-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 nmethod of desensitizing
crystals of an energetic explosive substance 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

i nvention rel abesensitipaetbachy toathiagcof! ctystfale Wi axplefsisieer getic

expl osive materi a LLh.an_i ic (metal), and/ or .or iC olymer) film
so as to reduce t%@egﬁ%{étgsgﬁg’?%g\%ﬁfﬁ%f %thel)doﬁ?g?f&]ﬁ g’qupf“fﬁg/or static
electricity sensitivitgubstagcesidendseaesgetic naterials

defl agratgi on-to-detonation transition threshold. The field of application

of the invention covers the whole field of application of energetic

material s, Zespiiests sbrthacoresenseinvignsiey, arke space i ndustry and
autonotive safety. Fhepdifsavert of g £VELi AR ecpQWRLi Wl , gnergetic

materials is a priority for conpanies working in the 30 field of energetic
mat eri al s. I%’U%T\p%ert,l‘f t%‘ﬁ?lrﬂﬁ’%‘é%eg‘iﬂﬂs’%%?%e]ﬂ’cc%%%ﬂgi 5he®f these new

mol ecul es, whi ch -ar ecdated ystaykiaesf orgfi | 8nof e raeeqarpangsh dyies eat er
shock, ict] dlor static_electricity sensitivit nd _al so by an

i ncr eas% prsj'oug{akoﬁlﬁ%‘ ot * Tr af&iS ocﬁqf‘?’%#%S 83??36&&%?&%% %%?B%%Q‘i on. -2
- To desensidride these crystals and make them easi er to use under

satisfactory safety (44 pBs, DGYR .t ec ',g;_jgj' to i fy urface
of said crystals by coatlng the%ggg a\sg!i85+ (%%“ |ss+1[§)%te8{éﬁ? hed %C?ld
therefore t &§¥sh@ls 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) f£film
s0 as to reduce the shock sensitivity, friction
sensitivity and/or static electricity sensitivity of

20 said 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, is often accompanied by greater

shock, friction and/or static electricity sensitivity

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



down the conbustion rate); + to absorb the intercrystalline shock
energy and to prevent friction (defornable |[ayer); and + to

pronote electric charge flow and thus reduce 10 the static electricity

sensitivity of the product. The coating gyraterial is in general a polyner
whi ch may either be inert (US 4 043 850 and DE 37 11 995) fromthe

pyrot echni c standpoint or energetic (WO 2000/ 73245 15 and GB 2 374 867).
There are cd&esdepenpithzehdhers i agyabedsi andcamsist sheh #asdlemetd c

bi nder fill gga t&h@eﬁetéétigfaeus?_—wl %'&tfeft mcoéﬁlctlraﬂsal bei ng,byyol ved
with regard to el ectrostatic char 639). 20 The coating nethods

accor di ng t &S DES B%OtODE‘Oﬁ?f%’l @9% SW@@@OP%?@E}'& GYEAs g8 and EP
1 500 639 I roesd tvengvethdafi 06@ssd ng. The same applies to the nethod described

in Journ of Pol ymer eri.al s, 377-382, 2Q04 .for the coati
CL-20. T e technl%al cblvg‘ﬁlséﬁpgfscezggpg Iy 4PPY: rhEe %olt\‘?en?nﬂ?‘ﬁen
i nevi tably aiomsthé/mcaﬂmmtlmdmnateﬂenentl ng all these coating nethods,

the quality of the t hiLgkn |ty fh ilm
nmor phol ogy, etc. ) cgér)lérjllo%g%Oéﬁ ﬁéf gg‘?&?ﬁ%’%%% r()%l}%ecc#. %\gllg%ﬁe %ﬁi
prior art oftfcerzsrercﬁrstblml@mmr(@@ﬁ@m&biﬁglamrﬁep@smi on of a small

pr edet er mi ned am#ntt&f%f&@tagem@&mel PBrAR BRI PHNE @Hdét%a&ﬁé 35

substance However, con ing the quality_ and the thickness
coati nglPayé GFss%?tlpcar%lf%?ﬁﬁl?%'ﬁér?ﬁﬂ%ét%‘é%tﬁp?ﬁnFQ?n@rPﬁECEGrrpr oni se
between the -3 - |level of desensitization and the energetic capabl lity of

t he coat ed | osi ve, subst ance. _Those, skilled in the_art ar erefore
al ways seekie]ﬁge a %a%?%oﬁa?'SFlﬁllnl]Tﬁ ﬁ%gg?ﬂ%rﬁ%anp O TEFatTHL R $B2%s t o
obt ai n a comdthmEwisbeéayeerwhi (BSi ¢ asl3 50 asngoDH bl e. 1Ih699cﬂ)j eftome is in

ot 0t kO HETbYBELLY LS BRI o ABLLUE B OUF 20 B0} Fa 511 ot

of an energe ess active |nact|ve
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 ceoating 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 Materiais, 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, controlling the guality and the
thickness of the coating layer is of paramount

importance for optimizing the compromise between the



10 coating). O course, the method nust al so neet, on the one hand, the
handling criteria for explosive materials (i.e. be able to be worked at
tenperatures | ow enough not to 15 nodify the structure of the nol ecul es or
crystals) and, on the other hand, envirogmental criteria relating to the
use of volatile solvents (for exanple VOC em ssions). 20 At the sane tine,
nmet hods have been devel oped for coati ngnanoparticlesO mcroparticles,for

el ectroni c, eiVehl ophadesersi t tad Gionosmst | thapphicraldtdns . cdbebirkt bpd of
depositing tdf nheVesscod rPPolevarshBoEdAREe Mlerials in a supercritical
fluid 25 on organic or inorganic particles Is thus wdely used in these
fields. This nmethod has the advantage of being carried out at |ow

t enper at ur e Eskdi i PTESSUACthENUF tPRE tdHdWeAd % PRk RO 1.9, 0% 9ani ¢
conpound havitrc}go(ﬁekow decanposi ti onwtaeggg ature. 30 Thée super crlstii cal
fluid degosir?‘? ﬂBdmflé’rl;EEﬁdﬂgngt t BRQUEk Pieteftinger S€orfs st@ in
deposi ti ng abiamosta ucont edudtsniapbal whiyer i@ daweiid agipesEipmean

or gani zati o ] cticl.es t ni form 35 nanostructured fil on
organi c or Prnkg% ggﬁggeg%%o&%dsl.r?T%F tdébootsiY?oﬁVF§i¥aﬁ%1€cFld{kz%y he

di ssol vi ng @mantt ppecursbiven arsdueent toSaither etatrsiotenwhest -4n-
deconposed, dfstddssid he i R j.on 2 I e_co und to be
coat ed. _, The émat h_oédtSlidéé%ie%cr]iQ{)%g %r?%;‘{egnto(}fap% ?ggf% %’%n %tégbﬁi SSE%? The
articl el YDeGofF 9k he nanoneter scale of nultifunctional 5 materials using
supercritical fluid chem cal deposition" by Sanmuel Marre et al.,

Nanot echnol , Vol une é? Nug?ler 18, Septenber 28, 2006, pp 4594- 4599
descri bes tf& i Fpiefrent GEPoRe TaiStet fBECHepsT sy A opyed. fil m
(consi sti ng tife coppdtidd cahocpaiti cas)eoplssbikcharieeisiki ca headse The
method is ¢ ied qut, at r res. ranagi.ng from100C to .150C and under a
pressure_of %{%{%G‘I\E/PES Ilfécghglﬁ%t%sa%ﬁ: %eér?rﬁ ac Lgfn , ?ﬁwa FIWL cBREai P ng one
or norel3ol WOy the pakrieteset of bsheoamod@cani@sator easts tories Y1 Sam@t al

precursor Ofor Nengodldnae: Mdied | AlenviicthnRA1C! £51 PG Qi SRensed L0 the
fluid under supercritical or slightly subcritical fenperature and pressure
condi tions; “PSausti§, Wk ni NoLREIHLT dSOLKenpPec Uil ofxample0 C6Ei ng

mat eri al todod deiansf)ormed in such a way that said material is deposited on
the particles; and then subjecting the fluid to tenperature and
pressure conditions such that said fluid is in the gaseous state in order
to renc¥@ tRe sditvethg¢sypame time, methods have been developed for

coating nanoparticles or microparticles, for

electronic, medical, pharmaceutical or cosmetic
applications. The method of depositing thin layers 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 layer ranging from
an organization of nanoparticles to a uniform

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

precursor in a solvent. Said precursor, when



25 The nethod of coating with a thin continuous polyner layer in a _
supercritical nediumis also well known, especially in the pharmaceutical
and cosnetic fields. The deposition is carried out by dissolving the
coating 30 agent in a solvent and then by precipitating said coating agent
on the conpound to be coated by an antisolvent effect. Through this
approach, it_is possible for the deposited |ayer to be very finely o
control | ed. FPFATRAEESN WOSPOGS/ 9ims 7 thee e Hiasi ta t3Bmeb Aot Heormelepbsi t i ng

a pol ymer cas i BHeORRRRINE 680 UBENG A siPer fhk t heghofd lﬁ.isd’ﬁlégér%@ le
supercritical carbon dioxide, as antisolvent, to which a polyner -5 -

0
sol ution and™n BREERFc SEPIEMRtEHE adled, 2PRE/paPERe| eThsei ngrilieber sed in

sai d organi c* e Vgt .aﬁ’hletﬁ@at hﬁﬁohnr%t@gofédﬂb V\/r'@{l tﬁ%1§yfﬁﬁn‘g§£%%‘%l fluid
and the suspended. particl es,are conbi ne 0, cayse e pol y i _
preci pi t§t eq%gnt‘?lﬁ]egg%rt i FEH Y0 beSBRA e LE ihods&’&dcoaﬁ%ﬁ‘"bﬁ@%l cl es,

whet her or nitpeseyicne dner gemuelpaMbirelees etWi &b, 3 QG YSBREChhE1 4 'pﬂ sai d
pol ymer is i d, by ' di.gsol 10 supercritica u ave
al so been de‘fsmcrl (%d%p’esggigp%ﬁ yl%lsn %%%BQ?H %%toﬁé Jp&r%%%f#‘u

trial
Engi neeri ng dgfF13ess cakhResdamelemamtat ddn Nof ;YthjZ:ﬁ)OSéneprplo&fSZ_BeﬁgSg, in
DE 197 11 3%epuyhdihgP @ 70 The; yge qf . odg¢l s y
the 15 ner al | Iﬂo%/vgsEol ubi Iié?‘éﬁéf po yqersqjcrﬁl?l}%et?%}rgrt [ §§I f+éf}‘|g%és§ It is
t herefo dir’fafnr‘éiﬂlﬁlcf]fesﬁot ORSESEiIrEnithetl Ls¢agbears - mittisodeettlzod ont r ol

the quality iandchheitli diesacofcdiife€paitdy gaReialkedirom 100°C to
150°C and under a pressure of 24 MPa. It consists in:
- contacting, in a fluid containing one or more
solvents, the particles to be coated and at least one
15 nmetal precursor of the coating material, said particles
being dispersed in the fluid under supercritical or
slightly subcritical temperature and pressure
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 dissolving 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



20 Wthin such a context, the inventors have nmade the val uabl e contribution
of selecting a coating technique under pressure and tenperature setpoints,
transposing it to the field of energetic explosive nol ecul es, show ng that
said technique is suitable for depositing 25 netal |ayers and pol yrer

| ayers on the surface of the crystals of” such nol ecul es and show ng t hat
this technique can be inplenented for generating such coatings, which are
thin, conti MR uAndlor R ov@¥ganiC entsioderentty f azee of addied, cr ytal s, in

such a way gﬁgﬁtfazééuEefﬁgsaagﬁe%g@dd%§pn§aiangg&haéogb &gﬂ o, GRgrgetic

per formance be't§g1 nificantly inpaired. According to the rst invention,
this theref &35 %e %ngeﬂofllr&?dcr%‘ﬁ%l &hey %&%ﬁ%b@%@l cdauiidg aem

net hod conpritses swsyeireldd ofpatﬂiﬁdoﬂe@er&ré e|é‘5n@§1ﬂ&i a gt %é&
energetigc explosive Characteristically, he pr epar ation

of a sol Uti ON CoitaiTs mF S hitdst e P the part%c%?sl%%s?eoﬁ%a'b?@cur sor of a

coating material, said coating material being chosen fromnetals and

Sm xtures tRereqfyr i ati_n terial sen _from pol.yners and
m xtures ther eo?lfe G Ofo}i h%oggé%g %’aﬁ:g:lo e’?‘She 1??/@?%1?5 FntQ%&i A uti on;
and 10- the3@&pcieianticapateticbes, wititihn s polyder putsi ddriiche seardral

terrperaturep@awxessuge CQH%%%HS Bgef %éﬁh Un&féséﬂfgacm cal
conditi o¢1s s a netal azjﬂd/or pol yrrer vant ageously a net al Filmor
f

a pol yre Iuﬁier&’r'lttﬁé: r f #d&Lig¥ sai Vcﬁ‘ystadJ%i’ (t Reert | madEsdmikmebstion is
?elner al l'y ae@ﬁeahaﬂgthzmm Iaarqoobymeoiagl mubutﬁh@ h%@ufﬂai thrﬁustﬁ%llyﬁer)l
ilmis not e ee_l.at r such conditions - outside norma

t enper at ur e g%gkj%% Péssﬁ?g @ﬁ%‘h?%ﬂ %‘%&R@?ﬁ}é’gegﬁé v 8fesi¥e- sdi’d nor mal
condi tions, 2|0|@5t,hep1:l i ph2B 6232, ofint ME f1907 d1in3@BeHridin VEPY 0 706

advant ageoughby (i pr, r y) er ri |caI conditions - it is
possi bl e to%obtalg@$%e1§%%eg$%d ?%E%Itm§#$§é%t %aV|ngHE5 Pea%w'eﬁthted 25

t enper atur eSSPREE 1l Ne t@pepdtbidisonsefi wolomemget in supercritical

fluids. It is therefore difficult, if not impossible,
when using said 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 technique
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 said 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 explogive
substance by coating them. Characteristically, said
method comprises:



expl osi ve substance in question could not withstand. Under such conditions
- outside normal tenperature and pressure conditions, advantageously
outside said nornmal 30 conditions, in the liquid state of the fluid in
question, very advantageously (i.e. prefgerably) under supercritical
conditions - it has pr oved possi ble to generate a netal coating and/or
(generally or) a poly coating on the surface of the crystals. It has 35
al so proved possibl éj}% geheParetigBh L& nid, E6AUtAGSUs Gortaininy m

coati ng overditdmnlerddre surface of the crystal S. ~-7-. In the context of

i npl enenting the net ho%oo{ t he invention, char %ct eristical Id];l/ - the coating
material or its precurbori$355 QREsBFFEHTEEF0Cehsn AT DS Matgrialmni s
| eaves the possilHdiid wmtmlmzengal hbethgi ctioglert feronpaidtr drededi al (or

its precgrsor)/sqlnent. G';g;u,{l.ld]:o éﬁé}&g t he concentrations of said
Ssol'v

material or precursor in sai and therefore of subsequently
controlling 10 the depdsicoiaddingf maeerbali miroserer fadm modymers andaid
coating material pi;iS.daRQsidigd-aisa tenperature above roomtenperature
(above 25C and general ly above 30C) and at a pressure above at nospheri ¢
pressure. Advant agedd y, StRPeREERSd | 8f15 e ri eavsiralisn the |ispAd state
of the flui gdiutguest iagm(above the Iiquid/ gas curve) outside said nornal
tenperaiéjre and pressure condl i.ons. Prefer , It s carried out_under

r

supercri¥ical condi t1ns SePESHE et hGa5Fr e pfonwithafact erfStidal Iy
i mpl enent ed cifteri dbe pdsd tmmngnahetemgéragum‘at endiprasuiate pE@sELE Lo d

t enperat ure e i hed f. appllctlon i .n ot her
fields (seepgf%t&)v%éﬂl?et%ﬁgg%ase tgl(?agj(:ju? Slﬁ%&fmg ‘metal 2praciitsor in a
medi um unde”Es 3t @@W@evan&ltlmei@m@ag@@mlmts npﬂtalerﬁbhy ar a
SUpercr't'Cﬁoﬂyﬁgﬂ”ﬁLﬁ@r(ﬁfpéﬁétéﬁﬂfﬁcgeBﬁlsQ M 389 Vae t%@d for

depositjng a polymer fil'm These two i npl enentation-variants w |

di scussed | &tnerqu§§t?ﬂ€r 1% gengiderlpr 8sstiebahnd 3 BhpOFat 8r @SBEMRY nt s
during i npl exiant,at bk oa th?bm‘EElhOQm@i:allheH N¥eMhes) |5iddvand ageously

car bon di oxi_de %(%P e this is the fluid nost often used when it
is intended T6 lSYbr u(r‘rf'(?eei' qsfaﬂ:p C)I"I tical conditions since it has easily 35
achievable critical co-ordinates (Tc = 31C and Pc = 7.38 MPa). Mbreover, it

;fohyexpenSUﬂaeﬂugﬁéﬁ"EoﬁaﬂtEBEH‘Cméakéﬁéé”ﬁorﬁQﬁe%%&péﬁéJ&%é“Qné”C'“ded
pressure conditions, advantageously outside said normal

conditions, in the 1liquid state of the fluid in
question, very advantageously (i.e. preferably) under
supercritical conditions - it is possible to obtain the
expected result without having to reach elevated
25 temperatures that the temperature-sensitive energetic

explosive substance in question could not withstand.

Under such conditions - outside normal temperature and
pressure conditions, advantageously outside 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 c¢rystals. It has

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



-8 - the scope of the invention to carry out the nethod with the use, under
supercritical conditions, of a fluid other than CO2. -9 - As indicated
above, the nmethod of the invention nmakes it possible to obtain thin,
continuous uniformlayers over the entirge surface of the crystals. In
particular, it is suitable for depositing: 5a mass of a netal filmand/or
(advant ageously or) a polyner filmon each coated crystal that represents
fromO0.3 to 6% of the total nass of said coated crystal; and for

advant ageousty deROSiddi@xt10-c5 %ﬁasl&{e&i%a'tﬁé”ﬁ@fﬁtf&f f the
(advant ageouysly or,) a polynmer film on each coated crystal, vﬁn ch
represents A 4B A HFT G HE T 5t R CHBSE: of said coated crystal. 15 Thus,

the method of the intentiesatsngui Iné@e%iiag pag i fcytgr bgréc%%‘aﬁi \tNihirkgha

| ayer of. netal articles wih.a thickness of around 50 nm i C

cor r esponds (ﬁgsg)?ﬁ%eéguﬁjgéo z?némtlélnt Zof S?i‘é@@tTheT]ﬁ%‘F all®ayes iTheuesti on
is a cover Ppossinuduy | aferdpldnieinsgstiing efhoiamwopalft i €hes.cdairtent al 1y,
it should bg_natadhe tk t i nyention_s not limted to
obt ai ni ng Cglgltl ng%lay{e(%s gggt | ﬁeégﬁqﬁqs{g%lu‘?&%eg %ﬁ%t f)tﬁatac?:‘tustﬁ)]&g 25
enabl e such thgyefencenbrsasboasnedt - swidh matenikiln but mteoursoti nrous and

uni form - i $201 PASIVEM AEnANLSIBYHFord YAT E%%e@heﬁ%ﬁ%&% f e
i nvention 30 inp] emented for_depositing a netal tfilmw ||l now bée presented.
I nci dent @l | V1S 80653 Be Aottt 1ratine mrpesial or@@® such a filmon the

surface of crystals sefi @necgetifigexplaasdviaBUbsEanRHd$ Pl geel yu
I nnovative. , 35 -1%—

temperature above room temperature (above 25°C and

generally above 30°C) and at a pressure above

atmospheric pressure. Advantageously, the method . is

15 carried out in the 1liquid state of the fluid in

question (above the ligquid/gas curve) outside said

normal temperature and pressure conditions. Preferably,

it is carried out under supercritical conditions.

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

25 pressure and temperature setpoints, preferably a
supercritical medium, for depositing 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,
is 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 (Te = 31°C and
P = 7.38 MPa). Moreover, it is inexpensive, nontoxic

and chemically stable. However, it is not excluded from



metal chosen from nickel, copper, alum num titaniumand zirconi um and/ or
at | east one oxide of such a netal. The netal filmin question contains the
correspondi ng netal (s) or the correspondi ng oxide(s), 5 or else a mxture

t hereof. The conposition of the coating §ilmis controlled by controlling
the paraneters of the nethod and nore particularly the pressure and the
tenperature for 10 inplenmenting the nethod and the conposition of the
reaction nmediifmsSaere nef heleotnviatiane#o eRrivipiwnemedndtrodepbshti ng a
metal film tife adwant aggaus! Yo @betbei t YOS desshdDetdd i1 M0,2000/ 59622 and
is based on the reduction of a nmetal precursor. This nethod conprises: the
preparation %¥sﬁﬂQHiQ§¥°containing at | east one netal precursor of at

| east one (coating) netal; 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 tenperature and pressure conditions; and
25- the reduction, within said fluid, outside the 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. 30 The

met hod therefore conprises the contacting, under tenperature and pressure
setpoints, of crystals with a nmedium containing the dissolved precursor. By
heating the nmedium the precursor is deconposed on the surface of the
crystals, causing a (netal) filmto form Under the conditions indicated,
i.e. outside normal tenperature and pressure conditions (advantageously
under such conditions, in the liquid state of the fluid -12- in question;
very advant ageously under supercritical conditions), the fluid used is
therefore a solvent for the solution containing said at | east one
precursor. 5 Said at |east one precursor is advantageously chosen from
netal acetates and acetyl acetonates, advantageously from netal

hexaf | uor oacet yl acet onates.” Such acetyl acetonates have a high solubility in
supercritical C2.



10 Sai dat| east oneprecursorconsi stsvery advant ageously of copper
hexaf | uor oacet yl acet onate. Advant ageously, the precursor is reduced in the
15 presence of hydrogen (a reduci ng agent). Advantageously, a catal yst

(such as Pd) may al so be invol ved. Purgly by way of illustration, one way
of inplenenting 20 this variant of the nethod of the invention is expl ai ned
bel ow 1. a known anpbunt of precursor (Cu[hfac]2) is dissolved in a

cosol vent (&% am@h@a}cedﬂa@oa@o ehg smaltéogr eofadtibe dmirertidondi spleesed by
stirring. The 25o69$8h¥ent; i SBLAYAS ttﬂl‘?l sowmh $uf JNg HFCf%gggs(the Qu

conpl ex) in supercritical CO2 (see later) and ps the reducti reaction;
2. the mixt &Y S TR BuFéaceorip lfrﬁlfz?é“{fﬂ\ﬁ t Hrogparkptcwlar 303. t he

reactor (of iconisd aniinaieefor sadeaseeingti| supercritical conditions are

reached. 5O1ce t he reqw red teqnper at ur aﬁﬂ} ressure |l evels have been
reached, >t he systemd s™8t8biqh z2d ™52 n84% e {3mergedualY ow t he

precursor t®mecompopelyd®4. @ilmanapartéstles abeteeposidyestL0n tﬂeagurface
of the crys h e f . the. depgsit.ed Ia er, obvi ously de

under defi nrél? cong Fl%ng%ﬁ ‘hée) E)13 24 B% fe Wha tREedPaiat GFe fgal so
depends on eatas tCi@rSﬁ:aincentratl on of the precursor; 5. the coated
crystal s argdd ey %%@dﬁgﬁy %&ﬁ@&ra on in the cosolvent (after

deconpression 5 and renoval™ of th in dr?/ form (after the
a

cosol veh? is carried aBBFSbPL R @@é}é‘é) filpganed/sr, {advwnytdmepasty ed out

that the thicgkness pbliherdepesit edoﬂetéélcfll | BbaBeONEFPEE L0 DYeni st er
alia, 10 theet e\r%p q:tur%r the cont acti ng and the concentration, The

t enper at ur e$ SPHS] Pie fedtti®n G4 peiithithy BRSEheCpr e335@ nature
.of the precwosdres] iaryguest. on. They gener aIIy vary between 70C and 270C,

t hereby enabling the energetic 15 expl osive substances to be below their

decorrp03| tion tenperatures.
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  wvariant of the method of the invention
30 implemented for depositing a metal film will now be
presented. Incidentally, it 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 is advantageously
implemented for depositing a metal film of at least one



A variant of the nethod of the invention inplenented for depositing a
polymer filmwll now be 20 presented. Incidentally, it will be recalled
here that such a filmhad 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 obtained according to the prior art (they are 25
deposited, over the entire surface of the crystals, so as to be continuous
and uni f or mMeifd aghaseRgebieny fiickes veopreral | alhinékuvss)tl el et hod of

the inventied s zadvantiageodskyos0 hfP! poRst edy{or ot;Jl%éjeB‘ESi%ﬁBH o a

pol ymer film of pol ybutadi ene, especially of a h%dr oxytel echelic

pol ybut adi eMEATPE) TRGf P& et hahB (P, Sepekianr| ycontaipsl y(dhiet hyl ene
gl yc;)l adi paio&)ﬁe(diﬁfiﬁﬁl)ng pféleiaamgowﬁtm ftgﬂ@“@éf@@éké?_&ﬁ?ﬁ.ﬁéY'?&?dé E,CFJ IF’OP)
copol yneg, of: po VGl zi de or of a mxture of such polyners.
- 14- Theg rref:zafofldé)e t%gmi ‘rzﬁ}‘]é%‘? i%?{‘?r? i emented for depositing a pol yner

film is advantageously of the type described in WO 2004/91571. As

i ndi cated abgye, LSk B [ ve od, - whic rises.. 5- the
preparation of acslg*ﬁ%?gﬁaﬁfac{a}{ ?g%st&%angﬂp%l g%%}rwilné]aggg}egg?i??d tﬁi%
suspendi ng &P HElddys altdhg n pagiametstng | onf arhe  tetloeht aotd ngrnadfe t he

suspensi on badiked aMikh kG &an sRbikselyen | ui o] I or
tenpergﬂ?;r e?’laén ress,urlhe %&rédi tlﬁons,§ i% o%(rjlteir ttglei n lfzdg%rhié%é;ci{)ﬁati on
of said at Ilg?gteglk‘?ﬁ’é:lﬂ(ﬂ y oRetheGuPRdcetBe sapPEPeFykians. ofis the
crystal s ar eadicspjerseackdimng sol uti on of at | east one polynmer. This solution
is placed in a reactor, which is then pressurized with an anti sol vent

(mssible with the first solvent), thereby causing said at |east one
pol ynmer to Phecinsttwde oh the sovéacéoonf tihel2thentest dox dRpediring way of

illustration, Qne : i e ' ' arj f t hod .of . the
i nvention i g pr ese]\f,:?géQ{gél oq\% %@ﬁ%ﬁﬁg%é?géé?&sgof\%%gi ﬁg’g%so Sen llﬁ%r
exanpl et di éR HGnelR8{EP 622 candy disal basedo®@rer fhealzedugtioxanpe,a ar e

added and t hetailX bie@ursdrechafiiL advhed | ddfighiged hi s solution is placed in

a reactor; 303.CO2 (:%nti solvent and solvent for the first
- e 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 one precursor in such a way that said 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 is decomposed on the surface
of the crystals, causing a (metal) film to form.

35



solvent) is injected under the required conditions. The reactor is then
filled wth the supercritical antisolvent, causing the HTPB to precipitate
on the surface of the crystals; 354.the purge valves are then half opened
and the traces of solvent (dichloronethape) are carried away by injecting a
streamof CO2 for exanple. -15- This variant of the nmethod of the
invention, inplenmented under supercritical conditions (the_preferred nethod
of i npl emenU&Gsdn) they sentifapast héngicatedguphr €ri tPeRsidat irsymadnt )
variant. Chaleaicaidtzald omnaie@chpi-g988r8avecdaeisiicat ehdhgh iy didn

char acter Ofr%?f | a rf%;n,the cont ext of PB: coat ed or PGA—coate&rCLZO).
The quantity rié?é%‘ HEJoGed 15 Hr i ACPEF cRht HiRst byidei ght |
whi ch are perfectly neasurable and are famliar to a person skilled in the
art (see above). HTPB | ayers deposited on silica beads according to the

met hod of the invention have thicknesses of 7 2 nmfor a mass 15 content
of 3% (the density of silica is obviously not that of CL20). The nethods of
the invention, as presented above, are advantageously 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 sanme nmetal or for jointly
depositing at |least two netals; or - Wth one polyner: however, it
is in no way 25 excluded for at |east two such polyners to be used for the
conbi ned deposition of said at | east two pol yners. The conbi ned deposition
of at |least one netal and at | east one polyner is not conpletely excluded
within the 30 context of the invention. O course, controlling such a
hybri d deposition i.s nore difficult. This has to involve, upstream at

| east one netal precursor and at | east one polynmer in solution and the

t enper at ure and



pressure conditions have to be determned, in 35 particular when the at

| east two intended reactions (reduction of said at | east one precursor into
at least -16- one netal, and precipitation of said at |east one pol yner)
take place. Finally, with reference to_the method of the invention, 5 it
shoul d be pointed out that it is advantageously inplenmented for coating,
under pressure and tenperature setpoints, an energetic expl osive substance
of the orgadit SEESHARRY eYﬁFMs@@V@l}EéQfe@gﬁéE’l amm@ethc%mﬁn‘amrm.cal

10oct ahydr ocbr#ii%ibdHt, raﬂhér 01tid wskd eid a@H@f@fo{:gN% Yo Qfﬁtn

hexahydro-1,3,5-trinitro-1,3,5-triazi ne(RDX or hexogen or cycl oni

2,4,6,8, 10, %é?&ﬁﬁ%é%@é&z%ﬁwr%% a%fé(@%tlgn%rpmwsoand
4,10-dinitro-2,4,6, 8, 12-tetraoxa-4, 10- di azai sowrtzitane (TEX). By
|nplenené|ngﬁlQ§ g rfectl control |l abl e and 20 regroducible met hod of the
i nvention, tie <o tﬁt"-:*l Xt DS VRCL ubSt afCEeRREYeBESHarchas8% zed by
unmat ched urdirfoor mi tymeludlt hi nnesetafhe sensandvi ty aﬁeﬂmm@t@pl osive

subst ances ugsd, e St energetic |levels
close to thé@gaﬁ&qﬁe%ﬁncoat e\clll\/I}.ds(:'l 5% a#é%c E‘n cco%g’]sacfb 1335} 241 t he
present invéwdlon eebybacebonaaeed g al & ochagh enepgjebudleypl aisi ve
substance, WhidehrGiustalis @,e obtai nable by the method described 30 above,
nanel y nmet hod of coating themwith a metal film and/or (advant ageousl y
or) a errer film inplenented, characteristically, outside the nornal

t enper at ur e sarid pr e&surelﬁa@fh ti opfe Salﬂé‘diﬁisiﬂ: crygbakssake neyshgecause
of the natur of the filmi uest.i on d/ or becaj;se of the

char act er i sta SRR 1 & |thipciﬁ1f l?%x YT PR AN t3REFATRES - over the

entire surface of the crystal s] and/or anount deposited). -17-
Advantageously, the precursor 1is reduced in 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 1is
explained below:

1. 2 known amount of precursor (Cul[hfacl,) 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 H;:

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



The crystals coated with a netal filmare new per se. The crystals coated
with a polynmer film(or even a 5 hybrid netal/polyner filn) are new because
of the characteristics of the coating. Said characteristics, which are new
and particul arly advant ageous, result figm the new i npl enmentati on of the
coating, under pressure and tenperature setpoints with a suspension, 10
containing, in solution, the coating material or at |east one precursor

t her eof (saitdmeat emical tdre sdichrairdteasd. orer praicis salepdiedeofomaviig been

di ssol ved ug§ltirt?adrﬂ i%ﬁeﬁﬁ!f’aeﬁritogg t%’f é}g%gglg?&ﬁrega i.d solvent and the

concentration of said materia St’ 15 one precursor within
sai d sol vent possi-blGpchagbagededirviftala zadk (Hem abeveyer®ie evdtiead

crystals of agisheyi aggpte&ggoﬁdvmt ageo rﬁyc%]{]\g‘%@c' %thgrnq?%%{rpgég%{@{ al film

and/ or (advant ageously or% rgolymsr fi represents, each coated

crystal ,>fr G LRy E 9F Fhe Coealr dhds Orarh V@Y Aevant@fdeus| thaave:

a mass of thkeswatant iilimand/ida (@A Roeshys29) or) pol ymer filmthat
represents, for each coated crystal, from2 to 4% of its total nass. In

view of the above description of the coating nethod, it will be understood
that the codnediesrerstlal sitofmdheb80pbinesti ontatkagadeant agaqslass ¢pat ed
with a netal_fil . ne.npetal . chosen 0 i ckel .. copper,

al um num t:t'g:laenidug Szl?ér%%ﬁﬁ%{r:r?gngf'g?l at Ice%rétfr%niee xEHe Wtﬁfcfé)]gl%t al; or
coat ed M t ht&epol Fegperiatiarsf, poloisut adicerimctdespdrid | y aida the

hydr oxyt el eghgld I t adi r P espgeial ly of
ol yLdi et e ) PRRCH BFoy £YBR6el™) 1n CSRAR A1 1Y

pol yoxyet hy FERES53RFo A6 pFPBREAE PEE/ POPFheopaiepise pRtwubey@fydildy| azi de
(PGA) or of pgemiutistir® Ofint hgsespPOLUITEr Shey agehéhallgai vhey Y U wedi €

advant ageousl.y .crystal s an ani.c secondary explosive, especially
chosen from%tohgse %ﬁ@nti |0cgc’ear;%i eikﬁ'th@nf}gg%\éﬁt tERE. MIRNISELS he
‘third sibbj eettpdpstive psebenancasento oba ebalew titheher ghid@ni@miaricl s

i ncor por ati R R Lhell10 conmposition crystals of the invention, i.e.
crystals coated per se and/or desensitized crystals obtained by the nethod
of the invention. Said energetic materials contain an effective anount of

sai d coatedeor desepsiihged systare | hehagl they gﬂ@@ralilrﬁz $ist 15 of
I naer .

said crystals Qr cont% n thegl in,an effective anount, In a
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
polyvbutadiene, especially of a hydroxytelechelic
polybutadiene (HTPB), of polyurethane (PU)}, especially
of a poly(diethylene glycol adipate) (PDEGA), of a
polyoxyethylene/polyoxypropylene (POE/POP) copolymer,

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



The invention will now be illustrated in an entirely nonlimting manner, by
t he appended figures and the 20 foll owi ng exanpl es: - Figures 1-1 to
1 6 show t he SEM (scanning el ectron m croscope) analysis of an initia
-CL20 crystal (Figure 1-1), and such a 20 crystal coated with copper

(F| gure 1-2) according to the nethod of the 25 invention from Exanple 1.5,
foll owed by a series of EDX el enentary maps (using the energy dispersive
X-ray techmﬂﬁﬁamﬁﬁﬁmﬁaﬁﬁdthﬁtﬁnsenté@alyéh@ﬂeménuﬁﬁsﬁnﬁa@ep@$ishm@ a CL20
crystal coat @p{;@é i 0 e 5@{9@ gthe
Cu- coat ed Sancrys ald(f]FglIEr eig_%af}éﬁﬁblg%Bu‘éﬂj&hono 0 t IS coa dgcrystal
meking it pddsi Bf® t3P4 Y- nﬁﬁog@%@(@'@%ﬁ qb%)'e caklybn (F$gure 1-5)

and copper (FrtiH ¢ derfd) ;method, wl'fiﬁtW@oerﬁbQ% the X-ray photoel ectron
spectrosgopy (XPS) spectrum of Ofg:%/stal coated 35 with copper

according to the et %?e}?ﬂ’éa‘:ﬁﬂ?’&ntq f PFOMEXSRpI Y 125 AEfet neRPsity i s
pl otted on thtelymeaxiin ian sssbrditary units (a.u.)). The enl argenment of -19-
t he copper peak all us e proport.ions of II|c LCOP
(right-hand peak)” a(r?l: K 8%%5%%%1% omﬂf ed#or mc(r sor ;- p%%erom de -

| eft - hand p@d&)uitﬁ@msﬂrgﬂ on the surface of the CL20 crystal The 5
nmetallic copper is r n C
RRAOMABILL Yndr 82 URONshBBAUE bAC s ity Greth A ystal s

- Figure 3 shows a h|3 esol Ut On scanni ng el ectron i mage
coated Wthatu aBtdsailigto fheidet HottDIdEXdRs enornalantemeratguees 4-1

to 4-3 showmn%f@sﬁ@étreanam%r%rsaphsupf &L@8rCr vt all%ldﬁdél nep&oating

(Figure 4-1), fall ovved. 0 crys al s coated V\Ai HTPB (Figure 4-2)
(Fi gure 4- 3PSt tqlﬁ da5f tRESENVEAERI oRCL¥™EXanPle 'gheThe
presence of dt[EFiBtdc—s dﬁsﬂ:&iard:yysm&l@le at the places indicated by the
arrows. In the case of the exanples, the reaction was carried out, in batch
node, in a high-tenperature high-pressure reactor of 255 cnB internal

vol une. 120 EWR\VPCEVstabeattingg oisoeroedr yigt ahs swiltutimrcoppermts i leadkanpl e 1

relates to i agahw@&l onrraist h&f@%b@ﬂ Oof s L BA JAWENL 0N, O Lhe gpat i ng of

t he expl osi ve substance 4,6, 8, 10, 12- hexani trohexaaza| sowurt zi t ane( HNI W
or CL20) wi iR oighetrh ?Iillﬂife%ﬁﬁé%?ﬂt Wa&h ey tdeisienton (Bbaeiplens for
Exanpl e 1.5wikablghd) first solvent), thereby causing said at least

one polymer to precipitate on the surface of the
20 crystals.

Purely by way of illustration, one way of implementing
this wvariant 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 mixture 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.



30 The trial was carried out by preparing a solution conprising 15 m of

i sopropanol + 1.2 g of Cu(hfac)2. H20 + 60 ng of Pd(hfac)2. H20. Added to the
solution were 3.5 g of CL20, the suspension obtained then being 35 placed
at the bottomof the reactor. Said reactgr was then injected with H2 at 2.5
MPa, the pressurization up to 9 MPa then being conpleted with CO2. The
chanber was -20- then brought to the desired conditions (100C, 22 MPa) and
held there for a relatively short exposure tinme (45 mnutes). Next, the

reactor vasq¢QQl edyapdahben geprassliri zranoHe pewderye cornRapanding to 5
copper-coated CL20, was recovered fromthe bottom of the reactor 1n

i sopr opanol ITEHETERES zatWHiehf t FEPRFEHLELSadht acRBditiemsSEXantiike 1. 5
(Table 1) PreHareappestioat od Aol &ashoadi syl bhagk 8! eerieappaiy red

under an.optjcal Jn croscqpe),. where the CL20 before coating was white. 15
The copper é%%?” &Eﬁ¥qﬁﬁgi§§%)59%&%%3%?%&& Yt et eri zed by 5 techni ques:
scanni ng el ectron mcroscopy (SEM; energy dispersion X-ray (EDX)

anal ysi s;

abeor pt 1 on. CREARE A “ERE P cotrll QIDMErssraf S aa e
char act er i z&ghifpracashiaggceleact odn bher oseypy (SEV) .the achiitéenn, DX
(X-ray anal yiggalcJLUH HHep@8SQ6LRERD c1.20) . The quantity of layer
10 deposited is expressed in percentages by weight, which
are perfectly measurable and are familiar to a person
skilled in the art (see above). HTPB layers deposited
on silica beads according toe the method of the
invention have thicknesses of 7 * 2 nmm 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 is in no
way excluded for at least two such precursors to be
used for depositing the same metal or for Jjointly
depeositing 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 said 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 is more difficult. This has to
involve, upstream, at least one metal precursor and at
least one polymer in solution 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



25 with SEM was used for surface elenental analysis so as to determ ne the
el enents present (Figures 1). The SEM i mage obtai ned shows that the
surface of the CL20 crystals is covered with nanoparticles having a 30 size
between 50 and 300 nm (Figure 1-2). TheEDX anal ysis provided surface maps
of the specinen for each elenent (Figures 1-4, 1-5 and 1-6). The maps of
certain constituent elenents (N and C) of the CL20 35 again show the shape
of the cryst@eofmalfel i nianithl Dresd@itEtgnre p) sailder eéds Feaate ane

corresponds 4@ ymedy €QRPep1setection. It can be seen that copper is
present over the entire surface of the crystal. To determ ne the degree

of oxidation of the copper on 5 the surface of the CL20 crystals, XPS
charact eri zatimsbl havei beepe€arehed eut thid Gdthod) .of nthdi sndéeti 6n, peaks

correspopdi ng to.th i ndi ng_energi es_of .carbon, oxygen, nitrogen,_ copper
and 10 pal | 'urﬁk%ﬁuglﬁi #&y ﬁ%l%f%ﬁn@“‘ai & c':htguil':jfheﬂi.g THEVSREFIEARDINL  of

pal | adi um caimasl ¢meamt ¢defpal badiinmypr etudesop{ddifacid) taapecatalyzes the
reducti on of er ec The nt opper ak
reveal s the Sp%%%%ﬁ‘?%’ns %ﬁ rr%%%f#?%l%op%%f%%‘fg%t-%%%E%lg%é) (Kijg aﬁﬁeof
copper in oxduaRic f oFesepdaryr sevplespper oxbde -especiabhd pead$enThe

nmetallic coppesmis predom nantly present on the surface of the CL20. The

copper ﬁresent on the surface was_quantified by 20 atom c absorption. To do
this, th8 speci n&%t%@f%r%h%@t@w‘é%t%{lh@@a%r dpandr C&RE2EREANE| | tered so
as to renove(Hnme eOppetogatifjcl es not deposited on the surface of the CL20.

A gray/ bl ack powder s,recovered, this bein i spersed in 30% v/v nitric
acid sol uti on. \é\glel’f?\é%ﬁ "ﬁlag i‘b‘fr%ﬁ\:??é#ﬂ’gugfﬁgl?ﬁ?geopeiﬁﬁion,OWnereas
t he copper diessaderedot occyotombteuantifiable Cu.2' solution. The copper(I1)
solution could t tid41 by I ght
present on the Slr?ra';hdgi’ %UE@,Z;%éfgﬁ%%g?r{;’ﬁéﬁgg%ﬁ?g?@%gﬁggQggeExa@g&1. 5.
However 15t hiar VIR caddbe varied by varying the reaction paraneters

(initial precursof, xpreaMeasipng, ¢agal ¥ysteepaggAt LA pON, sequences of
precursor ang. catal yst injection into the reactor, reaction tine) between
0.3 and 30%HZaLFTEIEtE e WBSE) nerson skilled in the art will know how
to adjust these paranmeters according to his requirenents. -22-

By implementing the perfectly controllable and
20 reproducible method of the invention, the coating on

the explosive substances may be 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 explosive substance,
which crystals are obtainable by the method described
30 above, namely a method of coating them with a metal
film and/or {advantageocusly or) a polymer f£ilm,
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 continuous over the entire
surface of the crystals] and/or amount deposited).



% Cu deposited IP.OEOTi LT 91/Z P 63 Reaction paraneters (T=100C, P=22
MPa, Stirring speed=150 rpm Reaction tinme (mn) OPZ OPZ 009 OST SP OPZ

(Pcl'N)
~17 -

The crystals coated with a metal film are new per se.

The crystals coated with a polvmer film (or even a

5  Thybrid metal/polymer film) are new because of the

characteristics of the coating. Said characteristics,

which are new and particularly advantageous, result

from the new implementation of the coating, under

pressure and temperature setpoints with a suspension,

10 containing, in solution, the c¢oating material or at

least one precursor thereof (said material or said at

least one precursor thereof having been dissolved

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 advantagecusly 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 (HTPR),
of polyurethane (PU), especially of a poly{diethylene
glycol adipate) (PDEGA) , of a
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polyoxyethylene/polyoxypropylene (POE/POP) copolymer,

of polyglycidyl azide (PGA) or of a mixture of these

polymers;

and that said crystals are advantageously crystals of
5 an organic secondary explosive, especially chosen from

those identified earlier in the present text.

Finally, the third subject of the present invention
relates to energetic materials incorporating in their

10 composition crystals of the invention, i.e. crystals
coated 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 show the SEM (scanning
electron microscope) analysis of an initial 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
technigque 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);

- Figure 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 1s plotted on the

y-axis in arbitrary units (a.u.)). The enlargement of
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the copper peak allows us to see the proportions of
metallic copper (right-hand peak) and of copper in
oxidized form (precursor, copper oxide - left-hand
peak) deposited on the surface of the CL20 crystal. The

5 metallic copper is predominantly present on the surface
of the CL20;

- Figure 3 shows a high-resolution scanning
electron image of CL20 crystals coated with Cu
according to the method of Example 1.4; and

10 - Figures 4-1 to 4-3 show scanning electron
micrographs of CL20 crystals with no coating (Figure
4-1), foliowed by such CL20 crystals coated with HTPR
(Figure 4-2) (Figure 4-3) according to the method of
the invention of Example 3. The presence of HTPB is

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 1l: 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 £ilm.

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),.H;0
+ 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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then brought to the desired conditions (100°C, 22 MPa)
and held there for a relatively short exposure time
(45 minutes). Next, the reactor was cooled and then
depressurized. The powder, corresponding to
5 copper-coated CL20, was recovered from the bottom of

the reactor in isopropanol.

Characterization of the products obtained from Example
1.5 (Table 1)

10
The copper-coated CL20 had a gravy/black color (coppery
red under an optical microscope), whereas the CL20

before coating was white.

15 The copper coating on the CL20 crystals was
characterized by 5 techniques:
e scanning electron microscopy (SEM);
¢ energy digpersion X-ray (EDX) analysis;
e X-ray photoelectron spectroscopy (XPS);
20 e atomic absorption.

The morpheology of the copper-coated CL20 crystals was
characterized by scanning electron microscopy (SEM). In
addition, EDX (X-ray analytical technigque associated

25 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 is covered with nanoparticles having a
30 size 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
35 again show the shape of the crystal of the initial

image (Figure 1-3}, whereas Figure 1-6 corresponds to



When the anobunt of copper deposited is small, the SEM i mages show that the
copper nanoparticles deposited on the surface of the crystal are

non-conti guous. This is the case for the coating shown in Figure 3 obtained
5 under the reaction parameters of Exanphe 1.4. Properties of the materi al
obt ai ned according to Exanple 1.5 10 Sensitivity The sensitivity of the
copper-coated CL20 crystals of Exanple 1.5 was_ eval uated by carrying out

t he standar florEishote&asian vi 1y (S3r) ber seenothes soppiar g oy |

el ectric spayjesansd tdiide (EFFde a0 doll agyatipn-to-detonation
transition (DDT****) tests. Table 2 be|OM/gIVES the results obtained for

conparison with the initial e-cL20. 20Tabl e 2: Conparison of the
sensi tivity desdstépnihde thefl elftde eo€L ¥kidasiod ﬁndhéh%o@yéciwén

bt et BB o2 TR B e o AR Sl et st

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 cu®*
solution. The copper{II) solution could then be
qgquantified. 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 acceording to his reguirements.
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5 nmethod of treating the results) of an explosive material subjected to the
shocks of a drop hammer. The material to be tested is confined in a steel
devi ce consisting of two discs and a guiding ring. By nodifying the nmass
and the drop height of the hamer, 10 éﬁe energy may be varied from1l to
50J. **FS: The test carried out correspdnds to that described in the NF T
70-503 st anifiwed, Wie chmbusel ofl scopmet adepostihedUNG 3dpal), t edk. dByw a

m ni mum ser i S h t i s.used to . determ ne the
force givi nlﬁlr%ig%féS %%W%%?ﬁ g?f%t ﬁ:\??p;%gurﬁ%&%&%%ngdeéspl s‘?P\‘?él&&?eﬁ%

subj ect ed tghﬁ‘r isimre ThE Faeediralsted bare eseedcpstpiaoced. ofhdspdrsel ai n
plate of detheed:&ougmRASSEhMhiClh i S dTOYBE N fnS'Eﬁg;'u‘?ceba§!<- e h 20
novenent_wi th an anplitude of 10 nm and a sfoeed of cns in the enpty

state, rel atPfeTt 518 Forchiom Rregmahieds iaf re@anmke oh-4he material. The

force applied to the porcelain peg, which bears on the material, may vary

from7.8 to 353 N. .25 ***ES: The test carried out is a test devel oped by
t he Applican IS "SR 19 t S PFEOEGIRE t &K% ed

pl aced i n aEpeaplef 116 nm di aneter and 1.5 mﬂ hi gt, i poi ti oned bei ween
2 electrodes and 30 is subjected to an electric spark of energy varying
from5 to 726 mJ. The systemis observed to see whether or not there is a

pyr ot ectthi cSEUSALivARY the energy threshold at which initiation of the
material no |onger takes place is determ ned. This value is confirnmed by 35

20 successive tests., -25- ****DDI: The test consists in measuring the
capabi | ity &P€a SRRSOV HiYi 86d the eFPRPELpaPRiefe Hel) efvypEassn®@f rom
conbusti on Eeatellenatl on aliegy i ghli8@RedCardy edcery@mgt heogyr f 3¢ of the
bed, speci fisFralnldé il’.lzt e case of CL20,. qt herw se at*}he base of the
powder bed. STREYSRBEZEEst No 5 conSPSESN i 111 AFE) net af BB 40 mm
di anet ér5 andevaiitablieyheiRft*) Theleabeics sypark asensktendty ThaEserx)i cal

hei ght resukt,jlng 4 ] _reaghli i et i mt ffegts
noticed on %ﬁg 10aﬁﬁ%§£#%£%r%‘geﬁ%lé?%?tgggpesé%gn{?ﬁ%{éﬁrfa(}cg)gﬂgcgs*e sitizes
the materiaFe§Ffce Table @osge&@u' tgYes hathe | segudibstebtatted edwat i on
both in shoekmparskbhVitiynamthel dHfifdiGhi @ucgensi tivity and practically no
sensitivity to static electricity. Myreover, as regards the DDT results,
the critical height is increased by a factor of greater than 2. 20

Ener getiitc powBabTabRe Gohphewsecanpdr ehet bengdrdrtiyw, tdggaulsg land

reference £-CL20 crystals and the product obtained in

Example 1.5.

Specimen Reference £-CL20 Substance obtained in
crystals Example 1.5
SS*(J) 1.4 4,1 £ 0.5
FS** (N) 73 103 + 11
BES*¥** (mJ) 116 > 712
DDT** * % Combustion up to 50 mm | Combustion from 150 mm
Explosion at 75 mm Explosion at 200 mm

25
*S5S: 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 critéres { Recommendations
relating to the transport of Dangerous Goods: Manual of



specific volune 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: Conparison of the p. Is and |Isxp val ues
obt ai ned by cal culation with two di ffer%rllt Azal anes(r) conpositions (Al:
18% w/ w; armmoni um perchl orate: 3012% w W*+ bi nder + expl osi ve substance).
Bul k conposition Binder (% c-CL20 (% Coated product of ex. 1.5 P (g/cnB)
Is (S) |sxptests and criterial, revised fourth edition,

ST/SG/AC.10/11/Issue - 4, ISBN 92-1-239083-81ISSN
1014-7179. By a minimum series of 30 tests, the energy
leading to 50% of positive results (using the Bruceton
5 method of treating the results) of an explosive
material subjected 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 ring. By
modifying the mass and the drop height of the hammer,
10 the energy may be varied from 1 to 50J.

**FS: 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 UNO 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.



(s.g/cnB) Reference conposition 27 43 1.879 272.1 511.2 Conposition

containing 24 43 + 3 1.935 264.1 511.0

10

15

20

25

30

-26- the product
25

****DDT: The test consists in measuring the capability
of a mass of divided material {particle bed) of passing
from combustion to detonation after ignition, carried
out on the surface of the bed,
of CL20, otherwise at the base of the powder bed. The
SNPE test No.

mm diameter and wvariable height.

specifically in the case

55 consists in filling a metal tube of 40
The tube 1s open at
one end. The critical height resulting in a wviolent
reaction is determined from the effects noticed on the

tube.

The presence of copper on the surface desensitizes the
that

substantial reduction both in shock sensitivity and

material since it 1s observed there 1is a
friction sensitivity and practically no sensitivity to
the DDT

the critical height is increased by a factor

static electricity. Moreover, as regards
results,

of greater than 2.

Energetic power

Table 3 below compares the density p, impulse Is and
specific volume impulse Isxp calculated for three types
either

of propellants comprising, in their composition,

£-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®

(Al:

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

compositions 18% w/w; ammonium perchlorate:

Bulk Binder

e-CL20 | Coated p Is T Isxp

composition (%) (%) product (g/cm?) (s) (s.g/cm’)
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




of Exanpl e 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

26—

the product
of Example

1.5

The density of the coated substance increases slightly
relative to the initial substance Dbecause of the
presence of about 3% copper. In contrast, the specific
5 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 dénsity of
the product 1is practically the same as that of a

composition using &-CL20.

10
EXAMPLE 2: Coating of TEX crystals with a copper £ilm
Example 2 relates to the application of the method for
coating the explosive substance 4,10-dinitro-2,4,6,8,12
15 -tetraoxa-4,l10-diazaisowurtzitane, called TEX, with a

copper f£ilm.

Table 4 below gives the two reaction parameters and the
amount of copper deposited, quantified using the method
20 described in Example 1.



5 i npul se of copper-coated CL20 according to Exanple 1.5 is reduced.
| Sxp, which takey-into account the specific inpulse

However, the val ue of

and the density of the product

is practically the same as that of a

conposition using e-Cl
copper film Exanple 2
t he expl osi ve subst ang
-tetraoxa- 4, 10-di azai §
4 bel ow gives the two
deposi ted, quanwified
Cu deposited 1§ * z ¢

ting of TEX crystals with a
cation of the nethod for coating

1, 6f 8, 12 15

TEX, with a copper film Tabl e
and the anount of copper
described in Exanple 1. -27-

(T=100C, P=22 MPa, Stirring

%
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EXAMPLE 3: Coating of CL20 c¢rystals with an HTPB
(hydroxytelechelic polybutadiene) £ilm.

Example 3 relates to the application of the method to
the coating of the explosive substance
2,4,6,8,10,12-hexanitrohexaazalisowurtzitane {(HNIW or
CL20) with an HTPB polymer film.

Cperating method

The principle of depositing a polymer on the surface of
CL20 crystals is based on an antisolvent method under
supercritical conditions.

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
is 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 is removed by slow depressurization
and flushing with an antisolvent stream for a defined
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
characterized by SEM and by UV-visible spectroscopy.

UV-visible spectroscopy enables the amount of polymer
deposited on the surface of the crystals to Dbe
quantified. The quantification principle consists in
redissolving the deposited polymer by placing a certain
amount of coated crystals in DCM. The solution is then

filtered and the collected polymer is quantified.

(bw)



(Bur) xaw 003 003 "ON'XR T ZZ - 28 - EXAWPLE 3: Coating of CL20 crystals
with an HTPB (hydroxytel echelic polybutadiene) film 5 Exanple 3 relates to
the application of the nethod to thecoati ngoftheexpl osivesubstance

2,4,6, 8,10, 12- hexani t r ohexaazai sowrt zi %??me( HNI Wor CL20) with an HTPB

pol ymer film 10 Qperating nethod The pfinciple of depositing a polyner on
the surface of CL20 crystals is based on an anti sol vent nethod under
supercri ti cThec oedicttiioms .cdiisi ifthieorpo| gfreExasp tie s3obrdd tie @edicehtaroemet hane
(DCM sol ut j.@n Lch t cr: f | gsi ve substance are added,

t hese not blg?ngt@g},\%gl%egﬁn ﬁ#@ce?ysst%gﬂ-ﬁ'den 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
the crystals of the explosive substance. The DCMis renoved by sl ow
depressurization and flushing with an antisolvent streamfor a defined 25
time (drying tinme). The pol yner-coated crystals are recovered fromthe
bottom of the reactor in the formof a dry powder. The pol yner coati ng
on the CL20 crystals was 30 characterized by SEM and by UV-visible
spectroscopy. UV-visible spectroscopy enabl es the anount of pol yner



deposited on the surface of the crystals to be quantified. The
quantification principle consists in 35 redissolving the deposited pol yner
by placing a certain anmobunt of coated crystals in DCM The solution is then
filtered and the collected polynmer is quantified. -29- The reaction
conditions of Exanple 3 and the perceitrage of HTPB are given in Table 5
below. -30- % HTPB deposited % Reaction paraneters (T=60C, P=12 Mra;
Stirring speed=350 rpnm) Drying time (mn) (PclW OD ZT

o _

L]
ia
-
ke
Y
o g by
A S 80
g = o ™
p © 8
5 o]
]
H g
o
4 i1
o o Al o
0 g E|
] i
4
o
) a
g —_
] &
8 H T
U N ™
o % O%H
0 ‘ﬁ‘ ~
5 ol
D
4 @
0 w g
& B @
v v 2 |BBY
o g A B g8
o qd 0 o~
] H G
(3] 9
o &y
o gm
Lo -r-l“;
3 ° & |84dlg
® U A Ejwn
o w5
8‘ il
) "y
m -
o s
i o |2
O NDT\O
.H il i
o = o
)
o))
2
e i)
5 3
o g8 |7
& :
L;;
o
~
el
ol
E



(.5W) SclIHO08T (Tm) ICC OS (.5) 0370 LSD Exanple CO - 31 -

Char acterization of the product

white color and 5 have an expanded texture conpared with the initial

(Figure 4).
was determ ned by carrying out the
Exanple 1. Table 6 bel ow gives the

The HTPB-coated CL20 crystals are of

powder

The sensitivity of the HIPB-coated CL20 crystals of Exanple 3

10 standardi zed tests described in
results obtained for conparison wth the

initial e-Ce2@racterizatdlht & FRIMRA of the sensitivity tests for the
ErCt2G—sUbsrance—and—rhe—coaéggﬂ%roduct of

15initi al

10

15

20

The HTPB-coated CL20 crystals are of white color and
have an expanded texture compared with the initial
powder (Figure 4},

The sensitivity of the HTPB-coated CL20 crystals of
Example 3 was determined by carrying out the
standardized tests described in Example 1. Table 6
below gives the results obtained for comparison with
the initial &-CL20.

Table 6: Comparison of the sensitivity tests for the
initial £-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
FS (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
friction sensitivity ¥S 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.



Exampl e 3.1 Speci men s-CL20 Product of Exanple 3.1 SS(.1) 1.4 2.7 0.3
FS(N) 73 157 17 ES(mJ) 116 > 712 DDT Conbustion up to 50 mm Expl osi on at
75 mm Conbustion from 350 mm No expl osi,gn in the range studied By coating
with HTPB, it is possible to reduce thHeZ20 friction sensitivity FS and the
static electricity sensitivity and, to a | esser extent, the shock
sensitivity SS. The coating reduces the sensitivity to the DDT test very

significantly. CLAIMS

1. A method of desensitizing crystals of an energetic
.explosive substance by coating them, characterized in
that it comprises:

~ the ©preparation of a solution containing,
dissolved:

+ at least one precursor of a coating material,
said coating material being chosen from metals and
mixtures thereof, and/or

+ a coating material chosen from polymers and
mixtures thereof;

- the suspending of the crystals in said
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 f£ilm, advantageously a metal film or a

polymer film, on the surface of said crystals.

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

3. The method according to claim 1 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,

- 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,
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.



-32- CLAIMS 1. A nethod of desensitizing crystals of an energetic expl osive
subst ance by coating them characterized in that it conprises: the
preparation of a solution containing, dissolved: + at | east one
precursor of a coating material, said TONHT i ng material being chosen from
metals and m xtures thereof, and/ or + a coating material chosen from
pol yners ancB.rri xtreesné tiev@ o ccortengusperdingerod ¢ hectmyssalls tian bai d

sol ution; é‘[é}e Ldl}oé)cf'nfﬂ QEhatca{{'st ﬁyisg\gt hin a fluid, outside the

nor mal terrpera ure and pressure condi preferably under supercritical
conditions, of a mettdle apdemaysdliprer offi | iy advahiageotRty2bnHRY ala% il m or

a pol yner f'léﬂs’@%ﬂé"%mé&ﬁl 3§§ec9@r§@tdo§ré(§t§é§st 8neTrh§t£'EF hod according
to claim1, characterized in that said fI uid i s Co. The rrethod

according toclai m | 0 2, SERRFACHEG zeBTi n tiHat : CT¥i&atsss dF sardtd

deposi ted med@lutoropol yner film represents for each coat ed crystal from

0.3 to 6% of its tOttg}ey%‘?T%??? I,rl(i% Pg e S Igeog%l #hﬁd e {MBSS, of said
presen

deposited netal or each coa stal from2
to 4% of itssalotet nddsiid4. The nethodd mﬂonmhmg butanyleonthef rm:rararﬂs 1to

3, charact er%&ggelfa[‘c&f@t ahly éé £e t&?xdiecﬁ%st : Oﬂrg%eﬁaﬁﬁkaluﬁdélm

consi sting o east one ne osen fromni cKel; copper, *al um num
titani um ancﬁ%@%@?ﬂiﬁﬁ%cﬁ@?dbﬁl%sle@%@ one oxide of such a netal. -33--

5. The met hod accor digue t ecaiy+ 988, Ofw A sdiH0 A uldar agteidzed i that
it COITDI’I SEes:

normal temperature and pressure conditions, preferably
under supercritical 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.

6. The method according to claim 5, characterized in
that:

- said at least one precursor is chosen from metal
acetates and metal acetylacetonates, advantageously
from metal hexafluoroacetylacetonates, and in that

- said at least one precursor consists very

advantageously of copper hexafluoroacetylacetonate.

7. The method according to claim 5 or 6,
characterized in that said reduction is carried out in

the presence of hydrogen.

8. The method according to any one of claims 1 to 3,
characterized in that it comprises the deposition of a
polymer film of polybutadiene, especially of a
hydroxytelechelic polybutadiene, of polyurethane,
especially of a poly(diethylene glyccl adipate}, of a
polyoxyethylene/polyoxypropylene copolymer, of
polyglycidyl azide or cof a mixture of such polymers.

9. The method according to any one of claims 1 to 3

and 8, characterized in that it comprises:



the preparation of a solution containing at |east one netal precursor of at
| east one netal; the suspending of the crystals in said solution; the
contacting of the solution obtained mﬁtg a solvent fluid for said solution,
outside the normal tenperature and pres tre conditions, preferably under
supercritical conditions; and the reduction, within sald fluid, outside

t he normal tenperat urlee apdepeessupe cﬂhdhtE@d&tipmeﬁafabtyhﬁakﬂ one
supercriticaé of gftigng s8iv§§£d at | east one precursor in such a way that
said at |ea e metal is dep05|ted on the surface of said crystals. 6.The
met hod accordlng 1o Bhai mSHspeRaia& er PEed et h&LYStedisd afn| ea%?idne
precur sor |ssgp@§f@nfrgﬁanetal acetates and metal acetylacetonates,

advant ageously from hexaf | uor oac | acetonates, and i.n that. said at
| east one precursor %%%SFQPEaVEFan G eSHEPFSE OB ofd2 ined with

hexaf | uor oacet ylaanstsenatemt Zlulle n@ﬁh@ﬂd@ccﬂkﬁlngrmalclfmm@éx}ﬁhre
characterized in that said reduction i s rried out.in the presence, of

hydr ogen. 8anqh%r et hod accgr %ﬁasfopré%%ﬁigi% (ﬂder Sﬁp?£héétlcal
character|ze@omdntiwm81t:nbnpmdgas the iduposs t ithe opracppliyatiofi | of of

pol ybut adi e f :

hydr oxyt el eche ?lcp ygf%gépeﬁgm%fébl Fﬁthgﬁe,t2§pe§FEF?§eof°5 said

pol y(di et hyl €resEt{®ol adi pate), of a

pol yoxyet hyl ene/ pol yoxypr opyl enecopol yner, of pol ygl yci dyl azide or of a

m xture of such pal yners 9. The nethod according to of clainms 1
to 3 and 8, #@araﬁh%rmﬁﬁﬁognaFHQFdFPgC%ﬁbF?E% one %g Cﬁﬁﬁ aéion of a
sol ution of e%at&mtérbm@dpohynerUhauis@h&enthlghhenengpemhxpﬂ@ﬂitée
crystals in s t n,._a t sp alned
with an anti l?q)vent I%?dan gggaéé%tﬁggﬁggial ergfﬁgeég pre
condi ti ons, ¢hresenrabtymunder supercritical condltlons in order to |nduce

the precipi ta&tat'y@tosaﬂ @‘t’f‘l@@«@faﬁf@r@@' 3”§r70f'e£f’§zéeiﬁéfce of said

crystals. 10. The nmethod according to ang one of clainms 1 to 9,
char act er i ze2PFRNYHEe- %h%f%lbﬁl%%%F%y eXpPokFvaZshBst ance is an organic
secondary exp) 056 Ve, 1@sPRchakdyi €he8eRakr8Msowurtzitane and

oct ahydro-1, 7-tetrani te razocipe
hexahydr o- 1, § gpt?t?&t?% %,gﬁgt%ttgitﬁéFaoxa r10-
2,4,6,8, 10, 12t dreachmbiu oheiieazai sowr t zi t aneand

11. Coated crystals of an energetic explosive
substance, obtainable by the method as claimed in any
one of c¢laims 1 to 10, the mass of said metal or
polymer film representing, for each coated crystal,
from 0.3 to 6% of its total mass, and, advantageously,
the mass of said metal or polymer film representing,
for each coated crystal, from 2 to 4% of its total

mass.

12. The crystals according to claim 11, these being

coated with a metal film.

13. The crystals according to claim 11, these being

ccated with a polymer film.

14. The crystals according to any one of claims 11 to
13, characterized in that they are coated with a metal

film comprising at least one metal chosen from nickel,



4,10-dinitro-2, 4,6, 8,12-tetraoxa-4, 10- di azai sowrtzitane. 11. Coated
crystal sof an energetic expl osive substance, obtainable by the nmethod as
claimed in any one of clains 1 to 10, ts{]‘fl mass of said netal or polyner
filmrepresenting, for each coated crystal, fromO0.3 to 6%of its total
mass, and, advantageously, the mass of said netal or polymer film

repr esent i ngyodmrr eacivodaved ctysanipmf r omeemi o ehd/ior twiah melss.  12.
The crystal éaﬁcscé)r I eing coated with a netal film
13. The cry:lta S aéé{cé(;%lir)ldg&t%f cr%%(?hm%l%ﬁé JJ(é)se bei ng coated with a pol yner
film 14. The crystals according to any one of clains 11 to 13,

characterized i n #@t c £ H8Ya BE eaeeakaﬂnw tth arptehe fbEMmeganpi Simgkat | east
one netal chasen from ni ckel tge aI um num ti t%?I um. .zi rconi um

and/or with alr | AR HHES G dfns an% R yStAHS fcording
to any one qjolqhwén’ns flillm 0 df3, mqmﬁim i rot haetspelfteyahlp cofited with a

pol ynmer fil rcpwci 1%/b%t qgl ne, ngl g%;}éeof a, lgiolyt%rethane,

hydr oxyt el e iehe, yure espeC|a
pOIy(dietHWGapﬁqﬂq&ky aﬂ|pat99lybdlethylene glycol adlpate) of a

pol yoxyet hy poly Azide orp@
m xture of txﬁﬁ?&%}%ﬂ% 6 The c(%(ﬂg%ll%s acco%l n p%’rhe one %f cl ai ns
11 to 15, c@?@&@@%ﬁllﬁﬁ%%toﬁhﬁa fﬁ}ﬁ%u%%e?ﬁytlé‘i%?o%?%@%ﬁﬁstance is an

organic secondary expl osi ve, espem ally chosen from
oct ahydro-1, -t etrani tro 1 tetrazom ne

hexahydr o- 1, fﬁ tq}i%q]:ryoﬁla??cﬁ‘? ing to any one of claims 11 to
2,4,6, 8,10, %hmmaammmamwmt Zihaneigndenergy explosive

ot et Gdadkahd 15 L AR e (BeoBNBLA, SO SEL LB e snddia FRGM 9001 ©

materlals o arac erlzed ey con uantlt of
coat ed crystcahcasexcc’@r@n ng to any one of clains 11 to 16 and/or desensitized

crystal s obtginahle-hy thes method- aeLordingst s, anyeopg-8Eisbai ms 1 to 10.
hexahydro-1, 3, 5-trinitro-1,3,5-triazine,
2,4,6,8,10,12-hexanitrohexaazaisowurtzitane and
4,10-dinitro-2,4,6,8,12-tetraoxa-4,10-

diazalsowurtzitane.

17. Energetic materials, characterized in that they
contain an effective quantity of coated crystals
according to any one of claims 11 to 16 and/or
desensitized crystals obtainable by the method

according to any one of claims 1 to 10.



