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PRESHOCK DESENSITIZATION OF PBX EXPLOSIVES-

Roberta N. Mulford, Stephen A Sheffield, and Robert R. Alcon
Los Alamos National Laboratory
Group M-7, MS P952
Los Alamos, NM 87545

Preshocking delays initiation of PBX-9404 and PBX-9501, relative to unshocked material. In PBX-9404

reshock experiments, a first shock of 2.3 GPa was followed 0.65 jis later by a second shock of 5.6 GPa. In
EBX-9SOI. a preshock of 2.8 GPa and 0.32 us duration was followed by an initiating shock of 6.0 GPa.
Both PBX explosives show clear desensitization while the preshock persists. In PBX-9404, initiation of
detonaton occurs nearly as anticipated for the material, aller coalescence of the preshock and main shock
into a single wave. Muluple embedded magnetic gauges were used (0 measure the shock histories. Our
data indicates a slightly longer run 10 detonation than expecied, even though a single wave is initiating the
material. A slight stress reduction at coalescence, as required by the shock dynamics, may be responsible
for the overrun. A reactive wave is clearly evident while the preshock persists. The long run to detonation
indicates that this reactive wave is not dniving the initiation. A set of four preshock experiments were per-
formed on PBX-9502, which is unreactive at these pressures, lo investigate the shock dynamics of the two

waves in the HE,

INTRODUCTION

Preshocking resulting in delayed initiation has
becn examined in PBX-9404 and PBX-9501, us-
ing multiple magnetic gauges embedded in the
initiaung explosive. These measurements of par-
ticle velocity enable us to follow the evolution of
the reactive wave behind the shocks, and to ob-
serve the development of this wave int a detopa-
tion. Our observations address the previous idea
that the material is completely desensitized while
the preshock is active, but that the normal run-to-
detonation (as given by the pop plot) for the ma-
lerial applies as soon as the two shocks coalesce
into a single shock.

Irevious work on preshock desensitization was
donc by Campbell and Travis.! In their experi-
ments, a detonation wave was run inlo a pre-
shocked region, where it was weakened and
cventually extinguished. The run distance was
given by P22 1 = 1140 (kbar and ps), for both
PBX-9404 and Comp B. The active reglon was
imcrpu:lcd as an induction titne for hot spot deac-
tivation in the matcrial.

EXI'ERIMENTAL Si71up

Ounr eaperiments are performed nsing a light

' Wonk petfextied wnidid the suopmen s of the LS. Pepasunest of Fongy.
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gas gun (o generate well supported, planar shock

. waves of well-known pressure. The experi

are onc-dimmuuiona.l over the region and time of
interest. square rrusure pulse gencrated
the projectile may eliminate some g\mriablelblz
simplify cunsideration of the time-dependent be-
havior of the growth of the reactive wave, and al-
lows accuraie manipulation of time and pressure
paramcters. The gas gun can reach projeciile
velocities of up 0 1.4 mm/js, corres g 0
pressures o aboui 1G.5 GPa in PBX materials
when single crystal sapphire impactors are used.
This pressure will detonate PBX-9404 and PBX-
9501, but is not sufficient o promote prompt re-
action in PBX-9502.

Embedded multiple magnetic gauges provide
unigue measurements, in the Lagrangian frame, of
the time cvolution of the shocks, for up 1o 3 ps.
The gauge package consists of either 5 nesied
particle velocily gauges and § impulse gauges, or
of 10 particle velocitly gauges, 10 take dala at 1/2
mm depth intervals when the gauges are placed at
a 30° angle. Use of muliiple gauges gives Inde-
pendent measureinents of qmicle velocity (up)
and shock velocity (Ug). These parameters are
obtained directly from the data,

P'reshock experiinents are done using a com-
posite projectile 1ounted tmpactor consisting of a
low impedance thin layer on the front suiface of a
high impedance backing material. The projectile



limpacts s precisely machined fiat explosive cylin-
dex, into which the gauge package is glued at & 30°
angle. The experimental setup and x-t dlagram for
a PBX-9502 experiment are shown in Fig, 1.

|
Ying)
H IS
1502
projecilie
'
(%] ' ]
=8 H !
'y :
E :
I

position, x, mm

Figure |. Experime 1al srrangement and x-1 diagram
showing preshock and 1aain shock geoeration for a PBX-
9502 experument.

Experiments have been done on PBX-9404,
PBX-9501, and PBX-9502. Data obtained from a
shot on PBX-9502 are shown in Figure 2. The
character of the inpul waves and tiine of coales-
cence are clearly evident, since the matenal be-
haves as an incnt material at these pressures. Data
from a pair of shots donc on PBX-9404 is super-
imposed in Figure 3. Preshock and main shock
pressures of 2.3 anc 5.6 GPa and wave scparation
of 0.7 ¢s are accurately reproduced belween the
two shots. Growth of the reactive wave to near
detanation is evident in Figure 3. The reactive
wave cmecrging during the preshock is more
clearly presented in Iigure 4, in which maximum
panicle velocity vs location serves to show the ap-
proximate position of the reactive wave.

Detonation ixccurs after 9.4 mm of mun, from
impact of the first shock, or 8.7 mm after the sec-
ond shock enters the explosive. The pop plot for
PBX-9404 predicis2 a run of 3.5 mm at the pres-
sure of the sccond shock (5.6 Gla). Measwed
from the location of wave coalescence the 1un is
38 oun, slightly longer than the un predicted
fiom the Pop plot. ‘The slight averrun is also ob-
seived by Jubn Ransay in plane wave lens ex-
peiimeats.d
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FI"\.II’G 2. Data from experiment oa PBX-9502 with P} =

371 GPa, 1] = 0.32 s, and Py = 8.19 GPa.
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Figure 3. Dawu from two experiments on 'BX.9404,
sbowing &m\w\b of reactive wave in preshocked material:
Py =23GPa 1] =0.68 pus, Py w 5.6 GPa.

DISCUSSION

The Hugoniot crossing diagram in the t-x plane is
shown in Figure 5. The MACRAME code4 was
used o penerate this diagram.  A¢ wave coales-
cence, the retum to a single shock in the material
requires @ switch from the second W the principal
Hugoniok, with corresponding generation of a
sinall rarefaction in the material, ‘The magnitude
of this pressure drop is calculated, using the
MACRAME code, o be at most 0.15 GPa (2.7%)
in PBX-9502, and about 0.06 GPs (1.1%) In PIVX-
9104, if the I'BX-9404 were incrt.  While the
magnitnie of this drop is not sufficient 10 after the
un abtained from the Pop plot appreclably, it may
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Figure 4. Maximum particle velocities of reactive waves
|n1’BX-9404 experiments. Collisioa of reaclive wave and
small rarefiction occurs af poinf A
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Figwe S. Compleie x 1 diagram liw experiment on PBX-
94104 shawing reactive waver (fron experimental daca)
and rarefachion.

lengthen the ua by a swmall amount, withiu the
marpin of crrar of the Pop plot.

‘{hic bulk temperature of the natenal is lowered
substantially in J:doubly shocked case at a given
pressure, by up to 25% at 4 GPa. A contact dis-
continuity separates the cold region behind the
two shocks fiom the hot single shock 1epion, as
shown in Tigure S,

The PBX-9502 dawa is expeaed 1o exlubis this
pressure diop as a propagating pertarhation on the
Nat region of ihe second wave. Careful exanina-

tion of the record in the region where the rarefac-
uon wave is calculated to be (velocity oblained
from MACRAME alculadon) reveals no pertur-
bation on the flu wp of the wave, The 1.7% rise
calculated in uy was expected 10 be large encugh
o detect, but this is apparently not the case. The
uncerwainty in particle velocity in these records is
about 1 102%.

The PBX-9404 experiments exhibit the same
particle velocity profiles as those observed for
PBX-9502, with the addition of the reactve wave
emerging afler the second shock. This wave
emerges almost as soon as the second shock pres-
sure is established in the material, contradicting
the idea that the material has been completely de-
seasitized by the first shock. According to Camp-
bell and Travis' criterion,! the first shcck Is too
short to produce desensitizatior, with P22t =
644<1140.

However, the emergence of the reactive wave
before coalescence apparently does not contribute
to the development of the detonation once coales-
cence of the two waves has occurred. The run s,
instead, extended slightly after establishment of a
single shock.

The small rarefactivn discussed earlier propa-
gates back into the reacting material as shown in
Figure 5. When the reaciive wave encounters the
rarefaction, a reduction in the maximum u
rcached by the wave occurs, as shown in Figure 4,
The 1eaclive wave iz quenched at the point
(marked "A") at which the rarefaction mects it
This drop is scen in indlvidual waves as an cacly
maximnum in up and then a sharp drop off, a trun-
cation of the reactive grotile.

‘These obscrvations lead 0 a8 model in which
the preshock compresses the material, and then the
sccond shock promotes a reaction.  ‘The second
shock is propagating in a preshocked repion of
elcvated T, P, and density. This second shock
produces a state, off the principal Hugoniot, of
lower temperature for the given final pressure.
‘Thus the reaclive wave propagales in 2 1cgion of
iclatively low T, high P, and high deasity, which
has been precompressed o a density around 2.08
g/emd, a density st which the run (o detonation
wmight be expected to be exceedingly long based
un estimates made in Ref. 6. 'The elevated initial
density In this region also is associated with the
1cmoval of some fraclion of the hot spots in this
maltcrial, ‘This region is shown on the x-t diagram,
Figute §, as repion 1, bounded by the input thock
and the returning sinafl rarcfaction.  Uinder these
cimditions, the reactive wave aceelevates sfowly,
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Figure 6. Maxlmum particle velocities of reactive waves
in PDX-9404 experiments, in region of presbock. Hea
poials are maximas of waves anising after collision wi
rarcfaction, in region 2.

propagaling at nearly the same velocity as the sec-
ond shock which promotes it.

Encountering the rarefaction, the reaclive wave
is attenuated. The wave proceeds in a second re-
gion (Figure S region 2) in which P and density
are lowered slightly, and T is maintained at its
relatively low value. The initial conditions are still
dictated by the preshock. The reactive wave in
this region exhibits a reduced particle velocity and
also a wave velocily near zero, as shown in
FFigures 5 and 6.

The establishincat of a single shock generates a
vontact discontinuity, which bounds a thint region
(Figure 5 region 3). Across this contact disconli-
nuily, the T state is raised (o that prescribed by the
principal Hugoniot. The single shock propagales
i11to malterial with initial T and density again in the
usual (1.84 g/cm?, 230 K) range for development
of a narmal heicogencous reactive wave. Nceither
Figure 4 nor Figure S indicaies that the reactive
wave in this segion is unrelated to the reactive
waves in the preshocked regions, but the long run
to detouation supports this idea.  This wave de-
velops Wto detonation as expected.  The run o
deinuation is extemied slightly over that aniici-
pated at the pressute of ihe sevond wave because
af the shi 'hs Blcssmc rechuction at coalescence.

The P42 » 1140 aiterion! for desensitiza-
1ion ¢uay atise puly from the coidition wheie the
longer t allows the tcactton in reglon 1 to run
ncarer completion, chemically changing the ic.
nunning hot spets, cither overpeessuring shem with

reaction product gases or allering the local
chemistry through partial reaction. We anticipate
doing experiments in this regime.

CONCLUS!ONS

A pressure drop is required by the shock dy-
namics of a double shock coalescing 10 a single
shock. This pressure drop is not visible in PBX
9502 records. but may nonetheless be resulling in
the extended run observed in PBX-9404 after
coalescence of the two shocks.

A reactlive wave is emerging in the preshocked
material, but apparently does not contribute to the
detonation, as indicated by an extended rather than
truncated run after coalescence. The reactive
wave is depletz4 by the small rarefaction at
coalescence. The reactive wave in the preshocked
region may indicate chemistry or "pre-bumning™ of
the hotspots, as well as their compression, as a
mechanism for desensitization.
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