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MECHANISM OF THE THERMAL IGNITION OF EXPLOSIVES

By A. F. Beljaev
{Institute of Chemical Physics, Academy of Sclences USSR)

pp. 613-622

I one heats an explosive rather slowly, then at some
temperature, whlch is characteristic for the explosive in
question and depends on the conditions under which the sub-~
stance is being heated, srontarecus ignition of the suostance
takes place. One usually refers to this phenomeron as spon-
taneous ignition or thermal flash. The temperature of ignition
of varlous explosive sabstances, when referred to standard
conditions, cranges within rather wide limits.

For various substances under varying conditions the type
of thermal ignition may range fro= a completely soundless com-
bustion to a detonratlion accompanied by strong souné and mech-~
anical action. In the case of scie substances under certain
conditions, heat ignition does not occur; there is a disappear-
ance of the substance without lizht and flaxe.

On the exazple of nitroglycol [1] the autkor proved the
assuzption expressed earlier [2] to the effect tnat in the
combustion of a secondary explosive thne principal reaction
wnich controls the velocity of ccabustion takes place in the
gas phase., ZFor tne majority cf zecondary explosives the process
of gasification consists merely in evaporation.

If in the combustion of an explosive we have primarily
coxzbustion of its vapora, then raturally the type of combustion,
facility of ignition, etc., must depend on tne volatility of
the explosive. It is also obvious that there must be an effect
of the volatility on the nature of the thermal ignition. 1In
a very great nusber of investigzations on the mechanizu of
thersal ignition, volatility was coapletely disregzarded. One

1
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sust, however, nolie that the conditlons for evarorasicen in
spontsneous comdustion are less favorable than In the cozduse
tion of an exploslve thas has beew Ignited rapidly. In the
latter case we have combustion of a cold substance thad has

t0t been heated shroughoud 1its volu:e; high texperalures de=-
velop in that »art of the substance which at any siven mozent
13 in contact with the cexbustion {ront and consequanitly ls at
the su“fac In spontanacus combustion the substance is heated
throushout its zass and Aonseoueuoly the chexzlcal reactlion zay
rroceed within the whole =ass, whereas evaroration ai texzprera-
tures lower than that o belling may take place only Iroz an
coen suriace. One may assume with complete certalniy that in
the spontanecus ccabustion o secendary explosives under any
conditions {under atmospheric pressure) the temperature in the
condensed phase csnnot rise atove that of ihe bolling tempera-
ture o the substance in question at atzospheric pressure. I
wve 1magine that ai some spot withln the condensed nhase
teaperature will exceed for even 2 single mozent thai o7
boiling poins, then at this spot there will be beilinz o: the
substance, l.e., intensive beiling within the voluze sngd a
drop in the teaperature zust occur It will be shown below
that in the investigation of t;ermal lsnition one =must dofi-
nitely taxe inio consideration the effect of volatility.

-
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If a weighed quantiiy of an explosive ls neatsd to te~-
perature T (abcve some ninimuz texperature Ip), then ignition
w11l not taxze place immedlately, but after rassage of soze
time £, This tize is referred to as the period of iznition
delay.

2etween T and T, the followling sizple relationship ap-
plies in many cases:

1€’=L757-FG (1)
It follows frox ize theory of chain reactions {4], trat tne
value 4 must represent the activation energy of molecules of
the explosive in cuestion. Taus, equation (1) maxes 1t ros-
sible to0 deterzine the value of A and nas been repeatedly useil
for tnis purrose. Occasionally the value of A deterzined in
this zanner actually coincided froz the practical stani;oint
witnh the value of the activation enerzy deterained by otzer

sethods .3, 4, 53. In other cases the value obtained rad
notning in cozzon with the actual zagnitude of the activation
enerzy.

N
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Teaperature T In equatlon (1) has the physleal zeaninsg
9 the temperature of the explosive. Howsvay, one usually
Inserts Jor T the temperature o the lurussos, sssuning that

the welghed-in quantlty of the explosive thrzown into a1 furnsce
with temgerature T will rapldly sssume thls laxgeraturs. Ve
nall see below that this substlitution of th2 lemperature of
the substance with the temperature of the furnzace is geralssi-
bla only under the conditlon that the substance rezains in the
Jurnace for a long tize (i.e., T is zreai) and under the con-
dition that the temperature o the Iurnace is lower than the
boliling roint of the explosive. A nuzder oI investligzatlons in
which the actual temperature of the explosive was coxrared
with the tenmgperature o the furnace . 3, T, 3, indicated that
even at considerable delays and tesraratures iswer than that
of the toiling polnt there was a ceriain &iilarence beiween
the temrerature of the sutstance and ihie tszrarature of the
furnace. This difference, which is usually ==2ll, may becozme
very significant 1f, for instance, ths fazperalure of the fur-
nace exceads considerably the boilin
in this cas2 the temperature of tae ]
considers>ly lower than taat of the furnac
tne varors of the explcsive may De zeated
higher than that corresronding to the boll
return to this question later.

-
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oint o the sunstance.
3 thase will be
I% 1s true that
io teageratures
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We have carried cut a nuzber o sxperize
teaperature of the explosive was Ieasured Zirec
precisely, the temperature of tkat rari of ize
was in the condensged phase) while the exploszive was in the
furnace. Ine purpose of the experizerts in guestion was deter-
mination o7 tre actual temperatures of the sxplosive curing the
wkole time of the experiment, begimning wiik 3--5 seconds after
placing tze explosive in the furnace and ending witn the roxent
of ignition. The diatinction between ihese 2xrerizents angd
published investigations 6, 7] which were sizilar as far as
the conception and metrzods were concernsd consisted 1in tae
fact tnat in our experiznents the teczperaiure o2 the furnace
was as a rule nhigher than that of the 2oilizz of the exploslve.

+

Trotyl was used as the explosive sisizace. A welghed
quantity (0.1 g) was tarown into an cpen tezi “ube at the Dot-
toa of waich wag a sensitive thersocouple wi<zn low linertla.
The therzmocouple was coanected with a galvazczeter., The de-

flections of the galvanozeter were odzerved 7izually.

Two variations of the experiments were carried out. In
The firast variation, the test tube wasz plazes into the opening
of the furnace and was neated by the surroucding alr, 1In the




gecond variation, the test tube was subaerged $o one third
into a furnace containing wood 3lloy. Let us fiirst clie the
data obtalned In the exreriaents with the air furnace. In
all tables the tize was counted froam tha moment when the
weibhed quantity of the exploslve was thrown in. The heading
of every table indicates the temperature o the furrace on
the basis oF the lndlcatlions of a thermometer placed in the
furnace and the tenperature at the botteonm of the test tube
imnedistely before the expiosive was thrown in -- on the
baslis of the indications of the galvanometer. In soze ex=-
periments these teaperatures colncided, while they differed
to some extent in other experiments.

Tatle 1 : Table 2
»

Teaperature 01 the Temperature ol the
furnace 340°C. furnace 36C°C.
Temperature according to Teaperature according to
the galvanozeter 336°C the zalvanozater 360°C.
O ra |SEme g Ei R
5 205 3 06
10 305 5 314
15 315 13 323
3 firaed 16 323
33 323 2 332

97 35
@Bcnﬂmxa (Z Beauzmxa
1-~Tize in sec; 2-~ 1--Time 1n sec; 2--
texperzture of the temnerature of the ex-
explosive in °Z; plosive, °C; 2--ignition.

3--ignition.

The data of Tanles 1, 2, 3 are plotted in the fora of
g0lld curves in ithe zrapnh on Figure 1, where time in seccnds
ig plotted along the axis of abscissa while the texperature of
the explosive is plotted alonz the axis of ordinate. The
initlal tenperatures are indicated on the left. The mozents
of ignition are shown by circles. The nudber of the curve
corresponds to the nuzver of thne table.

Let us cite the data for a test tube subzerged in a
furnace with “ood alloy.

The data of Tables 4 and 5 (furnace with %wood alloy)
are plotted in Zigzure 1 in the forz of dotted curves.




Tabhle 3

Temperature of the furnacs ¥C0°C,
Temperatura according te the
galvanometer %05°C.

P apek | tOmepaTyda
GJ sorx. | masecnk 8 ~C{R,

3 306
S 33
18 332
1" 337
18 333
13 333
@Bc awmxa

l-~Time in zee; 2~~-temperature of
tnhe explosive; 3--igznition.

Tatle & Table =
Temperature oI the Temperature of the
furnace 340°¢. furnace 320°C.
Temperature according to Temperaturs according o
the zalvanozeter 337°C. the galvanometer 373°C.

> : TEMDIDATYIS TISLCHE
G’ BpENA B CoX. mepzr.y;:é Hapeeka {’F dpena § Cox. s 2

:‘,. N o~

3 2 3 315
3 314% 7 337
1% 32 4 kot
13 319 12 3D
B 13 3%

I

U BenwmKe de 6Ha0

-
@ Beaumsxa

1-=Tize in sec; 1-=7ime in sec;
2--texzperature of the 2~—temperatgre of the
explogive; 3--ignition. explosive, “C; Z--ig~

nition.

I{ we conaider the course of curves 1, 2, 3 {air furnace)
we can see that although tihe temperature of the furnace was
changed from 340 to 400°, the actual temperatures o the ex-
plosive at the tizme of ignition were close Lo each otZzer.

The course and type of the curves clearly indicate a
general tendency of the tezperature of the condenszes phase to

N




KRVTT2&SR & certaln lialt within the 335-=333° » “;e, evan In

W skse when the temperature of the furnace was 200° qurva
4 Iz oF syuproxizsately the ssue type, except lhat keating L30%
plas> Tore rapidliy in the Murnace with the alloy.

dccording tc dats obialined

;’u%i. I by the auther earlier the bclli:§
roint of trotyl zust be 313--32C
s i 18], This figure is close 10 the
T : value of the mari:n: tempersiure
PP i S which the explosive has a tsnisncey
I to approach; however, the lalier
. St is somewhat higzher.
7 { yf?" 1
/

It i3 naturs=l to as*“‘

T i that the value o th2 boilim
3 . ~
ety i reint of trotyl (315--32C0) :,:er
b 2ined earlier iz sozaswnat 30 low
; : z and that actually trhe boilixng
1t roint of this substance ls 333--
i 3400, This assuzpiion maXes
2 & A FTs understandasle the course ani tide
of all curves, ugluai ng cwve 3,
flg. 1. wnich we haven't discussed yet.
<n curve 3 the texzcerature clearly forzs a plateau at
337 zz2 then risss further; no ibnition tcoi place and oo
trotrl rezalned 2t the totton of the test tude in tzis czse.
Arzpareazly, the zoint at n.icq uhe increase of the texperzature
stocT23 corresponfed to violent boiling of the trotyl (txe
pres=snzz of the alloy and the fact that tre tezperature wzs
nizz snzured an intensive supply of heat).

Tzus, tnhe experirment coniirmed that in ize condenzed
chzz2 o2 the explosive ihe te perature cannot 2xceed thatr cor-
respcziing to the "oili g coint., The latter susi bDe regariel
as 722l to 335 5--240° rather than 315--320°, as assuzed sarllier
by =2 zuthor.

zzrens _9, rointed cut that correlation of tze hea: o?f
evaoscration calculzted Dy the author with the volling point of
the zxpissive resulted in a systematic deviaticn froz Tro.iton’
rule “or tne majority of the substances. Je canrot dlsc:az in

detzil ize veaso 13 for this deviation within the scope of i
rezzgt article; they will oe discussed in arotzer comzunica-
ticz. ¥e ghall onlj note that for some classes of chemiva1

cozzouansz there 43 a gystexatic deviation froa Trouton's rule
¢tzvious, however, trat in the case of ten, nexoven, qd
1, the author's datz require thorougn revisioas,

O\




It follows fom our experiments that If the activation
energy ls calculated on the basis of relationship (1), using
the temperature of the furnace as T, the followlng two cou~
dltlons must be observed, at least:

1. The temperature of the furnace nust be consideradly
lower than the bolling point o the substance,

2. The period of ignition delay should not be too 3mall:
at delays of the order of 20--30 sec and szaller, a conslider-
able time passes before the substance has been heated. In some
Investigations both of these condltions were practically ful-
filled and the values of activation energy ovtailned were re-
liable {3, 5, 10]; in other investigaticns both conditions {or
one of them) were not fulfilled and the values of the temgpera-
ture coefficlent obtained d4dicé not correspond to the activatlon
enersy.

Because the temrerature o7 the condensed pnase cannot be
higher than the boilinz toint, further heating (and conse-
quently the spontaneous iznition connected with this heating)
may taxe place only in the gas prhase. ot only the pure vactor
but also vapor diluted with products of decoapositlon anéd air
may ignite; for this reason gsrontaneous ignition may take
place at temperatures lower trhan the voliling point., Let us
note further that ignition of the varors zust not necessarily
take place above the surlace of the condensed phase; in very
intensive decomposition, although the temperature oi the con-
densed prhase does not sigznificantly exceed the boiling point,
violent foaming of the liguid may occur and iznition may taxe
place in the foas budbles.

Let us consider in greater detall the conditlions under
which ignition origirates in vapors. One zust bear in zind trat
in the investigation of iznition by the usual method, the urrer
part of the test tube has a considerably lower temperature
than the lower rart. The vapors that foran (or thelr mixture
with the decomposition products) will zove to the upper rart
of the test tube and coniense there or code out of tre test
tube into the surroundinz air. Tre conditlions c¢f ignition
of the vapors must therefore depend on the teanperature of the
furnace, the boiling point (the initial tezperature of the
vapors will not be nigher than the boiling point), and the
rate of flow of the vapors. 1Ignition nay taxe place at a
relatively low tesperature when the rate of vapor formation 1z
low and the vapors xove relatively slowly, so trat they have
time to be heated sufficlently. Tnis case 13 represented by
curves 1, 2, 4, On the other hand, ignition zay not take place




even &% & hilgh lamperaturs If the hish rate ad whieh heat is
suppliied t0 the condensed phase wlll lsad to energetic evaro-
ration and counsequently to & rapld wotlion of the vspors in a
direcilon 1o the colder parts of the teat tube and the opening
of the test tude. I this velocity will be sufficlently high,
the vxprors will rass the oritical high-taaperaiure zone of the
lower part o the test tudbe wilthout having been heated to a
ufficlent degrse and brousht to lgnitlon. An intensive sup-
ply o hest at condlitions o a high ratae of evaporation can
theraore bdring stout distillation of the substance froz the
lower part o iha test tube to the upper rather than sron-
tansous ignition.

Andreev, who conducted an extensive investigation [11]
pertalining to ithe dependence of the period of ignition delay
on the tempersaiure Jor various explosives, established 11,
12] tzat for scze explosives (trotyl, pleric scid) an increase
o7 tha furnace toxperature sbove a certalin liait reduces the

erooz2ility of ignition up to the point that ignitions do not
teXe place at 231. Andreev was of the opinion that this phe-

nozencn ls related to soxe zind of autocstalyiic or crhain

process. One Zusi, Lowever, assume that the existence ¢of an
upper 1izii undsr the conditions in question is reiasted f{irst
ol 211 to the r27id rate of Tlow of varors whlilch Zo not have
time to be rneatad to a suitficient desgrse. Asong the curves
given by us, curve 5 corrssponds precisely to the case of an
upper 1izit of ihis type.
Table ©
Iznizicn of Trotyl in the Presence of a “ire
Texcera~| =esuits 0f exrerisenis in Seszults of exrerizents
ture, the rregence 07 & glowing | without a wire (usual
oz wire in the upper part of tecnnique)
the test tube
, |
30 Iznizfion witain 495, <5, i Iznition within 51, 40,
-% zec i9, 51 sec
2.0 Ignition within 35, 15, Ignition within 49, 44,
3 % sec 41, 250 sec
220 Iznition within 3, 2, Iznition within 18, 23,
4 3 gec 25, 34 sec
322 jIgnition within 2, 12, Ignition within 24, 23,
i 2 1 sec 15 sec
| Ko ignition in 1 instance
40O 1Izniticn within 1.5, 2.1, Iznition within 18,22 sec;
’ 5, 10 sec 40 1gniticn in 2 instancez,




To coxlira the correctness of this assumption, we cow-

ducted experizents with lrotyl, inserting into the opening

3 test tudbz @ the depth of 1 ¢m a thin tungsten wire that was
heated to & w2ax glow. ZIspeclally conducted experiments

showed thas Inis wire did not exert any effect on the therzal
conditions within the central and lower part of the test tube.
However, the wire had to ignite the vapors in the case when they
rose to tha toD without beinb 1gnited 1n the lower or middle
part of tde st tube. TIhe amounts of trotyl welghed in a=ounted
to 0.1 g. 2 results obtalned are glven in Table 6. The
veriods of ..‘31 of 1¢nition at various temperatures in thre
regence ari 3bsence o the glowing fire in the upper part of
the test tud= sre also glven for experizents carried out at
various texzpsratures. aAs a rule, four experimenis were carried
out at evary lemperaiurs.

We zzx see that at 330°, a temperature lower than ize
tolling poi=zy of trotdl, the c*esenue of the wire &id not
cnange the I==gtih of the ignition delay. The ignition (of a
aixture of T3ors with a‘r ang wi‘q feconposition preduets)
tock place i the lower 2art of the test tute because of heat
supplied Dy itz walls of the test tube. The situation was
entirely 3ifTsrent at a temperature higher than the boiling
roint (;’“D 2=3 higher). At thls teamperature there was a sigz-
niflcant Zillsrence telwegen the lengtnh of the igniticn cdelay
in the presszzs of a wire and the absence of a wire. Ignition
fallures 21 =iz teaperatures were noi observed in itne presence
cf the wirs. The experizents carried out are an indirect
zroof of the zcrrectiness of the agssunption made above in r
gard to the Tzzson for ithe existence of an upper 1imit. I
the presen:e 2 the wire the vapors which did not ignite 2
cause cof th=2ir rapid flow after passing the critical zone
were igniteid =7y the wire. 1In the adbsence of the wire, the
substance zczzznsed in txze upper, 201d pert of the test tube;
the drops o7 :zndensate flowed downwards (depending on the
conditions iZzr could reach the tottom, coapleting a full
cycle, or svzzcrate und erwaj) As a result of tnhls prolongzed

iistillaticz zccompanied by contlnuous zotlon of the concensed
,"ase downwzriz and tkhe vzpors upwards, ignitlon could nave
tagen place 2w 2 definite moment; however, the substance would
2150 nave pzrzfzlly evaporated froa the test tube or partially
Zecomposed witzout lgniticn,

Ly

In 22-27lon to tize experizents on trotyl descrioed
?bove, similz> experinoents were coandutied on picri" acid., The
eults ooizizzd were very similar, so that we shall refr 913
oM repor<izs Trem,

9




According to Andreev's data 121, no ifaandsion fallures <.
occurrad in the case of tetryl: thus, 1 one dlsregards cer-

kN

taln changes in type of ignitlon, the thenrcuenon of the upper
1iait 1s sbsent in thils case Tables 7 lists data on the effect
of a glowing wire placed in ‘&L uprer vsry of the test stube

on the lengin of the lgnition uelay for :euryl &t two tempera=-
tures. The experinents were carried ous in a2xactly the same
mannar as those with trotyl.

Table 7

Ignition or Tetryl in the Pressnce of 2 Wire

Tenpera- Results obtained in Zasults obtained wlthout
ture, the vresence of a a wire (usual technigue)
o¢ zlowing wire in the

upger part of the
Test tube

224 iznition within 36, 37, | Iznitlon within 47, 42,
£0, 43 sec 43, 43 sec
260 Ignition witkin 7, 9, I Ignition within 4, 6,
2, 9 sec ’ 13, 2 sec
In the case of tetryl, the wire »2d no eiffect. The
reactivity of the "eiryl vapors was apparently relatively nigh,
so that in the vicinity of the boliling poinit an intensive
reaction coulh ori:inate even at a high rate of flow of the
varors; iznition always toox place in tzs vicipity of the sur-
face 0?7 the ﬂonaenseﬂ pnase or pessibly iIn the butcles of the
foan that formed during intensive Zecomposition.

Under tne condition of trie usuzl zzierxzinatlion ol the
iznition delay, tre welshed-in quantity cf expicsive that has
been thrown in cools at the first mozen: “he wvoluze of glass
with whien it cozez into contact. Azdiiisnz
heat are supplied ratrner slowly oy concuﬂ'*o
£lass, Je carrled out experiments in wzizh
the boiling was ralsed considerably. Tzi
nlacinz 5 « of tin into the test tube de
trhe furnace., after the test tupbe had b
served 28 a reservoir of neat and contr
heating and more intensive boliling cf
welghed-in amount or the explosive (0.1
the heated test fube, a4s oefore., The ex
ducted w#witn trotyl., fable 4 lists the r
a3 pefore, severil teats were conducted

i
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Ignision o Irolyl In th

Table 3

2 Preszedce 0 Tin

Tempera=-
ture,
¢

Resulss obtalned in the
prasence o tin in the
test tube

1
Results obtainad In the

absence o0 sin {usual
technigue

316
332

Izmition within 25, 52,
43 sed

Igmition within 24, 23,
3= sac

o Isniticn in one

~

Instance

350 Ignitlon within 19 sec Iznition within 20, 29,
No ignition in three j 284, 35 sac
Instances :
366 Iizmiticn within 12 sec | Ignition within 27, 25,
No igniilon in three i 23 sec
instances
376 Iznitlon within 7 sec % Ignition withizn 22 sec
'No izmition in three " No igniticen in three
t instancsas i instances
330 . Wo iznition in Four }Ignition within 17 sec
' imstances . No ignition in three
i i ingtances
400 | Jo ignitlion in four . Iznition in Z sec
i insiances ¥o ignition in three
! instances
The ¢z=a in Table & iniicate that the presznce of tin
in the teszy *u=e, Jirsz:, reduced the tize requiresd Ior neating
the explosive, which 123 to a consiZerable reduciics of the
length of ignizion Zelay, and, sescondly, increasged <he in-
tensity of boiliing, s0 that the ratz of evolution of vapors
was increzsesi. The laifer circussiance made the rZsnomenon of
‘he upper 1linis —ore cronounced, =o that it was evizent at
relatively low wexzrerziures. Cne 2izht add {o wkzi has Deen
gaid above iczs 4istiilation of the suostance into itZe upper
part of the eguirzent and partial escape of the varor outside
were readily csserved in 21l experizents at sufflcliently nigh
temperatures, teinz rgarticularly proalnent ln the presence o

tin.

Let uz zssume tnat the experizents are conducied at a
;, rather than 23 atmospheric

hard

11

53

reduced preszsurs, say 50--100 23 =

{
$y)

Ignition witkin 38, 63,
60, 54 sec
Iznition within 36,

4C, 38 sec

(7]
—
-




Pressurs. At radusad pressures the bolling volint ls lowered.
As 3 rosuit dlstililatlon of the substance into the colder part
of tha aquipment 1s facilitatad s=md ignitlon =ust bacoxe more

Indeed, according to the 3a%a of Ahrens [8] beth trotyl
and tan st pressuras below 100 mm 30ll energetically and are
dlstill=d to colder parts of the a2quipment without initiation
of iznition and even without notliceable decoz=rosition at any
tenperasure of the furnace up to 370°.

It will not be out of plaze to make the following com-
zsents. Anrens aserites to thlis autzor the assertion that the
boiling roint of an explosive is identical with its ignition
texraerature and is of the opinion that the {act established by
nin to the effect trhat there is »o ignition at recuced pres-
sures contradisis the tresls of itxis author. It is not Xnown
w‘.era 53rens found ixzls asserticn. It ls true that the author
and ¥azeiovich L13] stated in worz clited by Anrens that for
some =2x21oslives ihe teamperature o ignition Jsterained by the
standard zetzod is close to tke 40;11ng voint at atoospheric
pressure., This fact followed Irom a direct coxmparisen of the
izniiticn temperatures with the Doiiing poinis. Perraps, taxing
into zeomsidera ,io* tne corrections which mus: be iniroduced
into tze adtto“ s ata pertaininz o boiling roints, it is more
accuraz2 to state tzat for a nuxmter of substances the ignition
takes piagce at a consliderable vapor tension zbove the surface

I tre substance. However, the zutzor and Yuzefovich éid not
conc1“’° froz this tkat In general the temrerature of iznition
corresronds to the bdolling no-d.. Any suca conclusion would
be in confiict witz tne fundazerntzl theoretical concepts ad-
vanced oy the autkor and there szould be no necessity to carry
out scecial experizents for di_:roving it. I Anrens nad

~ized ninsel? zore th orou~~«7 with the work by the
autzo and Yuzefovicn _13] cited 27 him, he would have realized
that t~, fundzazental thesls of tze work in cuestion did not
consizt u“e absurd azssertlion tzzt the iznition tesperature
is eq 91 ne ooilinc voint, zut in the assuzption that the
nature o :ner"al iznition (speziftcally, the fact whether or
noé Airnition itzies place) depends <0 a major extent cn the
vo1atilitj of the zubsgtance. Ac t:allj, Anrens! data on the
raiical crange 1'~ the behavior of substances (with reference
to therzal ignition) on lowerinz o the boiling point because
of a recuction o; Ze pressure not only do rot contradict the
fundazental concept of the autior Zut, on tre contrary, are a
good Allustration confirming tzis concept.
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All facts mentloned adove demonstrate convineingly
that one cannot leave out of conslderation volatillisy when ona
investlzates thermal lgnitlon. The bolling point o* an ex-
plosive, the condlitions of vapor formatlion, and those of vapor
flow determine to 1 sibnificant extent the natures o thermal
1gnition and the fact whether or not thermal ignition is pos-
sible. It 1s preclsely the condlitlons of vapor forzation and
varor flow which are responsible for the exlistence of an uppger
limit of thermal ignition. Wwithout consideration ¢ the fac-
tors mentlioned, one cannot satisfactorily explain the reascus
for the exlstence oF the upper limit.

Soxae explosives have a very pronounced u ~ 1init.
As an etauple of subsitances of this type one may :eution tri-
nitrobenczene; it 1s very difficult to bring about thermal
ignition of trinitruqe nzene under the conditions usuwally ap-
plied in tests Thls can be explalned by the faci that ths
bolling roint of trinitrobenzene is relatively low, while the
reactivity of this sudbstance as well as of its VaEO“S at the
boiling temperaturs is also low Trinitrocenzene 2or resnond«
to trotyl tested at a2 reduced pressure.

In the cases winen the igznition texzperature i
slderaply lower than the aoilirg point intensive 22
accomnaﬁiaa by itoazing taxzes rlace in the conisnsed

nT
ES
l.

[{)

Under these conditions ignition of a rather lelE
A similar eifect ma 3 taze place when the isnition
1s higher than tne tolling polint.

It follows frca what has been sald atove i1hat ine
initiation of ignition in the latter case is Jiffizult. How-
ever, 1f iznition =till takes place at a moczent whean ithe sub-
stance zas not yet <istilled into the upper prari ol the test
tube, 1t will be wviolent, because the subsisnce will be in =2
state of toiling.

t nas ofte

een pointed out that 1i°f
of the Purnzace is o

no> the
ouen nigher tznan that of isniticr
cagse of trotyl at a texzperaturs of 450--500°) al-
taneous infiacmation tases place followed by a2 guisz

The fact that at a 2izh temperature of the 'urnace corpustion
1s zuch calzer than In ordirary lgnition was ofier found sur-
prising, 1t was even assumed 12T that in tris caze an upper
1init 13 again exnipited, but this lizmit is not exyressed in
ne conplete absence of ignition, but a calzer courcse of the
combustion process. Actually, it is quite maturai trhat coxze
pbustion will be cala under itne conditions : entione-.




S the tenperature o the furnace considerxbdbly exceads .
the teaperat zre o“ the igalision, the surface of the sudbstance
will be heated rapldly. Vapors will then be avolved and rapid
isnitlon of these vapors will isxe placa.

Combustion wlll occur under conditlons in which the
princiral mass of the subsitance has not had tize to be heated:
a cold substance will burn. any turbullzation produced by
rapid decomrosition or intersive boili“b %111 de sbsent, I
the teaperature of the furnace is much higher than the tempera-
ture o ignition, 1t ls more accurate $0 speax of igniticen of
the substance by 8 heated surlsce rather than o srentansous
iznition (a flash). The Treecise difference between spontaneous
ignition and ignition of the explosive aiter fire has been set

to it is that prolonxed hezting of the whola voluze o this
substance precedes spontanscus iznition ang trat this «eauinb
is acccapanied by chemical cxzarnges and turbulization of liguld.

3y asserting that ths voiatilicy of the substance nas a
definite effect on the naturs of ther—al iznition, trhe autzor
did not mean to deny in any zzanner trat other factors slso have
an effect, specifically autocatalysis.

The process of ignitizsa on heau*ng is very
it would be entirely incorract to reduce the c
taneous ignition to any sinxzie factor. -

it is certain that autocatalysis zay sisnificantly
crange the nature of the rreocess and alter the intensity of

thase as well as reactivity of

(SR $T) U

the reaction in the condense
the gas rrase and its caraciiy to undergo 1znition.

It was the intentioz of the author to Zezonstrate that
one cannot, for exazple, consider autocatalytic effects witz-
cut conciceripg the effects Zue to evapcration. ZExplosives
have a number of characteriziic proverties which distingulish
ther froz ordinary substances. However, explosives are not

substances to which fundaxzental physico-chexnical laws <o rot
apply. Therefore, one must taZe into consideration the varor
tension of explosives and txzeir boiling roint, altrhoush itz
substance may not be capablzs of existing for a long ti,e at
this tempe"ature. Tne fact 23t the aoilin roint o an ex-
plogive 13 not pure ficticr can be proved oy Lirect exrerizents
with nitrogljcol ~1} and trotyl (as has been done in tze sres-
ent worz). 4he facht that sirong prejudices existed in thls
respect 135 dezonstrated by tZe fact thrat nobody was even
interested in the problexz of the boliling roint of explosives;
the ters boliling roint of explozives waz ztudiously avoided,

14




Exverizeonts wore aften carried out with sxplosives s‘ove their
bolling rolnt ou the assunpllon that the Semperaturs of the

sudbsiance m"~:':e equal, dr very closs, IS that of the tempers-
ture o the Iurusce.

A theory of therasl lgnitlon, 1.=., spontaneous ig-
nition of volsilve explosives (a class o substances to whlch
the sSreat madoritt of secondary explosivss belongs), can be
forzulated only i the effect of evaporssion is considered, 1In
view of the Izst that ignition arlises in the gas rhase. Such
faziors as tkhe existence oI s teaperatur2 cerresponéing to the
boiling point, the {flow ol varor to tha 2013 varts of the
equipzent, angd ke {flow of condensate Zownwvard into the equip-
Ten: aifect tha probablility of ignition znd its nature as well
as the length of the delay of ignition. <{bviously, it is not
necessary to Lods*aar faciors related to svaporation 1 the
explosive even 1n the vicinitly of the izmition temperature
does not have = Terceptibls volatlility. This condition applles
to ize zajority of initial explosives.

1. The ia=serature ¢f an explosi
nace 2aving ==y isSperature cannot pers
toiling polrni of She expliosive. A mors ras
tion oi neat wilil only lez2d fo more iniazsive ooil_“:. If the
terzerature of tzs furnace is consideradiy higher than the
poiiing poini, =2 zaxizum tezperature 1z the condensed phase
willl differ sizzilicantly Trox the tezterzture of the furnace.
Intensi"e 1scal Zeating t:aa leads to tze Jevelopmen:i of a
flzze and igniiicn can trterefore arise cxily in the varor of

the substance {or 2 zixture of the vapor wita air a:: oroduc

of Zecozposiiicna). ignition zay arice zither at a consideradle
distance fron i=z2 condensa2d rhase or in <ze immeai;:e vicinity
of <zis phass wiizZin bubbles of foam tzzt form during inten-
sive Zscomposii

placed inis a fur-
tibly excee: the

v2
223
o,

2. The tzencmenon o2 the upper 1lizi: of thersal ig-
nit;o“, wnicz zz3 seen dizcovered by Ancreev, 1s dus first of
all %o the fz221 tzzt ai hish temperaturss nder defizite con-
dit 1ans the veoors of the explogvie flow rapidly into the
upper, relativziy cold part of the test tuSe, and <o not have
tize to ignite,

3. The gonzitions of evaporatlion, zon dition~ sertaininz
to <tzZe flow of vzzor, and t{ze magnltuce <2 the bollinz tempera-
ture are factcrz +<zat play an iamportani zzrt in the snitiation
0f <zermal iznivticn, Witnout conslderizy these factors, it is




lwpoasible to formulate a completaly valld theory of spon- T
taneous lguition of volatlle explosives, to whlch almost all |
secondary explosives belong. -

4, In the case of non-volative explosives at kigh
values of the length of lgnitlon delay, the linear dependence
o the losarithas of ignition delay on the inverse temperature
may yield reliable values for the actlivation energy.

I this method s applled for the determination of the
activation erergy of volatile substances (to which the majority
or seconda“y explosives belong), considersble errors will
result. This problen requires furiher study.
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