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ON EXPLOSIVE REACTIONS OF GASES.

1. Explosive Reaction of Oxyhydrogen Gas induced by a Heated
Platinum Ribbon. (Filament Explosion).-

By Remerr Goro.

(Abstract}

The ohject of the present investigation is to examine experimentally the condition
riecessary 1o allow a platinim ribbon {0:06 mm. X 1.6 mni. X 10 mm.} electrically heated in the
atmosphere of oxyhydiogen to induce an explosive reaction. From the fact that the energy is
applied thrigh the surface of a solid, this flament explosion is consitlereld to be the same as
an explosive reaction taking place in a' reaction vessel heated at-high temperatwies. ~ Further,
the fact that energy is concentrated in a small’ part of a reaction system suggesls the similanty
with ‘the ‘'spatk ignition.

"In the present experiment, under various conditions 'of the gas phase, the surface tem-
peratiire’ of the platinum filament was ohserved as follows.

When a platinum filament is heated in &ich’ a non-reacting gas as oxygen, hydiogen.
nitrogen or the air, the surface temperature T reaches an eqguilibrium under the condition shown
in the ecuation :

where [ is the mean surface tempemture, V oand T are theterminal voltage and electric current
respectively i W 5 the cooling efteat caused by radiation, the conductivity of the lead wire
nsedd. aud the conductivity am convection of a gas. Hence, the observed value of VI at each
gquilibrium temperature gives the relation between the cooling efflect W and temperature.

The experimental results show thar under a constant pressare there holds such 2 relation

as

We=kai®

where JT denotes the difference between the surface temperture and roon temperature (Fig. 5
~B).  The value of n is found to Le approximately 1.4 for cach gas. The value of k is largest
for hydrogen, and there 15 little difference among those for ‘oxygen, nitrogen and the air. The
thermal equilibium of a platinum ribbon in a mixed gas of oxygen and hydrogen obeys
equation (1) below a certain temperature and the equilibiium temperature Jdepends on its com-
position rather than on the total preéssure. But above a- critical temperature the equilibrium
relation i3 readily broken. which indicates that a catalytic reaction suchlenly takes place on the
surface of platinam. ‘T'his is verified fiom the relation between electiic heating power and the
surface temperature (Fig. 8~Fig. 11).

The increase of electric heating power. the increase of pressure of reacling gases and the
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laking out process of the platinum surface intensify the surface reaction in question so that
the reaction proceeds form the surface into the gas- _phase ;- hence explosion takes place. It
was not observed that the e\plnsue reaction takes phce hefore the equilibiivm of the surface
temperature ‘i§ ‘broken.

Tn other words, the occurrence ‘of the explosive reaction of 'a gas necessarily follow (he
intensification of the catalytic reaction on the platinum surface above a cerlain critical vaiue.
This is confirmed by the evidence that when ‘the platinmin surface has been previously washed
with a dilute ~olution of potassium chloride, potassium indide or sodium chloritle, the 1eaction
starts at a markedly higher temperature, 50 ‘that ‘the *explosion temperature” seemis 1o rise
higher. ;

The above-mentioned facts lead 1o the following conclusion the explosive reaction of a
eas intuced. by a heated solid suface is preceded. by . sudiden surface reaclion and * the
explosion point of a as’ denotes, the. starting .point of this sudden surface reaction., Such @a
surlelen surface reaction comesponds to, “the spark™ in lh_e case of a spuk ignition. The
energy locally concentrated in a small part aodvates the adjacent part where a reaction zone
accompanied by emission of fight and heat, i.e. flame, is genemated, which is propagated
farther towards the unafiected part. In short, the explosive: reaction intduced by a spark or a
heated rihbon is to be considereld as a fAame propagation phenomenon whose staiting point s
the spark or the ribbon.. This suggests also that the explosive reacioin abserved in a highly

heaterl reaction vessel. may take place under the similar mechanism,

Chemienl Institute, _
Kyolo Tmperial University. ( Jely, 29. 1942)



