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EFFECTS OF BINDER CONCENTRATICN ON THE PROPERTIES OF PLASTIC- BONDED EXPL.OSIVES

Raymond D. 'iteele, Laur=nce A. 'itretz, iene W. Taylor, Thomas Rivera
.. Alamos National l.aboratory

1.os Alames,

New Mexlicn 37545

explosive. The bhest compromise

higher strain to Yaiilure.

A series ot plastic honded expionsives (PHX) has been formulated with
more binder than is normally <ontained
Adding a relatively small amount of binder to a material such as PHX 9501
[95/2.5/1.25/1.25 w18 HUMX/Estane;HBDNPA/BDNPF ithe BINPA and BDNPF form a
eutectic that is frequently cailed simply the eutectic)) was found to
Jdecrease the shock sensitivity whlle not
tor a PBX 9501-type material contains
about 92 Wty HMX. Addinyg addltional binder does not continue to daecrease
tne gap sensitivity of rhe forrulation:
decreases as expectrnd. Thr hijher-binder formulations are of potential
use because of the possiblilty of formulatlng a PRX with energy similar to
TATB formulations, :uch as PHX 1502 (9%/5 wt% TATB/Kel-F 800)., and with a

in high-energy formulations,

decreasing the energy of the

however, the energy of the PBX

INTRODUCTION

Thls study w~as Inttiated to Jdvtermine the
effects ot binder concentratlion on the proapertlies
Di a PEAX. The sensltlvity of the Estans/eutectic
system ased Yor PBX 9501 was nnt kpown As 4
functlon of concentratlon. The sensitlvily of
lhe system was of dpecial !nterest -dien the
rilerqgy was watched 10 PHY 95%02.  'he Mwhavior ot
I'BX hil2 Llke systems ls Interesting becaune
thelr antqie mechaniral properties. Ganh s high
wtraln to latlare, mi:ht be Jdesined nto a
userbul tormulatlon asable as a wubiktilule lor
X U2,

Desensitizing hlgh- eperqgqy 1I'0OXs 2a snother
roaion Eor onidertaklng this work. e ot the
Tost lmportant merchantsms tor the Iagelartion ot
exploslves 1n belleovedd 1o ey hot o pots caneam] by
vorldg oor other Jdepattry Jdlscontinnities,  HHlgh
euaregy PUXS, such o as PHY 9501, typleally can bhe
(ressml tn 'Y of thenretical denslry  (TMDIL
This neans that the explosiv compocrtos have
et 2 vnl% volds that way aserve o5 hnt cipot
Locatlong. 1oappesrs tha' removal o rhe velds
Ia the Toqlral starting placre o desensle e
I'HX .

FXPHER IMENTAL

The experirontdn agml Ta thils tely oo Hhe
large acale qap test amul the plate lest cow
Aeserihm' by silbhe anil ropolaro! The plare Jdont
test b oo measimee ol the opecgy el v ered by an
cxplonlve to a callbrated reel plaoo, It s
been Lompl experimetal by chat ohle Lo loeemd
roetsy oottt Der o closely velare] T e b e

nE the exploslve being tested. A theoretical
basls may be fouand Eor this relatlonship 1n such
works as Flckett and Davis?. For this reason 1t
It rustomary to ralibrate the plate dent test to
acceptad (J pressures and to report the resnlts
1% CJ pressure.  Hecause this pressure 1s a
trasure of the selivered eneryy we will refer to
the results of the plate ilent test as the enelgy
ot the explosive.

A Livw vold naterlgl was lormalared 1o
Inyostigare the eftert HF the removal of volds
l1om 2 PHX. The material to be rasteld s oo
Farmatarion wlth IMX and the Estane/entect ¢
blinder osed 0 PBX 1501 (X 142 12 ) 04
MO wty IMX/blinder) .

ihls tormulatlon smis chosen to provhile more
thae eaple Liimeler ro 1L all the volds I ihe
catpesite . Tooansore elimbipatlion S all o volds,
the DEX cnis prestsel At anastally high pressogse
1m0 patt, ot maxlmm permlssible temperatoee
Cutcry with maximum vaoum on the powleg
belore preitsting, anedl wlth tlve lptepsitlicea
tlopa,  The posultling UEX hall a ettty ot 117N
™D, The 0 peesisiure and cpap o tienglolvity were
moaunted Tor thls materlal; Yhe tesalts were o0}
pressate o Ino kbar amld g qap e itlvity of
V72 oam, This ompares with valaes ot el kbar
Wl Bh.6 wm Tor PRX .t These Jata are
L Dededd I Table | It s poanible 1o Vormn
fate a PUX with | oas seqaltlvity thae pix ol
b Leeys In energy, prohapn sven a o taald !l ogain,

e presis b condbtlona wiml vo oblaln the
ol Tren emples of X040 0 0L HA wer e ar e
extrome, A presising ovalaatlon was coteliecte] 1
vvo (ot e el ol ol Ao e ] Lo pree ooy
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TABLE 1. PERFORMANCE AND SENSITIVITY OF
HICGH-BINDER PBXS
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this PBX were responsible to1 the lupioved per-
formance. All the variables used in the process-
Ing of X-0242-92-01-04 were variedll Yrom normal tc
extreme in an experimental design, and the
density of the sa ple at thes? conditions was
measured. The concentration of the bi.vler and.
to a lesser extent, the number ot pressing inten-
siticatlons were found to be the .:nly vartables
that slqniflcantly Influenced the densities of
the pre:sed samplesa. The J pressure amil the gqap
sensitivlity were redevermlinal Eor one sample ot
X-0242 92 01 04 pressed under nominal pressing
condltions. ‘the results reprodies] thote ot 'he
tormilatinn pressed ander more exirems condi
tions. I'mproved sensltlvity no1 FEX can b
vbtained by simply increasing che tention of
binder In the compoilte while it three
Intenstilications.

o Investigate In Jetall the Lerhavine ot the
MY Estane/entect 1 system, 4 nmber ot formila-
tlhons were made with 1IMX composttiong varylng
I'rom A0.% to "4 wr\, These matertals were
pressml, the cletonatlon pressares were lotorminm]
wlth plate glent experiments, and the gap el
vivity was measured,  These Jdata are Dlted An
Table 1|, with the literature vatlues tar PHX 9500
Iochuted tor reterence.

All The MX/Estane/aalectie materlalys Llkeed
In "able 1| ‘nade satistactory presslnmgs @ith rthe
nxceptlan oF the A0Y @ity Top=edat Lon, This
malerlal was extremely  "qommy® el teolml oo
vxtpide aroun! the sealy tn the ooy, We wepne
not ahle to obraln the desleed Jdenstty Lor thils
I'rmitlatlon.  Tthe propertied ol this waterlal are
(ntereat ing even Thomth thaey are aot ddlrect ly
vomparable Wwlth the other Toomedat Lo,

The That obgervatlon mmle Toom the Jdata b
Table b 1 that the cqap el vty Talla ol
deamal Teally e the MX Lo thie boamnlat en s
Jevveanmd,  reachlig o a platean ot st At o
A7 wm ol lbgare 1)L The aecomld absep vt o e Vg
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the energy of rthe system remains relatively
constant as the 1MX in the tormulation is
decreased untjl the mixture is approximately
92 wt% HMX (Figure 2). This result does not
seem too surprising. 1if one reallzes that voids
of zero enerqy are being replaced with an ener-
getic binder. Looking at the results presented
in Fiqures 1 and 2, one concludes that an
improved version of PBX 9501 can be obtalne? by
decreaslng the HMX content to 92 wt%. The gap
sensitivity will be decrerased while the energy
will remain constant .
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FIGURE 2. o) PRESGURE AL A FIINCTION fIF 1IMX
CONCENTRAT TON .

At Lt lonaal Leslaght Into the brhavior o) thne
nMxX/Estane/eatece e aysiem can be ohitalned by
examlning tlie Jdata In Table 1. The per oot My
It siven to beoa bimerlon of the blnder yonedloeg
e the system, w@ith the per o cent T boepearilog
tapldly as the HAX vacliion Ia Toeressed
(Fiygure 1), Therd doea, lowever . appeas to Le o
teauotdble amonnt ofF eatter o the Lyt
Wwhich Indlbvarea thal varlahlow otlher than hlades
Lowbl ey are probably  leportant when teylpeg o
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FIGURE 3. PFR CENT OF THEORETICAL DEM!iITY A5 A
FUNCTION OF HMX CONCENTRATION.

reach very high per cent TMDS., The importance of
reaching very hlqgh per cent TMDs 1|5 seen in
Figure 4, where the 1Jap sensitivity Is plotied as
a function of per cent TMD. 1t is apparent that
a PBYX should be at the maximum posslible per cent
TMD. To obtaln the besar sensitivity In a
IIMX/Estane/eutectic tormulation, 1t will be
necessary to Jdetermine what c¢ontrols the r=la-
L. rely small diftelences In pressing densitles.
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FIGORKE 4. AP SENSITIVITY Al A FIINCTION OF
PERCENT OF THEORKTICAL DENSITY.

diten IWlhquren 1 through 4 ars examined, It
appears that PUX 2501 may be anemaloses, The 'RX
™oL data were taken Trom the tltecatme anl nay
ot be ot litent Wwith the coher lata In
abla 1. Addllonal oxperlments are plaaned to
verlly the behavior » pPlux uhol.

The behavior of hlider aystema other thae the
Eatane/eatect b a albso of lnterest, A PRX wlith
U Wiy 1IMX, b Wiy Kraton, amd 6 w2ty Talilo nll
Wt Tormilalemdl (X HA ) Lo hls ceanon, 10 yap
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iensitivity and ¢J pressure were Jetermired and
are reported in Table .. Interestingly, the jap
wnnsitivity is the sawe as for the high-binder
I.vane/eutectic Cformulations. lacsed on very
limited evidence, the gap sensitivity of a
hijh-binder formulation does not appear
extremely Jdependent on the birder material.

One of the purposes for this study was to
investigate the properties of IMX-based FHXs
w“ith energies similar to PBX 9502's. Two of the
formulations discussed above, Xx-0430 and ¥-0418,
were designed to have the energy of FBX 9502.
The enerqy of these two formulations was indeed
very near to that of PBX 9502, The X-0430
performed very much as expected; the HMX codted
well and no major problens were encountered In
pressing, The X-0438, however, was another
problem because the Estane/eutectic ls a very
sotft, rubbery material that Elows much too
fasily and sticks to the metal parts 1in the
prese. FKxcessive amounts of this binder —ike
the samples very hard to press and creates
problems in uniformity of material, and produces
a pressing that 1is not uimensionaily stable.
Additional experiments are planned to
Invest lyate the properties of Estane/eutectic
binder formulatinns wlth decreased amounts of
the eatectlc. This wlll provide a s5tiffer
materlial and perhaps overcome some of the
problems ot X-04)B. ‘'the dmount ot IIMX will nred
to ba incrreased in these experimen:zs to malnrain
the deslired enerqy level,

CONCLIN LONS

In concluglon, a sxe1les of PRXs has been
tormulated with nore blnder thanp 15 normally
used in hlgh eneryy explosives. 1t owas adeter
mined that adding a relatively small amount of
binder 1o 1 materlal thach as PHX 1501 willd
Improve the gap sensitlvity witheut deqrading
the enerrty ot The exploslve, It appears that
the best rcomproml:e tor a PHX 9501 type matrerlal
15 aboar M2 Wty liaX . Addling adidltlonal blinler
lors nnl cont line 1o lmprove the gap senultiviry
ot the tormulation.  llowever, the enrrqgy ot the
X decreasns as expected.  The hiygh hinder tor
malat hans are of potent ial use bhecanse ot the
pestiblUilty of formulallng a POX with merngy
Almllar o PHX 5020 bur with s murh hldgher
atralpn ta 1allme and al hey desirable advant age:
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