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1. Introduction
by Mizuki YAMAGUMA*

Abstract; Static electricity generated during spraying of liquid may often become an ignition source for
a flammable gas or vapor mixture, even for mists. In this comprehensive study, a variety of experiments
and numerical simulations were carried out in relation to electrostatic phenomena and ignitions
associated with spraying. Themes of this study were selected according to surveys and analysis of labor
accidents, and the topics that are considered most important and urgent were examined intensively. This
study is divided into three sub-themes; results for the respective sub-themes are summarized as follows:
(1) Static electrification associated with sprayers and characteristics of explosive atmosphere caused by
solvents

Experimental investigations were carried out in relation to electrostatic properties (charge, effects of
nozzles, temperature, etc.) during the use of sprayers such as airless sprayers and spray cans; mechanisms
of explosions and fires; and methods to mitigate static charge. In addition, an innovative testing apparatus
for determining the explosion ranges and minimum ignition energies of volatile organic solvents at
various temperature was fabricated, and fifteen popular solvents were subjected to testing. The results
are analyzed systematically.
(2) Development of safety evaluation methods for spraying process

In order to investigate hazards of ignition of an explosive atmosphere caused by incendiary discharge
from a charged mist cloud created in a large-scale spraying process, charges generated during spraying
of water at pressures up to 84 MPa were measured, and numerical simulations were conducted for
occurrence of incendiary discharge from a charged mist cloud formed in a container. Experimental
results show that tap water mist cannot produce incendiary discharge, and static charge can be reduced
by employing a nozzle having a wider bore. According to the results of the numerical simulations, the
author proposes a practical risk assessment method for a large-scale charged mist cloud formed in a
cylindrical structure.
(3) Risk assessment for ignition of flammable mist caused by accidental leakage of pressurized liquid

Experimental investigations were conducted to assess the possibility of ignition upon accidental
leakage of a pressurized flammable liquid. Ignition energies for mists ejected from an air sprayer were
measured and the results show that most liquids having flash points higher than room temperature can
be ignited by an electrostatic spark of 10 mJ or less. Styrene mist, especially, can be ignited with a spark
as low as 4 mJ. Addition of nitrogen to the air for a sprayer is effective for mitigating the possibility of
ignition. Static current is greatly affected by the pressure of the liquid.

Keywords; Electrostatic hazard, Explosive atmosphere, Minimum ignition energy, Risk assessment, Spray
electrification
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Table 1 Classification of processes that generate

harmful static charges.
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Fig1 Number of explosions and fires by
electrificaion process.
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Table 2 Classification of flammable substances.
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Fig.2 Flammable substances ignited by
electrostatic sparks.
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Fig. 3 Causes of ejection of liquid.
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Fig. 4 Causes of ejection of gas.
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Table 3 Accident cases occurred during operation of sprayers (presumably due to spray electrification)
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Table. 4 Accident cases due to abnormal ejection of flammable liquid.
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