
UNCLASSIFIED 
 

AD NUMBER: 

LIMITATION CHANGES 

TO: 

FROM: 
 

AUTHORITY 

 

 
THIS PAGE IS UNCLASSIFIED 

AD0892213

Approved for public release; distribution is unlimited.

Distribution authorized to US Government Agencies only; Test and 
Evaluation; 31 Dec 1971. Other requests shall be referred to US Naval 
Ordnance Station, Indian Head, MD 20640.

USNOS notice dtd 27 Apr 1972



3 i&FLAM| pR0PS9^TI0N parameters OF ,4|

. .■•/IV ■’ • •■
' -

#YROTECHNIC DELAY X!nD
IGNITION COMPOSITIONS

8^
. -.mi..-
4 w-' --mi -'mm

-mV :.

...

•T
, ' ' l^kutwn hmoeti »D «, & Wt. agmw 

; :v-i^; T«t and^CMwMMESI W7t. ,-.4
.■■ Otter rwDuwttt -W otl^;;ttxaRMM num, M 

nbttmi to OMttnaMli^
rant* StMttm. 
OR«WaD4«.

* . ..........

Bi

.'8^;
m

■ •!'



■ ■■ ■

~ .; - - H:9r

■ "sft-' v ■ '''OT'.':':il

^-^C^’-'^'." ' 4-:

' ■ v-:>- "; ■

I-i
1

■^x'^--.'- -• • “. r '■ ;' a'^ '

-I*.-, .ii^



19 r^tor rato 
0«fawM iMCwMMitatéoa C««i«r tur iciMtifie 

•"« Tacfeaical lafor««tipa (MCI 
•t#« *9. Caaaroa Stat<oa/ 

I at«»awar.a. Virgiaia 3taVt { 

-ass^rsss^süm- 

TiTtt oa auajCCT 

2L 

• * lar at*t(»ba«4aa ««aiac« M ■••itattaaa «fca««i»a kala«. a>aw« aa aMakar Im saaaxa# ia *a*<* atava; 
«*#»•• al Ivttvf ta *vta*aa4 ta ariaiaatiag aativit» Il atv talaa; taa caa» •• ha aaat ta Caaaaaaat. Bavai ai > Sa al va* 
&ias-!W;t<. mi «ai gfci. ti, man 

!.. TV» • 4aMrw»4H»« *«• »#— f*ff fMaVI •« 

•a»4 Il* 4c««r»lhait»<Mi à* «mbIm»4t«4. oa Sa fecfe «rmmmmt ««•! • f tilas 4»n—w« «««s»4s «%« sgs—s»ss 

I • f «Va V. S. CaavsrcMMMsi swst Iss"» jfwàmi swt<s«Nsl •! 

Commanding Officer, Narai Ordnance Station, 

l - '«IN «3 r.üt» TO St CU® I TV MCOUMIEMCNTS mit CH tPPtV 
I Sto IMIS 30CXMtNT AM) MUST 0E M£T - 

Indian HCád, Mâi'yuuid, Cdd¿ uk vu tcdït: □ 4« BmIi tSMSflta ttsl'•! tu»* é»c«aMMit «Nctsa#s «lie Sep ai 
mmmt sf 4e f m ae ms« Veee giraenr apuse eel mi 

|i-t TVi • éssMweeef «a ««Viect Ce apeecaft eapect ce«« reí a 

a«4 eacti tema«* «tel ce fereipe peeereeeeca er fere»pe 

eacteeela eat V# «eée eely e»cV «Ve prcer apprevel el 

J 

□ S. TV» a 4a ree re « eep Ve 1erCVer 4» str»Ve«e4 Vp «Ve Vel4er 

eelp eá«V apeei Iic prier eppreeel ef 

r / n 
Naval Ordnance Station 

, Attn: ¿964' 
I_ Indian Head, Maryland 20640_f 

I- 
//// / ' / 

sefe^/ 
»ïiûr 

gltor. Director. Documentation Services 
BBr^^^*****™*1** tSSW"™1 

t » r n 1 Commftmémr Naval Air Sf»!««« Cowtan» (âlC-flON) 
- Navy OaaartMMt 

NaaAêactoa. 1. C. 20300 L . _J 

\ 
a*«fff tCeTiPN 

) 

FSS 

\ 
UNCLASSIFIED 

> utciestncB wntn ctciosim u atMovra 

: % 

lüí 
/ 

( limiliilüllil ilium 

12./.11 Igu. ÜJ 

b -m 

: :¡í|j!ii : ¡ • ¿ mú 



ORDNANCE PEPARTMENT 

Indian Head Memorandum Report 71-168 

31 December 1971 

FLAME PROPAGATION PARAMETEHSLOF 
PYROTECHNIC DELAY AND IGNITION COM POSITIONS 

By 

James Ë' Rose 

X 

\ 

l S. jjücnoc» onl\ . lt*\i jnd • X DisinhuiHHi limilcd 

IvalualNMi: 31 üeccmbe« I‘»71.0iIk:i rcqucos fm ihi% (kwutncni 
inu\t K- • cU^fcd I*» Cuiiimjiidinr Offkvi. Nj\j! Ordfunvc 

SuiHNi. Iitdiiilii'jd. Maryland.G>di- Ok vu AD4I 

/ 

! 
N A VAL í> R D N A N C E STATIC N 

(Un Head, Mary land 

B. W. FRESE, JR. 
Captain, L’Sfíavy^ 
Commanding OffiUir/ 

/'x. ! 
JOE 1. BROWNING 
Technical Director 



ß TV. V \ 

..........L.i .i, 

IHMR 71-168 

FOREWORD -"'i 
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The work reported herein was performed at the Patterson Pilot Plant under 
Naval Air Syfetems Command Task Assignment A350-5322/2S6B/IF17-546-501. 
This work was performed during the period July 1971 to September 1971 and is 
submitted with the reservation that it may be altered by future work. 

The author wishes to acknowledge the helpful advice of Dr. Joseph H. 
McLain of Washington College concerning the propagation index parameters. 

Approved by: 

I. L. Tominack 
Director, Pilot Plant Division 

Í ?// 

R. H. Spotz 
Manager, CAD Branch 
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Released by: 

j\ E. Hlenderson 
MAad, Ordnance Department 
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INTRODUCTION AND BACKGROUND 
V 

To dale, no suitable correlations oîf flame propagation character iatics of pyro¬ 
technic coftipositions have been prepared. Now, in this report, the flame propagai ion 
parameters, heat of explosion, ignition-temperature, and Me lain Propagation Index, 
are correlated for various pyrotechnic delay' and ignition compositions. The McLain 
Propagation Index is defined as heat of explosion divided by ignition temperature. 
It is measured in calories/gram-degrees centigrade (cal/g-*C), reminiscent of 
the entity known as heat capacity. The physical significance of the propagation 
index is that it is a comparative measure of ease of flame propagation in the 
pyrotechnib composition. The higher the propagation index, the better the flame 

propagation. , 

The propagation index was originally developed to describe the combustion 
of a delay coriaposition. In the combustion of a delay composition, the llame * 
front is believed to advance layer to layer, with each succeeding layer being 
ignited by the preceding burning layer. Eke ignition energy required by each—' 
succeeding layer is defined as activation energy. Energy available from the 
preceding layer for ignition is.described by the heat of reaction, AHr, or by 
the heat of explosion, HOE, in the case of an explosive or pyrotechnic composi¬ 
tion. The ease which a flame propagates through a mass of pyrotechnic com^ 
position compressed in a tube is then directly proportional to lhe Leal of ( 
explosion and inversely proportional to the activation energy. 

According to the classic work of Henklp-McGill,1 açtivation energy, Ea, 
varies directly with ignition temperature, T¿. This is logical to assume, ¿ince 
an easier propagatfag composition would have lower activation energy and lower 
ignition temperature as opposed to.the higher activation energy ami correspond¬ 
ingly higher ignition temperature of a more difficultly propagating pomposilion. 
(t was deduced, therefore, that ease of flame propagation may be empirically 
described bÿ a propagation index, P¡, which varies directly with the heat of 
explosion and inversely wifh ignition temperature. In this manner, the propaga¬ 

tion index“came to be defined a** 

I’l 
HOE 
T, 

V 
ja,J K McfIM. I«nhwl**»» ■•«M J^pwriwuif C|w««i»»o **' I .*•! 11*511 
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; 
EXPERIMENTAL METHODS 

Heal of Explosion Determinatiooe 

For most ignittoo compoiilioos. host of exploiioo determinstioo is s mat¬ 
ter of routine evaluation. However, for the delay compositions a modified 
procedure is followed. To prevent scattering of delay powder when ignited in 
the Parr calorimeter bomb, the composition is pelletized. PeUets are Pre^ 
at 30 000 pal in a 0.260-inch inner diameter aluminum test col^nuj/extracted , 
with i ram. and dried in a vacuum desiccator for eeverjidays at rooni tempera¬ 
ture to ensure complete dryness. Results are obtained using the standard 
procedures of the Parr adiabatic calorimeter, except that (IJXporcelain 
crucible is substituted for the stainless steel combustion cup, (2) 1-atmosphere 
initial pressure of helium gas is used, and (3) A1A ignition composition is used 
to ignite the delay compositions instead of the hot wire igniter. For most 
firings, the charge consists of about.5 grams of delay composition and about 
0. 1 gram of the A1A ignition composition. Appropriate corrections for heat 
evolved from the A1A igniter are made. Total errorfwnsidering the low heat 
output of some of the compositions being burned and error introduced in 
estimating the true temperature rise, could be as much as ±15 cal/g. In v,e^ 
of this and the special conditions under which the tests were conducted, results 
should be used for comparative information only. , 

\ 
Ignition Temperature Determination 

• » ' 

Ignition temperatures are determined from the differential thermal . * 

analysis (DTA) plots using the method of tangents. This involves locating the 
exotherm whfch denotes ignition, construcfingMangents to the peak and base 
lint, and projecting the tangents intersection back to the base lin¿ for ignition 
temperature. Ignition témperature tÄ-then easily determined from a DTA 

calibration chart. - , N 

■r 

All compositions are used in the powder form for the DTA. It has been found 
that the DTA results of most ignition compositions are smoother1 and more easily 
evaluated at heating rates of 20* to 2.1* C/min. Sample size varies from 50 milli- , 
grams for the delay compositions to 30 to 40 milligrams for the ignition compositions. 

DISCUSSION 

» Results 
*• \ * 

lr 

Correlations of the various pyrotechnic composition propagation parameters 
are presented in Table I. The propagation indices obtained seem to bear out the 
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theory previously discussed, /or slow burning compositions with low best out¬ 
put such ss delays, the propagation index lies in the range of 0.5 to 0.7 cal/g- C. 
For faster burning, hotter compositions, such as boron potassium nitrate, the 
propagation index is between 0.8 and 2.8 cal/g-*C. A propagation index as high 
as 6.8 cal/g-“C was obtained for the explosif composition FA-878. 

. * 
Table I 

FLAME PROPAGATION PARAMETERS 

Composition 

Manganese delay, 9 sec/in. 

Manganese delay, 4 sec/in. 

Tungsten delays 

\IA 

BKNOj , 

AlA/BKNOj 

TBK igniter 

Hard igniter A 

Hard igniter B 

Soft igniter 

Tita^um/lerric omde 

FA-ST« 

'1 ingredient 

35. 8 Manganese 
41.2 Lead chromate 
23. 0 Barium chromate 

41 Manganese 
49 Lead chromate 
10 Barium chromate 

30 Tungsten 
50-00 Barium chromate 
5-15 Potassium perchlorate' 

5 Superfloss* 

05 Zirconium 
25 Ferric oxide 

¡ 10 Superfloss 

23. 7 Boron 
70.7 Potassium nitrate 

5.6 Laminae2 

! «0 A1A 
20 BRNO* 

26 Titanium 
64 Barium chromate 
10 Potassium perchlorate 

30 Zirconium 
60 Barium chromate 
10 Superfloss 

58. 5 Zirconium 
31.5 Barium chromate 
10. 0 Superfloss 

16. 4 Zirconium 
73.6 Barium chromate 

! 10. 0 Superfloss 

o( 
explosion 

267 

254 

JÜ3. 

260-330 

480 

1600 

43« 

421 

JUtm 

53 Titanium 
47 Ferric oxide 

*\ 

20 Barium nitrate 
20 Lead dloaide 
20 Pentaerythritol tet rand rate 

40 Zirconium 

610 
A 

740 

433 

427 

333 

560 

1050 

460-480 

r 
580 

565 

1 

410 

520 

433 

410 

407 

676 

154.3 
(explosion) 

10 

10 

’l: 30 

(cal/g-X) 

0.61 

0.60 

10 

25 

25 

10 

20 

20 

20 

I 
20 

0.55-0.70 

0.83 

2. 8 

1.5 

1. 4 

1.0 

1.0 

0. 82 

/ 

0.83 

6.8 

nsmt «14 Ff«s4»(sC <wp 'Mew ^ 7 
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Of all the parameters, ignition temperature 
accurately, since it^depends on the heating rate 
heating rate is increased for various compositions, the 
ture also increases. As an example, the ignition temperatures 
tion composition (65¾ zirconium, 25¾ 
red ferric oxide, 10¾ diatomaceous 
earth) are given in Tab)e II. The slower 
heating rates give not ¿niy lower igni¬ 
tion temperatures but also higher times 
to ignition. This is to be expected, 
however, as Henkijp-McGill predicted 
that ignition temperature is related to 
time to ignition, t, by : 

Table II 

EFFECTS OF HEATING RATE ON IGNITION 

Time to ignition 
(min) " 

Heating rate 
CC/mil») 

Ignition temperature 
ÇO 

55.$ 
37.6 

_33 0..J 

. 

10 
¿0 

■ 25 

580 
77« 
850 

! 
+ constant. • (2) 

When the data in Table II are plotted on log-inverse temperature coordinates, 
a nearly straight line results as shown in Figure U This is in fair agreement with the 
Henkin-McGill equation (2). The activation energy determined from the plot is 
somewhat low compared to those of most chemical reactions which require 20 to 
50 kilocalories/mole for activation. However, when one considers the high metal 
content and concomitant high thermal conductivity of the A1A composition, the 
reason for the low activation energy becomes obvious—the high thermal conduc¬ 
tivity is linked with the ease of ignition of the composition. 

/ 

1 

FIGURE 1. ACTIVATION ENERGY PLOT FOR A1A IGNITION COMPOSITION 
__ ■ ’ 

1 R = tlnivrrul M* conutifi« and I Irmprraturr in °K. V 



) Additional SugKested Screening Criteria 

To better define flame propagation in a pyrotechnic composition which has 
been compressed into a hollow tube, we need to consider the variables burning 
rate, BR, and pressed density, d. Ease of propagation should vary directly 
with pressed density, since thé higher the density the better interparticle contact 
and flame transfer should be. Propagation should vary directly with burning 
rate, since a façt burning composition would transfer heat faster through itself 
and Have less conductive hea^ loss to the surroundings than would a slower 
burping composition. When these variables are incorporated into equation (1), 

Jpve 

it 
Pi = ^ d<BR) 

Ti 
>\ • (3) 

wit!} the units, cal/°C-sec-cm2, dimensionally equivalent to the heat transfer 
coefficient. All parameters are to be measured in the same state. For example, 
if BR rs determined for compressed material, then Tj and other parameters 
should also be determined for compressed material. 

Application 
ë ‘ 

The parameters described herein may be used as comparative screening 
criteria for pyrotechnic delay and ignition compositions which are used in air¬ 
craft personnel escape systems, aircraft stores? separation, ship-to-Tship or | 
ship-to-shore ammunition, and Navy missile systems. The parameter, heat 
of explosion, has been used as a comparative acceptability screening criterion 
for many pyrotechnic ignition compositions. Successful and consistent internal 
ballistic performance of these systems is related to the successful and consistent 
performance of the delay and ignition''compositions used in the components of 
these systems. It is recommended that sufficient data such as described herein 
continue to be accumulated so that comparative criteria for these compositions 
can be established. 

, CONCLUSION^ 

Differential thermal analysis is adequate for determining ignition tempera¬ 
tures of pyrotechnic compositions if sample weight and heating rate are defined. 
The same heating rate should be used when comparing similar compositions. 
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The McLatn Propagation Index la a useful comparative tool in describing 
performance characteristics of pyrotechnic compositions. The Rose-McLain 
Propagation Index (equation (3)), defined by heat of explosion^ ignition temperature, 
pressed density, and burning rate of the cdmpositkm, may also be a useful 
comparative tool in describing acceptabilityWiteria -of pyrotechnic compositions. 

■ ' 

recommendations 

It is recommended that the McLain Propagation Index be used as a com¬ 
parative reference screening criterion fpr the acceptability of a pyrotechnic 
composition. Data on ignition temperatures, burning ratsis, pressed densities« 
and heats of explosion of pyrotechnic compositions should be accumulated so that 
a solid basis for comparative screening criteriatcan be established. 

Government and private industrial manufacturers of pyrotechnic composi¬ 
tions used in ordnance should consider the McLain Propagation Index and the 
Rose-McLain Propagation Index as comparative screening criteria for pyro¬ 
technic compositions. Data on the pressed densities, burning rates, heats of •; 
explosion, and ignition temperatures should be collected.and exchanged among 
manufacturers. ' 

■ 
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IS A o 9 T W A c T 

Heat of explosion, ignition temperature, and McLain Propagation Index. Pj, defined as 
heat of explosion divided by ignition temperature, are correlated (or various pyrotechnic 
delay and ignition compositions. A novel propagation index, described by heat of explosion, 
ignition temperature, burning rate, and density is proposed as a comparative screening 

criterion for pyrotechnic compositions. 
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