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VUSTOMIGED EXPLOSIVES BASED ON BLASTIC-BUNDRD MUXTURES O TATB AND 1IMY

Ac W dample:11, 1 L, FPlaugl, A Papatalag amd I B Ransay
Univertity of dalitornla, Lban Alamon National Laboratory
Lo Alaneot, New Mexivae 87545

Exprerimenatal oata are pre: ated Lo o siervies of 19T 1IME
mixtureg with Fet=-F D00 bimdnr,  Both detoanat ivag progoeg -
ticg amd gafely propertics were evalualal,

The addition of IIMX to TATIE mabes porgible g wide rmope gn
Auch Hroperties as rpecific energy, detanatinm veluejty
and! divergeuce, Ffallure digmeter and hawdling safet,,

Thix Flexibility jo net wlithow!' peaally however,  The sen-
sitivity of TATI IMX mixture: laereases vrapidly witin Ins
ieaning IIMX coulent, aven at relatively low lTeveelt at [IMX
At some trade-olf migt I mele bhotween detomttion progoeer -
tivd aml uafetly,

TACD Toamunlat oty W have i enbicqat ol
Lovmalations with up ta 49 wt UEX, lat
wir lave emphasise] gateriale with Y-2%
wtd HMX Doepietes wer wtitedd e ragimiae
. . tad ainens (AT R salety characterinbyes ot these Foarmula-
ct\:‘)l-;m:l-i-'i“-' l;-“.s r""-‘"::.?:i?-\...“:\t"{ .w{:;!l Imor. tions, Bomtlaticas qeanerally containel
NI ¢y N LT L3 SRS AT st L] ” o . \ . : : H
; ol T D Sowbh Red o it (eopoiymer of vigye b idime
sur_ll .I-LI X ||I!\'l|l I,I!.l. .l rlu: \ ||n- oy, fluor il amed elilor d il el "'i".'.".:)
triasine (gh}) |.II-|| . l.l',-lln.-.. YRR hibr, C“fhis Siwher war e ig this
Letraulbee -1, LS, 7 tetraemeine (IMXY hen IR Mot Lo e e 11§t -'uull I
:nu.l.- it |.|..-:;.:|||:.- Lo cles b gl e mnhe witly bl o 1t iv"-l'/ woll- olhar -
Termulations with o whilhe ageaztyom ol aeberiard exploaaiee PIX 4500 (9% 5% wi e
el b ™ " . . . L o Wit . bt ) sUn [ IR R A
progn l.llt.l-: .'”.l" w ricatnitied by a TATI Kot F WL, Far pnacbical ase
"uml".'l ot duynet I-.j.ll-nlullh\\h:luplll-_l X desanti biviael oneder migh! weld Dee g o
Ppioaive martsy bale tot mititary apptocas dee i alilen. ' ' gy weha e e
Pl o in Laet, Comgeetition Ui ex- I
amprle ol combiping g orelat Tvely inseus
tive cxploctive, TP, with Glie more egeg -
el e aedaitive explbonive, RIX.

L. INTRODECTTON

The e of fuseanltive high explo -
givg auet ag wittoeganldiae (NQ) wu

L1, BN YL ARG PREPM P TON

AL e prlact Be o ogeesd PATR, 1IMX
Formilat bt wirt e puepagrend astg 0 wat ey

el ey, dotisou, anl Resen (1] sy ueoviesits e peddperystallb foe ex
nheoay [ADHLE TN IO T et ‘e X

Poette] Plael Ehooy ecat il st IpndCiate Jdetn o )
nab b pn plasehe dombisd NQ Formelat Ton PPleesives were mived lnowater Lo 1oam
even wihth Laage 0 wbd 1IMXC) wth ity :?""'“.""““"’ o sluarry, A e Bt e ol
colluloee L whh 1ant ferinmg (1Yt K- F ot plutt e dlgdved in I'l.ll','!
Dewaiber s, el stwppeatmd oablitfon ] RNX vt e wa aahbeald Peo the water sluray,
Lo vl Phe sl of tle lwupiber pase “lie WiNtute was Wtitateel con prevengt o
Aquiteds They Boanad that addtion al el ton el dhe dventowas pemeved ey
Wit NN o plapt o niplind NQ el g Proes N -'-l:llll-ll'.-ll |llllIlI| --xllll e o1 o wat e
Pl wlteel on pleek wentitivity ol o1he .u_l-l distallativn, I'he :I'.'n.lll ur| viphie-
mixtitge, tive nranuales, alean b in Jdiameter,
woere o lgeeogeot. gryiare o] DMX ool
Thee aval Dl ity o TATH wuel tho PTATIE e ypnitals evegted with poloett v, Phe
1o eat val st aleve taplueg exprhoanlve bogems we b et prawdder was v Gy ol 1o pe
Tattont witly 3 wlde gpectram ol falt e move water awl e lvegt,
tioar nnd et qratlan charatter g, el

wt b evalaat pogr ot lart e peguded JIMX The IMX sten] dg Thecas Tomalat pone

was Types T Chaet I wath g weslian o



ticla dlameter 2 aboul 15 ym. The TATB
had 1 mean particle dliameter of ahout 60
um.

Exploslve charqen wova preparal by
preheating aml compresnlon molding the
powder under vacuum (<) to final deani-
tios betwoen 97 and 981 af their theo-
retical maximea deasleics (TMD) . Tuat
speciuens were ptepare.d by fstandaid ex-
plosives machiring Lueihnlquoedn.
formul.ations descril.ed In thig
in Tabla 1,

Tha:
woark arn Lhdentil il

DETONATION VEILACLTY AND FAILURE
DIAMETER

.

The detmatlon velouecitive of four
mixturs of TATB and IIMX were experi-
montally destermined as a function of
composition and charge dlamiter. The
varlatiois In detonation veloeclity with
roclprical rading for the diffrrent
formu)~tions, corrected to 98% of theo-
rotical denaity (TMD) are prerented in
Filg. 1. ‘The data .re ressonably well
Fir with ntralght llnes. Thit is rathe-
er surpiining, hucause, although PBX
€502 shows & stralght dlamatm offect
curyve, the uvxplonive formulationg atwl-
{ed hure vontila algnifleant amounnta ol
IMX. Explosives baned on HMX, auch an
PRX 9404, almw sllanetez~effect curvey
Lthat arn ¢uncave Jdownwaril.  We miyhit ob-
derve ome civaliie tor thowe enmp.ral -
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TABLE 11

Detiwiation Velocity of LUMX-TATS Mixtures

Denslty Inlinite Diameter
@ 984 T™MD Det Velaciny B
Material _gtea! i .
PIX 9502 1.89% 7.706 + D020 1.50
X-014§ 1.:101 7.810 ¥ #, 054 t e
X-0.042 1.'99 7.86G5 i vl .29
X-0343 L.498 7.915 ¥ 0,025 0.97
X-0344 1.894 8.04u 1 W.018 n.7%
PBX 9501 1.833 8.802 F 0.915 .17

*
!

0,20
0,141
il
0.1l
V.0«

:l- 1,009

The experiment:l reasults for in

finite-Jdiametir veln

Tity

(nd
uni form «Jdensity of 1.89 g/em

ausLed tir a
¥)

e

compared with values computed for the
mixtures using Lue method propesed oy

Kamlet and lHurwlts (

3)

o rig., .

The

pavametuers for Romlet's Function were
abtained by lincar combinativn af the

parameters Cor TATIL aml LMX without

in-

elwling any correection for the Kel-F

the Jdetonating explosive.

to deereatie with (nccoasing MY con-
This relativmship in shown in
in noulinear
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Fig,
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data v
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later.,

The

HMX anehar
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BOO. Th: resulting velocitios were warhenm exqgaonive,  The atitgr anchu
then scalsal so rhat che computed value point in 1BX 9,01,
fur neat TATI agr el with thie nxpeeris
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TAULE 17T Live to Lhat of PBX 950%) in the dia-
tance of run i a nearly linear func-

Fallurce Dlameter svlon of Lhe IIMX cuntent up to 154, A
w=wtid jaegeatte in (IMX content prodicas

Failmie Diameter 1 decteasn ol Jud in this distance. At
Nrachkuts llnlp) 1D 6P, B Lindt 5 wid ol IIMX produces
Mateclal Yetomates 0 Pably wa giygnifivaat el leet on the ron dig-
tanee, AL L s HIMX Yowary the run
PRX 9502 9 b dlstaee alaut the game ay for the Jow-
¥-034! 8 U er pr.ontdre:,
X-034 7 6
X-0i4 b not leterminel W have obtained sore extanniye
X-013:4 4 not Jdetormin iuantivative Jdals tn an uneonfined
PRX Y501 2 1 41. l'mm qap btedt. ) Tha dara are
et lo Fhgo 500 Thaes Qs o1 dagnie

Eleant change in the slone oF Lhi uive
at about 29 wti G4X,
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the case with which the reacticm will
continue tu grow,

Several Redbys have Beeen comdacetssl
with plastic=hondesd TATB-IIMYX inixblever,
The retults of droap-wuight impadt test:
for plastiv-bonded TATN UMK are siven
in Fig, uw, Mixtamroen cawmtainin] lLene
tnan 20 WtR MR die uot react ot the
maximum diop leeight, 320 ci,  The o
Alamee; drop weiyghr impact apparatusn in
similar to the Bruccton apparatus il
uses upcenfined test dample:x. The ‘Typn
12 tent uses Jomte powilor placed on
sandpapor; the Typs LB toat upes loone
prwsler on o bate anvil,

TAH MY Impact Neng'tlivivy
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wi Mt'h

Mpespe dosogid Lapetet e b i ity
o] PN RN Mirtaled,

A taiel merter of obligae fapeet,
ot skbd besta (11,50 wan povorauesl,
Resualbs odaimesl dn thls test are re-
nenlerl in Tabele JV,

TAILLE 1V

SRl Tent Resuatte

e b jsm, wt Dt 4y l!'..-
S T P o TR R )
0 utrn 1. 11 o
20,7071 1.971 <l
Al un s 1.87u wqil

AR leven-k ! Lvpoam hemispher tal clhea e
dropredd g B Y bt uet eyt Lot
with o Y ampaet el

WinpulIleient btect:s by statynticall)
determime Mg,

In this kintd of impact tent, mix-
tures vontaining ag mich ad 50 wtd 1IMX
appear to be relatively insensitive,

the Lhaweemw:e Livermors National
Laboratocy (LINL) comlucted o serien of
Susian it 1), 14) on tarmalati ain eoa-

gitting of TATH-IMX mixtuien wilh var ioas

Bimder 2, Althesugh the mechaunieal proper -
tiot of these oxprlonive formalations
shuahl Jdiffer from thoue 0f the Kel-F
Lot materialsg, the eanpouse oblained
at a1 tonetion o0 iaeieasing [IMYX voateat

hustld be indlceative of what could bhe ox-

pectael in the Rel-=F 800 bonded tystem,
Jn genaeral the LINL data 114) thow low to
maderate reactions for all fvrmuloation:
containing less than 50 weié IIMX, even at
projectile veloeitiecy grueater tha 449
m’n,

The reypongi ol wxploniven expotenl
Lo Fire m high tempecatures (8 ditectly
related] to the thermal decompoiition
Kinotics, TIn caulined syntems exposel to
tapid heating, Lhe expliive will genen -
ally start alecompunsition or burning ak
the outer surlade.  AFtwr some time the
birning Llrowt will efther cramsit te a
debtonatior or the Jis pres2urne generatoed
by the gumbantion poodgets wil ]l oesceeed
the lmbding eqentity of the mane aml the
et will exprbole, With gas exploticns,
thee untaarnesd wxplogive wil! Le neat terml
alvait aned the coane will ruptare nino
Lardge, faw-vel weity ITraguents, 1B the
casid pgplonive i expoted e bhe crid-
el Lewmpeecatar o e et ion willl 2tagt
in the saterior s the explogive, Phis
veutbd, elepuend e wpron Ehe sise ol the
Claary * cgal desgre o coal ineent , bl
oy o abstonnat it

critical empecalerey L mixtotes
ol MY mud CFATIC were betermines! in the
Hendin voene,  PTie tesalbd arve givea in
Fig, 7. {6 1o intereitjug oo pote the
divtruet break in o bie cmve o aroal JC wes
114X,

Tior penpanse ot IMX-PATE Kol P Ter -
awdtlubilous conlitoal ig heavy greed oasnes
aid sl jected o luth rapld aml slow
heat ] wat slevermined, Lo, 1) Rewlt s
ate apiven in Talile v,

Phin gorren of leavity coFiaal
dlow Gegt {ng Loentsd 1 et enubonbed e
deline the highent lovel ol 1IIMY
tesnlts o o pressme paplagn, A e
vt teat o wilu Xty eanlinesd gy 100 MLty
resstibaenl juoa o poo tial ddetomat oae
ke,

Thee penpeaie ol exproaiyees
hingle v lasity propeet tle abtaek 1 im-
Flar to the paetpogitee expecttagd "y the
delibeyrats Tpnltpal g al detvaat iv



tainml canthermic reaction 3an start.

THTH. 1iMe Crltica! Temperatlurn Thie vaa terminate a2 eithe. a Quy -

150

‘ . pInsion or detonation,
a 2ed ! ! A deriseg of testy wan pertormed
_ 1 ! ! o TATIEIME wixtare: usieg a stadacd
. 1 M=16 vifle o J2eQaliber steel-
I PR - jacketwl ferl Loty IPhe test chargen
32 ! . ware lighatly confiwal in a plastic Lix-
s T8 : tare.  Renualts of those tests ire sume
u | / marived in Table VI, PRX .02 vdoer not
oo / react in this test,  Kven ig thin e-
2 pan 4 vere test a mixture conlaining 20 wtd
- | BMX rvacts relatively middly.
: 200 /
2 i 4 V1. CONCLUS Ul
b 270 ¢ <%
S el - The addition of HMA to TATB makes
e possible wide variation in such preper-
IR et g = |t —meb b bt e b 1 ties as specific encrgy, cdetonation ve-
©c = g ¥ g N EF o2 2oF Jocity and divergence, failure diamo-

tor, shock aml theimal sensitivities
wtX TATI and hamlling safety. Tbin flexibility
is not without punalty, however, Be-
aaune PBX 9502 is ouly about 80% as

rig, 7. lHenkin Temt Criti.al Tempera-
Lo ol CTATB-UMY Mikbudes,

TALLE V

summary ol voul ited lleaking Teste

Raplare
Cunpossition, w!'i  lleat ing Presrure T Rosalt
CPATD MK Kel=2) Rate ™ MPa_ {20, e et e
4050710 N ow 483 250 Datramation
e, I Bslow a0 3 Tis Iy entuar » Rupetaey e
SN0 S1ow (V] 1y : "
ag J 'l Slow 413 213 " "
91,/0.40 Fagt [ | .- " "
MiX 9404 Hlow R 200 Det suat ton
Iy 9404 Faat 551 -——- [{IRTHE T L]
witlt o srromg sthock. A the projeerilse vnerpe e as Coaposit oo 1o fn thee epis
st fkee the cane op sxplistice, o shock fucdor test, dome Sraste- ot mueel Le mnle
in transmitted Lo the exndoegive, ir hetwertt Jebotation propertioes and sale-
ther impelse tramrmbltoed Lo Ll wxplo- ty.
nlve in greater Than the ctitical fwme ) _
Pt o ddetnmaticm waili aeenr alter a 'l'l_l" :uOllllln_'-ll beliaviar ob towe
hetrt=Fime detay, The eoritleal Impalne properticn with Hereasing 1My content,
tetptive:sl 1o fultiate Jdetouation can be when vompacml wlen the Piwear :.ll'lll.l\'l'l)r
teduaesdd {F the densiity of the loubhge f. of others, permits some insigqht igto
owetond, TR e e et in mal el e Lhe aeerchaniim oot eperygy cuntrilat jon
tramment albach s Phie first poogectale withiin Lhe eplectten Zoae vt poper ion,
putverloed the explicice aul o aocennl Mreperties gepeslenl vt tatal
prechrettle can duitiate detagation, aval Lab e energy g abg™ proinim e
(i), ettt i veloeity) are projur-
Awcthier Lype al lultia ten van ol b bl HNMX centent,  We bages
alan penall, Ceoan presject fbe attack,  Or Pesttindl tlhigt the §qidare Jdigwm .".u. do -
G o part of the projest]le remginn vreaied rapedly with the ublitiah oo
pielusdededd fu the nxplogive, thermal g - arall tewntt s o] MY v il vhe [IMX o
crgy Troan the uor progectile can e tent appe aches Awed, Cthe albojues ol

trantlerred Lo the eXxplogive qud g ona the dbametcr P lect e een e angt



TALLE VI

Muitipln Buallet
M-16

Imeact Tents Of TATB-1IMX-K2]-F Mixtures Usiny

(0,223 al

standard Military Bullets

bt

Veiocity

Material amd

srot  _m's No, ot_shotal S 11 0 11 2
1 1024 X~=011y No go; projeutile did not exiv NE
Fir:t Shor
2 102} X-0419 Full getanation: projeutile struek
(Erom 1) charygi- ‘9 mm From tir:ut hit
3 1014 X-01319 Cook -of £y vharge burnnd complatefy,
First nhot projectile Jdid nor exil cvharge
4 HONR X-0319 Full detonation: ehiarge went oEf o
6 shety at onen 2nd or 3r¢dd ballet was striiking
5 1oy X:0320 NO go; projectite exital holder
Firnu nhont
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