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In the catalyzed decomposition of VOCs, it was known that reactivity was enhanced by the combination with ozone at 
low temperature. We carried out the decomposition of toluene and dichloromethane on a Ba-CuO-Cr2O3/Al2O3

catalyst by ozone in a range of 100 to 400 . In order to clarify the role of ozone and other oxygen species, we 
investigated three types of oxidation methods, i.e., by gas phase ozone alone (R1), the catalyst alone (R2), and the 
catalyst with ozone (R3). The performance in the gas phase ozone was equal to or higher than that on the catalyst 
alone. However, it was shown that the performance on the catalyst was enhanced with ozone in a range of 100 to
200 . In other words, the active oxygen species on the catalyst derived from ozone, Oads, were effective for VOCs 
decomposition even at low temperature. The utilization factor of ozone for VOCs, which is defined as a ratio of 
removed VOC and consumed ozone, was investigated in R3. The lower the reaction temperature, the higher the
utilization factor was. It seems that Oads was consumed for not only the removal of VOC but also the recombination
into oxygen at high temperature.
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Fig.1 Flow chart of VOC decomposition: (R1) ozonolysis, 
(R2) catalysis, and (R3) ozonolysis assisted by catalyst.
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Fig.2 Infrared spectra on the decomposition of (a) toluene and 
(b) dichloromethane by R1 method. 
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Ba=5.4 % Cu=23.2% Cr=21.9%) 150

BELSORP 18

BET 125 m2/g

3.

3.1

Fig.3 R1 R2 R3 100

400 C6H5CH3 100 150

R1 R2 175 300

R1 R2 R2

350 R1 100%

R3 100 50

R2 R3

Table 1

/

R1 CO2 350 50 R2

200 100% R2

100%

C6H5CH3

R3 100

1

Table 1 Selectivity of products and material balance of carbon in three reaction systems 
Toluene Dichloromethane

Selectivity in products / % Selectivity in products  / %Temp. / 
CO CO2 HCOOH 

Material
Balance / % CO CO2 COCl2

Material
Balance / % 

100 0 78 22 15
200 32 56 12 48
300 51 45 4 73 100 0 <1 86

R1

350 49 49 2 79 92 4 4 91
100
200 0 100 0 13
300 0 100 0 120 5 95 0 166

R2

400 0 100 0 106 3 96 0 123
100 16 83 1 81 59 38 0 91
200 12 88 0 88 44 56 0 103
300 1 99 0 100 18 83 0 119

R3

400 1 99 0 102 11 89 0 92

3 (R1)
, (R2) , (R3) 

.
Fig.3 Conversion of toluene as a function of temperature: (R1) 

ozonolysis, (R2) catalysis, and (R3) ozonolysis assisted by
catalyst.
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Fig.4 Conversion of DCM as a function of temperature: (R1) 

ozonolysis, (R2) catalysis, and (R3) ozonolysis assisted by
catalyst.
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Fig.5 Ozone concentration in the downstream as a function of

temperature on pyrolysis of ozone (R1-O3), and on 
ozonolysis of (R1-TOL) toluene and (R1-DCM)
dichloromethane. (R1-O3) 
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Fig. 6 Ozone concentration in the downstream as a function 

of temperature on ozonolysis assisted by catalyst of
(R3-TOL) toluene and (R3-DCM) dichloromethane, and
on (R3-O3) the decomposition of ozone by the catalyst.
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Fig.7 Relationship between decomposed VOC and consumed
ozone on R1 and R3 (100 to 250oC).
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