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

B. W Asavand J. ML McAtlee
LLos Alamos National Laboratory
LLos Alamos. New Mexico 87545

The detlagratuon-to-detonauon (DD behavior of 1ATB has been invesuvated at high
temperatures and severe continement. Companson 1s nde to other common explosives
under similar confinement. TATB did not DDT under these conditions. The tailure
thickness of PBX 9502 at 250° C has also been determined. Two mm appears to be the
limitng value at this temperature,

INTRODUCTION

PBX 0502 (95/5 wt. % of triamino-
trinitrobenzene/Kel-F 800 plastic) is an explosive (%)
that. when examined at room iecmperature, is much less
sensitive to shock initiation than many others.
However, studies of its shock initiation behavior at high
temperature (greater than 75° C) have vepun only
rceently.

Using cylinders of PBX 9502, Campbell! found that
the failure diameter is very temperawre dependent and
that it varied inversely with the temperature when tested
at -55°%, 24% and 757 C. e also showed that
temperature ceffects on detonation velocity were
functions of the diameter of the explosive. At small
diameters, rate etfects dominate (and the detonation
velocity decreases as the temperature decreases) while at
large diameters, density etfects dominate (and the
detonation velocity nereases as the temperature
decreases).

Ramsay+ performed a study in which wedpes of
PRX 9502 were used 1o determine the failure thickness
at the same temperatures as Campbelll!  From
theoretical considerations, the failure thickness should
he one halt of the tailurs diameter. Ramsay's study
expereeentally demonstrated this result, although the
Gilure thickness was underesnmated by 0.5 mm when
the wedpes were only 50 mm Jong.

Campbell and Enpeltket showed thar the talure
diuncter of an explosive mereases as the reacnon zone
thichness increases. They also demonsirted  the
differences i the: mechanism ot detonanon propagatan
hetween Lairge and stoadl diameter charvees and between
homeoprencons and heteropencous coplosives,




Dallman~ has obtained data showing the ertect of
temperature on the distance required to achieve
detonauon as a function of pressure (Pop Plot). e
shows that as temperature increases, the Pop Plot curve
shifts to the left and the slope increases. indicating a
significant increase in shock sensitivity. In tact, the
sensttivity of PBX 9502 to shock ar 2307 C approaches
that of PBX 9501 at ambient temperature.

Shocks are not the only mechanism whereby HE
may be initiated. Deflagration 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,? HMX.* Tetrvl” and
RDX?® have all been studied. However. the DDT
behavior of PBX 9502 has not been previously
examined. Sources that can mitiate DDT range trom
either gas-producing or gasless ignitors, to i relatuvely
mitd compaction wave ontginatng at a piston or other
compressive source. Tt mechanism by which a
reactive wave in an explosive changes trom detlagranon
to detonation 15 not known precisely, but it has been
established to be a function of many variables including
continement, porosity, and reactivity, melting point and
combustion velocity.

The results of the studies involving shock mitiation at
high temperature have obvious mmplications tor the
satety of components that incorporate 'TATB -based
explosive.  The results of DDT studies on other
explosives are not sutfictent to predict the response of
PRX 9502 10 DDT stunulus.

This paper presents measurcments ot the Lalure
tickness of PRX 9502 at temiperatures up to 2407 ¢
We also examined the high temperature DDT hehavior
ot the cexplosive component ot PBX 950,
riaminotrinittobenzene CUATRY, and compare it with
several other explosives under varving conditions,

ENPUERINMENTAL RESUTTS
Defherauon To Detoration Fransation In AT

Che purpose of this portion of the stad s was 1o
determmnne ot under the most severe condittons ol
contincent and wmperiture, AT powdes swonld
mndereo DT PATH was vned instead of PBX 950
Becase s belreved at the explovve alone s mone



sensitive without the addition of the binder. Studies
have shown that TATB decomposes at temperatures
above 325° C and melits at 450° C, but it is telt by some
that some reaction actually begins at temperatures as
low as 250° C when the sampile ts maintained at
temperature tor extended pertods of time. To avoid
potential problams with decomposition, we chose
maximum temperature of 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-
¥1-0503-151 obtained from Group M-1 at Los Alamos
National Laboratory. Analysis showed that 50.3% ot
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 smalil increments and hand-packed lightly
with a wooden dowel. The tailure diameter ot TATB at
a density of 1.7 g/cc and ambient temperature is 6.4
mm.” The failure diameter at lower densities and higher
temperatures is not known, however, based upon
experience with other explosives, we believe the tube
diameter used in this study to be sutficient to support
steady detonation of this material.

[n our previous DDT experiments® conducted at
room temperature, the ignitor system was comprised of
a Pyrotuse wire onto which was placed ~20 mg of a
stoichiometric mixture of titanium and boron powder
followed by varying amounts of Class A HMX
powder.  However, HMX decomposes and/or
detonates at temperatures less than 250° C. Thus HNS
(hexanttrostilbane) was used in place of the HMX for
the high temperature experiment, with all other elements
of the ignitor remaining the same,

The steel contining tube was 127 mmio.d., 254 mm
rdoand 305 mum long. A pressure transducer was
used to monitor the pressure inside ot the tube to
indicate the presence of decomposition. No pressure
rise occurred betore the destred 1ignition took place.

To examine the etfeets of continement, the three
tests used tubes that had different types of confinement
on the ends. The first experiment used the least
continement and the Last expertment used the greatest,
The first shot (B-9686) had small endeaps, ©in. thick,
that were secured to the tube with 005 100 threaded
rod, For the next experiment (B Q68K the endeaps
were replaced with Lige 250 mn thick steel plates that
were ted together with 075 in threaded rod. The
hottom plate had small clearanee holes throngh which
the  Pyrotuse wire o awere passed. Fhe  same



contiguration was used for the last experiment (B3-9712)
except that grooves were 101¢chined into the bottom plate
through which the Pvrotuse leads were passed. This
prevented the escaping gas trom having clear passace
through the clearance holes. The proot and 1ensile
stress of the threaded rod were approximately 35 kpsi
and 69 kpsi respectively.

The major results trom this series are shown n
Table 1. The packing densitics were increased tor each
test to turther maximize the potential for detonauon,
The reaction of the TATB in each case was extremely
vigorous The threaded rods were broken during the
first test and the end caps were destroved. The rads 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. However. 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
senerated by the reaction. The HE in the plugs ceased
to burn once the continement was lost. The densuy of
the plugs are also shown in Tuble 1. No signs of
reaction were evident in the matenal inside of the plogs.
However, the outside surtace was  blackened
somewhat. Only ash and char remained from the final
test. The original HE was nearly all consumed.

To put the previous results into perspective, three
other explosives were also tested. Four tests were
conducted using PBX 9501 molding powder (95%
HMX, 2.5% Estane, 2.5% BDNPA-I), tollowed bv
one test cach with flaked TNT and nitromethane (NM),
These cexplosives were placed into the same
continement as used for shot B-9712. The two sohd
explosives were poured into the tubes in small
increments and tamped lightdyv. ALl shots were tired
30" C except tor one that used PBX 9501 at 1507 ¢
The three tests with PBX 9501 at 307 C all detonated
with runnup aistances of approximately 200 mm. The
Past test at 1507 Cdetonated with a rannup distance of
140 mm.  Neither the flaked 'TNT nor nutromethane
detonated although they exhibited viyorous reactions
stmlar to those of TATR. For these cases however, the
explosive was entirely consumed.

Fairlure Thichness O PIIN 9500 A A Tunction Of
Femperature

The wedees of PRN 950 we nsed swere somtlar to
those deserthed by Rmsavy, and are shown m e |
Fhe wedee anple was made as small s posable o



avoid the ctfects of overdrive insofar as possible, The
experimenta: configuration is shown in Fig. 2. The
wedge and high temperature 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
was raised to meet the booster assembly. PBX 9501
was used as the booster. After the shot, the point at
which the detonation tailed 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 trom this study compared with
that of Campbell! and Ramsay.? Car.pbell's data have
been divided by two because he measured failure
diameter, not failure thickness. Also shown is the line
that he used to connect his data.

Fine wires that registered upon contact with the
detonation front were placed across the top and bottom
of the wedge. These provided indications ot the transit
time for various wedge thicknesses.

DISCUSSION

Deflagranon To Detonation Transition Ir.
TATB

Rapid pressurization in the combustion zone must be
present if DT is to occur in a given explosive. This
pressurization serves to drive the compaciton waves that
eventually torm shocks subsequent to detonanon. At
ambicnt temperatures, the combustion velocity for
TATB has beea fornd to be at least an order of
magnitude lower than that of HMX when tested ac
pressures from 2 to 13 kpst, and it will not sustain selt-
deflagration at pressures less than 1500 psi!Y iy
apparent from the results of this study that the increase
in temperature did not sutficiently accelerate the rate of
combustion to create the rpid pressure rise required.
This iy the case even though TATB has a very high
melting point, which has been found to correlate with
carly onset of unsteady burnmg and thus, DIYEY We
have shown that even these conditions that are relatively
conducive to convective combustion were not sufticient
to overcome the very low combustion veloenty and
conconntant slow pressure rise. The low combusnon
velocity s undoubtedly o fusction of many cttects,
however, it is known that there are endothernme steps
involved in the carly decompyation ot TATB which
would serve to lower thie velocity, Also, 1t has been



postuiated that ash formation on ti.e particle surrace
could insulate the reactive maternial from the tlame.

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

[Failure Thickness Of PBX 0502 As A Funcuon OF
Temperature

Campbell and Engelke? showed that in
heterogencous explosives, two mechanisms are
responsible tor 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 tailure. only the hot
spot mechanism sustains wave motion. This i1s used to
explain the differences in the diameter etfect curves
between homogeneous and heterogeneous, explosives.
Campbell! found that for PBX 9502 at small diameters.
the effect of temperature on detonation velocity is
dominated by reacrion rate whereas at large diameters.
density etfects predominate.,

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

These data compare tavorably with those of Belvaey
and  Kurbangalina'? where they measured the
temperature etfect on fatlure diameters ot nitroglycerin
(NG and hiquid TNT. They reported a reduction i the
fatlure diameter of TNT from 00 mm to ~8 mm as the
temperatare incrcased from 807 € to 26007 €, with
asymptotic behavior similar to that found i this studyv
ocearring at high temperature.

I simple Arvrenhiug Kineties are assumed, then the
hehavior we have noted e PRX 9501 s readily
explained. The high trmperatare linmt of the tailure
diameter of this materal, and by extension, the reaction
sone thickness s reached i the vicimity of 2507 ¢

CONCTUSIONS



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

It has also been shown that the fuilure thickness ot
PBX 9502 approaches a value ot ~ 2 mm (or a tailure
diameter of 4 mm) at 250" C. This value appears 1o be
the lower limit.
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Table 1

Shot No. TATB Bulk | Temperature TATB Plug Densiy
Densitv (g/cm3 O Consumed ig/cma3)
/Original (g)
1.18
B-9686 1.23 200 S/184 .Y
B-9688 1.30 200 S4/190 1.6
B-9712 250 198/200) NA




FIGURE CAPTIONS

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

2. Schemanuc of heated wedge cxperimental
configuration.

3. Comparison ot data from this study with thcse or
Ramsay< and Campbell.!



150




i Line Wave Generator

—_—

— —

PBX 9501 Booster
PBX 9502 Block

.- Heased Box
-

PRX 9502 Block

e

///7

PBX 95()" W cd LL

[PPSR VI L VAT PPT




Failurce Width tmm)

® Ramsay (Ref. xx)
5.0 - B This study
] . (Campbell (Ref. xx)
4.5 -
4.0 -
.54
3.0 - \
2.54 '
o
2.0 4 o
1
l5 Y T v T T I T M T Y T
-100 -50 0 S0 100 150 200 250

Temperature ()

-t
=
Lae

00



