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1.

TEMPERATURE EFFECTS ON FAILURE THICKXESS .\XD 7“IIE DEFL;\(iIl:\”l-IOY-’l’{)-
DETONATION TRANSITION IN P13?( (9502 ,\X13 T.\T13

The detla~~atlon-to-dctonallon [DD’1”)l)ct~;ivli)r (JI I .’\’l’11!1;1sIWCIIlIIVL’S[l U:l[C1l :11 Ill:tl

temperatures and severe contirwmcnt. Comp:lris{m is Inwk 10 mhcr common cxplosiws
under similar confinement. TATB did nm D13T ~lmicr [hcsc concli[ions, “1’hcl’;lilurc
[hickness of PBS ‘)502 at 250” C 11:1siils(~ twcn ~lc[cmlinc[l. ‘l”w’f~I]IIN:ippc:lrs [(~Iw thu
lirr,irin~ value at [his wmmmmre, *

INTRODIJCIION

PBX 9502 (95/5 wt. ‘;; (~t’ trianlino-
lrinim313cnzcnc/Kcl-F 800 pldslic ) is :In cxph)sive (I [U)
[hat. when examined at room wmpcr~turc. i:i Inwh ICSS
sensitive [o shock i[li[i:l~ion [h:ln many (l[hcrs.
I [owcvcr. smciics of its shock iniliiirion h~hiivlor w Il;gh

tcmpernlurc (grCillCr ltlilll 75” (.) llilV1. lw~llll only

ru.cnlly,

lJsing cylinders ot’ PDX 9502, Campbclll found 111:11
[hc l’;~ilurcdiwnetcr is very [cmpcrmurc dependent and
[hut i[ Vilri(X! inversely wi[h Ilw lcmperattlrc when wstcd
ilt 55”, 24”, dnd 75- (’. I [C illS() Sl10Wf2(l lhill

lCIllpCriltUK Ct!cc[s t)n tlclon:l[ion vcloci[v wcm
functions of Ihc dianwrcr (J1 lhc explosive. AI smidl
tlinmclcrs, rntc ctt’ccts (l(MllilliilC (wld lhc (1(’[(mnli(m
vckx’i[y llL’CITilSCS ;1sIIIClcmpcr;uurc (l(XTCiiSCS ) whik’ :11
I;lrgc (Ii;llnclcrs. {Icnsilv cl fcc[s d[mlitlnlc (aml Ihc
(I(?[llllillioll vcltl~’itv Incrcnscs ;1s IIIC 1(’lllprrillltl(”

ilccrcnsc s).

(’;lllll)l)~ti ;Ill(l i{ll~x’lkr’ \h(nv(’11 111:11 [II(” I:llllll”r

(liilll)(’l Cl 01 ;Ill (“XIJl(~\l\’(’ lll[”l(”:l\(’\ ;1; !111’I“(”;l(”lloll /[)ll\’

lllll”hll(’:\\1111’1”1’:ls(’%. ‘[”I)(”V ;ll\{) (l(”lll{ )ll\ll”;ll(’(1 111[

11111~.[1.llt’l.s 111 [11(’ II IC1” I1:IIII:III1 ill (1( ’lllll:lllltll l)l”[)llil~’;lll(lll

11(’l\v~’(’11 IJI’1:(’ ;Ill(l SIILIII (11:111)(”1(’1 (“11:11’I!(’S ;Ill(l lU’l\f Wll

I)olllol’(’1l(’l) llh” ;Ill(l ll{”l(’1”( ll’(’1l(’( 111’. (“?.lll(\\l\’(’s,



Shocks ~re not the only mtzhunism Ivhcreby I {E
may be initiuted. Dcfla:r:ltion can Jlso result in
detonation under [he correct conditions. The :ibilitv ot”
many explosives to undergo dell:lgrat lon-[()-(lctmn;~ti()rl
trmsltion (DI)T) hm been ev:l!u:ited. For cx:mplc thu
l)DT bctulvior of ball powders.j f lMX,(’ ‘~ctryl.~ ;In(i
1<DX8 h;~ve ;ill been studied. Ilowever, the l>DT
hch:~vior of P13X 9502 h:ls not hccn prcvi(lusly
cxamlned, Sources that cm initi:llc DD’I’ range !’rx)m
t:i[hcr .S:ls-prmiuc. ing or .y;lslcss I:nltors, I() ;1rclu[lvcl~’
mild compaction w:lvc origin:ltinf: ;It :1pistol] or tllt]cr
l.’ompressive source. ‘1’1:: mcchmism hv which :1
rc:wtivc W{IVCin m cxpl[lsivc ch:mgcs !“r(ml~ictl;l:mltl(m
10 dcton:ltit)n is no[ known prcciscly, but it Il:(; Ilccn
(’st:lblishcd to be :t tunction (J( m:tny v:wi;it>lcs inclldiny
cent’incmcnr, p~mx;ity, ilild rc:ictiv]ty, [Iwlting point :Ifd
Lwmbustion vv]ocitv.



sensitive without the addition of the binder. Studies
hme shown that TAT13 decomposes at temperatures
above 325” C and melts at 450” C, but it is felt by some
that some reaction actually begins at tetnperatures as
low :1s 250” C when the s:~mple is maintained :il
temperature for extended periods of time. To avoid
potentitil probl~ms with decornposi[ion, we chose ;i

maximum [temperature of 2500 C. in ;111. three
experiments were conducted. two at 2000”C :md one :lt
2500 C,

The TATB used in this study was from lot i 2-11-
81-0503-”151 obtained from Group M-1 [it Los A Iwnos
National L~boratory. Analysis showtxi that 50.3% 01’
the particlm passed through a 45 v semen :lnd 30.4(%
passed through a 20 ILscreen. The HE Wils pl:lc~d into
the tube in small increments imd hm.i-p:icked liyhtlv
with a wooden dowel. The fi~ilure diw-neter ot’TAT13 ;it
N densitv of 1.7 g/cc and i~tnbient tempemture is 6.4
mm.() ~“w fi~ilure diw-neter ot lower densities ;md higher
tempemtures is not known, however. tmsed upon
cxper-iencc with other explosives. wc Iwlieve the tube
(Ii:lmeter uscci in this study to be suti’icicnt to support
stc:idy dcton:ilion 0!’this nl;mri:ll.

[n our previous DDT r.’xpenmrmts(’ uondt]ctrxi ;It
room tcrnpcrature. the igniter system wits comprised of”
:1 l~yrofusc wire onto which w:is plflcrxi -20 mg of it
stolchiomclric mixture 0! fitfinium ilnd Ixmm powder
!“oll~)we(i by vilryirlg ;imounrs ~)t ~l;iss A tlM,X
p(~w(ler. 1Iowcvcr. I IMX decomposes ;lnd/(~r
drton:ltes ;It tcmpcrat~lrcs Icss thnn 250” ~. Thus I INS
(l]cx;ifll[ro:;[ilt~i~[]~)W;ISused in I)l;icc ()!’[ilc 1[M?( l’tw
Ihc hi~h tcmpctaturc cxpcrimcnt. wilh ;111(}thcr clcnlcn[s
(}!the l~nlt~)r rcnwiuing lhc s:lmc,

‘1’() (: XilIl)illC ttlC (’11’CCt3 01” (otltinctllctlt, ItIL’ thrrc

lcsts IISLXi Illtws tll:lt 1):1(1 (lif’!”cr~wl tvprs {)1’t’(wt’it)c[wnt
on II)c Cn(l$. ‘1’tlc t’irst cxiwrill)cnt 11’i~:(l ltlc 1(’il Sl

~x~ntinct]lcnl ilmi the 1;]s1cxpcrimcnt II SLYl tlw ~rc:llvst,
‘1”11(’t ilsf \llot (11‘)f)~(~) Ilil(l S111:111(-11(1(’3!)S, I ill. lhlck,
tll:lt JV1’1’f”!i(’C’111’C(t 10 111(9 IIIIJ(’ \\’lltl ~)..!.f ill, 1111’C;I(IL’(!

roll, I:(M 1111.IICY.I t’xlwrilllrllt (1{ ‘~(l)tti), [Ilc I’II(l; Il)S

\v(’1(’ rrlll:l~ul \\flttl l;lr~:c .!54,1 !1111111111’h\lI;ri I)l;ll(.:, 111:11
wcI~. tlc(! t(~~!t’thvr wIIII ().15 il~ tlll(.:1(1(.~1I~Ml, “1’11(’
1)(11101111)1(11(’11:1(1 hlll;!ll (’1(’; 1[;1111’(’111)1(”{ IIllolll’,tl \\’111(’1)

Itl(’ l’\’lolll’>(” \vll[’ \\’(”1(’ ]l:l!, \(’(1, 1’11(’ ‘l; lll!(’



The major results from this scr]cs ;irc shf~wn III
T:lble 1. The pwking densities were incrc;lst;d t“t)rc;wh
test to further maxlmiz.e the potential ft)r dcton:itlon.
The re:iction of the TAT13 in c:ich C:lSCtv;ls cxtt-cmciy
vigorous The threaded rods were broken (iurinp the
first test :md the end caps were destroy xi. The rods li i~l
not bretik during the next two tests but ~verc s[rctchc~i
considerably ii~d the igniter blocks ~verc scvcrc!v
eroded by the high velocity, hot gw;. I lmv(wcr. II W:IS
clc:lr that nothing approaching ii dc[on:ition txxurrc(i.
Strong combustion was the (Jnly result. ‘1’hc unrc:lctcd
T,\”~13 W:IS cornprcsscd iilto pl\I-ps II}’ the prcssuw
~enerated by the re:~ction. ‘1’l:e}11::111ttlc plucs Ce:lsc(i

[() bum oncx the cent’incmcnt W:lS lost. ‘1’hc (lens IIv (~t
the plu~s :ire :11s0 shown in ‘! ’:lblc I. FJ(J higni of”
ruction were evident in the nl;ltcri:ll inside ()!’[hc plIIgs,
1lt~wcvcr, the (~utsidc sur!’:ice tvus t~l:ickc’llc(l
somcwh:lt. only ;lsh ;md ctmr rc:n:lincd Irorn tllc Iitl;ll
[est. The originul f 11{ was nc:wlv :111uonsilnwd.



i~void the ~’ffects of overdrive insotar m possible. “1’he
expa-imentai configuration is shown in Fig. 2. The
wedge and high :ernperature mating block were placed
into tin insuhited box equipped with a resistance heater
:md fm. once t!le desired tw-npemture was re;~chcd. the
lid of the box was removed tind the wt:dge assemblv
was raised to meet the booster :]ssembly. PJ3X 9501
was used os the booster. :\fter the shot, the point :~t
which the detonation fi~iled was cietirlv indicuted ir~the
;dutninum witness plate. The fiiilure rhickncss WM [hen
calculated using this length tinti geometric rcl:uionships.

Fig. .3shows the dtita from this study comp;wcd with
[h;it of Cumpbelli and Rams:lv.2 C:ir. }]bcll’s d;it:i h;lvc
been divided by two bec:iuse he me:u; urcd !;li]urc
dimneter, not fi~ilure thickness. t\lso shown is the Iillc
that he use(i to connect his data.

Fine wires thfit registered upon csontact with rhc
dcton;ition i“ront werw pl:lced ;lcrf)s~ lhe top ;imi tx~tt~)tn
of the wedge, These provificd indications of [he tr:msit
[imc for vm-ious wedge ttlicknesscs.

I)ISC(JSS1ON

[Xfl[lyrau[)[l “1’()I)ctcm;ltitm ‘1’r:lnsition Ir.
TA’I’11



pos[u!ated that ash formation on t!.c pmicle surr:~cc
cmrid ins, ulatethe reactive materi:d from the tkune.

The reaction of TATB at 250” C did not consllme :dl
of the explosive. wheretis both “rNT :incl S34
uncicrwent complete combustion ~vhen tested :1[30” C.

F:lilure ‘1’hickness Of PBX 9502 ,1s ,\ l:unction ()!
Tempermre

Campbell and Engelke3 showed [tl:lt in
Ileterog,encous explosives, two mech;lnlsms ;Irc
responsible lor the energy reltmse required to sust;lin
detonation. The major components ill these Iwo
mechanisms are hot spots :md homogeneol]s hum.
‘I%cy found ttmt at di:imeters near ti,ilure. only [he h{~t
‘ipot mechanism sustains w;lve motion. This is ust!d to
cxplt~in the differences in the diameter ct’t’cct curvrs
l~ctwee[~ homo~eneolls iltld hctcro~eneous, explosives,
(“mnpbelli f{)ur;d [hot for 1)13X‘)502 at snmll di:lmctcrs.
lhc etfect of tempcmturc t~n tieton;l[i. on vci(witv is
{l(mlin:lte.d by rc;lction rate whcrc;ls ;~tI;lryc di;mwters,
ticnsity elfccts prcdominu[u,

Our tests were uonciuctcci (it low di;lmcrers
([hickncsses) :lnd thus we cxpcwt that Iiot spots ;~rc
rcsponsih]c for the encr-~y rclc:~sc, ;Ind th;~( [hc re;w(i(~[l
tme predomln:ltcs (wcr (I1c density clfcct. The t’:lilurc
width ;ippc:irs to :Ippro;lch :1 (.onst;in[ V;IIUC of”
;Ipproxim; ltcly 2 mm :It high tcmpcr;lturcs. ‘1’hus.;1s(I1C
Ict-npemturc incrc:ws, the rc;lcti(m rate :IISOim’rcases to
ii I>olnt or which nt~ hi~her r;ttc is p~~ssiblc.

(’ON(’1,1’SIOSS”



\Ve have shown that even under severe confinement
:md at the nmximum possible temperature, T.lTB WI1l
not transit from mdeilagratio]? to Q deton:ltlon in .305
rnm when ignited bv :1 t’l:~me. These results
conclusively demon str~tc [he lmge increase in the
margin of s;~fetv that is ticcclmpiishcd \vhen l’.l TB is
used in place of-HMX.

It has also been shown that the f’;tilurc thickness of
PBX 9502 ;lpprcmches a viilLIe L)t’ - ? mm (or ii I“:liiurc
diameter of 4 mm) tit 250° C. This v:lluc ;Ippelrs to he
the lower limit.
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T~ble 1

S11O[i<O. ‘~ATB Bld.k “Icmnerwurc l-A-I-B I’lug Densltv
Density (g.kmj i’C) Consumed J-i ()CIllj)

/’Ongind (g)
1.18

B.9fjj3(j ~.~3 200” 7/184 1.X
B-%588 1.30 200 S-VI!)() 1.()
13-9712 250 lofjpoo NA



FIGLRE C.+PTIONS

1. Sch:mmic of PBX 9502 wwdge. Drawing is 110[to
~c~]e. Cni[s me in mm.

~ Comparison of data from :his s[udy fvi[h [hcse or’. .
Rumsay~ md Campbell. 1
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