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2. Explosion Characteristics of Arsine, Silane and Phosphine in Air

by Toshihiro HAYASHI*

Abstract; Highly explosible or toxic gases, such as semiconductor gases, introduced into high-
technology industries, have inevitably brought new types of accident into working sites. Yet
no sufficient data are available on hazardous properties of those gases. This paper describes
experimental explosion pressures and maximum pressure rise rates of arsine, silane and phosphine
mixed with air. Experiments were also carried out on hydrogen and methane as reference gases.

Explosion tests were carried out in a cylindrical chamber of 2170 cm® capacity. Premixture of
arsine, methane or hydrogen with air was prepared by partial pressure method, and the mixture
of atmospheric initial pressure was ignited at the center of the chamber by a nichrome wire
heater. For silane and phosphine, no method was successful in preparing premixture with air,
because of their ease of auto-ignition in air; tests were, then, tried by blowing up pressurized air
from the bottom into the chamber, in which a calculated amount of test gas had been kept under
decreased pressure. By controlling the air pressure in the reservoir and a duration time. of the
solenoid valve activation for air blow, ignition could occur just after supplying a required amount
of air into the chamber, which corresponded to atmospheric initial pressure of the mixture.

Arsine gave most severe explosion at 20 vol.% content in air, which was 1.7 times higher than
stoichiometric ratio assuming ideal oxidation into AsyO3. The maximum pressure (0.78 MPa)
was higher than that of methane-air mixture, and the highest pressure rise rate was almost
comparable to that of the optimum hydrogen-air mixture. These values suggested that, apart
from its wide range of explosibility in air, arsine should be taken as one of the most dangerous
flammable gases.

For silane and phosphine, maximum explosion pressures determined in this paper, less than
0.6 MPa and less than 0.5 MPa, respectively, were lower than expected. Maximum pressure rise
rate in each test was constantly found in earlier stage of an explosion, followed by relatively
slow rise of pressure, and the rise rates of both gases were almost constant for wide ranges of
the content in air. The highest values of rise rate recorded for both gases were much lower than
even for methane. The result was attributed undoubtedly to the test method, as suggested by
pressure-time records; a certain amount of test gas always ignited and burned just after blowing
up air into the chamber, and then followed relatively slow combustion of residual gas. It was
shown that the method of mixing gas with air should be improved to obtain reasonable explosion

characteristics of easily auto-ignitable gases in air.
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Fig. 1 Scheme of test apparatus.
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