11 nproved sem -conti nuous two-conponent nethod for obtaining a conposite

. expl osi ve charge w th pol yuret hane matriix 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
relates to a new nethod for obtaining conposite explosive charges with a
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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 pleces 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.



In fact, while this "batch" nethod has proved to be reasonably well-suited
+for the manufacture of |arge objects such as underwater mnes, torpedoes,
and bonbs, it has, conversely, proved to be highly cunbersone and costly in
t he manufacture of a |arge nunber of small noul ded objects at a 10 high
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3. 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.



20 pol ymer. This difference in structure of the solid pol yurethane

. matrix incurs undesirable differences i pthe nmechani cal and/or detonation
properties, which therefore necessitates a very expensive and | abori ous
requalification of the final product. 25The two-conponent nethod descri bed
by 3. M TAUZLA is, therefore, not totally satisfactory. Met hods of
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process, mixing directly all of the isocyanate monomer and all the hydroxy! pre-
20 polymer. |

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 .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-
finking agent (about 70% by weight) to obtain a visco-elastic product,



25 conposition, then thermal cross-linking, said conposition being obtained

by mxing constituents conprising essenr4| ally a polyol pre-polyner, a

pol yi socyanate nonomer, a plasticising agent, and a solid charge in powder
form conprising at | east one nitro- organi c explosive. It is characterised
in that, in order to obtain the pasty expl osive conposition: 30 - firstly,
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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:



The operations of preparing the conponents A and B are totally 30

i ndependent of the operations of mxinggthe conponents A and B and of 6
noul ding them and can be carried out during downtines. These conponents A
and B can be stored if required for several weeks before being m xed.

The nethod according to EP-A-1 333 015 is, in addition, totally independent
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- the weight ratio of component A to component B is very specific.

This combination of distinctive technical features, compared to the two-
component semi-continuous method according to 3. 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
reduceé 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 wvulnerability 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



conponent A, but, in an entirely unexpected manner, does exert an effect,
of 7 remarkable intensity, on the vi sco(?s)ity of the component A. This
effect is nuch more than a sinple diluti‘on effect (of a paste by a Iiquid),
since it is of a nmuch greater intensity than that (insignificant) resulting
fromthe addition of an equivalent quantity of another liquid such as the
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conposi ti odiffiquityaisdsometiches encountered with regard to the feeding of the mixer
(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 - aliows 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



In this, said nmethod is a nethod according to EP-A-1 333 015. 8 In this

» context, in a characterising way: - sai@ |liquid conponent B' conprises 90
to 99% by wei ght of said polyi socyanate nononer; - said pasty conponent

A" conprises the whole of the polyol pre-polyner, the 5 whole of the solid
charge in powder formand the remaining 1 to 10% by wei ght of the
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non-1im tanihgﬂ).rranner , about the franework of the present invention (a 9
15 The present invention, therefore, concerns a semi-continuous method of
obtaining @ 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 « @ 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.



framewor k which is understood to correspond to that of the invention

< according to EP-A-1 333 015). At ghe time of the inplenmentation of

the nethod according to the invention, the pasty expl osive conposition is
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l'iquid, orgpas .S, an o] sitigns shoul d be understood,
in the preden tl%%‘ﬂﬁ"i‘%tﬁ’%ﬂt '%iéiﬁtfﬁqg%&c&ﬁﬁ%'ét inglion hetweene 536 at ur e
(about 20 "315@-' {r S ric pressure (about 0.1 MPa).

Traditi ona?ol , t‘ﬁ{eis?\era%&rgrzﬁ ?']riw(;- organi ¢ expl osive" is understood to nean an
expl osi ve thieosantirfuous mixing of waid eoripsinents A ahbeBMist cardied el th sd¢H @si ves
(conprising at |east one C-NO2 group, the carbon atomform ng part of an

ar omatiPc y dhat the weight atie o rcamporrntvAste companentP'as cangtantofie

S nce gt adktal it ChF coltiotd, “Bing  ARbledh  ds i 820end Ve | <
chosen fr®9,69H.450up consisting of hexogen, octogen, pentrite,

oxynitrotriazole (ONTA), triam notrinitrobenzene, nitroguanidine, and
m xt ures t her ediGcordiag 401 thée inventiongs inof aachbaterising  wfay, héhaf pastyai d

B S e I ST PN P A
M Xtu§ss yepejht, ot She 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 ailows 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



According to a preferred variant, the content of nitro-organic explosive is
bet ween 15% and 90% by wei ght in rel atign to the conposite expl osive, and
the content of solid charge in powder férmis between 75% and 90% by wei ght
in relation to the conposite explosive. 5According to one variant, the
solid charge in powder formonly consists of at |east one nitro-organic

expl osi ve. According to,another variant, the solid charge in powder
formli ke\Kfaé'@e%'BFﬁ)r‘f’E@g ?ﬁq ll"'é%%"f:m@ﬁe 16t ﬁ@FreéB‘Pﬁﬁ)n@ntt%?Laﬂfcttﬁg &?Vqrglg’g‘t one
nitro-or g%kﬁfﬁf&_ﬁ'&?@byﬁ-‘l 39 b15pY conprise, for exanple, a reducing netal,
preferably chose rom the group conprising alumnium zirconium

nmagnesi um tungitt ére time oof ahel impiémentatidreiofothe imethodaatdotding kty the
preferred manner, the reducing netal present is alumnium The content of
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which is particularly preferred, potassium perchlorate, anmoniumnitrate,
sodi um ni trat e, Theasd rdoxstituents heomapfise Tiess@ttialigntenpolybl nprepelynter, dant can
be conprised, for exanple, between 10% and 45% by wejght In relation to the
conposi t e PRYHIAGYRNAtE monomex, <, piaskicising @géﬁéryﬁiaﬁb@iﬂ%m PEWHEE JRPNI ses

at | east 1 ' =organi c expl osive, this other
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perchi@rate, afThes terpmesseetidly Ms<UHHEASI6GE t80Mean that thEecdMBtinints or
pre-polymer is a nore or |ess viscous |liquid. Its nunber-average noi ecui ar
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i s tradit prarpblyyner, Ipoiyisetyapatd enariomer hplasticisingragdmt, andulidocisdrgeiing of
tol uene diisgcyapate (TDlI), .i sophorone diisocyanate (IPDI),

di cycl'oheRIIHEL HPFeT dearasehts aeenVaE, anex ARQYny PG HBedinhale ah dhe
(HMVDI) bééﬁsz& éﬁﬂshexane i socyanate (BTHI ), 3,5,5- 5

trimethyl-1, -Hexahet hyl ene diisocyanate, and m xtures thereof.In a

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 (ONTA),
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.



particularly preferred manner, I PDI or MDClI are used. The

pl asticising agent is also a liquid, preferably a nonoester, such as

i sodecyl pelargonate (IDP), or a polye$®er chosen fromthe group consisting
of the phthal ates, the adi pates, the azelates and the acetates. Anobng the
10 polyesters, triacetin, the al kyl phthal ates such as dioctyl phthal ate
(DOP), the al kyl azel ates such as di octE/I azel ate (DQZ) and the al kyl
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parti cul 1 of tin such as a stannous salt of a
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As a wett% 5% use is preferably made of a lecithin such as soybean
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use is preferabl}é made of triethylene pentam ne acryl onltrlle TEPA or
certain dBheE@sdshereof.v da areartmlaarhblmeﬁamd daganner, the reducmg meta
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example, between 2% and 35% by weight in relation to the composite
15 explosive.

The charge in powder form can also comprise, in association or not with
a reducing metal, a mineral oxidant, preferably chosen from the group
comprising ammonium perchlorate, which is particularly preferred, potassium
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.



5 the wetting agents, the antioxi dant agents and the binder-charge adhesion
agents can be distributed without distinction between the two conponents A
and B'. Preferably, it is totally cont ditned in the conmponent A'. As
t he chai n-ext endi ng conpound (in the present case the pol yurethane pol yner
chain), which is equally classified as the bridging agent, use S nade I n
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present invention, in order to tain a pasty expl osive conposition, the
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to 98/ 2. This erefore ovvs or optimsation ‘onpdsition of t he
pol yur et heprstitaenisxcan also comprise at Ieast one additive chosen from the group

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 dibuty
tin diacetate, diethyl tin diacetate, diocty! tin dioxide and stannous octoate.
Use can also be made of a tertiary amine as a catalyst, in particular a trialkyl

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-methyi-6-
30 tertiobutylphenot (A02246).



This continuous m xi ng of the conponent A' and the conponent B is 5
preferably carried out, for exanple, in a static mxer, a mxer well known
to the person skilled in the art, in t¥%e formof a conduit contai ni ng
braces such as to force the product passing through it to be separated and
then rem xed. At the outlet fromthe mxer, a static m xer or an

ot her m xer inducing. |ow nechanical interactjon, i articular inducing a
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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 invoived.

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



The static mixer is, in general, provided with a double envel ope in order
to allow for an adjustnent of the tenpﬁgature. 10The vessels or containers
cont ai ning the conponents A' and B caf”al so be provided with a heating
system According to one preferred variant, the conponent A and the
conponent B' are mxed at a tenperature of between 40C and 80C. The pasty
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10 explosive composition is generally obtained with an output by volume of
between 0.1 I/min and 5 I/min, and better still between 0.3 I/min and 1 I/min,
for example close to or equal to 0.5 I/min.

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 linking 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



I'n particular, it is possible to operate at anbi ent tenperature (about

20C), which can be particularly advantg eous. According to one
preferred variant, the cross-linking t ‘gperature is identical or close to
that at which the conponent A" and the conponent B are 5 m xed. It
IS now proposed to illustrate the I nvention and to denonstrate its great
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10 The vessels or containers containing the components A’ and B’ can also
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 sheli 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.



d‘ischargi ng into a static mxer. At the outlet of said static mxer, the
pasty 16 conposition (A+B or A +B') i;uiipped into a nmould (which can

consist directly of the object which is

0o be | oaded). According to th

techni que of EP-A-1 333 015, the two 5 conponents, A and B, have the

foll ow ng respective conpositions:

e

COVPONENT ACOVPONENT B Pre- pol ymer PBHT
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16

15
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25

30

According to one preferred variant, the cross-linking temperature is
identical or close to that at which the component A’ and the component B’ are

mixed.

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
explosive having the following weight composition:

©.4538% of polyol pre-polymer (PBHT: polybutadiene hydroxy telechelic)
0.7988% of polyisocyanate monomer, cross-linking agent (IPDI: isophorone
diisocyanate)

4.3901% of plasticising agent (DOA: dioctyl adipate)

0.0645% of bridging agent (TMP: trimethylolpropane)

0.1171% of antioxidant agent (A02246: 2,2"-methylene-bis-4-methyi-6-tertio-
butylphenol)

0.1171% of wetting agent (soybean lecithin)

0.0585% of binder-charge adhesion agent or BCAA (TEPAN: triethylene
pentamine acrylonitrile)

0.0001% of catalyst (DBTL: dibutyidilaurate of tin)

88% of charge in powder form (HX: hexogen).

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
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



0. 7988% Pl asti ci sing agent DOA 0.4529% The conponent A
accordingly has a viscosity of between g and 20 2.5 x 103 Pa.s (between
20, 000 and 25, 000 poi ses). In thé installation, it is necessary to
apply between 2 and 3 x 106 Pa (between 20 and 30 bar) of pressure on the
pistons in order to attain flows of the order of 21 x 10-3 n8/s (350

A and & CHIOESHRE BEE & AP B Gud il CHRBR.BR o UiBciiborenT
A COVPONESNE dhjell @rhrpl v 8 H2BHEd6d¥538% Bri dgi ng agent TMP 0. 0645%
Cross-1linking ‘agent IPDI 5 0.0400% Pl asticising agent DOA 3.9372%

Ant i oxi dant A02246 0. 1171% Wetting agentlLecithin 0.1171%
. 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 AD2246 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:



BCAATEPAN 0. 0585% 10 Cat al yst DBTLO. 0001% Char geHexogen 88. 0000%
Cross-linking agent 1 PD 0.7588% Pl astisci si ng agent DOA 0.4529%

The conponent A conprises 5% of the total quantity of polyisocyanate
nmononer. The viscosity of said conponent A is therefore between 250 and 15
300 Pa.s (between 2,500 and 3, 000 poi ses). In the installation, it is
therefore suffici ented ﬂbout 8 x 105 PM% pressure on the
pi stons in order to of the order =2 nB/s (350

cnB/ m n) . Pre@uyraér about PBMT 1048388 s (850 cnB/nmin) are attainable with a

pressure of only 2 x 104 Pa (20 bar). 20l n consideration of these figures,
t he i nt er d&tdging agentr eseMMPi nU80bWm is clearly manifest. 18 CLAIMS

1. A sem -continupus neth obt ai ni ng conposite expl asi char ge

corpr o1 ng RSB AGSREIEIE o 11 ¢ 1 oA RAPNORNG agemsaPE ot hog

Sconprssi EolEpYs! | oW ng successive st eps%75880/% continuously mxing a
" to obt

pasty conmponent A' and a |iquid conponent ain a pasty expl osive
conposi t i Gtasticiging agent aDPAl yBI3FR2% pol yridasticising 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 102 m?/s (350 cm®/min). Flows of about 5 x 102 m%/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.



a pol yi socyanate nononer, 10a plasticising agent, and a solid charge in
powder form conprising at |east one nitro-organi c explosive; introducing

t he pasty expl osive conposition into a | d; and thermally cross-|inking
the conposition in the nold, wherein: 15A° and B are prepared

di scontinuously fromthe constituent ingredients, the |liquid conmponent B
conprises 90 to 99% by wei ght of the gﬁliiéocyanate nonomner , t he
pasty conponent A" conprises the whol he pol yol pre-polyner, the whole
of the solid charge in powder formand the remaining 1 to 10% by wei ght of

20 the polyi socyanate nononer, the plasticising agent being

di stributed w tHhout Aimmmtiouob@mﬁéhm fcbre)bctainﬁmnompASJtaﬁdeSiveand t he
cont i nuous xi ng of .the co s, A an out jin such a
vey that & Aebriel ety 8 SGTY BaRpesisAne At adsbRbhe Betys, HE MG
bei ng_25betymensie tﬂéﬁd‘b%n@@dc&%sﬁ;’%’&eﬂ@ 2. The method according
toclaim1l ereln the sumtotal of the weight contents of pol

pre-pol ymer, pofgntiwoyalyaningaeasty, cma@mwu&uaﬁ‘g atieyid, CO&FQPQ@@I{BdtCI:har ge
| ngr odi ong 28t B PREISHGRE LR EBNAARENE Cl o' m 1. wher ein the pol yol
pre-pol yner has a nugihetychpes-aggntal ecul ar mass (M) between 500 and
10,000, and is
a polyisocyanate monomer,
10 a plasticising agent, and
a solid charge in powder form comprising at least one nitro-organic
explosive;
introducing the pasty explosive composition into a mold; and
thermally cross-linking the composition in the mold, wherein:
15 A' and B’ are prepared discontinuously from the constituent ingredients,
the liguid component B' comprises 90 to 99% by weight of the
polyisocyanate monomer,
the 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
20  the polyisocyanate monomer,
the plasticising agent being distributed without distinction between the
components A' and B', and
the continuous mixing of the components A' and B' is carried out in such a
way that the weight ratio of component A' to component B' is constant, being

25  between 95.05/4.95 and 99.55/0.45.

2. The method according to claim 1, wherein the sum total of the
weight contents of polyol pre-polymer, polyisocyanate monomer, plasticising
agent, and solid charge in powder form represents between 98% and 100% of

30 the whole of the ingredients.

3. The method according to claim 1, wherein the polyol pre-polymer
has a number-average molecular mass {(Mn) between 500 and 10,000, and is



19 selected fromthe group consisting of polyol polyisobutylenes, polyol
pol ybut adi enes, pol yol pol yethers, polygé pol yesters and pol yol

pol ysi | oxanes. 4. The nmethod according to claim1, wherein the

pol yi socyanat e 5nononer is selected fromthe group consisting of toluene
di i socyanate, isophorone diisocyanate, dicyclohexylnethylene di i socyanate,

hexarrethleedllsoc anate, biuret tri nels nate
a1 S RGP T Mo STl ARG Of b MOMASOTNO R SRRt her eof

105. The meshodu@eMedl B8 Bppcﬂi@hgkslpo‘(%?b% slers aﬁ@%ioncﬂth%ﬁb%éhes

conposi tion also conpris s at” [ east orie additive selected fromthe group
consi sting of cross-1linking catal ysts vvettl ng agents, antioxi dant agents,

bi nder - charge aghesion a ounds

chai n- ext endi ng'conp G%H%%EO(?B’P%?'%W a'i"h ﬁ efqrﬁ@“ %@H@Ké{ma& and the
addi ti e pmessiier f@ééﬁ@&‘[@ﬂ&?&ﬁ@h@g%‘lﬁj éb@iétﬁfg%ﬂﬁl@@ﬂmsadyanﬁedl stributed
W t hout distinction between the two conponents A and B'. 6. The net hod

accor di ng isepkereing diisoayanade, rdlsy@ofa@xmlragﬁty!mdwen@t@ h@xaraemyﬂe,ne

cont ai ned 0 A o claim
1, wherei na.ﬁ?tcpgn&ggﬁ@ggﬂ h@%%nneé%g%a%ag%?y F}ﬁﬁ po1 Vi socyang rmnorrer.
8. The netdjlmd;cga@aiedan@nﬁimwésaih@réof,V\/nerei n the m xi ng between the 25

conmponent A" and the conponent B takes place in a static m xer. 9.
The nethod according to claim 1, wherein the cross-1linking tenperature of

the pagty explosive £RIRAthSA 8BcHRIMEl G5 1PHheRdn 8 pasty explosive
composition also comprises at least one additive selected from the group
consisting of cross-linking catalysts, wetting agents, antioxidant agents, binder-
charge adhesion agents, and chain-extending compounds, the chain-extending
compound is totally contained in the component A' and the additive present, other
15  than a chain-extending compound, is distributed without distinction between the

two components A' and B

6. The method according to claim 5, wherein the at least one additive
is totally contained in the component A'.
20
7. The method according to claim 1, wherein the component B

consists solely of the polyisocyanate monomer.

8. The method according to claim 1, wherein the mixing between the

25 component A' and the component B' takes place in a static mixer.

9. The method according to claim 1, wherein the cross-linking

temperature of the pasty explosive composition is between 15°C and 80°C.

30 10.  The method according to claim 9, wherein the cross-linking

temperature of the pasty explosive compaosition is ambient temperature.

11.  The method according to claim 9, wherein the cross-linking



3010. The met hod according to claim9, wherein the cross-|inking tenperature

of the pasty explosive conposition is ag@i ent tenperature. 20 tenperature
of the pasty explosive conposition is i@dentical or close to that at which
t he conponent A and the conmponent B are m xed.

temperature of the pasty explosive composition is identical or close to that at
which the component A’ and the component B' are mixed.



