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Decomposition Explosion Properties of Ethylene Oxide
under High Temperature and Pressure*

by Takaaki MizUTANI** and Hidenori MATSUI**

Abstract : Ethylene oxide (EO) is one of the important materials in chemical industries. There are many
literatures on decomposition explosion properties of EO. However the knowledge of decomposition explosion
limits and ignition energies under high temperature and high pressure have not been well known.

In this study, stainless steel cylinder (5 cm inner diameter, 13 cm in height, 200 cm® in volume) was used
for a explosion vessel. The temperature inside the vessel was automatically well controlled by dipping the
vessel into an oil bath. Concentration limit of EO diluted with nitrogen for decomposition explosion under
high temperature up to 180°C and pressure up to 0.9 MPa was determined using a high voltage electric spark
igniter (16 kV, 50 mA, 0.1s). In higher initial pressure (over 0.5 MPa), pencil lead guided capacitance spark
electrode was used for ignition. Minimum ignition energy (MIE) for decomposition explosion was deter-
mined using lead guided capacitance spark as well. The energy was evaluated based on the 0.5 CV2.

The experimental results are as follows :

(1) Decomposition pressure limit for pure EO was 15 kPa at 180°C.

(2) No ignition occurred at any temperature and pressure in this experimental conditions, when EO were
diluted into less than 40 vol.%.

Higher temperature and lower nitrogen dilution showed lower minimum ignition pressure limit.
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The maximum explosion pressure was four to five times as high as initial pressure, and the pressure
rising time was 0.4 to 1.5s under the experimental conditions near the limit.
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MIE of EO-nitrogen mixtures steeply increased with the nitrogen dilution.

—_
=

MIE of pure EO showed the linear relation with the inverse of both initial pressure and temperature.
Estimated MIEs of pure EO at 150°C were about 0.4 J and 0.1 ]J at initial pressure of 0.1 and 1.0 MPa,
respectively.
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These results suggest that usual static electricity sparks can not ignite even pure EO and that no
explosion occur when EO is diluted with nitrogen less than 40 vol.% at this experimental temperature and
pressure conditions.

Keywords ; Ethylene oxide, Decomposition explosion, High temperature, High pressure, Minimum ignition
energy
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Fig. 1 Scheme of the experimental apparatus.
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Fig. 2 Pencil lead guided spark electrode.
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Fig. 3 Profile of explosion pressure and spark voltage.
(120°C, Initial Pressure : 0.3 MPa, Ethylene
oxide : 60%, N, : 40)
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Fig. 4 Minimum ignition pressure of pure ethylene
oxide with initial temperature (gap sparks).
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Fig. 5 Effect of dilution with nitrogen on minimum ignition pressure of ethylene oxide/nitrogen mixture.
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Fig. 6 Effect of dilution with nitrogen on minimum
ignition energy of ethylene oxide/nitrogen mix-
ture. (150°C, Initial pressure : 0.2 MPa)
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Fig. 7 Initial pressure and minimum ignition energy of
" ethylene oxide. (150°C, Ethylene oxide : 100%)
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Fig. 8 Initial temperature and Minimum ignition energy
of ethylene oxide. (Initial pressure 0.1MPa,
Ethylene oxide : 100%)
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