A Study on Explosive Limits of Flammable Materials
—Prediction of Explosive Properties and Temperature Dependence of Explosive Limits for n-Alcohols—
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ABSTRACT

By using literature data, the empirical equations have been derived which describe the
interrelationships of explosion and other related properties of n-alcohols. The properties which
have been correlated data are : lower and upper explosive limits, heats of combustion, carbon
numbers. Also, the new equation for predicting the temperature dependence of lower explosive
limits(LEL) of n-alcohols on the basis of explosive limits, heats of combustion, flame propa-
gation theorv and mathematical method is proposed.

The values calculated by the proposed equations were a good agreement with literature data
within a few percent. From a given explosive properties, by using the proposed equations, it 1s
possible to predict the other properties.

It is hoped eventually that this method will permit the estimation of the explosive properties
of alcohol with improved accuracy and the broader application for other compounds.
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Table 1 Comparison between reported and predicted
values of heat of combustion with carbon num-~
bers for n-alcohols

Compounds Renorted data Predicted data
CILOII 15253 150.96
C-lI:0H 29517 296.28

n-Cal{;OH 410.68 411.60

n-CILOI 587.00 386.93

n-CsHnOI 731.48 732.25

n-Csl1;30H 873,13 81757
AAPE 0.3180
AAD. 0.9348
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Listwise Daleticn of Missiag Data
Zquation Number 1 Jependent Variadie.. Yi

Block Number 1. Method: Znter X1

Yariable(s) Enzersd on Step Numoer
1., X1

Muitiple R .99939
R Squers .39953
Adjusted A Square .99998
Standard £rToT 1.27437
Analysis of Yariance

Sum o Squares Mean Square
Reqressicn 1 359570.55634 359570.55804
Residual 4 4.49611 1.52403
F o= 227564.074G2 Signxd F » 3000
------------------ ariables in $2® EGuation -----s--co-moso-oo
Variable 3 3E 3 3eta T 519 T
X1 145.321429 L304534 0399931 477.237 .0000
(Conszaat) 3.54C000 1..38377 4.7%4  .0089

Sad Block Number All requested variables antered.

Precading %ask required 1.04 seconds elapged.

Fig. 1 ANOVA test of relationship between the heat of
combustion and carbon numbers for n-alcohols
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0.01019+0.14785n
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= —0.06708+0.20581n—0.00828n* - (6)

Table 2 Prediction of lower explosive limits with carbon
numbers for n-alcohols

Compounds LELexo Eqn. (5) Ean. (6)

CH3;0H 6.7 6.33 767
CaH1:0H 35 333 3.21
n-C3H-OH 21 220 2.10
n-C4HsOH 17 1.66 1.60
n-CsHnOH 12 133 1.32
n-Csl1:OH 12 111 115

AAPE. 56233 6.9983

L AAD. 0.1317 0.2533
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Table 3 Prediction of upper explosive limits with car-
bon numbers for n-alcchols

Compounds UELexo. Ean. (7) Ean. (8)
CHs;OH 36 27.06 36.90
Cals0H 19 19.36 18.66
n-CallzOH 135 15.05 13.48
n-Cal{OH 11.3 12.31 11.24
n-Cs:HiOH 10 1041 10.20
n-Cel 12011 10 9.02 9.90
AAPE. 1017 1.33
A.AD. 221 0.27
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Table 4 Prediction of upper explosive limits with lower
explosive limits for n-alcohols

Compounds LELex UELcxo UELupreq.
CHsOH 6.7 36 39.45
CHsOH 35 19 18.70
n-C3H-OH 2.1 1335 13.01
n~Cq1sOH 1.7 11.3 11.38
n-CsHnOH 12 10 9.96
n-Cel1130H 1.2 10 9.96
A APE. - - 3.0617
AAD. - - 0.80
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Table 5 Prediction of flame temperatures for lower explosive limits of n-alcohols

Compounds LEL (vol%) Cirvol® Catw® T Y= Thaame(K) Tim(K)
CHsOH 6.7 12.28 0.133 0.0190 0.073 2286 1389
CoFs0H 35 6.54 0.099 0.0144 0.053 2352 1398
n-CHOH 21 4.46 0.087 0.0124 0.041 2391 1285
n-C4sHsOH 17 338 0.083 0.0114 0.042 2414 1366
n-CsHnOH 12 272 0.078 0.0109 0.034 2422 1223
n-CsHizOH 1.2 2.28 0.075 0.0101 0.039 2504 1444
- - - - 2 Tim /n=1351K
52 ZutststAel 2exejsEy Table 6 Comparison of literature and predicted values
. for temperature dependence of LEL of me-
Zugtarelne LREE 1R 9 thanal
X AN AN Z k3 X ukzls
sAE dad, AA, V9 2 I Temp.T) | LELuo(vol%6) | Zabetakis Ha
Aol Mo St eEE olgdte XHY 5 Uk p P P e
Ly 100 5.80 6.33 622
100 -4 H =C p( t gim — ) ............... (14) 200 i8] . 350
L, 250 462 558 527
100 CAH =C (b =) oo (15) 300 444 533 195
70
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Table 7 Comparison of literature and predicted vaiues
=Ly [1 _—I.%] ..................... (16) for temperature dependence of LEL of ethanol
amge) Zu N o e Temp.(C) | LELew(vol%) | Zabetakis Ha

5y s A 5+ 5 o & -
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Li=Ly[1-9.50%10"*(t=25)] - an 20 24 2% >
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L 7l i SR AAD. 0332 0.220
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Table 8 Comparison of literature and predicted values

Aol HEHE BAAE ol&dt] uTSAUL for temperature dependence of LEL of n-but-
o, AAE BAANS g 2o hanol
L;(t)=L,(25)—-0.182(t—25)/ 4H. --- (18 Temp.(C) | LELex(vol%6) | Zabetakis Ha
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varation for methanol
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