1 Inproved sen -conti nuous two-conpone met hod for obtaining a conposite

expl osi ve charge with pol yuret hane matrix The present invention
falls within the mlitary domain, nore particularly 5 within that of
expl osive nunitions, such as bonbs and shells. More precisely, it
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into a 20 noul ﬁgﬁé%hzﬁh‘kp&%&h‘y@%@@g H‘E‘QF@&PQ HBER%}”? %or@i(ﬁe@ée éﬁd
adj ust meniedh BhRINCEBhAINE T able i€ ‘ NYESi 'soli
addi tives, noul ded pi eg'ey; dﬁé@%trbsgénggﬁgﬂ&fe?@@é%@@ﬁ be 5@@2?#8?
Thi s 10 adpelyorerl mastixotn genefati pajyaiethares loaded i witlerd chahge; hsaidechargeoduced

and m xed_in a m xer cordi to . a defiped sequence presents 25
di sadvant 8559 'QrRPW?ﬁa‘i%ém Bﬂa%ongammg\m@mﬁég ICEXPIOSIVE elArgensdch ese

; e sk g i . e lifes Th
bxt enst on"SrougtE Actboprt, ONTA Rofyalirgbidiol (o fhahikTor S ledst g of"®
cat al yst thesefdossporigntsin i ncreased pol ynerisation duration, the tenperature

being limted, anong other factors, by the 30 pyrotechnic nature of certain
constituents. Composite explesiveachargest land whe wayoofi abtajningc et ares a
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the past e[Powders, Propellants, and Explosives], Volume 1, Les explosifs [Explosives],
Techniques and Documentation, 1982, pages 190-192". The charge in powder
form is mixed in a mixer with a liquid polymerisable resin, such as a pre-
polymer with hydroxyl endings. A paste is obtained which can be poured into a
20 mould and then polymerised by heat-curing. By the choice and adjustment of
the resin cross-linking agents, catalysts, and other additives, moulded pieces of
varying characteristics can be obtained.

This traditional method of mixing all the constituents which are

introduced and mixed in a mixer according to a defined sequence presents
25 disadvantages and limitations.

When the mixture is obtained, the paste must be used within a fairly
brief period of time (pot life). The extension of the pot life by reducing the
proportion of cross-linking catalyst is offset by an increased polymerisation
duration, the temperature being limited, among other factors, by the

30  pyrotechnic nature of certain constituents.



It Iikew se necessitates a conprom se ipn economc terns between the 5 size
of the m xer and the size of the noul detl object. In fact, while this
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20  per mixture is reduced, which is penalising economically.

The person skilled in the art has tried to break this circle of pot life/heat-
curing duration, and this obligatory and precise sequencing of the mixing and
moulding operations.

J. M. TAUZIA, in a communication entitled “Some comments on

25  Processing Energetic Materials” at the “Compatibility and Processing”
symposium organized by the American Defense Preparedness Association
(ADPA) on 23-25 October 1989 at Virginia Beach (United States) suggested, to
resolve this problem, a two-component method in which two chemically stable
polymeric components presenting approximately the same proportion of charge

30 and the same viscosity are first produced, from the constituents,
discontinuously in mixers.



A third disadvantage is that the solid polymer matrix of the conposite
explosive finally obtained is different3fromthat which is obtained with
the sane constituents in the same proportions according to the traditional
"batch" 15 process. In fact, according to J.M TAUZIA the isocyanate
conponent is polyneric. The fact of preparing, as an internedi ate, an

i socyanat e pre-THesgim0 pagm aeponents areitben ymixedecantinouslyrwithl a snass t he
obt ai ni ng _Qf | i ol yurethane matrix which is different fromthat

obt ai ned b§He ﬁ&’?‘%ﬁé&%ﬁ‘ process, mxing directly all of the isocyanate

nmononmer and al IThlish‘itvx)&xyétfriilf&gt‘uerﬂtr PhethBdP Wi lindeed easg@'sihé“;?&ezljiféyf@af-”

structure of the solid polyurethane nmatriXx incurs un irable erences
i n the mechdngchirationcomptemiseaandmakinget possiblevior the ttver @mpenents to

necessjtates a very expensive and | aborious requalification of the final
pr oducé. gg'ﬁ’i@%@é@ﬁ%@%&ﬁ&ﬁea@%p%@m sevarabgisadyantageszi A is, therefore,
not totally saty Ch: ; nyf . ar e o, kngwn for
propel I ants (atﬁdﬁﬁ%tal oql\{aé“)%?)?%s'sl &ﬁ%ﬁgﬁseggoﬁsgﬁﬁﬁéFS{%Pg#&%g t hod
accor di ngnig thettevat pastel darapoments RoAtindbudP In csraer 'té%‘btéintélh\@m?ﬁ_ cfﬁéné)ust _

e inttoduction

pol ynerisation process: 30 - a first step which involves
of a fi rsPTQﬂ}&ﬁ-tity of the cross-Ilinking agent (about 70% by weight) to

bt ai i - [ d A4 d ich i h
nt roduct | on o teodoSpaialiear, 2 shaf£R Fuatcamabess e, PHrDleF iy
b 30 | §i
Contot . arteraeecnte of GRISHe SnaHfERTLdnd Lt Somponents st Hicteore

under st antie manufacturediandrtheasstordaeith sezutel instdlidtionsppr opriate for the 5

treatment of expl osjve | ecul es), the cross-linking agent is used tw ce,
in order to i rrgl Mg'sﬁ wantagenis thabthesolid nalsmer apatrix of the compasitea

ondi n o PxpiGeve ety oaihad it FRrTRE Rk, Pkt fs bbfdihed baite &ifa®t no™
steps t hacorigtituéte immthemeairt ipBpetionae adestany @b &% dr PHatch?! N

such a context, the plicant has al ready propdsed a rret%%‘go%pl nprovi ng
t he prlevi B@B?S-néhtfaéﬁe@ccwf@rfpodé‘m Tifdialag . thehisospphateacomponens eid a

sem - cont{)ﬂu&us. t\Aﬁﬁcofng_ﬁnefnt net hod of obt_a{ ni ng,.a conposite expl osive
tcﬂgrtgrea\évi ; Yﬂ;ﬁ'&r'y teetf? P R FRA NI A A A8 GHED 't ‘ama@&%tﬁ'@etshgf

i i hﬁﬁ; I .
t wo- corrpo%d()algt sr Jﬁg?ﬁct@%t 'PWE[SS aﬁé%nﬁggﬁﬁrﬁégh%ﬁt%ﬁﬁ%@bﬁpéﬁhd nmet hod

has in papolyordthandematribesehicheid idiffereht rfrompphatc abtaine@Poy™- the33Bakh®. |t
has, in conbination, two origi nal technical features, one relating to the

di st ri but PTO&eSS MpNG dineetly akef she isocrenatednesamenandsall theshydriosyl pre-at i ng
to t% vveb&phe;.atio of the m xture of said two

This difference in structure of the solid polyurethane matrix incurs
undesirable differences in the mechanical and/or detonation properties, which
therefore necessitates a very expensive and laborious requalification of the
final product.

25 The two-component method described by 1.M. TAUZIA is, therefore, not
totally satisfactory.

Methods of manufacture are also known for propellants (and not for
explosive charges) based on extrusion. The method according to patent
application FR 2 746 389 comprises a two-step polymerisation process:

30 - a first step which involves the introduction of a first quantity of the cross-
linking agent (about 70% by weight) to obtain a visco-elastic product,



20 conmponents. Said method is a sem -continuous nmethod for obtaining
a conposite expl osi ve charge conprisingta solid pol yurethane matrix, |oaded
with a charge, said charge being solid and in powder form and conprising at
| east one nitro-organi c explosive, by the introduction into a nould of a
pasty expl osive 25 conposition, then thermal cross-Ilinking, said
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disadvantages of the two-component semi-continuous method described by
J .M. TAUZIA. Said method has in particular been described in patent
application EP-A-1 333 015. It has, in combination, two original technical
features, one relating to the distribution of the constituents in the two
components, the other relating to the weight ratio of the mixture of said two
20 components.

Said method is a semi-continuous method for obtaining a composite
explosive charge comprising a solid polyurethane matrix, loaded with a charge,
said charge being solid and in powder form and comprising at least one nitro-
organic explosive, by the introduction into a mould of a pasty explosive

25 composition, then thermal cross-linking, said composition being obtained by
mixing constituents comprising essentially a polyol pre-polymer, a
polyisocyanate monomer, a plasticising agent, and a solid charge in powder
form comprising at least one nitro-organic explosive. It is characterised in that,
in order to obtain the pasty explosive composition:

30 - firstly, in a discontinuous way and from all of the constituents, two

components are produced by simple homogenous mixing:



Only the conponent A is pyrotechnically active, which considerably reduces

the safety constraints, and the nixture of the conponents A and Bis easily
rendered honbgenous. In addition to this, the physico-chenm cal, nechanical,
detonating and 25 vulnerability properties of the final product are
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This combination of distinctive technical features, compared to the two-
component semi-continuous method according to J. M. TAUZIA, has the
technical effect of eliminating all the previously mentioned disadvantages and

20  rendering the method particularly simple and economical.

.Only the component A is pyrotechnically active, which considerably
reduces the safety constraints, and the mixture of the components A and B is
easily rendered homogenous.

In addition to this, the physico-chemical, mechanical, detonating and

25  vulnerability properties of the final product are identical to those of the product
obtained using the traditional “batch” method, based on the same constituents
in the same proportions, which avoids a detrimental requalification of the
product.

The operations of preparing the components A and B are totally

30 independent of the operations of mixing the components A and B and of



25The Applicant has denonstrated, surprisingly, that such an incorporation
- of a small quantity of polyisocyanatebnononer (often categorised as the
cross-linking agent) in the conponent A - allows for the reduction in an
extrenmely significant manner of the viscosity of said conmponent A The
smal | anount at issue does not cause the cross-linking to start and 30
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(component A/component B, located upstream of the mould) with the

15 component A. This component is, in fact, introduced into said mixer, generally
static, under the pressure of a piston, and the level of pressure necessary to
set the piston in motion is plainly proportional to the pressure loss, this being
more substantial the higher the viscosity of said component A. Said component
A has, in certain cases, a high viscosity, due to the fact that it comprises little

20  liquid.

With reference to this technical difficulty, the Applicant presently

proposes an improvement to said method according to EP-A-1 333 015. The
Applicant proposes, in fact, the incorporation of a small quantity of
polyisocyanate monomer (component B) into component A.

25 The Applicant has demonstrated, surprisingly, that such an incorporation
- of a small quantity of polyisocyanate monomer (often categorised as the
cross-linking agent) in the component A - allows for the reduction in an
extremely significant manner of the viscosity of said component A.

The small amount at issue does not cause the cross-linking to start and

30 therefore does not have an effect on the duration of preservation of the

component A, but, in an entirely unexpected manner, does exert an effect, of



a plasticising agent, and 25 a solid charge in powder form conprising at
| east one nitro-organic explosive, by continuous mxing of a pasty .
conponent A" and a liquid component B, prepared discontinuously from said
constituent ingredients; - the introduction into a nould of said pasty
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described, which accordingly constitutes an improvement of the method
according to EP-A-1 333 015, and, in order to avoid any confusion in the
description which follows, reference will be to component A’ (paste) and B’
(liquid).
15 The present invention, therefore, concerns a semi-continuous method of
obtaining a composite explosive charge comprising a solid polyurethane matrix,
loaded with a charge, the charge being in powder form and comprising at least
one nitro-organic explosive, said method comprising the following successive
steps:
20 - the obtaining of a pasty explosive composition comprising essentially the
following ingredients:
 a polyol pre-polymer,
+ a polyisocyanate monomer,
- a plasticising agent, and
25 - a solid charge in powder form, comprising at least one nitro-organic
explosive,
by continuous mixing of a pasty component A’ and a liquid component B’
prepared discontinuously from said constituent ingredients;
- the introduction into a mould of said pasty explosive composition, and
30 - the thermal cross-linking of said composition in said mould.
In this, said method is a method according to EP-A-1 333 015.



As explained previously, the nmethod according to the invention 20
reproduces the features of the method acording to EP-A-1 333 015 with the
"transfer"” of a small anount of the polyisocyanate nonomer of conmponent B
(having becone Br) to the conmponent A (having become A'). The resul tant
effect of this "transfer” on the viscosity of said conmponent A is enornous
(see the exanpllBLhisftext, imatcRrCteriSingavawst hod, this represents a
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' poucier e, RrBBlps SkGREDF STBEEOThandd A% ad S YRl R sBra L or
"essendi aay’ that thed WedgIROehticd of RBMpdiRint tATEtoC BHRbbhERN BS i@rcohgﬁin%dctsm S
are al ways Present and overall represent nore than 90% by weight In

rel ati on wmithineindustrialwstanidards ofheacparacy),exheing i betweamp@5.056095 and In a
preferred r,c the sumtotal of the weight contents of polyol
pr e- pol yn@%rﬁ'socyanat e nononer, plasticising agent, and solid charge

o oo PRERFARS SRS DEhERED 51 AP a6 oY
pasty of tbmponest comprises froth dowpteYd by weeigtity addatageddsty Sread3 té 794 he
Pr ese{\g by weight, of the total quantity of the polyisocyanate monomer involved (the
cross-linking agent). If it comprises less than 1% by weight, the effect on the
viscosity is scarcely perceptible; if it comprises more than 10 % by weight, the
cross-linking is liable to commence inside it.
As explained previously, the method according to the invention
20  reproduces the features of the method according to EP-A-1 333 015 with the
“transfer” of a small amount of the polyisocyanate monomer of component B
(having become B’) to the component A (having become A’). The resultant
effect of this “transfer” on the viscosity of said component A’ is enormous (see
the examples below). In terms of the method, this represents a considerable
25  advantage. It allows for the obtaining of moulding flows which are substantially
increased while having the same level of pressure in the installation. The
person skilled in the art will clearly appreciate the interest of the improvement
according to the invention.
It is now proposed that some greater detail be provided, in an entirely

30  non-limitating manner, about the framework of the present invention (a



description, as being physical states at anbient tenperature (about 20C)
and 20 at atnospheric pressure (about §.1 MPa). Traditionally, the
term"nitro-organi c explosive" is understood to nean an expl osi ve chosen
fromthe group consisting of the nitroaromatic explosives (conprising at
| east one C-NO2 group, the carbon atomform ng part of an aromatic cycle),

the ni trifcaraewerk ewhlchsiiy eanderstaud ston@opiesh6Ag!t toNthat- Bf NFR_ JhvéEHtiH) and
the nitram ne, expl osi vesaﬁ:oggri sing at |east one C- N NO2 group). In

a pref er rA4OFFiAG &0 EPrAd drgani ¢ expl osive is chosen fromthe group

el el f . . ool e (ONTA).
Criam not pi ni hotieaine 6t HE cmAlRMentaion, & e rirtedf Refabing toethau | ¢ ne
m xt ur es imerﬁtod,ﬁtﬁétpa"stry)eﬁéloﬁbé @B rfisCEHRMEA0S the b3siB ftthﬁti.l]sg%?' oup

preferred 30 manner, the nitro-organic explosive is chosen fromt

conpr Bsi HgnEttuents orotngoedientsONsed mndcoondance swithepreafous ifethods and
Accor di n%%tg.o I%ﬂ_é)ref erred variant, the content of nitro-organic explosive is
bet ween THYSRAE S HIPWR FQ e PRfsos shilleshinthieraré. conposite expl osive, and

nreraion Lo TERE CSRSBnt L oBMIRE. ' Ssthidi by PRY ol Bt SRONIRET. e O
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expl osi ve. o According to another” variant, e so arge i n powder
form | i kEAMPSiSGBE leaskoae nitsargamic explosiveconponent than the at | east one
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in relation t(} t he cgmposi te 15expl osi ve. The charge in powder form
can al so conprls? Preferteds Baner othe sumototal of the rweigbt cgntentsaigf polydiner al
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In a general manner, the physical states, solid, liquid, or pasty of the
constituents and compositions should be understood, in the present
description, as being physical states at ambient temperature (about 20°C) and

20  at atmospheric pressure (about 0.1 MPa).

Traditionally, the term “nitro-organic explosive” is understood to mean
an explosive chosen from the group consisting of the nitroaromatic explosives
(comprising at least one C-NO, group, the carbon atom forming part of an
aromatic cycle), the nitric ester explosives (comprising at least one C-O-NO,

25  group) and the nitramine explosives (comprising at least one C-N-NO, group).

In a preferred manner, the nitro-organic explosive is chosen from the
group consisting of hexogen, octogen, pentrite, oxynitrotriazole (ONT. A),
triaminotrinitrobenzene, nitroguanidine, and mixtures thereof, i.e. all the
mixtures of at least two of the aforesaid compounds. In a particularly preferred

30 manner, the nitro-organic explosive is chosen from the group comprising
hexogen, octogen, ONTA, and mixtures thereof.



When the solid charge in powder form conprises at | east one conpound ot her
than the nitro-organi c explosive, thiggother conpound is preferably chosen
fromthe group consisting of anmonium perchlorate, alum nium and 25

m xtures thereof. The pol yol pre-polyner is a nore or |ess viscous
liquid. Its nunber-average noi ecuiar nmass (M) is preferably between 500

and 10, 000 and\ccbrding o &f srefdrad 0BASS) the @Bhtdit oIMMe-orgaSE %&Pr&s\&fist he
pol yol polyi sobutyl enes, the pol yol polybutadlenes, t he™ pol yol pol yet hers,
a

t he pol ybetweeydsSterand 98% bievagighpdn yelatipol tpstheosempesiteUexplosivepdadi n a
articul arl refercred, . manner of a pol] ybutadiene wth roxyl endings. 11
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fromthe g {51 ¢ heis@cyanate (TDI), isophorone

dii socya%‘@%ﬂ%ﬁ!ﬁdﬁwﬁ%@géﬁ%@?gﬁg di i socyanate (MDCl),

hexan®t hyl ene Atcosting doaine yafidrit) théisolidichargenrx powdes esryabatyecomsists) |

3,5,5- 5 trinethyl-1, 6- hexanet hyl ene diisocyanate, and m xtures thereof. In
a parti cOf 8 IS2ShOBELIFEP AARIEEXPIeIS. or MDCI are used. The

P odecyl - perarSonaind fisiiotfer VaHagh 1BEateiated i drcopmo PR si ot ng
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10 polyesters, triacetin, the alkyl phthal ates such as cty? pnt hal at e
(DOP), tleEplasivgl azel ates such as dioctyl azelate (DQZ) and the al kyl
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and t he chai n-extendi ng conpounds. 5 a cross-linking catalyst, use
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made of er gataly ) to 20 the son skilled in the art,
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a cajpoxpgkplespel d, a trialkyl tin oxide, a dialkyl tin dihalide, or a

di al kyl tin oxide. Mention nay be nade, for exanple, of dibutyl tin

di acetate, di dheyharge inlipaveleaferm danclsd compride oixi assogiationtoarmstusitioct oat e.
Use can al so,be made of a tertiary amne as a catalyst, in particular a
trial kyl a28edyging mgtalga OW?@ ‘{’Sﬁ%nﬁfﬁﬁaﬁ\é fidsensfrem et arpueny|
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perchlorate, ammonium nitrate, sodium nitrate, and mixtures thereof. The
20  content of mineral oxidant can be comprised, for example, between 10% and
45% by weight in relation to the composite explosive.

When the solid charge in powder form comprises at least one compound
other than the nitro-organic explosive, this other compound is preferably
chosen from the group consisting of ammonium perchlorate, aluminium, and

25  mixtures thereof.

The polyol pre-polymer is a more or less viscous liquid. Its number-
average moiecuiar mass (Mn) is preferably between 500 and 10,000 and it is
preferably chosen from the group consisting of the polyol polyisobutylenes, the
polyol polybutadienes, the polyol polyethers, the polyol polyesters, and the

30 polyol polysiloxanes. Use is made in a particularly preferred manner of a
polybutadiene with hydroxyl endings.



As an antioxidant agent, use is preferably nade of

ditertiobutyl paracresol (DBPC)or 2, 2' - metshyl ene- bi s- 4-met hyl - 6- 30
tertiobutyl phenol (A02246). 12 As a binder-charge adhesion agent,
use is preferably nmade of triethylene pentamne acrylonitrile (TEPAN), or
certain conpounds derived fromsilanols such as

triethoxysilylFre pbmasdcyyﬁ@ueﬂnfbn@mbf%lt%‘dms&é’w?éQ@M PR th%h g&si one

additive chosen from anong the cross-1inking catal yst tting
agent s, tfR@Mantheoxgraspt @ug‘tsrﬁtmganof t toduénen ddiisadyangte a(lF[éIs);onsoan(orse can be

di stribut gd t hout d ctlon tween the two co onentsA and B .
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15 comprising the cross-linking catalysts (NCO/OH reaction catalysts), the wetting
agents, the antioxidant agents, the binder-charge adhesion agents and the
chain-extending compounds.
As a cross-linking catalyst, use is made for preference of dibutyl tin
dilaurate (DBTL), but use can also be made of any other catalyst well known to
20 the person skilled in the art, in particular of other organic compounds of tin
such as a stannous salt of a carboxylic acid, a trialkyl tin oxide, a dialkyl tin
dihalide, or a dialkyl tin oxide. Mention may be made, for example, of dibutyl
tin diacetate, diethyl tin diacetate, dioctyl tin dioxide and stannous octoate.
Use can also be made of a tertiary amine as a catalyst, in particular a trialky!
25 amine, or an organic compound of bismuth, such as triphenyl bismuth.
As a wetting agent, use is preferably made of a lecithin such as soybean
lecithin or a siloxane.
As an antioxidant agent, use is preferably made of
ditertiobutylparacresol (DBPC) or 2,2’-methylene-bis-4-methyl-6-
30 tertiobutylphenol (A02246).



According to the present invention, in order to obtain a pasty expl osive
conposi tion, the conponent A" and thejgonponent B' are then m xed 30
continuously, in such a way that the weight ratio of conponent A" to
conponent B' is constant (to within industrial standards of accuracy),
being 13 between 95.05/4.95 and 99.55/0.45, preferably between 97/3 and

99/1, for examlaebiﬁeéathé@@admgma%@ne%a is PPéferabiy edRfcObRricthylene for
optim sation of the conmposition of the polyurethane matri x. This continuous

m xi ng opentagnioenpwwltonitrie (AEBAN)eor cepaite compoungs Sdarivedefrabl gilamolsi ed
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10 expl osive conposition is generally obtained with an out put by vol une of
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1/mm fo e, t [ .10, 0. 10, ] Wth regard to

t he devié%‘?)éﬁlrg?&&&ﬁ%fgﬁt 5@%8‘8@“’?%@%“5%%%&@%8?%%%- of the method

according to pRGhk¥AIH-EREENINE cOMDLANE Tth Y pRacAP 8 tr@eol}ér%éhéut this
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m xi ng head is preferably between 1 MPa and 10 MPa. The two pistons are

pref erably modeeonging hto saie agdvatiageoss anarigntacapartt foomt Hbehipgtndpal ght
ratio b eltn\ﬁ?&?leﬁ?s"p&ﬂgntpo’?‘y'/olanpO}e-polymer, the polyisocyanate monomer, the
15  plasticising agent and the solid charge in powder form), the pasty explosive
composition only includes at least one additional constituent ingredient, chosen
from among the additives listed above.
Within the framework of the preferred variant embodiments:
- the component A’ comprises the whole of the plasticising agent; and/or
20 - the component B’ comprises solely the 90 to 99% by weight of the
polyisocyanate monomer involved.

The components A’ and B’ are prepared independently, and
discontinuously, by simple homogenous mixing, for example in a mixer, and
are chemically stable; i.e. there is no chemical reaction between the mixed

25 constituents of each component and all the constituents preserve their
structural identity, both during mixing as well as during subsequent storage,
and independentiy of components A’ and B'.

According to the present invention, in order to obtain a pasty explosive

composition, the component A’ and the component B’ are then mixed
30 continuously, in such a way that the weight ratio of component A’ to
component B’ is constant (to within industrial standards of accuracy), being



conponent B', it is interesting to enphasise that such equi pnent provides
the possibility of linking together alpglurality of vesseis of conponent Al
for the sane vessel of conmponent B, without interrupting the continuous
process. The static mxer used preferably conprises a plurality of elenents
30 mounted in series, in the formof a conduit, &Leferably havi ng a

di amet er D§EWERR A5/ mANnsh 89 &5/ MAS, Urefersblyabetween 9 anpid 991, bart ween 6

and 15 14_pm X t suc n0se, co rcially_avail abl e and well
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conpound _with the isocyanate functions of the 20 pol yi socyanate nononer.
The spee&oro?XQfFE@sdq)S%é] Plgequlteds8d/min h the tenperature and the catal yst

content. With regard to the device, used advantageously for the implementation
of the method according to the invention, the following may be specified,

15 without this in any way being limiting.

According to a preferred variant, the components A’ and B’ are each
contained in a vessel (pot), equipped with a piston, the setting in motion of
which piston, with the aid of a motor, allows for the feeding with the
components A" and B’ of a convergent mixing head located upstream of a static

20  mixer, in such a way that the contents of the convergent mixing head pour into
said static mixer.

The pressure on the mixture of the components A’ and B’ at the
convergent mixing head is preferably between 1 MPa and 10 MPa. The two
pistons are preferably moved by the same motor.

25 Taking account of the high weight ratio between component A’ and
component B', it is interesting to emphasise that such equipment provides the
possibiiity of iinking together a piuraiity of vesseis of component A’ for the
same vessel of component B’, without interrupting the continuous process.

The static mixer used preferably comprises a plurality of elements

30 mounted in series, in the form of a conduit, preferably having a diameter of
between 15 mm and 60 mm. Use is made, for example, of between 6 and 15



According to one preferred variant, the nould consists of an envelope, in
general made of netal, for a nunitionl4such as a shell. Preferably, and
particularly when use is being nade of a static mixer to 25 mx the
components A' and B in a continuous manner, the pasty expl osive
conposition energing fromthe mxer is introduced in an automated manner
into a i Miyegseementsfsuahuas shosaicomasersially ravailabledand svelif kredven Itoetheel opes.

According to one,preferred variant of the invention, the tenperature of
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be provided with a heating system.

According to one preferred variant, the component A’ and the
component B’ are mixed at a temperature of between 40°C and 80°C.

The pasty explosive composition obtained after mixing the components

15 A’and B’ is introduced into a mould, in which it then undergoes thermal cross-
linking, in an oven, for example.

This cross-linking results from the formation of urethane bridges arising
from the reaction of the hydroxyl functions of the polyol pre-polymer and
possibly of the chain-extending compound with the isocyanate functions of the

20 polyisocyanate monomer. The speed of cross-linking increases with the
temperature and the catalyst content.

According to one preferred variant, the mould consists of an envelope,
in general made of metal, for a munition, such as a shell.

Preferably, and particularly when use is being made of a static mixer to

25 mix the components A’ and B’ in a continuous manner, the pasty explosive
composition emerging from the mixer is introduced in an automated manner
into a iarge series of mouids, such as severai hundreds of shell envelopes.

According to one preferred variant of the invention, the temperature of
cross-linking of the pasty explosive composition introduced into the moulds is

30 between 15°C and 80°C.



20 0. 0585% of bi nder-charge adhesion agent or BCAA (TEPAN: triethyl ene
pentanm ne acrylonitrile) 0.0001% of cat®lyst (DBTL: dibutyldilaurate of

tin) 88%of charge in powder form (HX: hexogen). 25Production takes place
successively in accordance with the two- conponent technique fromEP-A-1
333 015 and that of the invention with the weight ratios (A/B K/ Bl) of

98/ 2. The i nsthil patticuampfit tisigospible tarspearates at \ambieat tempevataré abpbuges two
feeder v s (feeding A or A' and B or B respectively), each equipped
with a 3?@& W&‘,’C %Bﬁd’%ﬂ'ﬁfmaG?’amagéﬁds-B or B respectively) a

i X i i i , i i . Al th tl et of
comver gent ™ AR FRLS! GBI Ve AL e kng e BRI, L o
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According to the technique of EP-A-1 333 015, the two 5 conponents, A and
B, have tMedol | owi ng respective conpositions: COVPONENT ACOVPONENT B

Pr e- pol ynmer PBHT 6. 4538%
It is now proposed to illustrate the invention and to demonstrate its
great interest.
In this context, the example is taken of the manufacture of a composite
10 explosive having the following weight composition:

6.4538% of polyol pre-polymer (PBHT: polybutadiene hydroxy telechelic)
0.7988% of polyisocyanate monomer, cross-linking agent (IPDI: isophorone
diisocyanate)

15 4.3901% of plasticising agent (DOA: dioctyl adipate)
0.0645% of bridging agent (TMP: trimethylolpropane)
0.1171% of antioxidant agent (AO2246: 2,2"-methylene-bis-4-methyl-6-tertio-
butylphenol)
0.1171% of wetting agent (soybean lecithin)

20 0.0585% of binder-charge adhesion agent or BCAA (TEPAN: triethylene
pentamine acrylonitrile)
0.0001% of catalyst (DBTL: dibutyldilaurate of tin)
88% of charge in powder form (HX: hexogen).

25 Production takes place successively in accordance with the two-
component technique from EP-A-1 333 015 and that of the invention with the
weight ratios (A/B, A’/B") of 98/2.

The installation of the Applicant in service at Sorgues comprises two
feeder vessels (feeding A or A’ and B or B’ respectively), each equipped with a

30  piston, feeding (with A or A’ and B or B’ respectively) a convergent mixing head

discharging into a static mixer. At the outlet of said static mixer, the pasty



Bridgi ng agent! MP 0.0645% 10 Pl asticising agent Antioxidant Wetting agent
15 BCAA Cat al yst Charge DOA 3.9372% AG2246 0.1171% Lecithin 0.1171% TEPAN
0. 0585% DBTL 0. 0001% Hexogen 88.0000% Cr oss- | i nki ngagent | PDI 0. 7988%

Pl astici sing agent DOA 0.4529% The conponent A accordingly has
a viscosity of between 2 and 20 2.5 x 103 Pa.s (between 20,000 and 25, 000
poi ses) . compositidm(A-hB or e+ BY)ligtipped ihto & aed §asaety ca® confibt/dib&ityesm 2 and
3 x 106 Pa (between 20 and 30 bar) of pressure on the pistons in order to
attain fIB@\@ bigct which iyt befoaded). 10-3 n8/s (350 cnB/min). 25.According to
the technique of the invention, the two conponents A and B have the

foll ow ng respective wei ght corrposi tions:

. According to the technique of EP-A-1 333 015, the two
5 components, A and B, have the following respective compositions:

COMPONENT A COMPONENT B
Pre-polymer PBHT 6.4538%
Bridging agent TMP  0.0645%
10 Cross-linking agent IPDI
0.7988%
Plasticising agent DOA 3.9372% Plasticising agent DOA 0.4529%
Antioxidant AO2246 0.1171%
Wetting agent Lecithin 0.1171%
15 BCAA TEPAN 0.0585%
Catalyst DBTL 0.0001%
Charge Hexogen 88.0000%

The component A accordingly has a viscosity of between 2 and
20 2.5 x 10° Pa.s (between 20,000 and 25,000 poises).
In the installation, it is necessary to apply between 2 and 3 x 10° Pa
(between 20 and 30 bar) of pressure on the pistons in order to attain flows of
the order of 21 x 10 m*/s (350 cm®/min).

25 . According to the technique of the invention, the two components
A’ and B’ have the following respective weight compositions:



17 COVPONENT A" COVPONENT B' Pre-pol ymer PBFi T 6. 4538% Bri dgi ng agent TVP
0.0645% Cross-linking agent IPDI 5 0.0400% Pl astici sing agent Anti oxi dant
Wetting agent BCAA 10Cat al yst Charge Cross-linking agent |PD 0.7588%
Pl astici sing agent DOA 0.4529% The conponent A" conprises 5% of
the total quantity of polyisocyanate nononer. The viscosity of said
conponent A" is t heCOMPONENT ween 250 and 15CEIMPONENT(#et ween 2, 500 and
3,000 poi es&p. In the installation, it is therefore sufficient to
Fre-nsymens p

apply ab a (%B'[ﬁr 55-"(5f3sffpessur e on the pistons in order to
< 10,2 oy 08 TME: Q8 a0 e with a pressure of onty 2 x 104 Pa
(20 bar) .Cross-linking agent IPDI Cross-linking agent IPDI
5 0.0400% 0.7588%
Plasticising agent DOA 3.9372% Plasticising agent DOA 0.4529%
Antioxidant A02246 0.1171%
Wetting agent Lecithin 0.1171%
BCAA TEPAN 0.0585%
10  Catalyst DBTL  0.0001%
Charge Hexogen 88.0000%

The component A’ comprises 5% of the total quantity of polyisocyanate
monomer. The viscosity of said component A’ is therefore between 250 and
15 300 Pa.s (between 2,500 and 3,000 poises).
In the installation, it is therefore sufficient to apply about 8 x 10° Pa
(8 bar) of pressure on the pistons in order to obtain flows of the order of
2 x 10 m*/s (350 cm?/min). Flows of about 5 x 102 m3/s (850 ¢cm®/min) are
attainable with a pressure of only 2 x 10* Pa (20 bar).
20 - In consideration of these figures, the interest in the present invention is
clearly manifest.



20l n consideration of these figures, the interest in the present invention
Is clearly manifest. 18 CLAIMS 1. A s¢8i-continuous nethod for obtaining a
conposite expl osive charge conprising a solid polyurethane matri x | oaded
with a charge, said 5 charge being in powder formand conprising at | east
one nitro-organi c expl osive, said nethod conprising the follow ng
successive steps: - the obtaining oCLAIM&Sty expl osive conposition
conprising essentially the follow ng ingredients: a polyol pre-polyner,

10 a pol yi socycanate nononer, a plasticising agent, and a solid charge in

D on AT B SnBoh AR Ml 4N S Rehiif s 1
P PScectamRotoTmIY » MORY ERISERIS Aa0 KRS gt
thernl charge- being g ppwsler dfaronpan tdammpriising adtl least dneamitro-eirganic
char ot o) Bk, shlahetiog cum g thh ilur RIS eggrr | S5 90 to 90%
- the obtaining of a pasty explosive composition comprising essentially the
following ingredients:
+ a polyol pre-polymer,
10 + a polyisocycanate monomer,
« a plasticising agent, and
« a solid charge in powder form comprising at least one nitro-organic
explosive,
by continuous mixing of a pasty component A’ and a liquid component B’,
15  prepared discontinuously from said constituent ingredients,
- the introduction into a mould of said pasty explosive composition, and
- the thermal cross-linking of said composition in said mould, and
being characterised in that:
- said liquid component B’ comprises 90 to 99% by weight of said
20 polyisocyanate monomer,
- said pasty component A’ comprises the whole of the polyol pre-polymer, the
whole of the solid charge in powder form and the remaining 1 to 10% by
weight of the polyisocyanate monomer,
the plasticising agent being distributed without distinction between said
25 components A’ and B’, and
in that the continuous mixing of said components A’ and B’ is carried out in
such a way that the weight ratio of component A’ to component B’ is constant,
being between 95.05/4.95 and 99.55/0.45.
2. The method according to claim 1, characterised in that the sum

30 total of the weight contents of polyol pre-polymer, polyisocyanate monomer,



- said pasty conponent A" conprises the whole of the polyol pre-polyner,
the whole of the solid charge in powdet9 formand the remaining 1 to 10% by
wei ght of the polyi socyanat e nononer, t he plasticising agent being

di stributed without distinction between said 25 conponents A' and B, and

in that the continuous m xing of said conponents A and B' is carried out
in such PIFFITNGQIERD m@mﬁd rcdtarge dn pawgRmtarm KepresenispbelaveenB98i/s

Co ol af mark L0 0t HESB0AR YR IPSrRIEASM 30 Lotai of the vl ght - cont S'm“gd
- nisthist ; Is , an
201 P thar §26i33°L¥m”5'“e? U RO MO RBRTEY o Jhos rACehied I P RERR.., "o

t he i ngr elyoltpre-polymer has amumipeaverage andletglaromabsi(Mn) etwa2en 500

charagterjsed,|] hat the polyol pre-polynmer has a nunber-average nol ecul ar
Mass %Nh)anget 3\@9550@”5 afd G ,Séﬁo,ﬁ%'ﬁ’d e/h:,e cHBddh comprising gthuppely®pri si ng

. : L vol
pol yor hop ORIk WS o Ao ntBlerkS, 3P SN Bl el e Boyol
The net hedlyestersdmbtHeopsipsl polgsittxapksi s 1 to 3, characterised in that the

pol yi socyanate nonomer is chosen fromthe group conprising 10 tol uene
di i socyanat e, 4-sophbtomethod seegediag &0 anycore of claimset iy 13 obadidtedsaddnat e,

h j i t bi t trih ' anate, 3,5,5- |
e e 8 RVt Sl e RS imiiorsng
Th th i ; | aj; 4, C a
St d D tusReD diditybRatdry ISEhdtone AiSboiandell. AR IEERAR ") 5

chosen f disotyaaate, obexarethyleriendiisduyanates sbilretkiritxaababysjahatd, hg, 58t t i ng
agents, the anti oxi dant agents, the binder-charge adhesi on agents and the
chai n- ex{t’é ‘%é?ﬁﬁﬂ@m, yierediigpcyanate, on@ mikturas éerealii ng conpound

i t1ve presait. ot feEhd Eaiding Y8 A BRAGF ciips i % chaficiedtd bt e
o oy o a2 tases ol Sorod gt one sadne T
5 chosen from the group’ comprising the cross-linking catalysts, the wetting

agents, the antioxidant agents, the binder-charge adhesion agents and the
chain-extending compounds, said at least one chain-extending compound
present being totally contained in the component A’ and said at least one
additive present, other than a chain-extending compound, being distributed

20  without distinction between the two components A’ and B'.

6. The method according to claim 5, characterised in that said at
least one additive is totally contained in the component A’

7. The method according to any one of claims 1 to 6, characterised
in that the component B’ consists solely of the polyisocyanate monomer.

25 8. The method according to any one of claims 1 to 7, characterised
in that the mixing between the component A’ and the component B’ takes
piace in a static mixer.

9. The method according to any one of claims 1 to 8, characterised
in that the cross-linking temperature of the pasty explosive composition is

30 between 15°C and 80°C.



| east one additive is totally contained in the conponent A . 7. The
met hod according to any one of clains2Q to 6, characterised in that the
conponent B' consists solely of the polyisocyanate nononmer. 25 8. The

met hod according to any one of clains 1 to 7, characterised in that the

m xi ng between the conponent A" and the conponent B takes place in a
static m xer. 10. Th&hegnbtivdoaaordingdot daiam9, charatterideal imsthat the &ross-

char act e[yi_‘s_ed in th?t t he cros?-l,i nki ng tenperature of the pasty
expl osi vANKBGAERIPErIHTe oF He pastiexplasive cempasition i3 gmbient temperate. net hod

according to ai | i cr - L1 ki n: ature
of the pasty g)i'pl ?ST?I \?erﬁcg:g{r?%gé?{qr(a)ﬁ%i '!son%l?rgﬁtegnépg gh‘ﬁgéfﬁc#ﬁ@éd i él"%g‘i%ﬁéll. The
net hod aeesdinkihg Gembardtufe ©F e pabeyr asprsiveedompotitioh fshfieptiess ori nki ng
tenperature of the pasty expl osive conposition is identical or 5 close to
t hat %t @lese ko thet alowpishdive camponenthe andrhercampenenir are xeided.



