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Three pyrotechnic compositions (R284 Tracer Mix, 15569 Igniter Mix, and I560
Sub~Igniter Mix) and one high explosive (Composition A5) were subjected to classifica-
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FOREWORD

The ARRADCOM Resident Operations Offioe hag conduoted experiments on three i
pyrotechnic compositions and one high explosive composition to determine the probable
hazard olassifications, The investigation wus conducted for the ARRADCOM Large
Caliber Weapons Systems Laboratory in connection with an overall program {o deter-
mine the TNT equivalenoy of munitions components,

The author wishes {o acknowledge the techniosl assistance of the Hazards Test
Range fleld orew of Computer Soiences Corporation,
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SUMMARY

Composition A5, R284 Tracer Mix, Igniter Mix I559, and Sub-Igniter Mix I560 were
tested in accordance with Chapter 3 of U, S, Army Techknical Bulletin 700-2, Change 1,
and the results are shown in the following Table. Composition A5 exhibited characteristics
of a detonation and the three pyrotechnic compositions failed to exhibit the same character-

{stics,

;m}l’%—&‘& Y ;Z{Zf

ouwlaunol muuium Py

Taw i e il

Ignition and Impaot Card
Detonation Unoonfined Sensitivity Thermal Gap
Sample Material | Test Burning Test* Stability Test
Composition Explosion No Explosion [0 at 9,53 em| No Explosion | 245
! A5 6 at 25,4 om Card
1560 Sub-Igniter Complete No Explosion |1 at 9,53 om| No Explosion | No
Mix Burn 6 at 25.4 om . Detonation
15659 Igniter Complete No Explosion | 0 at 9.53 ¢m| No Explosion | No
Mix Burn 2 at 25,4 om Detonation
R284 Tracer Complete No Explosion {1 at 9,53 cm| No Explosion | No
Composition Burn 9 at 26,4 om Detonation
* Indicates number of explosions at each drop height,
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INTRODUCTION
BACKGROUND

Classification of bulk pyrotechnic compositions, propellants and explosives is current-
ly accomplished by evaluation of test data obtained in accordance with Chapter 3, U, S.
Army TB 700-2, Chapter 3 provides test requirements to assign hazards olassification for
transportation of bulk pyrotechnic compositions, propellants and explosives, These tests
are designed to determine the ease of initiatlon and atability of bulk compositions during
shipping and handling. The results of tests may be utilized by cognizant DoD/DoT agenoies
to assign hazards olassification indioes and to determine compatibility for transportation
and handling,

OBJECTIVE
The objective of this study was to provide results of olassification testing in accordance

with U. S, Army Technioal Bulletin 700-2, Change 1, on seleoted pyroteohnioc and explosive
compositions.

MATERIALS AND METHODS
TEST MATERIALS

The explosive composition tested was Composition A5, Type I high explosive [MIL~E-
14970A (Mu), 6 Seplember 1970, with amendment, lot number HO1.~015-73], containing
98, 5-90, 0% RDX and 1,0-1,5. stearic actd.

The pyroteohnio compositions that were tested inoluded: R284 Tracer Composition
with a composition of 28% magnesium, 567 strontium nitrate, and 17% polyvinylohloride;
560 Sub-Igniter Mix with a composition of 15% polyvinvlgshloride, 27.5% strontium nitvate,
27,5% magnesium powder granular 12, and 307 strontium percxide; and 1559 Igniter Mix
with a composition of 79.5% of 1136 pre-mix (909 strontium peroxide, 10% calofum resinate)
and 20,8% of pre-mix (29,3% lead dioxide, 70.7% magnesium type 3). All of the pyro-
technic compositions were shipped from Lake City Army Ammunition Plant tn 4, §5-t-kilo-
gram quantities,

DETONATION TEST

A serles of tests were perfcrmed to measure the sensitivity of the compositions to the
reaction of a number 8 blasting cap, A 5.08-centimeter (2-inch) cube sample was placed
on top of a perpendioular 3, 81-om (1.5-{1ch) diameter by 10, 16-om (4-{noh) high lead
cylinder, The number 8 blasting cap was placed perpendioular to, and in contact with, the
top surface of the sample, A 5,08-om (2-inoh) wood oylinder with a hole drilled through
its center was uttlized to position and support the blasting cap. The oap was initiated by
a suitable electrical current, Detonation of the sample was evidenced by deformation
(mushrooming) of the lead oylinder, This test was conduoted a minimum of five times, or




unttl detonation was evidenoced, whichever was less, CQbservations were made to deter-
mine whether the sample exploded, burned, and/or fragmented,

IGNITION AND UNCONFINED BURNING TEST

These tests were oonducted on eingls and multiple four) 5,08-om (2-inch) oube
samples, For Test No, 1 (single sample test) a 5, 08-om (2-inch) cube sample was placed
on a bed of kerosene-soaked sawdust which was {gnived with an electrioally initiated matoh
head igniter, This test was oonduoted a minimum of two times, For Test No. 2 (naltiple
sample test) four 5, 08-om (2-inch) cube samples were plased end-to-end in a single row
in contaot with each other on a single bed of kerosene-soaked sawdust and ignited with an
electric match head igntter at one end, This test was conducted a single time., The Ignition
and Unoconfined Burning Test data includes a report of ocourrence of detonation or burning
times of samples.

THERMAL STABILITY TEST

The samples were subjected to elevated temperatures to permit the observance of
chavaoteristio tendencles to detonate, ignite, decompose or to undervgo a change in con-
figuration under adverse storage conditions, The samples were placed in an explosion-
proof oven in which the temperature was maintained at 75° C (167° ) for a peviod of 48
hours, Oven temperature was continuously recorded throughout the test period. Obsevva-
tions that were recorded included whether the test specimen exploded, ignited, and/or
underwent a change in configuration such as weight loss or change in oolor,

IMPACT SENSITIVITY TEST

A sevies of 20 tests were performed to determins the sensitivity of the sample compu-
sttion to machanieal shook (impact), These tests utilize the Bureau of Explosives impact
tost apparatus, A 10-mg sample was placed in the test cup, the test weight was dropped
{rom a predetermined hoight, striking the sample,

The results of the 20 tests per sample, 10 at 9.5~om @-3/4-inoh) drop height and 10
at 25, 4-om (10-inch) drop height, were reported as the number of trials exhibiting: (1)

explosion, (2) decomposition, and (3) no reaction,

CARD GAP TEST

The sample materials were placed tn s 138, 97-om (5. 5-lnoh) long cold-drawn, seamless
steel tube, composition 1015, having an outside diameter of 4, 76 om (1. 378 inches) and a
wall thickness of 0,556 om (0,219 inch). The assembly was placed on a 15,24~ by 15, 24-
by 0.953-om (6- by 6- by 3/8-1nch) stesl witness plate {n suoh a manner as to have a 0, 159-
om (1/16-inohi atr gap between the tube and the witness plate. Two pentolite pellets, 5,08
centimeters in diameter by 2,54 centimeters {n heiight (2-inch diameter by 1-inch height)
weare placad directly on top of the assembly and in vontact with the sample material; i.e.,
without the inte rvention of any acetate cards betwawn the sample and pellets, (Aocetate
oards are used only when evidence of a deionation ooours on the first trialy) A J-2 Engi-
neevs' special blasting oap was positioned on top of the pentolite and the completo Card Gap
test assembly was suppovied approximately 15,24 om (6 inoches) above the ground suriace.
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The J-2 Engineers' special blasting cap was then initirted causing detonation of the *-vo
pentolite pellets, Detonatton is indicated when a olean hole is out in the witness plate,
The measuro of charge sensitivity is the length of attenuation (gap length) at which there
{s 50% probability of detonation. The oharge sensitivity will be expressed in terms of
0,025-om (0. 01-inch) cards neocessary for the 50% value between detonation and no detouna-
tion,

RESULTS
DATA ANALYSIS

Data analysis is based upon go/no-go results of the tests. Mterpretation of the results
for DoT and DoD purposes leads to the fullowing designations:

DoT Forbidden - if the results from the Thermal Stability test indioate oither an
explosion, burning, or marked decomposition of the sample,

DoT Restricted - if the Impact Sensitivity tests result in an explosion at a drop
height of less than 10, 16-cm (4 inches).

DoT Class A (DoD Class Ty - {f one or move of the following ocour: (1) the Detonution
Test indioates sensitivity to a No, 8 blasting cap by mushrooming tho lead blook; ()
the Card Gap test Indicates a sensitivity value greater than 70 or more gards; () the
Tmpa* “ensitivity test produces an explosion above 10,18 cin (4 {nohes) and (1) the
Lrnition and Unconfined Burning test produces a detonation,

DoT Class ¢ (DoD Class 2) - {f all of the following ocour: (1) the Ignition and Unoonfined
Rurning test does not result {n an axplosion; (2) the Thermal Stabtlity test does not
result in an explosion, burning or marked decomposition; (1 the Detonation test does
not resuli {n an exploston and (4) the Card Gap test results in a sensitivity of less than
70 cards or no reantion at zero oards,

The preceding classification scheme s depioted in dlagrammatic form in figure 1,

1GHLTION
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stapLTy N0 SENSTTIVATY CETORATION CAfp G BO M yncONEmED [ NO

BURNING
. ) }
YES ts Vis VES Vs
953 pLY I

DO CLASS
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Figure 1, Interprotation of Test Results per TBT700-2, Change 1.
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TRET RESULTS

Data shwets for all teats are glven {n Appendix A, Results ave shown {n Table 1,

Table 1, Summary of Test Rosuids por Chupter & Avmy Teotmtoal Bailetin Too-20 Change 1,
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Compaosition AN axhibtted chavnote vistios of mass detonatian {n the Detenation test by
wtahroomingy the lea ¥ block, »nd 2 307 value of 248 candz was wooonded, Composttion As
aaplodedd during 6 tedats oot of 10 at 75 4-cme 1o-nehy deop hedght,

Note of the py rotechnte vompositions expibtted chavaeteetstios of mass detenation bat
all 20 samples showed pm:itlw reactions tn the tmpaot appaeatus, RUSE Trgeer comgse:
sttivn exploded onee at the 9,328 0m (323 - {neh height and exploded nte Hines at the

ofem le-laehy deop helght, a0 Seb- endtor Ay exploded during one of 10 tetals at the
coSheom (-3 e fnehy hotleht and s o0 W0 at the D6, 4o (o=tnehy deop height, A single
aapltosion st the Co, -om (1o-inehn deeg hefght was teconded for the 18 anfteor Miy,

DISCUSSION

Intorpretat{on of the text vesuits by a cognicant =atety vepresontative would prabably
result in g Dot Rastetotod olassifloatian for the 1880 Ssub-fanite e Mix and RUSE Ueacer
composition s{ace the tmpact sensttivity teatx resulted (n 3 waotion at advop beight of less
than 10, 16 om ¢ inches),  The 1550 Rodter My would probubiy be olassitfed as ol Cless
Ay Militarey Class 7, based upon the tmpast sens{ivity vosultse None of the py natsohng,
compostions exhibited ohavaotoristios of 2 mass detonating material whon subjected to open
Mame (gnttton and Uneonfined Burning Teat), to intense shook and oonfiwmmeoent (Cand Gap
Fest), or to mild indttation to determine velative ease of intthation (Detonatton Vexty,

sottlostt {nte rpretation of ouvren! elaxstfication procedures desirnateos a given mate-
vlal az althe r mass detonating (DT Mlasz Ay DOD Class Ty or Fae Uazand (Dol Class O,
Dob Class 20 Ry definition o py rsteohate composttion shoulid till tn the Latte v oategory,
However, the {ntended use of the selecoted pyrstechnion, as fudter and fracer mives
Jiotates that they must bo veadily tenitable with mininum enorgy and ihoveliae would be
oxpeoted to veact at efther or both of the fmpaet test divp heiphts, The tost vesults {ndicat:
ad that sueb is the oaxe, It shoild be potnted out that sensitivity to {mpact, hovewver, dies




not {mply a tendsnoy to mass detonate; tho other tests specified in T B700-2 determines
this characteristio.

Uafng the vesults of all tests, the pyrotechnic compositions showed no tendenoy to mass
dotonate. These results correlate with recent observations of MoKown and Mevedith(=
which show less than 30 perosnt squivalencies for these materials,

CONCLUSIONS

1. Composition A5 showed characteristios of a1 mass-detonating material and would prob-
ably be olassiflied as DoT Class A, DoD Class 7,

2. RI84 Tracer composition and 60 Sub-Igniter Mix fafled to mass detonate but did resot
at a 9,.525-cm {mpaot drop hefght and therefore would have a probable classifioation of
DT Restricted,

.
s
-

59 fmiter Mix fatled to mass detonate but did verot at a 25, 4~om {mpact drop helight
and would tnevelore have r probable classifioation of DoT Class A, DoD Class 7.
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PP 199-205, Ancals of the Mew York Academy of Scfences, Val, 152, Art. 1, Preven-
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D February 19, 1978
ARRADCOM Resident OperatiorOfIse -
NASA National Space Technology Laboratory, NSTL Sation, Ms 39629

Sponioting Apanc:y L
Contract No. NAS18-50 i
Propeitant Ideutity (Type No.). Composition AB
!
#81g. Oate 1973
Datonation Test Exptodad Burned tragmanted
Yaos No Yoz  No Yer. No
No. 8 Blesting Cap  Test | X __ NA__ N,;% —
Test i X - N/A — ﬂ — .
X N/7A N/A ]
Tost i - _— _.h —_ |
Tost IV X \ I‘lm _— |
Tast V X M —_— Nw— o :
Saraplss: Five §.98-em cubes Test: Onu bissting cap per sample,
Ignition & Unconfined Burning Vast Exploded Avarege Burning '1;
Yos No Time, Seconds
One 5.08-cm cubs S 27 |
One 5.08-cm cube — ,2)%_ ’2 = :
Foui 5.08-cm cubes — _loe |
Samples: Six 5.08-~m cubes Test: ignite & ourn encontiaed
Thermal Stability Test Explosion tgnition Change in

Configuration
Yes No Yes No Yas No
Ono 5.08-cm cube — . S, . SER X
Samp’ 5. (ne 5.08-cm cube Tost: 48 hours at 75° C in vented oven.

Card Gap Test

Detonation

50% Value 24 {No. of Cards) 280

Tmpact Sensitivity Tast
Bureau of Explosives impact Apparetus

9.5 cm (3.75") 26.4 cm (10.0")
10 Trials 10 Trials
No. of Trials Exhibiting No. of Trisls Exhibiting

Explosion 1 Decomposition No Reaction Explosion llecompotition No Reaction 4
Flame and Smoke No Smoke flame snd Smoke No Smoke l
Nolse O No Noise O No Noiss 10 Noiw © NuNoiss O No Noise 4 i
Approved:

Test Oirector_ _ Tust Department iead

Auigned Classification 00D Approval

ICC Forbidden Signature

1CC Rastricted® i

1Ch Class A Tkle

ICC GClaws B .

Qeganization

*Shipplog iastructions ere to b requested from (00 (pars 3-13A (2).
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pste_ March 13, 1978
ARBADCOM Resident Operation Office
Seonearing Apn=y___ NASA National Space Technology Laboratory, NSTIL Station, Mg 39629

NAS13-50

Sonteast No.

Propaliant losntity (Typs No.).

R284 Tracer Compositicn

Prapuliad Spec,

Batch_

g, Dats

Samples: Five 5.08-¢m cubes

Detonation Test Exploded Burned Fragmentad
Yos Ko Yes o Yes No
No.8 Bissting Cap  Test | _— X X _—
_— X X —_—
Test i
: X _ x NA
Test (2 X X N ——
Tost Y _— T =2 — <
TostV N SO SR —

Test: (One blasting cap per sanple.

i
H

Four 508 m ol
Sampies: Six 6.08-cm cubss

(ine §.95-cm cube
Samptes: 0ne5.08<m cubs

CaudGepTet  No Deotonaticii

Impact Sangitivity Test

8.5 cm (3.757)

1) irigle

Ignition & Uncontined Burning Test Exploded Averag? Burning
Yo No Time, Seconds

Coa R 08em cubs - _*’f._ __g_g._g_

One 5.08-cm cube — B LYY
— A _26.8

Test: {gnito & burn uncontinsd

ihermal Stebility Test Explosion ‘gnition Change in
Configuratian
Yes No Yes No Yes No
X . X

Test: 48 hours at 75C C in ventsd aven,

50% Ve e

0

(No. of Cerde}

0

Buroau v Expl~eives rmpact Apparatus

26.4 ¢m {30.0")

10 Trials

No. of Teisls Uxhibiting

Test Qivector

Assignad Classitication

wo. of Trials Exhihiting

Test Department H-ad _

Exploslon Dycompasition No rleaciion Expionen Decompositic « No Reastion
Flame and Sincke o Smoko Fizameo and Smoke %o Smoke
Nolss 1 Ko Moise ¢ hoNelse 9 | ol No Noi O No Noise
Approved:

DOD Approval

*Shipping instructions are to ba rsguested Srom (GO (are 3134 (2).

A-3

1CC Farbidden T Signature oo, — _
ICC Rwtricted®
ICC Claws & N Title
38
1CC Clas :.—:____ . Orgenization .
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Date
ARRADCOM Resident Operations Offioe

‘March 15, 1978

Sponsuring Aney___NASA National Space Technology Laboratory, NSTL Station, Ms 39529

Contract No. NAS13-50

Propallant Ideniity (Type No.)

1560 Sub-Igniter Mix

Prapallant Spec. Batch _
Mfg. Date
Detonation Tes’ Exploded Buvned Fragmented
Yes No Yot No Ye No

No. 8 Blasting Cap  Test ! _— X —;L—- —

Test l} —_ X X

Test 1 —_ X x

Tost |V _— X X

Tost V — X X

Samples: Fivg 5.08-cm cubes

Test One biasting cap per sample.

ignition & Uncontined Burning Test

One 5.08-cm cube

One 5.08-cm cuba

Four 5.08-cm cubes
Samples: Six 5.08-cm cubes

Exploded Averags Burning
Yes No Tima, Saconds
_— X _12,9
- X _13.3.
— X 14,5

Test: tgnite & burn unconfined

Thermal Stability Test Explosion Ignition Change in

Yes

One 5.08-cin cube -
Sampiez: One 5.018-cm cube

Configurstion

No Yes No Yas No
X X X

Tast: 48 hours at 76° C in vented ovac.

Card Gep Test  NO Detonation 50% Value O {No.of Cardst O

Impact Sensitivity Test

Bureau of Explosives impact Apparatus

9.5 cm (3.76")

10 Trials

25.4 cm {10.0")

10 Trials

No. of Trials Exhibiting

———

No. of Trials Exhibiting

Explosion Dacomposition No Reaction Explosion Decomposition No Reaction
Flame and Smoke No Smoke Flame and Smoke No Smoke
Noite 1 No Noise 2 No Noise 7 Noise G NoNoise O Ko Noisa
Approved:

Test Dirsctor Test Department Head

Asigned Classiticevion 000 Approvel

IEC Forblddan ! Sigoature

ICC Restricted® )
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100 Cleu Qrgenlzation
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ARRADCOM Resident Opera’&o"ns"t)m !
Sponsoring Agency___ NASA National Space Technology Laboratory, NSTL Station, Ms 39520

Contract No. NAS13-560 '

Fropellent identity (Typa No) ___ [559 Ipmiter Mix

P-opailant Spec. Batch
Mfg. Dute _
Detonation Test Exploded Burred Fragmented
Yo No Yes Ko Yu No
No.8 Blasting Cap  Test | — «;’%« ~—§~— — M —_
Lt — X X _ WA
Test {1t _ —_— —_— —— 7§ e
Test IV _— X X S.NB —_—
Test V - X X —_
Samples: Five 5.03-cm cubes Tost: One blasting cap per sample.
Ignition & Uncanfined Burning Text Exploded Average Burning
Yeos Mo Time, Seconds
On2 5.08 cm cube -— —i{— - o
One 5.08-cm cube S ——%—%-— : ‘w
Fous 5.08-cm cubes _— X 13,5 D
Samples: Six 5.08-c:n cubes Test: lIgnite & bura uncenfined. 1
Thermal Stability Test Explosion Ignition Change in
Canfiguration
Yes No Yo No Yes No
Ona 6.08-cm cube —_— K X X
Sampies: (ne 5.08-cm cube Test: 48 hours at 75° C in vented oven.
Card Ga Tust No Detonation 50% Value 0 {No.of Cards) O
Impact Sensitivity Test
Bureau of Explosives impact Apparatus
9.6 cm (3.76") 26.4 cm (10.0"}
10 Trials 10 Trials
No. of Trials Exhibsiting No. of Trials Exhibiting
Explasion Decomposition No Reaction Explasion Decomposition No Reaction
Flams and Smoke Ko Smoke Flame and Smoke Na Smoke
Now O No Noisa O No Noise 10 Noiss 2 NoNoi O NoNaise 8
Approved:
Test Director . Teat Departmaent Hoad
Assigned Claasification 000 Approvet
ICC Forbidden ] Signature
w 1CC Restricted®
o . 16C Clat A Tithe
AN
AR ICC Cless8 Orgenization 5
A “Shipping instructions are to be requested from ICC (pae 3-13A (2). i
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