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Measurement of Autoignition Temperatures of Flammable Liquids
Using 1 Liter Round Vessel

by Haruhiko ITAGAKT*

Abstract: Autoignition temperatures of flammable liquids have been measured by many
researchers. Many data by the ASTM method have been reported especially. However, a fire some-
times happened due to the autoignition of the flammable liquid when the flammable liquid leaked
out though it was dealt with under the lower temperature than this measured data by the ASTM
‘method. Because, autoignition temperature is not the value specific to the material, but it varies
with the measuring device and the method. Actually, the data reported by a literature is often dif-
ferent from the data reported by another literature. Therefore, the flammable liquid may sometimes
ignite under lower temperature than the measured data by the ASTM method.

So, the author paid attention to the size of the test vessel for the measurement of autoignition
temperature among the factors which influenced autoignition temperature, and the test vessel was
expanded to the 1 liter round bottom flask. The autoignition temperatures of pentane and decane
were lower 16 °C and 18 °C respectively than the measurement data by the ASTM method using the
200 ml erlenmeyer flask, if the 1 liter round bottom flask is used.

It is considered that the heat balance of the accumulation and the dissipation decides the oc-
currence of the autoignition of gas and vapor by the same reasons as for solid and liquid. In other
words, as the scale of the vessel becomes large, the autoignition temperature of gas is thought to
decrease by the same reasons as the phenomenon that the autoignition temperature of solid and
liquid decrease. Therefore, if the vessel is large, there is a suspicion in the safety as for accepting
directly the reported data which was measured by using the small vessel.

So, the heat conductive model was introduced to estimate the autoignition temperature in the
larger vessel. The model assumed that the heat conduction to the vessel wall from the gas was
rate-determining step for the heat conduction to the outside from the whole gas. Next, the heat
conductive parameter which mainly expressed the ratio of the volume and the surface area of the
vessel was introduced. Then, it was shown that the autoignition temperature which depended on
the scale of the vessel could be estimated by using this heat conductive parameter.

Keywords; Flammable liquid, Ignition temperature, Autoignition, Critical radius, ASTM method,
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Fig. 1  Outline of autoignition temperature apparatus.
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Table 1  Specific data of Samples.

Y B O WLED
Name n-Pentane  n-Decane
Chemical formula ° CsHig CioHa2
Molecular weight 72.1 142
Specific gravity (15°C/15°C) 0.631 0.734
Boiling point ('C) 36.0 174
Flash Point (C) —48 46
Explosion limit (vol.%) 1.5-7.8 0.8-5.4
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Fig. 2 Relationship between autoignition temperature
and sample volume for decane.
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Fig. 3 Relationship between autoignition temperature
and sample volume for pentane.
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Fig. 5 Relationship between autoignition temperature
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Fig. 6 lgnition delay of decane.
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Fig. 8  Arrhenius plot of decane.
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Table 2 Slope of regression line of arrhenius
relationship.
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Fig. 10 Relationship between heat conduction parame-
ter and autoignition temperature.
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