ELECTROCHEMICAL OXIDATION OF HYDROGEN ON PLATINUM
IN THE PRESENCE OF A CATION EXCHANGE MEMBRANE

A. B, Khanin, N, A, Aladzhalova, UDC 541.136
and N. A. Fedotov

Polarization curves have been obtained for the ionization of hydrogen on electrodes consisting of
platinum clamped to MK-40 and MK-100 membranes. Some features of similarity between mem-
brane-electrode systems and systems with distributed parameters have been noted. It has been estab-
lished that the generation of current may take place at the surface of the end face or at the lateral
surface of the electrode under a film of electrolyte, depending on the properties of the membranes,

In the present work we used MK-40 and MK-100 cation exchange membranes with fixed SO; groups, The
former consists of a compbsition formed from KU-2 ion exchange resin and polyethylene, reinforced with Capron
gauze, and the second consists of a sulfonated copolymer of ethylene and styrene, The thickness of the membranes
was of the order of 0.5 mm, The preparation of the membranes before the experiment involved treatment with
direct current at a density of 15 mA/cm? for a period of 15 min in 1 N H,SO, to achieve more complete conver-
sion into the H* -form, followed by washing for periods of from two days to several months in a large volume of
twice-distilled water, which was replaced at intervals, to remove the excess of electrolyte. Even this washing,

however, did not give complete removal of electrolyte not absorbed by exchange, and the membranes studied can
not be regarded as free from the latter.

The experiments were carried out in a polyethylene cell (Fig. 1), consisting of two sections with a gas cham-
ber, between which the membrane was clamped. The electrodes being studied were clamped against the top of
the membrane. The design of the cell ensured efficient contact between the end faces of the electrodes and the
membrane. The electrodes studied were prepared from platinum wire with diameter 1 or 2 mm, sealed into glass
tubing. The plane polished surface of the end face of the platinum wire was perpendicular to its axis, The auxil-
lary electrode consisted of platinum gauze clamped to the bottom of the membrane, The pressure of the electrode
on the membrane in all cases was equal to 60 kg/cm? surface area of the end face of the electrode,

In the measurements it was possible to use two reference electrodes, In an inert atmosphere and for control
of the electrode potential in an atmosphere of hydrogen, we used a saturated calomel electrode, connected to short
side arms of the membrane which projected outwards from underneath the packing, In an atmosphere of hydrogen
one of the two platinum electrodes clamped to the membrane could also be used as reference electtode, The pre-
paration of the electrodes for the experiments involved etching for a period of 3 min in boiling aqua regia followed
by boiling in twice-distilled water for a period of 10 min, Hydrogen and argon from cylinders were purified by the
usual methods and moistened by passage through twice-distilled water before admission to the cell, to avoid drying
of the membrane. The gas was passed into both chambers, and both sides of the membrane were exposed to the |

same gaseous atmosphere, The assembly made it possible to vary the electrode potential with time at different
rates (Ag/ At) in the range from 75 mV/sec to 0,315 mV/sec. ' :

DISCUSSION OF RESULTS

An exuemely important feature for the characterization of the systems studied is the comparatively rapid
establishment of the hydrogen potential at the platinum electrode, In the first 3 min after the start of the passage
of hydrogen, the potential of the electrode clamped to the cation-exchange membrane is displaced into the hy~-
drogen range and reaches a stable value, with good reproducibility, at a level between —0,28 and —0,30 V with
respect to the saturated calomel electrode, If it is assumed that the membrane swollen in water is separated from .
yhe surface of the electrode clamped to it by a thin layer of dilute acid, the total measured value of the potential =
jump should in actual fact include two potential jumps: the first relating to the boundary of separation between
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the electrode and the layer of acid, and the second corresponding to
the boundary between the layer of acid and the membrane? The

5 first potential jump at a hydrogen pressure of 1 atm is determined by
the activity of the hydrogen ions in the thin layer Ag; = (RT/0F)*

' Gas Infappty, er], and the second, Donnan potential jump is determined
‘ nLag it - by the rano of the activities of the ions in the layer and in the bulk
2 Nz ] 4 of the membrane Ag, = (RT/nF)- ].n[aH'i’layer/aH'f'membranel The
; ! / total measured potential jump is equal to their difference Agpeqs =
5 Z (RT/nF)*In[ayy*membranel: _
NN 18 175575 1 éas From this it follows that the measured value of the potential

jump does not depend on the unknown concentration of acid in the
layer next to the electrode (the concentration of free acid in the
membrane) was estimated approximately by means of pH-paper, and
the value found for both types of membrane was of the order of 0,01
Fig. 1. Polyethylene cell for the measure- N. Analysis of the MK-40 and MK-100 membranes for their sulfur
ments: 1) platinum electrodes being studied;  contents gave values of 1.75 and 1.2 N respectively for the hydrogen
2) auxiliary platinum gauze electrode; 3) ion concentrations, Thus the measured potential jump corresponds
membrane; 4) electrode holders; 5)springs;  to the concentration of hydrogen ions in the membrane,

6) section of cell. . . ) e ‘
Fig. 2 gives the I—¢ curves obtained at different values of Agp/

At for an electrode with length 5 mm and diameter 2 mm, clamped
to an MK -40 membrane, with hydrogen passed through the cell. Each

1 curve was obtained after preliminary activation of the electrode by
anodic-cathodic impulses [1, 2], at from ¢ = 0 V1o ¢ = 1,5 V until
the activation curves were reproducible (the @-potential relative to
a hydrogen electrode clamped to the same membrane), The nature
of the curves is preserved at all values of A ¢o/At.T The difference

3 at points with the same potential for different values of Ag/At can

be attributed either to differences in the state of the platinum sur-

face [3, 4], or to differences in the degree of passivation resulting

Y 05 10 1 §¢,V from the adsorption of organic substances from the membrane when

’ the given potential is reached. Decrease in the value of Ag/At be-

Fig. 2. Polarization curves obtained using  low 0.86 mV/sec produced no change in the shape or position of the

MK-40 membrane and a platinum electrode  curve. The curves obtained at Ap/At <0,86 va/sec therefore be

with diameter 2 mm at values of Ag/At: taken as the steady-state curves, ' ‘

1) 75; 2) 2.6; 3) 0,86 and 0.315 mV/sec, '

The arrows in this and subsequent figures

indicate the direction of the change inpo-

tential,

I m

Comparison of the I-¢ curves given in Fig. 2 with the I-¢
curves for platinum electrodes completely [3, 5, 6] or partly [7] im-
mersed in sulfuric acid shows that the curves in Fig. 2 differ signifi-
cantly from the former but show some similarity to the latter. - The
comparatively high values of the current densities (the working sur-
face was assumed to be the surface of the end face of the electrode, see below) and the absence of total passivation
of the process at a potential of 1,5 V in fact suggest that our system is a system with distributed parameters,’

The distribution of the parameters is related to the formation, on the electrode surface, of a thin film of elec-
trolyte which is pressed from the membrane and through which hydrogen diffuses, and also to differences in the ac-
cessibility of separate sections of the film with respect to the polarizing current, The generation of current at the
electrode clamped to the membrane takes place in different ways depending on the properties of the membrane.,

In the case of the rough MK-40 membrane with low degree of swelling, current formation takes place almost en-
tirely at the surface of the end face of the electrode;

Because of the rough nature of the surfaces of the membrane and the electrode, diffusion of gaseous hydrogen
takes place between the end face of the electrode and the membrane, As a result, the polarization cwn es differ

* The potential jump at the boundary between the membrane and the concentrated KCI solution in the syphon of

the calomel electrode can be neglected in a first approximation,
TIn the present paper we shall not deal with the differences between the curves for the anodic and cathodlc dxrec-f S

tions of the change in potential for MK-40 and MK-100 membranes,

[




TABLE 1. Ratio of the Currents Generated at the Electrode with Diameter 2 mm
to the Currents at the Electrode with Diameter 1 mm at the Same Potentials
(MK-40 Membrane)

- potential, V | o
F°m_“ of treatment, Ap/At 0.25 |maximum | 1,25 !
{
Etching in aqua regia; 34 mV/sec 32| 5.3 5.15
Ditto 34| & 4.3 o
Electrodes clamped to fresh membrane after operation; ]
34 mV/sec 4 3.3 3 : :
Ditto, 0,415 mV/sec 3.5 3.5 3 ‘
Treatment with sodium carbonate, etching in aqua regia;
34 mV/sec 5.8 6.4 5.8
Mean o 43| 4.8 4,4
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Fig. 3. Polarization curves obtained using elec- Fig. 4. Polarization curves obtained using MK -
trodes with different diameters and MK-40 mem- 100 membranes and a platinum electrode with
brane: 1) d = 2 mm, Ap/At= 34 mV/sec; 2) d= diameter 2 mm at A¢/At 1) 34; 2) 0.86 mV/
1 mm, Ag/At= 34 mV/sec; 3)d = 2 mm, Agp/ sec.

. At= 0,86 mV/sec; 4)d = 1 mm, Ap/At= 0.86 o _
- mV/sec; 5) d = 2 mm, Ag/At= 0.34 mV/sec; little from one another (cnrves 1and 5in Fig. 3) for elec-
-lateral surface sealed. R S trodes with an open lateral surface and with a lateral sur-
v ' face completely sealed into glass (the polished end face
of the electrode in this case consisted of platinum and glass in the same plane), For the MK ~-40 membranes, the. _
currents generated at electrodes with different drameters are pr0poruonal to the areas of their end faces (Table 1
and Flg. 3. ' : . : : \

In this case we can assume the existence of thm films of electrolyte whrch are. pressed from the membrane s '
and lie on the surface of the mlcrOpro;ecuons of metallic plaunum in contact with the mrcrOprOJecuons of the MK- L
40 membrane, S v ; o , ) - _

If the space between the membrane and the end face of an electrode with completely sealed lateral surface o
is filled with twice-distilled water, i.e., if the supply of hydrogen to the platinum surface is restricted sharply, only
~ the electrode surface is charged during polarization [1, 41, Replacement of the atmosphere of hydrogen by an inert Ry
atmosphere (argon) in this case produces practically no change in the shape of the curves, * This indicates thatthere .- e
is practically no diffusion of hydrogen through the membrane, The method can be develoPed to determine the o e
permeabmry of the membranes wrth respect to hydmgen. e : TR '

_ . In the case of the MK-IOO membranes, the overall appearance of the I— ¢ curve (Frg. 4) is the same as that
- -for the MK-40 membranes. The MK-lOO membranes, however, have a h1gher degree of swelling, greater defor- e




TABLE 2. Ratio of the Currents Generated at an mability, and smoother surface than the MK -40 membranes,
Electrode with Diameter 2 mm to the Currents at As a result, the penetration of gaseous hydrogen between the
an Electrode with Diameter 1 mm, Recorded atthe end face of the electrode and the membrane is eliminated,

Same Potentials, for MK ~100 Membrane Comparison of the currents at electrodes with different dia-

% Form of treatment; potential, V n'qeters and the same potentials shows thaF they are propor-
Aol A 0.25 [ maximum 1,25 tional to the perimeters (Table 2). Ix? this case, generation
: of the current takes place under the film of electrolyte formed
Etching in aqua regia; 34 on the lateral surface of the electrode, . : R
Dl:(:/ free 23 .02 5 i'gs fg In the polarization of an electrode with completely
. sealed lateral surface, clamped to the MK-100 membrane,
Ditto 2.6 2,08 2.2 .
Ditto , 2.9 1.79 2.5 only the surface of the electrode is charged. R
Mean 2.28 2.0 2.35 Thus the present work has not detected any fundamental ~ - :
difference between the processes of current formation at elec-
trodes clamped to MK-40 and MK-100 membranes containing a certain quantity of sulfuric acid not absorbed by
exchange, and familiar processes taking place at electrodes partially immersed in sulfuric acid, Further studies

should reveal the specific features of this system, associated with the presence of the fon exchange membrane next
to the electrode,

We wish to thank to G, B. Petrova for kindly providing the membrane specimens,
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera-. .
.tions of the abbreviations as given in the original Russian journal. Some or all of this pen-v
odical literature may well be available in English translation. A complete list of the cover-to-

. cover English translations appears at the back of the first issue of this year. :




