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ON EXPLOSIVE REACTIONS OF GASES.

II. An Experiment which shows the Heterogeneity of
the Thermal Explosion of Oxyhydrogen Gas.

By Remper Goro.

(Abstract)

It has been admitted that the explosive reaction of oxyhydrogen gas taking place in a
vessel heated to high™ temperatures is a homogeneous gas reaction which proceeds rapidly
throughout the gaseous system. In connection with the subject, the theory of chain mechanism
proposed by Semonoff, Hinshelwood and other investigators has been accepted these ten years.

According to the chain theory, a relatively small number of the active substance or active
centres generated thermally bring forth larger number of new active centres in every elementary
reaction : such an increase of the active centres or chain branching leads to the acceleration of
the reaction in the whole system, and when extremely high velocity is attained, what is called
explosion takes place. '

The reason why the theory has been accepted is that most of the facts about the low
pressure explosion have been satisfactorily interpreted in terms of the chain theory. According
to the theory, the lower limit of the explosion pressure depends on the probability that the
active centre is deactivated on the wall of the reaction vessel, and that probability is lessened
by the enlargement of the diameter of the vessel or the addition of an innert gas. The upper
limit, on the other hand, depends on the probability of ‘deactivation throughout the gaseous
phase which is made stronger with the rise of the total pressure. This consideration has been
supported by the facts that the upper limit appears to be independent of the diameter of the
vessel as well as the nature of the surface.

In the chain theory it is assumed that the main process of the explosive reaction is a .
homogeneous one in the gaseous phase. But it is doubtful whether this assumption can be
accepted unconditionally. It has not been verified by any experimental facts yet.

What the author proposes here is this: the main part of the thermal explosive reaction of
a gas is not a homogeneous process throughout the gaseous phase, but it is the propagation of
the flame caused by a momentary exothermic catalytic reaction on the wall of the vessel. In
other words, chain branching does not lead to simultaneois inflammation or explosion of the
whole gaseous phase, but the explosion stasts lecally on the surface of the wall.

Such conclusion was verified by an experiment carried out with the apparatus shown in
Fig. 3. Four copper lead-wires oxidized preliminarily were inserted in a spherical bulb of Pyrex
glass, whose diameter was about 7.5 cm, and two fuses of silver foil, F, and F., were set near
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the wall and in the centre respectively. In such an electric circuit as shown in the figure,
deflection of the ballistic galvanometer is to occur only: when F, is cut earlier than F,. In
this bulb, whenever the oxyhydrogen gas reached the upper limit and the explosion occurred,
the galvanometer showed deflection : it indicates that F, was cut earlier than ¥, or, in other
words, the reaction was not homogeneous,

Thus it is concluded that at least the low pressure explosion is not a homogeneous process
in the gaseous phase. From this point of view, the chain theory of the explosive reaction which
stands on the hasis of the homogeneous mechanism and neglects the propagation of flame
requires a fundamental revision.

Chemical Institute,
Kyoto Imperial Universily. (July, 29, 1942)





