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NOTICE: When government or other drawings, speci¬ 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S, 

Government thereby incurs no responsibility, nor e ^ 
obligation whatsoever; and the fact that the Govern¬ 
ment may have formulated, furnished, or in ary vs/ 
supplied the said drawings, specifications, or on) er 

data is not to be legarded by implication or othe 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way he related 

thereto. 
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Fwrd: 

J. Ho kosen 
Explosives Division Jilas 

A New Apparatus for the DíJ*”ll,^t¿^c!ÍQtÍ®(^)iUOn 
retapera turc of Explosives. (NOL-37-Re2c-19-l UJ; 

A ntvf type of apoaratus for use in deteraining the 
«ignition temperature« of explosives has been devised. 
It consists of a tapered aluminum bar, headed at one 
end, and drilled v;ith t sPacets?ÿf 
sample holes alo¡ag length of the Par. In tn^s way 
a number of different and relatively constant tempéra¬ 
ture levels Is obtained. The hot bar is enclosed in a 
Transite box. and is operated usually at a temperature 
of about 460^ at the hot end. Iron-cons»antan uiermo- 
couples spaced along the bar are *sfd th^ 
temperature measurements, several trials are made on 
each e\nlosive using the up and down method end a 
ignition temperature is reported. ^or-*?evniML8, 0Ut 
10-^0 .Tur. of explosive are used. The 5C$» ignition 
temperature seems to be fairly reproducible for a numrer 
of exolosivesa This ¡aetnod gives a larger dif.wvnce 
bet^eenth^values of the ignition temperature for 
difference explosives than othsr methods commonly used. 

The aonaratus and tecimique described for determining 
Ignition temperatures iiave proved useful In studying the 
thermal orooertlcs of explosives,. Iw is belle.ed that 
ail statements made and data given ore correct. However, 
The Lval Ordnance Laboratory is not committed to endorse 
either. 

(b) Picatinny Arsenal Technical Report 1372 
(c5 OßRD 78? . . 
(d) Naval Powder Factory Methods book 

Cf] Dennis7and fhelton, J. In» Chern. Soc., 3128 (1930) 
(g) AcM.P. Report No. 101.1 R_■ 



From; Je Uo kosen 
To; Explosives Division Piles 

2 0 aj-k ia{>5 

S& 
U* S. Naval. Ordnance Laboratory 

White Oak, Silver Spring 19, Maryland 

NAVAL ORDNANCE LABORATORY MEMORANDUM 10289 

21 December 1949 

Subj; A New Apparatus for the Determination of the Ignition 
Temperature of Explosives. (NOL-37-Re2c-19“l (si) 

A new type of apparatus for use in determining the 
"Ignition temperature" of explosives has been devised. 
It consists of a 11 ne rod aluminum bar, heated at one 
end, and drilled with a uniformly spaced series of 
sample holes along length of the bar. In this way 
a number of different and relatively constant tempera¬ 
ture levels is obtained. The hot bar is enclosed in a 
Transite box, and is operated usually at a temperature 
of about 460°C at the hot end, Iron-constantan thermo¬ 
couples spaced along the bar are used to make the 
temperature- measurements. Several trials are made on 
each explosive using tue up and down Xsethod and a >t# 
ignition temperature is reported. For each trial a^out 
10-30 mg, of explosive are used. The 50^ ignition 
temperature seems to be fairly reproducible fo'ja numtor 
of explosives. This method gives a larger difference 
between the values of the ignition temperature for 
difference explosives than other methods commonly used. 

Fwrd; The apparatus and teeijnique described for determining 
ignition temperatures have proved useful in studying the 
thermal properties of explosives. It is believed that 
fill statements made and dats given ore correct. However* 
The Naval Ordnance Laboratory is not committed to endorse 
either. 
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OSRD 830 
Picatinny Arsenal Technical Report 1372 
06RD 787 
Naval Powder Factory Methods Book 
OSRD 1986 
Dennis and fhelton, J. /.m. Chern. Soc., ¿2, 3128 (1930) 
A0M.P0 Report No. 101.1 R 
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End i (1) dotes 
(2) Figures 1 and 2( 
(3) Tables I through IV 

INTHODUCTION 

1 The “ignition temperat’ire“ has been used as one oi dt. 
criteria of the stability of an explosive, references >a, 
'>nd (b). It is the lowest teaperatiu'e at v/hicn igni^un 
take place under a particular set of conditions > ^ ’isaady U 
determined by one of the following methods. A small c 
explosive is sprinlded on the surface of a heated uood^ .nets 
bdh reference (c), and the lowest temperature at 1' 
tion takes dace is noted. In another procedure, a sample is 
placed in a glass test tube immersed in a Wooa^ metal bath 
Which is heated at a specified rate, reference (a). Tne lowed 
temperature at which the sample ignites is reported 
i^niUcn temperature * In a third method, reference (e , 
ignition temperature is re orted as well as the t.me lag doí ore 
ignition takes place. This is accomplished b> lo..ciin <. 
CO ) or container which hoi us une sample in.c c heated -pu- 
iúetcl bath. Tue copper container :.s covered w,th s me - a., u&p 
♦ o <(}■» has te°n soldered a fine wire. As soon as tne conteur-... 

thf h^tedl^h 5, slei tr .• c •. X c Ire il t l. eo.pX«,ä .hid 
starts a tir er. V hen the sample ignites, t:;e vop -o oj.1 
; .«ich brer ks the circuit and :-tops tho timer, ^..he everag.') im 
for ignition, of the explosive at a ¿erics oí tempw.'otuic., 
me.: u ■ tra a. 

?, - ae three pj-ocedares . er.eri^ are rsthcr .1« und' also 
■> n if f*' ^ V'C- a. I i V ’*> ... . '• 

h ne Use of a 1 ionio, rae tai bsUi which is sometimes 
hazardous anc inconvenient •• 

';ft rt was our aim to fine n suitnblv met.iod for de ter mi ding 
the ignition tamoeratu.e not involving the use of a liculd metal 
bath . , knowledge of the ignition point would be usee 10 judge 
.. et .... aot it v/as safe to subject explosive samples to 
heat for uuch purposes as dryl^ operations .-vcl^.tioa 
studies , 
'.ne ¿g 
pr ope J* tiis 

Another cujee oblecti e ’was to gain coi e .’..nier mat ltd «* oouu 
»o ignition temperature in order to cor elate this with other 

4.. fhe 5 bor.brr" is cctumoiáy used by 02 janic chemists to ,et : 
rapid a? roximation of th melting point, reference t). It 
consists cf a metal bar usuel ..y :b> r- 3H" icngana aohu re 
which is . e: t( : at >ne i. I • is J 1 caperatuie gradien 

— .:-, SC : ' • ;h UU It * I g" 6 ¡f® ¿Î 5¾ 
.... ijaOttò« - " '■ ■■ «» lS“i^oa S*“1 •’ “ 
0t:3‘ i-ud below :. 

r ..-1 tvs 
0 * n 011! ■ 

APP; rh" 

% M • y 1*. I. • » f J * > »# » »i. i ^ t < 

^ - V • . -1. , r* p V* - • *. I ». > f* Í * ’ 

iter r 1 one 0 .:. t 
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cit the 
Thiá 1 ichrone sp 
and connectug to 

is wound ri¿h 24 
is iasulí ceo 

torn:: of ff22 i- ichror»; 
fith about 1" of aoDi: 

the 115 volt power sapply through 
oarnpi 
bot toro, 

holes ore 7/32" diaciater and 1/4'1 deop.vdth a : 
adjacent holes are 7/16" apart on center,; a bar 

i.n 

.coin 
it M !Í 

with the above dimensions will have sixty holes aluiig the 
long axis, providing sixty different temperature levels 
order to reduce the heat loss from the surface, the bar 1 
covered with 1/32'’ asbestos paper , Iron-constantan therm 
made from 7?30 wire* are located at every fifth temper a tar 
and these are connected to a selector ¿»itcn. the thermocouple 
are inserted in a small hols reaching 1/4" below the surface. 
The temperature at any ore of the several locations nay be 
determined by means of a potentiometer which is connected to to- 
selector switch, a Leeds and Lorthup potentiometer !.-o, 8362. 
has bean found satisfactory., The bar is mounted, in a box about 
7:' wide, 7" deep, and 35" long, made of 1/2" Transite. Plate 1 
is a oleseup view of the bar,, The top is covered with a number 
of 6" X 9" sections of Transite, each of which has a window 
opening covered with mice ríate 2 shows the complete ignition 
temperature apparatus ready for operation., 

Bac T K .1 nrtnTURL 

n. a temperature curve can be constructed as shown by Figure 2 
n fairly smooth curve is obtained by plotting the temperature 
against temperature level, In reality a whole series of curves 
can Le nade for the bar, depending upon the power input 
Figure 2 shows curves for 80 and °2 volts. The most useful 
v.eaperauure range has been obtained by operating at 92 volts,, 
'his fields a high temperate re of 4-60*0, which is high enough 
to ignite II.T, and a low of 150‘C„ which is below tre ignition 
temperature of almost all of the materials studied. It require: 
ubout 2 3 huía s ¿o heat the bar, after which time it remains 

--1 * ugly constant. ¿aljacent temperature levels at the high 
ff er b 0 - ,. 

tu A A\, ','t 4 o a' g ho low range 

PROCEDURE 

73 The sample, measured by means of a small scoop, is placed In 
one of the sample holes of the heated bar, k top cover is ilftei 
high enough to allow entry of the scoop, After discharging the 
sample, the scoop is rapidly withdrawn and the cover is lowered 
in place Ignitions can be determined readily by viewing tne 
bai t:,rough the .mica window. The A„McP, "up and down" ¡oetnod, 
referi.nee (g), is used. V.’hea 50 trials are made on & sample the 
lelótively few trials (10-20) are made the 5$ ignition point is 
estima ted by plotting per cent probability against temperature 
and rif ting tne temperature where the 50^ level is crossed. 

Ignition g euer ally occurs within a 13 w .econdo aft -r intro' 
ductien of the explosives saaule or not at alle D; lays beyond 
perhaps 10 seconds are unusual. Is the treated sample nos general 
Jy partially or wholly decomposed if ignition decs not occur, a 
fresh simple must be used for e.-oh triil* 

T ' A u T. UAL 3 .ni 
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Ö. The sample holes ara clasr.ed bv means of a flat end hipa- 
speed twist drill,, Carbon or other residue can be removed " 
by turning the drill in the sample, hole. 

STIFLE SIZE 

9.' Samples in the range of IO-3O mg, are used generally, Tor 
bGSt the explosives studied the 50% ignition point is .10" 
pepenoent on sample size «Then working in this range as. shown 
oy examples in Table 1. For crimary explosives smaller samóles 
0.1 3-5 mg are used., 

HEFKODUCIBLLIT'i 

l-j ihe 50'¿> ignition point seams to be reproducible for a number 
^^eTtlxT^ÚSlve£ usift£ tne e oparatus and procedure describ id , 

iauie i g ¿.yes an indication c ? the dogree^ef reproducibiMtv' 
which esn be achieved, ' J 

11.; The .)0/6 ignit.lor point o alurinized Composition it was 
aetermine'.', eignt tines, each determination being made on .¾ 
vJ-lierert day The data are ;iven :,r Tabic ll/' There is a 

12! between the high and low value, Although the- 
io^^.0?: poire 01 aluminized Composition Ä is fairly reproducible, 
rne aawa are not homogeneous at the 95% level when treated 
s wdcIs i. ¿ cai.ly by the method of reference (g}... 

IG:; i riOt T^liihi'aTUHr. OF i-APLOC IVES 

“2 Using the prooecure de^c 
nuiU'sr cf explosives wore dot 

^ shown_in Table 111, -.¡1 \ 
\a toe .’ice spread between tr 
explosiver.1, lip to the presen 
■-■j'a. relate '.prit Ion tempera tur 
^ 3"* sc own ipn i t Í or. tempera t 
net hods « the vE values are 
v'-«. lues.. i hese c,/>, are c e se.: ' 
principle • ¿he r¿pld tpplica 
other nonos the EEF ignition 
?. sample &t a speciileo rate 
ignites• Che starting temper 
:0.01 e d 0 0. t t ! ,c¡ '. t h e i i n i. tico 
ci tne ft 1V. rd nur net ta* are i 
f vepex a .vu 1; at v03c'r. t! a?'0 in 

"ibed, the ignition points of -, 
' ’minee .. .h ver age values ob ta i.- -ed 
'.eres11 nr feature of the proc uiurs 

c ! finir ion tomperatures of the 
t time no attempt has been nade to 
3 citn other properties. In Table 
ores as determined by three difieren!; 
not toe different from the NO I, 
;‘-3od in a rover similar way in 
-Ion of sirh temperature. On the 
temperstures ,re obtained by heating 
•, 5-10* peí minute ) unt i X t le* oxplos ive 
o turc ïs .100« 12^ “C, It s}iou.ld be 

temperatures as determined by means 
j -i p 0 i » t s ' r e p r 0 s ont i ng a 

.-t 50/- in ocability of ignition 
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dependence- of Ignition Temperature on Sample «¿eigh 

Sample Weight, I’entolite 12 Qg 
230 
238 

K 
23, 
238 
238 

Sample Weight, TNT l&m ZLm 
454 454 
454 454 

462 
463 
473 

ui. ■M ** <9i ■»* «fc- a: V* ■i** ♦» U» «r*. •« 

Tivi’l.C li, 
««* nr ' 4 

Ignition Temperature of Aluminized Composition a, 
X41 Sample Size - 14 mg.. 

1, 
2, 
3>. 
4, 
5v 
6, 
7» 
8, 

3û4 3 
376,0 
383.7 
382,0 
372 3 
383.2 
384,? 

Av, 380 3 

CONK I DüML Î -•1 iJ V 
NOUi 1C2Ö9 
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. «xplc s ives 

¿äiäßit 
Baritol 
TNT 
HBX 
Comp B 
ammonium Picrate 
Picric .Held: 
aluminized Comp a 
Comp a*3 
Tetryl 
m: 
Hydrazine Nitrate 
Load Azide 
Lead Styphrmta 
Panto.lite 
PLTH 
Haleite 
DINa 
Mercury Fulminate 
Po tas s i»im 1, i- d ini troe thane 

457 
4 >6 
440 
436 
413 
418 
380 
373 
326 
3I6 
307 
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<o¡:|'üri£on o .i Ignition Temperaturas 

1 P Jl*.j ht1 F 
?? 

* . re.» r> Fwlninate 
iUle: te 
PI.TN 
Lea? o type. ni. te 
Ltacl azldo 
i:.jX 
lotiv.T 
'; c ' : c .vv X 

Tftap & 

175 177-130 
3 SO 
2:. 5 
2 80 
4.15 

ova Sró 
265 

170 175 

1 ude i., 

20.3 - 208 

265 
■^»r- ^ . • .i» • iciat> S S'CJVü 3 

I* * 

í 

•wOûi.' b 
!.T / 
: X /. 

T¡.T 
Î. T; ’ ? í 

) Z f 

t -n 

180 07:71 
300*384 
238-291' 
117-^04 
158-194 
2 00 *202 

f Jtí' 
2 50-290 
276-283 

a . 

4 

. j 4 TÍ •• •*$**. . V ¡3 ibe •: .ito• ,>. feferunee (e) 
»'*. a: ■'0,».er • •. : : r-wi ••; 

< -i 

¿hOL'* 

19: 
22 ■ 

232 
260 
292 
31'■' 
426 
h 

413 

43Ó 

456 

45 } 
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