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Abstract

Kinetics and mechanism of low-temperature ozone ((5–50)× 10−3 mol/m3 in the gas–air mixture) decomposition by
Co-catalysts supported on silica have been studied. Co-ions adsorbed on silica react with surface oxygen species, thus
resulting in an active catalyst. Low concentrations of Co-ions form a monolayer on the surface. Their specific catalytic activity
remained constant, but sharply decreased at higher concentrations due to a formation of polynuclear Co-complexes. Ozone
decomposition may occur either as a stoichiometric or catalytic process, depending on the ozone and catalyst concentrations.
The turnover number increases with ozone concentration reaching a saturation point. It also increases with Co-concentration
in the beginning, but drops at a concentration >1× 10−4 mol/g. The mechanism of the reaction is discussed. ©1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Ozone is one of the major pollutants of urban at-
mospheres and is often present in industrial exhaust
gases. The cost of air pollution alone to human health
has been estimated to be US$ 9.8 million a year in the
Los Angeles area [1]. Ozone concentration in poorly
vented rooms, for example, in the welding industry,
is heightened and may reach up to 14 mg/m3 [2,3].
This is significantly higher than recommended by the
World Health Organization (0.1–0.2 mg/m3). Ozone
is a very strong oxidizing agent (under acidic condi-
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tions E(O3/O2) = 2.07 V [4]) and is able to react with
practically any reducing organic or inorganic agent.
The lungs are the most sensitive sites to toxic ozone
exposure [5]. Local purification systems or individual
gas-masks (respirators) can significantly minimize
the ozone level in the air. Different substances, such
as carbon fibrous materials, celites, various homoge-
neous and heterogeneous catalysts, have been reported
to destroy ozone by different mechanisms, by either
reacting stoichiometrically or catalytically [6–10].
However, in spite of numerous efforts and significant
progress in ozone decomposition, the reported meth-
ods cannot be applied due to different reasons. The
potentially applicable carbon fibrous materials de-
stroy ozone catalytically [11–14]. Another approach
is the use of transition metal complexes as catalysts
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[15–20]. However, the low-temperature catalysis of
ozone decomposition with supported metal complexes
has been poorly studied. For example, PdCl2/CuCl2
on Al2O3 [19] and Mn2+ on activated carbon [20]
have been reported to decrease the ozone level by up
to 0.1 mg/m3 at room temperature, while laminated
graphite compounds with transition metal chlorides
were active at elevated temperatures,T> 60◦C [21].
The catalysts based on Co(II) ions are known to be the
most efficient in ozone decomposition [15,16], due to
a facile regeneration of Co(III) by either water vapor
or intermediate radicals having reducing properties.
The catalytic activity of supported metal complexes is
essentially influenced by the specific interactions with
certain surface groups, and consequently by the na-
ture of a support material [22]. In this work, we used
silica as a support for Co-ions and studied the effect
of different factors on the rate of ozone decomposition
by this catalyst in order to optimize the conditions for
its possible application (e.g. in a respirator).

2. Experimental

Catalysts were prepared by adsorption of Co(II)-ions
on a silica surface from an aqueous solution of
Co(NO3)2·6H2O (‘Reakhim’, former USSR). Com-
mercially precipitated silica (KSMG-type, from
‘Reakhim’, former USSR) with a specific sur-
face areaS= 360 m2/g, Vmicropores= 0.35 cm3/g, and
Vmesopores= 0.20 cm3/g was beforehand fractionated
to average particle-sizes of 0.5, 1.0, 2.0, and 3.0 mm.
The specific surface area and pore volumes of the
silica were determined by measuring the benzene
concentration during its continuous desorption under
dynamic conditions at 25◦C from the surface of silica
which was previously saturated by benzene in accor-
dance with [23]. The collected data were treated with
standard software. The pore distribution was found
using the Tompson–Kelvin equation, and the specific
surface area from the BET equation. In a typical
procedure, 10 g of silica was kept under vigorous
agitation for 2 h in 20 ml of aqueous solution with
varied concentrations of Co(II) at 25◦C until the es-
tablishment of the adsorption equilibrium. The pH of
the aqueous solution was measured in the beginning
and in the end of the adsorption with a standard glass
electrode. Co–silica was washed once with distilled

water and dried at 110◦C until constant weight. The
content of Co(II) in a prepared catalyst was deter-
mined with a standard atomic absorption technique
with the ‘Saturn’ spectrometer (former USSR).

A gas–air mixture (GAM) with a desired ozone
concentration was prepared with an ozone generator
by the silent electric discharge of pre-purified air
from dust and nitrogen oxides. Beforehand, the re-
actor ozone containing GAM was passed through an
appropriate column with CaCl2 to maintain constant
humidity atϕ = 50%. In order to study the influence
of the amount of adsorbed water (mH2O) on the series
of samples, the samples were dried at 110◦C until
constant weight and then were kept in desiccators
above sulfuric acid or water until desirable water
contents were achieved :mH2O = 0.015, 0.030, 0.050
and 0.100 g/g. GAM humidity,ϕ(%), was maintained
in the series of samples at 10, 28, 40 and 75%.
The humidity was controlled by a psychrometer (a
wet-and-dry-bulb thermometer). The ozone concen-
trations before, and after, the reactor (Ci andCf ) were
measured mainly with a ‘Cyclone’ optical gas ana-
lyzer (former USSR, for 1.0–1× 104 mg/m3) with a
minimum detectable ozone concentration of 1 mg/m3

and relative error within 15%. A chemiluminescence
gas analyzer (0.002–0.5 mg/m3) was applied to study
an initial period of the process where ozone concen-
tration was low and the reaction rate changed rapidly
Under steady-state conditions, the rate of ozone
decomposition was calculated asW=ω(Ci–Cf )/m,
whereω is the volumetric flow rate andm the weight
of the catalyst.

The reaction was studied in a vertical reactor ther-
mostated at 20◦C, with an inner diameter of 2.6 cm.
GAM entered the reactor from the top with a volumet-
ric flow rate ofω = 1.7× 10−5 m3/s and with a typical
linear velocityU = 3.2 cm/s. The residence time,τ ′, of
GAM was adjusted by varying the height (and subse-
quently the weight) of the catalysts while maintaining
a constant inner diameter of the reactor and the vol-
umetric flow rate. The linear velocity of GAM was
modified by using the reactors with different inner di-
ameters.

A redox potential of Co(II)/Co(III) supported on
SiO2 and the oxidation state of Co-ions were estimated
potentiometrically before, and immediately after, the
reaction. A Pt-wire and a standard SCE electrode
were immersed (a minimum of 25% of the length of
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Pt-electrode) into the catalyst and the potential being
measured by a routine potentiometer [24].

3. Results and discussion

In order to determine the range of conditions
wherein the reaction of ozone decomposition takes
place and to test the performance of the reactor, we
studied the effect of different macrokinetic factors on
the process rate. The initial reaction rate was found
to be unchanged with:
1. the average grain diameter (dg) of the catalyst in

the range of 0.75–3.0 mm;
2. the increase of the residence time (τ ′) from 0.22

to 0.94 s (the catalyst weight changed from 2.5 to
15 g); and

3. the increase of the linear velocity (U) from 3.2 to
6.7 cm/s.

Under our typical experimental conditions with the av-
erage grain diameterdg = 0.75 mm and the height of
the catalyst layerH = 2 cm, the axial diffusion can be
neglected as the conditiondg/H � 1 is fulfilled. The
wall effects are also insignificant, ifDreact/dg ≥ 30,
which holds true under our experimental conditions
(Dreact/dg ∼ 35). Hence, in our reactors under typical
experimental conditions and in accordance with [25],
we have the plug-flow regime; both, retardation due to
the internal diffusion (fordg = 1–3 mm) and the exter-
nal diffusion (forU = 3.2–6.7 cm/s) can be neglected.
Thus, the observed rate of ozone decomposition is de-
termined only by the rate of chemical interaction and
the reaction proceeds in the kinetic regime.

The rate of ozone decomposition,W, and the ac-
tivity of the catalyst was not constant in the course
of the reaction. With an increase of the reaction time,
the rate drops sharply and then slowly decreases
to zero. These time dependences for various ini-
tial ozone concentrations (Ci ) and the catalyst load
CCo(II ) = 5.5× 10−5 mol/g are shown in Fig. 1.

At higher catalyst concentrations,CCo(II ) ≥ 1.0×
10−4 mol/g, the rate was stabilized and the steady-state
ozone decomposition appeared (Fig. 2, curves 3
and 4).

The data on the initial reaction rates and turnover
numbers (see below) along with the characteristics of
the used catalysts are collected in Tables 1 and 2. The
initial reaction rate was found to increase linearly with

Fig. 1. Rates (W) of ozone decomposition catalyzed by supported
Co(II)-ions against reaction time with different initial ozone con-
centrations,C i× 102, mol/m3): 1–0.5; 2–1.0; 3–1.6; 4–3.1; 5–4.2.
[Co(II)] = 5.5× 10−5 mol/g; T= 20◦C; humidity ϕ = 50%; volume
flow rateω = 1.7× 10−5 m3/s; linear velocityU = 3.2 cm/s.

Fig. 2. Rates (W) of catalytic ozone decomposition against reaction
time with different catalyst concentrations, [Co(II)]× 105 mol/g:
1–2.0; 2–3.8; 3–10; 4–27.Ci = 3.1× 10−2 mol/m3; T= 20◦C; hu-
midity ϕ = 50%; volume flow rateω = 1.7× 10−5 m3/s; linear ve-
locity U = 3.2 cm/s.

the initial ozone (up to 2.6× 10−2 mol/m3) and cata-
lyst (5.5× 10−5 mol/g) concentrations. At their higher
concentrations the rate growth decreases.

The transformation of the catalyst color from
light-pink to dark-brown, and the shift of its redox
potential from 0.28 to 0.915 V (against NHE) in the
course of the reaction, signifies the oxidation of the
initial Co(II) species by ozone to cobalt hydroxide
Co(OH)3 in accordance with the following reaction:

2Co(II ) + O3 + 2H+ → 2Co(III ) + H2O + O2 (I)
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Table 1
Catalyst characteristics of the ozone decomposition and effect of the catalyst concentrationa

CCo(II ), ×105 (mol/g) α, ×103b βc Wo
d ×108 (mol/g s) As

e ×108 (mol/g s) nf

2.0 0.7 0.16 1.2 7.5 1.0
3.8 1.33 0.32 2.2 6.9 3.0
5.5 1.93 0.46 3.5 7.6 8.0

10.0 3.5 0.83 3.7 4.5 3.0
19.6 6.88 1.60 4.6 2.9 3.0
27.0 9.48 2.20 4.9 2.2 1.0

a Reaction conditions:T= 20◦C; humidity ϕ = 50%; volume flow rateω = 1.7× 10−5 m3/s; linear velocityU = 3.2 cm/s; initial ozone
concentrationCi = 3.1× 10−2 mol/m3.

b The degree of surface coverage by the catalyst, Eq. (2).
c The saturation of absorption centers by metal ions, Eq. (3).
d Initial rate.
e Specific catalytic activity.
f Turnover number.

Table 2
Effect of initial ozone concentrationCia

Ci , ×102 (mol/m3) Wo,b×108 (mol/g s) As
c ×108 (mol/g s) nd

0.5 0.7 1.5 1.0
1.0 1.2 2.6 3.0
1.6 2.3 5.0 4.0
2.6 3.4 7.4 8.0
3.1 3.5 7.6 8.0
4.2 3.6 7.7 8.0

a Reaction conditions: T= 20◦C; humidity ϕ = 50%; volume flow rate ω = 1.7× 10−5 m3/s; linear velocity U = 3.2 cm/s;
CCo(II ) = 5.5× 10−5 mol/g

b Initial rate.
c Specific catalytic activity.
d Turnover number of the catalytic ozone decomposition.

This transformation of Co(II) to Co(III) was com-
pletely reversible. For example, if the catalyst of a
dark-brown color was kept under air at 100◦C for a
duration of 12 h, its color was restored to its initial
light-pink. Its redox potential also recovered to the ini-
tial value of 0.27 V. This catalyst always showed the
same activity, even after several such regenerations
(Fig. 3).

Furthermore, except for Co(II)-concentrations
≤2.0× 10−5 mol/g, the total amount of the decom-
posed ozone,Qob, always exceeds the theoretical
value, Qt, necessary to oxidize all of the Co(II) to
Co(III). This unambiguously indicates the reduction
of Co(III) back to Co(II) occurring simultaneously
with reaction (1).

This is in agreement with results reported in Refs.
[15,16], where ozone decomposition in the presence
of cobalt salts was studied. This reaction was found

to be catalytic in respect of Co-ions; the following
mechanism being suggested:

Co2+ + O3 + H2O → Co(OH)2+ + O2 + OH•,

OH• + O3 → HO2
• + O2,

HO2
• + Co(OH)2+ → Co2+ + H2O + O2.

Thus, the foregoing proves the catalytic nature of
ozone decomposition in our system, with the turnover
number calculated asn= Qob/Qt. The turnover num-
ber was >1 and increased with initial ozone and
catalyst concentrations (see Tables 1 and 2). The
steady-state regime of ozone decomposition estab-
lishes when the rate of Co(II) oxidation to Co(III)
becomes equal to the rate of Co(II) reduction. Under
these conditions, the rate of ozone decomposition
does not depend on time. Such a steady-state decom-
position took place atCCo(II ) ≥ 1.0× 10−4 mol/g and
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Fig. 3. Rates (W) of catalytic ozone decomposition against re-
action time over freshly prepared (1) and regenerated catalyst
(2 and 3, after the first and second regeneration, respectively).
Ci = 3.1× 10−2 mol/m3; [Co(II)] = 5.5× 10−5 mol/g; T= 20◦C; hu-
midity ϕ = 50%; volume flow rateω = 1.7× 10−5 m3/s; linear ve-
locity U = 3.2 cm/s.

Fig. 4. The isotherm of Co(II) adsorption on silica (s) and its
initial part in Langmuir coordinates (4), CCo/aCo–CCo. CCo is the
equilibrium concentration of Co(II) in solution (mol/l);aCo the
amount of Co(II) adsorbed per unit of the adsorbent mass (mol/l),
and T= 20◦C.

Ci = 3.2× 10−2 mol/m3 (see Fig. 2, curves 3 and 4).
Since, atCCo(II ) ≥ 1.0× 10−4 mol/g, the steady-state
regime is easily achieved and then the turnover num-
ber continuously increases, for simplicity, the value
of n was taken at the time corresponding to the
attainment of such a steady-state regime.

In order to explain the effect of catalyst concentra-
tion on the reaction rate, we looked at the isotherm of
adsorption of Co(II) by silica (Fig. 4).

According to Giles’ classification [26], the observed
isotherm can be assigned to L3 (Langmuir) class. It
shows the multilayer formation of Co(II) on the sil-

ica surface at high catalyst concentrations. The initial
portion of this isotherm fits the linear form of Lang-
muir isotherm, just like the adsorption of Cu(II)-ions
by different silicas [27]:

CCo

aCo
= 1

bam
+ CCo

am
, (1)

whereCCo is the equilibrium concentration of Co(II)
in solution (mol/l),aCo the amount of Co(II) adsorbed
per unit of adsorbent mass (mol/g),am the limiting
value of aCo, (the monolayer capacity of the given
adsorbent), in mol/g, andb a constant. The slope
of the linear plot ofCCo/aCo vs. CCo (Fig. 4) gives
am = 1.2× 10−4 mol/g. In accordance with Kobozev’s
theory of active clusters [28] for metal-based catalysts
adsorbed on the surface of a support, one can use the
parameterα to characterize the ‘degree of surface
coverage’ by Co-ions:

α = Nσ

S
(2)

whereN is the total number of adsorbed Co(II) cal-
culated from the value ofam, σ the surface covered
by one Co(II) ion (for the aqua complex of Co(II)
σ = 2.1× 10−20 cm2), while S is the specific surface
area of silica. The obtained low values ofα (Table 1)
lead to the conclusion that Co(II) adsorption occurs
only on certain surface sites. The pH measurements
before, and after, the adsorption procedure indicated
the decrease of the pH value of the aqueous solution
from 7.5 to 5.0 suggesting the ion-exchange reactions
of Co(II) on the surface of silica:

≡SiOH+ Co2+
(aq) �

[
≡SiO–Co2+

(aq)

]+ + H+ (II)

According to the method described in Ref. [29],
we obtained the average ion-exchange constant to
be KCo2+/H+ = 4.4, suggesting a strong binding of
Co(II)-ion to the silica surface. The study of Co(II)
desorption confirmed this conclusion. After the cata-
lyst treatment by 1 M HCl at 20◦C for 1 h, only 30%
of the Co(II) was desorbed from the surface. From
the data presented in Fig. 4, we found the parameter
(β) which characterizes the saturation of absorption
centers by metal ions under given conditions:

β = CCo(II )

am
, (3)
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where CCo(II ) is the concentration of Co(II) on sil-
ica, andam the limiting value ofCCo(II ). It is clearly
seen from Table 1 that, atCCo(II ) > 1.2× 10−4 mol/g,
multilayers of Co(II) are formed on silica accom-
panied with the decrease of specific catalytic ac-
tivity, As = W0/β. If only a monolayer of Co(II) is
formed, thenβ < 1, andAs remains constant. When
β > 1, As drops sharply suggesting that the individ-
ual Co-ions are the catalytic centers in the ozone
decomposition.

The preparation of the catalyst included its dry-
ing at relatively low temperatures (<110◦C), and thus
only weakly bound water can be removed under this
condition [30]. Therefore, the Co(II) complex on sil-
ica surface may contain a coordinated water molecule
and the catalytic active center can be presented as
[≡SiO–Co2+(H2O)n]+. However, the same complex
can be formed in the course of the reaction from the
water present in GAM [22]. At high concentrations of
Co(II), it forms polynuclear complexes (as associates
or clusters) which are less active in ozone decomposi-
tion. The change in the number of water molecules in
the inner coordination sphere of Co(II) could modify
its catalytic activity. Indeed, the catalysts with differ-
ent content of absorbed water showed different activ-
ity in ozone decomposition (Fig. 5).

In case of the sample dried at 110◦C, a continu-
ous decrease of reaction rate was observed (Fig. 5,
curve 1). Whereas in the presence of water (Fig. 5,
curves 2–5) the reaction rate sharply decreased, it
reached a steady-state value and ozone decomposed
with a constant rate for at least 3 h. However, at higher
humidity of GAM (mH2O = 0.1 g/g), the steady-state
regime was short and then the reaction rate decreased
slowly. It is worth mentioning that the initial rate of
ozone decomposition attributed to oxidation of Co(II)
to Co(III) by ozone (reaction (I) became lower with
increase of water content in GAM. At the same time,
we believe that water promotes reduction of Co(III),
thus, the steady state regime can be achieved easily.
Co(III) reduction by water is thermodynamically fea-
sible (ECo(III )/Co(II ) = 1.81 V,EO2/H2O = 1.23 V).

Taking into account data available in the literature
and that obtained in this study, the following mecha-
nism of ozone decomposition ((III)-(VII))(Scheme 1)
can be proposed:

According to this mechanism, the catalytic cycle
includes:

Fig. 5. Rates (W) of catalytic ozone decomposition against reaction
time with different amounts of water adsorbed by the catalyst,
mH2O, (g/g). (1), dried at 110◦C; (2), 0.015; (3), 0.03; (4), 0.05,
and (5), 0.10.Ci = 3.1× 10−2 mol/m3, [Co(II)] = 5.5× 10−5 mol/g,
T= 20◦C; volume flow rateω = 1.7× 10−5 m3/s, and linear velocity
U = 3.2 cm/s.

1. an oxidation of a starting Co(II) by ozone;
2. a regeneration of Co(III) by HO2• radical; and
3. a fast formation of HO2• from a hydroxyl radical

and ozone.
Many other reactions can also occur, such as direct
Co(III) reduction by water. Therefore, the proposed
mechanism should be regarded as the simplest scheme
to explain the catalytic effect of Co-ions, but not the
comprehensive one.

Taking into account the electron configurations of
Co(II) (3d7) and O3 [31], ozone can form a coordi-
nation bond with Co(II), donating a lone pair of elec-
trons to Co(II) and by accepting electron density to
its antibondingp∗ orbitals (Reaction (III)). A similar
mechanism has been observed by EPR in the reaction:
Ce3+ + O3 → [

Ce4+ − O−
3

]
[32]. A further transfor-

mation of the activated ozone and the water molecule
in the coordination sphere is depicted in reaction (IV).
This reaction probably occurs through the inner sphere
transfer of an electron from Co(II) to ozone with a
simultaneous proton transfer from coordinated water
to ozone in the six-member transition state. For the
first time, such an inner sphere mechanism, based
on the analysis of thermodynamics and kinetics of
Ag(I), Co(II), Mn(II), Ce(III), Ru(IV), Np(IV) oxi-
dation by ozone, was proposed in Ref. [33]. Alter-
natively, this reaction might occur as the hydrogen
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Scheme 1.

atom transfer from coordinated water to ozone. In this
case, the electron is transferred from Co(II) to ozone
through the bridging water molecule. Taking into con-
sideration the data on ozone decomposition in water
(pH∼7), and in weak-alkaline solutions (7< pH< 12)
[34,35] as well as on Fe(II) oxidation by ozone [36,37],
a fast decay of formed HO3• gives free dioxygen
and hydroxyl radical in reaction (IV). The hydroxyl
radical is a very strong oxidizing agent and reacts
either with Co(II) to give Co(III), or with ozone to
produce HO2• radical (reactions (V) and (VI), respec-
tively). HO2

• and superoxide anion are both reducing
species and are able to reduce Co(III) rapidly (reac-
tion (VII), pKa of O2

• in water is 4.8 [38], pH of the
aqueous layer on the silica surface is estimated to be
around 5).

We cannot exclude other pathways of Co(III) regen-
eration besides by HO2•/O2

• radicals. For example,
at high ozone concentration or after a long exposure
of the catalyst to ozone, the Co(II) species can be
completely converted to Co(III). If so, reaction (V)
becomes negligible and the recombination of hy-
droxyl radicals might take place to give hydrogen
peroxide:

2HO• → H2O2 (VIII)

Hydrogen peroxide can either reduce Co(III) itself
or form such reducing species as HO2

•/O2
• in the

reaction with ozone and/or with hydroxyl radicals,
thus ultimately regenerating Co(II). Reaction (VI) is
unlikely to occur in the gas phase, since the hydroxyl
radical must remain in the thin layer of adsorbed
water on the silica surface. The yield of ozone decom-

position reaction in the gas phase has been shown to
occur only at elevated temperatures (T> 60◦C [21]).
Reaction (VI) competes with oxidation of Co(II)
to Co(III) (reaction (V)) and becomes dominant at
higher ozone concentrations, while being insignificant
at low ozone concentrations. This kind of competition
was studied in detail for the ozone decomposition
catalyzed by iron(II) ions [36,37]. Under our exper-
imental conditions, the competition of reactions (V)
and (VI) affects the turnover number,n. In general,
at high ozone concentrations, the decomposition is a
catalytic process. The turnover number,n, can be as
high as 8 before the establishment of a steady-state
regime, whilstn is 1 at low ozone concentrations and
the reaction becomes a stoichiometric one ( Table 2).
However, in spite of the increase ofn at higher initial
ozone concentrations, the rate of Co(II) regenera-
tion in reaction (VII) might be too slow to achieve
the steady state ozone decomposition, for exam-
ple, at [Co(II)]o = 5.5× 10−5 mol/g. At high catalyst
(≥1× 10−4 mol/g) and ozone (≥3.1× 10−2 mol/m3)
concentrations, the rate of Co(II) oxidation by ozone
and its regeneration become equal, consequently the
steady state regime establishes after 3 h of the re-
action (Fig. 2, curves 3 and 4). The strong effect
of water content on the rate of ozone decomposi-
tion (Fig. 5) suggests the important contribution of
Co(III) reduction by water to the catalyst regen-
eration. Thus, ozone decomposition catalyzed by
Co-ions adsorbed on silica is a very complicated pro-
cess; nevertheless, the simplest mechanism depicted
on Scheme 1 explains well all available experimental
data.
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4. Conclusions

The homogeneous ozone decomposition catalyzed
by transition metal complexes in an aqueous solution
is a rather well-studied reaction, but evidently it can-
not be used for air purification. Whereas the supported
transition-metal complexes are more feasible, they are
not active enough and not well studied. We have found
that Co(II) can be easily supported on the silica sur-
face by the simple absorption method. Co(II) ions are
strongly bound to silica by the ion-exchange mech-
anism with the estimated average ion-exchange con-
stantKCo2+/H+ = 4.4. In the range of applied Co(II)
concentrations, the surface was filled by catalyst only
to a low value ofα = (0.7–10)× 10−3, suggesting the
formation of isolated complexes on the silica surface.
At room temperature, the prepared catalyst showed a
high activity in ozone decomposition. The compari-
son of the isotherm of Co(II) adsorption on silica with
the specific catalytic activity suggests that mononu-
clear Co(II) is the reactive site of ozone decomposi-
tion. Polynuclear complexes (clusters) are formed at
[Co(II)] > 1 × 10−4 mol/g, but they have a low specific
activity. The reaction pattern strongly depends on the
initial ozone and cobalt concentrations. At low initial
ozone and cobalt concentrations, the reaction is a sto-
ichiometric process, while catalytic decay takes place
at their higher concentrations. The proposed catalyst
is believed to be potentially useful for its application
for air purification.

5. List of symbols

aCo amount of Co (II) adsorbed per 1 g
of unit of adsorbent (mol/g)

am limiting value ofaCo (mol/g)
As = W0/β specific catalytic activity
b constant of Langmuir equation
CCo equilibrium concentration of Co(II)

in solution (mol/l)
Cf final ozone concentration in

GAM (mol/l)
Ci initial ozone concentration in

GAM (mol/l)
dg grain diameter (mm)
Dreact inner diameter of the reactor (mm)

ozone redox potential in acid
medium (V)

GAM gas–air mixture
H height of the catalyst layer (cm)
KCo2+/H+ average ion exchange constant
KSMG silica type
m catalyst weight (g)
mH2O amount of adsorbed water (g/g)
N total number of adsorbed Co (II)
n= Qob/Qt turnover number
Qob amount of decomposed ozone
Qt theoretical value of amount

of decomposed ozone
S specific surface area (m2/g)
T temperature (◦C)
U GAM linear velocity (cm/s)
W rate of ozone decomposition

(mol/g s)
W0 initial rate, mol/(g s)
Vmesopores specific volume of mesopores

(cm3/g)
Vmicropores specific volume of micropores

(cm3/g)
α degree of surface coverage by

Co-ions (a catalyst)
β saturation of absorption centers

by metal ions
ϕ humidity (%)
τ ′ effective residence time of GAM (s)
σ surface covered by one Co(II) ion

(cm2)
ω GAM volumetric flow rate (m3/s)
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