-1 Desensitization by coating of crystals of explosive energetic
subst ances, coated crystals of such substances, and energetic materials 5

The subjects of the present invention are: - a nethod of desensitizing
crystals of an energetic explosive subgtance by coating them - coated
crystals of an energetic explosive 10 substance, i.e. such crystals

desensitized by coating; and - energetic materials containing said coated
crystals and/or crystals desensitized by said nmethod. 15 The present

invention rel ab@SedPi®] MHELE By ddatiy &96&1—9&@& Co¥ SéapPoPivener getic
explosive materials wth an |no ani c éﬁ?ta& and/ oy organi c (pol yner)

film so as to rTREXITHS FHRAETLTRF1 | fTY¥Et En®i¢Rvity and/ or
static electricity sensibstarngesf éﬁ@dsamdrg:étyﬁ ahsterdals | ower their
deflagra%ion-to-detonation transition threshold. The field of application
of the invention covers the whole field of application of energetic
materials, T2% espdeicals pif ohe peregemenseviandusir yre:he space i ndustry and

i f aln f
autonotive safety. e S GPVeLy Ode@%‘ﬂ’sﬁ‘i‘%rllrlgo,[ Iw%i[]h o dgneggetl c

materials is a pri or| ty Tor conpani es working of "energetic
materials. RAREEAtIq REDlRSisSs Subs tana & cqedian ithlemf t hese new

nol ecul es, Wm ch.ar @catCr ystpdtane feem drs oéﬁ@fga@@rmé&?@eswegreater
shock, L@I nand/or static electrici ys nSItIVItng]Hy by an
t
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To desensi tlamlthese crystals and make them easier to
- energetic materials containing said coated

crystals and/or crystals desensitized by said method.

15 The present invention relates more precisely to the
coating of crystals of energetic explosive materials
with an inorganic (metal) and/or organic (polymer) film
s0 as to reduce the shock sensitivity, friction
sensitivity and/or static electricity sensitivity of

20  s=aid crystals and to lower their
deflagration-to-detonation transition threshold.

The field of application of the invention covers the
whole field of application of energetic materials,

25 especially for the defense industry, the space industry
and automotive safety.

. The discovery of new, ever more powerful, energetic

materials is a priority for companies working in the
30 field of energetic materials. However, the increase in

energetic potential of these new molecules, which are

in crystalline form, 1is often accompanied by greater

shock, friction and/or static electricity sénsitivity

and also by an increased probabllity of transition from
35 deflagration to detonation.



use under satisfactory safety conditions, a known technique is to nodify
the surface of said crystals by coating themso as: 5 + to dissipate the
heat (and therefore to slow down the conbustion rate); + to absorb the
intercrystalline shock energy and to prevent friction (deformable |ayer);
and + to pronote electric charge flow afid thus reduce 10 the static
electricity sensitivity of the product. The coating material is in general
a pol yner whiochiemsnsidiidwer thesenenrtystdds4 £43 B5RearndhedE S¥sildr 986) from

t he pyrotechai.c stapdpoi : ti 20 4 5 apd 374
867). Ther engree cases | rlsnatvﬁ%%:% t erqgoastc?ﬁn%& m‘?‘gléggﬁl%%%'si s?s (@Oén

pol ymeri ¢ bitREERILME d@ e hnadif¥t Bhej sugstiersr ffertaidreryshabisnbral being
invol ved Wcbhthiegarthalos@l @gt.rostatic charges (EP 1 500 639). 20 The
coating thods according to US 4 043 850, DE 37 11 995, WD 2000/ 73245, GB
2 374 867 and EP'1 560 %%@Sl?%‘r%l Snefepk oced nfherRECEanE R ppLPEs to the
nmet hod desdowhedhen cdalusali cof rBalejrrer Materials, 21, 377-382, 2004 for

t he coating of -20Q. The technical_problem of. 25 renmoving all traces of

sol vent then i n%i t%ﬁl ?bé:’rolrsels?&le I\?Dr?’tgeorv%rr¥3 T AR t%’lﬁrg}’l “PHese

coati ng net todprevene dualkittiynof(defeorvedtliend aitehri)ckmasls and continuity of
the film norphol,og i terlly 0 t . In
general, the_pri or )a_érot %# ert%arfrgolcg'sco utclg_g%ﬂ%)f& %%él‘lt’r%lll iﬁggghggglélggsi tion
of a smel| pRedEtatAHcned ecardAtYor BGAiVG tyntodr ithie ®Fosicdxpl osi ve
crystalline 35 substance. However, controlling the quality and the

t hi ckness of .the coating | ayer js.of  paranoun i nportance for_ optim zing
the conpronmSé AT 3%*5*%/%131 eve| lgf IFESEAsi 7 rzg‘?}rﬂ?'le%n‘ﬁh’t% gﬁgrgeti C

capability either be inert (US 4 043 850 and DE 37 11 995) from
the pyrotechnic standpoint or energetic (WO 2000/73245
15 and GB 2 374 867). There are cases in which the coating
material consists of a polymeric binder filled with a
metal in pulverulent form, said metal being involved

with regard to electrostatic charges (EP 1 500 639).

20 The coating methods according to US 4 043 850, DE 37 11
995, WO 2000/73245, GB 2 374 867 and EP 1 500 639
involve wet processing. The same applies to the method
described in Journal of Polymer Materials, 21, 377-382,
2004 for the coating of CL-20. The technical problem of

25 removing all traces of solvent then inevitably arises.

Moreover, when implementing all these coating methods,

the quality of the coating (thickness and continuity of

the film, morphology, etc.) cannot be satisfactorily
30 controlled.

In general, the prior art offers no solution for
controlling the deposition of a small predetermined
amount of coating material on an explosive crystalline
35 substance. However, contreolling the gquality and the
thickness of the coating layer is of paramount

importance for optimizing the compromise between the



of the coated expl osive substance. Those skilled in the art are therefore
al ways seeking a 5 nethod for mnimzing the anount of coating, so as to
obtain a continuous |ayer which is as thin as possible. The objective is
in fact not to overly relativize the agount of active product to the
detrinment of an energetically less acti"'ve or inactive material (the 10
coating). O course, the nethod nust also neet, on the one hand, the
handl i ng crileaella ¢Hr deppheditieamaber imbd Chee.emrgable tephkiMitked at

t enper at ur eg, "E‘ﬂee%‘é@éd”%&;ntl%s%e”%@ﬂéﬁa% structure of the nolecules or

crystals) and, on the othef hand, environnmental criteria relating to the
use of volatile solvents (for exanple VOC emssions). 20 At the sane

time, met hod‘%o@@zv%ktiqqiédja_\f?'tﬂﬁ?cbﬁ@raréoﬁﬁéf@fé@é'oﬁf%é!}@' 88eRing a
m croparticles, for_ electroni¢, nedical, pharnmaceutical or cosnetic

appl i cat? onZCTRRE HeAhoBL BN LEHRSI TRy FMYRYT a9Br SOBL1NGr gfif 2Br tPnor gani ¢
rrﬁt eri aljsl [ nbaagnper Q:i’dﬁi’di@'ﬂifoﬂsll gjaizea!ﬁ VeHiE. SH %a%i ﬁs Oth%]ﬂoagapbgs@mb%clbes is
t hus widely ed. in these.fields. This 0 as the vant age ei ng
carried out Tglt% 16 ST attr é"and Hi g%ogfggsﬁvee,rﬁtyhu’%ef%’éjmﬁ i ﬁgei ts
applicati onam@p@ftgamfc @mnjmmdsgl’rc_adncrtg 2o | ovhelecdaposménon dEnpenat ure.
30 The supeppbhiital-afhy qlgggos‘%{:g\l}ene&poqg(?q{%ﬁ%at h{a arWibh ?Ehgl n met al

| ayer consists i'n depositing a nanostructure in netal Tayer ‘(a|l ayer
rangi ng 4 r ofP2&ANEY gani zati on of nanoparticles to a uniform 35
nanostructured filnm on organic or inorganic conpounds. This depositionis

carried out l%y di ssol vi rﬁg a net aé Brecursor in a solvent. Said precursor,
when -4 Of” course, the method must also meet, on the one hand,

the handling criteria for explosive materials (i.e. be
able to be worked at temperatures low enough not to

15 modify the structure of the molecules or crystals) and,
con the other hand, environmental criteria relating to
the use of wvolatile solvents {for example VOC
emissions).

20 . At the same time, methods have been developed for
coating nanoparticles or microparticles, for
electronic, medical, pharmaceutical or cosmetic
applications. The method of depositing thin lavers of
organic or inorganic materials in a supercritical fluid

25 on organic or inorganic particles is thus widely used
in these fields. This method has the advantage of being
carried out at low temperature and high pressure, thus
permitting its application to organic compounds having
a low decomposition temperature.

30
The supercritical fluid deposition method for coating
with a thin metal layer consists in depositing a
nanostructured thin metal layer (a laver ranging from
an organization of nancparticles to a uwniform

35 mnanostructured film) on organic or inorganic compounds.
This deposition is carried out by dissolving a metal

precursor in a solvent, Said precursor, when



deconposed, results in the precipitation of the nmetal on the conmpound to
be coated. The nethod is described in patent application WO 2000/ 59622.
The article "Design at the nanoneter scale of multifunctional 5 materials
usi ng supercritical fluid chem cal dep%3|tion" by Sanuel Marre et al.,
Nanot echnol ogy, Volunme 17, Nunber ept enber 28, 2006, pp 4594-4599
describes the inplenentation of this nmethod for depositing a copper film
(consi sti ngdetomppped, 1remropar t hcltes) phesibbigtdonc oFi |4lea heads. The

nethod S ?rg%ﬁﬁmgg%?gﬁn&enger%guregteﬁggkﬂ%tln§:c%poc thF150§%5nd under

a pressure O onsi'sts in ai ni ng
one or noreinsolpadiany, t@eppbhcatioes WO b b 2nd dfhé¢ eastrtonde 15

metal precunsis;of, the coald nqlé}%ﬁﬁg §@éf’ Papk! chifig heLhg dbaper sed in

the fluid under Supercritical subcritical tenperature and
pressure’ cBAGEEIEdS, - &8d89ng, ﬁﬁpﬁrﬁrﬁﬁécﬁﬂU|d fihédpr ecahewicef the 20

goatl n? gat @Tep%bltt(io@e' ltbgnsé&h@?ﬁ lmmslt@h & \tﬂ@m thaha?léﬁégh{IBEtSQ;ya| lts
eposited o e partic an en - ectin ui 0 tenperature
and pressugg& El%bﬁgﬂéﬁ%% f%ats§8 Emgﬁg % 8 %QP hePP g438dud><Pate in
order to redesertbessolvient ($pplahehhetdenhobdf chabi ngnevu:rtclr&a EbkN

conti nuous ayer i upercrihtical nediumis al known,
especial ly ?%b¥%g%6H rnﬁ%eu?ﬁ’gﬁﬂgnd%égsnet CO??e§%%ng TI deﬁSQP?Fon is
carri edbut nppogpssdloliesy tdre sdomiayosicagéhtichn keastsl veTlte amdthhén by
precipitating sald-i &pabhRg ﬁeetemaarg%ﬁﬁgg%ﬁg PeROARF DY 8"

antisol vent effect. Thraough i S approac IS possl
deposi ted | &p8-Ct 81Fe ISRy A RERFSUESnOLoRePaAp It CMISES DRD1P004/ 91571

descri bes a - contacting, in a fluid containing one or more
solvents, the particles to be coated and at least one
15 metal precursor of the coating material, said particles
being dispersed in the fluid under supercritical or
slightly subcritical temperature and praessure
conditions;
- causing, within the fluid, the precursor of the
20 coating material to be transformed in such a way that
said material is deposited on the particles; and then
- subjecting the fluid to temperature and
pressure conditions such that said fluid is in the
gaseous state in order to remove the solvent(s).
25
The method of coating with a thin continuous polymer
layer in a supercritical medium is also well known,
especially in the pharmaceutical and cosmetic fields.
The deposition is carried out by disscolving the coating
30 agent in a solvent and then by precipitating said
coating agent on the compound to be coated by an
antisolvent effect. Through this approach, it is
possible for the deposited layer to be very finely
controlled. Application WO 2004/91571 describes a
35 method for depositing a polymer coating on particles
using a supercritical fluid, for example supercritical
carbon dioxide, as antisolvent, to which a polymer



35 nethod for depositing a polymer coating on particles wusing a
supercritical fluid, for exanple supercritical carbon dioxide, as
antisolvent, to which a polyner -5 solution and an organi c solvent are
added, the particles being dispersed ip said organic solvent. The coating
is deposited when the supercritical flurd and the suspended particles are
conbined to cause the 5 polyner to precipitate on the particles to be
coated. Mesbddsibor coali ngnparcircares, vwmﬂ¢mmtoramet1dﬁﬂedaretﬁéergetic

ol ey | Boki2188 Wling i dflalgald SBOLY T d AlVat D! N9

di ssol ved i ercri ui d ave a en BSCrT
especially pﬁa@£ﬂ99ﬂ$90@590$ht@ﬂevF@@Wn@helﬁdperpratlcahgvﬁhemingnénd

Chem cal Re%ﬁércgus¥ghdeé4 pg@tléZes 299@ eemb§§%§ 6§§3 géﬁs%E %ﬁg 11 393

and in EP 0 706 he yse of said nmethods 1s [imt
gener al 13 | BRLYBRELEP PYeELPPER)REFPE Fﬁes@§§FéFﬂ@ﬁc§P bﬁIGPG§edlt is
therefore dlfflcult if not inpossible, when using said nmethods to control

the quality_ and t t hickness of the coat ge ted. 20 Wthin such a
context, thé |nW8Eﬁ8g 8&39ﬁﬁﬁ§Q$épa§5%ﬁ%%$e Wﬁ %?Euﬂ Yol Vt E%?%cting a
coating techmequmergeddic pressiuriesndst eirpar polymeset pol nilsich reas@osi ng

it to the fgghngE ene get%gvgf@ 8S|%§%n0&%ﬁﬁxfayer%g% e%_that sald

techni que i table eposi {1 ng S ang'polyner Iayers on
the surkcesyperhsitéegsdt al §Llotdsuchhaveecunrésoandostowi ndesbmtbedi s

techni que cagpheihmplenant g8 fo5, oemes at iipg sHeh o‘iﬁfﬁalngﬁd\\f@tfbafre thin,
continuous and uniform over _the entire surface sal d éﬁta in such

a way that S09iBPETeRgstard SheHEEdnsReEs2edchi-t nbot -t Hdr 8Rer gbli c

per f or mance2bebnNg ppl.gregaxagBIy, | twabredo7Accorivngaha the Ho ret 766bj ect of

the presentgr; . The use of said methods is limited by the

15 generally low solubility of polymers in supercritical
fluids. It 1s therefore difficult, if not impossible,
when using sald methods to control the quality and the

thickness of the coating generated.

20 Within such a context, the inventors have made the
valuable contribution of selecting a coating technigque
under pressure and temperature setpoints, transposing
it to the field of energetic explosive molecules,
showing that said technique is suitable for depositing

25 metal layers and polymer layers on the surface of the
crystals of such molecules and showing that this
technique can be implemented for generating such
coatings, which are thin, continuous and uniform, over
the entire surface of said crystals, in such a way that

30 sald crystals are desensitized without their energetic
performance being significantly impaired.

According to the first subject of the present
invention, this therefore =relates to a method of

35 desensitizing crystals of an energetic explosive
substance by coating them. Characteristically, said
method comprises:



invention, this therefore relates to a method of 35 desensitizing crystals
of an energetic expl osive substance by coating them Characteristically,
said nethod conprises: -6 the preparation of a solution containing,

di ssolved: + at |east one precursor of g coating material, said coating
mat eri al being chosen fromnetals and ™3 ™ xtures thereof, and/or + a
coating material chosen from polynmers and m xtures thereof; - the

suspendi ng of the crthet alirdpusetiibn sobfiti @n; sshtdlibn tbendepnsnyi on
carried outdﬁﬁthig fluid, outside the normal tenperature and pressure
condi ti ons, Eﬁgﬁeﬁ | y under supercritical conditions, of a netal and/or
pol ymer film advantagéolsiasta arst gprédumser @f potgabingi hateomnalhe
surface of said grLyst (5 j 15 i st S ajggtal film
or a polymer fi I%r?nxgb%ﬁgl%%r##é(?r%%al%ﬂ%%@%r ﬁfF?@nﬂ?%éE%tys 3§§I uded
(see lat®er)). Un8érteger &&sdetifonsgnd/®%t side nornmal tenperature and 20

pressure conditions, afdvaphagdaguslatc<titsl densab el poanstd | aAg, in the

liquid state of the fluid in estion, very advantageously (i.e.

pref er abl y) undeplx§ﬁﬁ€§cF#ﬁq§% iconditions - it is possible to obtain the

expected result wthtet havspgniibngeacdt el ehat edcPpstebper dirur esatilat t he

t enperat ure-s n%LtiVe e%Frgetic expl osi ve substance in question could not
€

withstand. SOnder“&icR onditions - outsige nor mal t enperature apd
pressurkl condi ti ons thadvdepagébushy otksiiedsabuk noritdiirB0acofdiztilons, in

tp he 1lau 3) BALE R P dldetidh | lomSiESLERD. 2N ¥rBdYARLABBANSLY ok, ©-
preferably under supercritical conditions, of a metal
and/or polymer £ilm, advantageously a metal film or a
polymer f£ilm, on the surface of said crystals (the film
15 1in guestion i1s generally a metal film or a polymer
film, but a hybrid {(metal + polymer) £film is not

excluded (see later)).

Under such conditions — outside normal temperature and
20 pressure conditions, advantageously outside said normal
conditions, in the liguid state of the fluid in
gquestion, very advantageously (i.e. preferably) under
supercritical conditions - it i1s possible to obtain the
expected result without having te reach elevated
25 temperatures that the temperature-sensitive energetic
explosive substance in gquestion could not withstand.

Under such conditions - outsgide normal temperature and
pressure conditions, advantageously cutside said normal

30 conditions, in the liquid state of the fluid in
question, very advantageously (i.e. preferably) under
supercritical conditions - it has proved possible to
generate a metal coating and/or (generally or) a
polymer coating on the surface of the crystals. It has

35 also proved possible to generate such a thin,
continuous and uniform coating over the entire surface
of the crystals.



supercritical conditions - it has proved possible to generate a netal
coating and/or (generally or) a polyner coating on the surface of the
crystals. It has 35 al so proved possible to generate such a thin,

conti nuous and uniform coating over the_entire surface of the crystals. -7
In the context of inplenmenting the methdd of the i nvention,
characteristically: - the coating material or its precursor is 5 dissolved
beforehand in a solvent. This |leaves the possibility of optimzing the

choi ce of ‘the cogll g, aleri gk (9foiLacREERN SOLL /solygal Bai f g

adjusting f concentrati ons of Or “precuarsor |n sard
sol vent andinfensfione @hagab§equ§mub¢ldahtrolIing 10 the dep05|t|on of the

coating material . apg. E%Eé%fﬂ&ﬂlﬁ%k%@igilabrlsdqu

tenperature above room tenperature ove 25C an ener :ﬁove 30C) and
at a pressufiésgpéved abrbepREANE piessur EolaRNt adk }eaﬁﬁé nebfiod is 15

carried out pbas&bgllltwafst@é@anzitﬁge felnd dch61c§UQ§£| ehel abeyeihi§e

| i qui d/ gas curve) t e. sai erature .an ure _conditions.

br of o1 aby y, TEFETRaTe o GHE DT BRIER S EPL Pt A ondbt | BREVS 565 he

met hod in quhet i ot ceharact end stof aksly d nmhee’emaéd oz(f@lredﬁm@mrtl g the

coati ng mat aLi %I )S Li% N pégés%{l{g e%n? t%dr;_pe%%éjé ? " i%of the type
A el ds OVE ?E d

descri bed for jcationin O . Sée as%d on
the redutti oheoﬂe@omttabnppécltrhgoucqartlagrrmtmm@dderan@s pressure and

tenperature seth|ng§1&mw%5g@$Hq ama§g95%3f|t1§alnggbgngfoQNgep95|tlng a
nmetal film antisolvent nethod Tor depositin hese two

i npl enent at CERAPFEALEAES ﬁPPVeberﬂp§cu§§@BeF§F€Fe Séa¥ﬁﬁeflaﬁac ufBer
pressure angechempenagt Urgsedpoinmtes) and at a pressure above

atmospheric pressgure. Advantageously, the method is
15 carried out in the liquid state of the fluid in
question (above the liquid/gas curve} outside said
normal temperature and pressure conditions. Preferably,

it 1s carried out under supercritical conditions.

20 The method in question, characteristically implemented
(for depositing the coating material) under pressure
and temperature setpoints, i1s of the type described for
application in other fields (see above): method based
on the reduction of a metal precurscr in a medium under

25 pressure and temperature setpoints, preferably a
supercritical medium, for depogiting a metal film;
antisolvent method for depositing a polymer film. These
two implementation variants will be discussed later.

30 The fluid, under pressure and temperature setpoints
during implementation of the method of the invention,
ig advantageously carbon dioxide (CO;). In general, this
is the fluid most often used when it is intended to
work under supercritical conditions since it has easily

35 achievable «critical co-ordinates (T = 31°C and
P. = 7.38 MPa). Moreover, it 1is inexpensive, nontoxic
and chemically stable. However, it is not excluded from



during inplenentation of the nethod of the invention, is advantageously
carbon dioxide (COD). In general, this 1is the fluid nost often used when
it is intended to work under supercritical conditions since it has easily
35 achievable critical co-ordinates (T = 31C and P = 7.38 MPa). Moreover,
it is inexpensive, nontoxic and chenitﬁITy stable. However, it is not
excluded fromg _ the scope of the invention to carry out the nethod with
the use, unddke suppkCrdft ittad ondidiensto ofaery| e theéhpechbanwCeRB. -9 As
i ndi cat ed a% ve, the qg%?qg of _the _i.nvention n&kgs it pqgsiblglto obt ai n
thin, continudus™nifo ay EPESTSTE Y RE ehPPHECE0PPace®bf & hE1B st al s.

I n particul atheri thiam €ktable for depositing: 5 - a nmass of a netal film
and/ or (advantageously or) a polyner filmon each coated crystal that
represents from0.3 to 6% of the total mass of said coated crystal; and
for advantageously depositing: 10 - a mass of a netal film and/or

(advant ageously or) a polymer film on each coated crystal, which
represents from2 to 4% of the total mass of said coated crystal. 15 Thus,
the method of the invention is suitable in particular for depositing a

| ayer of netal (Cu) particles with a thickness of around 50 nm which
corresponds to a neasured nass content of 2.6% The netal |ayer in
guestion is a cover (continuous |ayer) 20 consisting of nanoparticles.
Incidentally, it should be noted here that the method of the invention is
not limted to obtaining coating layers as thin as this, but the fact that
it does



25 enabl e such layers to be obtained - which are thin but also continuous
and uniform- is of particular interest. A variant of the nethod of the
invention 30 inplenmented for depositing a netal filmwll now be
presented. Incidentally, it should be nqted that the deposition of such a
filmon the surface of crystals of energetic explosive substances is
conpletely innovative. 35 The nethod of the invention is advantageously

i npl enent ed Akorirdepesidd ngbaveet ahef ineriofd abfl easd oneendibn MA&REschosen

from ni ckel ... cqpper..,.-al um.nu t.i.tanium and. zirconi um.and/or_ at |east one

oxi de of sudf épcpsr%ﬁba]l? Efl?ue O:getta - fﬁurﬁi n “QUESPVSRSe ot T i t hgYers

corr espondi pyefrettdle( ®ntdra Faidmrae spondiegeoxs tels) , InSpartétsgar, m xt ure

t her eof . ThgtcggpgﬁhEgg@eo%gghgg%%gggqg_.iln1is controlled by controlling
hod an ]

the paraneters of the net nor e articularly the pressure and the
tenperature for 10 PnplaSfenPing thetadt Addmamnd ey cdapvsntreaouslyhe

reaction nedirym sThe,dmydiad ofiihe bAVERlHON, ddml&rentegsfor depgsiting a
metal film is advantagﬁggslﬁ gf t he type degcrlbed 15 1n WO 2000/ 59622

and i s basedSBRSEREFedic®M ol -of & Ret HT pFBEurYra! TRESSnttho82E8npri ses:
- the prepacaticed efyatadl;uti on containing at |east one netal precursor of

at | east one_(;catin netal . 20 -- the.suspending of the crystals in said
sol ution; -aPﬁegggn %& P%Sggpuﬁég gﬁpﬁﬁﬁgﬁngbtained with a solvent fluid
for saidP solution, eutsEisk oheanoneehl film and/or (advantageously

or) a polymer film, on each coated crystal, which
represents from 2 to 4% of the total mass of sgaid
coated crystal.

15 Thus, the method of the invention is suitable in
particular £for depositing a layer of metal (Cu)
particles with a thickness of around 50 nm, which
corresponds to a measured mass content of 2.6%. The
metal layer in question is a cover {continuous layer)

20 consisting of nanoparticles.

Incidentally, it should be noted here that the method
of the invention is not limited to obtaining coating
layers as thin as this, but the fact that it does
25 enable such layers to be obtained - which are thin but
also continuous and uniform - is of @particular

interest.

. A variant of the method of the invention
30 implemented for depositing a metal film will now be
presented. Incidentally, 1t should be noted that the
deposition of such a film on the surface of crystals of
energetic explosive substances is completely
innovative.
35
The method of the invention 1s  advantageocusly
implemented for depositing a metal film of at least one



tenperature and pressure conditions; and 25 - the reduction, within said
fluid, outside the nornmal tenperature and pressure conditions, of said at

| east one precursor in such a way that said at |least one netal is
deposited on the surface of said cryst Lf 30 The nmethod therefore
conprises the contacting, under tenperattre and pressure setpoints, of
crystals with a nediumcontaining the dissolved precursor. By heating the

medi um t hemptedur Sds&s dﬂﬁﬁmpﬁse&emn t@@p§@ffa@ﬂumﬁﬂumhe eiyahalif,
causing a (n%yal%%fglnlto for%} Sgr the con |tiqgs i ndi cat ed,

i .e. outsid&or fnf ““FeHPer&Ure” aﬁﬁzpﬁg?g OBGndT ¥t ns PadFATagBous! y
under such aﬁmdﬂtiommeinmehelh(ﬁnhhstame glueshiéonl uicbrtd®ing n ghesti on;
very advant tical ongj é%?ﬁl ed is
t herefore a%% h&n#ﬁﬂ%f e sorélléﬁacgggapﬁ#ﬁg al % IégngéE§’
precur sor . 9r85ﬂéeaﬁ paxsurenéhgreedr-sor is advantageously chosen from

netal acetates and acetylacetonates advant ageously from net al

hexaf | uor oacet yl acet onates. Such acetyl acetonat es, have a high solublllty

in supercrilfcafORRPS 1B PEaPE AT eSSRLIRT prieklr 486r THHTSh %se

advantageousbmt@blqapgerth@xabhuamaa@ehyla@et@n@temetﬁdwanhﬁgeomaké, t he

precursor is r%g d LN th 15 resence of_hydro en_ a redEC|ng ggent
P

Advant ageou$fy, QF&Vys GCPH iy a E% be® ?ﬂ@ﬁ? BH Ely by
way of 10| ustpdementioge mhy omethpﬁemﬂmﬂlngueZ@GMEQBupmunanbfofthhe met hod

of the inveptlonilg &X8L.a ned bel ow

The method of the invention, implemented for depositing
a metal film, is advantageously of the type described

15 in WO 2000/59622 and is based on the reduction of a
metal precursor. This method comprises:

- the preparation of a solution containing at
least one metal precursor of at least one (coating)
metal;

20 -  the suspending of the crystals in said
solution;

- the contacting of the solution obtained with a
solvent fluid for said solution, outside the normal
temperature and pressure conditions; and

25 - the reduction, within said fluid, outside the
normal temperature and pressure conditions, of said at
least ocne precursor in such a way that saild at least
one metal is deposited on the surface of said crystals.

30 The method therefore comprises the contacting, under
temperature and pressure setpoints, of crystals with a
medium containing the dissolved precursor. By heating
the medium, the precursor 1s decomposed on the surface
of the crystals, causing a (metal) film to form.

35



1. a known anount of precursor (Cu[hfac]2) is dissolved in a cosolvent (an
al cohol). The CL20 crystals are added and then dispersed by stirring. The
25 cosol vent inproves the solubility of the precursor (the Cu conplex) in
supercritical CO2 (see later) and hel ps,. the reduction reaction; 2. the

m xture is placed in a reactor pressurT]zJeH with CO®2 and H2; 30 3. the
reactor (of constant volune) is heated wuntil supercritical conditions are
reached. Onceddie thequeorditboper atndbcaned pr ds.silr e cuggdlde havembgen
reached, th stemis stabjli [.a j I me | [ | I ow t he
precur sor t% (?5%}3:6131:& :?%1%{4 ﬁgsn%%%%ar?%{iggg%{lée dé%gg??{égsgﬁ{l?%g surface
of the crystualder Bucht kogidigdonsf, time tdepdsiadd Isdpdre adbrtsudilypidepends,
under defined conditions, on the -13- tine and the tenperature. It also
depends on the initial concentration of the precursor; 5. the coated
crystals are then recovered either as a dispersion in the cosolvent (after
deconpression 5 and renoval of the CO2 + H2) or in dry form (after the
cosolvent is carried away by the gases). In general, it nmay be pointed out
that the thickness of the deposited netal filmis controlled by, inter
alia, 10 the tenperature, the contacting tinme and the concentration. The
tenperatures involved in the reduction vary depending on the precise
nature of the precursors in question. They generally vary between 70C and
270C, thereby enabling the energetic 15 expl osive substances to be bel ow
their deconposition tenperatures. A variant of the nethod of the
invention inplenented for depositing a polynmer filmwll now be



20 presented. Incidentally, it will be recalled here that such a film had
been deposited, according to the prior art, by wet processing. The filns
obtained by the nethod of the invention are of better quality than those
obtai ned according to the prior art (they are 25 deposited, over the entire
surface of the crystals, so as to be Tonhlinuous and uniform and

advant ageously wth a very small thickness). The nethod of the invention

is advantagéﬂush&eseﬂohﬁplfémyﬂ(aﬁﬁaﬂtddubuhﬂyxnmmd@m ofupepolyagealil m of
polybutadlen peci al |y ,of r QX tel.ec ybut i ene (HIPB), of
polyurethane%Pgﬁ§ % gécﬁé Eﬁ%% %ﬁyéélgi gﬁghglyc ¥ﬁﬁ5a%

(PDE&A), of tae p@ﬂv@xp@thph@ﬁ&hp@byaﬁy@r@myﬂeﬁst(B@E/B@Eﬁum@pa1yner 35 of
pol ygl yci dyl azide (PGA) or of a m xture of such polyners. -14- The net hod

of the invention, inplenented for depositing a polynmer film is
advant ageouSPjSofat hd cefse @RS cRISSHTSOT WF 2G8WaIiEEECUss M naheaesd above,

this is an radki sol vgatamet hocacéfﬁat.ce.ks CONPIiERES: 5ace1:{)§a8é§8ﬁéaéson Of a
sol ution of ga_least one p%lyner in soIveEi - the suspendin
&n HY

crystals in CagSPYE; 3RG - mehe coﬂ?ﬁ@ rBPC?E¥l§G§E%H§88ﬁ obtalned
with 10 ansach scdeetylddetchatoss si tlaviehe aor mabht enqenadiuriecy angnpr essur e
conditions, _in order to |?che the precipitation of said at |east one

pol ymer on PRESISHM égelo daid crystals. 15 The crystals are dispersed in

a soluti®n of at least one polyner. This solution is placed in a reactor,

which is thﬁglgresggglzeqegggh aqn?gtisgkggﬂksggjssiggﬁgigggh the i rst
sol vent), ereby causing said at
advantageously of copper hexafluorocacetylacetonate.

Advantageously, the precursor is reduced 1in the
15 presence of hydrogen (a reducing agent) .
Advantageously, a catalyst (such as Pd) may also be

involved.

Purely by way of illustration, one way of implementing

20 this wvariant of the method of the invention isg
explained below:

1. a known amount of precursor (Culhfac];) is
dissolved in a cosolvent (an alcohol). The CL20
crystals are added and then dispersed by stirring. The

25 cosolvent improves the solubility of the precursor (the
Cu complex) in supercritical CO; (see later) and helps
the reduction reaction;

2. the mixture is placed in a reactor pressurized
with CO; and Hy;

30 3. the reactor (of constant volume) is heated
until supercritical conditions are reached. Once the
required temperature and pressure levels have been
reached, the system is stabilized for a defined time in
order to allow the precursor to decompose;

35 4. Cu nanoparticles are deposited on the surface
of the crystals. The thickness of the deposited layer
obviously depends, under defined conditions, on the



one polyner to precipitate on the surface of the 20 crystals. Purely by
way of illustration, one way of inplenmenting this variant of the nethod of
the invention is presented below. 25 1. HTPB is dissolved in a solvent
(for exanple, dichloronethane), the crystals, CL20 crystals for exanple,
are added and the m xture is nechanicany“ stirred; 2. this solution is
placed in a reactor; 30 3. CO2 (antisolvent and solvent for the first

sol vent) istiifjeechad under thepeeguired conadi £1e6S. déPendseaghor the then
filled mﬁth.thgi%#percritica ent, causing the HTPB to precipitate

| . anti.s Ly , ]
on the surfaé FRECEISPEIE 35 g.etﬁ§e§HFSQIValves are then hal f

opened and the ©btrates cfozstrdentryétnthl grmeethane)ranercad | edthamy by

[ nj ecting asstreag) 0o flPoh Ol neX ARl Bosotdentn! fa Al a8L G, HAE MELNOD of
the invention, inplenented under supercritical conditrons ? e preferred
met hod of i apPemencarilomt nElye bEOt et nHel) t e SnSASY digsat cfatien| the

Anti Sol vent po¥ahialt. i sCharagter biall 89 teehgihgeas have denonstrated the
uni form character of the layer (in the context of HIPB-coated or

PGA- coated CL20). The quantity of layer 10 deposited is expressed in
per cent agesThy gegieghll, Whi ¢lay are menfead |yutheasar abhe ehdcnesgaptliar to

beads accor ig CCBBid St o 1 I8 L PGaHon A & n PRRESSeLifr 7 2 am
for a ress thecontempevtit8%e(t hettensi tynobcsiihoca tsmebvi audl y tbée t hat
of CL20). ThenRBhRodt;8h t hephovent il A5, PLESENLRABAAVE: 187 € the
reduction vary depending on the precise nature of the
precursors in guestion. They generally vary between
70°C and 270°C, thereby enabling the energetic
15 explosive substances to be below their decomposition
temperatures.

. A variant of the method of the invention
implemented for depositing a polymer film will now be

20 presented. Incidentally, it will be recalled here that
such a film had been deposited, according to the prior
art, by wet processing. The films obtained by the
method of the invention are of better quality than
those obtained according to the prior art (they are

25 deposited, over the entire surface of the crystals, so
as to be continuous and uniform, and advantageously
with a very small thickness).

The method of the invention is advantageously

30 implemented for the deposition of a polymer film of
polybutadiene, especially of a hydroxytelechelic
polybutadiene (HTPB), of polyurethane (PU), especially
of a poly(diethylene glycol adipate) (PDEGA), of a
polyoxyvethylene/polyoxypropylene (POE/POP) copolymer,

35 of polyglycidyl azide (PGA) or of a mixture of such
polvmers.



advant ageously inplenented: 20 - with one netal precursor: however, it is
in no way excluded for at |east two such precursors to be used for
depositing the sane netal or for jointly depositing at least two netals;
or - with one polyner: however, it is in no way 25 excluded for at | east
two such polyners to be used for the Wi ned deposition of said at |east
two polyners. The conbi ned deposition of at |east one netal and at | east
one polynerThé m@th@dnmﬁemﬁa/inﬂéﬂukﬁhvwimﬂleméntéﬂ)f@ﬁt&é@o@itih@

i i : ] h bri
h?¥$?éh??. ?hPS %@%gtgl PEL%@ E‘ ﬁ%%cs¥§§ﬂgl 'q aqgg t|o Cﬁ?ﬁ%ﬁrsor and

at |east onm pWDynﬁﬂOﬂh9§6th|ohsandndheatedpeahouee anhlspressuae
condi ti ons Qﬁ%?s&?v ? E@hghneg ik ggmpg glgular when the at | east two
sai

i nt ended reactions uctron o [East one precursor into at |east
-16- oné netal , andtbﬁeéqﬁnﬁﬂﬁUm¢nﬁ0%aﬁdSﬁlqukﬁﬁ @Eeatmﬂ%ﬁﬁﬁ)oﬂgke

pl ace. Finabby gktmnrgfgbgqggtto the nmet hod of the invention, 5 it should
be poi nted out that it is a vant eous | enented for goatin under
pressure and tenper 5B e SUSRRS éﬁyenEﬂgetﬁET %%lvéfkub§ghﬁce of
the organi gosacandar gnexpl osi ve type especially chosen from 10
octahydro-1,3,5,7-t ranitraq- raZOC|ne oct

hexahydro-1,3,5-tri tr§° fF?q%HHQaﬁﬁ ?Rﬁ%s =19 %ko@g%Qﬁn% ch%Fte);
2,4, 6,800, 8- hexané ¢ odekaddaiisowotzetidre {16 2@ortlor teNp¥fatand

4,10-di ni t1 53, 4.0 Bldd CtUAWP forkD: 0 AZAISAM t 2id aNE&TEY) - the
precipitation of said at least one polymer on the
surface of gaid crystals.

15 The crystals are dispersed in a solution of at least
one polymer. This solution 1s placed in a reactor,
which is then pressurized with an antisolvent (missible
with the first solvent), thereby causing said at least
one polyvmer to precipitate on the surface of the

20 crystals.

Purely by way of illustration, one way of implementing
this variant of the method of the invention is

presented below:

25 1. HTPB is dissolved in a solvent (for example,
dichloromethane), the crystals, CL20 crystals for
example, are added and the mnixture is mechanically
stirred;

2. this solution is placed in a reactor;
30 3. CO, (antisolvent and solvent for the first

solvent) is injected under the required conditions. The
reactor is then filled with the supercritical
antisolvent, causing the HTPB to precipitate on the
surface of the crystals;

35 4. the purge valves are then half opened and the
traces of solvent (dichloromethane) are carried away by

injecting a stream of CO; for example.



By inplenenting the perfectly controllable and 20 reproducible nethod of
the invention, the coating on the expl osive substances nay be
characterized by wunmatched uniformty and thinness. The sensitivity of
t he coated expl osive substances nmay thus be reduced, while stil
mai nt ai ni ng energetic |evels close to tifose 25 of the uncoated substance.
The second subject of the present invention relates to coated crystals of
an energetic explosive substance, which crystals are obtainable by the

t hem wi t

met hod descyjbed 30 _above, n ly.a met hod of cogatin .a nmeta

TT1 mand! or “PAGvart U] y By EoBol yHERRPRI mOF | nifereniBlentisn

char act eri stiimpakhgntedt si dedelre naursrcrtigniperlat ureomatidt poessur €éthe

condi tions. i t st al £ S eﬂgﬁﬂg the film
in 35 questpgﬁkgﬁgggr%%gggﬁgeggfﬁ: é%%ﬁgﬁﬁgﬁggﬁsﬁFgﬁ %Eereo (%qg%?ity [it
is unifdrm 8A8 dGurengousiondr AnRéSeavens) varfiasd.of the crystals] and/or

anmount deposited). -17- The crystals coated with a netal filmare new per

se. The cgéstals coated with a polymer film (or even a 5 hybrid

met al / pol ynBRAFPLAPTraFetAely bebBtRRIGHSE he DaHr aSEBPRSErEs St t WS coati ng.

fSai d CEar aChﬁﬁ_Eﬁlﬁ:thSchaMbﬁér?r@i neshand asat | qular kyeadeantageouss result
romthe ne ementatio t he coa upder ressure and_tenperature

set poi nts mﬁ@hggcgggﬁgn&ﬁiké%ﬁf?ﬁﬁﬁiiﬁ#gg?‘iW%ﬁﬂqﬁ% , %r%fbg%¥?ﬁg

mat eri dl0 or daposlicast igneeyreessadr ihheeercbntsged it eveéedhtor whidhat

| east one p ur, I ' een di I . tream i | vent

(the natureggg 5%%§%%%ﬁ9§ﬁ%e£%%£§?%§ %%ﬁbé%%?a??@hlggéséﬁhq%a 3??2 or of

said at | easkildegnédrprilear ast wigens nabave) soFiFER bbsyiDl gehavihgibeen

optim zed) (gee3RQwR) . ddiasLoatedosayagal eo0f the immamd onoadvangageously
invention have thicknesses of 7 * 2 nm for a mass
15 content of 3% {(the density of silica is obviously not
that of CL20).

The methods of the invention, as presented above, are
advantageously implemented:

20 - with one metal precursor: however, it 1is in no
way excluded for at least two such precursors to be
used for depositing the same metal or for jointly
depositing at least two metals; or

- with one polymer: however, it is in no way

25 excluded for at least two such polymers to be used for

the combined deposition of salid at least two polymers.

The combined deposition of at least one metal and at
least one polymer is not completely excluded within the
30 context of the invention. Of course, controlling such a
hybrid deposition 4is more difficult. This has to
involve, upstream, at least one metal precurscor and at
least one polymer in sgolution and the temperature and
pressure conditions have to be determined, in
35 particular when the at least two intended reactions

(reduction of said at least one precursor into at least



have: 20 - a mass of the netal filmand/or (advantageously or) polyner
filmthat represents, for each coated crystal, from0.3 to 6%of its total
mass; and very advantageously have: - a mass of the nmetal film and/or
(advant ageously 25 or) pol yner filnltgﬁg represents, for each coated
crystal, from2 to 4%of its total mass."Tn view of the above description
of the coating nethod, it wll be understood that the coated crystals of
the 30 invenki ofnecaat, adxmadt ageettdytaticwatefl widid aaret dkabil noné at

| east one netal chosen from nickel, copper, alumnum titanium zirconium
and/ or at I33§¥m§ﬁ§ Ri'GePof'“Such a netal; or - coated with a pol ymer film
of pol ybut adi ene, 35 especially of a hydroxytel echelic pol ybutadi ene

(HTPB), of -pol t ( i al | y£digth . glycol
(oot ey CPREARLISS] VA%, (R o i e o oo YE L BL Y RR0R Y 01
copol yner, iéf pbBPyyfydrelyPodat@s (Pak) bRabf ¥t nilet updvepteaesueslBol ymers;

and that sakgpdhehtled oy ABARPCAUSHYr ChY¥EEShPe OhndStafperadikre
secondary expl osi,ve, espeC|aII¥ chgsen frgg%.those bdentlfled ear|/ier in

h
the present SEERCINESnal PR, PRETERIAE sGBEPLOSLSE t RUPGFERER PhveRPPon
rel ates to emeb@geid Cserbadaghs erplbgdrati ngpen tkepeciilleonphssehon
crystals of the invention, i.e. crystals coated per se and/or desensitized
crystals ob &°féd by the nmethod of the invention. Said energetic materials
cont ai nL&n ef f ecoickehydwontl , 8f, 5s di-detoamédror-1,.deSelsititzedosriyst al s. I n

fact, they Q%ﬁ&f%&'% g@%5§t 15 of said crystals or contain them in an
effective anount, in a binder. o L
hexahydro-1,3,5-trinitre-1,3,5-triazine {RDX or

hexogen or cyclonite);
2,4,6,8,10,12-hexanitrohexaazaisowurtzitane {CL20
15 or HNIW); and
4,10-dinitro-2,4,6,8,12-tetraoxa-4,10-

diazaisowurtzitane (TEX).

By implementing the perfectly controllable and
20 reproducible method of the invention, the coating on
the explosive substances may Dbe characterized by
unmatched uniformity and thinness. The sensitivity of
the coated explosive substances may thus be reduced,
while still maintaining energetic levels close to those

25 of the uncoated substance.

The second subject of the present invention relates to
coated crystals of an energetic explogsive substance,
which crystals are obtainable by the method described
30 above, namely a method of c¢oating them with a metal
film and/ox (advantagecusly or) a polymer film,
implemented, characteristically, outside the normal
temperature and ©pressure conditions. Said coated
crystals are new because of the nature of the film in
35 question and/or because of the characteristics thereof
(quality [it is uniform and continucus over the entire
surface of the crystals] and/or amount deposited).



The invention will now be illustrated in an entirely nonliniting manner,
by the appended figures and the 20 follow ng exanples: - Figures 1-1 to
1-6 show the SEM (scanning electron nmicroscope) analysis of an initial
E-CL20 «crystal (Figure 1-1), and such CL20 crystal coated wth copper
(Figure 1-2) according to the nethod oTﬁhe 25 invention from Exanple 1.5,
followed by a series of EDX elenentary maps (using the energy dispersive
X-ray technique associ ated vvith SEM anal ysis) of the surface of such a

CL20 crysta %oatred a corcdl t11‘3 meﬁ: rltBori Wwi_t h coegdp SEM i mage of
t he Cu-coat 30 é’ls gl (Dﬁ gur )a & EDX %&5 nél pfel{ $oat ed
crystal making it possible to identify nitrogen (Figure 1- 4) car bon

(Figure 1- 5)rh%”dc£32£’9§is(% 1w§)ch Fég:#cgfy%né_hog%l}nhe

phot oel ectron ~ spectroscopy spectru crystal coat ea 35
wi th copper habEdddi Wgteé/pﬁéymﬁhoélém)theﬁenveﬁw okerpBArEXafpl 8he. 5 (the

intensity i %hﬂh:@htt%%ﬁ&l‘b@e oF - ¥Hes t@a@iﬁgt radaidintharbacdriscidhe

enl ar genment 19- the cop peak .a us to see the pro ortlons of
metallic cng'éFh( r PERt -REHd %&ik)p%% a\g@ﬁ’peﬁqvﬁnté‘ﬁeﬂ’iufed E

(precursor, feepperhexi dew Leblchendatpeak) odep@sllet edoanihbe suhﬁaee of the
CL20 crystal The 5 net c_copper_is redom nant, | present on.the surface

of the CL20; presgl rl?re sﬁgvv?er iug];fﬁ-r FUtsh & 5nn| ngsugpg f’r8n i mge of
CL20 cry&tabend:eam@gw t hn Cleolaciciormi nq,hteo t:hetmeghamamrahrrmre at4; and
10 - Figuregedsl tcS?he ré?ﬁ%’séfa%@ff&%)o% eF.eH{ ‘éEQQ'iaIQJP %{1&189
crystals with no coati I gure by such crystals
coated wi t hiFPPE @EeyuRreEUSqE| giherenB) }a%‘ébﬁl%h ngeen tﬁésﬁ@ﬂﬁéé of

upstream in a solvent (the nature of said solvent and
the concentration of said material or of said at least
15 one precursor within said solvent possibly having been

optimized) (see above).

The coated crystals of the invention advantageously
have:

20 - a mass of the metal film and/or {advantageously
or) polymer film that represents, for each coated
crystal, from 0.3 to 6% of its total mass;
and very advantageously have:

- a mass of the metal film and/or (advantageously

25 or) polymer film that represents, for each coated
crystal, from 2 to 4% of its total mass.

In view of the above description of the coating method,
it will be understood that the coated crystals of the
30 invention are advantageously:

- coated with a metal £film of at least one metal
chosen from nickel, copper, aluminum, titanium,
zirconium and/or at least one oxide of such a metal; or

- coated with a polymer film of polybutadiene,

35 especially of a hydroxytelechelic polybutadiene (HTPB),
of polyurethane (PU)}, especially of a poly(diethylene
glycol adipate) (PDEGA}, of a



the invention of Exanple 3. The presence of HIPB is 15 clearly visible at
the places indicated by the arrows. 1In the case of the exanples, the
reaction was carried out, in batch node, in a high-tenperature

hi gh- pressure reactor of 255 cnB internal volunme. 20 EXAMPLE 1: Coating of
CL20 crystals with a copper film ExanTili "1l relates to the application of
the nmethod of the invention to the coating of the explosive substance 25

f2_, I4, 6, g, 10, @amexgaithwha)ea@bachwﬁ:bpw?m@_ (HW?CMKFOP)Q_ZﬁbpM%ﬂﬂeﬁTCgPpe; )
Il m Supercrlt] osliLl1 O ndLti o or apbl e
30 The tri afj aqlrycul Yut EiL/d%r e‘% Sngmé gro%su‘.h gﬁXtEE r?%i E’Ej gi% m of
i sopr opanol pelymzrg,of Cu(hfac)2.H20 + 60 ng of Pd(hfac)?2. H20. Added to
the sol uti OBnAeTEha . 358a0lerGeddn J Ner SUSAGARKARCBALA NG fdiah DeLpg 35

pl aced at t ottom of the reactor react r II’IJEC ed with
H2 at 2.5 MPR, Q9ECesseperd@rvneyplosave, Nﬁ@m@lﬂeﬁ r@}‘l@%ﬁfml éred with

CO2. The chanbee waent2@ieckhenrhrewohh el Recdesir @@xgondi tions (100C, 22
MPa) and held there for a relatively short exposure time (45 nminutes).

Next, the reactor was cooled and then depressurized. The powder,

correspondi mj;namg copiper -winiated sGb3d@ctwastr agay epedsihem {hechoi bam of
the reactor ??I soprt%)ano ar actaecrl zatd on. of the oduct S og%al. ned from

Exanpl e 1. 5°(7abre THSTAS &5 p f% - Coat e tEEBrRSE lﬁlga)ﬁrbl R*tol or
(copperh0 redmppdétian opryebdlsi afostbpe)inwmreas, t He eCL20rybebbse

coating was Wakk8 per se and/or desensitized crystals obtained by

the method of the invention. Said energetic materials

contain an effective amount of said coated or

desensitized crystals. In fact, they generally consist

15 of said crystals or contain them, in an effective
amount, in a binder.

The invention will now be illustrated in an entirely
nonlimiting manner, by the appended figures and the
20 following examples:

- Figures 1-1 to 1-6 schow the SEM (scanning
electron microscope) analysis of an 1initial e-CL20
crystal (Figure 1-1), and such a CL20 crystal coated
with copper (Figure 1-2) according to the method of the

25 invention from Example 1.5, followed by a series of EDX
elementary maps (using the energy dispersive X-ray
technique associated with SEM analysis) of the surface
of such a CL20 crystal coated according to the
invention with copper: SEM image of the Cu-coated

30 crystal (Figure 1-3), and EDX mapping of this coated
crystal making it possible to identify nitrogen (Figure
1-4), carbon (Figure 1-5) and copper (Figure 1-6);

- PFigure 2 shows the X-ray photoelectron
spectroscopy (XPS) spectrum of a CL20 crystal coated

35 with copper according to the method of the invention
from Example 1.5 (the intensity is plotted on the

y-axis in arbitrary units (a.u.)). The enlargement of



15 The copper coating on the CL20 crystals was characterized by 5

techni ques: scanning el ectron mcroscopy (SEM; energy dispersion X-ray
(EDX) anal ysi s; X-ray phot oel ectron spectroscopy (XPS); 20 atomc
absorption. The norphol ogy of the copper-coated CL20 crystal s was
characterized by scanning el ectron nicf%%topy (SEM. In addition, EDX
(X-ray anal ytical technique associated 25 wwth SEM was used for surface

el enent al apabkySdsoEdr apeako SAELG@HE N tHe elenerhe pregRtidrnsguses 1).
The SEM i ma e oﬁgalned shows t hat thg sgrfac 20 cr stals is
covered wit pSr t FEPRET halh hgha 1aedsined etﬁﬁgﬁ 50 afi§® § 6 nht(Figure

1-2). The EBdemab¢S|ﬁomeV|peécamsbace aapseﬂf ohedepeelnﬁeft#hanéach

el enent (F a iQ it t

el enents ( gé§§ é S% dC@%O%gggagaln om1t a%g o¥§?ﬁ%icr§§ of

t he init3 al meltﬁcéééc( Eogmes mprmmﬁsgm@qerﬁt coir epondstage- 21-
copper detegki @Re kE28an be seen that copper is present over the entire
surface of the crystal. To determ ne the degree of oxidation of {he copper

on 5 the surfacé oFlgﬁEeCLﬁjcﬁ@%W%lsa X§§Qﬂmﬁ%ﬁ9¥ﬁq%ﬁﬁloﬁganﬁéﬂg been
carried out efEgube 2)imdge t hbs ficgixte, @epksaleorresperd ngvith t heubi ndi ng

[ f b d 10 | | adi t b
Clearly di SEFRGATeREa CoThEes ARt PoR B inEahogs fadiufibomes fromthe.
pal | adilfm pr ecur sor Figdéhf ad)2) that4ﬁaeﬂ§hmm tbeanedtogt | eheofrohe copper
b e SO . g BBl Cg% GEMEOE eLal0NCCE0RPETs PEALH NG badiiy PLBRGLELONS Of

netal lic copper and of copg in oxi
(precursor, 4cédppert Qﬁ?d bYeﬁvCWaﬁHJHéaR¥YS¢ﬁ s meraitiste wodpeHTFB

predom nant l(¥igure 4-2) (Figure 4-3) according to the method of
the invention of Example 3. The presence of HTPB 1is
15 clearly visible at the places indicated by the arrows.

In the case of the examples, the reaction was carried
out, in batch mode, in a high-temperature high-pressure
reactor of 255 cm’® internal volume.

20
EXAMPLE 1: Coating of CL20 crystals with a copper film

Example 1 relates to the application of the method of
the invention to the coating of the explosive substance

25 2,4,6,8,10,12-hexanitrohexaazaisowurtzitane (HNIW or
CL20) with a copper film.

Supercritical fluid deposition conditions for Example
1.5 {(Table 1)

30
The trial was carried out by preparing a solution
comprising 15 ml of isopropancl + 1.2 g of Cu(hfac)..H0
+ 60 mg of Pd(hfac);.H;0. Added to the solution were
3.5 g of CL20, the suspension obtained then being

35 placed at the bottom of the reactor. Said reactor was
then injected with H, at 2.5 MPa, the pressurization up
to 9 MPa then being completed with CO,. The chamber was
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Characterization of the products obtained from Example
1.5 (Table 1)

The copper-coated CL20 had a gray/black color (coppery
red under an optical microscope), whereas the CL20

before coating was white.

The copper coating on the CL20 crystals was
characterized by 5 techniques:

e gscanning electron microscopy (SEM);

s energy dispersion X-ray (EDX) analysis;

e X-ray photoelectron spectroscopy (XPS);

e atomic absorption.

The morphology of the copper-coated CL20 crystals was
characterized by scanning electron microscopy (SEM). In
addition, EDX (X-ray analytical technigue associated
with SEM) was used for surface elemental analysis so as
to determine the elements present (Figures 1}.

The SEM image obtained shows that the surface of the
CL20 crystals 1is covered with nanoparticles having a
gsize between 50 and 300 nm (Figure 1-2).

The EDX analysis provided surface maps of the specimen
for each element {(Figures 1-4, 1-5 and 1-6). The maps
of certain constituent elements (N and C) of the CL20
again show the shape of the crystal of the initial
image (Figure 1-3)}, whereas Figure 1-6 corresponds to
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copper detection. It can be seen that copper is present
over the entire surface of the crystal.

To determine the degree of oxidation of the copper on
5 the surface of the CL20 crystals, XPS characterizations

have been carried out (Figure 2).

In this figure, peaks corresponding to the binding
energies of carbon, oxygen, nitrogen, copper and

10 palladium atoms may be clearly distinguished. The small
amount of palladium comes from the palladium precursor
(Pd(hfac},;) that catalyzes the reduction of the copper
precursor. The enlargement of the copper peak reveals
the proportions of metallic copper (right-hand peak)

15 and of copper in oxidized form (precursor, copper oxide
- left-hand peak). The metallic copper is predominantly
present on the surface of the CL20.

The copper present on the surface was quantified by
20 atomic absorption. To do this, the specimens were
washed twice with isopropanol and then filtered so as
to remove the copper particles not deposited on the
surface of the CL20. A gray/black powder was recovered,
this being dispersed in a 30% v/v nitric acid solution.
25 The CL20 was not modified during this operation,
whereas the copper dissolved to form a quantifiable Ccu?*
solution. The copper{II) solution c¢ould then be
quantified. The percentage of copper by weight present
on the surface was 2.76% under the conditions of
30 Example 1.5. However, this wvalue can be varied by
varying the reaction parameters (initial precursor
concentration, catalyst concentration, sequences of
precursor and catalyst injection into the reactor,
reaction time) between 0.3 and 30%, as Table 1 shows. A
35 person skilled in the art will know how to adjust these

parameters according to his requirements.
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Exanpl e 1.5. Specinmen Reference E-CL20 Substance obtained in crystals
Exanple 1.5 SS*(J) 1.4 4.1 0.5 FS**(N) 73 103 11 ES***(mJ) 116 > 712
DDT**** Combustion up to 50 mm Conbustion from 150 nm Explosion at 75 mm
Expl osion at 200 mm 25 *SS: The test carrled out corresponds to that
described in the NFT 70-500 standard,2%hich is itself simlar to the UNO
3a)ii) testwhegulthengmdwm tbe ¢ B@@@mmut;ﬁs‘lm tel @tnia\les athelrgmgport des

mar chandi ses_dan er use epreuves teres
TRecomendatTORES FEPH, 155t crh e PPRRE pBRP OB R: B SFo M RIRRE Wiual of
-24- tests ahd surfeceapfrmheseﬂyébalthredmbmenont8§m§@eACTMN§J1$ssue 4,
| SBN 92- 1-2 8 SN. .1 7 t he
ener gy Ieagﬁg ?tta?egog)ljr %é%l {%Z\%E E saﬁﬁﬁlﬁ?ﬂnﬁ%@éﬁruce& %&%%t hod of
treati ng'athénﬁegul:he)r@aC‘aﬁoexpaﬁgmeéerﬁapér Eapmedbj éctted to the shocks of
a drop hammer. The material to be tested is confined in a steel device
consisting of two discs and a guiding ¢ B nodi fyi ng the mass and t he
drop hei ght PEPPERELBANMOL uhefhlaazestaL neb Bdnedy | GEGQYEHNG t ot80J .
**FS: The teshmpaeriesd out corresponds to that described in the NF T
70-503 standard, which itself is simlar to the UNO3b) ii) test. By a

m ni mum seri es of 15 30 tests, the Bruceton nethod is used to determ ne the
force ditvi neneseivdtP0% of positive results of an explosive material
subjected to friction. The material to be tested is placed on a porcelain

plate of defined roughness, which is noved in a S|ngle back-and-forth
The sensitivity of the copper-coated CL20 crystals of

Example 1.5 was evaluated by carrying out the

standardized shock sengitivity {S5*), friction
15 sensitivity (FS**), electric spark sensitivity (ES***)
and deflagration-to-detonation transition (DDT* ***)

tests. Table 2 below gives the results obtained for
comparison with the initial &-CL20.

20 Table 2: Comparison of the sensitivity tests for the
reference €-CL20 crystals and the product obtained in

Example 1.5.

Specimen Reference e-CL20 Substance cbtained in
crystals Example 1.5
SS* (J) 1.4 4.1 + 0.5
FS** (N) 73 103 + 11
ES*** (mJ) 116 > 712
DDT**** Combustion up to 50 mm | Combustion from 150 mm
Explosion at 75 mm Explosion at 200 mm

25
*3S: The test carried out corresponds to that described
in the NFT 70-500 standard, which is itself similar to
the UNO 3a)ii) test resulting from the “Recommendations
relatives au Transport des marchandises dangereuses -
30 manuel d’'épreuves et de criteéres [Recommendations

relating to the transport of Dangerous Goods: Manual of



20 novenment with an anplitude of 10 nmand a speed of 7 cm's in the enpty
state, relative to a porcelain peg which is resting on the material. The
force applied to the porcelain peg, which bears on the naterial, my vary
from7.8 to 353 N. 25 ***ES: The test carried out is a test devel oped by
the Applicant, with no NF or UNO equiv#ent. The material to be tested,
pl aced in a boat of 10 mmdianeter and 1.5 mm height, is positioned

bet ween 2 eltegtsodesarand 30z Besib] ecCt edtekq sl el exdudin Spaslieiogner gy

varying 7 The systemis o€§ﬁerved e her ._or not
there is a %@g%gﬁnﬁ@/ﬁéﬁﬁ SUSnd t e ener@3P t hr eéﬁafa%%%rgﬁsﬁlﬁi tiation
of the mateﬂoalél ﬁle"f’Bon@gr a takekmyh aseriesdetfer3d nmktsThi'sheyaéuer@ﬁ
confirnmed b coc(f%ss e The con |sts in
measuri ng t%e ca §blt| éyapérggéﬁg? %% %selﬂ %FI Fef I5ed) of
passi ng = f r@ﬁtb@dbu@tﬁ ortn@fdlélmnathen a‘ﬁ?tseultsgm tdfon, am:areprloswe on the

surface of hieched) spesicredl Iop | hd hensarg 80l (g RLARLM senat the
base of the powder _bed .55 consists in a nmet al
tube of 40 MARPHLEAet'R Qﬁd ‘?/%W%‘ﬂ)l éshe‘F@%flnef@le iube |S§Qﬂ3enda‘tflc@ne end.
The criticakohshightingeswfl i ngvd N &iyéol eahd I eaCtBMiirgy detehgn fromthe

oot not gt con s, 10, e, e spefce ot hepegy . [ gt aco

subst antt( al thedecergy hethbenvalrdek Seosi tli wiot $0and 15 friction sensitivity
and practically no sensitivity to static electricity. Mreover, as regards

the DDT results, the critical height is increased by a factor of greater
t han 2. **PS: The test carried out corresponds to that

described in the NF T 70-503 standard, which itself is
similar to the UNO 3b)ii) test. By a minimum series of
15 30 tests, the Bruceton method is used to determine the
force giving rise to 50% of positive results of an
explosive material subjected to friction. The material
to be tested is placed on a porcelain plate of defined
roughness, which is moved in a single back-and-forth
20 movement with an amplitude of 10 mm and a speed of 7
cm/s in the empty state, relative to a porcelain peg
which is resting on the material. The force applied to
the porcelain peg, which bears on the material, may
vary from 7.8 to 353 N.
25
***ES: The test carried out is a test developed by the
Applicant, with no NF or UNQO equivalent. The material
to be tested, placed in a boat of 10 mm diameter and
1.5 mm height, is positioned between 2 electrodes and
30 is subjected to an electric spark of energy varying
from 5 to 726 mJ. The system is observed to see whether
or not there is a pyrotechnic event, and the energy
threshold at which initiation of the material no longer
takes place is determined. This value is confirmed by
35 20 successive tests.



20 Energetic power Table 3 bel ow conpares the density p, inpulse Is and
specific volunme inpulse |Isxp calculated for three types of propellants
conprising, in their conposition, either 25 E-CL20 or copper-coated CL20
according to Exanple 1.5. Table 3: Co rison of the p, Is and |Isxp val ues
obtai ned by calculation with two differént Azal anes(r) conpositions (Al :
18% w/ w, ammoni um perchlorate: 30 12% w w + bi nder + expl osi ve substance).
Bul k Bi nder *E+ED20T :CoThed tRslts dsygistwonposi¢easnr{1%g € papdbetlity/ cnB)

(s) (s.g/c 20 . . jﬂﬁ? i3 2 1 osition
Conposi tion fmf?g O? %]9@?%% 95]%1 ]g (%%%%gl&ﬁ? nggdizng’% Rgssro uct of
Exanpl e 1. 5romhec<zfé¢issttyorbf tphdleenadi eubatiree 4%#%93 §arghetiy

relative togyhe dohidls sianse m&%@@ ofpbberi PLEBENLE Sheabadt 3%
copper. 1In contrast the specific 5_inmul se of %% pper - coat ed 20 accordi ng

to Exanpte 95 CLHa0, e‘ﬂ%%ﬂ”l%mét?erthet HeasRl B8 &9 Saydsthikedt akBE into
account thesmmx:ltfdsct lmipulm cami;im dﬂmsfil{lﬂﬁg 4 heepaDduabei 6£puactical ly
the sane as_t ha % 03|t|o ﬂ% Ehgl §¥§} XANPLE 2. COaglng of
TEX cryst al i Jhal?;te%%lbpgp |"Tarﬁl 190 ¢ FhéSapTeation of
the nethod boe ewodtiMphda herérpbadi VIBEEQIHDtst aesell4iho- dimi ta ov2p4e8t8, 12 15
-tetraoxa- 4, 10- Q3721 ;30 2 A A0Es  ERbWELnER s AL Goticed on the

10 tube.

The presence of copper on the surface desensitizes the
material since it is observed that there 1is a
substantial reduction both in shock sensitivity and

15 friction sensitivity and practically no sensitivity to
static electricity. Moreover, as regards the DDT
results, the critical height is i1ncreased by a factor
of greater than 2.

20 Energetic power

Table 3 below compares the density p, impulse Is and
specific volume impulse Isxp calculated for three types
of propellants comprising, in their composition, either

25 &-CL20 or copper-coated CL20 according to Example 1.5.

Table 3: Comparison of the p, Is and Isxp values
obtained by calculation with two different Azalanes®

compositions (Al: 18% w/w; ammonium perchlorate:

30 12% w/w + binder + explosive substance).

Bulk Binder £-CL20 Coated p Is Isxp

composition (%) (%) product {g/cm®) (=) {s.g/com’)
of ex.
1.5

Reference 27 43 - 1.879 272.1 511.2
composition
Composition 24 - 43 + 3 1.935 264.1 511.0
containing




copper film Table 4 below gives the two reaction paraneters and the

anount of copper deposited, quantified using the method 20 described in
-27- rda) Uri NW U dF ONN $4 N43rd NO Q -U-
ul Oco Ur-1 c-1 plyY 43 U 4) Nr

Exanpl e 1.
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the product

of Example

1.5

The density of the coated substance increases slightly
relative to the initial substance because of the
presence of about 3% copper. In contrast, the specific
impulse of copper-coated CL20 according to Example 1.5
is reduced. However, the wvalue of ISxp, which takes
into account the specific impulse and the density of
the product 1is practically the same as that of a
composition using e-CL20.

EXAMPLE 2: Coating of TEX crystals with a copper film

Example 2 relates to the application of the method for
coating the explosive substance 4,10-dinitro-2,4,6,8,12
-tetraoxa-4,l10-diazaisowurtzitane, called TEX, with a

copper film,

Table 4 below gives the two reaction parameters and the
amount of copper deposited, quantified using the method
described in Example 1.
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In 28 EXAMPLE 3: Coating of CL20 crystals with an HTPB (hydroxytel echelic
pol ybut adi ene) film 5 Exanple 3 relates to the application of the nethod
to the coating of the explosive substance

2,4,6, 8,10, 12- hexani t rohexaazai sowurtzitane (HNIWor CL20) with an HTPB
polymer film 10 Operating nethod The Bfinciple of depositing a polymer on
the surface of CL20 crystals is based on an antisol vent nethod under

supercritic itions, 15.The |y i s _dissolved in ,a dichl oromet hane
(DM sol u?#‘ﬁﬁfg{ﬂg’ i’chCPH§18PysB§| s@%%xﬁ%&?éssuﬁ%gﬁnc@n aFEPEdded,
t hese not bdhydreaitelechelicVpollybutadiena))- Ifdden solution is placed in
the reactor, which 20 is then pressurized with a supercritical antisolvent
(scC2, mscible with DCM, thereby precipitating HTPB on the surface of
t he crysi al &xafpilke Jexpebatee teubdteanzepl et DM p€ rtéroveetivyd stow
depressuri zagion qm%é# hing i th a@%@ntis@ Ye 1$id €am £9f aﬂ@éi”ed 25
time (drying tinme) . The polyner-coated crystal's are recovere romthe
bot t om of tae4péa§tép'ﬂﬁ‘ REaNG LFObExag zgiy oprdeitaTige pdFiAlT co¥ti ng on
the CL20 crysbalswias aaOHePar peheriezedihw SEM and by Wvisible
spectroscopy. UV-visible spectroscopy enabl es the anount of pol yner
deposited on the surface of the crystals to be quantified. The
guant i ficat Dprrpring meehednsi sts in 35 redi ssol ving the deposited pol yner
by placing a certain anount of coated crystals in DCM The solution is
then filtered and the collected polyner is quantified. -29-

The principle of depositing a polymer on the surface of

CL20 crystals is based on an antisolvent method under
supercritical conditions.

15
The polymer is dissolved in a dichloromethane (DCM)
solution to which the crystals of explosive substance
are added, these not being soluble in DCM. The
crystal-laden solution is placed in the reactor, which

20 1is then pressurized with a supercritical antisolvent
(scCOz, miscible with DCM), thereby precipitating HTPB
on the surface of the crystals of the explosive
substance. The DCM 1s removed by slow depressurization
and flushing with an antisolvent stream for a defined

25 time (drying time). The polymer-coated crystals are
recovered from the bottom of the reactor in the form of

a dry powder.

The polymer coating on the CL20 crystals was
30 characterized by SEM and by UV-visible spectroscopy.

UV-visible spectroscopy enables the amount of polymer
deposited on the surface of the c¢rystals to be
qgquantified. The quantification principle consists in
35 redissolving the deposited polymer by placing a certain
amount of coated crystals in DCM. The solution 1s then
filtered and the collected polymer is quantified. .



The reaction conditions of Exanple 3 and the percentage of HIPB are given
in Table 5 below. -30- m41 ro mQCO px Ori OUro m$4 d | 43 rl
otDl -HN 04 >1 bl ~ 4A $0 UNrt InO mc 11 Hriz$ W41l 4 W
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The reaction conditions of Example 3 and the percentage
of HTPB are given in Table 5 below.
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The HTPB-coated CL20 crystals are of white color and 5 have an expanded
texture conpared with the initial powder (Figure 4). The sensitivity of
t he HTPB-coated CL20 crystals of Exanple 3 was determ ned by carrying out
the 10 standardi zed tests descri bed iS Exanple 1. Table 6 bel ow gives the
results obtained for conparison with™ heTinitial E-CL20. Table 6:
Conparison of the sensitivity tests for the 15 initial E-CL20 substance
and the coa r t _of. 1 -Speci nen e-CL20 Product of Exanple
3.1 SS(J)EQ‘BE%T"” e " ES (my) 116 > 712 DDT
Conbustion up to 50 mm Conbustion from 350 nm Explosion at 75 nm No
expl osion | h dj Byﬁ%ag' iL-Lh PBy.+ 1L | sibke to
reduce the @1121% E{rlf%étl%gona%é&lnsib??ei tcy 8%1% %% sﬁtﬁél{é?e(ﬁ%ﬁ%&stég&i
sensitiVityhang @8 ac¥eardedexiefiure heumaded saisht i they SSLtTme coating
reduces thepsgansit i(wiburkog)the DDT test very significantly. 32 - CLAIMS
1. A nmethod of desensitizing crystals of an energetic 5 expl osive substance
by coating them characterized in that it conprises: - the preparation of
a sol ution Taet asahafriviltgsaivedhet BIPRBeashitofie QUBECUESYEtallsa 60ati ng
mat eri al , Ld coating material being chaosen fromnetals _and_, m xtures
t her eof , an% Silgiga c%at i‘”%agS ma eert:ﬁé:frlqc glserclb rorﬁaproﬁ%/lnrtlaqrs SR the

10 standardized tests described in Example 1. Table 6

below gives the results obtained for comparison with
the initial e-CL20.

Table 6: Comparison of the sensitivity tests for the
15 initial e-CL20 substance and the coated product of
Example 3.1

Specimen e-CL20 Product of Example 3.1
S5 {(J) 1.4 2.7 £ 0.3
¥S (N) 73 157 + 17
ES (mJ) 116 > 712
DDT Combustion up to 50 mm Combustion from 350 mm
Explosion at 75 mm No explosion in the range
studied

By coating with HTPB, it is possible to reduce the

20 friction sensitivity FS and the static electricity
sensitivity and, to a lesser extent, the shock
sensitivity SS. The coating reduces the sensitivity to
the DDT test very significantly.



m xtures thereof; - the suspending of the crystals in said 15 solution;
and - the deposition, carried out wwthin a fluid, outside the nornal
tenperature and pressure conditions, preferably under supercritical
conditions, of a netal and/or polymer _film advantageously a netal filmor
a 20 polynmer film on the surface of sdi a crystals. 2. The nethod
according to claiml, characterized in that said fluid is CQ2. 25 3. The
nmet hod according to claim1l or 2, CEE @&grized in that: - the mass of
sai d deposited netal or polyner fi|ﬁ%~ég- sents, for each coated crystal,
fromO0.3 to 6% of its total nmass, and in that, 30 - advantageously, the

mass of sai d depasifed Pt adle R0l yIEr i Lmiepressnat s, LoL, gach coat ed
il A e S i

crystal, from2to I'ts tot mass, e net hod accordrng to any
one of chai @xriosdve susseagachyrigeating t hhem,t donmotesizenk @Bposition
of a netal ghisdmigopRghgtiingsof at |east one netal chosen from nickel,
copper, alumnum titaniumand ziyconium and/or _ of at |east ¢@ne oxide of
such a metal. -33- SReThPIRAFF R or 8Fng 2 o SOAOHRF of CERERARIRTY 0 4,
characteri zedsisltfedt: it conprises: - the preparation of a solution
containing at 5 Ie%sttp e nﬁgal recursor of @t Ieas%.one nﬁtaL'l- t he
suspendi ng of the cry?tale Fr SH1Y PEOT T oONn; Ot The“2ohtdct? Srﬁﬁ t he
sol uti ah0 obt ai nesaiid l[tcatisw wexiterfiali dodimg schasan| fitdmnpebalsi dedt he
normal 10 tenpehggkgﬁe%nqh%&%%§qr%nggggitions; and - the reduction, within
e the

said fluid, outsi

+ a coating material chosen from polymers and
mixtures thereof;
- the suspending of the crystals in said
15 solution; and
- the deposition, carried out within a fluid,
outside the normal temperature and pressure conditions,
preferably under supercritical conditions, of a metal
and/or polymer film, advantageously a metal £f£ilm or a
20 polymer film, on the surface of said crystals.

2. The method according to claim 1, characterized in
that said fluid is CO;.

25 3. The method according to claim i or 2,
characterized in that:

- the mass of said deposited metal or polymer film
represents, for each coated crystal, from 0.3 to 6% of
its total mass, and in that,

30 - advantageously, the mass of said deposited metal
or polymer film represents, for each coated crystal,
from 2 to 4% of its total mass.

4, The method according to any one of claims 1 to 3,

35 characterized in that it comprises the deposition of a
metal film consisting of at least one metal chosen from
nickel, copper, aluminum, titanium and zirconium and/or
of at least one oxide of such a metal.



normal tenperature and pressure conditions, of said at |east one precursor
in such a way that said at least one netal is deposited on the surface of
said crystals. 15 6. The nmethod according to claim5, characterized in
that: - said at | east one precursor is gggsen fromnetal acetates and
nmetal acetyl acet onates, advantageously” from net al

hexaf | uor oacetyl acetonates, and in that - said at | east one precursor

consi sts very advantageously of copper hexafluoroacetylacetonate 7. The
met hod accogdi ng..t0Q m5 or 25 characterlzeg that eduction
is carried § |Th tﬁg % gsgccoﬁﬁlq%mﬁog%%y ﬁ@t acg%?d%hg to any
one of clalnharatbez;zedhanaChetlz&dcpmpmhaES|t conpri ses the deposition of
a 30 polyner fl|ﬁ19%epq$ 1 Adi e58, @§p xtgfn?y?éﬂEgﬁﬁﬁggecg I|c

pol ybut adi ene, of polyurethane, especi al y o a po I et ycol
adi pat e)3 oﬂeéstp@P?o%§§ﬁﬁyp§ﬁépﬁép¥oﬁﬁpﬁ@p}ﬁéﬁé esgoMmefer.; of

pol ygl yci dyl azide eheof ddpesidiiggof cruchinal yrersseadhs 9. jHhe gBigod
according to i % one of clainms 1 to 3 and 8, characterized in that it
conprises: S84ULiRBipreparati on of a solution of at |east one polyner in a

sol vent; - the suspehdi kgnehcthegcrySt ehe sblsaidn ssmituetzjrmﬁ wiith S5a- the
contacting of the su§f§f§ gﬁ)obtal an ant. ven f|UId ut si de
pre

t he nor mal ?8np8r§tu g?ug?d%gnﬂl Pons, Ou§?<3rder fo PREURE the
precipﬂﬂhtlcnmpbr@audeaanﬂeageseneep@bmdam1@mSLh@ndsurface of said
crystals. - the reduction, within said fluid, outside the
normal temperature and pressure conditions, of said at
least one precursor in such a way that said at least
one metal is deposited on the surface of said crystals.
15
6. The method according to claim 5, characterized in
that:
- said at least one precursor 1is chosen from metal
acetates and metal acetylacetonates, advantageously
20 from metal hexafluorcacetylacetonates, and in that
- said at least one precursor consists very

advantageously of copper hexafluoroacetylacetonate.

7. The method according to claim 5 or 6,
25 characterized in that said reduction 1s carried out in
the presence of hydrogen.

8. The method according to any one of claims 1 to 3,
characterized in that 1t comprises the deposition of a
30 polvmer £ilm of ©polybutadiene, especially of a
hydroxytelechelic polybutadiene, of polvurethane,
especially of a poly{diethvlene glycol adipate), of a
polyoxyethylene/polyoxypropylene copolyvmer, of
polyglycidyl azide or of a mixture of such polymers.
35
9. The method according to any one of claims 1 to 3

and 8, characterized in that it comprises:



10 10. The nethod according to any one of clains 1 to 9, characterized in
that the high-energy explosive substance is an organic secondary

expl osive, especially chosen from 15

octahydro-1, 3,5,7-tetranitrol, 3,5, 7-tetrazoci ne,
hexahydro-1,3,5-trinitro-1,3,5-triazim§4‘

2,4,6, 8,10, 12- hexani t rohexaazai sowrt zi t ane and

4,10-dinitro-2, 4-6, 8hd2prefpaaexdoh 1OFf di azAhaowH t@ft are.1eistl lon&oat ed

crystal s of an energetic eﬁﬁég ive substance, obtainable by the nethod as

clai med in BRyY"ohe™8f 2cf] ‘to 10. 25 12. The crystals according to

claim 11, these bei hge ccatsmzenvdirg a met al thel med&tdle criyst abaidccordi ng
to Clai”‘llso&ﬂ%ESnbeEﬂg coated with a polynmer film 30 14. The crystals
according to any oné of clains 11 to 13, characterized in that: - the nass
of saidIretal or-pothfecontaptingpraisenhs, suspeagdioncoteingd svath from

0.3 to 6% Ofn ImtiSoivd mASS @NdoliBstRBL . thddnadkant agegushyurbhe mass
of said netal .or polyner filmrepresents, for each coated crystal, from 2

to 4% of it & fot AFSFEILE 5 GANAHHORS st APs REESEi 1P t oL HCBNetBE cl ai ns
11 to 14, phacapieatied i aft hedidhey arleegnat ethen phlgmeet abn fihan
conprising at_l.east gne_net al cggﬁen fromnickel, copper, alum num
titani um ZFPESHFSWP ndfor WitR 5-| east one oxide of such a netal. 10

10

10. The method according to any one of claims 1 to 9,
characterized in that the high-energy explosive
substance is an organic secondary explosive, especially
chosen from

15 octahydro-1,3,5,7-tetranitrol, 3,5, 7-tetrazocine,
hexahydro-1,3,5-trinitro~1,3,5-triazine,
2,4,6,8,10,12-hexanitrohexaazalisowurtzitane and
4,10-dinitro-2,4,6,8,12~-tetraoxa~4,10-
diazaisowurtzitane.

20
11l. Coated crystals of an energetic explosive
substance, obtainable by the method as claimed in any

one of claims 1 to 10.

25 12, The crystals according to claim 11, these being
coated with a metal film.

13. The crystals according to claim 11, these being
coated with a polymer film,
30
14. The crystals according to any one of claims 11 to
13, characterized in that:
- the mass of said metal or polymer film
represents, for each coated crystal, from 0.3 to 6% of
35 its total mass and in that,



16. The crystals according to any one of clains 11 to 14, characterized in
that they are coated with a polyner film of pol ybutadi ene, of especially
of a hydroxytel echelic polybutadi ene, of polyurethane, 15 especially of a
pol y(di et hyl ene gl ycol adipate), of a _polyoxyethylene/pol yoxypropyl ene
copolynmer, of polyglycidyl azide or a~mXture of these polynmers. 17. The
crystals according to any one of clains 11 to 20 16, characterized in that
the high-energy exphkdsav®agsvhsiiance dite amaygant sesoddanyreXpl 6si ve,

especially _chosen fr.gm octahydro-1,3_5,7-tetranitro:-1,3, 5 7-tetrazocine,
owahyar o) 1PSIETER i SoRr i  Rar  cagh Lt lebhdedT ! HESR

2, 4,6, 8, 10, 22theX&niifr aiex aazailsowmsist.zi t ane and
4,10-dinitro-2,4,6, 8, 12-tetraoxa-4, 10- di azai sowrtzitane. 18. Energetic
materials, characterized in that they 30 contain an effective quantity of

coated cryst&l-s Thecsrdisnglco annPha®f tel anks one ©f 1Flaiey okl to
desensi ti zeq4Cr ¥3aala3tRBLHRADI 2 BYat henBH! Bod RREUAIWHEH Os aR¥caDe Of
clains 1 tof%lm comprising at least one metal chosen from nickel,
copper, aluminum, titanium, zirconium and/cr with at
least one oxide of such a metal.
10
16. The crystals according to any one of claims 11 to
14, characterized in that they are coated with a
polymer f£ilm of polybutadiene, of especially of a
hydroxytelechelic polybutadiene, of polyurethane,
15  especially of a poly(diethylene glycol adipate), of a
polyoxyethylene/polyoxypropylene copolymer, of
polyvglyvcidyl azide or a mixture of these polymers.

17. The crystals according to any one of claims 11 to

20 16, characterized in that the high-energy explosive
substance is an organic secondary explosive, especially
chosen from
octahydro-1,3,5,7-tetranitro-1,3,5,7~tetrazocine,
hexahydro-1,3,5-trinitro-1,3,b~triazine,

25 2,4,6,8,10,12-hexanitrohexaazaisowurtzitane and
4,10-dinitro-2,4,6,8,12-tetraoxa-4,10-

diazaisowurtzitane.

18. Energetic materials, characterized 1in that they

30 contain an effective quantity of coated crystals
according to any one of claims 11 to 17 and/or
desensitized crystals obtainable by the method
according to any one of claims 1 to 10.



