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SUMMARY

The spontanecus ignltion temperatures of 94 pure hydrocarbons and
15 fuels and commercial flulds were determined by & cruclible method.
The resulting data for the pure compounds are presented as functlons
of hydrocerbon structure.

An Increase in molecular welght results in a decrease in spon-
taneous ignition temperature for both normsl slkanes and normal '‘alkenes;
In general, increased brenching increases the 1lgnitlion temperature of
alkenes and alkenes. Arocmetics have considerably higher spontansous
lgnition temperatures than most alkanes or slkenes, wlth benzene having
the highest value for any of the hydrocsrbons tested.

INTRODUCTTON

In conjJunction with the aircraft-fire problem end es & corollary
to the combustion resesrch at the NACA Lewls lsboratory, it was desirable
to have self~-consistent data on spontaneous ignition temperatures of
pure hydrocarbong and alrcraft fluids. The spontanesous lgnition temper-
ature of a substaence has been defined (reference 1) as the lowest tem-
perature at which that substance will ignite in alr or oxygen wilithout
the applicatlion of a source of lgnition. The spontaneous lgnition
temperature is different from the flash point of a ligquid. (The flash
point 1s the lowest temperature of a liquid that will permit its
ignition by an exhermsl source.) Spontanseous ignition temperstures of
fuels are of some significance in the performance of reclprocating
engines because, in genersel, fuels for spark-ignition engines should
have high ignition temperatures, and fuels for compression-ignition
engines should heve low sponteneocus igpition temperatures. This prop-
erty of the fuel probably influences the combustlon characteristics of
thé fuel in continuous combustion apparatus, such as aircraft gas-
turbine engines or ram-jet engines. The spontaneocus ignition tempera-
ture is also & factor in rating the Inflammebility hazsrds in handling
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combustibles. Knowledge of the spontaneous ignition temperature of a
variety of fuels mey &lso ald in determining the mechanlsm by which
fuels are ignited and burned.

Four generel methods have been used to determine spontaneous igni-
tlon temperatures:

1. Crucible methods in which a small! asmount of fuel 1s dropped into
a heated cavity

2. Dynamic methods in which mixtures of the fuel and alr or oxygen
are pasgsed through heated tubes and raised to the ignition

temperature

3. Bomb methods, which permit the determinstion of ignition tempera-
tures at elevated pressures

4. Adisbatic compression methods in which fuel and alr mlxtures are
rapldly compressed to varylng compression ratios to determine
the miniwmun ignition temperature .

A survey of the methods used for the determination of ignition
temperatures is glven in reference 1 and more recent studles are
reported in references 2, 3, and 4. In general, the value cobtained for
the spontensous ignition tempereture of any substance willl depend on
the pressure, the nature of the ignlting surface, the ratle of the com-
bustible to alr or oxygen, the movement of the mixture relatlve to the
surface, and the time allowed for ignitlion to occur. Small amounts of
conteminante in the substance or in the atmosphere may merkedly affect
the resulte. Both the individusl and the relative ignltlion temperatures
of different substances very wldely in the data reported by different
investigators. For example, the values quoted in the llterature for
the spontansous ignition temperature of benzene in alr vary from 370° to
1062° ¢ (698° to 1944° F) (reference 1).

Complletlions of spontenscus ignition temperatures are presented in
references 3 and S5, but these are composed of data determined by many
investigators using a variety of methods. Because dlfferent methods
were used, there was no basis for comparing the ignition temperatures
of the combustibles lilsted in these references and it appeared
desirable to redetermins the spontansocus ignition temperatures of s
veriety of pure hydrocarbons end other ligulds using e single procedure.
The spontaneous .ignition temperatures of 94 pure hydrocarbons and 15 com-
mercial fluids as determined by one investigator using a crucible method

are reported herein.

2013
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APPARATUS AND PROCEDURE

The apparatus used in this work was the Scott,; Jones, end Scott
(reference 3) modification of the A.S.T.M. (reference 6) crucible
method. In the A.S.T.M. method, a pyrex Erlemmeyer flask 1s supported
in a molten metal bath (solder or other low-melting alloy) and the
minimum beth tempereture thet will ceuse ignition when a few drops of
the combustible are dropped into the flagk is determined. Because
there are experimentsel difficultles 1n the use of this method at high
temperatures, the Scott, Jones; and Scobtt apperatus in which a quartz
flagk 1s placed 1n a hole in a solid metal block was used. This appe-
ratus (flg. 1) consists of an electrically heated Inconel block,

8 Iinches in dlameter by 5'1—' inches deep. A 125-milliliter gquartz

Erlemmeyer flask rests on the bottom of =a Zg-inch diemeter by 3-inch

deep hole drilied axially into the block. Temperatures are msasured by
a thermocouple in a well, drilled from the side of the block end with
the Junction 1/2 inch below the bottom of the flask.

Spontaneous ignition temperatures were determined by railsing the
temperature of the block and perilodlcelly dropping a few drops of the
combustible into the flask untll ignition was observed. The temperature
of the block was then slowly decreased and the amount of added com-
bustible was varied untll the lowest temperature for ignition was found.
It is shown in reference 2 that zones of nonignition appear for some
compounds at temperatures above the minimum ignition temperatures.
Inasmuch as these zones may not appear for all fuel-alr ratios, the
fuel-air ratioc was varied over wide limits with repeated trials at
lower temperatures to eliminete the interference of these zones. Two
minutes wes allowed for ignition to occur and the fla.sk was purged with
alr after sach test.

. The time required for lgnitlon to occur was measured by & stop
watch and varled from about 1 second to almost 2 minutes. This time
lag is not en independent varlable in spontanecus-ignition testing.

For a glven combustible, time lag Increases as temperature ls decreased.
The time leg at the minimum ignition temperature varies wildely for
various types of combustible. Although it is possible to select some
relatively short time lag and determine the lgnition temperatures of all
combustibles at this selected lag, the data presented hereln are the
minimum lgnition temperatures for this apparstus. The tims lags
reported are those at thls minimum temperature.
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RESULTS AND DISCUSSION

The spontaneous ignitlon temperatures were reproducible to +5° F.
When the resuits obtailned in this work are compared with those obtained
by Scott, Jones, and Scott using substentlally identical epparatus and
procedure, considerably greater deviastlons are found in the spontansous
ignition temperatures. Ten hydrocarbons were common to both inveati-
gations and, a3 showvn in table I, differences as great ag 41 T were
observed. The reasons for these differences are not known, but it
emphagizes the undesirebility of comparing ignition-temperature data
from different sources.

The spontaneous ignition temperatures and the time lags of the
pure hydrocarbons are glven in table II. Alsoc listed in table II are
the estimated purity of the pure hydrocarbons, most of which, with the
exception of the cycloparaffins and butenes, were prepared by either
the National Bureau of Stenderds or the Lewls laboratory.

The varlation of spontaneous ignition temperature with the number
of cearbon atoms In the molecule for the normal alkanes and alkenss is
shown in figure 2. After a rapld decline in the ignition temperature
from 940° F for propane to 544° F for pentene, the valuss tend toward
e constant figure, falling only 3° between decane and hexadecans, with
an ignition temperature of 446° F. The values for the normel alkenes
roughly perallel those of the alkenes, the elkenes being 20°% to 30° F

higher.

The variation of spontaneous ignltlon temperature with the number
of carbon atoms in the molecule for the branched alksasnes, wlth the
curve for the normal alkenes shown for comparilson, 1s presented in
figure 3. TFor molecules having a chaln lengbh shorter than eight
carbon etoms, branching raises the ignition temperature. The position
of the first side chain hss little effect, but a molecule having two
side chains on the same carbon atom has a hilgher ignition temperature
then one having two side chains on adjacent carbon atoms. In general,
the higher the degres of branching, the higher the lgnition temperature.
For molecules having a chain length of eight carbon atoms or longer,
however, one side chain can cause a slight lowering of the ignition
temperature below that of the corresponding normal compound.

The variation of gpontanecus ignitlion temperature with the number
of carbon atoms in the molecule for the branched alkenes, with the curve
for the normal alkenes shown for camparison, is shown in figure 4. The
concluslions drawn for the shorter chain branched alkenes hold for the
branched alkenes, but the introduction of the double bond moderates the
effect of branching.

2Q13
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Data on the cycloperaffins are Insufficlent to establish many trends
in this claess of compound. It is epparent from table IT, however, that
cyclohexane , methylcyclohexane, and ethylcyclohexsne have falrly con-
stant ignition temperatures, whereas the methyl-tert-butylcyclohexanes
have substantlielly higher vealues.

The aromatic hydrocarbons have higher spontaneous lignitlon tempera-
tures then most pareffins. The highest value for any hydrocarbon was
1097° F for benzene. A plot of the ignition temperature against the
nmumber of carbon atoms 1s shown iIn figure 5. When only one side chain
is present, the degree of branching can greatly influence the l1gnition
temperature, as in the butylbenzenes. Where there are ortho, meta, and
para isomers of the compound, the ignition tempersture of the meta
isomer 1s usuelly lower than the para, and the ortho isomer 1s substen-
tially below the others. This d.ifference is 1llustrated by the xylenes,
with values of 1048°, 1045°, and 934° F for the pera, meta, and ortho
isomers, respectively. -

The spontaneocus ignltion temperatures for representative samples of
various commerclal flulds are listed in table III. Gesoline of 100/130
grade falls where expected in view of its hlgh conbent of short-chained
highly branched constituents, whereas kerosene has a low-ignition tem-
perature owing to 1ts long-chein cheracteristics. The high values of
the lubricating oils can probably be explalined by thelr substituted
cycloparaffinic constltuents. The use of tricresyl phosphate,
chlorinated diphenyls, and hexachlorobutadiene as bases for less-
flemmeble hydraulic flulds 1s suggested by the reletively high ignition
temperatures of these materliais. The ignition temperatures of com-
pletely fluorineted and chlorinabted compounds indicate that perhaps no
completely nonflammeble organic compound cen be found.

SUMMARY OF RESULTS

From an investigation of the spontaneous ignition temperatures of
94 pure hydrocarbons and 15 fuels and commercial flulds ‘by the crucible
method., the following results were obtained:

1. The spontaneocus ignition tempersbures for normel alkanes
decreased with increassing molecular weight from 940° F for ;propane to
446° F for hexadecane.

2. The spontaneous ignitlion temperatures of n.orma.l alkenes
d.ecreased wlth increasing molecular weight from 569° F for l-pentene to
464° F for 1-hexadecens.
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3. In general, branching increased the spontaneous Ignition tem-
peratures of both alkenes and alkenes.

4. Aromstics; in general, had higher sponteneous ignition tempera-
tures then either alkemes or alkenes with benzene having the highest
temperature of any of the hydrocarbons exesmined.

Lewis Flight Propulsion Laboratory,
Netional Advisory Committee for Aeronautics,
Cleveland, Ohioc.
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TABIE T - COMPARTSOR OF SPORTANEOUS -IGNITION-TEMFERATURE DATA

Bydrocarbon Spontansous Ignltion temperature
in ailr
(°F)
Reference 3|NACA| Difference
Butane 766 807 T 41
2,;3-Dimethylbutans 788 790 2
Ethylbenzene 891 860 =31
Heptane 446 477 31
2-Methylbutane 788 800 iz
2-Methylpropane g64 890 286
Octane 424 454 40
Pentane 554 544 -10
Propans 920 940 20
2,?,4JTrimethylpentanq 813 837 24

“!ﬂ‘ﬂ!’?
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TABLE II - SPORTANECUS IGNITION TEMPERATURES OF PURE HYDROCARBONS
Hydrocarbon Spontaneous | Time lag|BEatimated
ignition at last |purity
temperature|ignition| (percent)
(°r) (min)

Propene 240 0.1 98+
Butane 807 1 o8+
Pentane 544 4 98+
Hexane S0 D 98+
Heptane 477 .S 98+
Octane 464 .9 o8+
Nonene 453 1.1 98+
Decane 449 .9 a8+
Hexedecane . 446 1.1 98+
2-Methylpropane 890 -3 98+
2,2-Dimethylpropene 853 .05 98+
2-Methylbutane 800 .1 98+
2,2-Dimethylibutane 824 .2 98+
2 ,3-Dimethylbutane 790 .2 98+
2,2,3-Trimsthylbutane 849 .3 28+
2-Methylpentane 585 .1 98+
3-Methylpentane - 580 .2 98+
2,3-Dimethylpentane 640 .1 98+
2,2,3-Trimethylpenteane 816 oA 98+
2,2,4~-Trimethylpentane 837 2 98+
2,3,3-Trimethylpentane 806 .2 98+
2,2,3,3-Tetramethyl pentane 845 .7 98+
2,3,3,4-Tetramethylpentane 818 .4 98+
2,4-Dimethyl -3-ethylpentans 734 .2 a8+
3,3~-Dimethylheptane 626 .06 Q8+
2-Methyloctense 440 l.1 98+
3-Methyloctane 442 1.0 98+
4-Methyloctane 450 .1 98+
2,3-Dimethyloctane 447 1.2 98+
4 -Ethyloctens 458 .9 98+
2-Methylnonane 418 1.7 98+
1-Pentene 569 0.3 a8+
l-Hexene 521 1.2 98+
l-Heptens 505 1.1 98+
1-Octene 493 1.2 98+
l-Decens 471 1.3 98+
1-Tetradecene 463 1.1 98+
l-Hexadscene 464 1.3 95+

A
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TABLE II - SPONTANECUS IGNITION TEMPERATURES OF

< PURE EYDROCARBONS - Continued
o]
fé Hydrocarbon . Spontaneous|Time lag|Estimated
. ignition et last |[purity
temperature| ignition|({percent)
(°F) (min)
3-Methyl-1l-butens 706 0.1 98+
2-Methyl -l-pentene 582 .1 95+
4-Methyl-l-pentene 580 .2 a8+
2-Ethyl-1-butene 615 .1l 95+
2,3-Dimethyl-1l-butene 697 .1 98+
2,3-Dimsthyl-2-butene 764 .1 98+
2,3,3-Trimethyl-1-butene 721 .2 98+
2,4,4-Trimethyl -1 ~-pentene 788 .2 98+
2,4 ,4-Trimethyl-2-pentens 587 - .5 98+
2,3,4-Trimsthyl-1-pentene 495 .2 95+
3,4,4-Trimethyl-2-pentene 626 4 g8+
. Cyclopentane _ 725 0.1 90+
Methylcyclopentane 614 .1 95+
Cyclohexene 518 1.7 98+
. Methylcyclohexane 509 1.8 9o+
Ethylcyclohexane 507 1.9 g8+
1-Methyl-2-tert-butyleyclohexane 597 .2 99+
1-Methyl-3-tert-butylcyclohexane 580 .2 99+
(high boiling isomer)
1-Methyl-3-tert-butylcyclohexane 556 4 99+
(low boiling isomer)
Alpha-pinens 506 1.0 98+
d1 ~-Limonene ' 505 .5 98+
Benzens 1097 0.7 99+
Toluene 1054 .8 99+
1,3-Dimethylbenzene (m-xylens) 1045 .9 g9+
1,4-Dimethylbenzens (p-xylens) 1048 .7 99+
1,2-Dimethylbenzene (o-xylene) 934 .5 99+
1,3,5-Trimethylbenzene 1039 .8 99+
1,2,4-Trimethylbenzense 970 4 99+
1 ,2 33-Trimethylbenzene 895 4 99+
Ethylbenzene 860 .3 9%+
1-Methyl-3-ethylbenzens 305 .3 99+
1-Methyl-4-ethylbenzene 202 .2 99+
- 1-Methyl-2-ethylbenzene 836 .3 99+
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TABLE TI ~ SPONTANEOUS IGNITION TEMPERATURES OF

PURE HYDROCARBONS - Concluded

Hydrocarbon Spontaneous|Time lag|Estimated
Ignition at last |[purlity
temperature| ignition|(percent)

(°r) (min)
1l,2-Diethylbenzense 759 0.1 99+
1,3-Diethylbenzene 851 .2 99+
1,4-Diethylbenzene 844 .2 99+
Propylbenzene 853 .2 99+
Isopropylbenzens 873 .1 99+
Butylbenzens g2l 1 99+
Iacbutylbenzene 853 .2 99+
Secbutylbenzene 836 .3 99+
Tertbutylbenzens 891 1.2 99+
l-Methyl-3,5-diethylbenzene 861 .2 9%+
1 -Methyinaphthalene 1017 A -
Biphenyl 1071 .6 99+
2-Methylbiphenyl 936 .2 29+
2-Ethylblphenyl 840 -3 99+
2-propylblphenyl 845 .3 29+
2-butylbiphenyl 81l .2 99+
Diphenylmethane Q62 <3 99+
1,1-Diphenylethane 909 .1 99+
1,1 -Diphenylpropane 870 .1 99+
1,1-Diphenylbutane 863 .1 99+
1-Ethylnaphthalene 898 A 98+
Tetrahydronaphthalene 794 %3 95+
Decahydronaphthalene 521 .3 95+

"
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TABLE ITI -~ SPORTANECUS IGRITIOR TEMFPERATURES OF FUEBLS

AND COMMERCIAL, FLUIDS

Msterial Spontansous| Time lag
ignition at last
temperature| ignition

(°F) (min)
Aniline 110C 0.1
Chlorinated wex 770 .1
Diphenyloxide 13195 .2
Hexachlorobutadlene 1144 .1
Hexachlorodiphenyloxide 1163 .01
Butyl alcohol . o . 878 3
Perfluorodimethylcyclohexane 1204 1
Tricresylphosphate 1112 ———-
Tetraarylsliilcate 1070 Al
Aviation fuel; 100/130 grade ‘
Gesoline - 844 S |
Low~volatility
(49 percent arcmatic) 943 .1
Low-volatility
(20 percent arometic) 900 .2
Kerosene 480 1.1
S.A.E. No. 10 Lube oil 720 .02
S.A.E. No. 60 Lube oil 770 .08
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125-cc Erlenmeyer flask
3“

Transite ~ Xl; o &4 L
l4-gage chromel , A | S —
hegting wire——-;,__~\_u~;_ t T E

T h
20-gage C.A. :5% 51" [Fuller's
thermocouple—\\\ 4 | earth
i
85-percent magnesia block l
16"
| | -
Variable-~
voltage
‘Jmm‘for';l_ller
Temperature
controller 1 110 volts =a.c.
Cold Potentiometer
Junction — (;> ——1f4,

Figure 1. - Spontaneous-ignition-temperature apparatus.
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Spontaneous ignition temperature, °F
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Figure 2. - Variation of spontaneous ignition temperature with mumber

of carbon atome in molecule for normal slkanes and alkenes.
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