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Abstract. The effect of halide ions (X= Cl−, Br−, I−) on the kinetics of ozone decomposition by 

compositions supported on the natural bentonite of the Dashukovske deposit in Ukraine (N-Bent(D)) has 

been studied. It was shown that the activity of the KX/N-Bent(D) composition in the ozone  

decomposition reaction increases in the series KClKBrKI, but the complex composition  

K2PdCl4-Cu(NO3)2-KХ/N-Bent(D) demonstrates the maximum catalytic activity in the decomposition 

reaction in the presence of bromide ions. When the initial ozone concentration varied in the  

ozone-air mixture from 100 to 400 mg/m3, the reaction was first order for ozone at the beginning  

of the reaction (the first 10-15 min). The reaction order decreased in the stationary mode, which  

confirms the radical-chain reaction mechanism. It is shown that the bimetal composition  

K2PdCl4-Cu(NO3)2-KBr/N-Bent(D) demonstrates the longest protective action time (1800 min) at ozone 

concentration of 1 mg/m3. 

 

Keywords: ozone, complex, catalytic activity, halide ion, natural bentonite. 

 
Received: 08 November 2021/ Revised final: 03 June 2022/ Accepted: 09 June 2022 

 

 

Introduction 

The use of ozone as an oxidizing agent is 

associated with certain difficulties: its utilization 

rate is low at a relatively high cost, so various 

catalysts are used in ozonation reactions to increase 

this characteristic [1,2]. But even in this case,  

the residual concentration of ozone may exceed the 

maximum permissible concentration (MPC), 

therefore thermal, reagent and catalytic methods 

are applied for its decomposition [3].  

Publications over the past ten years indicate the 

superiority of catalytic methods of ozone 

decomposition in air, and the most active  

catalysts were complex compositions [4-6], which 

contain palladium, silver, manganese oxides of 

different crystalline structures. Also, high activity 

is shown by metal-complex compounds of  

Mn(II) and Co(II) that are fixed on different  

carriers [7-10]. 

Analysis of patent and literature sources  

[11-16] showed that information on the use of 

supported metal complex catalysts (SMCC) for 

low-temperature ozone decomposition is very 

limited. The one-component catalysts PdCl2/Fe2O3 

(or BaO) [12], Mn(II)/AC [13], CuCl2/CFM [14], 

Cu(NO3)2 (or Mn(NO3)2)/CLI [15] and  

the two-component catalysts PdCl2-CuCl2  

(or NiCl2)/Al2O3 [11], Mn(II)-Ti(IV)/ceramics 

have been reported [16]. Decomposition of ozone 

to the maximum permissible concentration 

(MPCО3
= 0.1 mg/m3 for the working zone) was 

provided by catalysts containing PdCl2 [12],  

PdCl2-CuCl2 [11] and CuCl2 [14] on appropriate 

carriers. The greatest time of protective  

action (τMPC= 60 h) was showed by the  

catalyst CuCl2/CFМ under the conditions:  
in
О3
С = 1.5 mg/m3, linear rate of ozone-air mixture 

2.5-4.4 cm/s, temperature 283-313 K. Given in 

patent sources [11-16] research results do not 

contain information about the kinetics of ozone 

decomposition, therefore, it is impossible to 

determine the effect of each component, including 

the carrier, on the kinetic and stoichiometric 

parameters of the reaction and the protective action 

of the compositions. 

Despite their limited use, SMCC have 

advantages over other types of catalysts, such as 

variation of activity due to changes in the nature of 

the central atom (Men+), ligands (L) and carriers, 

relatively simple production technology 

(impregnation of the carrier with a catalytic 

solution and drying at a temperature not  

exceeding 373-383 K). 
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One of the disadvantages of the known 

catalysts for the ozone decomposition is the 

presence in their composition of expensive carriers 

[3,17,18]. In this regard, the search for natural 

materials, potential carriers of metal-complex 

catalysts for ozone decomposition, is an urgent task 

in the field of environmental catalysts.  

The data about implication of some natural 

aluminosilicates as carriers of metal-complex 

compounds are presented in [7,19], but  

information about the use of natural bentonites is 

very limited. 

Natural and modified bentonites are widely 

used as acid catalysts or as supporting carriers for 

oxides and salts of d-metals used in reactions of 

organic synthesis [20], destruction of organic 

compounds [21] and for water purification from 

dyes and herbicides [22]. However, the use of 

natural and modified bentonite as carrier of redox 

catalysts involving toxic gaseous substances is 

limited. Only some studies present the results of 

the catalytic activity of bentonites modified with 

Pd(II) and Cu(II) ions in the oxidation reactions of 

carbon monoxide [23-25], sulphur dioxide [26] and 

ozone decomposition [27]. Compositions 

containing K2PdCl4, Cu(NO3)2, KBr and the carrier 

N-Bent(D) have been reported as being effective in 

ozone decomposition [27], thus such compositions 

can be used to purify the air from ozone. 

The aim of this work is to establish the 

influence of the halide ions nature, the ratio of 

components and concentrations on the kinetics of 

ozone decomposition and the protective properties 

of the catalytic compositions that are optimal in 

composition. 

 

Experimental 

Materials 

The natural bentonite of the Dashukovske 

deposit, Ukraine (N-Bent (D)) (TU U  

14.2-00223941-006:2010) with the following 

chemical composition (mass %): SiO2–52.23; 

Al2O3–22.58; Fe2O3–10.17; TiO2–1.44;  

CaO–11.15; MgO–1.94; Na2O–0.26; K2O–0.22; 

SiO2/Al2O3= 2.31 was used as a carrier of catalytic 

compositions for the decomposition of ozone. The 

specific surface area determined from water  

vapor adsorption for the N-Bent (D) sample was  

202 m2/g [28]. 

Samples containing potassium halides (KX; 

X= Cl−, Br−, I−) (Sigma-Aldrich, USA), 

palladium(II) salts (K2PdCl4) (Sigma-Aldrich, 

USA), copper(II) (Cu(NO3)2) (Merks, Germany) 

and bimetal Pd(II)−Cu(II)-compositions were 

obtained by impregnating natural bentonite with 

water-alcohol solution of the corresponding 

components with a given content. The resulting 

wet samples were placed in a Petri dish and kept at 

a temperature of 25ºC for 24 h, and then dried in 

air at 110ºC to constant weight. The content of the 

components was calculated in mol of substance per 

1 g of carrier (mol/g).  
 

Instruments and methods  
The X-ray powder diffraction analysis was 

carried out on a Siemens D500 diffractometer 
(CuKα radiation, λ= 1.54178 Å) with a secondary 

beam graphite monochromator (Siemens AG, 

Munich, Germany). For data recording, the 

samples crumbled in a porcelain mortar were 

placed into a glass cell with an enclosed volume  

of 2×1×0.1 cm3. XRD patterns were measured in 

the angle range of 3° < 2θ < 70° with the  

pitch of 0.03° and acquisition time of 60 s for each 

position. 

The bentonite samples were also 

characterized by scanning electron microscopy 

(SEM) using a JEOL-JSM5410 scanning 

microscope with an AZtech Energy X-max 50 
energy dispersive spectrometer (Japan). The 

accelerating voltage was 15 kV. 

Analysis of FT-IR spectra in the range 

from 400 to 4000 cm-1
 with a 4 cm-1

 resolution was 

carried out using a Perkin Elmer FT-IR 

spectrometer (U.S.A.). A sample of 1 mg of the 

material and 200 mg of KBr were used to obtain 

the pellets compressed under pressure of  

7 tons/cm2
 for 30 s [29]. 

The samples tested in the reaction of ozone 

decomposition were as follows: the ozone-air 

mixture (OAM), with a required ozone 

concentration was obtained with the help of an  

IG-1Sh ozonizer by a silent electric discharge 

action on air oxygen. An OAM feed was  

controlled based on rheometer readings. The 

corresponding sample (10 g) was placed into a gas-

flow fixed-bed reactor and the OAM with RH of 

65% at 20C passed through the sample at  

a linear rate (u) of 4.2 cm/s. Ozone decomposition 

was monitored by the measuring of the final 
f

О3
С(outlet) ozone concentration, . An initial 

in
О3
Сozone concentration, , equal to 100 mg/m3 

was controlled by a Tsyclon-Reverse optical 
f

О3
Сanalyzer, whereas  values were measured 

either by the Tsyclon-Reverse optical analyzer 

(detection limit of 1 mg/m3) (“Optec“, Russia) or 

by a 652EKh04 electrochemical gas analyzer  

(detection limit of 0.01 mg/m3) (“Analitpribor“, 

Ukraine) [30]. 

The reaction rate (W) calculations based on 

the data of ozone concentration changing after 
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OAM passing through the static bed of the catalyst 

were made using Eq.(1). 
 

W= 
( )

s

f

O

in
O

m

С Cω
33

−
, mol/(g×s)             (1) 

 

where,  = 1.67×10-2 is the OAM volume flow 

rate, L/s;  
in
O3
С  and 

f

O3
С  are the initial and final 

ozone concentrations in the OAM, mol/L; 

 ms is the mass of the catalyst sample, g.  
 

The reaction rate values measured after one 

minute of OAM passing, designated as the initial 

reaction rate, Win, were used to characterize the 

process.  

The reaction rate constant, k1/2, was 

quantified for the half-conversion time, 1/2, i.e. for 

the moment of time when the degree of ozone 

decomposition became equal to 50%, as follows  

to Eq.(2).   
 

k1/2= 

1/2τ

0.69 , s-1                                                       (2) 

 

An activity of the samples was evaluated 

based on the following parameters: 

− MPC is the time of protective action, i.e. the 

period of time from the start of the experiment, 
f

O3
Сduring which  MPCO

3
; 

− 1/2 is the half-conversion time, the period of 

time from the start of the experiment up to the 
f

O3
С in

O3
Сmoment when  becomes equal to 0.5 ; 

− Qexp is an experimental amount of O3 moles, i.e. 

the amount of ozone entered into the reaction up 

to a moment of experiment termination and 

calculated as an area under the corresponding 

curve plotted as a  CО3
 vs. .  

 

 

 

Results and discussion 

XRD analysis  

The diffraction patterns of N-Bent(D) 

samples and K2PdCl4-Cu(NO3)2-KBr/N-Bent(D) 

catalyst were obtained (Figure 1) and the 

montmorillonite phase (М) was identified in the 

composition of natural bentonite, for which 2 and 

(d, Å) were determined: 5.739 (15.387), 19.743 

(4.493), 35.830 (2.504), 61.710 (1.501); phases of 

-quartz (Q) and calcite (C) were also identified. 

During the formation of the catalyst, no significant 

structural changes in the support occurred  

(d006= 1.501 Å), and new phases didn’t form in the 

catalyst components. 
 

 
2, deg 

 

Figure 1. XRD patterns of natural bentonitе  

N-Bent(D) (1) and catalyst  

Pd(II)-Cu(II)/N-Bent(D) (2). 
 

Morphology  

SEM images of samples N-Bent(D) (1) and 

catalyst Pd(II)−Cu(II)/N-Bent(D) are shown in 

Figure 2. It can be seen that natural bentonite 

(Figure 2(a) and (b)) consists of flake-like 

particles. The surface morphology practically does 

not change upon the deposition of catalyst 

components (Figure 2(c)), and also after reaction 

with ozone (not shown here). 

 

  

(a) (b) (c) 

Figure 2. SEM images of natural bentonite N-Bent(D) (a) and (b) and  

catalyst Pd(II)-Cu(II)/N-Bent(D) (c). 
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FT-IR spectral investigation   

The IR spectra of the N-Bent(D)  

samples and the Pd(II)−Cu(II)/N-Bent(D) catalyst  

(Figure 3, Table 1) reflect absorption bands 

characteristic of the main montmorillonite phase in 

the region of valence and deformation vibrations of 

structural groups, as well as absorption bands of  

-quartz and calcite impurities [31]. The 

characteristic doublet at 798 and 779 cm-1 indicates 

the presence of the -SiO2 phase in the sample.  

The absorption band at 1421 cm-1 indicates that a 

calcite phase is present in the sample N-Bent(D); 

the high-frequency shift (= +9 cm-1) during the 

deposition of catalyst components proves the 

formation of Pd(II) and Cu(II) carbonates [32]. 

Testing catalyst compositions in ozone 

decomposition reaction 

Composition KX/N-Bent(D) (X= Cl−, Br−, 

I−). Halide ions, both in solutions [33] and fixed  

 

on porous carriers [18], except for the fluoride ion, 

which is characterized by a high redox potential 

φF2/2F= 2.87 V, are oxidized by ozone. Figure 4 

shows the kinetic curves of the final concentration 
f

O3
Сof ozone in time (τ) for natural bentonite  

under variation of halide ions content  

in the systems KCl/N-Bent(D) (Figure 4(a)),  

KBr/N-Bent(D) (Figure 4(b)), KI/Bent(D)  

(Figure 4(c)) from 0.110-4 to 3.010-4 mol/g.  

It is seen that bentonite itself (curve 1,  

Figure 4(a)) decomposes ozone, but its activity is 

low: in the first minute of the reaction  
f
О3
С > 0.5

in

ОС 3
; within 50 min the final ozone 

concentration reaches the initial one. 

Decomposition of ozone by bentonite is explained 

by the fact that it contains Fe2O3, Al2O3 and SiO2, 

and the greatest activity according to [34] is 

observed in Fe2O3. 
 

Table 1 

Wavenumbers (cm-1) for absorption maxima in FT-IR spectra of N-Bent(D) and Pd(II)-Cu(II)/N-Bent(D). 

Structural group 
N-Bent(D) Pd(II)-Cu(II)/N-Bent(D) 

ν δ ν δ 

М–ОН 3692 sh - 3694 sh - 

Al–Al–OH 3622 915 bend 3620 917 bend 

Al–Fe3+–OH - 876 - 876 

H2O 3426 1634 3428 1636 

Si–O–Si (tetrahedron) 
1163 sh, 1096 sh, 

1039 
468 

1165 sh, 1095 sh, 

1038 
469 

Si–O–Al - 519 - 520 

Si–O–Mg - 434 sh - 432 sh 

α-SiO2 (α-quartz) - 799, 779, 695 - 798, 779, 694 

CO3
2− - 1421 - 1430 

 

 

 

Figure 3. FT-IR spectra of natural bentonite N-Bent(D) (1) and catalyst (Pd(II)-Cu(II)/N-Bent(D) (2). 
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The nature of the kinetic curves changes 

significantly when applied to natural bentonite 

halide ions. In the case of the composition  

KCl/N-Bent(D) (Figure 4(a)) the protective action 

time (0) is absent, and the half-life of ozone (1/2) 

and the number of moles of unreacted ozone pass 

through the maximum at СKCl= 1.010-4 mol/g. 

The profiles of the kinetic curves change 

with varying СKBr and СKI; areas appear where 

ozone is not detected at the reactor outlet, and the 

duration (0) of this area increases with increasing 

СKBr and СKI. At the same time, 0 for the 

KI/Bent(D) composition is 6−10 times higher than 

0 for the KBr/N-Bent(D) composition. The 

amount of ozone reacted during its half-conversion 
f
О3
С

in
О3
С( = 0.5 ) also increases with an increase in 

the KBr and KI content in the compositions; 

however, no proportional dependence is observed, 

which indicates a complex mechanism of ozone 

decomposition in the presence of halide ions. 

Based on the data obtained, it can be 

concluded that the activity of the KX/N-Bent(D) 

compositions in the ozone decomposition reaction 

increases in the KCl  KBr  KI series, which 

correlates with the enhancement of the reducing 

properties of halide ions.  

The effect of the combined action of Pd(II), 

Cu(II) and halide ions. The peculiarity of catalytic 

ozone decomposition reactions is that they are 

usually carried out by a radical-chain mechanism. 

 

The most effective catalysts are complex 

compounds of d-metals [7-10]. The case of the use 

of two metal-complex compounds may be a 

demonstration of synergistic, additive or inhibitory 

action. For ozone decomposition reactions, these 

effects have been scarcely studied, although it is 

known that for some metals and metal oxides such 

phenomena are observed [3]. According to [27], 

Cu(II) has an inhibitory effect on ozone 

decomposition by the catalytic composition 

K2PdCl4-Cu(NO3)2-KBr/N-Bent(D). The nature of 

halide ions significantly affects the activity of 

monocomponent compositions KX/N-Bent(D) in 

the ozone decomposition reaction (Figure 4). In the 

presence of transition metal ions, the function of 

halide ions becomes more complicated. They not 

only interact with ozone, but also participate in the 

processes of complexation and reduction of metal 

ions. Halide ions form more stable complexes with 

Pd(II) than with Cu(II), and iodide ions are able to 

reduce Cu(II) to Cu(I) (φI2/2I-= 0.54 V), so it is 

important to compare the influence of the nature  

of the halide ion on the kinetics of  

ozone decomposition in the presence of  

K2PdCl4-Cu(NO3)2-KX/N-Bent(D)-composition. 

It is established (Figure 5) that due to the listed 

reasons the system containing bromide ions shows 

the greatest activity. A similar effect of bromide 

ions was found in the case of oxidation of CO by 

oxygen in the presence of Pd(II)-Cu(II)/𝑆̅  
(𝑆̅– natural and acid-modified carriers) [25,35]. 

 
 

 

  

 

 

(а) (b) (c) 

 

Figure 4. Time dependence of 
f

О3
С in ozone decomposition reaction at different halide-ions content  

in the system KХ/N-Bent(D) СKХ 104, mol/g:  1 – 0; 2 – 0.1; 3 – 1.0; 4 – 1.5; 5 – 2.0; 6 – 3.0.  

(
in
О3
С = 100 mg/m3; u= 4.2 сm/s; ms= 10 g).  

KХ: KCl (а); KBr (b); KI (c) 
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The kinetic data (Figure 5) show that the 

stationary mode in ozone decomposition systems is 

not established at the indicated ratio of the 

components and experimental conditions.  

A change in the reaction kinetics is achieved by 

increasing the concentration of bromide ions  

and a long-term stationary mode is established 

already at СKBr= 310-4 mol/g (Figure 6).  

Under these conditions, the ozone concentration in 

the ozone-air mixture was varied from  

100 to 400 mg/m3 (Figure 7). The profile of the 

kinetic curves reflecting the change in the  

reaction rate (W) over time does not change with 

increasing 
in
О3
С . 

Figure 7 and data in Table 2 show that the 

initial reaction rate (Win) calculated for the first 

minute of the experiment increases in proportion to 

the initial ozone concentration. At the same time, 

the proportional relationship is not observed in the 

stationary mode: the reaction rate increases by only 

2.5 times with a 4-fold increase of 
in
О3
С .  

 

 

Figure 5. Time dependence of 
f

О3
С  in ozone 

decomposition reaction by composition  

Pd(II)-Сu(II)-KХ/N-Bent(D) at different KХ:  

1 – KCl; 2 – KBr; 3 – KI  

(CPd(II)= 1.0210-5; CCu(II)= 0.5910-5;  

CKХ= 1.010-4 mol/g; in
О3
С = 100 mg/m3;  

u= 4,2 cm/s; ms= 10 g). 

 

 

Figure 6. Time dependence of 
f

О3
С  in ozone 

decomposition reaction at different contents of 

KBr in the system Pd(II)-Сu(II)-KBr/N-Bent(D) 

СKBr104, mol/g:   

1 – 0; 2 – 0.1; 3 – 1.0; 4 – 1.5; 5 – 2.0; 6 –3.0 

(СPd(ІІ)= 1.0210-5 mol/g;  

CCu(II)= 0.5910-5 mol/g; 
in
О3
С = 100 mg/m3;  

u= 4.2 сm/s; t= 20ºС; ms= 10 g). 
 

 

 
Figure 7. Time dependence of reaction rate in 

ozone decomposition reaction by system  

K2PdСl4-Cu(NO3)2-KBr/N-Bent(D) at different 

in
О3
С (mg/m3) in ozone-air mixture:  

1 – 100; 2 – 200; 3 – 300; 4 – 400 

(СPd(ІІ)= 1.0210-5; ССu(ІІ)= 0.5910-5;  

СКBr= 3.010-4 mol/g; u= 4,2 cm/s; ms= 10 g). 
 

 
 

Table 2 

Effect of 
in
О3

С  on kinetic and stoichiometric parameters of ozone decomposition reaction 

by composition K2PdCl4-Cu(NO3)2-KBr/N-Bent(D). 

in
О3
С , 

mg/m3 

Win109, 

mol/(gs) 

Wst109, 

mol/(gs) 

τ0, 
min 

τ1/2, 
min 

k1/2104, 

s-1 

Qexp104, 

mol О3 

100 3.5 2.1 20 -* -* 17.0 

200 6.9 2.8 14 240 0.5 22.7 

300 10.4 3.9 12 210 0.6 32.5 

400 13.8 5.0 9 140 0.8 39.1 

*Experiment was stopped at 
f

О3
С = 40 mg/m3. 

Experimental conditions: СPd(ІІ)= 1.0210-5; ССu(ІІ)= 0.5910-5; СKBr= 3.010-4 mol/g; u= 4.2 cm/s; ms= 10 g. 

42 



T. Rakitskaya et al. / Chem. J. Mold., 2022, 17(1), 37-46 
 

 

The order of the reaction is lowered; the 

reaction rate constant k1/2, calculated from the  

half-life of ozone (1/2), is not a constant.  

The totality of the obtained data indicates a radical 

chain mechanism of ozone decomposition, which 

is consistent with numerous studies [3,9,18]. 

Protective properties of compositions 

against ozone. The protective properties of  

the compositions are characterized by the  

time during which the air is purified  

from ozone to a concentration below  
f

О3
Сor equal to MPC, i.e.  MPCO

3
. The kinetics  

in
О3
Сstudy of ozone decomposition at = 100 mg/m3  

showed that each component of the  

K2PdCl4-Cu(NO3)2-KBr/N-Bent(D) composition 

participates in the reaction with ozone. 

The test results of individual compositions at 
in
О3
С = 1.0 mg/m3 (10 MPC) are presented in  

Figure 8 and are summarized in Table 3. It can be 

noticed that natural bentonite (curve 1) does  

not show protective properties against ozone:  
f

О3
С  MPCО

3
 already in the first minute of 

transmission of the ozone-air mixture. In the case 

of KBr/N-Bent(D) and Cu(II)−KBr/N-Bent(D) 

compositions, the samples provide complete 

decomposition of ozone in only 18 and 30 min, 

respectively. Maximum activity (more than 20 h) 

is shown by mono- Pd(II) and bimetallic 

Pd(II)−Cu(II)-compositions in the presence of 

bromide ions: complete ozone decomposition is 

provided; the protective action time is 25 and 30 h, 

respectively. It should be noted that in both cases a 

stationary state is established with the final ozone 

concentration of 0.1 mg/m3. 

To resolve the issue of composition 

application, for instance, in personal protective 

equipment for respiratory system, it is necessary to 

have data about the influence of the effective 

contact time of ozone-air mixture on the time of the 

protective action of the compositions.  

 
 

Table 3 

Kinetic and stoichiometric parameters of ozone decomposition reaction with mono- and  

bimetallic compositions. 

* − the stationary mode is established. 

Experimental conditions: СPd(ІІ)= 2.7210-5; СCu(ІІ)= 2.910-5; CKBr= 1.0210-4 mol/g; u= 4.2 cm/s; ms= 10 g. 

 

 

 

Figure 8. Time dependence of 
f

О3
С  by ozone decomposition with samples: 1 – N-Bent(D); 2 – KBr/N-Bent(D);  

3 – Сu(II)-KBr/N-Bent(D); 4 – Pd(II)-KBr/N-Bent(D); 5 – Pd(II)-Cu(II)-KBr/N-Bent(D) 

(СPd(II)= 2.7210-5; ССu(II)= 2.910-5; CKBr= 1.0210-4 mol/g; 
in
О3

С = 1 mg/m3; u= 4,2 cm/s; ms= 10 g). 

 

Compositions based on N-Bent(D) 0, min MPC, min 
f
О3
С , mg/m3 Qexp106, mol О3 

N-Bent(D) - - 1.0 0.9 

KBr 18 30 0.1 0.4 

Cu(II)-KBr 30 50 0.1 0.6 

Pd(II)-KBr 1260 1500 0.1* 33.6 

Pd(II)-Cu(II)-KBr 1260 1800 0.1* 37.6 
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Different values of eff were achieved by 

varying the sample weight (layer height at a 

constant linear rate of ozone-air mixture). Kinetic 

studies (Figure 9) showed that with an increase of 

eff from 0.17 to 0.6 s, the time of protective action 

increases from 240 min to 1800 min, but  

the stationary decomposition of ozone at  
f

О3
С = MPCO3

 is achieved only at eff= 0.6 s. 

 

 

Figure 9. Time dependence of 
f

О3
С  in  

ozone decomposition reactions with samples 

Pd(II)-Cu(II)-KBr/N-Bent(D) by  

various effective contact time τeff, s:  

1 – 0.17; 2 – 0.31; 3 – 0.46; 4 – 0.60 

(СPd(II)= 2.7210-5; ССu(II)= 2.910-5; 

 CKBr= 1.0210-4 mol/g;
in
О3
С = 1 mg/m3). 

 

 

Conclusions  

It is shown that the catalytic composition 

K2PdCl4-Cu(NO3)2-KBr/N-Bent(D) decomposes 

in
О3
Сozone effectively at  in the ozone-air mixture 

from 1 to 400 mg/m3. Ozone interacts with each 

component of the catalytic composition. It is 

shown that the activity of the KX/N-Bent(D) 

composition in the ozone decomposition reaction 

increases in the row KClKBrKI, which 

correlates with an increase in their reducing 

properties (the redox potential of the  

Х2/2Х− pair decreases). For the catalytic  

Pd(II)-Cu(II)-composition the maximum activity is 

observed in the presence of bromide ions.  

Аt СKBr= 3.010-4 mol/g the catalytic composition 

decomposes ozone with the establishment of a 

stationary mode.  

Each mono-component composition 
in
О3
Сexhibits protective properties at = 1 mg/m3, 

providing air purification below 0.1 mg/m3. 

However, the composition K2PdCl4-Cu(NO3)2-

KBr/N-Bent(D) showed the longest time of 

protective action (1800 min), while a constant 

ozone concentration at the MPC level is 

maintained in the stationary mode for a long time.  
 

Such catalyst compositions can be recommended 

for applying in personal protective equipment for 

the respiratory system. 
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