ELECTROCHEMICAL PROPERTIES OF VITREOUS
CARBON SAMPLES OBTAINED
AT DIFFERENT TEMPERATURES

Yu. B. Vasil'ev, L. 8. Kanevskii,

UDC 541.138
V. 1. Lushnikov, and A, M. Skundin

A special place among the graphitic carbon materials belongs to vitreous carbon, which has high mechan-
ical strength, stability in aggressive media, impermeability to gases, and isotropy of the mechanical, thermal,
and electrical properties [1-3]. Papers concerned with the electrochemical properties of vitreous carbon have
appeared recently in the literature [4~9]. But practically nowhere in this work has any attention been paid to
the form of vitreous carbon used, or in particular to the temperatures at which it was produced, while it is
known that a number of important physicochemical properties of this material, i.e., its structure, electrical

conductivity, oxygen content, and other characteristics, strongly depend on the temperature at which the heat
treatment was conducted during manufacture [1, 3].

In the present work we have compared some electrochemical and adsorption properties of various domes-
tic brands of vitreous carbon which differed in the temperature of heat treatment: SU-9, SU-12, SU-20, and
SU-30 where the temperature of the heat treatment is 900, 1200, 2000, and 3000°C, respectively. The SU-9 ma-
terial is distinguished by insufficiently complete carbonization. It contains only about 91% carbon and more
than 4% oxygen [3]. The remaining samples are almost completely carbonized, and SU-30 vitreous carbon al-
ready has the properties of partially graphitized material. :

All investigations were performed at a temperature of 20°C in 1 N H,80, ("os.ch."[®especially pure"]grade)
in a cell with an auxiliary electrode of vitreous carbon and a reversible hydrogen reference electrode. A Tacus-
sel PRT~-20-10x potentiostat was used in the measurements. In order to examine the adsorption properties we
recorded potentiodynamic i—¢ curves using triangular potential sweeps with a rate of potential scan of 20 mV/
sec. Stationary polarization curves were recorded when examining the kinetics of hydrogen and oxygen evolu-
tion. The techniques used in fabricating and preparing the electrodes of vitreous carbon are described in detail
in [10]. The electrodes underwent cathodic and anodic activation over the potential range between 2.0 and —2.0
V before each i—¢ curve was recorded.

Typical i—¢ curves recorded on SU-9, SU-12, SU~20, and SU-30 vitreous carbon are reported in Fig. 1.
It can be seen that there are two maxima on the anodic branches of all i—¢ curves. It has been suggested in
[6, 7] that these maxima are due to oxygen chemisorption, possibly in two different forms. It can be seen that
the oxidation becomes somewhat easier as the temperature of the heat treatment of vitreous carbonis increased
from 900 to 2000°C; the potentials of the first half-wave for samples SU-9, SU~12, and SU-20 are 0.75, 0.50, and
0.30 V, respectively. The potentials of the first maximum are 0.86, 0.62, and 0.52 V, respectively. The second
anodic maximum is found at potentials of 1.6 to 1.7 V for all vitreous carbon brands examined.

On the cathodic branches of the i—¢ curves recorded below the onset of oxygen evolution there are clearly
pronounced maxima: one for samples SU-9 and SU-30, and two for samples SU-12 and SU-20. The potential of
the first of these maxima, which probably is due to the reduction of chemisorbed oxygen [6, 7], is more positive -
the higher the temperature of heat treatment of the vitreous carbon, Thus, the adsorption and desorption of oxy-
gen on vitreous carbon obtained at higher temperature proceeds less irreversibly. The potential differences be-
tween the first anodic and first cathodic maxima are 1.1, 0.6, and 0.4 V for the samples SU-9, SU-12, and SU-20, (
respectively (in [7] this difference was 0.4 V).
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Fig. 1. Potentiodynamic curves in 1 N H,SO, for different brands of
vitreous carbon. Rate of potential scan 20 mV/sec.

Fig. 2. Polarization curves of oxygen evolution at pyrographite (1)
and platinum (2), on different brands of vitreous carbon: SU-9 (3),
SU-12 (4), SU-20 (5), and SU-30 (6).

The potential of the second cathodic maximum is — 1.3 V for sample SU-12 and — 1.0 V for sample SU-20.
This maximum is not developed on sample SU-30, probably because of the lower hydrogen overvoltage; hydro-
gen evolution occurs at a perceptible rate already at potentials around — 0.8 V.

By integrating the anodic part of the i— ¢ curves we calculated the corresponding amounts of charge passed
between 0.0 and 2.0 V. It was found that these amounts for all the samples examined by far exceed the amount
of charge required for monolayer coverage of the surface with oxygen. Thus, for the SU-12 sample we found
about 90 mC /cm? of apparent surface area. Only about 0.5 mC/cm? is necessary for monoatomic coverage of
the vitreous-carbon surface with oxygen (under the assumption that each adsorbed oxygen atom corresponds to
one carbon surface atom). Such a large difference cannot be explained by a high roughness factor (of about 200).
Experiments on low-temperature krypton adsorption have shown* that the surface roughness factor of the vitre-
ous carbon used in the present work is less than 10 (limit of detection). It may be that during the anodic polar-
ization of vitreous carbon some bulk oxidation takes place, which is equivalent to an absorption of oxygen. It
had been shown in [11] that on the surface of pyrocarbon there are hydroquinone groups which can be oxidized
to quinone groups. It is possible that the structure of vitreous carbon (even at a production temperature of
2000°C it contains up to 1.5% hydrogen) also can take up some quantity of oxygen.

It can be seen that the hydrogen evolution overvoltage is not the same on the various samples, so that any
comparison between the amounts of charge used up in the anodic and cathodic sweep is arbitrary. It must be
noted, however, that (cf. Fig. 1) the amount of charge in the cathodic sweep, Q¢, which was obtained by integra-
tion in the limits from 1.0 V to the potential of hydrogen evolution is significantly higher than the quantity Qg,
especially for samples SU-12 and SU-20, One can suggest that the higher Q¢ values are due to some desorption
of oxygen from the bulk of the vitreous carbon. The total oxygen content in the vitreous carbon samples ob-
tained at temperatures above 1000°C is low (the SU-12 samples contained about 0.1 wt. % of oxygen), but it is

to appreciable irreversibility of oxygen removal from this material.

The stationary polarization curves for the anodic process on vitreous carbon are reported in Fig. 2. This
process consists of the evolution of oxygen as well as carbon monoxide and dioxide [6]. It can be seen that these
curves practically coincide for all brands of vitreous carbon used here, The polarization curves are described
by the Tafel equation with constants @=1.5 V and b=0.24 V. It can be seen that the slope of the polarization
curves for the anodic process at vitreous carbon is the same as that at pyrographite and platinum, but the over-
voltage at vitreous carbon is approximately 0.25 V higher than that at platinum.

*These measurements were made in the Institute of Organic Catalysis and Electrochemistry, Academy of Sci-
ences of the KazSSR, by V. Sh. Palanker to whom the authors express their profound gratitude.
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Fig. 3. Potentiostatic curves of hydrogen evolution at
SU-12 at—1.1 (1) and—1.4 V (2).

Fig. 4. Polarization curves for hydrogen evolution at pyro-
graphite (1) and at the reduced surfaces of different brands

of vitreous carbon: SU-30 (2), SU-20 (3), SU-12 (4), and
SU-9 (5).

The rate of hydrogen evolution at vitreous carbon depended strongly on its degree of oxidation; surface re-
duction led to noticeable activation. This result contradicts the data of [5, 9] where it was found that hydrogen
evolution from alkaline solutions is accelerated when the vitreous carbon surface is strongly oxidized by chro-
mic acid or by anodic treatment. Potentiostatic curves obtained at an SU-12 vitreous carbon sample when switch-
ing the potential from — 0.5 V to values of —1.1 and ~1.4 V are reported in Fig. 3. Right after the switching when
the electrode surface is not sufficiently reduced, the current of hydrogen evolution is low but there is a signifi-
cant nonstationary current due to reduction of the vitreous carbon. This nonstationary current falls off with
time, but the stationary current of hydrogen evolution becomes higher with the progress in surface reduction.

Stationary polarization curves for hydrogen evolution at the reduced surfaces of different brands of vitre-
ous carbon and at pyrographite are reported in Fig. 4. To become reduced the electrodes were held for 15 min

at a potential of =2.0 V, and then for 1 min at 0.0 V, before the polarization curves were recorded. It can be

seen that the polarization curves for hydrogen evolution at the different brands of vitreous carbon are markedly
different. Hydrogen is evolved with the lowest overvoltage at SU-30 vitreous carbon, which is that produced at
the highest temperature. The overvoltage increases as the temperature where the vitreous carbon is produced
becomes lower, and the Tafel slope becomes higher: It is 130, 140, 280, and 390 mV for SU-30, SU-20, SU-12,

and SU-9, respectively. The slopes for SU-30 and SU~20 are close to the values characterizing the other gra-
phitic carbon materials [12].

Thus, with respect to the size of hydrogen overvoltage the different brands of vitreous carbon (which were

obtained at different temperatures) are forming the same sequence as previously found for methanol oxidation
[10].
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KINETICS AND MECHANISM OF ELECTRODE POSITION
OF HEXAGONAL SELENIUM FROM STRONGLY ACIDIC
ELECTROLYTES

V. M. Bigelis, A. Rakhmanov, UDC 541.132+546.23
and O. A, Abrarov

Hexagonal selenium (7y-Se) of the p-type can be deposited with relatively low overvoltage from strongly
acidic electrolytes (840 g Se0, per liter of 9 M H,SO, or H,Se0,), and crystallizes at the highest rate at tem-
peratures of 90-100°C [1]. Unlike the weakly acidic electrolytes where cathodic polarization is determined
chiefly by the low concentration of minority carriers [2], in strongly acidic solutions the selenium electrode be-
haves like a reversible metal electrode, the only difference being that at high current densities the ohmic re-
sistance of the electrode itself is felt [3]. It is possible, therefore, to examine in more detail the kinetic param-
eters and the mechanism, not only of the anodic but also of the cathodic process, which is not complicated by
the electrode's semiconductor properties. This was the chief aim of the present work.
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Fig. 1. Polarization curves of the selenium electrode in 9 M H,SO,
solution as a function of selenium dioxide concentration (a), and the
determination of reaction order with respect to selenium at poten-

tials of 620 (1) and 580 (2) mV (b). Selenium concentrations in part
ar 1)5M; 2) 3M; 3)1M; 4) 0.1 M,
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