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Abstract

Ozone 1is used to disinfect water and decompose volatile organic compounds because of its strong

oxidizing ability, although it is bad for human health and also the global environment. It is

necessary to decompose the ozone in gas before exhausting to the atmosphere. Our company has

supplied SEKADO-KR as a decomposing catalyst since 1974. Recently we have developed new types

of catalysts to meet the demand for strong catalysts utilizing the newest ozone technology.

Development is reported on in this paper.
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1. Introduction

Because of strong oxidizability, ozone is used for
disinfection and purification of water, decomposi-
tion of organic gas, and bleaching of textiles. On
the other hand, it is additionally generated in
ultraviolet rays, plasma, and corona discharge.
Since it has strong oxidizability, toxicity is also
strong. Ozone is harmful to the human body. In
addition, recently, enlargement of the ozone hole in
the stratosphere of the South Pole sky has become a
problem, but there has been an increase in the
amount of ozone in the troposphere. This is one of
the causes for global warming and acid rain.”
Consequently, in order to protect the global
environment, gases which include ozone must be
exhausted after detoxification. Our company devel-
oped the ozone decomposition catalyst KR in
1974, and supplied it to the market.”” Recently,

requests for the efficiency improvement of ozone
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Table 1 Composition of Samples (wt%)

No.1 No.2 No.3 No.4 Nob KR
SiO, 30 20 20 23 36 44
Al,Os 27 16 16 21 31 38
FesO, 42 -
FeO - 63 -
Fe-Si - - 63 - -
MnO; - - - 55 16 -
C - - - - 16 18
Packing density (g/cm® | 1.16 140 140 1.10 0.75 0.65
Bulk density (g/cm?) | 16 20 2.0 1.6 1.1 1.0
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decomposition catalyst have become strong with
active utilization of ozone. A new ozone decomposi-
tion catalyst was developed by reexamining cata-
lytic characterization of some materials. It is

reported on below.
2. Experiment

1) Production of ozone decomposition catalyst

The KR samples consisted of alumina-silica gel
and activated carbon (volume content 21%). Carbon
was replaced with other substitute catalyst mate-
rial. First, in order to compare the catalyst effect of
materials, samples No.1 to No.4 were produced and
No.5 was added later. These compositions were
molded into ¢5.75 X5.25mm tablets with a rotation
type tableting machine through the process of
mixing, granulation, drying, and grinding in the
same manner as KR. The Ozone decomposition
ability of the samples was investigated by ozone
decomposition equipment after drying at 170 de-
grees C for 4 hours.
2) Ozone decomposition examination

An evaluating examination was performed with
the test equipment shown in Figs. 1 and 2.
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Fig. 1 Gas flow chart.
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Fig. 2 Appearance of ozone decomposition evaluation
equipment.
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Fig. 3 Breakthrough time for each layer of each
sample.

manufactured by Ebara Jitsugyo Corporation were
used, and reaction tube and gas piping were made
by us. The reaction tube was divided into 6 layers,
so that each layer could be sampled. Test conditions
were ozone concentration 9,200ppm, flow rate
10.6L/min and break through concentration
0.1ppm. Under these conditions, space velocity per
each layer is 3000mm/hr, and it becomes 500mm/hr

in entire tube.
3. Results and Discussion

1) Appearance of samples after examination

Although the surfaces of KR and No.5 were black
before the examination, they changed to gray after
the examination and we can guess that the activated
carbon oxidized.

But, considerable change was not recognized in
the appearance of the other materials.

2) Break through time

The Break through times for each material in
each layer are shown in Fig.3.

The Break through times of No.4 and No.5 were
longest. Because the measuring times for both
samples were too long, when the 4th layer (bed
thickness 240mm) broke through, measurements
were stopped. The Break through time of No.3 was
2 hours, and was the shortest. The results for No.1,
No.2 and KR were intermediate with a break

through time of 100 hours or less. The material in
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Fig. 4-a Change in Decomposing Rate on KR.
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Fig. 5 Changes in Residual Carbon on KR and
No.b.
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Fig. 4-b Change in Decomposing Rate on No.b.

which the catalytic effect was highest among these
catalysts was MnO:; (single component) and mixture
of MnO:. and activated carbon.

When the amount of decomposition per weight is
compared, a light weight MnO;-activated carbon
system is the best.

3) Ozonolysis efficiency

Since ozonolysis efficiency changes with condi-
tions such as ozone concentration and flow velocity,
1t 1s difficult to express as an absolute numerical
value. Therefore, the value which divides decom-
posed ozone concentration by initial concentration
is called decomposition rate (%). It is considered to
be the standard of ozonolysis efficiency. The
changes in the decomposition rate of KR and No.5
with time are shown in Fig.4-a and 4-b.

The decrease in the ozone decomposition rate of
KR was rapid in comparison with No.5.

So 1t was recognized that ozonolysis efficiency of
No.5 was higher than KR.

4. Results and Discussion

Although the composition of No.5 is estimated to
be intermediate ability between No.4 and KR,
ozonolysis efficiency of No.b was as well or better
than No.4. The reason is considered as follows.

The residual carbons of each layer of KR after
80hr testing and No.5 after 130hr testing is shown
respectively in Fig.5h. As shown in Fig.4a, it was

guessed that the decomposition capability of the 1st
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Fig. 6 SEM Image of KR and No.b before and after Test.

a) Surface of KR before test
b) Surface of KR after test
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c¢) Surface of No.b before test
d) Surface of No.b after test

layer of KR was lost. However, 7 to 8wt% of carbon
remained from the bottom to the 2nd layer. This is
equal approximately to 40wt% of the carbon con-
tent which is combined.

On the other hand, although the decomposition
capability of the 1st layer of No.5 remained, the
amount of residual carbon decreased to 5wt%, and
is approximately 30wt% of the carbon content
which is combined.

When measurement continued further, it is
thought that the amount of carbon of the 1st layer
of No.b decreases more. In order to investigate this
mechanism, observation of raw and post test sam-
ples of KR and No.5 by SEM was performed.

It was estimated that the structure of KR be-
comes porous, depending upon the consumption of
carbon. There is no considerable difference after
ozone decomposition test. After testing, the struc-
ture of rather dense KR was observed. On the one
hand, the surface of No.5 was rougher after testing,
and an increase in the number of pores was ob-
served. It is guessed that the addition of MnO;
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Fig. 7 Amount of ozone decomposition by sample
weight.
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created the difference in structure of materials and
catalyst efficiency.

The MnO; 1s metallic oxide simultaneously oper-
ated as a reduction catalyst for ozone and an oxida-
tion catalyst for carbon and a total improvement in

ozonolysis efficiency was consequently obtained.
5. Summary

Until now, our corporation supplied ozonolysis
material SEKADO-KR which consists of the
alumina silica gel and the active carbon. As a result
of re-investigating some materials with the aim of
improving the ozonolysis efficiency of KR, The high
efficiency of alumina silica gel-MnO. system (No.4)
was verified.

The system with MnOQ; is heavy, and is not eco-
nomical. In order to make No.4 light, a part of
MnO, was replaced by activated carbon and No.b
was produced.

The composition of No.5> was 1 : 1 by weight for
MnO, and activated carbon, but ozonolysis effi-
clency was better than No.4.

The reason is presumed to be that MnQO,, which is
a transition element, acts as a reduction catalyst for
ozone and also as a carbonaceous oxidization cata-
lyst.

Therefore the filling weight of No.5 1s 70% that of
No.4, with on ozone decomposition efficiency is 1.4
times that of No.4 as shown in Fig.7. No.5 showed
the highest ozone decomposition efficiency during
these experiments.

MnO:; is a specific chemical substance. When it is
considered that abandonment of the manganese
material influences environment, one should avoid
use of MnO:..

Since transition metal showed an oxidization
catalyst effect for carbon in this experiment, we
would like to examine various combinations of
materials, such as environment-friendly iron oxide-

carbon system and titanium oxide-carbon system.

1) Jacob. Daniel J, Introduction to Atmospheric Chemistry, University of Tokyo Press, 2002
2) Y. Ohyatsu, K. Kasai, T. Yamamura and T. Mitsuboshi ; Shinagawa Technical Report 40, 89-94(1997)



