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6. Explosible Atmosphere due to Spraying Processes-Ignition Properties of
Flammable Vapor by Electrostatic Sparks *

by Mizuki YAMAGUMA**

Abstract; In a spraying process, flammable liquid such as a volatile organic solvent is usually contained
in the spayed substance, and often forms a flammable atmosphere if it evaporates in a poorly ventilated
space. Actually, numerous explosions and fires occur each year — one of the main causes of which is an
electrostatic discharge. Occurrence of a fatal explosion in a shipyard, for example, has been reported,
where an airless sprayer was used to paint the wall of a tanker under construction. A spray can also
create an explosible mixture, because it contains liquefied gas such as LPG or DME. Therefore, it is
necessary to determine the sensitivity of the volatile substance to an electrostatic discharge in order to
carry out a safety assessment. However, conventional methods are so complex and cumbersome that data
can only be obtained by trained personnel and a lot of time. In order to solve this problem, we designed
a novel, easy-to-operate apparatus to measure the sensitivity of a volatile flammable liquid under various
temperature conditions. The ignition energies and explosion limits for 15 solvent vapor/air mixtures were
measured using the apparatus. For all the mixtures, the minimum ignition energies (MIEs) decreased
exponentially, and the explosion limits expanded with increasing test temperature. The acetone vapor/air
mixture, among others, depended strongly on the temperature — the MIE at 25°C was less than one-third
that at 100°C. Empirical equations for estimating the upper and lower explosion limits by an electrostatic
spark from those by a more energetic ac spark were derived. A mixture of acetone, water, and air was
effectively inactivated when the water concentration was 30 vol% at 100°C.
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Fig. 1 Apparatus for measuring the MIEs and explosion
limits of low-volatile solvents.
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Vs : Voltage applied to Cs
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Fig.2 Equivalent electric circuit of the testing
appratus.
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Fig. 3 Examples of ignition energies by an electrostatic spark for solvents with respect to the temperature.
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on the ignition energies.
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Fig. 5 Temperature dependence of the minimum
ignition energies for all the samples tested.
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Fig. 7 Relationship between the explosion limits by ac spark and those by an electrostatic spark.
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various discharge energies at high temperature.
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Fig. 9 Effect of the water vapor concentration on the ignition energies for acetone.
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