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Abstract

The results of the kinetic study of ozone decomposition over carbon fibrous materials and metal complex compounds
(CuCh) supported on them at o0zone concentrations in thexa@8-3.1x 10-° mol/l range are presented. Ozone decom-
position occurs mainly in a catalytic way with the steady-state regime attainment depending on CFM physico-chemical as
well as structural characteristics and macrokinetic factors of the process. Copper (Il) catalyzes decomposition of ozone mi-
croconcentrations only. The data obtained can be a base for the development of sanitary air cleaning units and respirators

(protective gas-masks). ©1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

High toxicity of ozone creates a real menace
for the environment and human beings. Various
carriers-supported metal, metal oxide and metal
oxide-metal catalysts are applied widely in the clean-
ing of gases from ozone [1,2]. They are similar to
those used in the low-temperature air cleaning from
carbon monoxide [3]. As a rule, the drawbacks of
these catalysts include a complicated composition
as well as a high content of noble metal (Pt, Pd)
applied to promote the activity of the catalysts and
to lower their poisoning by water vapor. Supported
metal-complex catalysts are not properly studied in
ozone decomposition [4-7].

In our opinion, carbon materials (active carbons
(ACs), and carbon fibrous materials (CFMs)) and cat-

composition reaction. The data of interest relate to
ozone interaction with carbon materials as well as the
application of the latter as supports of ozone decompo-
sition catalysts. The most complete information about
AC-supported oxide catalysts for air cleaning from
ozone has been reported in a review [8].

Earlier works [9-11] on ozone interaction with
CFMs addressed mainly the kinetic investigations
of the accumulation of surface ion-exchange groups
of various characters. Nevertheless, the authors have
deduced that not only surface oxidation but catalytic
ozone decomposition takes place [11]. However, till
now, the data concerning kinetics and mechanism
of ozone decomposition by CFMs are extremely re-
stricted, and what is more, there are no quantitative
criteria to evaluate catalytic activity of CFMs and
CFM-supported metal complexes in the reaction. The

alysts on their base are perspective, but also scarcelyfirst attempts to clear up the influence of physical and

studied with respect to the low-temperature ozone de-
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chemical as well as structural-adsorption properties
of CFMs prepared from different materials were: a
study of ozone decomposition kinetics within ozone
concentration range of 2410~7 to 6.3x 10~ mol/l

[12,13] and a determination of the time of protective
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actiontypc (the time necessary for reaching the max-  Chemical analysis of oxygen-containing groups of
imum permissible concentration of ozone) of these CFM surface was made by the back-titration method.
CFMs when Co, =3.1x 108mol/l [14]. The data The content of acidic groupshs, was determined
obtained were used for optimizing CFM application through KOH adsorption and subsequent titration with
conditions in ozone protecting gas-masks (respirators) chlorhydric acid, whereas the content of basic groups,
[15,16]. However, on the basis of the above-mentioned Ay, was evaluated on the basis of HCI adsorption from
data, one could not come to more general conclusionsits aqueous solution following its titration with potas-

permitting to make a purposeful choice of CFM for
ozone decomposition. The explanation may lie in
that those CFMs differ in a wide spectrum of their

physico-chemical and structural-adsorption parame-

sium hydroxide [20].

The developed surface of micro- and mesopores
was characteristic for SAF 1-6 carbon fibrous mate-
rials; the value oVy,i/Vme decreased from SAF-1 to

ters (a character and a content of surface functional SAF-6; their activation led to the predominance of ba-

groups, a porous structure, a material width, etc.).
In the present study, to diminish a number of vari-
ables influencing CFM performance in the reaction,
we used CFMs of the same origin material whose
properties were set initially.

The aim of the work was to study the depen-
dence of CFM specific activity and the activity of
CFM-supported Cu(ll) chloro complexes on CFM

sic groups; the layer thickness was practically invari-
able H=4x 10~*m) for the samples [17].
Measurement of pH from water extracts of CFM
samples was carried out as follows: 0.5g of CFM
after its size reduction and 20ml of water were
placed into a conical flask with a ground-glass stop-
per. Then, the flask was shaken for a duration of
1h; afterwards, the contents were filtered and pH of

structural characteristics towards the low-temperature the filtrate was measured by an ion meter (EV-74

reaction.

2. Experimental

The samples of sorption-active fabric (SAF) type
CFMs (Table 1) obtained from the same origin cel-

Model).

CuCh—CFM catalyst samples were prepared on
the bases of SAF-1 and SAF-4. Parameters of the
porous structure, a character and a content of func-
tional groups differed for them significantly (see
Table 1). CFMs were impregnated with aqueous solu-
tions of desirable copper (ll) chloride concentrations.

lulose material were prepared in accordance with a The volume of the solution was 1.5 times the total

procedure reported [17]: by its impregnation with bo-
rax solution (borax served as a structure-forming ad-
ditive); carbonization at (80& 30)°C and activation
of different duration in water vapor—GQOmedium at
(8504 30)°C. This technigque permitted to control a
porous structure and other characteristics of CFMs.
The static activity, ag;, of these materials was
determined through benzene vapor sorption from
benzene-air mixture under dynamic conditions at
20°C, plps=0.17 and the volumetric flow rate,
0 =5x 10"°>md/s. The specific surface of micro- and
mesoporesSyi and Sye, respectively, and other pa-

volume of support’s pores. This ratio was necessary
for the uniform distribution of the catalytic compo-
nent. The subsequent drying of samples was carried
out in air at T=100°C until constant weight. The
porous structure of CFM after CuCsupporting was
controlled by its volume of micropores/f). The
specific Cu(ll) monolayer capacitadgcy) on SAF-1
and SAF-4 surface (2.4 10~ and 2.0x 10~* mol/g,
respectively) was calculated on the basis of sorption
isotherms in Langmuir plot in accordance with the
known method [7]. Parametetncy was used for
calculation of the degree of saturatig$) f the CFM

rameters of the porous structure were determined on surface with copper(ll) chlorides = Ccyany/amccu-
the basis of the benzene sorption isotherms applying Kinetics of ozone decomposition was studied in a

the equation of the theory of volumetric filling of

temperature-controlled flow system. Gas—air mixtures

micropores and calculation methods generally used (GAMs) with desirable ozone concentration were pro-

[18,19]. SinceVmi andVme changed simultaneously in
the course of CFM activation, we consideMgi/Vme
as the structural parameter.

duced by the ozonizer operating with glow discharge
in the air purified previously of dust, moisture and ni-
trogen oxides. Ozone—air mixture, obtained as a result,
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Table 1
Structural adsorption and physico-chemical properties of CFMs

CFM  ag (Mmglg)  Vmi (€m¥g)  Vime €M)  VmilVme  Smi (MP/g)  Sme (M?/g)  Aq (mmollg A, (mmolig)  pH

SAF-1 160 0.240 0.035 6.8 78D 212 0.46+0.03  0.2::0.02 6.5
SAF-2 250 0.300 0.070 4.2 k1) 461 0.15+0.01  0.40£0.03 7.9
SAF-3 360 0.330 0.100 33 12@0 584 absent 0.440.03 9.5
SAF-4 333 0.370 0.124 3.0 13@ 775 absent 0.48-0.03 9.0
SAF-5 330 0.350 0.120 2.9 13@ 77.0 absent 0.520.04 9.5
SAF-6 370 0.420 0.210 2.0 1476 1313 absent 0.480.03 9.0
was cleaned from N too. The initial C63) and lyst can be attained. The effective residence timig (

final (CL,) ozone concentrations up to 30.0mg/m Of GAM was determined as

were measured by a chemiluminescent gas analyzer

(3.02P1 Model) with the minimum detectable ozone v H

concentration of ag/m3. An optical gas analyzer T’ = =T [s] (2)

(Cyclone-Reverse Model) was used 16p, range of )

50 to 1500 mg/rh. A relative measurement error was WhereV is the total volume of the catalyst layes,

within +15%. the volumetric flow rate of GAMH the height of the
The CFM samples under study were previously catalyst. layer, andJ_ the linear velocity of GAM.

dried at 116C until constant weight. Then, they were _ The linear velocity of GAM was calculated in con-

placed in brass adapters permitting to regulate GAM sideration of the diameter of the orifice in the adapter:

linear velocity widely by varying the diameter of an 1)

orifice in the adapter and maintaining the volumetric U= S_a ®)

flow rate constant. The reference runs have shown that

there is no ozone decomposition on brass walls of the

adapter under the experimental conditions. All exper-

imental series were performed at the constant GAM

relative humidityp =60% except for the experiments

where GAM humidity influence was studied.The

reaction rate was calculated using the relationship

where S, is the geometric area of CFM cross section
fitting the orifice in the adapter.

3. Results and Discussion

3.1. Influence of diffusion factors and operation

»(Cp, — CH) conditions of the reactor
=—— - [mol/gs] @
Initially, the main criteria of the operating regime

wherew is the volumetric flow rate of GAM, in fis; of the reactor and the region in which the process oc-
Cp,and CG, the initial and the final ozone concen-  curs were determined. Taking into account a design
trations, respectively, in mol/fnandm the weight of of the reactor as an adapter with a fastened sample of
CFM sample, in g, calculated on the basis of CFM sur- the catalyst as a woven fabric, it was advisable to con-
face density and the area of the orifice in the adapter. sider only the plug-flow regime criteria developed for
CO and CQ concentration in GAM in the outlet of  grain catalysts [21,22], namely, the absence of the ax-
the reactor was determined by a gas chromatographicial diffusion and wall effects. The axial diffusion can
instrument (Gasokhrom 3101 Model) with threshold be neglected wheH/dg, >> 1 (dg is the average grain
sensitivity of 1x 1072 and 1x 10-1vol%, respec- diameter) [21]. As a characteristic dimension, we have
tively. The basic error of the instrument was within selected the diameter of CFM fibek € 6 x 10~ m).
1.5%. Kinetics of a process is not influenced by wall effects
In the flow reactor with the determined volumetric  if Dreac/dgr > 30 (D is the inner diameter of the reac-
flow rate of GAMw = 1.7 x 10~°>md/s, a laminar flow tor) [21,22]. The data presented in Table 2 show that
of reagent (ozone) stream through a single-layer cata-the requirements mentioned above were held, i.e. the
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Table 2

Criteria of axial diffusion and absence of wall effects in the
single-layer catalyst sample with an avarage diameter of CFM
fiber df =6 x 10 m

Hx 10* (m) H/ds Dreactx 107 (m) Dreac/dk
4.0 66.7 1.98 3300
1.44 2400
15.0 250 1.10 1800
0.80 1300

plug-flow regime was realized under the experimental
conditions. Hence, kinetics of the irreversible reaction
of ozone decomposition could be described by the re-
lationship

2=, (4)

The initial experimental data on ozone decomposi-

tion over CFMs are presented as the time dependence

of the final ozone concentration, i.e. ozone concen-
tration in the reactor outlet, at different parameters
(Fig. 1).

Such an appearance of kinetic curves is character-
istic. It is repeated for all other series of experiments
with both, low and high initial ozone concentra-
tion ((2.1-6.2)x 10~/ and (0.5-3.1x10-°>molll,
respectively). The data shown in Fig. 1 have been
obtained for ozone decomposition by SAF-4 at
Cé)s =6.2x10""mol/l when GAM linear velocity
increased from 5.3 to 33.2cm/s.

One can see that ozone concentration in the out-
let of the adapter growing initially reaches a certain
constant value. An analogous series of experiments
has been carried out at the high ozone concentration
(Cp, =2.1x10-°>mol/l). The data of the both series
were transformed applying Eq. (4) (Fig. 2) and Eq. (1)
(Table 3). _

Linear dependences obtained for differcérg3 re-
gions (Fig. 2) prove the plug-flow regime of the re-
actor operation. As is obvious from Table 3, at low
Cio3- the reaction rate is limited by the external dif-
fusion only at the initial period (@p/dU>0) of the
process, whereas a case of highCh , the external
diffusion can be neglected by either in the initial or at
the steady-state period\d/dU = 0) of the process.
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Fig. 1. The time dependence of the final ozone concentraﬁég)(

of ozone decomposition for SAF-4 sample at various GAM linear
velocities, U: (1), 5.3; (2), 10.0; (3), 17.5; (4), 33.2cm/s. Ini-
tial ozone concentratiord,“03 =6.2x 107 mol/l; humidity ¢ = 60%;
T=20°C; volumetric flow ratew=1.7x 10->md/s.
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Fig. 2. Plot of InC53/C63 vs. the residence timer) of ozone
decomposition by SAF-3 (1) and SAF-4 (2) samples in the
steady-state regime at the initial ozone concentrations in GAM,
Co,: (1), 2x 1075 (2), 6.2x 107" mol/l.

Table 3

Dependence of parameters of ozone decomposition by SAF-4 (run
1) and SAF-3 (run 2) on GAM linear velocity under following
conditionsy = 60%; w=1.7x 10> md/s; T=20°C

U (cm/s) 7/ x10° (s) Wp x 107 (moligs) Wg x 107 (mol/gs)

Run t SAF-4 C'=4.2 x 10~ (mol/l)

5.3 7.5 0.9 0.33
10.0 4.0 1.7 0.44
17.5 2.3 3.0 0.46
33.2 1.2 5.6 0.43
Run 2 SAF-3 C' =2.1x10°% (mol/l)

5.3 7.5 25.0 8.7
10.0 4.0 40.0 8.5
17.5 2.3 40.0 8.3
33.2 1.2 40.0 8.4
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16 1 o with carbon materials occurs only on their external sur-
= ——2 face or on macropore walls. Since CFMs under study
12 T . were characterized by practically constant volume of
E macropores\(ma = 0.35 cn¥/g), the reaction accelera-
o 8 7 tion in the steady-state regime depends on the devel-
% opment of micro- and mesoporosity.
= 4 Within the region of hingi03 (Table 4, run 2), in

contrast to the previous data, CFM specific activity
0 ‘ ‘ ‘ does not depend on the valueifi/Vme ratio. It can be
0 10 20 30 40 evidence of the disappearance of the internal-diffusion
Time [hr] inhibition of the gas-phase reaction and the depen-

i . . dence of the reaction rate on a character of surface
ig. 3. The time dependence of ozone decomposition réfe ( . . .

for carbon fibrous materials with variotni/Vime ratios: (1), 6.8 active centers. Since the growth of basic groups con-
(SAF-1); (2), 4.2 (SAF-2); (3), 3.3 (SAF-3); and (4), 3.0 (SAF-4). centration from 0.21 to 0.44 mmol/g for SAF 1-3 is
Cio3=6.2>< 107 mol/l; GAM linear velocity,U=5.3 cm/s; humid- accompanied by a certain increase in thélg, the

ity ¢ =60%; T=20°C; volumetric flow ratew=1.7x 10->m7s. former can be considered as the cause of the latter.
Under conditions eliminating the internal and external
3.2. Influence of structural characteristics diffusion, the value of CFM specific activity depends

only on the initial concentration of ozone in GAM and

As shown earlier [12], kinetics of ozone decompo- grows linearly along with the inc:reasetﬂé)3 (Fig. 4).
sition depends essentially &fi/Vme ratio. However, It is consistent with the dependence reported for
it has been deduced on the basis of experimental dataozone decomposition on Ag-pyrolusite catalysfgg
obtained at constariy when the residence time of ranged from 4.810°° to 4.5x10-°mol/l [24]. To
GAM was varied (CFMs differed in a layer thick-  compare the activity demonstrated by various CFMs
ness). In order to get a correct conception of the and catalysts in ozone decomposition reaction on the
reaction parameters dependence on CFM structuralpasis of the specific activity value, it is necessary to
characteristics, SAF 1-4 samples of the same thick- take into consideration the ozone concentration and
ness H=4x10"*m) have been obtained. Sin¢¢ 3 Jinear character ofs vs. 5 plot. For instance,
was Constant, all of them ensured the same effective app|y|ng the data previously I?eported [11], we have
residence time of GAM. Kinetic curves Wvs. Time  determined the specific activity of CFMs prepared of
plot (Fig. 3) are similar for SAF 1-4. polyacrylonitril, st = 4.3x 10~ 12 mol/(m?-s). One can

This indicates the similar character of ozone in- geduce that CFMs applied in our investigation are
teraction with these CFMs, i.e. CFM activation leads much more active than those ones [11]. However, the

to micro- and mesoporous structure development and activity of Ag-pyrolusite catalyst [24] was ten times
does not change the character of surface-active cen-the value observed for our CEMs.

ters. CFM power in 0zone decomposition can be eval-
uated by the magnitude of its specific activity under the
steady-state regime conditionsg: =Wst/(Smi + Sne) 3.3. CuCy—CFM as a catalyst of ozone

(Table 4). decomposition
As is obvious,within the region of low ozone con-
centrations(Table 4, run 1) Ws; and the specific ac- Carbon fibrous materials have been thoroughly

tivity, ast, increases as thén/Vme ratio decreases as  -studied as supports of metal complex compounds
follows: SAF-1< SAF-2< SAF-3< SAF-4. This can in a case of Cu(ll)-Hg(ll) and Cu(ll)-Pd(ll) bifunc-
be evidence of the decrease of the internal-diffusion tional catalysts of phosphine microconcentration ox-
inhibition (which takes place in ‘fine’ pores) and the idation [17]. A substantial increase in their catalytic
increase of the CFM surface portion taking part in activity has been shown to accompany the develop-
ozone decomposition. The appropriateness obtainedment of CFM porous structure. In general, ozone
disproves the conception [23] that interaction of ozone decomposition was studied over $iQAI>Os- and
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Table 4
Dependence of ozone decomposition parameters on CFM (SAF) structural characteristics under following comitibriscm/s;
' =7.5x 1073s; pcam = 60%; T=20°C

Sample Vimi/Vime Wp x 107 (mol/g's) Wst x 107 (mol/g s) agt x 1019 mol/(mP.s)
Run 1 C'=6.2x 107 (molll)
SAF-1 6.8 1.1 0.1 0.1
SAF-2 4.2 1.2 0.3 0.3
SAF-3 3.5 1.2 0.6 0.4
SAF-4 3.0 1.4 0.7 0.5
Run 2 C'=3.2x 105 (mol/l)
SAF-1 6.8 42.6 5.4 6.7
SAF-2 4.2 46.0 7.1 7.2
SAF-3 35 60.0 9.3 7.3
8 r 0,2 preeeeeee e pee A R e MPC
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) . . - : Fig. 5. The time dependence @j‘fo of ozone decomposition
_F'g' 4. Dependgnce of CFM speuﬂg F:ata.lytm activiig on Cbz . by CuCh—SAF-1 systems with vargious catalyst concentrations,
in GAM regarding ozone decomposition in the steady-state regime [CuCh] x 10-4, mol/g: (1), 0; (2), 0.5: (3), 1.0; (4), 2.5: (5), 5.0;
for variousVimi/Vime ratios: (1), 6.8 (SAF-1); (2), 4.2 (SAF-2); (3), (6), 10.0.C =3.2x 108 mo/l; GAM linear velocityU=5.3 cm/s;
3.3 (SAF-3); GAM linear velocityl) =5.3 cm/s; humidityp = 60%; humidity ¢ :360%; T=20°C.
T=20C.
Copper(ll) chloride content in CugtSAF-1 sys-

AC-supported metal complex catalysts [4-7]. The tem was varied from 0 to 1:010~2 mol/g (Fig. 5).
data on the dependence of kinetics of ozone decom- The curves were of the same appearance at vari-
position on Ccyc, and CFM porous structure are ous Ccycl, Values: the final ozone concentration in-
presented in this work. creased up to MPg&; and, then, the test was stopped.

At Cy, >2.1x 10-5mol/l, a catalytic effect of  Only a part of experimental results is shown in Fig. 5.
copper(llﬁ chloride was very weak for both, the More detailed data ofypc, Vmi and 8 dependence
low-porous (SAF-1) and high-porous (SAF-4) sup- on Ccycyp, are summarized in Table 5.
ports. A degree of ozone decomposition was not One can see that the increase of copper(ll) chlo-
more than 30-35% in the steady state regime. A ride content is accompanied by the decrease of the
considerable copper(ll) influence was founded at volume of micropores. It is evidence of the distribu-
Ch, >3.2x 10-8mol/l. To characterize the catalyst tion of the catalytic addition not only on the external

activity within this concentration region;ypc pa- but also on the internal CFM surface [25]. The sat-
rameter (the time necessary for reaching of ozone uration degree of CFM surface growsypc reaches
maximum permissible concentration (MB() its maximum value (10 h) &cycy, = 2.5x10~4 mol/g.

was used. In accordance with Ukrainian standard, Judging fromVy,; and 8 values, the decrease ®fipc
MPCo, =2x 10-2 mol/l. Ccucp, > 2.5x 10~*mol/g is due to CuGlblockage of
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Table 5 0,2 [ttt e A MPC
Specific volume of microporesv,), saturation degree of CFM
surface with CuG (8) and time of protective actiontfipc-)
of CuCh—SAF-1 catalyst dependences @cyc, under fol- = 0,15 1
lowing conditions: U=5.3cm/sCi=3.2x 10-8mol/l; T=20°C; g
@Gam = 60%; am(cy = 2.1x 10~4mol/g = o1k
Ccucl, x 10* (mol/g) Vi (cm®/g) B Tmpec (M) o
. ——2
0 0.240 0 4 o 0,05 ——3
0.5 0.228 0.24 5 [—o—s5
1.0 0.219 0.48 6 0 L | )
2.0 0.205 0.96 8
2.5 0.193 1.20 10 0 10 20 30 40
5.0 0.180 2.40 8 Time [hr]
10.0 0.170 4.80 7

Fig. 6. The time dependence 61‘63 of ozone decomposition
by CuChb-SAF-4 system with various catalyst concentrations,
[CuCl,] x 10* mol/g: (1), 0; (2), 0.5; (3), 1.0; (4), 2.5; (5), 25.0.

. . CB =3.2x 10~8mol/l; GAM linear velocity U = 5.3 cm/s; humid-
considerable portion of SAF-1 surface and to the for- ity = 60%; T=20°C.

mation of polylayers consisting of Cuiolecules.
This is characteristic for other CFM samples [26], too.
As a result, lowering of the Cug+SAF-1 catalyst ac- gab'e 6 . N
. L. ependence of ypc 0N pgam in 0zone decomposition by CFMs
tivity was observed. A similar dependence has been and CuC}—CFM catalysts under following conditiond=5.3 cm/s;
obtained for CuG-HgCL—CFM catalyst tested inox-  ci=3.2x 108 molll; T=20°C
idation of phosphine microconcentrations by oxygen
[17].

The appearance of curves of ozone decomposi- 28 2'8 SAF-1
tion in CF, vs. Time plot for CUC}-SAF-4 catalyst g '

ecam (%) mprc (M) System

(SAF-4 is notable with its developed micro- and 20

mesoporous structure) depends on copper(ll) chloride 28 1(2)'8 Ccch—:szAg-Xllw mol/

content (Fig. 6). 90 8.0 cuck == g
As an example, aCcycj, =5.0x 10~°>mol/g, at 70 SAF4

first, Tmpc decreases insignificantly as compared with 5 90

the initial SAF-4 sample, whereas it is twice the latter gg 12.0

already atCcycy, = 1.0x10~4mol/g. The steady-state 10 210 CUGLSAF-4

regime of ozone decomposition witlfig3 <MPCo, 20 250 Coucy, =5 10_5mol/g

is observed forCcyc, ranged from 2.51074 to 60 32.0

2.5x10~3 mol/g.

For CuCbh—SAF-4 catalyst, changing &y andj
parameters was similar to that for the Cpc3AF-1 3.4. Influence of GAM humidity
catalyst. However, the distinguishing feature of
CuCb-SAF-4 catalyst was the formation of cop- The data concerningypc dependence opgam
per(ll) hydroxo complex, Cu(OH)CI, on the CFM for both, SAF-1 and SAF-4 samples, and C4&IFM
surface as a result of a high content of basic groups catalysts are summarized in Table 6.
proved by high pH value of water extract (see Table  One can see thatcam growth is accompanied by
1). For SAF-1, hydrolysis of copper(ll) chloride was tmpc decrease for SAF-1 and CySSAF-1 samples
not observed. As a rule, an alterations in the compo- and thetypc increase for SAF-4 and Cug&siSAF-4
sition of metal complex coordination sphere results samples. Such a difference can be explained by the
in changing its catalytic activity in redox reactions of different character of the supports and the ratio of
O3, PHg, CO and other toxic gaseous molecules [27]. their functional groups as well as by supported metal
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complex composition. The activity growth observed chromatograph applied for measuring of carbon oxides
for the particular catalysts with the increase of GAM concentration in GAM did not registered CO appear-
humidity is caused, in our opinion, by the presence ance and difference in GOconcentration £Cco,).

of only basic surface groups and alkaline medium in The content of acidic and basic surface groups did not
the layer of water adsorbed in a case of SAF-4 (see differ from the initial one within the error of titration
Table 1) as well as the presence of hydroxo groups method. The authors do not exclude the appearance of
in the metal complex composition (i.e. Cu(OH)Cl other surface groups, but, accordingly to data reported

formation). [11], their portion is insignificant in comparison with
above-mentioned ones. All things considered, one can
3.5. On mechanism of ozone decomposition come to the conclusion that not only adsorption pro-

cesses and the adsorption equilibrium appointment are

The appearance of kinetic curves (see Figs. 1 and at the bottom of the characteristic appearance of the

3) characteristic for ozone decomposition is evidence KIN€tic curves (the steady-state regime appointment).

of intricate processes which take place both, in the The latter is due to ozone catalytic decomposition over
unsteady-state regimeC§, grows and the reaction CFM active centers.

. . in vailable in the literature, the in-
rate decreases) and in the steady-state regmé,e ( Judging by qlata available in the Fe a.tu e, the X
S Sl 3 crease of the final ozone concentration in the region
andW are constant). A similar kinetics was observed o
o . of unsteady-state kinetics, when the process, as a
for ozone decomposition by active charcoals [23] and

) whole, is catalytic, can depend on many reasons:
by Hopcalite-type, Pt/AlO3- and Pd/AbOs-catalysts 2o ; .
[2y8]. T%e attai)rﬁnent o?dth?é steady-st;ztesregimg is one (1) CFM graphitization at high ozone concentration

: . o 7 (=5vol%) and the decrease of the accessible surface
of signs of ozone catalytic decomposition according i It of the oxidation Drocess
to the reaction: area [.11]’ (2) as a result o . n p '

formation of water molecules blocking active centers
20; > 30, of CFM surface [29]; and (3) formation of atomic
oxygen with its subsequent strong bonding to CFM

In the case of CFMs, one cannot exclude: (1) car- surface [30]. The first and second reasons can be
bon oxidation to CO and Cf)and (2) carbon oxida-  neglected under our experimental conditions (low
tion accompanied with the formation of surface oxides ozone concentration, different dependencies of ozone
with ion-exchange properties. However, even if ozone decomposition process on water due to a character
concentration is higho, =0.5vo0l%), only 20% of of CFM functional groups). Since the attempt to
ozone is consumed in CFM surface oxidation accom- regenerate under mild condition§£110°C) CFM
panied with the formation of functional groups of var- initial activity lost in the process failed, the block-
ious origins and the rest (ca. 80%) is decomposed overage of the surface with atomic oxygen can not be
CFMs catalytically [11].To determine possible ways of excluded.
ozone interaction with CFMs we (1) in every case, cal-  In fact, a question of a nature of CFM active cen-
culated the amount of ozon&d, cmi/g) reacted un-  ters is not discussed in the available literature. Car-
til the steady-state regime attainment; (2) made check bon atoms and double bonds are considered as taking
measurements of CO and @@oncentration in GAM part in ozone decomposition by active carbons [23].
in the reactor outlet as well as G@oncentration in In our opinion, since all SAFs contain basic surface
GAM in the reactor inlet; and (3) made check mea- groups (in a case of SAF 3-6, basic surface groups
surements of acidic and basic groups content of CFMs only) and CFM hydrophilicity is high, the participa-
before, and after, the experiment realization. The ex- tion of hydrated OH group in ozone decomposition
amples of these data for SAF 1-3 samples are pre-is most probable. It is conformed with mechanism
sented in Table 7. of ozone decomposition in water and weak-alkaline

These data permit to deduce th@j, exceeds by far ~ aqueous solutions [31-34] and with the conclusion
the total volume of CFM pored/g;, cné/g). Providing [35,36] that hydroxo groups of some oxide catalysts
the volume of pores completely filled up with ozone, (FeOs3and TiQ) participate in ozone decomposition.
n=Vo,/Vx increases for SAF 1-3 samples. The gas Furthermore, the data on ozone adsorption on some
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Table 7
Data for determination of a possible reaction pathway of oznone decomposition under following conditidng:x 10-5md/s;U=5.3cm/s;
C'=3.1x 10 °mol/l; T=20°C; pcam =60%

Sample Vy (cmP/g) Vo, (cmPig) n As (mmol/g) Ap (mmol/g) Cco ACco,
SAF-1 0.27 18.6 69.0 0.460.03 0.214+-0.02 absent 0
SAF-2 0.37 102.7 277.0 0.150.01 0.40+0.03 absent 0
SAF-3 0.43 140.6 327.0 absent 0440.03 absent 0

oxides (SiQ and TiQ) [2] prove ozone interaction 5. Symbols and abbreviations

with surface hydroxo group as well as with Lewis ac-
ceptor centers.

The mechanism of ozone decomposition over
silica-supported complex compounds of Cu(ll) was
earlier discussed by us in detail [37]. The reaction
has been shown to occur including the stage of intra-
spheric redox transformation of metal complex-ozone
molecule intermediate. The difference in activ-
ity of CFM-supported chloro and hydroxochloro
Cu(ll) complexes confirms this mechanism of ozone
decomposition.

4. Conclusions

For the first time, kinetics of low-temperature ozone
decomposition by woven carbon fibrous materials ob-
tained from raw cellulose under conditions permitting
the purposeful control of a porous structure, a charac-
ter and a ratio of surface groups was investigated in the
wide range of ozone concentration (from 8110~8 to
3.1x10->mol/l). It has been shown that CFMs with a
developed porous structure and a high content of ba-
sic functional groups are effective catalysts of ozone
decomposition and optimal supports of metal complex
catalysts, e.g. copper(ll) chloride. The catalysts under
study differ advantageously from the ones generally
used. The difference is in the increase of the activity
of the former with a growth of GAM humidity and the
content of CFM-adsorbed water. When ozone decom-
position over CFMs occurs in the kinetic region, their
activity can be characterized by such a quantitative
criterion as the specific catalytic activity. This crite-
rion does not depend on CFM porous structure and in-
creases linearly with ozone concentration growth other
things being equal.

Aa
Ao

ast
am(Cu)

CFM
o

Dreact

GAM

mH,0

MPCo,

n= Vo3/V2

Sme

Shi

SAF

content of acidic groups
(mmol/g)

content of basic groups
(mmol/g)

CFM static activity (mg/g)
specific Cu(ll) monolayer
capacity on CFM (maol/g)
active charcoal
benzene-air mixture

final ozone concentration
in GAM, (mol/l), (mol/m?3)
initial ozone concentration
in GAM (mol/l), (mol/m?3)
carbon fibrous material
diameter of CFM fiber (m)
grain diameter (m)

inner reactor diameter (m)
gas-air mixture

height of the catalyst
layer (m)

CFM sample weight (g)
amount of water adsorbed
(9/9)

maximum permissible con-
centration of ozone (mol/l),
(mg/nP)

turnover number

geometric area of CFM cross

section fitting the orifice in
the adapter (cA)

specific surface of CFM
mesopores (Rig )

specific surface of CFM
micropores (rf/g)

CFM type (sorption-active
fabric)

temperature°C)
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