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Decomposition Flame Propagation Properties of Ozone/Oxygen Mixtures™

by Takaaki MizuTANI** and Hidenori MATSUI**

Abstract: Ozone is the strong oxidizing agent which has been used for water treatment, pulp
bleaching and others. Recently, along with development of ozone generator, high concentration of
ozone up to 20 vol.% in oxygen has been able to be obtained. It is well known that ozone is rapidly
decomposed into oxygen with flame propagation by some ignition sources. But the decomposing
explosion properties and the flame propagation behaviour of high concentration ozone in a closed
vessel are not sufficiently clear. It is important to clarify the decomposing property for safe handling
of ozone.

In this study, explosion properties such as explosion pressure, flame propagation behavior and
the flame velocity of ozone/oxygen mixtures in the closed vessel were investigated. A stainless steel
cylinder (106 mm i.d., 114 mm in height, 1.0¢ in volume) and a stainless steel tube (25 mm i.d., 5.0m
length, 2.5¢ in volume) were used for explosion vessels. The concentration of ozone was detected by
ozone meters placed on both sides ahead of the inlet and behind the outlet of the explosion vessel.
The electric spark was used for ignition source. Schlieren system was introduced to visualize the
flame propagation in the cylindrical vessel.

The experimental results of ozone up to 14 vol.% in oxygen using the cylindrical vessel were as
follows:

(1) The maximum decomposition explosion pressures and the pressure rising rates increased in
proportion to the initial pressures up to 1.6 MPa in this experiments.

(2) The lower explosion limit was 10.5 vol.% in this vessel.

(3) The ratio of the maximum decomposition explosion pressures to initial pressures was less than
3.5.

(4) K¢ values were less than 1.

(5) The location of ignition sources had less effect on the maximum explosion pressures, but had
much effect on the lower flame propagation limits.

(6) At the ozone concentration near the lower flame propagation limit, a partial flame propagation
was observed. And the mixture below the ignition point was unburned.

(7) The shape of upward flame was a sphere (under the higher concentration) or a mushroom like
(near the lower flame propagation limit). The shape of downward flame was a horizontal plane.
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(8) The flame velocities were less than 0.5 m/s.
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The experimental results of ozone up to 20 vol.% in oxygen using the tube vessel were as follows:

(1) Flame propagation took place above 14 vol.% ozone.

(2) Except for just after the ignition, acceleration of the flame was not observed.

(3) The steady flame propagation with a velocity of less than 1 m/s and the maximum explosion

pressure of less than twice the initial pressure were obtained.

(4) Deflagration to detonation transition (DDT) was impossible under the conditions for the ex-

periments. However, with higher ozone concentrations, faster flame propagation is predicted

and DDT is likely.
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Fig. 5 A pressure profile of ozone deflagration.
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Central ignition at 14vol.%
b: Central ignition at 13vol.%

: Central ignition at 1.7vl.%
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Schlieren photographs of the flame propagation behabiour at a central ignition (15 fps).
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Photo 2 Schlieren photographs of the flame propagation behabiour at top and bottom ignitions (15 fps).
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