SEM - CONTI NUOUS TWO- COVPONENT PROCESS FOR PRODUCI NG A COWPOSI TE EXF’I_GSUME 2004
CHARGE COWVPRI SI NG A POLYURETHANE MATRI X The present invention relates to
the mlitary field, nore particularly to that of explosive munitions,
such as bonbs and shells. A nore specific subject-matter of the invention
5 is a novel process for producing conposite explosive charges conprising
a solid polyurethane matrix. The term "conposite explosive" is
conventionally wunderstood to nean a functionally detonatable

pyr ot echnical conposition conposed _ofla_char,ged solid polyneric matriXx,
10 generally a pol yurethane matrix, the said charge being pulverulent and
conpri si ng SEMI-CONTINYQUS CTROHTOMHONENTS PRDGESS, FOR PRODIGING hexogen,

oct ogen, OWACOMPRSITEr CEXPLOSTVE GQHARGE XCOMPRISING |AcaPOLYWBETHANEeSe
conpounds. MADRIXSi t e expl osive charges and the way of obtaining themare
descri bed, for exanpkeprbiedt QeEHih rdlefepotdr ehe pidpeagpl sield,

expl osi fs [ Powders, praqpellants and explosivesL, Volune 1, les explosifs
[ Expl osi vedore TR GHELdY DR ubBRt atforfXPLess’ epé‘@’é’sltf%-swf.uc%hea%o

pul ver ul enty Ghar 484l she1x§d in a blender with a liquid polynerizable
resin, for exanple a prepolynmer conprising hydroxyl endings. A paste is
obt ai ned, which padt @osanspecitihetsyhiestmyatennat t s PvsprEazed by

curt % L 45 8 BB pEocle 15 SR ARCchiBoplaamnie 0, e nomnt s 2

nmoul ded i t erimngetsh compt 6ing harsaciiet ipoliyosetiare enatiwixndi sadvant ages and

limtations to thi%he term “composite explosive" 1is conventionally
understood to mean a functionally detonatable pyrotechnical
composition composed of a charged solid polymeric matrix,

10 generally a polyurethane matrix, the said charge being
pulverulent and comprising a nitro-organic explosive
charge, for example hexogen, octogen, ONTA
(oxynitrotriazole) or a mixture of at least two of these
compounds.

15 Composite explosive charges and the way of

obtaining them are described, for example, by J. Quinchon,

les poudres, propergols et explosifs [Powders, propellants
and explosives], Volume 1, 1les explosifs [Explosives],

Technique et Documentation, 1982, pages 190-192. The

20 pulverulent charge is mixed in a blender with a liquid
polymerizable resin, for example a prepolymer comprising
hydroxyl endings. A paste is obtained, which paste can be
cast in a mould and then polymerized by curing. It is
possible, by the choice and the adjustment of the agents

25 for crosslinking the resin, the catalysts and other
additives, to obtain moulded items with varied
characteristics.

There are disadvantages and limitations to this



1 3 JUL 2804 - 2 conventional process for blending all the constithehyg] 2004
whi ch are introduced and m xed in a blender according to a defined
sequence. Wien mixing is conplete, the paste has to be 5 used within a
fairly short period of tine (pot life). Extending the pot life by
reduci ng the level of crosslinking catalkyst has as counterpart an
increased polynerization time, the tenperature being limted, inter

alia, by the pgnotechohalngtruocessf foendlehditenallilt 4R conkt GRRIAIL 1 N
this way thus requires a technical conprom se between the pot |ife and
the curing twhichaanselintasoduomt essdr mikiedkiing of blBAdese RIS !

bl ending and casting the paste. 15 It also requires a conpronmse in terns
of econoni cstBefnBeRinA@ spguentet he bl ender and the size of the noul ded
object. This is because, while this batch_process appears to be fairly
vel | suited to the maWOFRcFUFEDNSE 190CPEPGELEhj s, Pagath dasunter Wet er

m nes, to%pedoes and gonbs n, the-ofher hand it proves to be highly
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inter alia, by the pyrotechnic nature of some

10 constituents.

To operate in this way thus requires a
technical compromise between the pot 1life and the
curing time, as well as a necessary linking of the
sequences for blending and casting the paste.

15 It also requires a compromise in terms of
economics between the size of the blender and the size
of the moulded object.

This is because, while this batch process
appears to be fairly well suited to the manufacture of

20 large objects, such as underwater mines, torpedoes and
bombs, on the other hand it proves to be highly
disadvantageous and expensive in the manufacture of
large amounts of small moulded objects at a high rate,
for example in the manufacture, from a blend of 1 to

25 3 t of paste, of several hundfed shells with a diameter
of the order of 50 to 100 mm each comprising several
hundred grams to several kilos of composite explosive.

In this situation, it is necessary to have a

high pot life in order to be able to charge numerous -



- 3 munitions with the sanme bl end, which has as counterpart - a 13
particularly long tinme for crosslinking the paste and
t he manuf acturing cycl e because of
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1s economi isadvantageous.

A person skilled in the art has tried to éscape
from this pot life/curing time straightjacket and from
this necessary and precise linking of the blending and
casting operations.

To solve this problem, J.M. Tauzia suggested,
in a communication entitled “Some Comments on
Processing Energetic Materials” at the symposium
“Compatibility and Processing” arranged by theAAmerican
Defense Preparedness Association (ADPA) - on
23-25 October 1989 at Virginia Beach (United States), a
two-component process in which 2 chemically stable
polymeric components exhibiting approximately the same
level of charge and the same viscosity are first of all
prepared from the constituents batchwise in blenders.

These 2 pasty components are subsequently mixed
continuously with a ratio by mass of approximately 1.

This two-component process, while it indeed
makes it possible to eliminate the pot life/curing time
compromise and renders possible the storage of the 2

components for several weeks, has several

disadvantages.

conponent s f%%iggveral meeksta9?§ aeveral di sadvantages. .1 3 JUL 26,04 -



A first disadvantage is that it proves to be
continuously mx the 2 pasty
A second di sadvantage is that the 2 conmponents

hi ghly problematic to{ 3
conponents to obtain a honbgeneous produc
5 are pyrotechnically

JUL ¢G4

active (presence of explosive charges) and that it [sic] therefore both

have to be

prepared and then stored i-ngecure plants. A third

di sadvantage is that the solid polyneric matrix of the conposite

explosive finally 1Q(%%fg@egghgdgggggggmi;rgwg{h§ka(éé{ﬁ%;tggagaged

with the sane constituents in
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i socyanate conponént™ is polyneric. The fact o
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nononer has the consequence of producing a solid polyurethane matrix

€ sane proportions,

preparing, as

which is different Arcecohat distaaiveetaaecargi tigat othbe 2baidtpori@cess by
directly mxing all the isocyanate nononer 20 and all the hydroxyl
prepol ymeY . Ines @iyrfodeshos cad 13t r Lt tuines of (phesemte d ofiol yaxpdidwne mat ri x

results in

undesirabl e differences in nmechanical and/or detonating

properties, FBHPRFhganferYhakpéfsilalcdndtiesefioveat bgsbushaemuhbi fhecati on
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polymeric matrix of the composite explosive finally
obtained is different from that which is obtained, with
the same constituents in the same proportions,
according to the conventional batch process. This is
because, according to Tauzia, the isocyanate component
Vis polymeric. The fact of preparing, as an
intermediate, an isocyanate prepolymer from the
starting isocyanate monomer has the consequence of
producing a solid polyurethane matrix which is
different from that obtained according to the batch
process by directly mixing all the isocyanate monomer
and all the hydroxyl prepolymer.

This difference in structure of the solid
polyurethane matrix results in undesirable differences
in mechanical and/or detonating properties, requiring
very expensive and disadvantageous requalification of
the final product.

The two-component process described by J.M.
Tauzia is therefore not entirely satisfactory.

A main subject-métter of the present invention

is an improvement to this two-component process and the



‘conponent process for producing a conposite explosive charge conpg]éigglamwg
pol yuret hane matrix which exhibits neither the di sadvantages of the )
conventional batch 5 process nor the abovenentioned disadvantages of the

sem - conti nuous two-conponent process described by J.M Tauzia. It has

been di scovered, unexpectedly, that is mossible to obtain a conposite

expl osi ve charge 10 conprising a polyurethane matrix according to a

sinple and | pe¥ReRsi Ve rSRHEIGNt | -CcO n LQCEessS i ch does
not require requalificationlbf t He %lﬁ% ¥0p§03§%9§b§03F?P38u8fmQ“VE?y
preci se conbcbapbasnef pAREYY Cabr ChARGEHStd C8 109 the
distribution 15 of the constituentseﬁz t he gsconpgﬁghggkgnégggqfﬁge ratio

by mass of nrtketuge alontpre s2ngonpPopeysrethite SREEL{X CRhl¥n @xhibits
subject-matter of the present invention is a sem -continuous process for

produci ng a Beipbert ethxpldisiadyaritaggs coffiposikd aortvet 1068 d

pol yuret hane matri x, the charge of which 1is solid and pul verul ent and
conpri ses atPFRE8’ES oftOr nitthep- sbguamensiphedi vai sdyvamtagskictdfonthat o a
nmould of a pasty explosive conposition and then thernmalcrosslinking of
this conposi ttBh, CPRelRAPES 25WenrpmReRelE PEPAgSHhdasnribey hi/xiny.
constituents,_essentially conprising a polyol prepolynmer, a plasticizer,
a ponisocyaE%Yélﬁbnoner and a pul verulent solid charge conprising at

| east one nitro-orgaf{chagquggivg. 13 JQ% 2004 - 6_ This process
according to the invention is - chatacPerfeey PReFRECTeddYobttdhat t he pasty

explosive js possible to obtain a composite explosive charge
10 comprising a polyurethane matrix according to a simple
and inexpensive semi-continuous two-component process
which does not require requalifiéation of the final
product by virtue of a very precise combination of
technical characteristics relating to the distribution
15 of the constituents in the 2 components and to the
ratio by mass of mixture of the 2 components.

More specifically, a subject-matter of the
present invention is a ksemi—continuous process for
producing a composite explosive charge composed of a

20 charged solid polyurethane matrix, the charge of which
is solid and pulverulent and comprises at least one
nitro-organic explosive, by introduction into a mould
of a pasty explosive composition and then
thermalcrosslinking of this composition, the said

25 composition being obtained by mixing constituents
essentially comprising a polyol prepolymer, a
plasticizer, a polyisocyanate monomer and a pulverulent
solid charge comprising at 1least one nitro-organic

explosive.



conposition: 2 conponents: 5 a pasty conponent A conprising all the1quﬁﬁ]2mm
prepol yner and all the pul verulent charge, a |liquid conponent B conprisig

.all the polyisocyanate nononer,
10 distinction between the 2 conponents A and B, are first of al

the plasticizer being distributed wthout
pr epar ed

under batchwi se conditions fromthe cenbi red constituents by sinple
honogeneous m xi ng, the conponent A and the conponent B are 15
subsequent |y m xed ungiefs contdauous gaondi tians . sugh that the conponent

e LB b vanG 168 086 5.

Al conponent B ratio by mass Is constant and between 9
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component B~ comprising all the

polyisocyanate monomer,

the plasticizer being distributed without

distinction between the 2 components A and B,

are fifst of all prepared under batchwise
conditions from the combined constituents by
simple homogeneous mixing,

- the component A and the component B are
subsequently mixed under continuous conditions
such that the component A/component B ratio by
mass is constant and between 95/5 and 99.5/0.5.

The fact should be clearly noted, according to
the invention, in addition to the very specific
component A/component B ratio by mass, that the
components A and B do not have the same viscosity, that
one is pasty and comprises all the charge and polyol
prepolymer, and that the other is liquid and comprises
all the polyisocyanate monomer as is, without chemical
modification, in particular without prepolymerization
using a polyol.

This combination of <distinctive technical
characteristics in comparison with the semi-continuous

two-component process of the state of the art has the



Only the conmponent A is pyrotechnically active, 5 which considerap'% UL 2004
restricts the safety constraints, and the m xing of the conponents aﬂh

B is easily honopgenized. Furthernore, the physicochem cal, nechanical,
~detonating and vulnerability properties of the final 10 product are

identical to those of the product obtaknged-according to the conventi onal
batch process fromthe sane constituents in the sanme proportions, which
avoi ds a di sedvwad 0, uglel T cat:i .of t p ugt . The operations
of preparing the cé%ggngﬁfégﬂ 6%5€%%§E§%a#ggbongle%%?ygﬁﬁgsggﬂggﬂPegf t he
oper ations ofdi sedud: L et §f Ardide Bi A0 RE SASLEDY gQgt%‘G be
carried out in parallel. These conponents A and can b storeé |%yneed
be for severaimpdek arbfiorexderigigre .m xed. 20 Furthernore, the process
according to the invention is conpletely independent of the pot life
owing to the fact th&nlgneile aympdreeraf X ofpopend sedhnbedll By aser{e@j dl y
and continuously m xed, which makes it possible to increase the

per cent age ofvhdidssFPARiEAgrablyatxéysricmsl thecorséqugnt tynslecs bese, t he
time for cross]inking the pasty expl osive conposition in the nould
and/ or to cal®df obhet MHiXih%ssfi Mliengcarpanenier A t angerBit dse.easily

- Crosslinking,at anmbi.ent, tenperature (20C) is 1 3 JUL Cu't even possible,

which is par€Y¥ﬂﬂ%%Wﬁfegdvantageous. According to the present invention,

t he pasty expl osive ition is, pbtained. fromthe usual constituents
used according to th§%g33%Fh8%8ces§§§ aﬂﬂysﬁc%ﬁ?%ﬁl%?%'wéW?cﬂﬁR%ﬁﬁ%«a a

person skill gdtioRath@garing vulnerability properties of the final

10 product are identical to those of the product obtained
according to the conventional batch process from the
same constituents in the same proportions, which avoids
a disadvantageous requalification of the product.

The operations of preparing the components A

15 and B are completely independent of the operations of
mixing components A and B and of casting and can be
carried out in parallel. These components A and B can
be stored if need be for several weeks before being
mixed.

20 Furthermore, the process according to the
invention is completely independent of the pot 1life
owing to the fact that small amounts of components A
and B are rapidly and continuously mixed, which makes
it possible to increase the percentage of crosslinking

25 catalyst and to consequently decrease the time for
crosslinking the pasty explosive composition in the
mould and/or to carry out this crosslinking at a lower
temperature.

Crosslinking at ambient temperature (20°C) is



These constituents conprise essentially a polyol prepolyner, a 1.3 J G
pl asticizer, a polyisocyanate nononmer and a pul verul ent charge conprisi”é Luiut
at least one nitro-organic explosive. 10 The term "essentially" should be
understood as neaning that the- abovenentioned constituent (sic) are

al ways present and represent overall nmer& +han 90% by weight wth respect

to the total weight of the pasty explosive conposition. 15 Preferably,

t he sum of t@J&Qfﬁ@éﬁi%lt% W i i@lﬁ’éythi%ﬁ%qjlég%rd’vaﬂt% doglZer.

pol yi socyanat e nonomer and pul verul ent charge r ese etween 98% and

100% of the combi ned oanatditridents. tkRNesAddant t RavRAY¥SHRA! é{eat§§st ol id,
liquid 20 or pasty, of the constituents and of the conposition shoul d

be under st oodgxplogie presmpds deisert | pLsonpobaainkai NEddhe eS| calysiates
at anmbient tenperature (approximately 20C) and at atnospheric pressure
(appr oxi mat elSPIGLL tWRAts 2Eekheacerndimg t to- ahgamird oax P asdasleshond be
under st ood conventionally as neani ng an expl osive chosen fromthe group
consi sting of'HiHY Gd€omgiilc knexsl 69 vepersonpsiksiligdatinl east agne C NO2
group, the carbon atomformng part of an aromatic ring), nitric 1 3 JUL.
26A - 9 ester expl osiFES (c%ﬂ’b?géFﬁﬁnﬁﬁ | CEMPIGFe C- esiiertiglodup) and
nitram ne ex Iqsi es _(comprising at |east . one CG-N-NO2 group). Preferably,
t he nitro-orS’aoniy expl 5&@8“165' 5%h $4GrhS e @OLRPng@I’ﬁSQ%\taﬂith)f‘ ,

hexogen, oct q@eRme PEILS | tae’péixpé(xpﬁfénnti t Egé%g%’ 4c_c.;[n{piraizsozdneg (,ag‘érml\?éast
one nitro-organic explosive.

10 The term “essentially” should be understood as
meaning that the abovementioned constituent [sic]‘are
always present and represent overall more than 90% by
weight with respect to the total weight of the pasty
explosive composition.

15 Preferably, the sum of the contents by weight
of polyol prepolymer, plasticizer, polyisocyanate
monomer and pulverulent charge represents between 98%
and 100% of the combined constituents.

Generally, the physical states, solid, liquid

20 or pasty, of the constituents and of the compositions
should be understood, in the present description, as
being the physical states at ambient temperature
(approximately 20°C) and at atmospheric pressure
(approximately 0.1 MPa).

25 The term ™“nitro-organic explosive” should be
understood conventionally as meaning an explosive
chosen from the group consisting of nitroaromatic
explosives (comprising at least one C-NO, group, the

carbon atom forming part of an aromatic ring), nitric



triam notrinitrobenzene, nitroguanidine and their mxtures, that i ggl 20U4
say all the mxtures of at least tw of the abovenenti oned conpounds. Q% L
In a particular (sic) preferred way, the nitro- organic explosive is
chosen fromthe group consisting of hexogen, octogen, ONTA and their

m xtures. According to a preferred alterfative form the content of
nitro-organi c explosive is between 15% and 15 90% by wei ght with respect
to the conposddteeeXxpdasi v t of . pul ent.sol i-d .charge is
bet ween 75% and 9096%6 mefgﬁf wp?ﬂﬁggéﬁg% t%pthggég%poépge tégbﬂggive.
Accor di ng to caroug)t emnat i ver famine t Bep13@iRUkversbhiti Sald d ghaf ggsi s
conposed only of nitro- organic expl osive. According to another

alternative faremCANOpghkwepul.ent solid charge al so conprises at | east

one conpound other than the nitro-organic explosive. 25 It can, for
exanpl e, conprise a F&@fenadlivet altherehétablyprghnsen fexphoisieegr o
consisting of ~alum nium zirconium nagnesium tungsten, boron and their
mi xtures. 21 n SROFEMY | £X0r Ehepagoairr egpwisting of edieioggnnetadtogen,
alumnium J, 3 JUL 2004 - 10 The content of reducing netal can, for
exanpl e, be PSEEET 0% and>38%0by " ReFEAT LRt A-FEEpReiet 0 t he(ONTHIpOSI te
expl osi ve. The..pul.verul.ent _charge can al so conpri,se, in 5 conbination or
not in conbinggﬁﬁn%ﬁfﬁnéEfggﬁegﬁﬁe'net&PFrgﬁuﬁﬁﬁpdﬁﬁic GRdi zitheiagent

preferably choselrel! O & oMp €205T34' GO n ARAL UM perghl rate.

two of the abovementioned compounds.

10 In a particular [sic] preferred way, the nitro-
organic explosive is chosen from the group consisting
of hexogen, octogen, ONTA and their mixtures.

According to a preferred alternative form, the
content of nitro-organic explosive is between 15% and

15 90% by weight with respect to the composite explosive
and the content of pulverulent solid charge is between
75% and 90% by weight with respect to the composite
explosive. |

According to an alternative form, the

20 pulverulent solid charge is composed only of nitro-
organic explosive.

According to another alternative form, the
pulverulent solid charge also comprises at least .one
compound other than the nitro-organic explosive.

25 It can, for example, comprise a reducing metal
preferably chosen from the group consisting of
aluminium, zirconium, magnesium, tungsten, boron and
their mixtures. In a particularly preferred way, the

reducing metal is aluminium.



which is particularly preferred, potassium perchlorate, annnniunkﬂiir te
sodiumnitrate and their mixtures. 10 The content of inorganic oxi%i ﬂﬁ@ 2004
agent can, for exanple, be between 0% and 45% by weight with respect to

t he conposite explosive. Wien the pul verul ent solid charge conprises at

| east one conpound ot her than the nitro1organic 15 explosive, this other
conpound is preferably chosen fromthe group consisting of amoni um

per chl or at e, aIumlﬂfﬂgiéghﬁgﬁgrofﬁggagéghglﬁgfgpiggm;of&pe?géﬁs Qslts

i nvention, the polyol p ymer 1s a nore” or Tess Viscous

20 number - avesagpeBRLEAUIRS SRES 36MN)n4 SwREEHEr gl ot bf&@gse 5QQ, apge 10 000
and is [sic] preferably chosen fron1t%e group consistin oF

pol yi sobut y| erenged it Sexpldiwkeut adi ene pol yol s, pol yet her pol yol s,

pol yester polyols and pol ysil oxane polyols. In a particularly 25
preferred way, a pol yithe aguénerabepti sshegrdeydeanylal sndicegpriiseysegn The
pol yi socyanate nononer is a liquid preferably chosen fromthe group

consi stin§ ofcamilinatd ondi icgocyatat én( TDbipinsbphor owitli i socyedat endg | PDI ),
1 3 JUL 2004 - 11 dicycl ohexyl methylene [sic] diisocyanate (MDCl),

hexamet hy| en@€fidlsoc§andPOrgRRDF) ,Opidiraing r peRbn@reifssepdyat ch¢ BTl ),
3,5,5-trinmethyl -1, 6- hexanet hyl ene  diisocyanate, and their mXxtures. 5 In "~
a particul ar INFP eft&fr e ERNY, FPPFiSELIRHC Ofi sAPBR UThePTaRiorater s
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ammonium nitrate, sodium nitrate and their mixtures.

10 The content of inorganic oxidizing agent can,
for example, be between 0% and 45% by weight with
respect to the composite explosive.

When the pulverulent solid charge comprises at
least one compound other than the nitro-organic

15 explosive, this other compound is preferably chosen
from the group consisting of ammonium perchlorate,
aluminium and their mixtures.

According to the present invention, the polyol
prepolymer is a more or less viscous liquid. Its

20 number-average molecular mass (Mn) is preferably
between 500 and 10 000 and is [sic] preferably chosen
from the group consisting of polyisobutylene polyols,
polybutadiene polyols, polyether polyols, polyester
polyols and polysiloxane polyols. In a particularly

25 preferred way, a polybutadiene comprising hydroxyl
endings is used.

The polyisocyanate monomer is a liquid
preferably chosen from the group consisting of toluene

diisocyanate (TDI), isophorone diisocyanate (IPDI),



‘pol yester chosen fromthe group consisting of 10 phthal at es, adipaLF?’JUL 2044
azel ates and acetates. Anong polyesters, triacetin, alkyl phthal ates,
such as dioctyl phthalate (DOP), alkyl azelates, such as dioctyl azelate
(DQz), and al kyl adi pates, such as dioctyl adipate (DOA), are
particularly preferred. 15 In addition €& the abovenenti oned essenti al
constituents, the conbined constituents can also conprise at |east one
addi tive chostrydlemexia n@te4l eneonsi 851 HP of gn lisnking ca )

(catal ysts of tﬁi NCO' OH reggiion), 3ett?ng g%é%?§ybgﬁkgoxidg%¢%féhd 20
agents for bihedamethyigacadiasisvtyadstd s @MEr,ablys ymde, @s;d i nki ng
catal yst, of dibutyltin dilaurate (DBTL), but use may also be rmade of any
ot her cat al ystsomyianalkeown (BBHA) , per 308, Skitimskthyl 4+ hes-tidxamdr pardrcul ar
ot her 25 organotin -compounds, such as a stannous salt of a carboxylic
acid, a trialPRySecyapRitge, aaddithekyl migtudebal i de or a dial kyltin oxide.
Menti on m?y be made, _ for exanple, of dibutyltin diacetate, diethyltin

di acetate? dioctylti AndidxPEt hfel ¥ binBus fesrest eayy 3IBRL REOMDCIL? Use
may al so be nade, as catalyst, of a tertiary amne, in particular a

trial kyl am né&? BFegrse an” or ganobi snut h conpound, such as
triphenyl bi smuth. Use;is _preferably made,. as wetting agent, of a 5

|l ecithin, such as so?lgga' -Ia&'filtcflrizﬁ?é o £459 o?(aﬁnégugge PLefeERBAbIY nade,

as anti oxi dagt -t - butyl = -cresol, (lonal) or
2,2'-nethylenegfg%ﬁgkﬁet{géb6?%1e%?$%%f§¥) %%ﬁﬁ%o 5 IDBLe iQr @
preferably npdeyedceddentndsén i & the group consisting of

10 phthalates, adipates, azelates and acetates. Among
polyesters, triacetin, alkyl phthalates, such as
dioctyl phthalate (DOP), alkyl 'azelates, such as
dioctyl azelate (DOZ), and alkyl adipates, such as
dioctyl adipate (DOA), are particularly preferred.

15 In addition to the abovementioned essential
constituents, the combined constituents <can also
comprise at least one additive chosen from the group
consisting of crosslinking catalyéts (catalysts of the
NCO/OH reaction), wetting agents, antioxidants and

20 agents for binder-charge adhesion.

Use is preferably made, as crossiinking
catalyst, of dibutyltin dilaurate (DBTL), but use may
also be made of any other catalyst well known to a
person skilled in the art, in @particular other

25 organotin compounds, such as a stannous salt of a
carboxylic acid, a trialkyltin oxide, a dialkyltin
dihalide or a dialkyltin oxide. Mention may be made,
for example, of dibutyltin diacetate, diethyltin

diacetate, dioctyltin dioxide and stannous octoate.



10 charge adhesion, of triethylenepentanineacrylonitrile (TEPAN) dr3 juiL 2004
certain conpounds derived fromsilanols, such as
(3-(triethoxysilyl)propyl)succinic anhydride (Cl3H2406Si) . The
constituents can al so conprise a conpound 15 for extending the

pol yur et hane pol yneric chain. This conmpdénd is generally a polyol nononer

of |ow mass, of |ess than approximately 300, preferably a triol, such as

trinethyl ol propane (T4, rly a i) , bsSUGRAS digy opyd 594 ycoéf 20
According to the present invention, 2 conponents: a pasty conpohent A
conpri si ng aldextheryolamine prepopypeicabdr abl tirhe 1Ry1waiWeentssoli de
charge, a liquid conponent B conprising all the 25 polyisocyanate
nononer, t he 35 3Giagiordsmydihn godipstunidh usedhwathaett phdhel baski,en . bet ween
the 2 conponents A and B, are first of all prepared under batchw se
condi tions from t heUs8nBisn&refmmab iuemde byasi wpteihgmagenequa sl j ul y
2004 - 13. m.xing, .Preferably, the conponent A conprises all the
plasticiz%r.lﬁﬁlghﬁgrtFBGPaPFySﬁV@PéP?EGCméQ}nth@rcénpbhenane5 Bis
conposed solely of the palyisocyanate nononer. Wen the constituents
conprise a chain- ex Eﬁdﬁﬁé Y ifaqey e3ZeAbFaPXidantheofatdier to

east one ” 10°S5GLE V4 BREGGHPROM { HE S upoEorei ARG fofL enebis (£ 0 °
methyl-6- (tert-butyl)phenol) (MBP5).
Use is preférabl)r made, as agent for binder-
10 charge adhesion, of triethylenepentamineacrylonitrile
(TEPAN) or certain compounds derived from silanols,
such as (3—(triethostilyl)propyl)succinic anhydride
(C13H2406S1) .
The constituents can also comprise a compound
15 for extending the polyurethane polymeric chain.
This compound is generally a polyol monomer of
low mass, of less than approximately 300, preferably a
triol, such as trimethylolpropane (TMP), or a diol,
such as dipropylene glycol.
20 According to the present invention(> 2
components:
- a pasty component A comprising all the polyol
prepolymer and all the pulverulent solid charge,
- a liquid component B comprising all the
.25 polyisocyanate monomer, |
the plasticizer being distributed without
distinction between the 2 components A and B,
are first of all prepared under batchwise conditions

from the combined constituents by simple homogeneous



-crosslinking catal ysts, wetting agents, antioxidants and agents f?r3 ,
bi nder-charge adhesion, this additive can be distributed w thout JUL cuut
distinction between the 2 conmponents A and B but it is preferably
entirely 15 included in the conmponent A. According to a preferred
alternative form the constituents ot-hé3 t-han the polyol prepolyner, the
pl astici zer, the polyisocyanate nononer and the pulverulent solid charge
are chosen excixfsigvel y from 20 the group consisting. of chain-extending
conpounds, crosslinking catalysts, wetting agents, antioxidants and
agents for binder-chagefeaadhnasi,onghé hecgp@dnentexd eagjnggig?gp%qﬁdstpgi ng
entirely included in the conponent A it being possible for the
crossl i nki ng Easdstcilaest.s, the wetting agents, the antioxidants and the
agents for binder-charge adhesion thenselves to be distributed w thout
di stinction between tlfe @ 2Pabhponbarty ApaadeBrediowayer ,tHdeyopEnent
pr ef er abl i_ncluded in the conmponent A. 1 3 JUL 2004 - 14 The conponents
A and B are [t dpacOFPOsede50R8nt Pf GihgepoBytshwyssatendbnhbmas.by sinpl e
honbgeneous m xi ng, bﬁr exanBIe in a blender, and are chemcally stable,
that is to say that t'H&Pe i5 o SFUHEM 8N YeacCrBRTBSEVCEd t heharinced
constituents conmponent and that all the constituents retain
their struct &?{féleni%gg%t iciog&qﬁ“&% atfing ASSeRgL ﬁrd IRr Ry dasseguam
storage and i,Rd nden o nt.s A and B, 10 According to the
2y %B%lgglgb?gf%nged QHD§HS E?@E?S@“Eoﬁposition,

present invention, t a pasty exp t he conponent

A and the When the constituents comprise at least one
10 additive chosen from the group consisting of
crosslinking catalysts, wetting agents, antioxidants
and agents for binder-charge adhesion, this additive
can be distributed without distinction between the
2 components A and B but it is preferably entirely

15 included in the component A.

According to a preferred alternative form, the
constituents other than the polyol prepolymer, the
plasticizer, the ©polyisocyanate monomer and the
pulverulent solid charge are chosen exclusively from

20 the group consisting of chain-extending compounds,
crosslinking catalysts, wetting agents, antioxidants
and agents for binder-charge adhesion, the chain-
extending compounds being entirely included in the
component A, it being possible for fhe crosslinking

25 catalysts, the wetting agents, the antioxidants and the
agents for binder-charge adhesion themselves to be
distributed without distinction between the
2 components ’A and B. However, they are preférably

included in the component A.



‘conponent B are subsequently m xed under continuous conditions suisg tgﬁlt
t he conponent A/ conponent B ratio by mass is constant and between 54 2004
and 99.5/0.5, 15 preferably between 98/ 2 and 99.2/0.8, for exanple in the
region of 99. This continuous m xi ng between the conponent A and the
conponent B is, for exanple and preferabBy; carried out in a static

m xer, a mxer well known to a 20 person skilled in the art, in the form

of a pipe conprisinghe 0SHInfeenMy Ch af or cg 4 he gproduct p i
t heret hrough to separate and then to rem x. Accorcﬁong to a r%’lf%grqj?ee%l

al ternative fiorependentdgnpaieRirsS AatthwB s € QAR AIBEENby N & el 25
equi pped with a piston, the noving of which by neans of & notor nakes it

ioossi bl e to hesdgeneptscanipament stdr ardmBlea im xerbhende sj t daked Apst ream

of the static mxer, so that the contents of the m xer head flow into

the static nichemiceliyiustaipbe, - thet The pressape that heheirst ute afo t he

conponenti A _and B in the m xer head is preferably between 1 MPa and 10

MPa and the SDSMifEAs BPRCHEeRerkEfiNe’lY i o8 bPpikpd cametimuents5dfm view

of the high cgnponent Al component B ratio by mass, it is advantageous to

enphasi ze t h&EC sutH RS efBdy bREEr £hhethEssFRRrFFiuents i metagn

t oget her sev %L ve |.s.of _the_ conponent ﬁf r the, K sane vessel of

conmponent B, %\{;‘mg ﬁou?égll‘lscﬂjlﬁ?' nglgﬁglglféf’co Pitﬁuoﬁlé‘rﬁf‘aceg‘é?‘l?ﬁe gk i ¢

m xer accordiyng;hg t REHSRYSRGLIEON dvS ef e ly. osed of several

o oecor Cudy ?n Y rdye 3P i580PEREENE" 3EVE Re
components A and B.

10 According to the present invention, to obtain a
pasty explosive composition, the component A and the
component B are subsequently mixed under continuous
conditions such that the component A/component B ratio
by mass is constant and between 95/5 and 99.5/0.5,

15 preferably between 98/2 and 99.2/0.8, for example in
the region of 99.

This continuous mixing between the component A
and the component B is, for example and preferably,
carried out in a static mixer, a mixer well known to a

20 person skilled in the art, in the form of a pipe
comprising crosspieces which force the product passing
therethrough to separate and then to remix.

According to a preferred alternative form, the
components A and B are each present in a vessel

25 . equipped with a piston, the moving of which by means of
a motor makes it possible to feed, with components A
and B, a mixer head situated upstream of the static

mixer, so that the contents of the mixer head flow into

the static mixer.



~series, in the formof a pipe, having a dianmeter preferably of bqtgeﬁﬂ~ymg4
mmand 60 mm 15 Use is nade, for exanple, of between 6 and 15 mxing ~

el enents, such as those sold cormercially and well known to a person
skilled in the art. According to another preferred alternative form the
pasty expl osive conposition is obtainedl® th 20 a throughput by vol une of
between 0.1 1/mn and 5 1/mn, better still of between 0.3 1/mn and 1

1/mn, for exanple iThd heresgian of thd riMure The abovesmpLhoRed
preferred alternative form according to which the conponents A and B are

each 25 presaw B nim thes gelxequiepd di sv phe fe palsl prbe twdes DOgSa bhggvery
precise neterings and a very uniform feed, but it is also possible, for
exanpl e, to fiéedReheandt bbhec 2nind@tansi myrerepeefagaplypsrdoenediyedth® t he
tanks for storage of the conmponents A and B. 1 3 JUL 2004 - 16 The static
mxer is genédl® P& QFi-pped with a jacket in order to make possible
adjustneng of the tenperature._Each el enent can be adgusted to a
different” 5 tenperattre’*$He 3 nkPeel RiEht CAROIERHt cR4APMBONBARt ABIj ust ed
to the tenper re o] for.the subsequent crosslinkipng of the

expl osi ve pas?%?iion %ﬂe%%%ﬁ’ds,l%t e 8???%??@9%%& % ?{Hﬁf’galﬁﬁst?f@aﬁn bei ng
adjusted to g,Jhowgp t Skt yr The,vessel s.pr.the tapks caonprising

t he cpnponenﬁg A&gnd g%an % sguaégghuﬁgﬁedpﬁffﬁgélﬁgﬁti% LKinkidg
According totagRrake resh et Br RRksEe sf 06 the component 2 for the

same vessel of component B, without disrupting the

10 continuous process.

The static mixer according to the invention is
preferably composed of several elements mounted in
series, 1in the form of a pipe, having a diameter
preferably of between 15 mm and 60 mm.

15 Use is made, for example, of between 6 and 15
mixing elements, such as those sold commercially and
well known to a person skilled in the art.

According to another preferred alternative
form, the pasty explosive composition is obtained with

20 a throughput by volume of between 0.1 1/min and
5 1/min, better still of between 0.3 l/min and 1 1/min,
for example in the region of 0.5 1/min.

The abovementioned preferred alternative form,
according to which the components A and B are each

25 present in a vessel equipped with a piston, makes
possible very precise meterings and a very uniform
feed, but it is also possible, for example, to feed the
static mixer wusing metering pumps connected to the

tanks for storage of the components A and B.



conponent A and the conponent B are m xed at a 15 tenperature of b@;ﬁﬁ??mﬁ
40C and 80C. According to the present invention, the pasty exploéi
.conposition obtained after m xing the conponents A and B is introduced
into a nould in which it is subsequentlg subj ected to therma

crosslinking, 20 for exanple in an oveh® This crosslinking results from
the formation of wurethane bridges as a result of the reaction of the

hydroxyl functional Gheuptadfic heiyet yok preeealalrsgr euqeipsad i Qnahl y of the
chai n-ext endi ng conpound with the 25 isocyanate functional groups of the

pol yi socyanad@ck@bnober orfed ctosshikki mypssdtbd el nedgasementt ot hehe
tenperature and the content of catalyst. According to a preferred

al ternative F8PRFT8RB®noul d i s conposed of the casing, generally netal 1
3 JUL 2004 - 17 casgng of a nunition, for exanple of a shell.
Preferably, and in paftrcif™Siencalstlt i @diiveded staser €6 ffiexentte
conponent:s nder ant i.nuous conditions, th asty expl osive
conposi t ison%%eng?g?%g' f r%‘r% t Igénﬁ#xe‘?‘ R 4 F@H‘ucegogn(fé?a’%lrﬁput be
control intojq+}af $Qri o or.exanple several hundred shel
casi ngs. Acc%?%?nggﬁo g pr e eé?@%g%?€%¥%a P§83P05%¥bfth?h§u FYEHEREN, the

temperatur e £86s61 O5RIAGKDRILhBE exkl RATEY o leggikxyeﬁtﬁé)nRg&i&%?ﬂﬁpﬁg can

introduced into the noulds is between 1 € CFO0SS

in particul astier calemedtsou i Blatedi apktreERETBEIHE haRRLREAMALE! Y 200),
which 1is particularly advantageous.
lower temperature.

10 The wvessels or the tanks comprising the
components A and B can also be equipped with a heating
system.

According to a preferred alternative form, the
component A and the component B are mixed at a

15 temperature of between 40°C and 80°C.

According to the present invention, the pasty
explosive composition obtained after mixing the
components A and B is introduced into a mould in which
it is subsequently subjected to thermal crosslinking,

20 for examplekin an oven.

This crosslinking results from the formation of
urethane bridges as a result of the reaction of the
hydroxyl functional groups of the polyol prepolymer and
optionally of the chain-extending compound with the

25 isocyanate functional groups of the polyisocyanate
monomer. The crosslinking rate increases with the
temperature and the content of catalyst.

According to a preferred alternative form, the

mould is composed of the casing, generally metal



15 According to another preferred alternative form the crosslinkﬂﬁ%JUL 2004
tenperature is identical or simlar to that at which the conponent A and
the conmponent B are nmixed. The following nonlimting exanple illustrates

- 20 the invention. Exanple 1. Preparation of a conposite explosive charge
conprising a pol yurethane matrix charged ™i-th hexogen Pasty conponent A A
honbgeneous pasty conponent A is prepared, in 25 a vertical stainless

steel bl endercas itrty,a ceApAcidnA tifon,3%dd teh@mplly J8 i RGhhe fol | owing
constituents, in the relative proportions nentioned, at 60C for 4 h: 7.49

parts by wei ght of tiRrefndultygdi ana coMMFASE 1L IRMAr @reln epdi ggseweth a
nunmber -average 1 3 JUL 2004 - 18 nolecular mass of approximately 2 500
and with a fMix&L okdl ivsedf toydmdxyltHancompoakengsouds aafd BppEede pat el y
2.2 sold by Atochem under the name R45HT (pol yol prepolyner) 0.08 part by
wei ght of triGPEHYIUYSr ofifal ¥idns m- thet Padityy exmppsun®) SoYoparisn by

wei ght of _di octyl .adi pate %%Iastjcizen) 0,12 part by weight of MBP5

(anti oxi dant FREGFILNG 15X Qs they Mkt 15 LoyFRARcedcinien (RmRutey
agent) 0.06 Rart. mgi?ht of ,TEPAN %agent for binder- charge adhesion)
0.0001 part By \&iCght *BFCdiduthAtOen BPFiGFatd TouddsessfPrkismpmetal yst)

several hundred shell casings. '

According to a preferred alternative form of
the . invention, the temperature for crosslinking the

10 pasty explosive composition introduced into the moulds
is between 15°C and 80°C.

The crosslinking can in pérticular be carried
out at ambient temperature (approximately 20°C), which
is particularly advantageous.

15 According to another preferred alternative
form, the crosslinking temperature is identical or
similar to that at which the component A and the
component B are mixed.

The following nonlimiting example illustrates

20 the invention.

Example 1: Preparation of a composite explosive charge

comprising a polyurethane matrix charged with hexogen

Pastx component A

A homogeneous pasty component A is prepared, in

25 a vertical stainless steel blender with a capacity of
35 litres, by mixing the following constituents, in the
relative proportions mentioned, at 60°C for 4 h:

- 7.49 parts by weight = of the polybutadiene

comprising hydroxyl endings with a number-average



'88.76 parts by weight of pulverul ent hexogen (charge made of 13 JuL 2004
nitro-organi c explosive). Liquid conponent B The conponent B is conposed
solely of 20 isophorone diisocyanate (IPDI), that is to say of the

pol yi socyanat e nononer. Preparation of a pasty expl osive conposition by

m xi ng the conponents A and B under coirii ruous condi tions The conti nuous

m xi ng between the conponent A 25 and the conponent B is carried out in a
static mxer conmpaskstfad3mekengst PR 1 i epi Wi l.ength of

32 mm and a di aneter of 32 nm aftersﬁransflgl%ﬂoegysegcﬁégf a%’ﬁe%clotsr}ppo ents A

and B into a vessefurenuiqmed t i tdf a hRidsoiyl Thangggggglcogpghﬁgng ghe
conponent A1 3 JUL 1004 - 19 has a dianeter of 300 nm and a eig%t of

250 nm The vessdpPrxanimagiely the2 ceppdnenyt Brbelsert dhaset @heofnagd nMM
and a height of 250 mMm Moving the 2 pistons by neans of the sanme notor 5
nmakes it possi bl e RPHeeP paePolAmexd B to a mixer head situated
upstream pf the statjc mxer, so that, on the one hand, the conponent

Al conponent B rati% Wy Brgds by swedahtanf dirimefinilqlpropane 90cHal - 86
and, on the other hand, that the contents of the m xer head flow 10 into
the static mxer. SHENTEGs GOBPOH e mixture of the conponents A and B
in the m xer _head 4 5,52 a. The entir lant . that, is to say in
particular the 23V§gsg?§¥§omo %ingw%ﬂﬁb nenPS A %&@qﬁy%fuaéﬁ%ﬂﬁt915
head and the 13 el@fgrtsQbcthe static mixer, is thernostatically
controll ed at 60C.

- 0.12 part by weight of MBP5 (antioxidant)
10 - 0.12 part by weight of soybean lecithin (wetting
agent) .
- 0.06 part by weight of TEPAN (agent for binder-
charge adhesion)
- 0.0001 part by weight of dibutyltin dilaurate
15 (crosslinking catalyst)
- 88.76 parts by weight of pulverulent hexogen
(charge made of nitro-organic explosive).
Liquid component B
The component B is composed solely of
20 isophorone diisocyanate (IPDI), that is to say of the

polyisocyanate monomer.

Preparation of a pasty explosive composition by mixigg

the components A and B under continuous conditions

The continuous mixing between the component A

25 and the component B is carried out in a static mixer
composed of 13 elements mounted in series with a length

of 32 mm and a diameter of 32 mm, after transfer of
each of the components A and B into a vessel equipped

with a piston. The vessel comprising the component A



At the-outlet of the static mxer, the pasty explosive conposition is

obtai ned with a throughput of 0.35 1/mn. 20 This pasty explosive 3 %UL 2004
conposition is honmbgeneous and has the follow ng conposition by weight:

pol yol prepolyner : 7.42% - chain extender : 0.07% pol yi socyanat e nononer

: 0.86%25 - plasticizer : 3.35% - antildxidant : 0.12% - wetting agent
0.12% agent for binder-charge adhesion :.0.06% crosslinking catal yst :

0.0001% 1 3 Jh4s 2804iamRer HEXQ08NMA % atJ e gpnposite
expl osi ve charge by casting in g'gnﬂwdggﬁggfhgﬁggggs?F?gﬁﬂ%d&Fheege

expl osive comseli edmbribenpastie exph@sneatCHPOSist | HN HdndRg fLpm the
static mxer is cast at anbient tenperature, approximtely 20C, in netal
moul ds, wi th 4h m8GEndna B0 ghh sfud@s® emmass section and a height of 120
mm positioned beforehand in a casting chanber 10 connected to a val ve
situated at the outl &ovdimg Hde & pistanxdry ndmns hafrbetie vade motor

| eakti ght pess %Eg ngﬁ provi ded by a rubber ring. The dynam c viscosity of
t he pasty exPldEiet Rafodla &P dteaheamparantst & lndthitic aimiexets 15

5 800 poises. Thjs .qperatjon of char%gnqlthe moul ds is carried out under
a partial va (ﬁl iqﬁﬁgg%;m O the static mixer, so that, on

the one hand, the component A/component B ratio by mass

is constant and equal [lacuna)] 99.14/0.86 and, on the

other hand, that the contents of the mixer head flow
10 into the static mixer.

The pressure on the mixture of the components A
and B in the mixer head is 2.5 MPa.

The entire plant, that is to say in particular
the 2 vessels comprising components A and B, the mixer

1> head and the 13 elements of the static mixer, is
thermostatically controlled at 60°C.

At the outlet of the static mixer, the pasty
explosive composition is obtained with a throughput of
0.35 1/min.

20 This pasty explosive composition is homogeneous
and has the following composition by weight:
- polyol prepolymer : 7.42%
- chain extender : 0.07%
- polyisocyanate monomer : 0.86%
25 - plasticizer : 3.35%
- antioxidant : 0.12%
- wetting agent : 0.12%
- agent for binder-charge adhesion : 0.06%

- crosslinking catalyst : 0.0001%



~15 mmHg in the casting chanber. After charging, the noulds are introgqﬁﬁgzmw

into 20 an oven at 60C for 7 days, which nakes it possible to cros

t he bi nder of the explosive conposition and to finally obtain a conposite

expl osi ve charge conposed of 12% by wei ght of pol yurethane matri x and of

88% by wei ght of hexogen, the density &0 which is 1.62 g/cnB. 25 During

the crosslinking at 60C of the conposition in the noulds, the change in

the dynam c vilseasddry ofgg i conposition as a function of the tinme was

nonitored: after 2 h : 6 900 poises 1 3 july 2004 - 21 after 4 h : 7 900

poi ses afterPfeparatickD0 obi sehe The itlee jicR & d i egyof the

conposite expl osive obtained were determ ned using a conventl o

tensile testigaphinciir aimooldyiand hiien rerassifibdGngy the), espbosivg from

st andar di zed nonodi nensional test specinens, according to a nmethod well

known to a p&WRESILIANG in the art (nmean of 6 nmeasurements): 10 Maxi mum

stress (Mp) : 0.8 MPa_ Mdulus of elasticity (E) : 15 MPa El ongation at

maxi mum sPress (en) L1 PREENKi PRPLRFEER (@@PosigignvpPaxitinggafiem at

break (eb) : _10% 15 These nechani cal égégerties are satisfactory for this
d ‘

type of g:,hargt © Rt HerTromM:*SThe Sen i 135 t APRIRAT ot erREr 2 Here,
sensitivity t o Ak (oh f he,geEposite explosive | | 14s.  with  an

80 mm x 80 mm square cross section and a height of

120 mm, positioned beforehand in a casting chémber
10 connected to a valve situated at the outlet of the
static mixer, the chamber-valve leaktightness being
provided by a rubber ring.
The dynamic viscosity of the pasty explosive
composition at the outlet of the static mixer is
15 5 800 poises.
This operation of <charging the moulds 1is
carried out under a partial vacuum of approximately
15 mmHg in the casting chamber.
After charging, the moulds are introduced into
20 an oven at 60°C for 7 days, which makes it possible to
crosslink the binder of the explosive composition and
to finally obtain a composite explosive charge composed
of 12% by weight of polyurethane matrix and of 88% by
weight of hexogen, the density of which is 1.62 g/cm’.
25 During the <crosslinking at 60°C of the
composition in the moulds, the change in the dynamic
viscosity of this composition as a function of the time
was monitored:

after 2 h : 6 900 poises



obt ai ned were determ ned according to the Julius Peters 20 nethods and
devices well known to a person skilled in the art. The sensitivity3tgyn 72004
inmpact is 25 joules. For the sensitivity to friction, 20 positive tests

out of 30 are found at 353 N, the maximumlimt 25 of the device. :
Conpar ati ve exanple This conparative ex&ipl-e does not formpart of the

I nvention. It was carried out for the sole purpose of showi ng that the
physi cochem caftands neechani asd poiskd 2004 - 22 properties of the
conposite expl osive obtained according to the sem -continuous

t wo- conponentafyedcedsh W ol i sl ect -matter of the invention are
I dentical to those of the conposite explosive obtained 5 fromthe sane

constituents, in the Bee penpodléi omechadtiedildi ngrépetheeson\@nt i ppal
batch process used to date by a person skilled in the art. According to
this conpar atdamPasédifpl expiheiveol dtve itgedar eeirat rastset ned o uad iver t4 cal

bl ender with a 10 capacity of 135 litres: 7.42 parts by weight of the

pol yol ~ pPepllopHantisadl f sengkaapl et imo7meshtingy aki FR°Of with a
trimethyl ol propane 3.35 parts by weight of dioctyl adipate 15 - 0.12 part
by wei ght OfFW%35 ragejoof H5Q pmgpin, starting "from standardized

monodimensional test specimens, according to a method
well known to a person skilled in the art (mean of
6 measurements) : |

10 Maximum stress (MS) : 0.8 MPa
Modulus of elasticity (E) : 15 MPa
Elongation at maximum stress (enp) : 9%
Breaking stress (BS) : 0.8 MPa
Elongation at break (ep) : 10%

15 These mechanical properties are satisfactory
for this type of charge.

Furthermore, the sensitivity to friction and
the sensitivity to impact of the coﬁposite explosive
obtained were determined according to the Julius Peters

20 methods and devices well known to a person skilled in
the art.

The sensitivity to impact is 25 joules.

For the sensitivity to friction, 20 positive
tests out of 30 are found at 353 N, the maximum limit

25 of the device.
Comparative example

This comparative example does not form part of

the invention. It was carried out for the sole purpose

of showing that the physicochemical and mechanical



par y weig t o soybean lecithin 0.06 part by weight of TEPAN 0.00q13p$ﬂg 2004
by weight of dibutyltin dilaurate 88.00 parts by wei ght of pulverul en
“hexogen. Al these constituents are identical to those used for Exanple 1
(sane source and sane characteristics). After mxing for 4 h at 60C, a
partial vacuum of approximately 15 mH®3d s produced in the bl ender and

25 then stirring is again continued for 4 h at 60C. The dynam c viscosity
of the paste psopdepied 8 poi ) rt, by i coaf | :

source and s%néécharactesggtiggﬁis ?ha ﬁﬁgg foﬁwg%%ﬁgﬁg 1)ggéa§§§g§UL
2004 - 23 theccagdey and then ddwe Bodtiidis SthdLeompORiedO PiBcedl 60C
under a partial vacuum of approximately 15 mrHg. The pasty eXpl osive
conposi tion cktiacmedibas a 5 diie] satrremaOrgOS| bEoN thye weighdnesod hakre
obtained for Exanple 1. This conposition is subsequently cast in noulds

i dentical to ideeiasgledtd othEsanpife theambnipoditen expbssivakedtaohed d at
60C in an _oven. 10 During the crosslinking at 60C of the conposition, the
change i n3t hef X/ cb5pt s3I acPORELFBANLSf tie thee s@me nproporeidonshe

starting point of(%ﬂg time being the nonent at which the IPD is
i ntroduced (FHPH \qﬂ &Rdethe conventional batch process used to

date by a person skilled in the aft.
According to this comparative example, the
following are introduced into a vertical blender with a
10 capacity of 135 litres:
- 7.42 parts by weight of the polyol prepolymer used
for Example 1
.07 part by weight of trimethylolpropane
.35 parts by Weight of dioctyl adipate
.12 part by weight of MBPS
.12 part by weight of soybean lecithin
.06 part by weight of TEPAN

=
w
|

o o o o w o

.0001 part by weight of dibutyltin dilaurate

- 88.00 parts by weight of pulverulent hexogen.

20 All these constituents are identical to those
used for Example 1 (same source and same
characteristics).

After mixing for 4 h at 60°C, a partial vacuum
of approximately 15 mmHg is produced in the blender and
25 then stirring is again continued for 4 h at 60°C.
The dynamic viscosity of the paste is then
4 800 poises.
0.86 part by weight of IPDI (same source and

same characteristics as that used for Example 1) is



15 after 2 h :

poises It is
~conposition i

Exanpl e 1. The conposite expl osive obtai ned after

found that the change in the viscosity of the pasty
s not significantly different 20 fromthat neasured fo

60C has a density of 1.62 g/cnB, i.e.-the sane value as that of the

conposite expl osive obtained in Exanple 1. 25 The nechani cal

t he conposit ethexphdsiede ait at Kl @Eéohd&@ﬁrboﬂ§“§%§£ﬂ¥§rgggvﬁo ﬁéx
were determ ned under the sane conditions as those descri be or

r

crosslinking for 7 d at

properties of
%nple

anpl e

1: Maxinmum staess60RE) unte@ Mia Ipartidl 200dcuumréd oMbddbpsoafimahasti city
El ongation at maxi num stress (em) : 10% Breaking streéss

(BE) : 18 MPa

(BS) : 1.0 MPBS ®hEmigati on at break (eb)
significantly different

of Exanple 1. The sefk®
of the conposjte expl osive obtained were al so

the sanme met ot &8

is 21 joules.
30 are found

10

15

20

25

: 11% 5 None of these values is
fromthose obtained for the conmposite explosive
t PASYY t XPAPEiven eompbesit sEnsiobiteined t haknpact
10 determ ned according to

hoSETRRSHE 19T r Pk aipi #htl. aphethehsiotitdined ofbrpact

ensitivity to friction, 16 positive tests out of

For the s
Ea’fa’%%]fﬁr,'the maximum limt 15 of the device.

This composition is subsequently cast in moulds
identical to those used for Example 1 and is - then
crosslinked for 7 d at 60°C in an oven.

During the «crosslinking at 60°C of the
composition, the change in the viscosity as a function
of the time was monitored, the stérting point of the
time being the moment at which the IPDI is introduced
into the blender:
after 2 h : 7 300 poises
after 4 h : 9 900 poises
after 6 h : 12 500 poises

It is found that the change in the viscosity of
the pasty composition is not significantly different
from that measured for Example 1.

The composite explosive | obtained after
crosslinking for 7 d at 60°C has a density of
1.62 g/em®, i.e. the same value as that of the
composite explosive obtained in Example 1.

The mechanical properties of the composite
explosive obtained according to this comparative
example were determined under the same conditions as
those described for Example 1: |

Maximum stress (MS) : 1.0 MPa

7 300 poises after 4 h : 9 900 poises after 6 h :1lg ﬁﬂ?ZWM



These val ues are not significantly different fromthose obtained Rog ﬁre
conposite explosive of Exanple 1. 1 3 JUL 2004 - 25 dainms 1. L2004
. Sem -continuous process for producing a conposite explosive charge

conposed of a charged solid polyurethane matrix, the charge of which is

pul verul ent 5 and conprises at |east one4itro-organic expl osive, by
introduction into a nould of a pasty explosive conposition and then

thermal crossModking of ¢hasticDOPOSES i o8ty sai d pasty expl osive
conposition being obtained by m xing constituents essentially conprising

10 a pol yol prtpoddbeen at phasinum zetress ptdyi soapanate nonomer and a

pul verul ent solid charge conprising at |east one nitro-organi c expl osive,
charact eri zedPTRkINMHtStERSDLIBS )N  hle- DA4Ra expl osi ve conposition: 2
conponent s: a pasty conponent A conprising all the polyol prepolyner

and all the ﬁ%%&é%ﬁ%ﬁh &5 xeakhidrde,: a1k qui d conponent B conprising all

t he polygsocyanate nomner 0 the g asticizer being distributed wthout

di stinction between the'S onottnt LR WeHqdls, SignefiFratlyf dafFepenpar ed
under bat chw o itions,. ftrom.the comhi ned constituents_by sinple
honmbgeneous n“isﬁegnhg,%%%gtet hggggﬁ%SHen Oh aif t IFEES T FenfxBlosdve of
subsequent |y gyq ginder continuous conditions such that the conponent

Al conponent B ratio by o

The sensitivity to friction and the sensitivity
to impact of the composite explosive obtained were also
10 determined according to the same methods as those used
for Example 1.
The sensitivity to impact is 21 joules.
For the sensitivity to friction, 16 positive
tests out of 30 are found at 353 N, the maximum limiﬁ
15 of the device.
These values are not significantly different
from those obtained for the composite explosive of

Example 1.



mass is constant and between 95/5 and 99.5/0.5. 2. Process according ¥ qy 2004
Claiml1l, characterized in JUL 2904 - 26 that the sumof the contents by
wei ght of polyol prepolyner, plasticizer, polyisocyanate nononer and

pul verul ent solid charge represents betmeen 98% and 100% of the conbined
constituents. 5 3. Process according o 28l aim 1, characterized in that
the constituents al so conprise a chain-extending conpound and in that

t his conmpoun@liasimsntirely included in the conponent A 4. Process of

[sic] Aaim1l, characterized in that 10 the constituents also conprise at
| east one addi-tive &eodecontimubhe gr pupcesssi Stfioly ofpreydssirghki ng

catal ysts, wetting agents, antioxidants and agents for binder-charge
adhesi on, thF§m§@éﬂﬁﬁv@ﬂR%Qﬁ}Wﬁsﬁhaﬁﬂﬁeﬁbmwwsmwuofdasbhaﬁgem1dﬁmmmen t he
2 components A_and B, 15 5. Process according to Claim4, characterized in
that the addPPﬂV&rF§h8HF|F@FlenCFQ&e&h@KGFh@ fc gtieherits Rulveridreadess
accordlng to characteilzed in that the other constituents are

chosen exclu5|veI&hPF %ﬁ)%?ma?ﬁ%ﬁpoﬁﬁn§F§FPn@rﬁﬁnéﬁaﬁﬁpéﬁﬁéﬁeun@y

conpounds, o | yst s, ents anti oxi dants . and
aggﬁts for blnggéhgﬁg?gg a r§§¥on tﬂgui alﬁ ex?enBPﬁBYcoﬁﬁﬁﬂﬁﬁ§Vﬁéing

entirely 'nCEBQngEEﬁEHe aﬁanpgﬂé t %h&&?%ecr%§%ggﬂ ggsfﬁégk S%%& 1 he

wetting 25 agents e anti oxi s an agen ge

adhesi on bel Bempbgieeby FS thbsLuibUbad Y LBl idksLoREhian sugt yaen lhe 2
conponents A and B. 7. Process according to haracterized i
obtained by mixing constituents essentlally comprising

10 a polyol prepolymer, a plasticizer, a polyisocyanate

monomer and a pulverulent solid charge comprising at
least one nitro-organic explosive, characterized in
that, to obtain the pasty explosive composition:

- 2 components:

15 - a pasty component A comprising all the polyol
prepolymer and all the pulverulent solid
charge,

a liquid component B comprising all the
polyisocyanate monomer,

20 the plasticizer being distributed  without
distinction between the 2 components A and B,

are first of all ©prepared under batchwise
conditions from the combined constituents by
simple homogeneous mixing,

25 - the component A and the component B are
subsequently mixed under continuous conditions
such that the component A/component B ratio by
mass is constant and between 95/5 and 99.5/0.5.

2. Process according to Claim 1, characterized in



‘that the conponent B is conposed solely of the 13 Jul - 27 polyisoiya%%Qeﬂmﬁ
nmonomer. 8. Process according to Caiml, characterized in that th v UL
conmponent A/ conponent B ratio by mass is between 98/2 and 99.2/0.8. 5 9.
Process according to Claim1, characterized in that the pasty expl osive
conposition is obtained with a throughpé -by vol ume of between 0.1 and 5
1/mn. 10. Process according to Caim1l, characterized in that the m xing

bet ween the civponettie Asand bbe tHO cosmpsredd By Swedghitedogut pbi ﬁlstatic
m xer. 11. Process according to Caim10, characterized in that ¥ e
conponent s A RMRPE yirex ,eaqhl guteiseEinten,N gpo Meissed yaatiti ppeaonbrhdér a ghat on,
the noving of which by neans of a notor nakes it possible to feed, with
15 conponent PRVETRIENty gPotéd heharget uspbsgrsts ebmtofeent hO8st adne

m xer. 12"PHﬁF%§$ agﬁégdin to Caim1l, characterized in that the
pressure on tHfe Fidk &P eoFBFditseAtsand B in the mixer head is

bet ween 15NP§ and 10 MPa. 20 13. Process according to Claimlill, '
characterfzed'in th f°€ﬁ552ﬁﬁ?ﬁ?ﬁﬁ?%ﬂ%PdFﬂ@éﬁ By (Hhe raghe mimest .in4.
that the static mixer is

Process accorgding Claim 1, characterized in, ]
conposed of S:Cgl\?gr a'%ﬁ)em' %ughgltlEFSHgﬁt SIUNERBPT HeS efi e Uk g%t e NG ss
according to ' , r.act.erd i the tenmperature, faor
crosslinking ct °§]§§t ;%ta:%g’l E)tgﬁa\/téq;gl&n%ocsoﬁtp%or? | slsneﬁ%%e%d‘%ﬁd’%. 16.

Process accorigi Riet @ofdbdhBht, acharacterized in that the conponent A and
t he conponent B are m xed at a

4, Process of [sic] Claim 1, characterized in that
10 the constituents also comprise at least one additive
chosen from the group consisting of crosslinking
catalysts, wetting agents, antioxidants and agents for
binder-charge adhesion, this additive being distributed
without distinction between the 2 components A and B.
15 5. Process according to Claim 4, characterized in
that the additive is entirely included in the component
A.
6. Process according to Claim 1, characterized in
that the other constituents are chosen exclusively from
20 the group consisting of chain-extending compounds,
crosslinking vcatalysts, wetting agents, antioxidants
and agents for binder-charge adhesion, the chain-
extending compounds being entirely included in the
component A, the crosslinking catalysts, the wetting
25 agents, the antioxidants and the agents for binder-
charge adhesion being themselves distributed without
distinction between the 2 components A and B.
7. Process according to Claim 1, characterized in

that the component B 1is composed solely of the



4 1 3 JUL 204 - 28 tenperature of between 40C and 80C 17. Process | 3 JUl. 2004
according to Caim1l6, characterized in that the tenperature for

- crosslinking the pasty explosive conposition is identical or simlar to

that 5 at which the conponent A and the conponent B are m xed. 18.

Process according to Claim 16, charactefi’zed in that the tenperature for
crosslinking the pasty explosive conposition is anbient tenperature. 19.

Process accorrbhg sacy@drate ormdgmacteri zed in 10 that the polyol
prepol yner has a nunber-average nolecular mass (W) of between 500 and 10

000 and is chosen frRanaass grocpraionsi sbi Kdadk POl VWreohided @ngd pgh Yol s,

pol ybut adi ene pol yol s, pol yet her polyols, polyester polyols and
pol ysi | oxane Htyoltse 150mponppyceRicempareting B o réitdiom by chassctesi zed

in that the | yi socgyanate nononer i s chosen fromthe group consisting
of tol uene dFE@B%V%h%%@? PGS 8M@ - 8di i socyanat e, di cycl ohexyl met hyl ene

[sic)_dii§oc§ﬁnate, Phexameth | ene di i socyanate, biuret trihexane 20

i socyanat®, 3,5, 5-t ridSCAyE- EENEHE WY1 EA81Ri Lsochayassesizend irheir

m Xt ures. r .- conti.nuqus two-conpanent, process for producing a
conposi te ex@lqc%tsti \?_g]tec%%[% COMprIsi Ty Z PRI e hate Odrdimed MEH mvent i on
relates to the ghgg%¥P§lgbqugg S¥PLA%I¥E HPT'LES”?'lfthPJeCt'”atter of

the invention is
10. Process according to Claim 1, characterized in

that the mixing between the component A and the
10 component B is carried out in a static mixer.
11. Process according to Claim 10, characterized in
that the components A and B are each present in a
vessel equipped with a piston, the moving of which by
means of a motbr makes it possible to feed, with

15 components A and B, a mixer head situated upstream of
the static mixer.

12. Process according to Claim 11, characterized in
that the pressure on the mixture of the component; A
and B in the mixer head is between 1 MPa and 10 MPa.

20 13. Process according to Claim 11, characterizéd in
that the 2 pistons are driven by the same motor.

14. Process according to Claim 1, characterized in
that the static mixer is composed of several mixing
elements mounted in series.

25 15. Process according to Claim 1, characterized in
that the temperature for «crosslinking the pasty
explosive composition is between 15°C and 80°C.

16. Process according to Claim 1, characterized in

that the component A and the component B are mixed at a



conti nuous process for producing a conposite explosive charge conp, %si@p 1004
a charged solid polyurethane matri x, the charge of which is pulver eﬁ%w

and conprises at |east one nitro-organic explosive, by introduction into

a noul d of a pasty explosive conposition and then thermal crosslinking of
this conposition. The conposition is obtaf ned by m xing constituents
essentially conprising a polyol prepolyner, a plasticizer, a

pol yi socyanat eempepaetrandf soPtiheer U @nt S0 i ghgharge conprising at |east
one nitro-organi c explosive. Mre specifically, 2 conponents: a pasty

component A cbfipr i si lr@ééss haceotgbhg 6ok YHEL s ANEnakhothes pubvepul ent
solid charge, a liquid conponent B conprising all the polyisocyanate
monomer, the Prabti Eheer YRRy ativte | bfibed wirbssltnttisyi NGEHON phgtyeen
the 2 conponents A and B, are first of all prepared fromthe conbi ned
const it uent s.SXRP Tt oREHPORAL hheNt He citrrdiarel Boar sisibaequent tyagi xed
under conginuous condi tions such that the conponent A/conponent B ratio
by mass i3 chstBHCAII ARG D A7d 9 SOTPSneTHi 8 sinepind xaxd

econoni c pro S nak%%gt %xmsible to dispense, wthout disadvantage
with the pot 117e/ curing T e GerHe ¢ N kP cothR AR ERrized in

that the temperature for crosslinking ﬁhev,pasty
explosive composition is ambient temperature.
19. Process according to Claim 1, characterized in

10 that the ©polyol prepolymer has a number-average
molecular mass (Mn) of between 500 and 10 000 and is
chosen from the group consisting of polyisobutylene
polyols, polybutadiene polyols, polyether polyols,
polyester polyols and polysiloxane polyols.

15 20. Process according to Claim 1, characterized in
that the polyisocyanate monomer is chosen from the
group consisting of toluene diisocyanate, isophorone
diisocyanate, dicyclohexylmethylene [sic] diisocyanate,
hexamethylene diisocyanate, biuret trihexane

20 isocyanate, 3,5,5-trimethyl-1, 6~hexamethylene diiso-

cyanate, and their mixtures.





