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Abstract - The thermochemical parameters for safe handling, storage, transport, operation and process
design of flammable substances are explosive limit, flash point, autoignition temperature, minimum oxygen
concentration, heat of combustion etc.. Explosive limit and autoignition temperature are the major physical
properties used to determine the fire and explosion hazards of the flammable substances. Explosive limit
and autoignition temperature of methane for LNG process safety were investigated. By using the literatures
data, the lower and upper explosive limits of methane recommended 4.8 vol% and 16 vol%, respectively.
Also autoignition temperatures of methane with ignition sources recommended 540°C at the electrically
heated cruicible furnace (the whole surface heating) and recommended about 1000°C in the local hot surface.
The new equations for predicting the temperature dependence and the pressure dependence of the lower
explosive limits for methane are proposed. The values calculated by the proposed equations were a good
agreement with the literature data.
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Fig. 1. An event tree showing typical consequence of
accident release of combustible gas or liquid.
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Table 1. Explosive limits by means of the directions of flame propagation and vessel states for methane.

Directions of Tube [cm or L] Explosive limits [vol%]
Vessel states . -
propagation Diameter Length LEL UEL
' 7.5 150 5.35 14.85
Upwards 6.0 200 5.40 14.80
4.0 100 5.50 14.10
7.5 150 5.40 13.95
C"t‘l‘lgre‘ed Horizontals 6.0 200 5.40 14.30
4.0 100 5.60 13.90
7.5 150 5.95 13.35
Downwards 6.0 200 6.0 13.40
4.0 100 6.1 13.30
8L 5.0£0.1 -
Sphere Upwards 2L 5.0+0.1 15.9+0.1
120 L 50%0.1 15.7£0.2
25 m3[7] 4.8~4.9 n/a*
;“n/a : not available.
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Table 2. Comparison of A.AD. of the LEL with temperature
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variation using several correlation for methane.

No. Temp. [°C] LEL Eqn. (2) Eqn. (3) Eqn. (4) Eqn. (5) Eqn. (8)
1 -123.15 6.64 5.53 5.57 5.53 5.63 6.64
2 -86.15 6.37 5.40 5.43 5.40 5.47 6.36
3 —55.15 6.11 5.29 5.31 5.31 5.34 6.12
4 -27.15 5.89 5.19 5.20 5.20 5.22 5.90
5 9.85 5.61 5.05 5.06 5.05 5.06 5.61
6 25 5.00 5.00 5.00 5.00 5.00 5.00
A.AD. - - 0.693 0.675 0.693 0.650 0.007
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Table 3. Comparison of A.A.D. and A.AP.E. of the LEL
with pressure variation using several correlation
for methane.

No. |P[atm]|{ LEL |Eqn. (13)|Eqn. (14)|Eqn. (15)

1 1 5.60 | 5.75 5.79 5.60

2 5 5.70 | 5.74 5.77 5.76

3 10 6.00 | 5.74 5.75 5.91

4 30 590 | 5.72 5.78 5.94

5 50 540 | 5.70 5.63 5.39

6 125 570 | 5.64 5.68 5.70
A.APE| - - 2917 2.881 0.606
A.AD. - - 0.166 0.165 0.035
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Table 4. Comparison of A.AD. and A.AP.E of the UEL with pressure variation using several correlation for methane.

No. P (atm) UEL Bodurtha Eqn. (16) Eqn. (17) Eqn. (18)

1 1 15.00 15.00 9.09 15.82 15.01

2 5 16.40 29.40 18.42 14.29 16.19

3 10 17.10 35.60 22.44 17.00 17.54

4 30 24.60 4543 28.80 25.43 23.90

5 50 29.00 48.00 31.77 31.08 29.52

6 125 45.50 58.20 37.08 43.98 45.42

AAPE. - - 60.927 21.345 5.466 1.451

AAD. - - 14.005 4777 1.244 0.325
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Table 5. The autoignition temperature of several reported data for methane.

Ty [°C] AIT [°C]
Compound - p —
NFPA CRC NFPA Sigma SFPE Kong Smyth Zabetakis
CH, -162 -162 537 536.7 540 640 1040 1040
*Hot metal surface.
**Hot gas.
KIGAS Vol. 9, No. 2, June, 2005 —-6-—
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