SEM - CONTI NUOUS TWO- COVPONENT PROCESS FOR PRODUCI NG A COWPOSI TE EXF’LGSUM; 2004
CHARGE COWPRI 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
described, for exanpeeprbedt QW&ehish rdleteRoudr ehe rmﬁmmeagpl gield,
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[ Expl osi ved|ore TRRFHIGHE Y D uRBAE alforPXPLeSs Vep e 16851 9 BUCh 29

pul ver ul entp£liar g8dl sh8ixed in a blender with a liquid polynerizable
resin, for exanple a prepol yner conprising hydroxyl endi ngs. A paste is
obt ai ned, whi ch padt @oranspecitistsuby estmyatgeundt t e PoisARIzed by

cort % L 45 8 BB pEocl 15 SR ARCchiBopa S Anle 0 e nomnt s 2
noul ded i t ertmrgetsh coapi eding harscltiet lpsﬂyurethane matrix.
The term “composite explosive” is conventlonally
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



There are disadvantages and limitations to this 1 3 JuL 2804 - 2 [ 3 JUL 2004
conventional process for blending all the constituents, which are
introduced and mxed in a blender according to a defined sequence. \Wen
.mxing is conplete, the paste has to be 5 used within a fairly short

period of time (pot life). Extending thé& pot life by reducing the |evel

of crosslinking catalyst has as counterpart an increased polynerization

time, the tenpenatntéohelngrbeebsedor blleadial &libEHd&dhYQUELEHUL -
nature of some 10 constituents. To operate in this way thus requires a
techni cal conphbghsersetimeroduredoandi dxedd irhea blehdert iddordmnge! | as
a necessary linking of the sequences for blending and casting the paste.
15 It al so re§fiRe eélﬁeﬁpﬁéﬁﬁGQCGn terms of econom cs between the size
of the blender and the size of the noulded object. This is because, while
this batch process appeRr §‘lt"dn19e F2i FPFRRere. suthedpastehdiasmantbadteur e of
20 |l arge Jec as un t.or pedoes, and bonbs, on the

ot her han %?%vg’ggg&nb@ ht 4t V\@E gﬁg\?g’ﬁf’:&&%&f e x heAsi vd fied -t he
Pt ko g et ot IR TR L 3y L L
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In this situapdDpmerizdSiHeCcossady t!ﬂ'xé"a‘fzeenﬁ‘)erature being limited,
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 -



high pot life in order to be able to charge nunerous 1 3 JUL 2004 4 §‘UJL 2004

muni tions with the sane bl end, which has as counterpart

long tinme for crosslinking the paste and a very high cost of the
~manuf acturing cycle because of the tine during which equi pnent and

per sonnel

nunber of munitions to be filled per blend is reduced, which is

coonon ca Iy isadeat e & oo Sl Lo e ALt Ratclried o

escape 10 fromt

I's pot Tifelcuring e 'straightja

a particularl

are 5 occupied. If the size-aof +he blender is reduced, the

| ed

necessary ang pA4is@ldnk Ny dhe @&“Cﬁ-f&nﬁg%ckiﬁtér@ SRS g5 To

solve this problem J.M Tauzia suggested, | 0

ni cat’ron entl
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"Conpatibility and Processing"” arranged by the Améri can Defense
Prepar edness tAssoctiiati odufADBA) whilch23e@bifkéoberad®8DatsdAk&l nip-LHeach
(United States), a two-conponent process in which 2 chemcally stable 20
pol yreri ¢ copgem@aes .exhi biting approximately the sanme |evel of charge

and the sane viscosity are first of al

"prepared fromthe constituents

bat chwi se i n bl ender 3f TheSe A gmspf cohpordisrsiesr eisubseduesd) y texed
continuously with a ratio by mass of approximately 1. 25 This
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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.



di sadvantages. .1 3 JUL 26,04 - 4 A first disadvantage is that it Qravggi 2004
to be highly problematic to continuously mx the 2 pasty conponents to
obtain a honogeneous product. A second disadvantage is that the 2

conponents 5 are pyrotechnically active (presence of explosive charges)

and that it [sic] therefore both have 4@ be prepared and then stored in
secure plants. A third disadvantage is that the solid polyneric matrix of

the composi te expl oshver sl Ly oad0agbtalnad | 2,gh Ler St from hat, whi ch

is obtained, with the sane constituents e safre “pr

accor di ng tonlga160nYenbl anatioalcd RIGAIHIoud]® hix PEABUSE. Aagqyding

to Tauzia, the’isoOcyanate conponent 1Is polyneric. fact of preﬂéring,

as an 15 int epnpdhahes 86 bbeayanat BoRbgRALYEEI pEb@lrthe starting
| socyanat e nononer has the consequence of producing a solid polyurethane

matrix which is difAesecbntr angadiambig ned eissor dhag 2t & At
process by directly mxing all the isocyanate nononer 20 and all the
hydr oxyl Prepokeymmyrotieichndickefldivencectiivest r (presenoé tbé saxpdosive

pol yurethane matrix results in undesirable differences in nechanical
and/ or det on&hRHgep! opett i ERat r dui ki veeyetxpenbowd drave to be

di sadvant ageous requalification of 25 the final_ product. The

t wo- conponenPIBPBEESs2REsEReBedtBYeY. M SqEEES P1antherefore not entirely

i sfactory. A mmin, subject - r4Of the present {nyentjon
satistactory T ASLmyﬁ¥¥dIﬂa&&%adgan%agep %i? tt ate ttﬁg solid

polymeric matrix of the composite explosive finally
10 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
15 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
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, requiring
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-métter of the present invention

is an improvement to this two-component process and the



‘is an inprovenent to this two-conponent process and the 3 Jul- e 4,$3 jyL 2604
present invention provides a sem -continuous two- conponent process for
produci ng a conposite explosive charge conprising a polyurethane nmatrix

whi ch exhibits neither the di sadvantages of the conventional batch 5

process nor the abovenentioned disadwart ages of the sem -continuous

t wo- conponent process described by J.M Tauzia. It has been discovered,

unexpect edl ypreRahti s iRREHIH t LM AL @ go i;te _explosive charge 10
conprising a pol yurethane natrixq%ccdgilng %on§%§ﬁn%Petgﬁaopﬁexﬁﬂﬁgive
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requalificationpof the final prgdu??onggﬁgt%g E?Hggséﬁg ﬁf(%Q§§ve

conbi nati on chargeclwompali sthar act®sl phi&chd@d ahk P81 % Owhhendiest iyt on 15
of the constituents in the 2 conponents and to the ratio by nmass of

m xture of theighesnporentdisadyentsges f bal tye aaithimcionmt t @x+eh t he
present invention is a sem -continuous process for producing a conposite
expl osi ve chBFgeeednpirRed tée aaPovenangadned! i di padyaneidene omt khe, the
charge of which, is solid and pul verul ent and conprises at |east one

ni t r o- or gani TBXpFORFYRUCHS FHETGRMRPRSMt | RTOCes srpdéscrbbed bastyM.

expl osive copposition and then thermalcrosslinking of this conposition,

the said 25 ﬂﬁb@ltion bei ng obtained by m xing constituents essentially
a pol yi socyanat e nononer

and & pulverul ent - sori BIShATGP COHBFPEFRE At PEAEBCoE Ay | (R gaRl o

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 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.



explosive. 1 3 JUL 2004 - 6 This process according to t
characterized in that, to obtain the pasty explosive co

he inventi 03 ISy 2004

nposi tion:

conponents: 5 a pasty conponent A conprising all the polyol prepol yner and

all the pulverulent charge, a |iquid component B conpris

ing .all the

pol yi socyanat e nononer, the plasticizer betng distributed without 10
di stinction between the 2 conponents A and B, are first of all prepared

under batchwi se condtfionsyfsanad hea%ir}pgd ct%nstti}{eugg%?,gtr%go%i nRIse

honbgeneous m xi ng, the conponent A an e conponen

a

subsequent | y ¢haesctreleredonhi nuQis, cepdidy h t nent
s B R SHen Y aniPaguERES.

Al conponent B ratio by mass is constant and between 95/
The fact showamgmsiiisari y noted, according to the inve

ntion, in addition

to the very specific 20 conmponent A/conponent B ratio by mass, that the

conponents A-and B dwnpsindrehes t he sane viscosity, that
conprises _all the charge and polyol prepolyner, and tha
liquid and conpri ses & aP@sStecpoppnentyatempoioiey adl

one i s pasty and
t the other is
i sSthewi p&DYSL

chem cal 25 nodification, in particular wthout prepolynerization using a
pol yol . This conbi nati*PIHYMAL N6k ilde thee Puilyairulendr sbeggiest i cs in

conparison with the %Fniigontinuous

quid component B comprising all the

polyisocyanate monomer,
the plasticizer ©being distribut
10 distinction between the 2 components

are fifst of all prepared under

ed without
A and B,

batchwise

conditions from the combined constituents by

simple homogeneous mixing,
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- 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



t wo- conponent process of the state of the art has the .1 3 JUL 2004 3

technical effect of eliminating all the abovenentioned disadvantages
the process particularly sinple and inexpensive. Only the

is pyrotechnically active, 5 which considerably restricts the

raints, and the m xing of-the-conponents A and B is easily
Furt hernore, the physicochem cal, nechanical, detonating and

Ve d¥pesd i ess bt hef ie’l%'miﬁjac%i%rs of &% %g?@%}ngﬁ &éggépfgﬁn

of rendering
- conponent A

saf ety const
honogeni zed.
vul nerabi lit
of the produ
the sane co
di sadvant age

ct obtained according to the conventiona C
nsidddieiitadds tdYRd SGFer &R QPP A OPSe %b&@s@vghgi?ic@l rly
ous requalification of the product. e operations of

fu, 2004
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detonating and vulnerability properties of the final
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
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.

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
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



Crosslinking at ambient tenperature (20C) is 1 3 JUL Cu't even possyq3%Ul G
which is particularly advantageous. According to the present invention, L
t he pasty expl osive conposition is obtained fromthe usual constituents

used according to the prior processes and 5 which are well known to a

person skilled in the art. These const+t8ents conprise essentially a

pol yol prepolyner, a plasticizer, a polyisocyanate nononer and a

pul verul ent chasgeCNIBIsS Reh At | 824 10 ﬂrtlrf‘%{v%%@at%ﬁ%%' osive. 10
ani ng

The term "essentially" should be understood as “neanin at t'he-

abovenent i oned constiAdIHdi() CloakBe BMEYSHPr €868LcaRH I S veral |
nore than 90% by weight with respect ?% the total weight g?ﬁfhégég ty

expl osi ve compuslidsiore I1<orpred eriadn y, isheobult abdt heoant efs bysygi ght

pol yol prepol ymer, plasticizer, polyisocyanate nonomer and pul verul ent
charge repres&itssfaanden 9894 ancod@ing ofot hbec priiore b rafsddddiems.
Cenerally, the physical states, solid, liquid 20 or pasty, of the
const i t uent s "AHFofRfeh#eddnFoomn ¢os 2 Sessod Iséiddddr shootle mamtthe present
description, as being the physical states at anbient tenperature

(approxi mately 200) S& afRDBESPhEVFPRLPr esOMRrisEappeagentielyy0. a MPa) .
25 The ternl"nitrq-okg%gég expl osi ve" shoul d be understood conventionally

as meani ng ak &¥fitosi AOSEM f PomRIFS GrdRS Teonst stRIMgY IeFoganate omat i ¢

g;?lt 03} VS?\ g&%@ﬁe? %\%5 ,al ﬁ?\?%\lregxnl?le%tl\loghgrrggp’cc.;[nbperisci%rgbqgtatloen;sftor mng
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



1 3 JUL. 26A - 9 ester explosives (conprising at |east one C- O NO2q 3 L 204
group) and nitram ne explosives (conprising at | east one C N NO2 groudyr L
Preferably, the nitro-organic explosive is 5 chosen fromthe group

consi sting of hexogen, octogen, pentrite, 5-0x0-3-nitro-1,2,4-triazole
(ONTA), triamnotrinitrobenzene, nitreg&ani dine and their mxtures, that

is to say all the mxtures of at least two of the abovenenti oned

conpounds. 1Qdten pakplssd s (SiEImpr££ £h¢& edypay nitLO- ~organi c
expl osive is chosen fr%nnthe group %%%sist?nga oflﬁégggeh§goc§békﬁ,2CNTA

and their nignogs. Aedorslitihariiihe Riplesiodsal @smatived oLm fhe.
content of nitro-organic explosive is between 15% and 15 90% by wer ght

wi th respect ane tdrNd@rpgsptp) expl osi ve and the content of pul verul ent
solid charge is between 75% and 90% by weight with respect to the
conposite expl osi vePrRfemadiliyy t otlz ahtérnabryenior mexihesi2@ is
pulverylegt solid charge is conposed only of nitro- organic explosive.
Accor di ng”t o SAPGERer L E0T e Rt iGFOUPoregne bt ingm| 0ér tleswgeso! i atdgrmge al so
conprises at | east,_.one conpound gther than the nitro-organi c expl osive.
25 It can, f&F"&tampire, coggff§8'§’9éaﬁer%gznﬁré?iab@k¢erabIyﬂﬁﬁﬂ@en from
and Cthel r mibarAeStRins S aPER G ke |y BReFERPETLRATE { nend eqdieitr nat &l
i's alumniump;yryres, that is to say all the mixtures of at least

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.



J, 3 JUL 2004 - 10 The content of reducing netal can, for exanpl; bﬁt
bet ween 0% and 35% by wei ght with respect to the conposite explo ﬂ&%J thél04
pul verul ent charge can al so conprise, in 5 conbination or not in
conbination with a reducing netal, an inorganic oxidizing agent

preferably chosen fromthe group consi Qi rg of anmoni um perchl orat e,

which is particularly preferred, potassium perchlorate, amoniumnitrate,

! part ariy pre | . S
Soant Tean "% o dosamid Brtelfetor Hedie £ MEN e IOEGRNLERRAS 2L "D,
the conpositeexpbeae¥f. odheanghespulyer %E?ghtSQthq CP@%gSCEO'H?J‘éﬁ‘é at

| east one conpound other than the nitro-organic 15 explosive, thrs other

conmpound i s preiprsiidey dpasyivg.om the group consi sting of ammoni um
perchlorate, alumniumand their mxtures. According to the present

i nvention, the pol yolThepr ppdbgmelens ahaxge otahesslsd seomprliis@yi dinlts

20 nunber-average nol ecul ar mass (Wn) is preferably between 500 and 10 000
and is [sPc] qemfigadtiion clegsemotf r ém t hemginapioonswithnga of reducing

pol yi sobutyl ene polyols, polybutadiene polyols, polyether polyols,

pol yester ~pdl8fdls o porygrnégarxishiaigis. agant paetfieqalbdnyl ycldSsen
preferred way, a polybutadi ene conprising hydroxyl endings is used. The
pol yi socyanatid Wondtisr FZONP| | GANGIShiBGer @bl yARRRRERT f rRFA ¢ TR Rup

i sti . n id. TDI i hor on ii n | PDI
consi sting Ofwhtl%lhuelse padn.ltllscouclya%:rl%} ep e el.)fecl,so otoasosieurxgI peésr(-)cC flozaaEtGe,( )

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),



‘1 3 JUL 2004 - 11 dicycl ohexyl nethylene [sic] diisocyanate (MDCl), JUL 20us
hexanmet hyl ene dii socyanate (HVDI), biuret trihexane isocyanate (BﬂHﬁ),
3,5,5-trimethyl -1, 6- hexanet hyl ene diisocyanate, and their mxtures. 5 In

a particularly preferred way, IPDI or MDCI is used. The plasticizer is

also a liquid, preferably a nonoester, 1duch as isodecyl pel argonate

(IDP), or a polyester chosen fromthe group consisting of 10 phthal at es,

adi pat es, azelialyeS ol yaeRitdlQSneANONEs i PP YeSHi8Seiahiagget i N |
pht hal at es, such as dioctylyghthalate (DgP), élﬁyfy%zg?%tes,(%%%tyhs

dioctyl azel atexafrie@hlylemed alikyod@inpates, () as pdiQst vl atidad g (DOA),

are particularly preferred. 15 In addition to the abovenentioned essenti al
const it uent s isltyacerei nedBTBASE i t uBNG S5-ctuni e sloy 1 €D hSeandd t B e ONe
additive chosen fromthe group consisting of crosslinking catalysts
(cat al ysts ofiffecyrRoeterl radctheay, misturag.agents, antioxi dants and 20
agents for binder-charge adhesion, Use is preferably nade, as crosslinking
catal yst,>of dibutyl £Pn &li PatFafelapBrLpreferrede weay HPRD be MBI of any
ot her catal yst well, known to a person skilled in the art, in particular
other 25 orgafotPR%onpounds, such as a stannous salt of a carboxylic

acid, a trialkyltin gxide, _a.dialkyltin dihalide or a dialkyltin oxide.
Mention may be nade,QEFOP-8?5&69§?¥oﬁ%ﬁqﬁﬁ?l?iﬂlaFéeetQFéfeaﬁéﬂﬁy@tin

di acetate, digabukiLp, di%tgea%ndi§£ggggfs poecﬁ:[aor fSiate (IDP), or a
polyester chosen from 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.



1 3 JUL 2004 - 12 Use may also be made, as catalyst, of a tertiarlyd jyL 2004
amne, -in particular a trialkylamne, or else an organobi snuth conpound,
such as triphenylbisnmuth. Use is preferably nade, as wetting agent, of a
5 lecithin, such as soybean lecithin, or a siloxane. Use is preferably
made, as antioxidant, of di- tert-butyl i1gara-cresol (lonol) or
2,2" -nmet hyl enebi s(4- nmethyl-6-(tert-butyl)phenol) (MBP5). Use is
preferably made, as agent ofaor Ringder pelO ghay ge adhesian sog o
ﬁﬁodhds Herfved

tri et hyl enepentani neacrylonitrile (TEPAN) or certain co

from sil anol ertsizcly asnirde (tihephoxysulyt) Br epilal %A @AinG , Wygjggge
(C13H2406Si) . The constituents can al so conprise a conmpound 15 tor

ext endi ng t h@eirganebismu tholopmpouadghaueh ki sréphpaydPikmuggneral ly a
pol yol mononer of |ow mass, of |ess than approxinmately 300, preferably a
triol, such as trimeV§§l dispromiergbiw)made, aadi settisgchgasntdi propy! ene
glycol. 20 According to the present invention, 2 conponents: a pasty
conmponent> A 8&&F¥§3ngsaFP fReSpyP§ar lprépbipnepraadsalbxehe. pul verul ent
solid charge, a liquid canponent B conprising all the 25 polyisocyanate
nononer, the plasticpfsrH&ﬂﬁﬁféﬁ%ﬁq¥ﬂnﬂ%§Fww%ﬁoﬁ?tleﬁéﬁﬁHEti@ﬁ Iskitween

condi t1 one. FPEt LV SoRAT RehTEBRA | CUBRY BYEorana ' TR (4-
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



13 july 2004 - 13 mxing. Preferably, the conponent A conprises ai|3tTﬁ. ,
plasticizer. In a particularly preferred way, the conponent 5 B i JUL cuut
conposed solely of the polyisocyanate nononmer. Wen the constituents
conprise a chain- extending conpound, it is essential for the latter to

be entirely included in the conponent -A13Wsen the constituents conprise at

| east one 10 additive chosen fromthe group consisting of crosslinking
catal ysts, waiixirgyagents, antioxidants and agents for binder-charge
adhesion, this additive can be distributed wthout distinction between

the 2 conponents A @xbfhiBly,t tB5ePlehPoalkng QﬂtEBﬁb¥isé§i#¥¥L@§Q in
t he conponent A According to a preferred alternative form the

const it uent s FAtdsriilzar .t he pol yol prepolyner, the plasticizer, the
pol yi socyanat e nonomer and the pul verulent solid charge are chosen
excl usively from 20 tlfe yrpaptéontastyngreberchdi wagxt et ngompsReOsKds,
crosslink%ng cat al yst s, metting agents, antioxidants and agents for

bi nder - char g& &&hé%WGWFePhéoéﬁ Ynofethendodyisonpenats hennmeentirely

i ncluded in the conﬁ nent A it being possible for the crosslinking 25
catal ysts, the wetti %eggenFé?_trﬁ?%ﬁﬁ%?ﬁﬁ%ﬁﬁnASCQW@rﬂﬁé agentshdior-

bi nder-charg ion thensel ves,to.be. distrihuted w thout distinction
bet ween t he %é&%%?r%g en ots}npﬁuaﬂ% B e fESentisy & praeedabiter itwl uded

in the compop@ntrfirely included 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 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.



‘1 3 JUL 2004 - 14 The conponents A and B are prepared

i ndependenj |
under batchwi se conditions by sinple honbgeneous m Xing, folro exa%lsgvlmq @ﬂ‘i
bl ender, and are chemcally stable, that is to say that there is no 5
chem cal reaction between the m xed constituents of each conponent and
that all the constituents retain therrldtructural identity, both during
m xi ng and during subsequent storage and i ndependent of the conponents A

and B. 10 According tiet he dqumpefintishvent i ongnd 0 gpt aify Q&Sér#?leé( | osi ve
uert 1y
{

conposition, the conponent A and the conponent B are subse

i xed

under conti nuoulepetaRditliyonuingleeh tdaaicHiS eC ONRARAR AY<COTREN ;Ei atio
by mass is constant and between 95/5 and 99.5/0.5, 15 preférably “between

98/ 2 and 99. hodogentouse el ,i nfot hexarmglen iof H9%b1dRHEEL £ 0RNMENURLS

m xi ng between the conponent A and the conponent B is,
preferably, c&gricadlyutstablest ahia¢ niserto asayxethatel

for exanple and
lthiez@wnig o rip 20

person skilled in the art, in the formof a pipe conprising crosspieces
whi ch forte CREM3F8ducEeREtLPRg PRIHERT hitbeghmi Bedeparns i turht e f 0

rem X. According to a preferred alternative form the

are each pre??ﬁﬁ

whi ch by nea a tor makes.it possible to feed, w
SRRt bR paR  uparralarsr 't oth afiing

and B, a m xer head”situ

conponents A and B

i PP anss thapuiddded thet heanpistwrnts heetaiimg of

th conponents A
xBEX189 t A t he

contents of BG?ibee%u%%%%uEBQWiégé}a&éua5%5uifn§l$§£dent 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 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.



~1 3 JUL 2004 - 15 The pressure on the mxture of the conponents A 3qﬂﬂ‘an
in the mxer head is preferably between 1 MPa and 10 MPa and the 2 "

pi stons are preferably driven by the sane notor. 5 In view of the high
conponent A/conponent B ratio by nmass, it is advantageous to enphasize

that such an assenbly offers the possiBidlity of linking together several
vessel s of the conponent A for the sane vessel of conponent B, w thout

disrupting the 10 cditd numssyrecEssthelheisthatd Cofl Xk AGRPLHERGstR the
invention is preferably conposed of several elenents nounted In series,
in the form &nd Biijpe, thmviiwena hbadret €rpref €f £ bpl lye Bfe det Wegps 15,4m and
60 mMm 15 Use is made, for exanple, of between 6 and 15 m xing el enents,
such as thosé&HMEe cnfretbeakl pigtdnsiedte kporfierabay peiriornskiy | egein t he
art. According to another preferred alternative form the pasty expl osive
conposi tion iS#M6bfWHEd with 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
exanpl e i B the regi of™of V6% B hPeTHRIGh o FORBRNERTedAFEREPRRAL B

alternative faqr, cording tp which_.the conponents A and B are each 25
present in ar\%é:gls?elging%ﬁéd %\ft H5% pREEBhadRakEs YosEMBRasyery Wiaki se

o feed tho “Seht i ehm Neroit o SEiu g BunBe e aRhELE Ty oF kS 1 or
storage of thegeenBenesdverraPN¢eBsels of the component A 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, in 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.



1 3 JUL 2004 - 16 The static mxer is generally equipped with a LgﬁﬁﬁL' 04
in order to make possi bl e adjustnment of the tenperature. Each elé éﬂ
.be adjusted to a different 5 tenperature. The final elenent can, for
exanple, be adjusted to the tenperature chosen for the subsequent
crosslinking of the explosive paste ih the"noulds, the other elenents
situated upstream being adjusted to a |ower tenperature. 10 The vessels

or the tanks conprisThg tstaticomixent $sA gend B 103N edwioped eqslicaped With
a heating system According to a preferred alternative form the
conponent A aAgkehe Tomedwen Boarmake xgdsatibde 15dfespmeat urer oftheet ween
40C and 80C. According to the present invention, the pasty explosive
conposi ti on bBPBERREUARter mixing the conponents A and B is introduced
into a mould in mhicg ét i.S subsequent|y subjected to therm
crosslinking, 20 fof28RafiSNSTH af@Bvehf RiINStessstPnid nglifdexiens from
the formatio ane, bri dges,as result of the reaction of the
hydroxylmgf ung?r?%%ﬁ%{g%%ijpgrhoef ?%Eabol D ep & er L3hd SRR Ghal P of the
chai n- ext endj yg,cpopound Mit h I socyan functional groups of the
polyisocyanategunnﬁgne?.t#k% %%@é%%?%&?%gxgggégiA%’eé@@% ﬁFgﬁeﬁﬁént

tenperat ure @pdssNenkPRd enk Qﬁecékﬂf$§ﬁg%$§§§53rEkF&h@'H&Siggreghﬁeta

alternative form the nould is conpose the casi ng, general
other elements situated upstream being adjusted to a

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
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Preferably, and in particular when a static mxer is used to mx the
conponents A and B under continuous conditions, the pasty expl osive
~conposition 5 emerging fromthe mxer is introduced under conputer

control into a large series of noul ds,- fldr =exanpl e several hundred shel
casings. According to a preferred alternative formof the invention, the

tenperat ure fasioipssdf nkimighitdieon, 1GRasanue @F we sHTRosi tion
i ntroduced into the noulds is between 15C and 80C. The crosslinking can

in particul ar be carrimferatil gt anbi eph tRIPETAILLE (RRRr O%i NBE £t Y- 200),
which is particularly advantageous. 15 According to another preferred
alternative M™iges tLhe wsadsltionkinhy ttErpercampoaenssi dentarzhl Borung@éai | ar
to that at which the conponent A and the conponent B are m xed. The
fol | owi ng noMAHITTURY SexefRA - 19N Sst Eheepasey tawplionioet | compdxanpde 1:
Preparatipn of a conposite explosive charge conprising a polyurethane
matrix char gEFSHFR%heXxbFBn thBashiXRBnpéneht t R erRADYBAESUSC PRIt T

conponent A i repared n 5 a vertical stainless steel blender with a
capacity of C§§’eri%ltar e3 By Fi iiaﬁ'@et héer?Fovﬁﬁg mogR&lSi t uERE s, efamrlie

relative pro 1.QRS Lan t 60C for 4 h: 7.49 parts by weight of
t he poIybuta%%&%ggﬂcggg?%gﬁnggﬁ%gr8§§anﬁdings wi th a nunber-average

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
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functionality of hydroxyl functional groups of approximately 2.2 sold by

At ochem under the name R45HT (pol yol prepolyner) 0.08 part by weight of
trimet hyl ol propane (chai n- extendi ng conpound) 3.37 parts by wei ght of

di octyl adipate (plasticizer) 0.12 partl8by wei ght of MBP5 (anti oxi dant)

10 - 0.12 part by weight of soybean lecithin (wetting agent) 0.06 part -by

wei ght of TEPAN (agseidcdXdr bihagder o fC dhasian) -0 0 ar.t. i ght
of dibutyltin dilaurate 15 (crossliEﬁﬁﬁgngétalj%?)28%956£8§rf§i§§ %gight
of pul verul ent hexgest i qredlairtge m&dEhQErakyuo-Qﬁg@@&@nggplﬁ§gyﬁg. LEquid
conponent B The conponent B is conposed solely of 20 isophorone
diisocyanate (| PBPRradimatieslyt o2s2ysofldt by Podbyhencuanate HHRNORBhe
Preparation of a pasty explosive conposition by mxing the conponents A
and B under contiﬁﬁgﬁéTcﬂWRﬁMQmefénﬂiymgmvinuous m xi ng between the
conponent _.A 25 and the conponent B is carried out in a static m xer
conposed Bf I3 el megﬁt PardukedvehglEer Pds taime thyleigitopasfe 3ochaimnd a
di ameter of 32 mm ﬁgter transfer of each of the conponents A and B into
a vessel equi pped SRR ICHBUMe vessel comprising the component A

- 3.37 parts by weight of dioctyl adipate
(plasticizer)
- 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



1 3 JUL 1004 - 19 has a dianeter of 300 mm and a height of 250 mm The
vessel conprising the conponent B has a dianeter of 40 mmand a hpagmqumgq
250 mMm Moving the 2 pistons by neans of the sanme notor 5 nmakes it

possible to feed conponents A and B to a m xer head situated upstream of
the static m xer, so that, on the one Hénd, the conponent A/ conponent B
ratio by nmass is constant and equal [lacuna) 99.14/0.86 and, on the

other hand, thwd &helicerien So©f 3bbemfi %8la headefLaw 0 4 he ﬁt atic
m xer. The pressure on the m xture of the conponents R* &h 'n TR mi xer

head is 2.5 MRessdhecenpictisipanihe t Baipbeh® 98Y n P2l iGlctler the 2
vessel s conprising conponents A and B, the mxer 15 head and the
el enents of t4fe mu @rnd aribesighti ©f tdtdr mwst atically controlled at 60C. At
the outlet of the static mxer, the pasty explosive conposition is
obt ai ned with a throdifmg dthe @ 35 sl¥aris bR Ondns @Ristlye exmhe®Shy€or
conpositign i s homogeneous, and has the foll ow ng conposition by weight:
pol yol pr8polBAksS 17 Peagible g fesd armaonent 0 A6ars \B stoz yanat e rononer
: 0.86% 25 - I%igﬁgiz r . 3.35% - antioxidant : 0.12% - wetting agent
0. 12% agent f‘%ﬁﬁ i T TS MRE RS iU they Yevhi e rbistgdniengthat alost
0,
0.0001% 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%



-1 3 JUL 2004 - 20 - hexogen : 88.00% Preparation of the conposite1 3 JuL 2004
expl osi ve charge by casting in a nould and then crosslinking the

expl osive conposition 5 The pasty explosive conposition exiting from the
static mxer is cast at anbient tenperature, approximately 20C, in netal
moul ds, with an 80 mm x 80 nm square —TtrZdss section and a height of 120
nmm positioned beforehand in a casting chanber 10 connected to a val ve
situated at thenerddert ofgdpps static m xer, the chanber-val ve

| eakti ght ness being provided by a rubber ring. The dynam c viscosity of
the pasty ex@mspamati osft i theat oslittlect Udad vl atdKargeCbyS 15
5 800 poises. This operation of charging the noulds 1s carrre under
a parti al vam&MLwndlmﬁwsmwiﬂ%é\fter
charging, the noulds are introduced into 20 an oven at 60C for ays,

whi ch nakes iSCMRASIBHAN t 0 crosslink the binder of the explosive
conpositign and to finally obtain a conposite explosive charge conposed
of 12% by>wei ght of PASyUuPEERYNETRIPSXVANFFTPSERiSp amighngof fhexogen,
the density %{\Mﬂéglis 1.62 g/cnB. 25 During the crosslinking at 60C of
the conposi ti¥h ITFAHE dHXE the Filge 30 1HPIBHan teMRESBaTe Yy Of

b0 per oS! LA ARG 0B8] (NEatl MReclPS TROLGLE Q[LgT 20 ¢ 6

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



1 3 july 2004 - 21 after 4 h : 7 900 poises after 6 h : 9 100 poi ses.

The tensile nmechanical properties of the conposite explosive obtaf Beglt 72004
‘were determned using a 5 conventional tensile testing machine at 20C with
pull rate of 50 nmmm n, starting from standardi zed nonodi nensional test.
speci nens, according to a nethod well- kRlown to a person skilled in the

art (nmean of 6 neasurenents): 10 Maxi num stress (M5) : 0.8 MPa Mbodul us

of elasticityaftar: 4 b MPa o %agé§n at maxi mum stress (em : 9%
Breaking stress (BS) : 0.8 MPa Elongation at break (eb) : 10% 15 These

nmechani cal prafwssi i@ af € sl Yadeyy for this type of charge.
Furthernore, the sensitivity to friction and the sensitivity to inpact of

the conposite expl osiThe obtahatllewenedirirgldilnedpassereiag t ¢ hegJul i us
Peters 20 nmethods and devices well known to a person skilled in the art.
The sensiti viG9PRAS ittpackPleos28ej miitesindebr welte sdstsétmindd w@ihki caion,
20 positive tests out of 30 are found at 353 N, the maximumlimt 25 of
the device. COHYE A2 lexaapFélehi e stoimsar agichd nex aapl @ fdeswieh far m
part of the invention. It was carried out for the sole purpose of
showi ng t hat RMe ph@siecolhenrlalMmaRdnmechBAFEANT 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
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according to the sem -conti nuous two-conponent process which is a
subject-matter of the invention are identical to those of the conposite
“expl osive obtained 5 fromthe sanme constituents, in the same proportions,
according to the conventional batch process used to date by a person

skilled in the art. According to this conparative exanple, the follow ng

are introducegrbptprfeyertical dender it 1 Ly O Litres:
7.42 parts bsgaegght of the polyol pf% oné%r ugggaggg&%Exa%B%§§Tes.o7

part by wei ghic@&rdirh@ﬁtbyk@x!epr%%ora&ﬁ'ﬁld@ét@w@é’céﬂﬁ%&ﬁ@h@f pdbeEkY!
adi pate 15 - 0.12 part by weight of MP5 012t b h 20 par y weig t o
soybean | eci twihich 0. 06 part sybjecthiatfedEPAN 0tB@01 pardntorvei ghe of
dibutyltin dilaurate 88.00 parts by weight of pulverul ent hexogen. Al
t hese constitifkentsicale t@ehhbsalOﬁouhuﬁmnmpmxiﬁqwefyimaﬂﬁe1obﬁgmﬁeaource
and sane characteristics). After mxing for 4 h at 60C, a partial vacuum
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
.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



of approxinmately 15 mmHg is produced in the blender and 25 then sq|3r¥@£)2mw

is again continued for 4 h at 60C. The dynam c viscosity of the paste

~then 4 800 poises. 0.86 part by weight of |IPD (sane source and sane
characteristics as that used for Exanple 1) is 1 3 JUL 2004 - 23 then

added and then the mixture is stirred fo#330 min at 60C under a parti al

vacuum of approximately 15 mmHg. The pasty expl osi ve conposition obtained

has 5 the satkesompdsit izoni bynavei ghe asxthat bt almed d@r ¢ Examplg 1
This conposition is subsequently cast in noulds identical to thosé used

for Exanpl e latnd6PSCt hemdeer ossl ipkegi £0r Jacuah 68€ 'BpﬁEoQ!ﬁBtelg
Buring the crosslinking at 60C of the conposition, the change in the
viscosity as B fmmgion of the time was nonitored, the starting point of
the time being the moment at which the IPDl is introduced into the
bl ender: 15 after 2 hiRe7P3e¢YpoP¥Rosaveercamppsitoi @00 opdiasieed ahter 6 h

1 12 500 poises It is found that the change in the viscosity of the pasty
conposi ti 6n i s o2& fgnTPTRAT FPRi Plerenighho asr obha hatobtedsededfbor

Exanpl e 1. The conposite expl osive obtained after crosslinking for 7 d at
60C has a de%%%@ﬁgésii.Gz g/cnB, i.e. the sanme value as that of the

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/em®, 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



conposite expl osive obtained in Exanple 1. 25 The nechani cal prope of,
the conposite explosive obtained according to this conparative %pﬁﬂ.zmw
~were determ ned under the sane conditions as those described for Exanple

1: Maxinmumstress (M5) : 1.0 MPa 1 3 JUL 2004 - 24 Modulus of elasticity

(E) : 18 MPa Elongation at maximum stTeds {en) : 10% Breaking stress

(BS) : 1.0 MPa Elongation at break (eb) : 11%5 None of these values is
signi ficantl| yModéles enf elasvit¢hope(pptai ngdupor the conposite expl osive

of Example 1. The sensitivity to friction and the sensitivity to inpact

of the conposklengxplosiae rudtimuedstwsss ale) :1Q0det ermi ned according to

t he sane nethods as those used for Exanple 1. The sensitivity to inpact

is 21 joul es.Bregking seressi (B3l 1ol fG¢iMB4 on, 16 positive tests out of

30 are found gt 353 N, the maximumlimt 15 of the device. These val ues

are not signléi?ﬁﬁﬂq Qh??eﬁ%ﬁﬁk fexdm:t Bd&e obt ai ned for the conposite
explosivesof Exanpl JUL 2004 - 25 dains__1. Sem -continuous
process for producqu%{le 3R ¥xbresi v eharibicanpbeecdisfenenhar ged

solid from those obtained for the composite explosive of
Example 1. ‘
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.



pol yurethane matrix, the charge of which is pulverulent 5 and conpr{ gegiat 2004
| east one nitro-organic explosive, by introduction into a nould of a
pasty expl osive conposition and then thermal crosslinking of this
conposition, the said pasty expl osive conposition being obtained by

m xi ng constituents essentially conmpriséfig=10 a pol yol prepol ymer, a

pl astici zer, a polyisocyanate nononer and a pul verul ent solid charge
conprising atClaigwst one nitro-organi c explosive, characterized in that,
to obtain the pasty expl osive conposition: 2 conmponents: 15 a pasty
conponent A donpri si $gmdl-icopité npolugol  proepslsy nerforand pdddddiegoul ver ul ent
solid charge, a liquid conponent B conprising all the polyisocyanate
mononer, 20 CREPISASE ExXRoSisiengrhiinae | ponpesed t bbut  ohiasigencts clni det ween
the 2 conponents A and B, are first of all prepared under batchw se

condi tions fPG Pﬁ@tgéﬁﬁiW@&réénsﬁpﬁu§ﬁ@§gﬁyOfSMﬂ@Q?Iﬂﬁnﬂyiﬂﬁnnianuing,
25 the cquogggtdgngnd t he conponent B are subsequently m xed under

conti nuous condi (10RE 15ETc it hbt2 heRBnPdhERTOAFEBABoRSRE OB iVEY | dYby

mass i s const we 95/5 and 99.5/0.5. 2. Process according to
Claim1, chatrlgg%grapggggbn %Lt"zgo% -m%?dth tife sHATPHY t FEPIORd® s by

bul ver ul ent ST Fa°BKarae’ Fogr cBbATs BUFLDEA o6toRRaLARing MO M EhsT™
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 - 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



“100% of the conbined constituents. 5 3. Process according to Caimg,, ., 9004
characterized in that the constituents al so conprise a chai n-exten ﬁhéUL
conpound and in that this conmpound is entirely included in the conmponent
A. 4. Process of [sic] CAaim1l, characterized in that 10 the constituents
al so conprise at least one additive ché&$er fromthe group consisting of
crosslinking catalysts, wetting agents, antioxidants and agents for

bi nder - char gettethesihen, suhi sofddihe vechretarr i Py i Ratigwht Wokhogh1yo1

di stinction between the 2 conponents A and B. 15 5. Process accorﬁlng to
Claim4, charResparlivmet,in pldsticiwenddipo el secwmdtel ymdnehaedaha t he
conponent A. 6. Process according to Caim1l, characterized in that the
ot her consti tRiEierHentchsodhdexechasyeel sefrasnmis t betyeenp O6Rsi shdng of
chai n- ext endi conmpounds,  crosslinking catalysts, wetting agents,
antioxidants]Qgﬁﬁc%géﬁfécﬂﬂplwﬁﬁbépnéﬁ& n&§hesi on, the chain- extending
conpounds. being entirel included<$n the conponent A, the crosslinking

_ . A
catal ysts> tHe wett | ﬁ&%ségeﬁﬁcs‘?r NP akei 6xpdBnts SR nasdergends for

S Sl L
27 bol yi Socy SR e oo S Stk SHESHRN Y S H e e ot zed
in that theigoRpeneBhpbheapranent B ratio by nass is
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



~between 98/ 2 and 99.2/0.8. 5 9. Process according to Cdaiml, 1.3 Ju. 2004
characterized in that the pasty explosive conposition is obtained with a

- throughput by vol une of between 0.1 and 5 1/mn. 10. Process according to
Claim1l, characterized in that the m xing between the conponent A and the

10 conponent B is carried out in a statied mxer. 11. Process according to

Cl aim 10, characterized in that the conponents A and B are each present

in a vessel mulyipperyandte anqdicitean, the noving of which by neans of a
notor mekes it possible to feed, with 15 conponents A and B, a m xer head

si tuat ed upst&eam of Prdwesst atcconixey . td2ClRIACASS ARNAIHI A G i m 11,
characterized in that the pressure on the m xture of the conponents A
and B in the WHdter theéadcParpeentend icomzonent 1® MRatiz0 bg. Wiesesss
according to. G aim111, gcharacterized in that the 2 pistons are driven by
the same not GIETWERD é@d@e§§da@@o?dpn§-to Claim 1, characterized in that
the statig mxer is conposed of several mxing elenments nounted in
series. 25 15.° Proces$95ESSr ATPITE attn tlaéRat acchairacdeird zedhain t he
|t e R R A Lo e RO A DL e
Comerarus SPUSRIE IR RanEe DA RLoty ‘el TR 0 2
characterizedoi.n 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



that the tenperature for crosslinking the pasty explosive conpositjagn Jf 1004
identical or simlar to that 5 at which the conponent A and the coﬁ% néﬁ~

B are m xed. 18. Process according to Claim 16, characterized in that

the tenperature for crosslinking the pasty explosive conposition is

anbi ent tenperature. 19. Process accordigfyto Caim1l, characterized in

10 that the polyol prepolyner has a nunber-average nolecular mass (M) of

bet ween 500 anempérOOOrandf ilsetwddseqo f¢ ognd hep g oup consi sting of
pol yi sobutyl ene polyols, polybutadi ene polyols, polyether polyols,

pol yest er pol ¥ols ande@¢qs$Im«a@ﬁdp@@ya&sc1a5m295,Pegggggtggggﬁgigg to
Claiml1l, characterized in that the polyisocyanate nononer is chosen from

the group mﬁ%ﬁ%tiﬁ@eofQamnﬁnﬂxuﬁdsofganat&psh&&hhahgnetnﬁisgggg ate
di cycl ohexyl net hyl ene [sic) diisocyanate, hexanmethyl ene diisocyanate,
biuret trihe D VS0EFERAE 19N 5 15 tidenttindl 106- bémdnerhyenehgti so-
cyanat e, §nd thei.r. m xtures. Abstract Sem -conti nuous two-conponent
process for paf%dﬁb]ﬁ?g ¢ MRS & Anssithe Gemppaendnpr iasienqixed.
polyurethanelénﬂri><éguéinvention relates to the military field of
expl osive minitions.” REH &K @ Glain nVentFRAracterkzed -in
conti nuous pr. s £RL Py i a_conposite_ex gos've charge conprising
a charged_sollg ponuretﬁ%ﬂ@%&%ngf,t_%fchﬁf@ﬁg_%”Lhﬁ9cth?{nﬁ%§ﬁﬂlent
and compr i sexi1dsaand Ol HienOg Bk 1 HEPLBRbYEs Y ] Nt roduction into
a nould of a pasty expl osive

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.



conposition and then thermal crosslinking of this conposition. Thel 3 JUL 2004
conposition is obtained by m xing constituents essentially conprising a
pol yol prepolyner, a plasticizer, a polyisocyanate nononmer and a

pul verul ent solid charge conprising at |east one nitro-organi c expl osive.
More specifically, 2 conponents: a pasty conponent A conprising all the
pol yol prepolynmer and all the pulverulent solid charge, a liquid
conponent B conprising all the polyisocyanate nononer, the plasticizer
bei ng distributed without distinctign _between the 2 conponents A and B
are first of all prepared fromthe “Conbi ned constituents. The conponent A
and the conponent B are subsequently mi xed under continuous conditions
such éﬁgt t he conponent A/ conponent B ratio by mass is constant and

bet vedP8 2 %nd  99.5/0.5. This si npl e and econoni ¢ process nakes it

possi bfémi Ocork HRIEES  twd IduMpordintaghedRledde fo pbolileingtal ife/curing tine
of  t heomeFPDEe (4681 SEIE AHaxge comprising a polyurethane

matrix

The invention relates to the military field of explosive
munitions. A subject-matter of the invention is a semi-
continuous process for producing a composite explosive charge
comprising a charged solid polyurethane matrix, the charge of
which is pulverulent 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 composition is 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. More specifically, 2
components:

a pasty component A comprising all the polyol
prepolymer and all the pulverulent solid
charge,
a liquid component B comprising all the polyisocyanate
"  monomer,
the plasticizer being distributed without distinction
between the 2 components A and B,
are first of all prepared from the combined constituents.

The component A and the component B are subseqguently
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.

This simple and economic process makes it possible to
dispense, without disadvantage, with the pot life/curing time of
the composition compromise.





