- 83eCCzz{\} ~I n6Tf < *159159* SEM - CONTI NUOUS TWO- COVPO\IEV\MMW
"PRODUCI NG A COVWPCOSI TE EXPLOSI VE CHARGE COWPRI SI NG A POLY | X The
present invention relates to the mlitary field, nore particular t hat

of expl osive munj

subj ect-matter éf
A

L S O T

term "conposite eprosive is conventionally understood to nean a
functional |y detonatabl e pyrotechnical conposition conposed of a 10 charged
solid polyneric matrix, Then@rzsidenta porgattharelabesi £o tHhe saiditday ge

bei ng pul verul ent. and conprising a nitro-organi c expl osive chargféafor

exanpl e hexogen fi§dfogen™OERTA REFEHGUHATY azbPe) Y2t nitkt ur €% tV¢ east
two of these conpounds. 15 Copposite expl osi rges and the way of
obt ai ni ng t hem SF814488P7 b8Y 1 3F %ﬁ%%%l%f§b§%§ﬁn%pinchon, | es poudr es,
propergol s et explosifs,| e e : | O8I ] 1,

| es explosifs [ExplosivésF?wgeééﬁfgﬁgee%h%géﬁﬁgﬂ?%f%gn?f2%ﬁ€9§3?@%gg§§
190-192. Thes puligerdll @B e iR dss NFLd privdachhgndeimpddited bkgibsive

pol ynmeri zabl e resin, for exanple a prepolyner conprising hydroxyl endings.
A paste is obtaichadgewhtohppasiegCcansdbi € asdl jurethamg chaard xt.hen

pol ymeri zed by curing. It is possible, by the 25 choice and the adjustnment
of the agents for crossThaking ttdm r esi hgompestae al ysegpandivefier 1s
additives, to obtain noulded items with varied characteristics. There are
di sadvant ages af@nVERLLaRpdhE t gndgirstood . &0 cBRIBnt ifonafuprorenal ¥vr

bl endi ng all the constifuents, which are introduced and nixed in a_bl ender
according to a GEFPHQHaggﬁuéHXEPt%éhﬂf9ﬁ irﬁfWHQS&gﬁﬁPetEPmPﬂéeﬁas?% fas to

be 5 used V\i hi nhgﬁfagi{irl y Ssotlcg_lrdt peéér)%&'s%inii rremgggg_fl ife) .engggggli ng 1 he

pot life by edyci he |'evel” of ing catal{st Kas as counter part

an increased poLymoliZahhRE hhEBix! NenkeMRErAlAH A LI, dd M 6l rid 1T
alia, by the pyrotéchnic nature of sone 10 constituents.
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, les
explosifs [Explosives], Technique et Documentation,
20 1982, pages 190-192. The 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
25 choice and the adjustment of the agents for
crosslinking the resin, the <catalysts and other

additives, to obtain moulded items with varied

characteristics.

L
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There are disadvantages and limitations to this




To.bperate in this way thus requires a technical conprom se between the pot
“"life and the curing tinme, as well as a necessary linking of the sequences
for blending and casting the paste. 15 It also requires a conprom se in
‘terns of econonics between the size of the blender and the size of the
moul ded object. This is because, while This batch process appears to be
fairly well suited to the nmanufacture of 20 | arge objects, such as
under wat er ni cesyventipeddepramessorfny, hlendinotakl bhedcpnspibvestso be
hi ghl y di sadvant ageous and expensive in the manufacture of |arge amunts of
smal |~ noul ded whtjcdctarat iatEpgucedt @nd grixgdnphe § rPiendemnacaerdisg from
a blend of 1 to 25 3 t of paste, of several hundred shells with a dianeter
of the order &P B09EEIPET FRBEDTEconpri sing several hundred grams to
several kilos of conpgpsite explosive. In this situation, it.is necessary to
have a high pot life "i<or dgjr’gﬁrbgbésab"fcgnl?getc%'arg emﬁﬁérto%shaslrho SBe
muni tions wit e.s | end, .yhiC teepant. . a i ly | ong
time for cérMosglsftargiki"‘?llgv'rf{%hﬁe3 %agfiél\égkd%ﬁ\%r ?%’?gﬁé]cggt %ol%“et hg?gn%ngggggwi ng

cycl e because gk chEalLl MRHAUT I Wl el PIENt AN, PELRONNELyE] e ot

i
occupied. If the size of t ender 1s reduced, the nunber of nunitions to

be filled per -bleadihihgducach1 i CRakS £C0BBTheaLbY g SaVERLAGEONS- A
person skilled in the arf has tried to escape 10 fromthis pot life/curing

time straight pagkperardtibam thing, neenssatgmpadapteei sbeilhgki Domotedhe

bl endi ng and casting operations. To solve this problem J.M Tauzia
suggest ed, i niateenmuliati obyentthé ed pySorecBoirent saourd5 Rrfocessmég
Energetic Material s" at the synposium "Conpatibility and Processing"
arranged by t kenagetrieansbef ense Preparedness Associ ati on (ADPA) on 23-25
Cct ober 1989 at Virginia Beach (United States), a two-conponent process in
which 2 chenical ly st 3Bl e ZEEgfig reinc E&FonefRE ekhibi t iTRAWEITHOX| @at el y

the sane | evel of charge and the sane viscositﬁ are first of all prepared
from the constPFOBACE1lhaFCRRIFSBRLSE hPEFUEEE. FhEseP9tpastiecofPBnehls are

subsequently m xed conti nuousl tth a ratio by mass aof, approximately 1. 25
Thi's ?V\o-co?/rpSHé’ﬁngrBi‘B%s, %%/W\gllﬁt ?%d@ednﬁﬁéﬁaﬂ' ’E’P% Pgaeﬁ"%i nat e

the pot life/curing ti conprom.se and renders ssible the storage of the

2 conponent & PERUBRGEPaEoReRRENCHAE B PR CarBatoan PAgRe

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 Dbecause, 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 Dbe 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 hundred 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



W-*9 A first disadvantage is that it proves to be highly problematic to
“continuously mix the 2 pasty conmponents to obtain a honogeneous product. A
second di sadvantage is that the 2 conponents 5 are pyrotechnically active
~(presence of explosive charges) and that it [sic] therefore both have to be
prepared and then stored in secure plart3. -A third di sadvantage is that the
solid polyneric matrix of the conposite explosive finally 10 obtained is

different fromdpefondi ¢lhScdt ghnedp1¥hbh Lhe Hame sCARSHhR A the
sanme proportions, according to the conventional batch process. This iIs

because, accof dbigrioullaH jéa_loﬁ@etiﬁ_@CYéﬂaEQO_@@wﬁRQHb theP@lagwRr a6 The
fact of preparing, as an 15 internedi ate, an isocyanate prepolynmer fromthe

starting i socyanate hbghnebshasft the ohsegfedneer Dig peoduei bgcausel iod

pol yuret hane matrix which is different fromthat obtained according to the
bat ch processthy diimert |duming ngviaikh t legyuigoeranatadropensoni2@landgrall t he
hydr oxyl prepolynmer. This difference in structure of the solid pol yurethane
mat ri x redul tacdupigtllesi rabl e differences in mechani cal and/or detonating
properties, requiring very expensive and di sadvant ageous requalification of
25 the final product .Ifl'hé){’te\/\osééﬁpo?l’ént“’pﬁ 0bé88dgEscts betPMFSAM thguzia i s
therefore not entirely satisfactory. A nai sub'ect-natéet of the present

i nvention is THRSHrOveMBRLLLBRENES Fﬁbi%ﬁﬂﬁﬁh r PoRResigndediged, - 5

present invention provides a sem-continuous twoconponent process for
produci ng a cvgfﬂp%éiltse ee?%?od%'?ﬁgr?%a W ‘6?%%??%‘?%53 pol yur et hane matri x
R B el A e e
two- conpepents IOCESSs dESEr 1Red /irdn i & raightiacket 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
15 Processing Energetic Materials” at the symposium
“Compatibility and Processing” arranged by the American
Defense Preparedness Association (ADPA) on
23-25 October 1989 at Virginia Beach (United States), a
two-component process in which 2 chemically stable
20 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.
25 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.



It "has been di scovered, unexpectedly, that it is possible to obtain a
conposi te explosive charge 10 conprising a pol yurethane matri x according to
a sinple and i nexpensive sem -conti nuous two-conponent process which does
‘not require requalification of the final product by virtue of a very
preci se conbi nation of technical charaetéer+stics relating to the
distribution 15 of the constituents in the 2 conponents and to the ratio by

mass of mxture of the 2;coppnandf ol f Specidhgal 1y, B o3ly ect - pptter of

the present invention is a sem-continuous process for producing a

conposi te expiQfHMe ?%lbg%n@s%maose_@ o&oﬁtzﬁusbgmgednﬁﬁl icheolyupathgne
matrix, the chargée of which is solid and pul verul ent and conprises at |east

one nitro-or gMgorRMd LIy ebtdin i Mhddryputpraduaw) d of a pasty

expl osi ve conposition and then thermal crosslinking of this conposition, the
said 25 conposition Beissrabd adheddbygntagengscatstt tilent 8 essenheakky
conprising a polyol prepolyner, a plasticizer, a polyisocyanate nononer and
a pul ver ubentarsol i pychleegentoaply si pgtavel eatregenad t rof or gapilosexpl osi ve
- 6 This process according to the invention is characterized in that, to
obtai n the pafiara®el odhde thaiwpost tilshc]- theg@mfsienbathshave peet pe
conponent A conprising all the polyol prepolyner and all the pul verul ent
charge, a |i QPaEEHEEhtEIBCFRAESS g FECUIFe BI@RSsocyanat e nononer, t he

pl asticizer being distributed wi thout 10 distinctiop between the 2,
conponents A and B, }re FH?§ (ﬁé%ﬁﬁé$ﬁ%ﬁﬁﬁ%d &ﬁderggﬁfchﬂﬁg% cBﬁiF?ions
fromthe conmbi ned canstituents siopl e .eneo 1 Xi.ngd, =.th

conmponent A ar XFﬁg‘ébn%S ent’ ngre£€§ éﬁ%@%%%g%%l%&ﬁﬁkéd%%ndg%kgg% i nuous
conditio S {: t; (g%gyéig atLo : i §;eQANSt ant
and betmggn Sﬁﬁﬁ“anﬁidgféfb. . e fé%?ngﬁﬁﬁrﬁh éﬁcha? %aggggﬂ,%éggording
to the inventign, samaddidd o f1uddies very speséfi G cogpepeRrt s Ahgonponent

B ratio by nass, that the conponents A and B do not have the sane

viscosity, thalcc¥ s Pasttheindosoeptisnslabatdie phargesandriigd yek
prepol yner, and that the other is liquid and conprises all the

pol yi socyanattecausaeracasordingv thodauehieni adle 2bsoodafiatat componant
particul ar w thout prepolynerization using a polyol. This conbination of
di stinctive tischnipedlymetrdrcact effihet i cfaicht cowfar i porpairthathe as  an
sem - conti nuous two-conponent process of the state of the art has the
15 intermediate, an isocyanate prepolymer from the
starting isocyanate monomer has the consequence of
producing a solid polyurethane matrix which 1is
different from that obtained according to the batch
process by directly mixing all the isocyanate monomer
20 and all the hydroxyl prepolymer.

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

25 the final product.

The two-component process described by J.M.

Tauzia is therefore not entirely satisfactory.

A main subject-matter of the present invention

is an improvement to this two-component process and the



technical effect of elimnating all the abovenentioned di sadvantages and of
rendering the process particularly sinple and i nexpensive. Only the
conponent A is pyrotechnically active, 5 which considerably restricts the
“safety constraints, and the mxing of the conponents A and B is easily
honogeni zed. Furthernore, the physicoehém-cal, nechanical, detonating and
vul nerability properties of the final 10 product are identical to those of

the product gbbabped acc@idlile ! Hid\PO0VeR! | Aaf: Rakth lilcaizes s f.om t he

sanme constituents Iin the sanme proportions, which avoids a di sadvant ageous

requal i ficatigppghehbe gyl - rdhe JaRRARLINNSa Ok oRpBRALEN G thE £OpPONeNnt s

A 15 and B are conpletely independent of the operations of mXing
component s AcRadg8 abethpefi sGast igpalvh £athdee CAREred otidhn aialiwd . These

conmponents A and B can be stored if need be for several weeks before being
m xed. 20 Funébehepr ethe¢ helimaobesstsapeor difngthe tdenvewendnah ilsmtwapl etel y
I ndependent of the pot life owng to the fact that small anounts of
conponents ApandeBsarroy agitdl y aboyepentilioneds| digpdedntapgeeh obkeshe t
possi ble to increase the percentage of crosslinking
semi-continuous two-component process described by J.M.
Tauzia.
It has been discovered, unexpectedly, that it
is 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 wvirtue 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 semi-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 least one nitro-organic

explosive.



25 'catal yst and to consequently decrease the tine for crosslinking the

" pasty expl osive conposition in the nould and/or to carry out this
crosslinking at a | ower tenperature. Crosslinking at anbient tenperature

(200 is _ g _ even possible, which is particularly advant ageous.
According to the present invention, the pasty expl osive conposition is
obt ai ned fromthe usual constituents used according to the prior processes
and 5 which are wel | Hnown g el tsidided dd e alihveltas®  is
constituents conprise essentially a polyol prepolyner, a plasticizer, a
pol yi socyanatehdmdwieyi addl anpulnvet ul est sthidge eorprpssty akpleasteone
nitro-organi ¢ explosive. 10 The term "essentially" should be understood as
meani ng t hat ddmpaioviesrent i oned constituent [sic] are always present and
represent overall nore than 90% by weight with respect to the total weight
of the pasty expl dsicamporggusiti on. 15 Preferably, the sumof the contents
by wei ght of polyol prepolyner, plasticizer, polyisocyanate nononer and
pul verul ebt charge réprpa3ghys cloepPpaentodd SABPINO$NEf alde EbmbPeddol
constituents. Generally, the physical states, solid, liquid 20 or pasty, of
the constituents and RFeRHIRGNFOY 13 on Reh AU et kaferdt&TRE i n t he
present description, as being . .the physical states at .anbient_fenperature
(approxi mately 20C) &hd fqﬁgﬂos§W§F¥fmﬁ?éss%recfgﬁﬁﬁﬁipﬁhte?@lo.f fPa). 25
The term "nitro-organic .expl osive" shoul d be understood conventionally as
meani ng an explosive%ﬁ# 14%%yan§%%“§onome})

sen trom group ‘consi sting of nitroaromatic

expl osi ves (conprisiqgmgt bﬁggﬁﬁgggeg}Sngegé€gfﬁi%§§fgyé§m ahgqhggkning

t
part of an aromatic ring), expl osives (conprising at

| east ongp G- O-NO2 gr Qupde 802 iNrf TAE R XY (@d SRIAVY S Nth fip | east one
C-N-NO2 group). Preferably, the nitro-organic explosive is 5 chosen from

the group consistigy@ of rhexegernss ockagen, ppephitedéie, under batchwise
5-0x0-3-nitro-1,2,4-triazole (ONTA), triam notrinitrobenzene,

ni t roguani di ne an¢driEivionsxt ufesm t hak | Tdnbismd aldoddiei thehtis esbef at
| east two of the abovenentioned conpounds. 10 In a particular [sic]
preferred way, the implreodrogergenesys osinieg,s chosen fromthe group
consi sting ot.hexogfn, oct ogen, ONTA and their m xtures.
the component A  and the component B are
15 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
20 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
25 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



According to a preferred alternative form the content of nitro-organic
"expl osive is between 15% and 15 90% by weight with respect to the conposite
expl osive and the content of pulverulent solid charge is between 75% and
'90% by weight with respect to the conposite explosive. According to an
alternative form the 20 pul verul ent soli’d-charge is conposed only of

ni troorgani c expl osive. According to another alternative form the

pul verul ent s@ldigh char gerakee %Q”Wlﬁ@ﬁma?\hﬂge%il ORE eC AHMRAME MliRfed han
the nitro-organic explosive. 25 It can, for ‘exanple, conprise a reducing
met al pref er ad ya&hosedgd s oghd hefglreuaeeengl g$hengrofcedlsuPatitimulzdigoni um
magnesi um tungsten, boron and their mxtures. In a particularly preferred
way, the reducimoleredrad isegbemsiveim - 10 The content of reducing netal
can, for exanple, be between 0% and 35% by wei ght with respect to the
conposi te expl osi ve. Othky ptheefonparenhakgéscpyratsghodepdlilye adtive,

conbi nation or not in conbination wth a reducing netal, an inorganic

oxi di zi ngSagerhti@h efCOnadide robdsen TREEHLERE gEbEp TR Bt (090G SET admBsni um
perchlorate, which is partlcularl preferred, potassium perchlorate,

armoni um ni t rae, thEdi Tk HRE r &fe g%‘él (GRIRONENGSur Bs.2nD Phel $oRRSAL Yof

i norgani c OX|d|Z|qé$%%i t can, for exanple, be between 0% and 45% by wei ght
W th respect %ﬁosite expl osi ve. \Wen the pul verulent solid charge

conprises at |east o ound ot I th rgani c, 15 .expl osi ve,
this other conpound |nE‘a r;t%e %ﬁ)‘?y chose rc}%% riJ]eeg'“glr c?tcji;j c@ﬁglhftnl 88
anmoni um per éﬂt%?é ”'x‘z‘ﬁ‘iﬁé‘iﬂ rBDPiE d#l’geexsclé%CCBEd'é}get F‘r
present invention e po yol prepo ymer re or less viscous Tiquid.

Its 20 nygbersaufiages r®! equhak cARS$ of M?J)oées @feéﬁéapkudaewee@afi%dand 10
000 and is [SIC] preferably chosen fromthe group consisting of

pol yi sobut yl eqrhed et stopalndutadivene ipabyolsat @0l yeblesspot ¥&h S the
pol yester polyols and pol ysil oxane polyols. In a particularly 25 preferred

way, a pol ybuizath edenstoipuerst 10imychoxyamengropsrtsonsedwhibld avoids
pol yi socyanate nononer is a liquid preferably chosen fromthe group
consi sti ng ofa tdil asshvardia gamys e  INM ) ga i isophofr ditee giicsbytanate (1 PD)
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 1s 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



- 11 dicycl ohexyl methyl ene [sic] diisocyanate (MDCl), hexanethyl ene
"diisocyanate (HVDI), biuret trihexane isocyanate (BTHI),
3,5,5-trimethyl -1, 6- hexanet hyl ene diisocyanate, and their m xtures. 5 1n a
particularly preferred way, IPDI or MDCI is used. The plasticizer is also a
liquid, preferably a nonoester, such as iSsedecyl pel argonate (IDP), or a
pol yester chosen fromthe group consisting of 10 phthal ates, adi pates,

azel ates and @9@§a%6§si6m999w99&xe§5errtaeL@s§1§nadagkxggeBBBalates, such
as dioctyl phthalate (DOP), alkyl azelates, such®as dioctyl azelate (DQZ),

and al kyl adi pates, spgBo28ifA§0&ly! tREl Rpe@ehPOAnvaiei ¢df t kel Hdsty
preferred. 15 In addition to the abovenenti oned essential constituents, the

conbi ned consgkpuesisecasonbseitABpr i Sits atobheante®nefadsi tithe chasen from
the group consisting of crosslinking catal ysts (catal ysts of the NCO OH
reaction), wetdnhsygitgents, uaeti adaadtisigant 2thagpnisrf provesders- drat ge
adhesion. Use is preferably nmade, as crosslinking catalyst, of dibutyltin
di | aur at e Y DB} ¢h baire usel haknavsotbeanpelesoft ahylbedheinchbal gst.wel | known
to a person skilled in the art, in particular other 25 organotin conpounds,
such as a stannous saf®e®¢ a AIVOHEHSESaci §OMRTESRal k§FEePt dXI He, &
dialkyltin dihalide or a dialkyltin oxide. Mention may be nmade, for

exanpl e, of dPBUYYHti REEPALETaFe, 8i ePAPPLERR1dRPIcet &t e PHBSAAYENRS oxi de
and stannous octoate. d 12 e n§¥ | so, be nade, as catal yst,. of a
tertiary am nBPREpaffiCcuf aPla T 61531 aﬁ?ﬁ’é?eorcoéqpsré'sdﬁ’gor%'én&lﬁ%t h
conpound, suc S Lph | is preferably made, as wetting
agent, of a 58?%0?%%#%,gg%%ﬁiggy%€§%%§ﬁelecithin, or a siloxane. Use is

preferabl)yy made, as apfl 0?%?@”“‘@5%%11@1'1 qg.h/"’bt%l'ggtzl%:%?Eaggl.rs(:%geo'fa)s or

2, 2" - met hyl enebi s(4net hyl tert-buty eno P e I's preferably

made, as agenhe{QIndi RUGR1G KdapgEvaABREEBRedOfconstituent [sic] are
triethyl enepentam neacrylonitrile (TEPAN) or certain conpounds derived from

silanol s, _sucénm&#Bpfcbrségth@msifé@@é@wl pouealdi morithyehidlesos by

(C13H2406Si .) . The constituents can al so conprise a conpound 15 for

ext endi ng t hewgpddlytr eihdnergapearerto dha ntotal 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, 1liquid

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



This conmpound is generally a polyol nonomer of | ow mass, of |ess than

" approxi mately 300, preferably a triol, such as trinethyl ol propane (TMP), or
a diol, such as dipropylene glycol. 20 According to the present invention,
‘2 conmponents: a pasty conponent A conprising all the polyol prepolynmer and
all the pul verulent solid charge, - a ki §urd conponent B conprising all the
25 pol yi socyanate nononer, the plasticizer being distributed w thout

di stinction helween {081 gs CPEPONeBLAp i 8B, adr €1klaks! UnalleR5apsred
under batchw se conditions fromthe conbi néd constituents by sinple

honbgeneous groud) &nE NPit Pikies alyplddiereonpesnptidiagnd sesagtl the
plasticizer. In a particularly preferred way, the conponent 5 B is conposed
sol ely of thenolGiNsaSramatapiononer. Wien the constituents conprise a

chai next endi ng conpound, it is essential for the latter to be entirely

i ncluded in the conpdivafierebMhen the coristicwargahiconpeigkoatvéeeasts one 10
addi tive chosen fromthe group consisting of crosslinking catalysts,
wetting agentd10saft | 6xPBakhe aFHPReRPESLEEIBENGS -RePIRN adRESPERN/t hi s
additive can be distributed without distinction between the 2 cor%g())nents A

and B but it ReNtridi%r abl y moxcs1dy nis fondi- ¢ddd bt 349 €conpond AN
According to a preferred alternative form the constituents other than the
pol yol  pr epol Yt 14ter PHestIRGTAAS 1t he POIJTSRYERES noAbRer &R Fhe
Consi st ng. of CHA TR R ndSCaRpGUSE L or SO8! FHAICRG Coateh yaF o L8REF L | ng
agents, anti OBQodac&t Sr Tl RTCTo <101 S Fel il sT R Tol T ge adhesion, the .
chai next endi ng conpoundskﬁg%%g eﬁt|f§1y |ﬁ¥ﬁ§%£d in the conponent A it
bei ng poggible for the ofassldKiNGr [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 1least 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.



.25 catalysts, the wetting agents, the antioxidants and the agents for

bi nder - charge adhesi on thenselves to be distributed wthout distinction
between the 2 conponents A and B. However, they are preferably included in
t he conponent A. - 14 The conponents A and B are prepared i ndependently
under batchw se conditions by sinple honb@eneous m xing, for exanple in a
bl ender, and are chemcally stable, that is to say that there is no 5

chem cal reaction bet%ﬁ&“cahéﬁHEXSG ggaﬁgghgeﬁ§§aqfC%ﬁghf%%ngﬁgﬁﬁgignd t hat

all the constituents retairn therr structural entity, bot M xi ng

and during subsegideniecst 0§ R0 AN Ndgpendergnof wiBe cmenant eoAwnd B. 10
According to the present invention, to obtain a pasty expl osive

conposi tion, ¢hepsopOnedldsang. t he conponent B are subsequently mi xed
under continuous conditions such that the conponent A/ conponent B ratio by

mass i s constant and Tie¢ weerl V@A eartd 8Babgl. Scarl5 apsef ecatp yi vef waen 98/ 2
and 99.2/0.8, for exanple in the region of 99. This continuous m xi ng
bet ween t 3¢ covmoimatidn andr t eottomponeramiB riatidror wixdnplee amdlusriefer abl y,
carried out in a static mxer, a mxer well known to a 20 person skilled in
the art, in thetdbr madf ENPIPANONpRidiAgner aPiteceseiprahly ocde seme
product passing therethrough to separate and then to rem x. According to a

preferred al tE¥emt i ¥R f FIRUR hEUBiptnietft s A afd B rEYE eREF Cprledéie in a

vessel 25 equi%f d wth a Eisﬁon t he gnvina of whi ch by neaﬁg of a notor
makes it posst tbS fBRALLGPLAT LBnBERERTS SR, aRG BSSA VAT PEF ReLd 2 uat ed
upstreamof the static mxer., so that the contents, of.the mxer head flow

into the stat?@“‘?ﬁ&l_g}‘.nlt{ai%’ sl%h l’b“rl_e%lsﬁaet%nar% etrrlﬁ“'%& P S e
comPoneni® A and B i IrAdCBLYEn-NaA §aopEEheLatly dishueenadedband 10 Vo

and the pi stons are pre ven e sanme not view of the

hi gh conponent, A QIRENENt Bel 8bé0wbYnMBSS, drd | 4530Vt ageyts: t g @qphasi ze
that such an assenbly offers the possibility of |inking together several

vessel s of t hes souponedttre f@smpdei sarexyessere of conponent B, wit hout
di srupting the 10 conti nuous process.
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 1is 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),



~The*static mxer according to the invention is preferably conposed of
several elenents nounted in series, in the formof a pipe, having a

di aneter preferably of between 15 nmand 60 mm 15 Use is nade, for
"exanpl e, of between 6 and 15 mi xing el ements, such as those sold
commrercially and well known to a personlgkilled in the art. According to
another preferred alternative form the pasty expl osive conposition is

obt ai ned wi t ki2Q A dhgugtety Isnevol ureief betaweasbddnalderi n amdes) 3/ min,
better still of between 0.3 1/min and 1 1/mn, for exanple in the region of
0.5 1/ m n. ThexahetdiErneoneatli jyed wainace al (8MDABL ) vebiorer acedahdkaget o

Wi ch the conponents A and B are each 25 present in a vessel equipped with
a piston, makesqussitle e UBTYiIpreci SeSnbterimgthyhdlaévbexramathygieméeed,
but it is also possible, for exanple, to feed the static m xer using

met eri ng punss IEOTYEEREE /t @nchdhednk fipdursisor age of the conmponents A and
B. - 16 The static mxer is generally equipped with a_jacket in order to
make poss?ble adjust%&naoPaFﬁécPéﬁﬁéVaﬁméieQE%% %?Eneﬁ#Q%ﬂP%eMBQFusted
to a different 5 tenperature. The final el enent can, for exanple, be

adj usted to tHfe %&fperature chosen for the subsequent crosslinking of the

| osi teint | ds,. t.h th I t.s. si.tuyuated t bei
Sl usted 1o a lower CORALATTE 5T 1o 95580Fs MIUIR: (AATEREr | 81 ng L he
ts A b i it I di t
2 referred TERGERSER e PAERY Gha LeBRES A { Balahathrbd SHEEE S ate mixed
at a 15 tenpeialidiecal behueen 40£:and 80 Acmail ndctaskliespgesent

i nvention, the pasty expl osive conposition obtained after m xing t

conponents ApakthaBaitesi, Nt RAWREI, Nt G TEHES idndhi ghetitds, sUpseHyent |y
subjected to thermal crosslinking, 20 for exanple in an oven. This

crossl i nki ngpeaselsteris,om t hpadot ) | o1&y lur ephenel beéslges saxha rgsul t of
the reaction of the hydroxyl functional groups of the polyol prepolynmer and
optional | y otdivle&ydhaiphthaleits ng(BORppundlwyih tazel2Fdssocysanai e as
functional groups of the polyisocyanate nononer. The crosslinking rate

i ncreases w ghochylt eapelatear e (B8 t hearndntadkty lof agipaltgst,. Avebrdasg to a

preferred alternative form the nould is conposed of the casing, generally
nmet al 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 catalysts (catalysts of the
NCO/OH reaction), wetting agents, antioxidants and

20 agents for binder-charge adhesion.

Use is preferably made, as crosslinking
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.



- 17 casing, of a nunition, for exanple of a shell. Preferably, and in
“particular when a static mxer is used to mx the conponents A and B under
continuous conditions, the pasty explosive conposition 5 energing fromthe
"m xer is introduced under conputer control into a |large series of noulds,
for exanple several hundred shell casind@g. “~According to a preferred
alternative formof the invention, the tenperature for crosslinking the 10

pasty expl osive conposiel i @y Nty1BIcask | ad he gpul gstasyHef weep 15C and
80C. The crosslinking can in particular be carried out at anbi ent
t enperat ure (eppiedyraireine 2003 , pabttbhul srpar tiGd la haradisgnt sgeelse 15
According to another preferred alternative form the crosslinking
t enperat ure ias icdgrnobalsmart hs icmimipuntdy  tshiatth ats whiiphenlyd bkdemudment A and
the conponent B are mnmixed. The following nonlimting exanple illustrates 20
the invention. Exanplléeel:isPrripferabhy ohadecompodictdidgplagante charge
conprising a_polyurethane matri x charged with hexogen Pasty conponent A A
homogeneots P&ESEFNABMpSNERt 2K iSO YREEParleFithinzs 0% Beflil@Manst-ai nl ess st eel
bl ender with a capacity of
P Us% is preferably made, as antioxidant, of di-
tert-butyl-para-cresol (Ionol) or 2,2’-methylenebis(4-
methyl-6- (tert-butyl)phenol) (MBPS).
Use is preferably made, as agent for binder-
10 charge adhesion, of triethylenepentamineacrylonitrile
(TEPAN) or certain compounds derived from silanols,
such as (3-(triethoxysilyl)propyl)succinic anhydride
(C13H240651) .
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
triocl, 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



35 litres, by mxing the follow ng constituents, in the relative

" proportions nentioned, at 60C for 4 h: - 7.49 parts by weight of the

pol ybut adi ene conprising hydroxyl endings with a nunber-average - 18

"nmol ecul ar mass of approximately 2 500 and with a functionality of hydroxyl
functional groups of approximately 2.2 dd ¢ by Atochem under the name R45HT
(pol yol prepolyner) 5 - 0.08 part by weight of trinmethyl ol propane

( chai next endifig igRppound) - 3.37 parts by weight of dioctyl adipate
(plasticizer) - 0.12 part by weight of MBPS (antioxidant) 10 - 0.12 part by

wei ght of soybean | eq@ddddrdbigi,ti tHeagiiporert 06 Rakprigesei gt @he TEPAN
(agent for bindercharge adhesion) - 0.0001 part by weight of dibutyltin

di l aurat e 15 Hlasosidiizski.ng catal yst) - 88.76 parts by wei ght of pul verul ent
hexogen (charge made of nitro-organic explosive). Liquid conponent B The
conponent B is conposiéd aopakyichlanlyspgiedieareddivaiocyainat eOPPDENE t hat
is to say of the polyisocyanate nononer. Preparation of a pasty explosive
conposi ti &n B i aompased cohsdiemls theamp Iy ifRfsrRnedhft iR condi ti ons
The conti nuous nixin%Tbetmeen t he congonent A 25 and the conponent B is
carried out in a statifieMi xéheconpdRet: bEeRsS el FRHRE Sounted FR23BFI es
with a length of 32 mmand a di aneter, of 32 np%ﬁfL%er tranz{gr of each of

the conponent&™& B TR Vessél EquT PHE 8T pitort 2 5HeF vESsel

conpri sing t@% X £¥ET¥ f%cluded in the component A.

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 the 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 preferably

included in the component A.



- 19 has a dianeter of 300 mm and a height of 250 mm The vessel

" conprising the conponent B has a dianmeter of 40 nmm and a hei ght of 250 mm
Moving the 2 pistons by neans of the same notor 5 nmakes it possible to feed
conponents A and B to a m xer head situated upstreamof the static m xer,
so that, on the one hand, the conponent 1A conponent B ratio by mass is
constant and equal [lacuna] 99.14/0.86 and, on the other hand, that the

contents of the m xerrreead ddmy¥ ﬁgkﬂgHC)ghe Sh@ti cBM Xgke Thprgpgggare on
the m xture of the conponents A and Bin the mxer head is 2.5 MPa. The

entire plant indeplendentl ysayurideparsdehvaisd hec@naessehs coppr ssinpPe
conponents A and B, the m xer 15 head and the 13 elenents of the static

m xer, is théronmogteateiossd |yicong s ofbed eatarl@ i ehédleudegt, oindherstatic
m xer, the pasty explosive conposition is obtained with a throughput of
0.35 1/ min. ZheThicaldast gtaRprosit@tomsosti iRy s theitogerbRis isndnhas t he
follomﬁng conposi tion by weight: - polyol prepolyner . 7.42% - chain

ext ender < OQWPmJCﬁéIyF§é€§aﬁ§tebﬂBﬂ%ﬁ§r the gpi#esl - congdiiteepss . o8, 35% -

antioxidant . 0,120 - wetting a en% }% _
each component -an at a the constituents retain

their structural identity, both during mixing and
during subsequent storage and independent of the
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 1is 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.



- agent for binder-charge adhesion . 0.06 - crosslinking catalyst . 0.0001
- 20 - hexogen . 88.00% Preparation of the conposite explosive charge by
casting in a nould and then crosslinking the explosive conposition 5 The
pasty expl osive conposition exiting fromthe static mxer is cast at
anbi ent tenperature, approximately 20C, %% Tretal nmoulds, with an 80 nm x 80
nm square cross section and a height of 120 mm positioned beforehand in a
casting chanber 10 carmegiessswra val vhesmivated af the auwhipeineof:st he
static m xer, the chanber-val ve | eakti ght ness being provided by a rubber
ring. The dyramd B viscoséetiyipértheapassypegpbosblg bempesnt iloMPat anlle
outlet of the static mxer is 15 5 800 poi ses. This operation of charging
t he noul ds i sl@dfFd ednduthenderrispensi arevanafareb lappdokvemt By the nHg
in the casting chanber. After charging, the noulds are introduced into 20
an oven at 60C@M®MtYPYays, which makes it possible to crosslink the binder
of the explosive conposition and tqQ finally obtain a conmposite expl osive
i £ dheofagh Y

charge conposed of 129 by *&¥i gf et AFARCAGEFi /AR RANS Y, By
ight of h , t d ity.of which,is 1.62 q/ . 25 .Duri
\(,:VrEIOgSI i (I’)lki ngo etnlébcggf 'ﬁ%n%sl’c)cl) os’r?: %r?‘%arsflttaﬁ@oﬁ%ufgg ?’?Pehac#a% ettgﬁtt he
g L1 Nkl . b ST f oo he g
TR R AR R M S

2XB| bsigvéogbf‘%%}em%?geggtgéglm%%:\g%; @%g%\%ﬂ ti c‘)aggcl tfﬂgnm egf%tstei ng
machine at 2QGnw t Redsel 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 1s obtained with

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

tanks for storage of the components A and B.



“opull rate of 50 mmmn, starting from standardi zed nonodi mensi onal test

speci nens, according to a nethod well known to a person skilled in the art
(mean of 6 neasurenents): 10 Maxi mum stress (MS) . 0.8 MPa Mdul us of
elasticity (E) . 15 MPa El ongation at maxi mum stress (en) . 9% Breaking
stress (BS) . 0.8 MPa Elongation at bredi (eb) . 100 15 These nechani cal
properties are satisfactory for this type of charge. Furthernore, the
sensitivity to frictiTre astathe sereirtivdtyehoralpPacleqfigderl coIpPOSKt €
expl osi ve obtai ned were determ ned according to the Julius Peters 20

nmet hods and dexdkeds wel | okdenwn to aafker spnsskbleedadiudtment t .ofThehe
sensitivity to inpact is 25 joules. For the sensitivity to friction, 20
positive testteMPRradur®0 are found at 353 N, the maximumlinmt 25 of the
devi ce. Conparative exanple_ This conparative exanple does not form part of
the invention. It wafaC rPeBMBOE ERNt e sBAdUpLrPoske off sAbREAgenhat the
physi cochem cal and nechanj cal Wﬁﬁfz properties of the conpgsite

expl osi ve obFﬁWﬁ@JaéﬁﬁﬁrdihBetcf% s&HEMEtt i RdBus §Wo- €FMFEIEnt BRocess

which is a subj.ect-natter of the invention are identical to those of the
conposi te exﬁ%laélis\t; Qi }'158 5 FESHATE S afRC s P udntSs, SPRSeAReRhne

LoPon LT sTerddie i) dASReTMERI LORGL. BALER BLOGERS HSfad e ERRe PV @

person skilled inthe art. "Accord conmpara e

foll owi ng ar ¢ ¢iat’ OGRS+ H1t Q4 [ e i : agity_of 135
litres: - 7. %Zth%grgf by m%?g%tﬁg}é%tetﬁecgﬂéfg%?&gr %S\gngm?d%‘gsédégor%oa%npl el

- 0.07 part hypweel gbmpeflatiireet hyl ol propane - 3.35 parts by =weight of
di octyl adipate 15 - 0.12 part by weight of MBP5 - 0.12 part by wei ght of

soybean 1®cithin - 0TBe pardsdwiswei gbt afhEPAAhksO. QRbMaritngy wvgsght of

di butyltin dilaurate - 88.00 parts by weight of pul verul ent hexogen.
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 example in 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



20" All these constituents are identical to those used for Exanple 1 (sane
" source and sane characteristics). After mxing for 4 h at 60C, a parti al
vacuum of approximately 15 mmHg is produced in the bl ender and 25 then
stirring is again continued for 4 h at &C. The dynam c viscosity of the
paste is then 4 800 poises. 0.86 part byl ™ei ght of |IPDI (same source and
sane characteristics as that used for Exanple 1) is - 23 then added and

then the m Xtdéfseiriﬁz, H4 rirﬁﬂlrfﬁi&‘p, Ny alx HRG anslers asipart i al vacuum of

approximately 15 e pasty expl osive conposition obtained has 5 the

sane conposition by vweidfdra5) § hatanebt ahnegaiof cEXapplwndn Ehi gt@@ARosi tion
is subsequently cast in noulds identical to those used for Exanple 1 and is

then crosslinkeskd ois7 dsa GRC mAxantlw ercongbriatisgat henér @&shindlkirng at
60C of the conmposition, the change in the viscosity as a function of the
ti me was nonidorteidhudide stadiitignepi theofpadtey texplbeing thepositibnat
which the IPD is introduced into the blender: 15 after 2 h . 7 300 poi ses
after 4 h5. ®mO@ingd sésonf ttdre mhxer1 2 500npspdesept unddpundmphgert he
change in the viscosity of the pasty conposition is_not significantly

di fferent 20 §9¥malhatiN¥Pasar RXIR BeaisiSe 2f TRUISMpodiale exXpmBdeve
obt ai ned after crosslinking for 7 d at, 60C has a density of 1.62 g/cn8B,

i .e. the sam@V@ALRF AWNdRad sthalde Gt e expl osive obtained in Exanpl e

according Lo this coRpRaiS okdms o BRBLEZARCor At PEE-GRHEF i LaRs
?Oggi tions aglhosg d8336hPedthe” RAIPLE dre MY MLRALEIRKNMD) tnd O M

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 l: Preparation of a composite explosive charge

comprising a polyurethane matrix charged with hexogen

Pasty 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



. Modulus of elasticity (E) . 18 MPa El ongation at maxi numstress (en) . 10%
" Breaking stress (BS) . 1.0 MPa Elongation at break (eb) . 11%5 None of
these values is significantly different fromthose obtained for the
conposite expl osive of Exanple 1. The sensitivity to friction and the
sensitivity to inmpact of the conposite ekplosive obtained were also 10
determ ned according to the sane nethods as those used for Exanple 1. The
sensitivity to i npasletS122 h@ulsesor Fag Lbeimepsiyi v typot cadd i GhtAN.a 16
positive tests out of 30 are found at %3 N, the maximumlimt 15 of the
devi ce. These val upsnéteon@licygndfi aydtexyl f R i diaim tdrassp bt ned
for the conposite explosive of Exanple 1. - 25 Cdains 1. Sem -continuous
process for producapmrexioapasyt @ .expEadsd viey cAdogheconpuiead bhea nalrer ged
solid pol yurethane matrix, the charge of which is pulverulent 5 and
conpri ses at | eastROPRT nipebyolr garerok¥pedsi ve, by introduction into a
moul d of a pasty expl osive conposition and then thermal crosslinking of
this compdsitton, ?He8 seRHE phyt yYeddhtosPVetEdHBEBYLPSRTBERAY dishailmed by
m Xi ng constituents essentially conprising 10 a pol yol prepolyner, a
pl asticizes, a poI%*%ﬁR@%%%I%P%%ﬂ%ag} and a pul verul ent solid charge

conprising at |eas e nitro-organi c_explosive, characterized jn that, to
obtain the pasty éiﬁ?g§?@%t%onpg§iti&WFQ%IZ cdpone fg?gi . dRete
conmponent A conpri 'f%%éggiégg)polyol prepol ymer and all the pul verul ent
solid charge, a Iigh conponent B conprising all the polyisocyanate

mononer, 20 the pl@asiji ghzes el g hStEE Dusesl vadHoMEs gistj nction between

the 2 conponents A and B, are first of all prepared under batchw se

conditiong fromthe, P.’P"Eh%d HONSELENENLE o yrida e1beipgeneqy tiiibgng, 25
- the conponent A and the conponent B are subsequently m xed under

conti nuous conditiggenisuch that the conponent A/conponent B ratio by nass
is constant and between 95/5 and 99.5/0.5. 2. Process according to Caiml,
characterized-in 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 mixing

the componeants A and B under continuous conditions

The continuous mixing between the component 2

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 2



- 26 that the sumof the contents by wei ght of polyol prepolyner,
“plasticizer, polyisocyanate nononer and pul verul ent solid charge represents
bet ween 98% and 100 of the conbined constituents. 5 3. Process according to
Claim 1, characterized in that the constituents al so conprise a
chai n- ext endi ng conmpound and in that thisScenpound is entirely included in
the conponent A 4. Process of [sic] Caiml1, characterized in that 10 the

constituents ghso LOIPIiEA! okeagly ae A b R chasese ! e the ghup

consi sting of crossllnklng catalysts wettl ng agents, antioxidants and

agents for bipdgseghai@fpAadigyy OBhel Ws&n;%jr‘i’éﬁﬂ ve beidg di gt anbubed y¢ thout
di stinction between the 2 conponents A and B. 15 5. Process according to

G aim 4, charaoteni ae€ anhébghttbe 28difnve is entirely included in the
conponent A. 6. Process according to Claim1l, characterized in that the
ot her constituents arMovhogehhexZl psstehy byome2@st lod diheupare@ngsicidmg of
chai n- ext endi ng conpounds, crosslinking catal ysts, wetting agents,
anti oxi darkt s makeageht Bossibbentier ferdr gempanestsnA ehd Shdionextmeindimg
conpounds being entirely included in the conponent A the crosslinking
catal ysts, th@eﬁétﬁFh@aggdagéﬁt§eaﬂhéfaﬁbﬁoﬁﬁééﬁ?sméﬁGrbhé°a§@Wﬁa fogy

bi nder char ge adhesi on  bei.ng t hensel ves distributed wi thout distinction

bet ween t he ZtE%nﬁBﬁeﬁ?gdA 5he Bom?onppﬁcé§§05885ﬁaln§ £6 tELaiY Fass
characterized,in that th he ¢ nen S . Cco e of . the -

pol yi socyanat ° n5REBFERN g ﬁ%%‘é%i E&SFBPﬁgp%ga %4&% %’P\%'r aef’ertlhfed in
that the conpg np at SSel et 98/

99.2/0.8. 5 9 ?%c@éggéccor |n§h% 4§%§%§€Fi§%a?g§té¥§§%a § gghgﬁ “he
pasty exgb05|yﬁtgogpQSé{égpclﬁlQQ{alned with a throughput by vol ume of

between 0.1 and 10. Process according to Claim1l, characterized in

that the mxing betmﬁ@ﬁetﬁ?e§QﬂP@n6ﬂttﬁeaﬂ@xthee1QfCQHEOQQﬂ%o§eh%sC%fr'ed
out in a static mxer. 11. Process according to Caim10 racterized in

that the conpomens sid eine Mitee loeed Ps eBentMPa. a vessel equipped with a
pi ston, the nmoving of which by neans of a notor nakes it possible to feed,
with 15 conponents A Emel &ntarei péantigadhsitt uad eto upsyr eampafr ttifem 1strat i ¢
m e the 2 vessels comprising components A and B, the mixer
15 head and the 13 elements of the static mixer, 1is
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%



12. ' Process according to Caim1l, characterized in that the pressure on
“the mixture of the conponents A and B in the nmixer head is between 1 MPa
and 10 MPa. 20 13. Process according to Caim1l, characterized in that the
"2 pistons are driven by the sane notor. 14. Process according to Caiml1,
characterized in that the static m xer-i 80conposed of several m xing
el enents nounted in series. 25 15. Process according to Claiml,
characterized-i RekBgknt hegkegpgrature for crosslinking the pasty explosive
conposition is between 15C and 80C. 16. Process according to Caiml1,
characteri zedpraphbatibhe e@potit élompdsibte CexpldsiveB ahargexedhyt a
28 tenperature of between 40C and 80C. 1/. Process according to ai m
16, char act ercastiing tihata timuldnaedathes fcrossldnkingkithe tdweplosive
expl osive conposition is identical or simlar to that 5 at which the
conponent A aﬂggzﬂg_ggﬂaonent B are m xed. 18. Process according to Caim
16, characterized in that the tenperature for crosslinking the pasty
epr05|ve5bonp05|t|onTh§ At ent IS Igteur 6°0MP9SiPigRes8XAEEDE di FrPnt o
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nunber - aver agePfiol 8EAFAF nﬂ§§eENh?sof SENRERI B0 TRIPREREYEE chosen

fromthe rou consi st of i sobut Iene |l yol s ol ybut adi ene

pol yol s, gol y BE?XbIB?éﬁgg pgﬁyéSt er“&gl y%?%ggné T)%Llﬂsfg?'l gxé’ﬁeqbol Vil s.

20. Process ag&ordlgg boﬂglaé gr cQgg éeﬂg qt n E%ﬁt gheh %sogyanate
mononer is chosen fromt %up con5| 1 ng o 3 uéhe di'i soty

i sophor one_di § sgcygnat osﬁt%ﬁé&h%gf Lhyhene; 4 sig] cdagél%@/ar@&a%nber

hexanet hyl ene di i socyanat e luret trihexane 20 i socyanat e,

3,5, 5-trimget habnéeétngadmt byl e0evdi issiaguanad eatanghd heiyk 18Xt YEeSthe
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] ca] ca] ca] ca] papehdied] bp] sajobbkeartRgl 8opRS!H "

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 is
carried out under a partial wvacuum 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
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& ()-"1vI10%u5u5& ()-"pqgrsu{erP=! ~1 109%k5k5& ! L! 109%KK& ()-,!Y:110%& ()-g@0%
& ()-!DF3z10%BrbpertDkbk5 d6k5kbhe  composite explosive  obtained
10k5k5: ExV4P=!I LT 109%F& ()-,'L'109& ()-,!yL!10983& ()-,!L!109BB& () -,
L' 109 ()-,!LhdO%Bd{rg, tdSXhe semi-continuous two-component process
91 1109&' ()-g5!' 9l!10%0& ()-9g5!'q9l!10%b& ()-g5, 10%&' ()-910%' ()- 10FF 10FF
which 1s a subject-matter of the invention are
identical to those of the composite explosive obtained
5 from the same constituents, in the same proportions,
according to the conventional batch process used to
date by a person skilled in the art.
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
- 0.07 part by weight of trimethylolpropane
- 3.35 parts by weight of dioctyl adipate
15 - 0.12 part by weight of MBPS
12 part by weight of soybean lecithin

0.

- 0.06 part by weight of TEPAN
0.0001 part by weight of dibutyltin dilaurate
8

8.00 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 1is then
4 800 poises.
0.86 part by weight of IPDI (same source and

same characteristics as that used for Example 1) 1is
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Example 1.

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.

10 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:

15 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

20 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/cm®, i.e. the same value as that of the
composite explosive obtained in Example 1.

25 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
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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 limit
15 of the device.
These values are not significantly different
from those obtained for the composite explosive of

Example 1.
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5 and comprises at least one nitro-organic explosive, by
introduction into a mould of a pasty explosive
composition and then thermal crosslinking of this
composition, the said pasty explosive composition being
obtained by mixing constituents essentially 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 . @& 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



"G WU3"PL! ! a0’ F! 109%& ()-f5!f Fl 10%& ()-f5! F110%; & ()-f5!

" F1109%66& ()-f5!fB F! 10%& ()-f5!f Fl 10%& ()-f5 " -a@a$bgcxVarPLl 11" Fl 10%& (
)-f51"FI 10%, & ()-f5! "F! 10%& ()-f5

"F10%#&#& () - 5! " F!109%66& () -f5! F!'109%& ()-f5gchci cjcqccbde=er S4!1 Y410%&' (
)-410%& ()-! Y 1109 ()-S' Y 1 10%& ()-S RO ()- 10 10

10=eV\eeef Ef | f aBr S4! | YAS#109%&' ()- ! ! 10%& () -! 3100/&' ()-10%& ()-I

109 ()- &10%hdY-idHe sum of the contents weight of pol

gVgngggaBr S4! | YALFATLI0%& () - S2109%& () -, 10%& () Yook (3" *1 1008 ()1 { FY810%
& ()-nggggh hdkedy Tpnd !ﬁélaéﬂ%@iﬁér,10p&®y190cyanate monomer and

10%& ()-810%& ()-810%1& ()-&B610%& () - )h<hhi (jj kyWsnbCl ! | { SF! 10%#& ()-f5! SF
| 109& () - f 5! gl 1h09M (Qnt 5lseRlitDYEb&rGe- f GepEe $6AR48 Kothden 98% and

SF1 10%ae ()-f5k’ I nm i m)m msT3! L3! 109% ] & () - - & MLO%& () - 10( ( 10( ( 10( (f
SF1 10% (& () -¥E %R0 (Qomsingd 100&s ()t S\ remi 0o, pnpwlBs T3! | xL3! 1099J& ()
- & L3 10%@& () - - & xL3! 1094T& () -- & L3! 10%*<*& ()-- & L3! 10%EE& () -- & sL3!
10%ee& () 2- &bpq" qqqRFPGIN : EQW@}591G®OC1](R3@ ToOCFRarapserkzed- in

L. 1 109%EE& ()-! L. 1109 ()-!L.!10%& () - Er'sss LLWB\N |s | 10%##& () -S5!'s
110941 & () - sgihéds FRB% o(gstgg:,u:‘en,t@ 29 - SOOI EG0,2 &P )31§5|e§te ding

110% - & S5t J 1011 1011! '10W 1& Slvs 1 10% S5!
| 10v () S50 TR (RSeT FAORET RIS TYTRSU00om SRRpERY 1heluded VS

1 10%66& /] 0 0% 1 & [P 110% [ & [ YF109&' () - MLO%&' () -
1011M'yZ<E)Z{[J{r\{ d%ﬁfb‘ 0 Louslomsioms Lo ) 0 0
1 10%#& () -/ 1'10%

1109 () - SRR b 7NN H e

109%&10) - dne! &0EE&tGbnts H1I0 c&m )ﬂsé at 1eBBtk one additive
‘Y!10%696&f()-!ys!lO%&f()-T! sI10% (& ()-T's!10% (& ()-TMLO%&' ()- 10 10
10VWbWURO/ 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 catalysts, 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 is composed solely of the
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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 motor 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 components A
and B in the mixer head is between 1 MPa and 10 MPa.

20 13. Process according to Claim 11, characterized 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
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temperature of between 40°C and 80°C.

17. Process according to Claim 16, characterized in
that the temperature for crosslinking the pasty
explosive composition is identical or similar to that
at which the component A and the component B are mixed.
18. Process according to Claim 16, characterized in
that the temperature for <crosslinking the pasty
explosive composition is ambient temperature.

19. Process according to Claim 1, characterized in
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.

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

cyanate, and their mixtures.



