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The Measurement and Investigation of Fire and Explosion
Characteristics of Cyclohexanone
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ABSTRACT

For the safe handling of cyclohexanone, the explosion limits at 25 °C were investigated. The lower
flash points and AlTs (auto-ignition temperatures) by ignition time delay for cyclohexanone were
experimented. By using the literatures data, the lower and upper explosion limits of cyclohexanone
recommended 1.1 Vol.% (100 °C) and 9.4 Vol.%, respectively. The lower flash points of cyclohex-
anone were experimented 42~43 °C by using closed-cup tester and 49~51 °C by using open cup tester.
This study measured relationship between the AlTs and the ignition delay times by using ASTM
E659-78 apparatus for cyclohexanone and the experimental AIT of cyclohexanone was 415 °C.

Key words: Cyclohexanone, Lower flash point, Explosion limit, Closed-cup tester, Autoignition temperature
(AIT), ASTM E659-78
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Table 1. Comparison of Explosion Limits of Cyclohexanone
in Air by Several References

Explosion Limits [vol%]
References
L ower Upper
NFPA®) 1.1(100 °C) 9.4
Sigma? 1.1(100 °C) 9.4
Ignition Handbook™® 11 8.8
SAX® 11 -
Yagyu' 1.1(100 °C) -
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Table 2. The Flash Point of Severa Reported Data for Cyclohexanone

Compound Flash Points [°C]
NFPAT Sigmat” Iginition™ SAX® Kirk-Othmer?? Aldrich®
Cyclohexanone a4 46.7 46 439 46(C.C), 54(0.C) 46.7
Table 3. The Autoignition Temperature of Several Reported Data for Cyclohexanone
Compound AIT [°C]
NFPA®) Sigma®” Ignition SAX® | Zabetakis” Hilado?® Sheldon®”
Cyclohexanone 420 420 420 420 420 420 419
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Table 4. Comparison of Severa Flash Point Test Methods

Test Vessel Test Vessel Test Vessdl Hesting

Test Methods Diameter (cm) | Depth (cm) | Volume (ml) Method
ASTM D93 For odinary liquids, the temperature
Pensky-Martens 5.085 5.6 100 of the specimen is increased at 5~
closed-cup 6 °C/min
ASTM D328 50 10 2 or chils nd semple emperatre
Setaflash closed-cup ' ' . P per

is kept constant

ASTM D1310 53 50 70 The temperature of the specimen
Tag open cup ' ' is increased at 1+ 0.25°C/min.
ASTM D92 6.4 34 80 The temperature of the specimen
Cleveland open cup ' ’ is increased at 5~6 °C/min
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Table 5. Comparison of Estimated Lower Explosiom Limits
(LEL) by Experimenta Lower Flash Point for Cyclohexanone

Experimental | Estimated Lower
Apparatus Lower Flash | Explosiom Limits
Point (°C) (LEL) (Vol.%)
Setaflash 42 154
Pensky-Martens 43 1.62
Tag 51 242
Cleveland 49 219
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Table 7. Comparison of Experimenta and Calculated
Ignition Delay Time by the AIT for Cyclohexanone

No. TIK] | Teq [9 INTexp. Tex. (EQ. 7)
43 MOIE2EAR=0| Xois2r: N 1 688 1965 | 2.97808 2357
2 A A5 @8] 8 o7 3 AA" 2 713 1398 | 2.63763 13.29
3 723 11.96 2.48156 10.68
Table 6. Comparison of A.A.D. of the LEL with Temperature 4 733 895 | 219165 8.64
Variation Using Severd Correlation for Cyclohexanone 5 743 7.37 1.99742 7.02
No. Temp. (°C) LEL Eqn.(6) 6 753 6.37 | 1.85160 5.75
100 1.10 11 7 773 357 1.27251 391
200 0.96 0.97 8 793 265 | 0.97456 271
225 0.94 094 9 803 2.38 0.86710 2.27
250 0.91 0.91 10 813 172 0.51232 191
A.AD. - - 0.01 A.AD. - - - 0.79
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Figure 1. A comparison between the experimenta and
caculated delay times for cyclohexanone.
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