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Steele, Paper Number 63 L

EFFECTS OF BINDER CONCENTRATICN ON THE PROPERTIES OF PLASTIC- BONDED EXPLOSIVES

Raymond D. Steele, Lawr=nce A. sStretz, Gene W. Taylor, Thomas Rivera
l..» Alamos National l.aboratory
[.os Alames, New Mexico 37545

A series of plasric honded expioslves (PHX) has been formulated with
more binder than is normally contained in high-energy formulations.
Adding a relatively small amount of binder to a material such as PHX 9501
[95/2.5/1.25/1..5 «t% HMX/Estane,;HBDNPA/BDMPF ithe BDNPA and BDNPF form a
eurectic thar is frequenrly called simply the »utectic)] was found to
Jecrease the shock sensitivity while not dJdecreasing the energy of the
explosive. 1The hest compromise for a PBX 7501-rype material contains
about 92 wt% HMX. Adding ddditional binder does not continue to decrease
the gd4p sensitivity of rhe torrulation; however, the enerqgy of the PBX
decreases as expected. The higjher-binder formulations are of potential
use because ot the possibillty of formulating a PBX with energy similar to
TATB formulatlons. uch as PBX 1902 (95%/%5 wt% TATB/Kel-F 800). and with a
higher strain to failure.

ITNTRODUCTION of the explosive being rtesred. A rheoretical
basls may be found for rhis relarionship in such
This study ~as ipnitiared to Jerermine rthe Wworks as Fickert and I)avtsz. For rhis reason {t
effacts ot binder concentrarion on the propertins I4 cugstomary to calibrate the plate dent tesr to
of a PHX. The sennjtivity of the Estane/eutectic acceptod CJ pressures and to report the results
system used Yor PBX 9501 was nor known as A4 1% CJ pressure.  Hecause rhias pressure is a
funcrlon ot concentration. The sensitivity of trasure ot rhe Jdelivered enerqy we will refer to
the system was of special {nterest “;hen the the resuylts of the plate dent rtest a5 the energy
rnerqgy was matched 1o PHX 94%02.  T'he hehavior ot ab rhe explosive.
PHX 9502 1ike Systems is  interssnting hecause
thedir untque mechanical properties. Such s high A low vold materlal was formulared to
ntraln ro lratilure, might be Jdesigned 1nto a Investigate the eftect HF rhe removal ot voids
usetul tormularion usable as a ubiktitute tor lrom A PHX. The material rto be teosted wes o
31} R LTV IR tormularion with MX and the Estane/eutectic
bimnder used in PBX 9501 (X 0242 92 0l 04
Desenaltizing high enerqy X5 was nother TRty HMY/binder) .
reason Eor undertaking this work.  -me ot the
Tost fmportant mechantsms tor the inirjarion ot ihis tormulation ras chosen to provide more
explosives 1n helinved 1o he hot pots caused hy than eaple binder ro U111 all the volds in the
valds or other Jdenslry disconrinuities,  High catposite . Tooansure elimlnation SF all volds,
energy PBXs, such o as PHX 9501, typlcally can be the PHX a8 pressed at mnusually high pressure
pressed to Y of theoretical denpsity  (TMD) . (30,000 psl), ar maximum permissible temperature
This neans that the explosiv componites have (1ou"¢), with waximum vacuum on the powder
ibout 2 vald volds that may serve a5 hat spot bhetore pressing, and with tive intensitica
locations. [t appeers tha! removal o rhe volde tions.  The resulting PEX had a dengity ot 99, 7%
ta the logical asrarting place 1 desensirize gy T™D. The G pressure and cqap sensirivity Were
I'HX . measured Lot this material: the results were )

proessure ob o6 kbhar and a o gap sepnitivity of
Voam, This compares with values ot w0 kbar

FXPER IMENTAL d NS0 mm tor PRX M0G. Y These Jata are
Incluled In Table 10 10§19 possihle ta formu
The axperimentd uased In rhis bty wepen thn Pate a PRX with 1oas seasirivity than PRX hol
large acale qap tesat and the plate ten) e vono dons in o enerqgy, perhaps even oa amalboqain,
Aescribedt by Gihba and opolatal . e plate dent
test iy g measure of the energy Jdelivecst by an e pressing conditlons used to obtaln the
rxplogive to a callbrated teel plare, 1 b vl free camples o of X042 90 01 04 were a he
bernt tound experimentally that thi fe]jueemd extreme, A presising ovalaat ton was condugeted

cnergy can be clonely related o the U prescante cvalnale whlbch of the measures ased Lo provesaing
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TABLE 1. PERFORMANCE AND SENSITIVITY OF
HICH-BINDER PBXS
jap o
bt LT J2ponjLien U Qe DM
pPaK %01 19/2.5 1.5 <. EZpranmsmutectic %9.6 69 0.2
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sutectic AtAQrace
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this PBX were responsible tor rhe itproved per-
tormance. All the variables used in the process-
ing of X-0242-92-01-04 were varied fYrom normal rc

extreme in an experimental design, and the
Jensity of the sa ple at these conditions was
measured. The concentration of the biader and.

to a lesser extent, the number f nressing inten-
sitications were Eound to be rhe .»nly vartables
that siqnificantly Influenced the densities of
the pressed samples. The CJ pressure and the qap
sensitivity were redetermined tor one sample of
X-0242 92 01 04 pressed under nominal pressing
condirtons. The results reproduced those ot *he

formulation pressed under more extreme condi
tions. I'nproved sensitivity an o X can he
cbtaitned by simply increasing the trawcrion of
binder in the composite while 15ing three

intensilicarions.

Toy investigare in derail rhe hehavior ot rhe
HMX ‘Extane/eutect Lo system, a number ot farmula-
rfons were made wlith HMX composirions varying
From A0.% to "4 4ty These materials were
pressed, the detonation pressares were detormined
with plate «dent experiments., and the qgap nensd
tivity was measured.  These Jdata are 1isied in
Table 1, with the literarure values tor PHX 9501
included for reterence.

All the HMX/Estane/cutectic materials Listed
fn "able | made satistactory pressings with the
axception oF the 805 Wiy for=ulat ton, Thin
matorial was exrremely "guomy® and tenled to
extrude atound the seals in the presbs, We were
not ahle to obtaln the desired density tor this
tormulation. The propetrtien of thia material are
intereaiing even though they ate not directly
comparable @ith the other formalations,

The Lirar obsecvat ton made from the data in
Table 1 1 that the qap sendbtivity talls ot
dramat feally an the HMX o the formalat ton s
deceeraned, oaching a platean ot about 4 oy
A mm o clbguee 1YL The ancond obuervat ton b 1 hast
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the energy of
constant as the HMX in the
decreased untjl the mixture is approximarely
92 wt% HMX (Figure 2). This result does not
seem too surprising, 1f one reallzes thar voids
of zero energy are being replaced with an ener-
geric binder. Looking at the resulrs presented
in Fiqures 1 and 2, one concludes that an
improved version of PBX 9501 can be obtaine-? by
decreasing the HMX conten® to 92 wr%. The gap
sensitivity will be decreased while rhe energy
will remain constanr.

the system remains relar,vely

tormulation 1is
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FIGURE 2. ] PRESSURE AL A FUNCTION OF [IMX

CONCENTRATION .

Additional insight into the bhehavior of rhe
HMX/ESsEane/eatecr e system can be abtalned by
examining the Jdata in Table 1. The par cenr (M
{5 seen to be oa tuncrion of the binder oalding
fn the system, Wwith the per cent ™MD ddecieasing
taplidly as the X traction ts  Increased
(Figure 1).  Thera doed, however, appeas
teaonable amount ot acatter In the  Lyale
Which Indicates that vartables other than binder
loading are probably  fmportant when trylbneg o
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FIGURE 3. PFR CENT OF THEORETICAL DEMSITY AS A
FUNUTION OF HMX CONCENTRATILON.

reach very high per cent TMDS. The importance of
reaching very high per cent TMDs I5 seen in
Figure 4, where the gap sensitiviry ls plotred as
a function of per cent TMD. It is apparenr that
a PBYX should be at the maximum possible per cant
TMD. To obtain rhe besr sensitivity in a
IIMX/Esrane/eytectic tormularion, it will be
necessary to determine what controls the rela-
L. rely small difterences In pressing densities.
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FIGUKE 4. GAP SENSITIVITY A A FUNCTION OF
PERCENT OF THEORKTICAL DENSITY.

Winten Flgures 1 rhrough 4 ars examined, i1
appears that PRX 9901 may be anemalous,  The 1'RX
M0 data were taken [rom the (fterature and may
not he conmtstent with the other lata in
Table 1. Additional esxperimenta are planned to
verily the hehavior ot POX 9501,

The behavior of hinder aystema other than the
Eatane/eutect e tn o also of interest, A PRX with
BN Wiy HMX, 6 @18 Kraton, and & 1% Ttylflo ol)
wart Lormialated (X 04140) Lton Phls peadson, 1ty yap
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sensitivity and ¢J pressure were lerermired and
are reported in Table .. Interestingly, rhe jap
sansitiviry is rhe sawe as fFor the high-binder
lwrane/eutectic formulations. Based on very
limited evidence, the gap sensitivity of a
high-binder formulation does not appear
extremely dependent on the binder marerial.

0ae of the purposes for this study was to
investigate rhe properties of [MX-basad FHXs
w“ith energies similar to PBX 9502's. Two of rhe
formulations discusued above, X-0430 and X-0418,
were designed ro have the energy of FBX 9502.
The energy of these two formulations was indeed
very near to that of PBX 9502. The X-0430
performed very much as expected: rhe HMX coadted
well and no major problems were encountered in
pressing. The Xx-0438, however, was another
problem because the Estane/eutectic ls a very
sott, rubbery material that flows much roo
rasily and sticks to the mertal parts in the
prese. Excessive amounts of this binder ~ike
the samples very hard to press and creates
problems in uniformity of nmarterial, and produces
a pressing that is not uilmensionally stable.
Additional experiments are planned to
investligate the properties of Estane/eutectic
binder formulations with derreased amounts of
rhe eurectlec. This will provide a stiffer
material and perhaps overcome some of the
problems ot X-04J8. The damount of HMX will need
to ba increased in these experiments to mainrain
the desired enarqgy level,

CONCLUS TONS

In conclusion. a serles of PBXs has been
tortulated with nore blnder than is normally
used in high eneryy explosives. Ut was derer
mined that adding a relatively small amount of
binder to o materlal such as PHX 94901 will
improve the gap sensitivity witheur deqrading
the enerqy ol the explosive. It appears thar
the best compromi:e For a PBX 9501 type material
is about 12 WS HiX . Adding addittonal binder
does not contine 1o improva the qap senaftiviry
ot the tormulation.  llowever, rthe enerqgy ot the
X decreases as expected.  The high binder tor
mularions are of potential use because ot the
possibility of formulating a PBX with rsnerqgy
Aatmilar to PRX I9502'% bur with a much higher
attain to tallutre and other desirable advantaqe: .
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