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FOREWORD

The ARRADCOM Resident Operations Officoe has oonduioted experiments on three
pyrotechnic compositions and one high exploolve composition to determine -the probable
hazard olassifloations. The investigation was conducted for the ARRADOOM Large
Caliber Weapons Systems Laboratory In connection w~it an overall program to deter-
mine the TN'T equivalency of muudtons components.

The author wishes to acknowledge the technical assistanoe of the Hazards Test
Range field crew of Computer S.1ciences Corporation.
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I SUMMARY
Composition A5, R284 Tracer Mix, igniter Mix 1559, and Sub-Igniter Mix 1560 were

tested in accordance with Chapter 3 of U. S. Army Technioal E;ullettn 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 charaoter-
itstts.

Ignition and Impact Card

Detonation Unconfined Sensitivity Thermal 01ap
Sample Material Test Burning Test* Stability Test

Composition Explosion No Explosion 0 at 9.53 om No Explosion 245
A5 6 at 25.4 cm Card

1560 Sub-Igniter Complete No Explosion 1 at 9. 53 cm No Explosion No
I Mix Burn 6 at 25.4 cm Detonation

1559 Igniter Complete No Explosion 0 at 9. 53 om No Explosion No
Mix Burn 2 at 25.4 cm Detonation

R284 Tracer Complete No Explosion 1 at 9. 53 cm No Explosion No

Composition Burn 9 at 25.4 om Detonation

* Indicates number of explosions at each drop height.

.4 ... ...

ft i1

41 S

-A. : --



TABLE OF CONTENTS

TTTLE PAGE, NO.

I ~~INT RODU(!rION

Background1

I ~Objective1

MATERIALS AND METHODS1

U ~Test Materials1

Detonat'ton Test1

Ignition ýind Unconfined Burning Test2

Thermal Stability Test 2

Impact Sensitiivity Test2

Card Gap Test2

RESULTS 3

D.Ata Analysis

Test Results 4

Discuss ion -

CONCLUSIONS 5

REFERENCES 5

IDISTRIBUTION LIS1T 6

APPENDOiA A-TEST DATA SHEETS A-1

LIST OF TABLE,,

TABLE NO. TITLE PAG E, NO.

1 Summairy of Test Results C 2h; ýtýwr ~iArmy
Technical Bullet-in 700-2, Changeb 1 4

LIST O'iý ILLUST RATIONS

FIGURE NO. TITLE TPAGIE NO.

DIterpretation of Test Results per TB 700-2,

ChngL



I I INT RODUCTION

BACKGROUND

Classification of bulk pyrotechnic compositions, propellants and explosives is current-

ly accomplished by evaluation of test data obtained In accordance with Chapter 3, LT. S.
Army TB 700-2. Chapter 3 provides test requirements to assign hazards classification for
transportation of bulk pyrotechnic compositions, propellants and explosives. These tests

are designed to determine the ease of initiation and stability of bulk compositions during
shipping and handling. The results of tests may be utilized by cognizant DoD/DoT agencies

to assign hazards classification indices and to determine compatibility for transportationi ~and handling.--

SOBJE CT IVR 1

The objective of this study was to provide results of classification testing in accordance
with U. S. Army Technical Bulletin 700-2, Change 1, on selected pyrotechnic and explosive
compositions.

I MATERIALS AND METHODS

TEST MATERIALS

• The explosive composition tested was Composition A5, Type I high explosive [MIL-E-
1-1970A (Mu), 6 September 1970, with amendment, lot number ItOL-015-731, containing

"V 98.5-90.0, RDX and 1.0-1.5(,. stearic acid.

The pyrotechnic compositions that were tested Included: R284 Tracer CompositionF ; with a composition of 28% magnesium, 55('1 strontium nitrate, and 17% polyvinvlohlortde;
1560 Sub-Igniter Mix with a composition of 15%', polyvtnylohlorido, 27.5Y,, strontium nitrate,
27.5q, magnesium powder granular 12, and 301*, strontium peroxide; and 1559 Igniter Mix

with a composition of 79.5%1( of 1136 pro-mitx (90%C strontiumi peroxide, 10%1 calcium resinate)
and 20.5(', of pro-mix (29.30', lead dioxide, 70.7% magnesium type 3ý. All of the pyro-
technic compositions were shipped from Lake City Army Ammunition Plant in 4.54-kilo-

i• j gram quantities.

IDETONATION TEST

A series of tests were perfermed to measure the sensitivity of the compositions to the
reaction of a number 8 blasting cap. A 5.08-oentimeter (2-inch) cube sample was placed

Son top of a perpenuloular 3.81-crm (1.5-itich) diameter by 10. 16-cm (4-inh) high lead
cylinder. The number 8 blasting cap was placed perpendicular to, and in contact with, the
top surface of the sample. A 5. 08-om (2-inch) wood cylinder with a hole drilled through

S Iits center was utilized to position and support the blasting cap. The cap was initiated by
a suitable electrical current. Detonation of the sample was evidenced by deformation

~ (mushrooming) of the lead cylinder. This test was conducted a minimum of five times, or
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until detonation was evidenced, whichoever was less. Observation,3 were made to deter-
mine whether the sample exploded, burned, and/or fragmented.

IGNITION AND UNCONFINED BURNING TEST

These tests were conducted on stnglq and multiple (four) 5.08-cmr (2-inch) cube
"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 ignited with an electrically initiated match
head igniter. This te-it was conducted a mininmumn of two times. For Test No. ?2 (1-nlttple
sample test) four 5.08-om (2-inch) cube samples were placed end-to-end in a single row
in contact with each other on a single bed of kerosene-soak6d sawdust and tgnited with an
electric match head igniter at one end, This test was conducted a single time. The Ignition
and Unconfined Burning Test data includes a report of occurrence of detonation or burning
times of samples.

THERMAIL STABILrI'Y TE'Tr

• The samples were subjected to elevated temperatures to permit the observance of
characteristio tendencies to detonate, ignite, decompose or to undergo a ohangt) in oon-
figuration under adverse storage conditions. The samples were placed in an explosion-
proof oven in which the temperature was maintained at 750 C (167" F) t,,,r a period of 48
hours. Oven temperature was continuously recorded throughout the test period. Observa-
ttons that were reoorded included whether the test speoimen exploded, igntted, and/or
underwent a ohange in configuration such as w'eight loss or change in color.

IMPACT SENSrIIVITY TEST

A series of 20 tests were performed to determine the sensitivity of the sample compu-
sition to mechanical shook (impact). These tests utilize the Bureau of Explosives impact
htst apparatus. A 10-Lug sample was placed in the test oup, the test weight was dropped
from a predetermined height, striking the sample.

The results of the 20 tests per sample, 10 at 9. 5-om (3-3/4-inoh drop height and 10
at 25, 4-oni (10-inch) drop height, were reported as the number of trials exhibiting: (1I
explosion, (2) decomposition, and (3) no reaction.

CARD GAP TEST

The sample materials were placed in a 13. 97-om (5.5-hich) long c-old-drawn, seamless
steel tube, composition 1015, having an outside diaRaeter of 4, 76 cm (1. 375 inches) and a

wall thickness of 0, 556 em (0. 219 inch). The assembly was placed on a 15. 2.1- by 15. 24-
by 0,953-om (6- by 6- by 3/8-inch) steel witness plate in such a manner as to have a 0. 159-
om (1/16-inch) air gap between the tube and the witness plate. Two pentolite pellets, 5. 08
centimeter, in diameter by 2. 54 centimeters In height (2-inch diameter ly 1--tnch height)
were plac(d directly on top of the assembly and in oontact with the sample materiail i.e.,
without the intW rvention of aiy acetate cards betwoon the sample and pellets. (Acetate
cards are used only when evidence of a dbtonation occurs on the first trial.) A J-2 Engi-
neers' special blasting cap was positioned on top of the pentolite and the completo Card Gap
test assembly was supported approximately 15.'24 urn (6 Inches) above Lhe ground surtaoe.

2V



The J- 2 Engineers' special blasting cap wns then initiated causing detonation of the ý-.o( pontolite pellets. Detonation is indicated when a clean hole is out in the witziess plate.
The measuro of charge sensitivity is the length of attenuation (gap length) at which thero
tfi 50% probability of detonation. The charge sensitivity wvill be expressed in terms of'
0.,025-cm (0. 01-inch) cards necessary for the 50% value between detonation and no detona-

ti on.

RE SUL TS

DATA ANA LYSIS,

I Data analysis, is based upon go/no-go results of the tests. biterpretatioia of ti16 results
for DoT and Dol) purposes leads to the following designations:

DoT Forbidden - if the results. from the Thermal Stability test indicate either an

DoT Restricted -if tlhe Impact Sonsttivity tests result in an explosion at a1 drop

heigt ofles tha I0 16-m ( inces)
DoT (lass A (Dol) Class 7) - if one or- more of the following occur: (1') the IDetonation
Test indicates sensitP,'tky to a No. 8 blast~ng cap by mushroomittg thi' lead block; (2)
the Card Gap test indic~ates a sensitivity value greater than 70 or mome Onixds; (3 the;4 I lmp81'ý enstttivtt test produces an explosion above 10. 16 cin (4 incheqs and (4) the
Ignition and Uinconfined Butrning test produces a detonation.

,As DoT Class C (Dol) Class 2) - if aill of the following ocur: (1) the Ignition and Utihoonrined
PBurtinfg test does not result in an explosion; (21i the Thermal Stability? test does not

result in an explosion, burning or marked decomposition; (3) the Detonation test does
not resul'L in zin explosion and (4'i the Card (Gap test results in a sensitivity of less than
70 cards or no reaotion at zero cards. 5

The preceding classification scheme is dlepicted in diagramniat.ic formi in figure 1.

IGRII1 OAN C
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! not imply a tendoncy to mass detonate; tho other tests specified in TB700-2 determines
I. this characteristic.

Using the results of all tests, the pyrotohnic compositions shhowd no tendency to mass
3 detonate. These results correlate with recent observations of MoKown and Moredth(l?

which show loss than 30 p••,rnt equhvalonetes for these materials.

I CONCLUSIONS

S1. Compositton A5 shourd charaoteristIcs of a mass-detonating material and would prob-
i ably b olassifled as DoT Class A, DoD Class 7.

v 2. l1284 Tracer composition and M560 Ib-Igntter Mix failed to mass deto•ato but did n•vat
at a 9.5..5-cm timnpt drop height and therefore would have a probable classification of

: 1 3. -159 Ignitor MI. failed to mass detonate but did react at a 25. 4-am impact drop hotgh,
and wohtld tnwterorei haN-, a probable olassification of DOT Class A, DoD Class 7.

•. 1 I. SOVtlOs, 31. F., Dfleftivnoos ivi Testing and Classiftoatton of Dangerous Material,
4 pp 199.-205, Atinnls o( the Now York Aoadmvy of SvAen•es, Vol. 152, Art. 1, Proeim-

tion of atnd Protretion Against Accidental F-xplosion of Munitions, Fuels ind Other
NI iHzama'ous Mixtun's, October 1%."A.

MoKoul, G. I.. and W. F. Meredith. TN•T1 Fquivalency of R'284 Tracer Compmsttion,
156.0 ,•i-Igniter Mix ant, ,559 Igniter Mix, in preparation.
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ARRADOOM1 Restdent Oper 0 ~ Ul't1,17
Sponsoig Alpno, NASA National cae Technology Laborsto'ry, NqTL Station, Ma 39529

Contract No. NAS13-50______ _________

Propei'nt Ideuitlty ("type No.). COMPosttion A5 _______________

Pxpalntsse.M.L-E 1497 OA (MU) Batch- HOL-015-73 ______

Mfg. Date 1973 _______5___

Detonation Test Exploded Burned ýraqminted
Yes No Yes No Yet No

No. 8 Blasting Cap Test I. - N/A N/A
Test x /AN7
Test III

Test IV-2JA
TtVX 10A N7A

Samples: Fivb 5.4)8cm cubes Test: Ono blasting cap per sample.

Ignition & Unconf ined Burning Test Exploded Avaroge Burning

One 5.08-cm cube X 27
Ono 5.OB-cm cube - --

Fout 5.08-cm cubes
Samples: Six 5.08--i cubes Ten-: Ignite & burn vrnconfiausd

Thermal Stability Test Explosuon Ignition Chanqe in
Configuration

Yes No Yes No Yes No

Ono 5,08-cm cube -. 2.

Somi ;. na 5.00-cmn cube I est: 48 hours at 75 C in vented oven.

Card Gap Test Detoipation S0% Value 245 (No. of Cardsi) 280

Impact Sensitivity Test IBureau of Esplesives Impact Apparatus

9.5 cmo (3.7 5") 25.4 cm (10.0")

Explosion Decompoition No ReactionExplosionDeopstn NoR ln
Flmad mk No Smoke llama end Smoke No Smoke

Nos oNie0 No Noise 10 Noise 6 N.a Noise 0 No Noise 4

Approved:
Test Director-- __________ Test Department Itevd___ __________

Assigned Classification 00D Approval

ICC Forbidden Signature -_______________________
-C Reatricted*

*Sippin Clastrcton are to be requested fromn ICC (o31A()



O, March 13, 1978
ARRADCOM Resident Operati• Ofoen

A•-. NASA National Space Teohnolob y Laboratory. NSTL - zl1 . Ma X& 9529-

Pon No., NAS13-50

Prop~ialat loanilly (Type No.). R284 Tracer Conipositicn

P1opwllal't Spec -tch_

1 Nmg. otes

Detonation Test Exploded Burned Fragmented
Yes No Yes No Yes No

No. 8 Bleating Cap Test I X ____

Test 11 -A-
Tet I:l X X N

Tat V a NO

Samples: Five 5.08-cm cubes Test: One blasting cap per sa.nple.

Ignition & Unconfined Burning Test Exploded Average Burning

Yes No Time, Seconds

C:,# r, 08-".s cubi A-- i k
One 5.08-cm cube 23,5
Fmýr 5.08 ,.m ý.uL x 26-8

Szmples: Six 5.08-cm cubes Test- Ignite & burn unconfin.d

"ihermul SIPbility 1 er Exoýcsion Ignition Cheane in
ContigurptioP

Yes No Yes No Yes No
One 5.02-cm cube . * - -

Smpoles: One 5,08-cm cubs Test: 48 hours at 75( C in vented own.

SCa d Gap Test No DetonatOix 50% Vaj Je 0 (No. of Cerdai 0
S~ ---------------------------------------

.: Impact Sensitivity lest
Riifoau ý; Expl,%iva impliet Apparatus

9.5 cm (3.75)" 25.4 cm (^00)

S10 1rielt 10 Trials

No. of T746s Lxhibliting No. of Trials Exhibiting[ ,~~' - .__

Explosion Decompusition No isacrion EXr."0140 Dacomposltlrc No Reaction
NFlame and Smoke LNo Smoko Flame Wnd Smoke No Smoke
Nolis No Noion 0 1-w Nele NgflOW 9 No Noise 0 No Noiu I

Appioved:
Tnst Gire.urr Test Departmer(t H.-ad ........S- . .. -- -. - . -. ... - -..- --.--.----------- ---------

Aslned Clseslficatlon DOD Approval

ICC Forbldo" _ Signature ... .. - .

w ~~ICC ,ltr~eted• .•
w ~ ~ C C BedA Title _ __ ____

ICC CI&3 a

*Shlpping Instructions we to be rsqueeted fmrom ICC (,ar 3.13A (21.

4 A-3



Data- Maroh 151, 1978
ARRADCOM Resident Operations Offloe

sponwing Agenc NASA National S~age Teohnology' Laboratory,. NSTL Station, Ms 39529

Contract No. NAS13 -50 ____________

Propzlient Identity (Type No.). 1560 Sub-Igniter Mix

Propellant Spec._______________ Batch______-__________

Mf g. Date ___________________

Detonation Tet' Exploded Buwned Fragmented
yet No Yet No Ye; No

No.38 Blasting Cap rest I x N7-A __

Test 11

TestlIV - X _XNi
Test V - X & ILX

Samples: Five 5.O8-cm cubes Teat One bWasting cap per sample.

Ignition & Unconfined Burning Test Exploded Average Burning
Yes No Time, Siconds

One 5.08-cm cube - & -- _1J2,9
N One 5.08-cm cube X L .

Four 5.08-cm cubes 1 4A.5~
Samples: Six 5.08-cm cubes Test: Ignite & burn unconfined

The~m4h Stability Test Explosion Ignition Change in
Contigurbtion

Yes No Yes No Yes No
One 5.08-cfm cube C _ ' C
Sampie;: One 5.08-cm cube Test: 48 hours at *,~o C in vented over..

Card Gep Test No Detonation 50% Value 0 (No. of Cards) 0

lmr~t Sesitiitt estBureau of Explosives Impact Apparatus

9.5 cm (3.75i') 26.4 cm 010.01)

10 Trials 10 Trials

No. of Trials Exhibiting No. of Trials Exhibiting

ExplosionA- Docomposition No Reaction Explosion Decomposition No Reaction
Flame and Smoke No Smoke Flame and Smoke No Smoke

2Noise 1No Noise 2 No Nois 7 Noise 6 No Noise 0 No Noise 4

Approved:C ~ ~Teat Director - - ________ Teot Department Heed___________________

Assigned Classificavion 000 ApprovalIICC F Slgsatur
ICC RcssrlctodO A _____________________________

ICC ClassA Trinotlon0
ICC C~Aa B

*Shipping Instructlots are to be requestd from ICC (pare S.13A (2).A-



Maroh 16, 1978
ARRADOOM Resident operations rno.

SPowimngAgency NASA, National Spame Teohnolopy Laboritory, NSTL Stntion, Ma 39529

Contract No. NAS] 3-50

Propellant Identity (Type No.)_ 1559 Igniter MNx

Pfopallmnt Spec,___________________ Botch__________________________

Mfg. Diute__________________ _____

Detonation Test Exploded Burned Fragmented
Yes No yes No Yes No

No. 8 Blasting Cap Toot I__ X
__ X X~ N J

Test Ili _ /
Test IV X X
Test -

Samples: Five 5.03-cm cubes Test: One blasting cap per sample.

Ignition & Unconfined Burning Tast E xploded Average Burning

Yes No Time, Second%
Ovit 5.08 cm cube -- 7.
One 5,08-cm cube
Fcout 5.08-cm cubes 13,5[samples: Six 6.08-c." cubes Test: Ignite & burn unconfinod.

KThermal Stability Test Explosion Ignition Change in

Cant iguratlon
Yes No Yes No Yet No

One 5.08-eni cube - ~ - .L ~ JHSamples: One 5.08-cm cube Test: 48 hours at 750 C in vented oven.

Card Gap Test No Detonation 50% Value 0 (No. of Cards) 0

Impact Sonsistivitv Test
Bureau of Explosives Impact Apparatus

9.5 cm (3.76") 26.4 cm 00.01)

10 Trials 10OTrials

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

No. of Trials Exhibiting No. of Trials Exhibiting

Explosion Decomposition No Reaction Explosion Decomposition No Resaction
Flame and Smoke No Smoke Flame and Smoke No Smoke
Nolae 0 No Noise 0 No Nolae 10 Noise 2 No Nolae 0 No Noisa 8

i3Teat Director___________ Teat Dsparitment Heaad_______________
----------------------------------------------------------------------------------------

Assined ClassfIcation DOD Appirova

ICC Forbidden Signature-

'CC ClesA Title
ICC Cestr11ted'

%01419Instructlons ve to be requeeted from 1CC (1pvc 3-ISA (2).

~Shlp~neA-5/AA-


