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AUTOIGNITION TEMPERATURES OF MILITARY HIGH 
EXPLOSIVES BY DIFFERENTIAL THERMAL ANALYSIS* 

JOEL HARRIS 

Picafimry Arsenal, Dorcr, lb-. 3. (U.S.A.) 

ABSTRACT 

Autoi_tition temperatures were determined for military high explosives TNT, 
RDX, PETN and HMX by differential thermal analysis (DTA). A method was 
developed in which several heating rates were utilized and the related data extrapolated 
to a near zero heating rate to obtain the autoignition temperatures. The first order 

d(In Q5lTi E 
exponential equation derived by Kissinger’ d i !*, = - z as used for the 

extrapolation. 
Only HMX did not obey this relationship due to the hypothesized secondary 

reaction. A diKerent relationship of rate and temperature was found for HMX to 
determine its ignition temperature at a minimum rate of heating. 

The autoignition temperatures of the explosives obtained with the developed 
DTA methods are 

Autoignition temp. 

(“0 

Apparent 

ilctiration energy 
E(cai moi- ‘) 

JAN-T-248 TIQT, Grade I 275 Confined 24000 

MIL-R-OO398B. RDX, Type B. Class C 197 34000 
MIL-P-OO387B 
MIL-H-454&. 

PETN 160 33 OOQ 
HMX, Type B. C&s C 234 - 

Values for additional explosives are: 
MIL-N-244A Nitrocelluiose 13 6% _- 
MIL-C-4OIC Composition B 

69% RDX, 40% TNT, 1% wxxc 
MIL-T-0039 Tetryl 

TritonaI SO!20 TNTjAI 
.MIL-o4!x45 Octal 7525 HMX,mI 
JAN-P-408 Pentolite 5OiSO PETN,TNT 
MIL-6-21723 CH-6 97.5% RDX. 2.5% inert 

PBX 90%, RDX iO%. inert 

176 

174 
166 
250 Confined 
236 
I56 
I93 
189 

49 000 

39000 

34000 
22 000 
80000 
26000 
41 000 
33 ooo 

*Presented at the 5th North American Thermal Society Meeting, Peterborough, Ontario, Canada 
June 8-14. 1975. 
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IN-I-RODUCTIOS 

Military espIosives are materials which are thermodynamicaIIy unstable; they 

are always decomposing at temperatures above 0 K. The rate of decomposition is 

imperceptible at room temperature but increases exponentially as the temperature 

rises. The products of decomposition (gas and ener_q) are dissipated to the sur- 

roundings. At an eIevated temperature a point is reached where more ener_gy is 

released by the decomposition than can be dissipated to the surroundings_ The 

explosive then begins to seif-heat. The lowest temperature at which self-heating occurs 

followed by ignition is considered to be the autoignition temperature_ The autoignition 

temperature will vary slightly due to particle size and environment_ The purpose of 

these experiments was to estabiish the autoignition temperature for high explosives 

TNT, RDX, PETN and HMX. 

The study was initiated as part of the mission to upgrade Safety Statements 
pertaining to expIosives_ The explosive parameter autoignition was found to be IargeIy 

omitted on these statements. A literature search of army and navy sources revealed 

that most data avaiIabIe B-ere i&&ion temperatures after varying short incubation 

periods_ As many values appeared as there were test apparatus_ As an example 

ignition vaIues for TNT differing by as much as 200°C can be found in the literature 

for Russian and U.S. references’. 

An attempt to clarify this situation was made by the naky at China Lake, 

Calif_3. Thermal apparatirs incorporatin, 0 DTA was used to obtain the critical 

temperature of propelIan& but no compiIation of autoignition for expIosives couId 
be found_ It was decided to incorporate data obtained from a recently purchased 

miniaturized DTA apparatus in order to obtain accurate, repeatabIe, and reliable 

ignition temperatures. The method was to obtain vaIues at four or five heating rates 

and extrapolate back to almost a zero heatin, m rate in order to approach a true 

autoi_gnition temperature. 

EXPERIbIEhTAL PROCEDURE 

DTA was conducted on a Deltatherm III DTA accessory. Two thermocups sit 

within an open cyIindrica1 steel sample bIock separated by a few millimeters of air_ 

The explosive sampIe and the reference material are placed within O-14-in. steei cups 

and placed into these thermocups. The thermocups consist of a steel cup to which an 

aIume1 ‘and a chrome1 wire are weided. Thermograms were recorded on a Moseiy 
7100 B two-pen time-base recorder_ One pen recorded the temperature of the reference 
material; the other pen recorded the AT of the two cups at a space of l/10 in. ahead 

of the temperature pen. 
Explosives for these tests were used as is from their containers- 
Explosives were tested at nominaIIy 20, 10, 5 and 23°C per minute heating rate. 

HMX was also tested at l$“C per minute. 
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!EUDY 

VaIues for ignition temperatures of explosives vary widely according to the 
apparatus used to obtain the values. A test procedure using a small sample of 
explosive and DTA apparatus should increase the accuracy and reliability of autoigni- 
tion temperature determinations. The small sample would minimize temperature 
differentials in the sample. Since the i_tition temperature is measured in the center of 
the sample whereas thermocups measure the surface temperature, the minimization 
of temperature differentials is necessary. 

Autocatalytic activity (gaseous products reacting with the undecomposed 
explosive) resuhs in lower ignition temperatures and steeper slopes. To minkmize the 
autocatalytic activity a constant flow of argon was passed across the sample hoIder 
whiIe the sample was heated at a constant rate. If the gas products are removed, ;r 
first order reaction should result where the rate of decomposition is based only on 
simple bond breaking. The application of a theoretical equation derived by Kis- 

0 PE.UCSEYPOfEKtJTiERY-K 

Fig I. Graph of DTA data from TXT KNK I l-270 confined heating rate vs. absolute temperature 
of cxothemL 
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Fig. 2 Graph of DTA data for PEfN PA Z-26n heating rate vs. absoIute temperature of cxotherm 

Fig 3, Piot of DTA data RDX Type B dass C HOL 8-84 heating rate vs. absohxte temperature of 
CXOtkIIlL 
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OPEAKtEMCOf-V-K 

Fig. 4. PIot of DTA data of HhSX HOL 701-19 grade II cIass A heating rate vs. absolute temperature 
of CXOthcInL 

singer”2 could then be made. A straight line based on this equation would make 
possible the calculation of ignition temperature as the rate of heating approached zero. 
The slope of the straight line would be equal to E/R (E being the activation enerm). 
The methods and procedures for obtaining activation energies are based on previous 
application? of the Kissinger equation tc propellants and explosives. 

Figures l-4 are graphs of rate of heating divided by the square of the absolute 
peak temperature versus the reciprocal of the absolute peak temperature on semi- 
logarithmic graph paper. Figure 5 is a graph of the reciprocal of these values on 
rectangular paper for HMX, for which a straight line could not be obtained on 
Iogarithmic paper. The graphs represent values obtained from DTA exothermic peaks 
conducted at four and five heating rates. Typical DTA curves for each explosive are 
shown in Figs. 6-9_ 

Good straight lines were obtained for TNT (Fig, l), PETN (Fig_ 2) and RDX 
(Fig. 3) which shows good agreement with the theoretical equations derived in 
refs. 1-3. The data from HMX produced a hyperbolic curve on both sem.ilogarithmic 



Fig. 5. Plot of DTA data of a HMX HOL 701-19 grade II dass A heating rate vs. absolute temperature 

=- 

SU- 

Fig. 6. DTA TNT in argon IOml min-* heating rate 10°C min-‘; Dee 16.1971. 
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Fig_ 7. DTA RDX 5.2 mg 2*/i’C min-’ in argon 30 ml min- ‘; Nov. 28, 1971. 

paper and rectangular paper (Fi,. 0 4) A straight line reiatianship was obtained by 

graphing the reciprocal of the data on rectangular paper (Fig. 5). 

Tables 1,3,5 and 7 list the DTA obtained from each experiment_ Tables 2,4,6 

and 8 list the compiled data used to piot the graphs of Figs. l-5 and incIude the cal- 

culations of activation energies calculated from this equation: 

d(ln 0l~~l= E 
dl/T, -x 

(1) 

0 = constant heating rate (“C min- ‘) . 

T, = temperature maximum or peak temperature (K) 

E = activation energy, cal mol- r 

R = gas constant, 1.987 cal mol-‘. 

Equation (1) was derived by Kissinger’*’ from the equation for solid + solid + 

gas reaction as folows: 

dx/dt = A(1 -x)me--E!RT (2) 
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A = frequency factor (set- ‘) 
x = fraction of explosive reacted 
n = empirical order of reaction 
&/dt = rate of reaction 
2 = time (nun) 

At the maxima the exotherm peak (d/dr)/(dx/dt) = 0, x = I the first derivative 
of eqn (2) is: 

0 = -E/RT' dT/dtAe-rfRT (3) 

Rearrangement of eqn (3) resuIts in eqn (1) where 0 = dT/dr. 
The derivation is only valid at the exotherm peak. The ignition temperatures 

correspond to the temperature where the exotherm would begin even if heat sources 
were removed. This point would occur on a DTA exotherm at the beginning of the 
steepest slope-for at that point the majority of molecules are activated and a straight 
tine to the peak resuhs. The autoignition temperature can be calculated by utilizing 
the peak temperature activation energy obtained from eqn (1); the slope temperature 

Fig. 8. DTA 3.8 mg PEW 5°C min- x in argon 30 ml minwl; Dec. 2.1971. 
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Fig. 9. DTA 1.5 mg HMX in argon 20 ml min-’ grade II class A HOL 701-19, rate 10°C min- ‘; 
Dec. 17,197l. 

TWERMOCUFS 

%iF- 

t ’ 

/ \ 
REFERENCE SAMP‘LE 

THERMCUP 
!shlPLE8LocI( 

GROUND WIRE 

Lc-SWILL O-RINGS 

URGE O-RINGS 

Fig. 10. Differential thermal analysis -ry of Dcltatherm LIL 
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frequency factor obtained from eqn (3) (E@/Rc = AeBHRq and by setting 0 equal 

to a small number. 

This procedure consists of: 

Obtaining the energy of activation from the curve of @/Z-i versus l/T, _ 

CzIcuIating an average frequency factor from eqn (3) for slope temperatures 

and also for peak temperatures_ 

Setting the therm E@/RTi equal to 0. I as 0 + 0 and solving for the autoignition 

temperature from T in the exponent. 
t 

Military explosives TNT, RDX and PETN obeyed the exponentiai relationship_ 

Thus, the above procedure was follovved, and autoignition temperatures of 275 “C for 

confined TNT, 197°C for RDX Type B Class A, and 166°C for PETN were obtained. 

The explosive TNT mehed at 79-80°C and began to evaporate soon after that_ 

l?Jnconfined TNT evaporated before it could be ignited except at the fastest nominal 

heating rate of 20°C min- r. To obtain i,onition data, a second 0.1~in. steel cup was 

TABLE I 

DTA DATA TXT KXK 11-270 CONFINED SAMPLE SIZE 3-10mg 

Nornina 
rare 
(‘C min- ‘) 

ACUd 

rare 
(“C min- ‘) 

fiofherm Argon 
jhr-rafe 

_?nirial Slope Peak (ml min- I) 

(“c) (“c) (‘c) 

20 
20 

20 

20 

20 

Average 

IlO 
90 
BO 
30 
a0 
Average 

s 
5 

5 
5 

; 

Average 

23 
2+ 
2+ 
2% 

Average 

22 

21 
21 
23 
22 
22 

302 
- 

309 
312 
309 
- 

322 331 
324 330 
332 336 
326 333 
328 333 
326 333 

10.3 301 307 312 
10.8 295 312 317 
IO.6 257 31s 319 
10s 300 312 316 
II.0 299 300 312 
IO.7 - 309 312 

5.3 
5.2 
5.0 
5.3 
5.4 
5.3 
5.3 

276 
27s 
258 
256 
283 
271 

292 297 
295 299 
297 299 
278 284 
29s 300 
293 29s 
292 296 

25 
26 
26 
2.7 
2.6 

266 
273 
268 
271 

280 
287 
286 
286 
285 

283 
290 
288 
287 
287 

10 
10 
10 
10 
10 

IO 
10 
IO 
10 
10 

IO 
30 
30 
23 
IO 
10 

10 
10 
10 
10 
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TABLE 2 

CALCULATION OF ACiTVATION ENERGY AND 
AUTOIGNATION TEMPERATURE FOR TNT (CONFINED) KNK II-270 

Tempcralrrrr 

cc) (K) 

Rate= B 
(“C min- ‘) 

I/T+ IO’ 0JT~xl0’~ 

(K) 

Temperarure at the peak of rb exothetm 
333 606 22.0 1.650 5.847 
315 588 10.7 1.701 3.058 
296 569 5.3 1.757 1.637 
287 560 26 1.786 0.829 

Temperature at rhe beginning of the dope to the exorherm peak 
326 593 22.0 I.666 5.988 
309 582 10.7 1.718 3.121 
292 565 53 1.770 1.660 
285 558 2.6 1.792 0.835 

&pt=E= log (0/T'I,-_(0lT% 
IIlR UT1 - IITz 

~=24200calmol~‘;E,=24900calmoI~1. 
Ep = activation energy at peak; E, = activation energy at slope; !Z = constant heating rate; T= tem- 
perature (K); R = gas constant; A = frequency factor (KC-‘). 

Peak temp. (K) nJT=xIO-= 
Era 

e-EIRt x lo-9 AxI@ 

RT’ 

606 
588 
568 
560 

SIope temp. (K) 
599 
582 
565 
558 

5.!391 0.72965 1.865 
3.095 0.37695 1.013 
1.642 0.1998 0.488 
0.829 ,O.I0096 0.358 

6.131 O-76799 0.830 
3.159 0.39571 0.45 1 
1.660 020794 0.235 
0.834 0.10447 0.178 

3.912 
3.721 
4.094 

(2-821) 
average (3) = 3.90 x IO8 

9.253 
8.774 
8.849 

(5.865) 
average (3) = 8.96 x 108 

En - = A e--- 
RT’ 

as o--to 

EPI/RT=+ 0.1 

log 0.1 = log 3.90 x x08- 
E 

RTx 2303 

T= 552 K 
279.O”C peak temperature 

log 0.1 = log 8.96 x IO’- 
E 

RTx 2.303 

T=547.6 K 
= 274.6 “C autoignition temperature confined. 
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placed atop the one which contained the TNT-resulting in confinement and 

successful ignitions at even 24°C min- ‘. 

The data from HMX exotherrn did not produce a straight line. A hyperbola 
resuited on both semilogarithmic paper and rect.anguIar paper, A hyperbolic function 

can be of the nature of (e-e-3/2, which would be indicative of a second exponential 

reaction of rate versus the reciprocal of absolute temperature. Thus a normal 

calculation of activation energy was precIuded_ 

Although a constant Aow of argon was intended to prevent autocatalysis, it 

would not prevent autocataIysis of an instantaneous reaction_ Nitric oxide has been 

found to acceIerate the decompositicn of HMX. The flow of argon would even have 

aggravated the condition by blowing away other decomposition products such as 

formaIdehyde which could have competed with the HMX for the nitric oxide. In any 

case the reciprocal of data producing a hyperbola is a straight line on rectangular 

paper, A very good straight line (Fig. 5) resulted when T$/@ versus T was graphed- 

‘TABLE 3 

DTA DATA FOR RDX TYPE B CLASS A HOL 8-84* 

Nominal rare Actnd raze Ekorherm temp. (‘C) Sampk rccight 

(“C min- ‘) (‘C min- ‘) (mg) 
Initial stop.?! Peak 

2Q 
20 
20 
20 
axrage 

IO 
110 
IQ 
IO 
IO 
a=gc 

5 
5 
5 
5 
5 

===ge 

23 
25 
2s 
2+ 
23 
2f 

ayezagt 

25-c 207 
27.5 210 
20.0 207 
24.0 208 

11.0 
11.0 
IO-7 
I28 
IO.6 
11.2 

5-O 
5.4 
5.3 
5.4 
5.3 
5.5 

211 
205 
209 
209 
207 

208 
202 
206 
206 
196 

202 
206 
2@s 
2m 
199 
203 

234 
234 
236 
236 
235 

222 
225 
223 
226 
224 
224 

209 
211 
210 
214 
214 
212 

206 
207 
207 
207 
207 
207 
zii 

250 
245 
249 
246 - 
248 

231 
239 
239 
244 
239 - 
238 

222 
226 
230 
225 
234 
3% 

223 
219 
219 
221 
219 
217 
220 

0.9 

2.8 
I.2 
1.6 

3.2 
I.6 
2.3 
I.7 
1.0 

5.8 
3.7 
I.4 

a Argon ffow of 28-30 ml min- ’ across sample. 
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TABLE 4 

CALCULATIC3N OF ACTIVATION ENERGY AND 
AUTOIGNITION TEMPERATURE FOR RDX TYPE B CLASS C HOL 8-84 

Temperature 

“C K 

Rare= 0 
(“C min- 1) 

T= x IO= o /T2 x IO-s Ill-x IO-” 

Temperature at peak of exofherm 
248 521 24.1 
238 511 II.2 
227 500 5.5 
220 493 2.7 

Temperature at dope of exotherm 
23s 508 24.1 
224 497 11.2 
212 485 5.5 
207 480 2.7 

27144 8.878 
26112 4.289 
25000 2.2ix.I 
24305 1.111 

2.5808 9.339 1.969 
2.470 1 4.534 2.012 
23523 2.338 2.062 
2Jo4o 1.172 2083 

1.919 
1.957 
2AxKJ 
2208 

p&E= 
2303R 

,,,<alm1-<0lml 
l/T, - 1ITz 

RDX TYPE B CLASS A HOL-8-84 

Peak temp. 
(K) 

%ITt x IO- = E%JRT’ EjRT e--Wxf x IO- 15 AXlO’( 

521 8-878 
511 4.289 
500 2200 
493 1.111 

S&e temp. 
508 
497 
48s 
480 

9.339 
4.534 
2.338 
1.172 

12x80 33.467 
0.7478 34.122 
0.3836 34.873 
0.1937 35.368 

averageA=5.017~10’~ 

1.6284 34.324 
0.7906 35.084 
0.4077 35.951 
0.2044 36.326 

average A =1.390-x 10fs 

0.2912 
0.1520 
0.0718 
0.04355 

0.12352 13.18 
C-C5820 13.58 
0.02442 16.70 
0.91684 1214 

5.3159 
4.919 
5.343 
4.448 

E% 
Peak - 

RT’ 
= A e-un 

25 0 4 0 :ogo_1 = log 5.017% lO”=- 
4567T 

T= 483 K = 210°C peak ttmpcrature 

sropc logO. =log 1.390x lo’“== 
4.567 T 

T=470K 
T = 197°C anzoigxsition tanpcramrc 
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The autoignition temperature as 0 -0 was obtained for HMX Grade II 
C&s A @ liMX) from the slope of the straight line (Table 8). The slope value of 
12500 does not have any apparent functional value. An autoignition temperature of 
234°C was obtained by caIcuIating the peak temperature at a heating rate of 0.1 “C and 
extrapolating the i_gnition temperature. 

The cakulated activation energies of 27,000 cal mol- ’ for PETN and 
35,000 Cal mol- 1 for RDX are low in comparison with the values of other researchers. 
Activation energy vahres listed in refs. 4 and 5, particularly those done isothermally in 
a static atmosphere, are all considerabIy higher. It is very possible that autocataIysis 
i.s responsibIe for the high vahres, particularly if the products of decomposition from 
these explosives were not removed. It is also probable that purer recrystallized material 
results in higher energies of activation. The samples tested in this report were 
specification -grade materiak used as manufactured. 

Since TNT evaporates rapidIy above 220°C thus cooiing the Iiquid TNT, 
ignition is very diiiicult to obtain by DTA except at the fastest rate. To obtain 
meaningful data (exotherms) the sampks of TNT were capped- The capping siowed 

TABLE 5 

DTA DATA PEI-N PA 2-267-P 

Norninaf rare 
(“C min- I) 

Actual rare 
(‘C min- I) 

Exorherm temp- (“C) 

Slope Peak 

Sample ueight 
(mg) 

20 
20 
20 
20 
20 
amzqJe 

10 
II0 
10 
10 
10 
average 

5 
5 
5 

; 
average 

25 
25 
25 
15 
25 

a=e 

21 197 209 
24 199 212 
23 201 212 
24 202 213 
27 203 214 
23.8 200 zis 

10.4 194 203 
10.0 190 204 
10.4 192 204 
11.4 189 199 
11.4 193 202 
10.7 192 202 

5.2 
5.2 
50 
5.5 
5.9 
5.4 

184 
181 
186 
181 
185 
183 

194 
192 
197 
193 
I9J 
194 

2-7 177 185 
26 180 187 
26 176 184 
2-7 177 I88 
29 172 189 
2.7 176 187 

08 
1.6 
I.8 
20 
3.8 

3.4 
2.7 
27 
5.0 
3.6 

3.5 
2.5 
3.8 
1.9 
3.1 

27 
4.1 
4.2 
4.1 
4.0 

o Argon %ow across sampIe = 28-30 ml min- 1_ 
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TABLE 6 

CALCULATION OF ACIIVATION ENERGY AND 
AUTOIGNITION TEMPERATURE FOR PETN PA 2-267-l- 

Temperature 

‘C K 

Rate 0 
(“C min- I) 

T2 x IO5 0/T2 x IO-5 I/TX IO-’ 

Temperature at the peak of the exotherm 
212 485 23-8 
202 475 10.7 
194 467 5.4 
187 460 27 

2352 10.1190 2.061 
2.275 4.7033 2.096 
2.lSl 2.4759 2.141 
2107 1s14 2178 

Temperature at the slope to the exotherm peak 
200 473 23.8 2237 
192 465 10.7 2162 
183 456 5.4 2.098 
176 449 2.7 2.034 

10.6392 2114 
4.949 1 2150 
2.5739 2188 
1.3274 2.217 

~ope--E-= log (01T21-(01T% 

230332 l/T, - lW-2 

E,=3326Ocal mol-x peak 
& = 38360 cal mol-’ slope 

PEl-N PA 267T 

Peak temp. (K) O/T2 x IO- 5 EZ fRT2 E/RT e--EIRT x IO- 15 AxlOX 

485 10.1190 1.6939 34.514 1.0293 1.6456 
475 4.7033 0.7873 35.241 0.4960 1 S872 
467 2.4759 0.4145 35.845 0.2695 1.5380 
460 1.2814 0.2145 36.390 0.1553 1.3811 

average A = 1.5380 x lox5 
SIope temp. (K) 
473 10.6392 l-7809 35.390 0.4170 42707 
465 4.949 1 0.8285 35.997 0.2321 3.5695 
456 2.5739 0.4309 36.709 0.1151 3.7440 
449 1.3274 0.2222 37.282 0.0636 3.4937 

average A = 3.770 X 1015 

as 0-O Peak 
EZ - A e-EIRT 
RT’ 

EB/RT2+0.1 logO. = log 1.538 x 10’5- 
33260 

RTx 2307 

T=45OK 
T= 177°C peak temperature 

SIope logO. =1og3_77ox 10’5- 
33260 

RTx 2303 

T= 439 K 
T= 166°C autoignition temperature 



198 

the escap of th= gases-raising the vapor pressure and diminishing the evaporation 
rate_ Ignition could then take place at lower temperatures than if the small samples of 
TNT were! heated unconfined. 

Peak temperatures from TNT exotherm produced a straight line relationship 
from the logarithm of 0/P versus l/T_ The straight line is indicative that a f&t 
order reaction exists and that the evaporation had a negligible effect once ignition 
took place. 

TABLE 7 

D-I-A DATA FOR HMX GEUDE II CLASS A HOL 701-W 

Nominal raze Acmai rare Erofhemx Zrmp. (‘c) Sampk rceikhr 
(‘C min- ‘) (“C min- ‘) ed 

h.itxa Sbpe PeaJc 

20 
20 
20 
20 
20 

a-s 

10 
10 
10 
10 
10 
average 

5 
5 
5 
5 
5 
5 

merage 

225 
2.5 
2-S 
2-S 
2-s 
2.5 
2.5 

ilveragc 

l-25 
1.25 
l-25 
1-25 
l-25 
I.25 

a==* 

23.0 
24.5 
20.0 
27.0 
23.0 
235 

273 
276 
276 
275 
275 
275 

279 283 
278 282 
279 283 
277 280 
278 283 
278 282 

105 
103 
12-O 
10.0 
103 
10.6 

271 
270 
270 
273 
- 

271 

275 
275 
275 
277 
278 
u6 

280 
280 
280 
282 

- 282 
281 

5.5 266 274 280 
5-9 268 273 280 
5-3 267 272 280 
5-7 267 271 276 
5-9 267 271 278 
5.7 263 271 278 
5.7 26ri 272 279 

2-6 251 
28 247 
3-o 246 
2-6 251 
2-7 256 
2-7 261 
2-4 252 
2-7 ?zi 

267 
270 
269 
270 
268 
272 
268 
269 

273 
275 
275 
275 
272 
275 
275 
274 

l-20 241 260 263 
1.10 248 262 268 
I-20 - 254 256 
130 246 263 265 
1.10 246 261 266 
I.30 249 259 263 
I-20 246 260 264 

- 
4.0 
3-7 
3.3 
23 

3.6 
26 
23 
1.5 
1-4 

49 
2-2 
4.8 
5.8 
3.7 
3-2 

3.6 
3-2 
27 
27 - 
2.7 
2-9 
3-4 

a Argon flow of 28-30 ml min- 1 for all cxpaimcnrs- 
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TABLE 8 

CALCULATION OF ACTIVATION ENERGY AND AUTOIGNITION TEMPERATURE 
FOR HMX GRADE 11 CLASS A HOL 701-19 

FromFig.%e=n?= -1.25~10 4 
x2-x1 

y =mx+b 
T2/0 = - 1.25 x IO4 T,+b 

b = 3.54x 106 
m=sIope 

if 0 = 0.1 ‘C min- l, then solving the quadratic equation for T = 238°C for the peak; the ignition 
temperature wouId be C5”C less or 234 ZZ 10°C. 

Temp. Abs. temp. 

(“c) (ru) 

0 = rate 
(“C min- ‘) 

I/TX 10= 0JT2x IO-= T2/0 x 105 

1.801 7.660 0.131 
1.805 3.470 0.288 
1.812 1.870 0.535 
1.830 0.903 I.107 
1.862 0.416 2.404 

1.815 7.730 0.129 
1.821 3.540 0.282 
1.838 1.910 0.524 
1.848 0.918 1.089 
1.826 0.422 2370 

Temperature at the peak of exotherm 

282 555 23.5 
281 554 10.6 
279 552 5.7 

274 547 2.7 

264 537 1.2 

Temperature at the sIope to rhe exotherm peak 

278 551 23.5 

276 549 10.6 

272 545 5.7 

299 542 2.7 

260 533 1.2 

Since the autoignition temperatures reported here are based on a minimaI 
heating rate, it is theoreticalIy possible for ignition to take place at lower temperatures. 
Since explosives do decompose beIow their autoignition temperature, it is possible, 
that an explosive of large enough critical diameter with proper confinement, and sur- 
rounded by sufficient gaseous decomposition products could ignite. Heating large 
samples of explosives in closed ovens at temperatures approaching the autoignition 
temperatures are not advised. The DTA experiments do indicate that explosives 
heated to temperatures below the autoignition temperatures and then cooled will not 
spontaneousiy expIode. 
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