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PHYSICAL CHEMISTRY

HYDROGEN PEROXIDE FORMATION ON THE ADSORPTION
OF ACIDS BY ACTIVATED CHARCOAL

By R. BURSTEIN and A. FRUMKIN, Member of the Academy

According to Naray Szabo (!) the process taking place on an oxygen
carbon electrode runs as follows:

C,0 +H,0 = C, + 20H'+ 26; (1)

C,0 is an oxygen atom adsorbed by the charcoal. In the case of an acid
solution one may write
' C,0 + 2H = C,+ H,0 + 2.

However, it was long since stated in literature that hydrogen peroxide,
too, was apt to form during the cathodic reduction of oxygen on various
electrodes. Berl (2) suggested the use of porous carbon electrodes for an indu-

- strial production of hydrogen peroxide. Schematically this process may

be represented as follows:
Cz0,+ 2H*= C; + H,0, + 2 @D. (2)

It was found in our laboratory by P. Dolin and P. Spiridonov that as
a result of this reaction hydrogen peroxide appears in galvanic cells with
air depolarization.

Proceeding from the relation established by Frumkin between adsorption
processes and electrochemical processes, we were able to show in one of
the works performed at this laboratory () that with small amounts of
oxygen adsorbed on charcoal the process of anion  adsorption is expressed
quantitatively by the following equation:

C,0 + 2H* + 2A’= H,0 + C,+ 2A’+ 2@ (3)

the anions being attracted by the positive charges of sthe charcoal. In con-
nexion with the electrochemical theory of adsorption it was of interest to

- establish whether the process of anion adsorption might be attended by

the formation of hydrogen peroxide. If so, the adsorption process should
run according to the following scheme:

C,0p+ 2H + 2A’ = C,+ 2A’+H 05+ 20. (4)

A series of experiments was started in order to find out the conditions
under which the formation of hydrogen peroxide would take place.

Experiments with adsorption were carried on as follows (*): 0.5 g of char-
coal were poured into an ampulla. Then 10 cm?® of a H,SO, solution were add-
ed into it. Oxygen was passed through the solution and the latter was then
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strained through a glass filter placed in the ap‘paratus.Titration with alkalj .
served to determine the amount of adsorbed anions, while the quantity

of hydrogen peroxide formed was determined by titration with a permanganate
solution. Qualitatively the formation of H,0, was proved by means of bichro-

Pabie i mate. The results of thg expe-
riments are referred to in Tab-

Final | Amount of 'Amount of Amount of le 1. )
It | the adsorbed| H,O, for-| H,0, in % From these data it is ob-
of the solu.|2cid in mil- med in | of the total vious that withincreasing con-
tion in liequ. per | milliequ. | amount of  sentration of H,S0, grows also
1 g of char-| per 1g of adsorbed h ield 4
g. equ./1 el charooal acid the yield of peroxide. It may
be remarked here that char-
coal is at the same time a ca-
0.00015 v.18 0.0016 3 talyst in respect to the decom-
0.0029 0.24 0.012 5 S
0.0197 0.32 0.038 11.9 position of H,O,. Therefore
0.059 0.448 0.060 13.0 the determination of H,0,
0.13%4 0.60 0.086 14.3 should be made soon after the
8-?14 i%g gégs i[é'g start of the experiment.
o i ' : After 10 min. the yield of

hydrogen peroxide with refe-
rence to the amount of adsorbed acid is at its maximum. 1 hour after the
start of the experiment the concentration of hydrogen peroxide will decrea-
se 2 times.

Further investigations have shown that an essential condition for hydrogen
peroxide to form is the presence of oxygen in gaseous state. If indeed the
coal, after it has been in contact with oxygen, is placed in water and the
whole system saturated with nitrogen, then the pouring in of an outgased
solution of the acid will no longer bring about the formation of hydrogen
peroxide in significant quantities. In this case the amount of hydrogen per-
oxide formed will not surpass 0.003 milliequivalents per 1 g of coal when
the final concentration of the acid is 0.357. This is about thirty times
less than if the adsorption is carried on in the presence of air. At the same
time the difference in the amount of adsorbed acid is not beyond 15—20%,
when the results of experiments carried on in nitrogen and in air are
compared.

The evidence furnished by these experiments is that the formation of
hydrogen peroxide is possible only at the expense of freshly adsorbed oxygen.
Such oxygen, however, that has long been present on the coal surface is bound
with it too firmly and can no longer react and form hydrogen peroxide.
Ths fixation of the latter goes probably through the break up of 0, mole-
cules into atoms. When firmly bound oxygen reacts in the process of anion
adsorptien, water is formed. It was proved by special experiments that
the formation of H,0, is not connected with the autooxidation of carbon,
which at room temperature leads to the formation of CO,. When the adsorp-
tion of the acid is complete, the formation of H,0, comes to an end, 100,
although the process of autooxidation continues at the same rate. ;

It is interesting to compare our data with those previously obtained
at the same laboratory by Bruns and Piloyan (°). Those authors have shown
that when adsorption of anions takes place on charcoal, additional quantities
of gaseous oxygen are adsorbed,but the amount of adsorbed oxygen is not
equivalent to that of adsorbed acid and it grows more rapidly with the
increasing concentration of the acid than does the adsorption of anions®.

* In other words, the store of adsorbed oxygen on charcoal decreases in the pro=
cess of adsorption of the acid. This is probably because of the repulsive interaction
between the atoms of oxygen and anions in the double layer.
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~ The results of the experiments by Bruns and Piloyan are shown in Table 2.
In the 4th column are given the amounts of H,O, that should form if the
whole of the adsorbed oxygen reacted according to scheme (4).

If the experiments refer-
red to in Tables 1 and 2 we-
re not made with the same
coal and are not therefore stri-
ctly comparable, nevertheless
it may possibly be inferred
from them that practically of the
ihe whole of the oxygen adsor-
bed from the gaseous phase in

Table 2

Adsorp- Amount

Adsorp- of H.O Amount
trati 0, i 3 tion of |formedin | &f H:0:
ration in cm i illi

2 H,S0, in| milliequ. the total

er 1 milliequ.| as calcu-
o e ol 1™ llated from| 2mount
solution | of char- | Per 1 g of|yy = 4o | of adsor-

charcoal |ption of O, bed acid

Concen- | tion of

. . coal
the process of anion adsorpticn
is used in the formation of - .
h drogen perOXide. .043 .35 0.40 0.0315 8
: From the results obtained 8;;‘% 2?2 8'28 8'23§ 14
it will be apparent that there 0731 | 122 0.80 | 0.120 };
are two different forms of 1.27 1.48 0.86 0.133 15.4

bound oxygen on the surface
of the coal. This conclusion is
also apt to arise from the data obtained for the cathodic polarization of an
oxygen carbon electrode. i

In order to establish the condition for hydrogen peroxide to form on the
electrode, we made experiments in which a very pure ashless activated coal

(prepared from phenol-formaldehyde resin) was subjected to cathodic pola-
rization at various current densities during some specified intervals. The
amount of hydrogen peroxide thus formed was then estimated. These experi-
ments have shown that in the presence of oxygen an increase in the current
density from 6.5 107 A to 130 107> A per 0.1 g of coal leads to an increase
in the yield of oxygen peroxide from 10 to 479, with reference to the current.

If the current density goes further up, the yield of hydrogen peroxide
goes down. The rate of hydrogen peroxide formation grows at first with
the increase of the current density, but eventually a constant value is reached.
Upon the composition of the solution the yield of hydrogen peroxide is but
little dependent. ;

_ It is worth while to compare these data with those obtained on the pola-
rization of coal in an atmosphere of an inert gas. In the latter case the store
of adsorbed oxygen on the coal was periodically replenished at the intervals
when there was no polarization in order to secure the passage of the current.
In that way it was found that with equal electric quantities let through,
the amount of hydrogen peroxide formed in the atmosphere of an inert
gas is only 5—109, of that formed in the atmosphere of oxygen. This evidence
also leads to the conclusion that only freshly adsorbed oxygen takes part
in the formation of hydrogen peroxide. Oxygen that has long been on the
Slflrface o.f the coal reacts with the formation of water. Small quantities’
of H,0, in an atmosphere of nitrogen may be accounted for by an in-
complete removal of oxygen under the conditions of the experiment.

K Laboratory of Surface Phenomena. Received

arpov Institute for Physical Chemistry. Moscow. 27. VI. 1941.
REFERENCES

' V.Naray Szabo, Z. Elekt :
Soc. , Z. Elektrochem., 30, 508 (1924). 2 B er 1, Trans. Electrochem.
C(l)lC ’15?(?’4228;1 (1939). ® Bypmreitn, ®pymruu u JlapoBckas, Z physik.
(19.3:9)~ e (13193;1))' h.4.HeTP0B~ Bypmreiin u Kuceaesa, HOX, 13, 1156
Ch., 155, 77 (%093371)COC imica, 11, 59 (1939, 5 Bpymuc n IImaonn, Z. physik.

Translated by D. Rakhmanoy.

.
C. R. (Doklady) de 1’Acad. des Sci. de 'URSS, 1941, v. XXXII, N¢ 5 f 329



