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TEMPERATURE EFFECTS ON FAILURE THICKNESS AND THE DEFLAGRATION-T(-
DETONATION TRANSITION IN PBX 9502 AND TATB

B. W Asav and J. M. McAlce
LLos Alamos National Laboratory
LLos Alamos. New Mexico 87545

The detlagration-to-detonaton tDDT) behavior or TATB has becu mvestuwated at tugh
temperatures and severe continement. Comparison is nude to other conumon explosives
under similar confinement. TATB did not DDT under these conditions, The tailure
thickness of PBX 9502 at 2507 C his also been determined. Two i appears to be the
limiting value at this temperature.

INTRODUCTION

PBX 9502 (95/5 wt. % of triamino-
trinitrobenzene/Kel-F 800 plustic) is an explosive (117)
that, when examined at room temperature, is much less
sensitive to shock initiation than many others.
lHowever. studies of its shock initiittion behavior at high
temperature (greater than 757 C) have pegun only
rceently.

Using cylinders of PBX 9502, Campbell! found that
the failure diameter is very temperawure depencdlent and
that it varied inversely with the temperiture when tested
at -55%, 24% and 757 . e also showed that
temperature cffects on detonation velocity were
tunctions of the diameter of the explosive. At small
diameters, rate effects dominate (and the detonation
veloety decreases as the temperanire decreases) while at
farge diameters, density ctfects dominate (and the
detonation velocity mcereases as the temperature
decreases).

Ramsay® performied a study i which wedpes of
PRX 9502 were used to determine the failure thickness
at the same temperatures as Capbelllt From
theoretical consulerations, the tathree tuckuess shonld
be one halt of the failurs diameter. Ramsay's stidy
experneentally demonstrated this result, althonpgh the
failure thickness was underestimated by 0.9 nun when
the wedges were ouly 50 mm lang:.

Catmpbell and Fugelke ' showed thar the falure
diznneter of i eaplostve twereises as the reaction zone
tiuchuess meveases. They also demonstrated 1l
ditferences mthe mechaan ot detovanon propaeatian
between Larpe oud stall deuneter cliarees i berween
hotopeneous mud heteropenroe eaplosives,




Dallman~ has obtamed data showmg the erfect ot
temperature on the distance required 0 achicve
detonanion as a tuncuon of pressure (Pop Plot. e
shows thut as temperature increases. the Pop Plot curve
shifts to the left and the stope increases, indicating a
significant increase in shock sensttivity,  In tact, the
senstivity of PBX 9502 to shock i 2307 C approaches
that of PBX 9501 at ambient temperature.

Stiocks are not the only mechanism whereby HE
may be initated. Detlagration can also result in
detonation under the correct conditions. The ability ot
many explosives to undergo detlagration-to-detonation
transition (DDT) has been evaluated. For example the
DDT behavior of ball powders.® 1IMX.* TetrvL” and
RDX? have all been studied. lowever, the DDT
behavior of PBX 9502 has not been previously
examined. Sources that can tutiate DT range trom
either gas-producing or gasless wgnitors, to a relauvely
mild compiaction wave onginatmg at a piston or other
compressive source.  T'ls mechanism by which a
reactive wive in an explosive changes trom detlagraton
o detonation 1s not known precisely, but it has been
established to be a function of many variables inchdiug
continement, porozity, and reactivaty, meltng point and
cotmbustion velocity,

The results of the studies mvyolving shock witiation at
high teimperature have obvious naphcations tor the
satety of components that incorporate 'T'ATH -based
explosive.  ‘The results of DT sodies on other
cxplosives are not sufficteut to predict the vesponse ol
PRX 9502 o DDT stunulns,

This paper prescuts wmeasarcients ot the failure
thckness of PRX 9502 at teopersires up to 2107 ¢
We also exanuned the high temperature DD helavior
of the explosive component ot I'BNX 9502,
triaminotrinitrobenzene CEATTRY, and comrpare it with
several other explostves nnder varving: conditions,

EXPIPONMENTAL RESULTS
Octhuaanon To Detovaton Pransimon I AR

Fhe popose of tons portton of the sid - wos 1o
detemunne o, nreder the most wevere condittons ol
contienent and wemperatme, AT powde s wonld
mder<o PP PATTH was eeed mstead of PRBN Os0
hecanse s beheved i the exploaye olone womoe



sensitive without the addition of the binder. Studies
have shown that TATB decomposes it temperatures
above 325° C and melts at 450° C, but it is telt by some
that some reaction actuallv begins at temperatures as
fow us 250° C when the saumple 1s maintained at
temperature for extended pertods of time., To avoid
potential problems with decomposition. we chose
maximum wemperature ot 250° C.  In all. three

experiments were conducted. two at 200° C and one at
250° C.

The TATB used in this study was from lot 12-11-
81-0503-151 obtained from Group M-1 at Los Alamos
National Laboratory. Analysis showed that 50.3% of
the particles passed through a 45 u screen and 30.4%
passed through a 20 it screen. The HE was placed into
the tube in small increments and hand-packed lightly
with a wooden dowel. The tailure diameter ot TATB at
@ density of 1.7 g/cc and ambient temperature is 6.4
mm.” The failure diameter at lower densitics and higher
temperatures is not known, however, based upon
experience with other explosives, we behieve the tmbe
diameter used in this study to be sufticient to support
steady detonation of this munterial.

In our previous DDT experiments® condncted at
room temperature, the ignitor system was comprised of
a Pyrofuse wire onto which was placed ~20 mg of a
stoichiometric mixuire of titamum and boron powder
followed by varying amounts of Class A 1IMX
powder.  However., 1IMX  decomposes and/or
detonates at temperatures less than 250" C. Thas TINS
(hexamtrostilbane) was used in place of the HHMX for
the lngh temperawre experiment, with all other elements
of the ignutor rentnuing the sane.

The steel contining tube was 127 mni oud., 2540 i
Ldo and 305 munn tong. A pressure transdocer was
used to monitor the pressure wside of the tube to
idicate the presence of decomposition. No pressure
rise occurred before the deswed gmtion took place.

To examie the ctfects of contincrent, the three
tests nsed tmbes that had different types of continement
o the ends. The first experiment used the least
contincruent and the last experiment nsed the greatest.
The tivst shot tB-9686) had small cudeaps, . thick,
that wenre secured to the tmbe with 025 . theeaded
vod, For the next expernuent (B QN8 the cudeaps
were repliced wath lirge 2500 e thiek steel phates that
were ted togethier wath 075 in tueaded wod, The
bhottom plate had st clearancee hotes thronge wineh
the  vromse wie s were passed. Flie ~ane



contiguration was used for the last experiment (B3-9712)
except that grooves were 12chined mto the bottom plate
through which the Pyrotuse leads were passed. This
prevented the escaping gas trom having clear passave
through the clearance hotes. The proot and reusile
stress of the threaded rod were approximately 35 kpsi
and 69 kpsi respectively,

The major results from this series are shown n
Table 1. The packing densities were inereased tor cach
test to tfurther maximize the potential tor detonanon,
The reaction of the TATB in cach case was extremely
vigorous The threaded rods were broken during the
tirst test and the end caps were destroved. The rods did
not break during the next two tests but were stretched
considerably and the ignitor blocks were severely
croded by the high velocity, hot gas. Tlowever, 1t was
clear that nothing approaching a detonauon occurred.
Strong combustion was the only result. The unreacted
TATB was compressed into plugs by the pressure
sencrated by the reaction, The HIZ in the plugs ceased
to burn once the confinement was lost. The densuty of
the plugs are also shown in Table 1. No signs of
reaction were evident m the material inside of the plags.
lowever, the outside surface was  blackeued
somewhat. Only ash and chiar remained from the tinal
test. The original HE was nearly all consumed,

To put the previous results mto perspective., three
other explosives were also tested. Four tests were
conducted using PBX 9501 wmolding powder (95%
IiIMX, 2.5% Lstane, 2.5% BDNPA-19), tollowed by
one test cach with tlaked TNT ind nitromethane (NMD,
These cxplosives were placed nto the  same
confinement as used for shot B-9712, The two sohd
cxplosives were poured into the tubes e small
increments and tamped Lightty AL shots were tived at
30" C exeept for one that used PRX 9501 at 1507 7
The three tests with PBX 9501 ar 307 C all detonated
with runnup aistances of approxinuuely 200 . The
Last test at 1307 Cdetonated with a g distanee of
[10 unn. Neither the thaked TNT nor mitromethane
detoved although they exhiubued virorous reactnons
sinnlar to those of 'TATR. For these cases however, the
explosive was entirely constmed.

Falure Phickness OF PBX 9500 AL A Fanction Of
Fermperate

The wedpes of PRN 9900 we med were anubin o
those descrrbed by Iamsavy, and e shoswn e T
Fhe wedee e was mede as smalt e poscable o



avoid the ctfects of overdrive insotar as possible, The
experimentai contiguration is shown in Fig, 2. The
wedge and high {emperature mating block were placed
into an insulated box equipped with a resistance heater
and fan. Once the desired temperature was reached., the
lid of the box was removed and the wedge assembly
waus raised to meet the booster assembly. PBX 9501
was used as the booster. After the shot. the point
which the detonation tatled was ciearly indicated in the
aluminum witness plate. The tailure thickness was then
calculated using this length and geometric relationships.

Fig. 3 shows the data from this study compared with
thit of Campbell! and Ramsay.¢ Carpbell's data have
been divided by two because he measured failure
diameter. not tailure thickness. Also stiown is the tine
that he used to connect his data,

Iline wires that registered upon contact with the
detonation tront were pliced across the top and botwm
of the wedge. These provided indications ot the transit
time for various wedge thicknesses.

DISCUSSION

Deflagrauon To Detonastion Transttion I
TATB

Rapid pressurization in the combustion zone winst be
present if DDT is to oceur e a given explosive. This
pressurization serves to drive the compaction waves that
eventually foran shocks subsequent to detonation, At
ambicnt temperatures, the combustion velocity tor
TATB has beea torud to be at least an order of
magnitude lower than thar of HIMX when testedd g
pressures front 2 to 15 kpsi, and icwill not snstain selt-
deflagration at pressures less than 1500 psil0 Ity
apparent from the results of thig study that the wncrease
o temperatute did not sutficiently accelerine the rate of
contbustion to create the ripud pressure rise required.
This 1s the case even thengh "TATH has a very high
melting potnt, which has been found to correlate wath
carly onset of unsteady burnmng and thus, DIYETE We
have shown that even these conditions that are relatively
conducive to conveenve combustion were not sutlcient
to overcome the very low combustion velocity and
concottutant stow pressure nise,  The low combnsuon
velocity s nndonbtedly a finection of many eftfects,
however it s known that there ane endothernne steps
wvolved in the carly decomporatrm of TATR which
woutd serve o lower the veloeity, Also, 1t has been



postuiated that ash formation on ti.¢ particle surrace
could insulate the reactive material from the fiame.

The reacuon of TATB at 250° C did not consume all
ot the cxplosive. whereas both TNT and NM
underwent complete combustion when tested at 30° C,

I*ailure Thickness Of PBX 9302 As A F'unction Of
Temperature

Campbell and Engelke? showed that in
heterogencous explosives, two mechanisms are
responsible 1or the energy release required to sustain
detonation. The major components in these two
mechanisms are hot spots and homogeneons burn.
They tound that at diameters near fiilure, only the hot
spot mechanism sustains wave motion. This is used to
cxplain the differences in the diameter etfect curves
between homogeneous and heterogeneous explosives.
Campbell! found that for PBX 9502 at small diamerers.
the cffect of temperature on detonaton velocity is
dominated by reaction rate whereas at large diameters,
density effects predonunate,

Our tests were conducted at low diameters
t(thicknesses) and thus we expect that hot spots are
responsible for the energy release. and that the reaction
rate predominates over the density ctfect. The tailure
width appears to approach a constant value of
approxinuutely 2 nun at high temperatures. Thus, as the
temperature mereases, the reaction rate also mereases to
a powt at which no higher rate is possible.

These data compare favorably with those of Belvaev
and  Kurbanpalina'< where thev wmeasured the
temperature effect on tatlure diameters of nitroglycerin
{NG) and hquid TNT. They reported a reducetnon n the
tailure diameter of TN'T from 00 nun to ~8 nun as the
temperatre inercased from 80O* € o 2007 € with
asyiptotic behavior sinmular to that tonud e thas stuey
ocenrring athigh emperature.

I suuple Avrenhing Kinenes are assmned, then the
behavior we biave voted in PRX 9501 s readiy
cxplinned. The lagh vraperame hinme ot the tahre
dinncrer of thes matenal, and by exiension, the reacnon
sone duckness, s reached mthe vieinty of 2507

CONCTLUSTONS



We have shown that even under severe continement
and at the maximum possible temperature. TATB will
not transit from a deflagratior to a detonation mn 305
mm when ignited by a flame. These results
conclusivelv demonstrate the large increase in the
margin ot safety that is accompiished when TATB iy
used in place of HMX.

It has also been shown that the failure thickness ot
PBX 93502 approaches a value or ~ 2 mm (or a tatlure
diameter of 4 mm) at 250° C. This value appears to be
the lower limit,
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Table 1

shot No. TATB Bulk | ‘Temperature TATB I'lug Density
Densitv (g/cm3 e Consumed ig/cmai)
/Original (g)
L. 18
B-9686 1.23 200 5/184 1.8
B-9688 1.30 200 SH190 .0
B-9712 250 198/200 NA




FIGURE CAPTIONS

1. Schematic of PBX 9502 werdge. Drawing is not to
scale. Units are in mm.

2. Schemauc of heated wedge cxperimental
contiguration,

3. Comparison of data from this study with these or
Ramsay+ «nd Campbell.!
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