occur when the small admixture of iron present
in the metal and in solution accumulates on the surface of the electrode in dispersed form [5]. This was observed
(curve 3, Fig. 1) when the admixture ofiron inthe alkali substantially (by an order or magnitude) exceeded 0,0002%,
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The overvoltage on a pure aluminum surface is best expressed by curve 1 (Fig. ?)' the points of which were
taken at the first moment after immersion of the just purified electrode into the solution, Oxygen adsorbed on the
aluminum from the air evidently does not have time to be bonded to the §urface strongly enough to cau.se agreat
increase in the hydrogen overvoltage [6]. Actually, preliminary purificatlxon of the .surface of the aluminum elec-
trode in air and its purification with a quartz scraper under the solution give approx1.matel)f Fhe famf" electrode
potential without current, The double layer capacitance of an electrode preliminarily purified 'm air ‘corr'esp'onds
in magnitude to the capacitance of the pure surface of the metal, while it decreases after 10 ’mm, which indicates
the formation of an adsorption layer, The constant a of the Tafel' equation for such an aluminum surface purified

in air is equal to 0,95 V in 2.6 M KOH.

In the case of cathode currents, the hydrogen overvoltage increased by approximately 0,2-0.3 V in a period
of 10 min (Fig. 1, curves 1, 4, 7; Fig. 2, arrows). After strong cathode polarization with a decrease in the current ,-
density, the hydrogen overvoltage decreased slowly, and hysteresis was observed (Fig. 2, curve 6). The greater the ;
current density, the more rapid the increase in the overvoltage with time, At current densities above 1 Alem?, a
considerable rise in the potential occurs during the first seconds and fractions of a second. ;

Considering the results of [2, 3, 7], we can explain the slow growth of the overvoltage of aluminum inalkali
by the slow formation of intermetallic compounds of aluminum with the alkali metals on the surface of the elec-
trode. This also explains the large slope of the overvoltage curve at high current densities, as well as the depend-
ence of this coefficient on the current density. A confirmation of such an explanation is the fact that the limiting
(with time) value of the hydrogen overvoltage differs in cases of potassium and lithium ions, i, e., depends on the
nature of the alkali cation (see Fig, 2), If no intermetallic compounds were formed here, the hydrogen overvoltage
in such strong solutions should not have depended on the nature of the surface of the inactive cations, Moreover, i
in a 2,6 M solution of KOH, saturated with potassium chloride, the hydrogen overvoltage proved to be 0,1 V higher
than in the absence of the salt, which could not have been expected considering the decrease in negative value of
the Yy-potential, if there were no change in the state of the surface due to the introduction of the alkali metal into {
the electrode surface,

Thermally produced compounds of aluminum only with lithium: AIlLi {8] and perhaps AlLi, [9], have been
described in the literature,

The standard free energies of compounds of aluminum with potassium, calculated on the basis of the approxi-
mate values of the equilibrium potentials ¢, found according to our data on the establishement of the potential
under cathode current,® converted to one atom of the alkali metal (F° Al,K). should have values of the order of
—22 kcal (on the basis of ¢, = ~1.5 V, normal hydrogen equivalents),t These free energies are smaller in absolute
magnitude than for the compounds of cadmium, silver, and lead studied [7], but greater than for other compounds
of mercury with sodium, With respect to the kinetics of the formation of a surface compound with potassium, alu-
minum also occupies an intermediate position,

The high rate of introduction of the alkali metal into aluminum at large cathode current densities makes it
necessary to use extremely rapid (oscillographic) methods, if it is desirable to measure the hydrogen overvoltage
on the surface of the aluminum itself, On the other hand, it is impossible to obtain a pure aluminum surface, en-
tirely free of adsorbed substances, in alkalis, since although oxygen can be entirely reduced in cathodic polariza=
tion in alkali, this can be accomplished only after the entire surface has been coated with the compound of alumi-
num with the alkali metal.¥ When the alkali metal is removed from the surface by shifting the potential in the

*In this case our measurements of the capacitance (converted to a parallel circuit) at low frequencies (2 ke/sec)
showed that within the interval of potentials from —1.5 V and above, the capacitance increased rapidly with the
potential; anespecially great growth of the capacitance isobserved beginning with a potential of ~ 1,65V (33 uF/cm?),
reaching 500 yF/cm? at a potential of —1.95 V. At 10 ke/sec, the capacitance does not exceed 1,75 pF/cm?within
this entire potential interval, The increase in the capacitance with the potential at low frequencies indicates the

presence of a "pseudocapacitance” at high potentials, probably due to the presence of a process of introduction of
the alkali metal into the electrode at these potentials [ 3],

TIn the calculation, the free energies of the ions and H

20, as well as the activity coefficient of the alkali, were ¢
taken from the tables of Latimer, 1952, :

Z‘L'The. intermetallic compound of aluminum yvith potassium ismore electropositive thanboth components; hence anox-
ide film mayexist on it at more negativepotentials than on the com ponents, The process ofreduction of the surface oxide

after coating of the surface with the intermetallic com poundisevidently explained by a certain decrease in the curve
(curves 7 and 2, Fig, 1) after the maximum has been reached,
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positive direction, oxygen is immediately readsorbed, In view of the existing kinetic difficulties of the two pro-
cesses, curve 1 (Fig, 2), close to the curve on pure aluminum, can be obtained by mechanical purification of the
surface of the aluminum electrode, and it can even be continued somewhat in the direction of larger current
densities,

The electrochemical formation of intermetallic compounds of potassium and aluminum is of interest, since

until now it was believed [8, 9] that K formed neither solid compounds nor solid solutions with Al, This showsthat
the electrochemical method of producing intermetallic compounds under definite conditions is more effective than
the thermal method,
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odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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