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WO 2009/ 14 466gﬁ:1(;qeptgr_[13:2gggql (pgggg@ spt of electrical, optical, magnetic, and mechamcal
properties that are different from that same material of larger size, namely: high

plasticity, superhardness, lower melting point, transparency, high surface area by mass
unit with consequential improvement of catalytic activity, low thermal conductivity,
increased magnetic effect, high semiconductor luminescence, changes of color, and
even obeying the laws of quantum mechanics, leading some scientists to propose that
one might stand on the verge of a new state of matter.-

[5] In order to take advantage of the opportunities created by this set of novel properties
and translate them into practical applications, in addition to the most common binary
structures (with two elements) such as A1203, Zno, TiO2, ZrO2, ceramic nano-
materials usually require:

- Oxides formed by combinations of multiple elements in several ternary (ZnFe204)
or higher (LaSrCuO) crystalline structures;
- Non-oxides with covalent/metallic binding crystalline structures of the Nitride type:
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TR this nethod, the final conpound/conposite is usually prepared from
a solid state reaction between the different elenents, followed by an
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[18] 2 - Liquid phase methods ’
There is a set of recent methods in the liquid phase which share the fact of starting
with a solution in which the initial elements are stequiometrically dissolved at the
molecular level. By means of different techniques, such as for example, copre-
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speci al struct
c) Condensation to form nanoparticles: In order that the condensation phenomenon

of the materials and composites occurs and results in the p10duct10n of a large amount
of nanometric-sized particles, the gaseous plasma has to achieve high pressures in a
high supersaturation state. The size of the first condensates will decrease with in-
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i nvention di sEMFGREHEYCh 7l ?fﬁémwgt%?m?qacw qui‘mﬁch@é?l}i‘é"r‘ﬁ{ﬂé@‘ﬂnPle
several typescybtaliipe sfrddtoeps@biassors, such as for exanple, nitrates,

sul phates, acet @&k wifl bﬂma%%e%%grgf?%%gcﬁrﬁﬁﬁmgﬁm hifs @ detonation

regine at a ten&%ature ‘5;[ I 'ng Aanonetri c

i nstead of ni cr &WBOFIdes with gysigllimeistneyres phthe AITidREYBDL ai ni ng

conposi tes and-Quinpogilee (bi nary, ternary, and of the nitride type)

crystalline strﬁsﬁ&ugocf& ODL 30] The docunent by Chiganova, G A,

Det onati on synt hesi ultrafme al um na, | nor%mnl c Materials, MAIK

Nankai [#ler pefihisdi waddigentobe bighebemicat dndipbese ToeogeRiLy EeveDalibie} group

Vol .. | ~41 N5, Naﬁ’co?r&ﬁﬁmt 11@3' pl‘b@&tméh?cﬁustﬂﬂ%é‘dc@ﬁﬁ%l th R fieaichiifs, tsuch as:

expl osi on ener 0 oxidize al'u ver in

Forl o i nai e Wi dinioriat b by BisteiPr e P B PO el richd Py

the present ilkevedighenthan B2o9%t oufate anasypantss anitbétwebreS dnd 500 e/, and

precursors, é&?ﬁa]ﬁﬁe SRR 56 ORired]! Efti@feecﬁens%éslﬂ %&%&lﬁﬁ o8& ordld §fe-
Wi of t (‘ enu

t akes place e conp05|t|on of “one sl ons,

wher eas in thPEt ‘Efgéﬂ}?ﬁ)’rt t he al umi nium reaction occurs later in a gas

chanber [263bt ai Thergsealf tre (MAOpemblsiohansdept fon tHerpeoduetiabbfancgaysdlal i raf@red

phases and so o] Y, Li

B3 T ana. L ek e f 1R ihodiResd SR SRE NIBa Yy Syl g

ef fect t errperlé{ﬁlﬂ%(’&f’é*llyae%%%tﬂ@ powdnisiys tesn bshs Bl gen @oabsition IMethod

\2/\8\628 t V\DhZOﬁ?lﬁbﬂémgﬁﬁfﬂ RE?&%}C /(@@2]30?1197 dod@mentPteselN? a nBR -mdkMA for B0,
eaches uct i oni nanomet rj, [ sev

net ast abl e phaé g%m? P]g HPWSHH@EW%B?‘?? Lﬁlﬂf’f‘ 3@?‘]}‘?% (ECM)

mlitary explioemvkes COR[b)@tlcuhmflarf@HOétmnhion@nth amirzespﬂwlma:iu pffodliigg halowni na

exhi bi ts sevefighing QakalEs. nﬁ{e'lﬁ)&ﬁ‘od JEife gﬁ%getﬂf)ﬁil %@ﬁ%@el, Bsds Q%llﬂ?&@lﬁent

invention is different in that i1t use sions, one
t hem cont ai ni & Hul-$- HHEs Sﬁ@eﬁww%eaéwéfmab@ug% aﬁﬁﬁ@@r@Fmﬁjéﬂlse@lf | ts
conposi tion (exterhdlairnol ecul ar | evel ), which allow obtaining a group

of non- 2:? ynary @] and non- oxi de.structur .

i B par 9o T Rt SR or B BREha e B LA e Pffesis of
materials with special properties started about thirty years ago, and since then has been
focused on the production of nanodiamonds (a special structure of carbon), as an




Det onati on synthesis of Ti Q2 nanoparticles in gas phase, Advanced
Material s Research Vol. 32(2008) pp. 13 - 16 (online), discloses the
synthesi s panopowders fromthe detonation of a gagiydiddsRs of
hydr ogen, gw%&gﬁn?124 and titaniumchlorige. Unlike the present

i nvention, however, this method is limted to room

t enper at ur e- IARERYR I SRULANES Wg&%ﬁm&t}%m g0k TS RLEREN,

i nvention uses a Sl on’an use-of’

nultiplicity 03Yntheé|1§| P clndprs @ﬂd| taclplp@@m pEwfrafinedigmend %Wnldﬁ@!m%}"’gi% n.

Gener al descrigidiass @b ubdet cmvsﬁmch@ﬂmabmxgﬂ)@&éslﬂﬁ@w@i{cﬁ&z99941952205 |
8 [35] The present mgentl on_ refers

{1
materials w t PFRREE %m@f‘?}gscftélﬁo?l?‘ltéo%ﬁj%?ﬁgg “’%ﬁ%‘a’“ 1%1&11#%15’ n?@%) i thsy subject-
conposi tes or mater thugltl inthipdepment inimt grusesews (FI0) emalsionproap af Gemon,
to characteri Séo%% miéﬁuﬁg%tgu&%?s 1%135%[&1@& d@&ﬁtl&%é@ﬁﬂ@ﬁ AP 10we1

appl i cations. reparati ric-sized
ceram c mat er i Bis2009He tppiderd serapmis quﬁg’s’éﬁfﬁf’ﬂéﬁ“&@c“ﬁgﬁlﬁ% ing STHCHLEF,
ceram c nmateri \ﬂlheSeaMﬁ histickfae ke Briyakal hﬁlﬁay&kplm:ww distinct fromhiee FHION

of composites ANdis *vﬂh?%%%hét%ﬁ%emﬁﬁgﬁf 8 lidp 3GrEr eoent | Ivent! on

consi sts mainly ion of precursors,
accordi ng8lo t hMO@(tpquﬁﬂEéhe PPIALion meHy tliewfﬁ@iedtt%ﬁ@ ﬁehoﬁﬁbelma@%ems and
equi l'ibrium dllﬁ]grl@dﬁbflg)ﬁlaﬁlb@ final ceram c product desired, preparing

d t d t

o2, 4 compost (1 ool hes Lot ol Wb ST oL OB Sk Sokl, )

‘a stabl e det orabiigs on@ifferent atbstraes Of profutivh pf mmm@ngen@nmome(ﬂcmwﬂer& —
than 2000C), fgllews ﬁ(;?ﬁ’tal@ég g@f&fe 'i@i@is\fnﬁcﬁr?é 0&19‘91{111@9 mefdl @&@@Nm&ﬁf@k@éﬂ&y

particles with particle siz el ow base or_initi
omul sion ¥ ef erhEEHI W%Yhéhepw@geéﬁfﬁl ARt et Hﬁ@ﬂ%&mb%f@m 9&9‘6@3 erm
broadly used, thatit exaigal @/0) lanmlsmmmmhéaqmdroescﬂfd msH, deieby alowingiadater

bei ng conpose oo SESm a
surfactant: i %tgéff%l q\mt ad%;&g@g%fﬂo}’ﬁ >q{lt er n%a{f%?l nsgﬁuﬁgﬁ#g%ﬁg%e.
[38] The secorf®mPwity a@%{ﬁrgﬁuéﬁewa@ qr ﬂ?eghaﬁucmSEﬂym(eﬁHP?tR@s ot her

expl osi vgm in g@mmizass tieclens las ifdyscialpocsd foo i produbtiexdf fre(inicrbmetripH

val ues (bel ow ag WX ](ﬁﬁb%fhw% %1%[8{ é"{?ﬁ A0L& Pﬁa‘ﬂfohgféc%s of rgrinl[lf‘a%e% aﬁﬁllumutnK

| evel s t hat rom SsS 1 on O r'sors
as nitrates, gmquhmtbgn oEHizirng agent, Tb‘bPl’GWéleWqOﬁé‘l%}aﬁ@&% fiorpthelagier in

this (WO emm&llgﬁeorg@dteg &v%ﬁm%egﬁrbﬁam p@hurs@'y QIS & floR gxanpld, aftiatedg
nmol ecul ar hono tain

urs
honogenei ty of® %ﬁﬁ@te’f |aﬁ§?tes’ 2 Lﬁ %@?Pex}l%nﬁad%éon%%ontrﬁ%l%gragggn
i nvention, t haterdtgre lavepuitrea@0PEC, pmlcbngylan@mﬂng m@t@fi of h@@emetnc -sized
~nanomaterial s.,,fR39s tmg@wbﬂﬁuﬁ;% dInEHoRiEeR 28N nul tIpYEMDidaPy) terRQY; dndidF the |
conmpounds for Io H-va ugﬁ | ow 3.'5, and polyi sobutyl ene ' \)
derivatives fdHTSRINPE) GrEY P@ﬁ&’r"“’t‘?ﬁan 3.5 can be used as surfactants. -
[ 40] T_he[m)}' pes Tie docamentdyChigons, oA cdetbmtiph eysbspof oltrafine alwewent :
| nventi on ar e morefit ki, SO RS} HRlrioBich RSN DRI N5 (PRHEHS

phase, such as "REfrate i
1608-3172 (Onlme) Vol 41 N°5 May 2005 pp. 468 - 475, discloses the use of the

explosion energy to accelerate and oxidize aluminium in very thin foils inside a

chamber with oxygen, obtaining nanometric alumina. In the present invention, the
detonation reaction of the different precursors, such as metals, alloys, nitrates,
sulphates, or alike, takes place within the composition of one of the (W/O) emulsions,
whereas in this document the a_luminium réaétion occurs later in a gas chamber,
obtaining alumina with transition (non-stable) crysta,]]jne phases and some unreacted
aluminium. '
[31] The document by R.Y Li, X.J. Li, and X.H. Xie, Explosive synthesis of ultrafine
" AI203 and effect temperature of explosion, Combustion, Explosion and Shock Waves,



Fuel s'soluble in the internal aqueous phase, such as hydrazine, urea;
Fuels m scible with the external phase, such as hydrocarbons, organic

mat eri al s. wlgbbbo/lss@ddi tion to these conponents, the seg Jﬁgz\é\‘ggabzzoa
enmul sion still conprises solid precursors, |ike netals an

alloys, that forma hormgeneous gaseous plasnma thr ough gasification

d t he det s c
\/\zlr l:ﬂgcongt i Su\?cga%jh c one?ﬁlo ﬁ@t 'ﬁaéhéglhe}dh?w qu\ﬁﬂ%& it A Pin
2009/ 144665PCFREZTU0Y! asesdipm Bie dacamprositiop ahAHBOR3 mixedan p ankjeryof

ges ired cryst akplogige, 311131)4 Cdkiing sletaﬂﬂldﬁanmtzﬂ pfbdﬁ@trﬂ)ﬁﬁhi @ﬁmsiwsbmalt htam-
etonati on reaction ss of

i1 orent pr odtbiont ame fiRted Bl SGR RreSing FRER QS SRR indifiipuses two
mai ntain a det(Bf@ eonisiosgyione obthemubhiamingnuiiliple grectimsopeha it asnieel pat
2000Q), ther e@i’ it BR g}ﬂj "8k tﬁ@ﬁoﬁEﬁlmEVelfWhﬁdh%lﬂgﬁr dbgnﬁjﬂ e?ﬁﬂ?%?ﬁl'bhc

state. [44]T 0ssI usi n s or
the renai ni ng %Wela TRATOB RS e RES iR Witk i vy level.

i mpor t arft2j npl |R51251103t86& Nanoa)zstﬁ!ﬁmdspmnwl eyramidvgdes corosess fir dre syathesioantdo
the final pr Oﬂkgétth&? f{n@%ld&c ﬁe}é{ﬁ‘ﬁcbs'ysféﬁ Abs %ﬂ%ﬁﬁlﬁl})? rcﬁrocessglpap a4 o se e Ie-

| evel - requisite i nanot ech y ap nane
the fields of SBRCHMetWiliZaglss dsliscinses %Plﬁ@ess furhavyn R;ols@a%ﬁteéhnee

purify than okpiesicil eiubiRers pmnc@eaafsaﬂlancha)enfcﬁm&)“@mpobmmhbmaﬁc

oints. [46]T anonetri.c cera
p terial [s thEFY SBFS% ?93’11‘:8“’“% a{’l‘i"?&){n%l 3 ?‘&Sc i ?‘é SPrOPeR® %%é"efpd??% TP“ and
onmposites or dgf@natwngﬁ Ithet (VRS emptlsionief thefpsesentaneantion distingribapfromake loyer
the foll ow NQiSthaRs) it use two WOBf drfilfighst b &ttﬁéwbﬂﬁﬁhﬁg/da&nafnbﬁ tdnfRERINES

n the second, W onent s of th
RN Lo it st A S NS ML -
(sol ubl e oxi dkthegiteddousentsaiicbafforfisiedly midimesicisided pivieles beaapded is,
and netal all Q&ﬁi)ucte@ﬁfjteﬁlﬁm@ﬂafmés%ﬁ{ei Mﬁn%@(ﬁd@ ﬂqg§w§mﬁﬂaﬁ£ﬁsl ORef cal

formul a andtheaﬁ e of Structure desi’r ceramgc nateria
met 11 precursors that allow obtalnm g oxides with tertiary and higher structures,

composites, and solid solutions, whereas the method disclosed in PT 103838 allows the
synthesis only of oxides with binary structures (two elements) oxides because it uses a
single precursor per composition; c) it uses fuels soluble in the aqueous solution
(intemal phase) allowing the formation of non-oxide compounds, such as nitrides,
carbides, and hydrides, that were not obtainable by the process described in said
document, 7

[33] In this way, the process of the present invention enables the synthesis of nanometric-
sized ceramic materials with different covalent/metallic binding crystalline structures,
homogeneous distribution of the primary particles, high chemical purity level,
crystallite size below 50 nm, and real particle densities higher than 98% of the the-
oretical density.

[34] The document by X.J. Li, X. OUYANG, H.H YAN, G.L SUN, and F. MO,
Detonation synthesis of TiO2 nanoparticles in gas phase, Advanced Materials
Research Vol. 32(2008) pp. 13 - 16 (online), discloses the synthesis of TiO2
nanopowders from the detonation of a gas mixture of hydrogen, oxygen, and titanium
chioride. Unlike the present invention, however, this method is limited to room tem-
perature-gaseous precursors, whereas the method of the present invention uses a liquid
state (W/O) emulsion and allows the use of a multiplicity of liquid and solid precursors
as part of that emulsion.

General description of the Inventlon



[47]1.1.1. Enpirical formula If one wi shes to synthesize the spinel

of enpirical fornmula N Fe204, the starting conposition should

conpri se f8es@xactly in the same nolar ratio (1:2pcpsslérstional
conmpound m@%ﬁ in addition to engtigh oxygen to conplete tﬁe -

oxidation reaction. [48]1.1.2. Type of structure The choice of the

pr ecLr sofsg) depenyg l%ntlﬁeelﬁasg?ebefs ct)(iﬁdh'dﬁl%ﬁlfces’lze%b@hﬂc hbiliR Wil diiife

to which cera des with binary,
ternary, or th}‘Féarﬂﬂset%tlﬁie‘ﬂltﬁSéﬂd Fﬂf@%ﬁﬂ*%’d}f@mp%%ﬁll Sé’hdé?l%}!j@ﬁ foj theyprocess’
oxi di zi ng age%ﬁth%Ffbp@LFanm e GlbirackRis Bdssand hrapetib teldof)aad to ndmbtechnology
Non- oxi de with Cﬁ)v ent/rretal lic binding crystalline structures, of
the nitride t O, ALN, SiAION, etc. ). Precursors - conposition
of the il3ber naI1 FB’W@GES fmo@%)mpataamgeﬁ nanewaBicisizgd 6efapic BRYHEN- f r ee

sol ubl e fuels, mqﬁo@e%s fo@fhe%yatmme@f ﬁamﬁaab@@ed celgaucl:ﬁmelmm iffRent
and solid solutlo the rule’i ﬁlmr# V\/net Cp%% are omges or.
non- oxi des. ZF@ISia e SREFYES; Wéﬁet B f GAiRASIeRAL ﬁﬁlﬂ IR FEFUTTIE & Phre
det onati on t e peesentt inventiba sommisksayainlylie selectlag b stattug qompoasen bipredunmrs,

reasons: V0 200944 44085RGTIA32R090922 05wl Ebbal Q'e@%hlﬂ{dlﬁﬁfagram

part| cles in e nanonetr tate ecessary
det onat i on t erfpeihafigrleemmie poadustdasid aﬁleﬁ%@gﬁ@ﬂwm@%u@éﬁé%fﬁﬁnp a

Jouguet) is | Q@) Eﬂﬂﬁl@l(ilhdbtmhflg Feid pNY(DDtenﬁﬂs16ﬂ1©gdﬁsﬂ wiglga digfefenit titiator

material in Or?@bg uSleont,llc stta{;'leed%%n SG %@%aiag&ﬁmtef}g][%m&e %r%?é@w

the primary pa( SN enanorre I’IC

that it is nedb@s%(}OQﬂ)OfOblpm@bseala@memb'efﬁamol@g FhGW@V obtsimngmiddes with

which is the |ﬂamc§e figpal@eiogmht i Ng points of ceramic materials
At t.ai.ni.n

d bi
Cocur acylFhe r ol eROTbRRD s BB thaeE R tetuetR aag e /5
cor r espondi ng tyee, bledfyoserh forenamplesiaitht mandartoe obeqpbesiig. enBysidrisnleding

adj usting the &S%H&'&%?%@ ﬁh&&ﬁ Ii os ARG IRER bR bOYARAERAM biRdrh AN
of formul ation anme t. of endothermc elenents in

ers, .suc
the starting siéqqﬁ’PF%ﬁhasFﬁB‘ée’HFmF’L@]”“ SPIE*ﬁ% rel ation internal
phase/ ext3gr nal THeaseondf(W/0 emnisios ihanthe iabilitys(upbissithdrexplosivdt inigendrdipto

required cr ysteg{dgg@ecgﬁ%g%{ﬁsﬁymﬁ\gﬁ@&ua IBﬁZyI—f‘fﬁ&jeu s el Y ﬁygeg&aug pive

thermal treat |orretr C
est abl i shed f dectimesuiiablgdern these ﬁﬂéﬁ}’ kpvels that resxt%émdh% Higrolytipg of g eet of
experinental giréduisety, fuchs aftrarse Atilphews rhloriiee ssleble ivtht aquesenplesadithia

t t (CJ t
P D g R TR A 71
THOR) whi ch U@Eﬂﬁt@féhﬁm‘mms iwhwmﬁg k &igh pheserhomezengia of hgifyal -

stage is conplgtaafle fohﬁcté |s Ect@@ﬂié?ﬁéséht@ﬂvdﬁﬁoﬁ higt S8 QUAtkd (FYV 16} applications
emul sion is est%gllshe 1.3. Preparing the second (WO

emul si on ~ Af t & 1sS¢ AgoPE the final composition in the previous
st ages 1[39] and Ac@rdimg® the pressatimvemsionheonsivaigeowpowids & w gt vedues belomd

(WO enulsiorn s pRi Pbl SGW@%rﬁXer‘é‘@or'ﬁﬁ*/ﬂﬁésqﬁ%w} {nak 8% 3 as asedus deE-

the action of a surfactant® i1nternal (aqueous) ase and external
(i'nsol ubl ) pHAL#B.t he' ext ernal phase bei ng usual |y conprised between
2 and 20M0pf t HEhettgpeslof preopoas cowsiderad o tibescopecofphicopeatat Mmmertioy gan

b al ance near z er(?xidizing agents soluble in the internal aqueous phase, such as nitrates, sulphates,
chlorides; B
- Fuels soluble in the internal aqueous phase, such as hydrazme urea;
- Fuels miscible with the external phase, such as hydrocarbons, organic materials.
[41] In addition to these components, the second W/O emulsion still comprises solid |
precursors, like metals and metal a]ioys that form a homogeneous gaseous plasma
through gasification during the detonation reaction stage.
[42] This set of precursors which constitute the components of the second (W/0)

)



[52] 1.3.1. Preparation of the internal phase Dissolution of the
precursors in water according to the conposition of enulsion 2

previ ously < [ 53] This phase is heated at a te - -
105C) hi gh‘e}‘rﬁﬁ%oﬁginﬁfkﬁe crystal lizationgpoint of the di f@?ﬁﬁﬁég@%zfeégt S
in order to allow their conplete dissolution. The dissolution of
nitraves, chi Quies, wAlhai-RNAbESatB WALl LY ERINE Srd Quithok 1AWl
4) pH val ues, thus _be| ng necessary to use stai'nl'ess steel contal ners.
The ampunt of SREWPesites HBiREhS deteopriion repsiobet ween 5 - 60% of the tot al
conposi t[4eN. Adaakekrdeest 6f ddiebiieish bete dEtepstd bicRtisbi RS EdidTl fointiRER the
is a strongly eerﬁ?sm]hterﬂict ielae({%‘anta.ahnpl Stri klf?gl ¥ d]ecrtease_s t_th L

det onati on t erfAEFALL AU, A dEtogaton 1spime At Suffikiently low fgmperatures (belos o s o
by m xi ng t he 2R0fCocherpesnmaigtainingythnpomaet mriiciéssn theereohetvic statea
surfact 1&&] (of e ot RAyITRMNE Hittals FFRNbYOBEdherSHb tﬁ@l‘e%;a%ﬂﬁi% %@&ﬁ-&&&

for the Tow pH values,. Soft heating between 35 - 85C, 1n orfder to
ensure the WAISsdneiie Q §E Bposee! IPlicgliopspri ate mixture
viscosity and a)Psnipetdtyurhdghcdonsasibo raihentd tecftrappropita $¢ unit bbhe Ttigal
sur f act ant shgg&g%ﬁt%nr.espond to 1 to 2% wei ght of the whole
conposition in ofder to ensure the stability of the (WO enulsion.
[56] 1.3.3. Emp Speiydeyel orpanisitefor mubipie eapoteshuplegy applicasions, aamels iy the
and subsequenfieldebf piohGtetihlsab®@HedRRe- 150 psi, to afford a stable

emul si o erei,n the mcelle size is.conprised between 1 and, 10 .
i cr ons%gs\rinnce @%%lggretehaslug tPiPHFty HEOBFRAT %uﬁsﬁlsﬁpgﬁ?éé\@éﬁ%q ?73” low melting
di si nt egr at espoinfosi ng sensitivity and stability. [57] 1.3.4.

Addi tions@f an ok Gk f6RME kiRl of Qardntedidéamie Witk AR WPANMSR
pol ystyrene or cogt am nan;-f.’\r],\ﬁg (gll astic Sﬁher es,. that, |s_sr(itgn_§]§r_red in
t he” det onat i ofiYFBERESER-WRY TGS “T‘E'#‘F@P}PB tep ot f%ldéaﬁlﬂglﬂs’f CIFOFS Py
to a val ue bekaowally &sngyisedBy therfoldowieg steps:ensure the sensitivity |evel

h X i PLAG: ' ] |
that allows atyaji Plefifing ﬂ%gsft%ggﬁeggﬁ% ggege ol thEQ@JS)néQ?/@)lé_nT{Iﬁm [ PR

1.3.5. According t detined 1n_poin addi tion
or not of sol FYRANERE offhespeond (Wit enulsipn aipsselzried fropyie airary mentioned set
honogeni zat i oof pr¥twesore{salublearkidiEih@hgents| hsblarelst wnREsRIfMIE nexagRhes

oF joxt o Y BB SRR s et D OARRENSh gy e b
Accordi ng to #HEWHabihegesited spramic matagal W O) erul si on al | ows the
rel ati veqy easy,,1p1r_ga@ﬁladai fommafa di fferent geonetrical configurations:

spherical, cylindrical .. annular, or w.t | ane. faces,.which caontrol
the cooling r aﬁgon(?fm%ﬁé topsé?lthe%lf‘ée@? S@B?‘M’E FE‘BPTCﬁ OHBﬁamﬁ%’/iq%othSB{agf%i ng
nanomet ri csi zewnpssitipnishowid cemprise Nilkod Fakwetly in e stmeinolahsito (1:2) as the
crystal I'i ni tyfihg¥6hpSnddNAF200Y $n 8Bl tpzﬁgugh%kgén &nggg%l th@gxiﬁé?t{oﬁ
the higher the surface areas by mass unit. Int case gas cooling
in water (inst®@HP%f air) one can achieve surface areas higher than
300 nR/ §48]1Thi sl Apped efistiustuespeci al |y rel evant for nanot echnol ogy

applications r Ll BYAM :

contact. area bofycioithy nebahtiy deplldsThine LBPbe LS ey B Honity e
sibility to e@s¥high thegerpmiecompound peietesohus:ni ti ati on points by vol une
unit through theOogaauRith BihageREiaty, 3eHigh§etucthRePleWtdrs € BaILNE, Wy RdSrich

very low critjcal. detonation di te m ni.mum di ameter at which the
det onati on i sOStAF a%%*ﬁ%?’“&?Obwltﬁ‘%{‘gméai%&-m%@%% or a cylindrical

geormetry, or 5b)Nagoxide with coyadenymetdlinindihg cyypiellino strentured, af thgediiet type
This feature @)bRWa1HEISACNTRI): PRECKASS 8GRposiTRAYE M ih }éﬁai ﬁ{aat@@ﬂﬁw&e

and particle con entratlgg gralents, bot h during the to I on

reacti on phas@&NEONHITEE by Byysen-tipgsolRls dpads shehas dormaeplss hydspzne.

formati on phase)Foapompssitthandsa)idsoltsR disiuld e sihilar, tWhetHaothey ereixides of

the primary pﬁ%&@&e«gs of the ceramc materials both at the norphol ogy
utio

and size distri on levels. [61] 1.5 Detonation of the (WO
[49] 1.2. Adjusting the mixture defonation temperature

The detonation temperature has a key role in all this process for two reasons:



WO 2009/ 144665PCT/ | B2009/ 052205 12 systemwi th shnilar effects, such
as capacitive discharge, laser, etc., and stabilizing the detonation
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order to avoi dtpuotu(fl) at demfgmduzgtf@m the composition and initial density of the emulsion
making use of computational programs (BKW, Tiger, THOR) which use state

equations and numerical methods, When this stage is completed, the final composition
of the second (W/O) emulsion is established.

[51] 1.3. Preparing the second (W/O) emulsion

After establishing the final composition in the previous stages 1.1 and 1.2, one
proceeds to the stage of obtaining the second (W/O) emulsidn, mainly composed by
two intimately linked phases under the action of a surfactant: internal (aqueous) phase
and external (insoluble) phase, the external phase being usually comprised between 2
and 20% of the total composition in order to provide an oxygen balance near zero.

- [52] 1.3.1, Preparation of the internal phase
| Dissolution of the precursors in water according to the composmon of emulsion 2
previously selected.

[53] This phase is heated at a temperature (35 - 105°C) higher than the crystallization
point of the different reagents in order to allow their complete dissolution. The dis-
solution of nitrates, chlorides, and sulphates usually gives rise to very low (0 - 4) pH
values, thus being necessary to use stainless steel containers. The amount of water '
should be comprised between 5 - 60% of the total composition. According to the

. desired detonation temperature, water is a strongly endothermic element and stukmgly
decreases the detonation temperature.

[54] ~ 1.3.2. Preparation of the external phase by mixing the hydrocarbons or organic
materials thereof with a surfactant (of the type previousiy mentioned) suitable and
special for the low pH values, soft heating between 35 - 85°C, in order to ensure the

()



in the air. Thereafter they are wet sieved, dried at a tenperature
al ways | ower than 70C, and finally deaggl onerated and bagged. A small

sanpl e, ab@u20d6)fyéss 1S coll ected, and sonme chemi cal anﬂcﬂféﬁ%bﬁfﬁhzoa
anal yses are conducted in order to characterize the synthesized
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structures, Ofcoﬁlbﬁsddll:fefw&ﬁ 11248 Q0 nfieiohs, aficé Move XATRIR thedhuifieh plokfisdifdy
to AlON, ALN, 44 655’ / 1B2009/ 052205 13

Conposi tes reéifﬁlqt?g?\#b? 8%%“@??8115&%\’ of two or nore materi al s,
for exartpfle, alluﬂr#nﬁeddllzmmf@moegammeaslmeng] Ztofh), bwhes exgantied pulyrgyredeeor
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Solid solution | S ‘case, previ ous one, one o
conmponents is EGF%EIBFWC}S tq aliyshy g‘eéif’ﬁ%tﬂ Y VFIH%P‘ﬂBWI 25/ grder to ensure
conti nuous cr yistsehdifiviey Istel ttlmt hﬂﬁ(ﬁ)vs dliafifiigy edtorfationtatd i@ ghepithanaiD00ORES, 1S

det ect agkgm s Ucﬁnﬁ%ah Bl rp'XQ %&d&ﬂ%ﬁ% é&ﬁ( 105%93“1*:10{1 %PL% fﬁohd

‘(hey pr em c Ine ene
level of eachs'ig@rmﬁet&lﬁ er Hm%almya&a |sybsefrgent horgogemzam gfhmet {sciranedglz e

bet ween 15 and|ldsdQred podiBle4xaripeDerRRepSly AU frédtidons) b@f wiiHBgh ho-
primary particles. . 73]2 5. Chemcal purity |level higher than 99.99%

[74]2. 6. COrysPSEFIY¢ size below 50 nm [75]2.7. Surface areas by mass
unit betlfen 5 lah8repaatioppithe dpniguedtion/zeeueryddily/Obethigion 2

According to the rheology thereof, the (W/0O) emulsion allows the relatively easy
preparation of different geometrical configurations; spherical, cylindrical, annular, or
with plane faces, which control the cooling rate of the particles, contributing not only
to obtaining nanometric-sized ceramic materials but also to control their crystallinity
level or amorphous state. The faster the cooling rate the higher the surface areas by
mass unit. In the case of gas cooling in water (instead of air) one can achieve surface
areas higher than 300 m?2/g. This parameter is especially relevant for nanotechnology
applications requiring a catalytic effect.

[60] Due to the huge contact area between the internal and external phases and the pos-
sibility to easily regulate the number of initiation points by volume unit through the
amount of sensitizer used, the (W/0O) emulsion has very low critical detonation
diameters (minimum diameter at which the detonation is still stable) of about 15 - 20
mm for a cylindrical geometry, or 5 - 10 mm for plane, sandwich type, or annular
geometry. This feature allows using small thicknesses, meaning low temperature and
particle concentration gradients, both during the detonation reaction phase and in the
radial gas expansion and nanoparticle formation phase, and is the major responsible for
the homogeneity of the primary particles of the ceramic materials both at the
morphology and size distribution levels.

[61] 1.5 Detonation of the (W/Q) emulsion 2

Whatever the configuration adopted in 1.4, it is necessary to ensure an identical
detonation regime for the whole composition of emulsion 2 prepared in the stages 1.1
to 1.5, For that purpose, the steps of initiating the detonation with a detonator or other



appl i cation. [76]2 8. True particle density higher than 98% of t he
characteristic theoretical density of the conpound. [77]A set of

physi cal khgsg %ﬂmgghods are used for characteri zi ng t hecaghu®/0s2205
menti oned properties: X-Ray Diffractton - X-Ray diffraction allows

the identification of the material, assessing its anorphous or
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After plotting’the calibration curves %&% ter
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percent age of eatdiopsuldybabed on amgiovizm m’ateranabvateirhﬁhenmnadlphaseané| ze

I's determned b el@gfgncf{]n&lﬁﬁs%C&%El{]ﬁrthee%{}ilﬁﬂas@qg ;f‘é}-‘e yly%gﬁgg @solid
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di f fi - act ogr araontaptinases twhenly gp astignpeodirsuivgh a3 WaY<HHe 2ibNAbor at ed

with thergepl ueﬂlﬁbtﬁid@@nﬁkldﬂ@ﬂﬁmmm@s @k ESllowaky EnEIoRSIoRPY .

[ 78] Transm ssi gg El ectron M gq O%f TEM - The determ nation of the
crystallite si ZeWHPHPLHEAES ectron microscopy inplies
preparing a sanpler ddcdddi)ng to the foll owi ng steps: a) In an ‘
ul trasound bat thgLﬁQﬁr(ge 1blts material into a chem cal ly conpatible
sol vent; In the previ ou sol ?IOI’] insert a special grid for TEM
for some second@mulﬁﬁyl%éé?mt( Srdtdn an amount of particles

suffici ems] y re@ﬂa&em@themeﬁfl lﬁhﬁdslawm/c&ﬁ adjuted oith theeanmameof sshsitizey.

extensi Vel ! OfneBd 80U Bicds S e @o&l@ﬁ@&sﬁr&u@ﬁqmgm@lon 2,

sanple o servin e Sa or ma

can assess thehgrabitd Q@Pkﬂﬁt&@g’@mtaﬁéte&?éé%ﬁﬁ@@ ¥ highpr g AEYA
and the size tﬂegﬂﬁﬁﬂ‘gthe!\&ﬁnm@}ebeth@amm(%ndilmgxclrtshl s analysis is onI y

qual it at F eter t he cr i
necessar [;53%?0 ug]éhe‘t%wn@rr}wt %%Fla‘ﬂs“’xzé aults lﬁ}l ?houﬁ‘l %Il #'?%at%éa’h%r%‘hack
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14, hi ghti ght ed 5ichipMal tvih 38R id d@mbret, Bheahitsidk batisRn SREINELR d thinfifium
possi bl e to det erm the crystallite size very accurately.

[ 80] Scanni ng EFEd PO 8r oscopy - SEM - Preparing a sanpie for
scanni ng[66] ect rﬂmdenacaa‘:regsnquetoobsmrmm inghe whelo kcemgosithia of giriulsigndyis in-

stages: timately related with providing a reproducible form of the final nanoceramic product
with high homogeneity of its final properties, such as for example, the type of
crystalline phases, primary particle sizes, crystallite sizes, particle morphology.
[67] 1.6. Collecting and treaﬁng the reaction products
Powders are dragged by the gases originating from the detonation reaction into an
expansion chamber, where they are wet collected in order to avoid accumulating dusts
in the air, Thereafter they are wet sieved, dried at a temperature always lower than
70°C, and finally deagglérﬁerated and bagged. A small sample, about 100 g, is
collected, and some chemical and physical analyses are conducted in order to char-
acterize the synthesized product.
[68] 2. Characterization of the nanometric-sized ceramic materials
Nanometric-sized ceramic materials produced according to the present invention
exhibit a set of significant features, such és: .
- [69] 2.1. Multiplicity of crystailine structures, such as:
_ Oxides with combinations of various elements in several binary, such as for
example, Al203, ZrO2, TiO2, ZnO, ternary, such as for example, ZnFe204, or higher,
'such as for example, LaSrCuO, crystalline structures;

- Non-oxides with covalent/metallic binding crystalline structures, of the nitride type,

such as for example, b'ut not limited to AION, ALN, SiAION;

O



a) Put a small anmount of powder over an adhesive carbon tape that is
al ready nounted onto a support suitable for the m croscope; b)
Cover the p@shesMbdsh a nanonetric |ayer of carbon or geb¢isRaeaR5M85N0
to the product to be observed and theisntended purposes.
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[78] Transmission Electron Microscopy - TEM - The determination of the crystallite size
by transmission electron microscopy implies preparing a sample according to the
following steps:
a) In an vitrasound bath, disperse the material into a chemically compatible solvent;
b) In the previous solution insert a special grid for TEM for some seconds, in order to
retain an amount of particles sufficiently representative of the sample;
c) Let the material dry extensively, for about 12 hours, to avoid disturbances during
the sample observation,
[79] When observing the sample in normal mode, one can assess the particle morphology,
the presence of any aggregates and the size thereof, Notice, however, that this analysis
is only qualitative. For determining the crystallite size value it is necessary to use the

'Dark Field' mode; the image will have a black background and the crystals will be



15 cnoneter. Wen conpared to the theoretical value, the density
val ue obtained allows quantifying the internal porosity of the
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a) Optical properties - Change of colour, transparency, when the
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fields, and alag‘beoflﬁplﬁﬁséﬁﬁﬁ’@ %%’é’é"&eﬁ P 1tn°’E?R]@ & figyalvegror dlgeswd by
prost heses. [ @bdrhinalad dtlter mathbds dchogimaodienmititd @ bsanalysel. Wikh this analysis

el ectrical, Qg&éffbie ﬁ%\v&?{e pplﬁc%lbl? ﬁ%'eﬂ&‘ﬁlcm?ern?c d]fs ?esgﬁte]ﬁ?ﬁ]ce

of small |rrpur|t eve he ex
The nanommat er PERRIeHB élﬁ‘?eso’}?@ Hleptly W%@uué%bema ﬂteﬁlabwﬂﬁ gqquyed to conduct

denandi ng typ&- Riy@ﬁpmaddu@@hs @ftﬁnpl&:ﬁéntiﬂsi@yccﬁ&neattal na purity |evel

hi gher than 99 % r.ol t jdt of,. t

T ecur sé? %@6 3:%01 ?r e3¢ JB %%%Zs Xe’VﬁV@W?&F&PQﬁ? “Add B
undoubt ed| y on@n fltetih@dthﬁs%ult&mnlddmassesﬁedheamémbmm@er w0l drgwp mioge aczncite
I s responsi bl gm{c%ldﬁgny of the novel properties. The higher the

f t he.rat of surface atons fo_the_total atons
Ch e’ BT R ) MR Bl of heatid oS bt e emSibeiE foche beipchasy TR bend ¢ he
surface, if thiahﬂ}pomﬁ]erptqpcmes thecroé asetoniet] inméapsevidva poinh @abigtn cal
reacti viggj wil &gﬁ@oﬁtﬂﬂﬁﬁesanﬂlerfgﬁ tﬂa@ﬁlgtd'efm&l Og!!)cepseofrg)(lr\’f‘?()ﬁfe&%fﬁd

The abil'ity of resent invention pr ovi
anor phous str %Fﬂl?eélsm P Bresgh IaYGHgn ESWQ f}%}b@‘? Hpidt @lmsmgm}l@g BANQIICHiGs
varying -t he sesrimicanaseaswieiiple (ﬁffeleﬁﬂﬁysﬁﬁh@e stﬂi&fﬁh‘dsgsmﬂ%&naly structure

nanonat eri al SO)H t bﬁHéSaCrOl'JQ{S 1%'15 @ -glllg.t? %PRIIU tl télem IltéNheSr ee Q [y Or
anpi e Z‘ eYeah Ea

catal ytic effec?éfs Cri
synthesi s - olfugh%t%ﬁ?@nne S@F“Hl)ﬁ’él’rlls’@}éﬁlf{ep ﬁ@@l@@m@mﬁt@h@ indiag ctymtplline
catal yti c conygicfir@oDthe B @ pe gampssited, syRDickhiRns, iPédrehRiyl itdpdgtant, sinee
3589 ] 12)4 Ggg;gﬁfng%%d%f%g%b%mfglp?cuy Sf THROES no?og’y apphc\é\f%ns where this diverse
set of structures is required, such as for example, translucent composites for the dental
field, superconductivity, energy storage, magnetic nanofluids, energy dissipation
during computation, high strength biomaterials for prostheses, etc.
fo1] Crystalline phase homogeneity - When a ceramic nanomaterial is designed in the
form of a composite or solid solution, it is sought that it presents, by combining com-
plementary properties of various materijals, a combination of mechanical, thermal,
electrical, magnetic, or optical properties at the level of each individual particle that a
single product could not exhibit. The phase homogeneity presented by the nano-
materials of the present invention at the level of each individual particle, by means of
the conditions ensured by the (W/O) emulsion detonation process (starting composition
mixed at the molecular level and reaction conditions), makes them particularly suitable
for a vast range of applications where the combination of properties of several ceramic
materials is required.
[92] One of the many examples where this homogeneity is critical is in the preparation of
nanometric films for the semiconductor electronics industry. Powder nanocomposites



c) Environnent - inproved absorption capacity of toxic chem cal
elements in air and water, inproved properties as a biocide. d)

Phot ovol t a6, %@66—. improved light/electrical energy copyessbfizos
ef ficiency. é‘) urfaces - sel f-cl eaning effect in organic matter

di sposal . [97] Real particle density - The rel ation between

experi mental dg0shbyeadth LIRAIE dGRL cdafR! etgal&gptab@wmﬂ,%em the
i nternal porosﬁfy de ree o article. N operty 1s

particul arly ib@pthexdagtwmhrw&tﬁﬁrrple B@anb St ARPOPIHNG Hrerakams iR R e sypsratss If
dense ceran ¢ ¢ tdrfBfe fmOMTOMABORAVIRES 2ltRS AURCUIbNRVEL R BiebaiginaDpovaietsy

can not be elimnated duri the sinteri. e. Detailed
Descri ption oftﬂgf H@Iatcﬁ\’?é‘ﬁ‘fsi'oggne[15%]“&&&111&%1@3’85E?@W‘f%ﬁ’ge?}‘lﬁhuf acture of
nanonet r 98] mat ePrimdrg partitlesizeraod dsgibution t Fismay maheroettie pattitlesaond disk ¢

materials st art}iﬁutmlﬁ ﬁes&fé?h%ﬁ§ﬁ$ or8hdt Qf b G raek %iedb9 vORABEIHiSare responsible
(emul sion, precursors, surfactants, etc. S@g‘cor dinhg to the desired

ceranmi ¢ conpoufb serise Pl PPEHeSHH dpIaRte %he adj ustnent of the
final conpositigmpiigalgpadpeitieat iOhgngdd cdiotn natspareneye adien dire faeiviresize getse.
[99] 1.1. Determning the I SiQn. i o

cal cul ation oﬁovﬁrghﬂgﬁobn%a%fﬁg%%% (ltargr)%‘éga ‘&ggﬁ;g?%@?@g{s%% Héﬁg mi-ggteﬁlms of

ef fect ed fromTiRg, leoessowile;i on and initial density of the erulsion by -

means of | CO”PE"I?"Fh?ﬂ?% pr%ﬁf;@ﬁ%éé&‘éhs@@f hiaﬁingtpaﬁ@ta;ﬁq?aigitm lﬁd’&_(is sintering
nuneri cal met hads. . 2. Prepari e initiator,enmulsjon .
The preparati &ﬁl%ﬁnéfﬁﬁ%ﬁ}ﬁs ]fdgﬁtﬁ'ff?si;&lg]tﬁhﬁtlﬁlgma ?g‘%‘glotgth ?%#%?f rlﬁél&%\cl&’
i n dem neral i sec) Maetic pmpérties -dneeiseod darmildidveatcattyt ank, t hereby -

providing an a : o SOk QBrrrccipt@rnal phase. Then one
proceeds to thg&?ﬁ%%?ﬂﬁg?tpg Ries OSHftdr Qrface FHBAR

ase enulsification with the .oil (external
phase) i Wélde arhesmtal gPWYgTe"H]e'v heepugify IF‘éaglotmtné’mteH”é; Sraus 8% aﬁd%@@‘,’
t her eby af f or dicofrigimpennsinfthe tiometichiclds| sweh hy panontediciet(ankw Wwianeh
relatively | oWoRhdcid i AP8ECRRAE et cREASL LicnTh ARINTRAS Fice
added, in order to sensitize the enulsion to detonator or octu%g_r t(%/ e
of actuation. tonglized pamppapicies are yegd fo5 deterineEBHD 2nikadkins 2 AdRG PR 14 h'
various precurg@ssdiseaseliRils, efditheilarr té thanposkdtinly dstragedtinuseans of

i nternal phase_and an i | I-?Qa : . ' e of
t he emul si on ﬁﬂ@l?u%leor L%a@%c;ﬁ éé%’ﬁp%ﬁ{ @gedc}lﬂg)é me%ﬁalsz&gﬁﬁ{s gﬁaggagﬁ%a% tﬁ%a??ot al
conposi tion. [prePesss.3. 1. To prepare the internal phase, the

precur SOP%*] ar e Kl 38iaby fhistionatfhedGE0sd bf@edtcdl iBaggiefi@ @sd bptal ap-
- previously sel e.solution is ealed at

cted. Th hen h r r
T T050) ! gherPiihin: phES RS Bl ol SrliFRat i G el SPIA U Splcn
reagents. The pomuies. Bfe nenowatenils herebyolitainedorrndasedinikis Sighprdegagding
between 5 - GQ%EPJf adbPiEcatiOfs2for HRTRAR hitdiR B pullith el RigBerdhan9899% (by con-
preparation of "the external phase of. the enulsionis effected by
m xi ng the hde‘%]&‘lﬁrts%H‘éméS?eVSf‘géﬁ?%ta‘il?ﬁgg’FeF'érF%rs)f hat corpose it with a
sur f act apgis] sui t Surfaee trea b mapHmitad Tiesfeatura ihendruktedlyenne B dhermost imporiast in |
heated at a tetﬁ?ﬁ%lﬁg‘@/ge\%gl gﬁl}[ﬂfg{id ?&‘E}es'poﬁnﬁlﬁe fok ‘Hfft}%q{o%gltp\f%k@ﬁﬂsﬁhe higher

correspond to i the’e sl on obt ai hed, . )
2009/ 144665PCTtha Briieores dedigherthe Tejip of furkacs atoppdo dha frkef #iPRS i B paficle,
bot h phases i nin@ bachuedBlid s fateathefbityitxkes place & thesualace, iftthislpsofeite is increased

il o1 1108 o v i R R R e 3850 Aol ol Bl B nere
conduct ed by pdfsstivegThehabiletmelt medmesphtri@wgﬁms toaprpderfiyataliine py gugrphous 4.
Then an- or gani Gne@Rs ib%' hdp@latiaf 1% PattickoolisLifke ABwaxRBMGCHe Patis bsaene
or contam nantﬂeiv{zga?l Sp- 5%35&2 g,snﬁ)aqgrll’get_ﬁéselnan(?nq&&gals particularly suitable for ap-
plications where the catalytic effect is critical, such as for example:
é.) Chemical synthesis - of methanol, of hydrogén (photocatalytic oxidation), catalytic
conversion of exhaust gases of vehicles, oil refining, etc.; '

b) Cosmetics - improved odour suppression;

O



[106] "1.3.5. Finally, solid state netal conpounds or netal alloys can
be added, being externally but honbgeneously m xed with the emul sion

prepared aqePiold/Ndedso the points 1.3 to 1.3.4. [107] 1. gcr/Bo@iRbieon
conditions - For the detonation of they WO emnul sion, ermusion (2) is

placed in side a 35 mmcylindrical cartridge preceded by the

i ni tiator enulSEQpidrhlent T8 Se0BaHEH da a&t%%@ 1 éﬂeﬁ{l&@' Xmﬁ??\g% g

an electrical detonator jinserted | n enul I ng
the material -VasgwiiRQvedPEORSFiFS o g Wlthe gases or| gl natl ng in the
det onati on r eapPhowvelntioceln - dxpansi lpht/clbarite energh esitretsheyefAdiencyet

col lected to %gShﬁiac%gCWJ:I?&nnﬁgef%@ﬁlsm o trﬁﬁ?géfsposgpen t hey are wet

sieved, drie and final
deaggl o rﬁ??ht ed Baibpy a@a depsity 1 3bg 1@%@@% P*pealmentahéenémawﬁ/ theoretical

presented her eibﬁmztyhememtlﬁca@oﬁ T8 in@H] pbi@Eity de%ieerdfefé ;iaemaaés mmﬁ@pe@@ isl
or initiator: I S .t.0 et onat.i on

Feact on and WERERY EnERRECin PR AR~ dutiPa i Mg bt SO B
with the diff ertistas fipmegancpowders bevaugelthe interad gorositshean npebeclrandet dwihg
50 g of - emul s&}ggwsu;t NS Sadel aced inside each cartridge, and these were

subsequently fi t h', about 0 g of, enulsion 2. [110] Preparation
of emul sion 1%&?@&&‘%"&’ I‘Ehﬂfé}%[r‘i“’eﬁlpn(m neral oil (80% +

emul si f yHgig ag em Proc@3 ¥y the ﬂlaHlYfﬁ%lMd@ heXpmetdc mdiefialki2The 9108&%&&‘&@& Trﬂaﬁ-

sensitizer: re star
ﬁl ssol uti on ofl ﬁ%@la’mmatélr%n ner SSt %Wl\%[tge Sel?\c§1°ﬂggt egflx{itwre 18%?%%8
eated tank, (éeyleby, precyisots meemha@mwg tpaheedesipdteramic compound.

i nternal phas Qheﬂssm oﬁe ?10@&&19} eLls aljasthiRSr drtefiMRboMP@Sfon by calculating the
emul sificatio nge:xt er nal phase) inside an emilsifier

devi ce suitab ‘aeto’f‘%mf’ﬁ‘céac\}?’%? A ¥-ange, thereby obtaining an
enul si fi[g mat flilx Defermalidgythe emtivioa de@nktioni tethparetuet The kalcilativnsifiter i ng

speed about 045% QR Oatglerak fe &'@@rﬁ§e§{&e@ﬁ'&§%gfdoﬂ1ﬁ%iﬁ&{ m{dqnmal

sensitize the enulsion t onator or ot
[112] Exanpl edansitppehgcapisnn Ry merg ﬁ%@qr@@tﬂ(qﬁéelmgmmme&l&@e§fﬁrerf~'epaﬁon
structure - lan@findgicafmehnodoul sion (2) were prepared in the

Foll oul pepjay ndpilhy itﬂ@ b lgeg@}§§o§ ATRORSRLSLATRY:isiS) | ol R e
2009/ 144665PCHs3tEmay Rzeized wteswﬂe(dm@syd andehaped tapk, 5%
Pl astic sensi ther®y prd¥idifip an ammonium nitrate solution - internal phase. Then one proceeds to

the internal phase emulsification with the oil (external phase) inside an emulsifier
device suitable to the viscosity range, thereby affording an emulsified matrix. Finally,
into a tank with relatively low stirring speed about 0.5% of plastic microspheres are
added, in order to sensitize the emulsion to detonator or other type of actuation.

[101] 1.3. Preparing the emulsion 2 (emulsion with the various precursors) - This emulsion
is composed by an aqueous internal phase and an insoluble external phase. The
external phase of the emulsion must be usually comprised between 2 and 20% of the
total composition.

[102] 1.3.1. To prepare the internal phase, the precursors are dissolved in water according’
to the composition previously selected. The solution is then heated at a temperature (35
- 105°C) higher than the crystallization point of the several reagents. The amount of
water of the solution should be comprised between 5 - 60% of the total composition.

[103] 1.3.2. The preparation of the external phase of the emulsion is effected by mixing the
hydrocarbons or organic materials that compose it with a surfactant suitable to the pH
values of the mixture., The mixture is heated at a temperature between 35 - 85°C. The
surfactant should correspond to 1 to 2% weight of the emulsion obtained.



[ 113] Preparation of Emulsion 2: Iron nitrate is heated at a
tenperature slightly above the crystallisation point until its

conpl ete s@lghbdAgadsi on. Amoniumnnitrate is added and paeniel @0k S
~stirred, affording a conpletely clearsolution (crystal-free

sol utlon) In a stirred beaker the mneral oil is mxed with the

et hul si fyiong agﬁﬁl? Tﬁer@ﬁlﬁaﬁcarffoﬁ\bf %tﬁgh@se@ﬁwmlﬁmgﬂe@ﬁﬁ@& d&bl.lusm an -
ext er nal “phase 14] In an emul sif device s

vi scosity rang@ %1ﬁ%1 dsivice PRPIERRAIS fort eeﬁs‘iﬂs]t%wflﬁ% ‘?abrya"?@“gw i pppfsified
i frorder to pripaiigeTiRnsirafilisg aagd asabxmt 60 A 150 pdi i dodudtatitky, paatingithe 0. 5%

of plastic mcr ggﬁgﬁl}_ﬁ?& %tf: ly added to the enulsion thus
(lgﬁs 1

obtai ned. [11 Ardcteristics of this emulsion (2) at the

poi nt (193] ar el 3. HeThe@lammaﬂg sepsiiifes (b tookde b sieehi a8 sxpagded polystgeng & con-
Det onati on pr egsiHafi- ﬁ @1;;'?3616881% addddbar Det onati on tenperature
e

Gyl i nar i BAF) car Lo cEsy, SUERRe By rani e B PG 18 e R,

act uated by neemslipbutdomekeconilytuixedetitirthe ennlsjon prpared apeprdiagm tdibe peiais |

by the detonatj9p, characteri stics presented in point 2, the reaction
terrperaturels relatlvely | ow, affording very rtic

6f -about [19Z] nm 1-drietenadon epnditions r Fery ‘SF Fi?fﬁmrt‘é’flé’? H%é&é& ?18&;{059&1&9‘5?0&5( s
particle soli gilfdeat m@ena 3pmevenindna tireidge greoeddd. byAhsinitimeorpmuofsidn(@). The
mai n char acter Al

table 1. [118] de E))?aggrtfg Bq’%ng@gpﬂﬂe&% &f?ﬂ%jeggitcﬁ d&ﬁﬂﬁfo? 1@%;%?\1@%91&0%1
[119] 1.[198Dh g b Camleétmﬂ the martepzl) Rosyderspredraggsd byrihe gases gigigaing & Ray
andI Wi ]E h the f&tdnemlg;?a&mmaaﬂbﬁﬁagﬁemeﬁmbeﬁ)w}le(dmlaﬁmalwwwueleﬁ@% avbid
emul si fying agent ine;

(>-100 micron %t‘rgj%’sﬁl%ﬁ%ﬁg) 6235 gt e cgvs?égh@l Iag%?e?np%agt&%v%g}
Prepar ati on ofbeEmV@Codefmaﬂydﬁmlqmrat@d@hdlhigﬁﬂ in water to produce a

hom)geneﬁgg sol gt lngégjhs The mneral oil is mxed with the ermIS|fy| ng
agent in Stlg[nd eaker. In an e Islfler d |ce iﬁllutale

viscosity range 3fI{Re SRafripies PLsERtET hsrep i 4L e otf)&? ?IBHISIOH
thereby providi mrgnﬂa@t edolilsioeuhase cﬁmcnd)mmao stablhzeﬂie ﬂamkauoabmmma@%im:h

plastic mcr 0§pg nupat eCLﬁﬁ?ﬁ hedh tﬁgﬂg%éé&ngphﬁtﬁmtﬁ'tﬁhlff%ﬁ ﬁ?&&u@s‘o&eﬁl Angle

finally the ni_um very.sl ow o]
prevent net aI te5ts s were C?“ﬂ?i']ed 20 gr‘i’fém%%‘i’lh%i”@ﬁ@%ﬁe insgle e @@H’%‘ngpé)
(2) at the poithése erelgubssqaertlydilfedivitvabogr 20Brpdfsmuilsicel.onat i on r at e:

8108 1 spylpgf onad | on, RIGFSHLRidnCA Mhitifed) emdtEBnS kbar
‘Oil (mineral .oil (80%) + emulsifying agent (20%)): 4.975%
NH4NO3: 84.575%
H,0:9.95%
Plastic sensitizer: 0.5%
[111] The preparation of emulsion 1 starts with the dissolution of NH4NO3 in dem-

ineralised water inside a stirred and heated tank, thereby préviding an ammonium
nitrate solution - internal phase. Then one proceeds to the internal phase emulsification
with the oil (external phase) inside an emulsifier device suitable to the viscosity range,
thereby obtaining an emulsified matrix. Finally, into a tank with relatively low stirring
speed about 0.5% of plastic microspheres are added, in order to sensitize the‘e‘mulsion
to detonator or other type of initiation. ' |
[112] Example 1: Preparation of magnetite (Fe304), inverse spinel structure - 1. 200 g of
an emulsion (2) were prepared in the following way apd'with the following
components/amounts:
Oil (mineral oil (80%) + emulsifying agent (20%)): 4.5%;

-



WO 2009/ 1446651 CT/ B32009/ 052205 20 Detonation tenperature (Point CJ):
1924C [122] 3. Enmulsion 2 was placed inside a 35 nm cylindrical
cartridge pERedadssty the initiator enulsion (1), bei ngp@pigiaiondiay
nmeans of an electrical detonator. [128] 4. The ingredients presented
in point 1 show that water is the only one that contains oxygen, but
since it is pn@se&ndsidy 4che gl obal conposition at only 6% the
conditions ar f.0 e ural formation of alum niumnitride

i nstead al um %eaﬁ)%é%ﬁgﬁ%f?%t he crystallite size and the prinmary
particl e size Phaséc vansiyizat@lsh, a few dozen nanoneters, because the

very f ai jgja“ 'I%p%l 8 'o%ﬁ&uisﬁénez ifoﬁ nh a]ﬂ,gl's ¥1e£l§c‘?£t%ﬁ§1‘ﬁ§_%5tﬂﬁ s‘ﬂﬁﬁ%} Riok e

for the r ow an ressure
at the point elwaélsémlcm mntﬂw@l 11‘%%)!@%“6? $W¢ll@&9no%mﬁ@tl@mﬂﬂ%tﬁ@ asdpdhend,

particles, prewastiends hed éﬁfcb’fﬂﬁlg(iiéoﬁ bleREF KlSardBRIfGN (&ﬁmldtéélsﬂﬁnéﬂ)elna
the nail

|1 d t
o um i um i pare SR TRERnef op dmtzey 3 e SRUSHuT4 R Berdsy Pesvidine o
presented i n tcabpesition fatredjoilExateplabpidse. Pr epar ati on of the nmagnesi um

glr g[)"apgg?lt( NgAlI_g %Em‘ﬁl@iﬁ%?hcw[ch?sﬁltable toQtQngc&fty f’dﬁg@ M Sit RRofufidNRigh the

conponent s/ anﬁﬁ‘rﬁtesso ‘@OP Hgﬂﬁ%ﬁ%‘f’éﬂm"é‘w a ?@g@/&mqls@ﬁuqv"\‘né“i S%S?F‘Flfj’“%’gaéﬁ?t 0.5% of

(20%): 4.9% pll.’alsmmuumspha‘res maﬁeallytlﬁd&%o theremilsion s ohtaged NHANCS)

46. 6% Graqyl at g %:E:; soelﬂﬁl%f?f% aft pgm@%@ 9@9@%}@;1 %5%
| astic 5€ S|t|zer aratron o Si‘on i um
itrate is heaEalsen delonatipe Faig: éf‘ &8s ght | y above the nelting point
until its conplietdase] pioishicZ®bin0ql): gNBRBa-UM nitrate is added and the

systemis stirr eﬂdna (5not\éhl§%1ggu? (F%mngnjﬁtlgé%ccl ear solution. In a

stirred beaker e m ner th the enul sifying agent,
t her eby [&Ffflor dBnEmalsivefpussi Rldced insilradSamn cyliedicel pagridghpiseeded Wt | n

an enul sifier uﬂt@a«{é&%mﬁdt%ﬁ ?@'H@mtg(?icﬁl@@d‘% Sasd éﬂ’anre?é%ggéal ddishale] 1S
Itrate rovi di.n

| sif t I

omil o b i & AbS Gt stRLly @%ﬂ%ﬂ%&&ﬁmeﬁ%@%&? bigrerdea et s Rastion
are added to tepesmre 33|rc}atwemk)volaffandnweajnsjmlhpngnamaﬂnateedf amgh&simm
is finally m é&fjthé‘kzélﬁ £ Eé"bh*ﬁ Irdte %a@é’\fo%tdeff faE'tggmﬁc‘Pe ﬁhﬁiﬁ% ante%ntiﬁg

friction. [128] araterlstlcs hi's si on
point (CJ) a “tgh%”t%lo‘ﬁ FOWRY: © @FMP@PSH”H%‘F%’&% P%He PReRetiteiysobigiged is
- Detonation prmesdne ig Bolanl. CJ): 97.8 kbar Detonatl on tenperature

(Poi nt @1)8 13%%%@;%9]],13 mawf%l{?@ﬁémﬁﬁﬁ?l La&f ei nsi de a 35 nm

cylindri ca car mul si on é bel ng
act uat edl 18y rreén%oocﬁofa@ﬁ e@‘wésean@wpwd:e@mﬁétlwhe following way and w1

following components/amounts:
Oil (mineral oil (80%) + emulsifying agent (20%)): 3.5%;
Hydrazine: 70%;
Granulated aluminium (> 100 microns and < 600 microns}): 20%

the

Plastic sensitizer: 0.5%

[120] Preparation of Emulsion 2: Hydrazine is diluted in water to produce a homogeneous
solution, The mineral oil is mixed with the emulsifying agent in a stirred beaker. In an
emulsifier device suitable to the viscosity range, the oil is emulsified with the
hydrazine solution, thereby providing a stable emulsion. In a stirred tank, about 0.5%
of plastic microspheres are then added to the enmulsion thus obtained and finally the
granulated aluminium is mixed with very slow stirring, to prevent metal friction.

[121] 2. The characteristics of this emulsion @ at the point (C,J) are the following:

Emulsion detonation rate: 8108 m/s
Detonation pressure (Point CJ): 163.6 kbar



[130] 4. As can be seen by the X-Ray diffraction conducted on the
coll ected sanple, the major crystalline phase is the nmagnesi um

al um nat e @Ry 36d/1446k8€ sanpl e has crystalline WO PCT/IB2009/052205
2009/ 144665PCT/ 1132009/ 052205 21 strugture and exhibits a crystallite

si'ze about 18 nanoneters. [131] The average primary particle size is

about 50 nm apHQheaby @hpsdlye Gevht helovugy fast cooling rate and the
fact that nt e

he react t 1 2000C
pri mary B&é]t icle l‘d}élé"ggl’{ a‘“tdglrlgﬁlelzzg g’fmﬁ‘ré’hpgan gtﬂgg?)}egecﬁl Py the
-sufficiently fisiviawor ebhisiondl); bsisg mtmateddaygncms lof amdectthmlﬂatgnator
sol i difi 951 0N 4,858 REANEN egaﬁ{eha b&se f SO tﬂéttwa iR ofg o‘ﬁeltﬂa't §d1f?£i§s
or r

thereby enting t1on er-sized partic
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[124] Example 3: Preparation of the magnesium aluminate (MgAI204) spinel

[125] 1. 200 g of an emulsion (2) were prepared in the following way and with the
- following components/amounts:
Oil (mineral oil (80%) + emulsifying agent (20%)): 4.9%;
Aluminium nitrate: 46.6%;
Amonium nitrate (NHANO3): 46.6%
Granulated magnesium (> 100 microns and < 600 microns): 1.5%
Plastic sensitizer: 0.4% |
[126] Preparation of Emulsion 2: Aluminium nitrate is heated at a temperature slightly
above the melting point until its complete solubilization. Ammonium nitrate is added
and the system is stirred, providing a completely clear solution. In a stirred beaker the
mineral oil is mixed with the emulsifying agent, thereby affording a composition
named oil - external phase.
[127] In an emulsifier device suitable to the viscosity range, the oil is emulsified with the
| nitrate solution, thereby providing a stable emulsion. In a slow-stirred tank, about 0.5%
of plastic microspheres are added to the emulsion thus obtained and the granulated
magnesium is finally mixed also with very slow stin’ing; to prevent metal friction.
[128] 2. The characteristics of this emulsion (2) at the point (C,J) are the following:
Emulsion detonation rate: 5514 m/s ‘
Detonation pressure (Point CJ): 97.8 kbar
Detonation temperature (Point CJ): 1321°C
[129] 3. Emulsion 2 was placed inside a 35 mm cylindrical cartridge preceded by the
initiator emulsion (1), being actuated by means of an electrical detonator.
[130] 4. As can be seen by the X-Ray diffraction conducted on the collected sample, the
major crystalline phase is the magnesium aluminate spinel. The sample has crystalline
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structure and exhibits a crystallite size about 18 nanometers.

The average primary particle size is about 50 nm as observed with SEM. The very
fast cooling rate and the fact that the reaction temperature is lower than 2000°C explain
the primary particle and crystallite sizes, the temperature is not sufficiently favourable
to crystallite growtﬁ and the fast solidification rate prevents particles from gluing
during collisions, thereby preventing the formation of larger-sized particles.

As previously mentioned, the major crystalline phase is magnesium aluminate and
this result is explained by the high homogeneity level of the mixture of precursors in
the emulsion, thereby providing a better combination and more stable formation of the
crystalline phase during the detonation process,

A summary of the main characteristics of the magnesium aluminate spinel obtained
according to the previous description is presented in table 1. .

Table 1 - Characteristics of the powders obtained according to the conditions of
examples 1, 2, and 3.

[Table 1]

[Table ]

Material  [Particle BET Crystallite |Purity level|Crystalline |Real
Size (nm) [(m2/g) Size (nm) (%) Phase (%) |Density

(gfcm3)

Fe304 25 50 10 99.98 >91 5.10

AIN 50 40 18 9992  [>95 3.29 . .

MgAI204 |42 40 15 99.95 > 99 3.58
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CLAIMS 1. Process for the synthesis of Adnomet ri c- si zed ceranic
materials, characterized in that it is carried out by detonating two

wat er -i n-oi |

(WO0) enul sions

CLATMS

. Process for the synthesis of nanometric-sized ceramic

materials, characterized in that it is carried out by
detonating two water-in-oil (W/0)} emulsions
a) a first one and
b) a second that contains a set of metallic
precursors of ceramic materials and presents a
detonation regime at temperatures in the point
C,J (Chapman, Jouguet) lower than the ceramic
nanomaterial melting point , determined from the
composition and density of the emulsion by means

cf the state eguation and numerical methods.

. The process to claim 1, wherein it comprises the

following stages:
a) defining the steguiometry of the reagents in the
second W/0 emulsion;
b) adjusting the mixture detonation temperature;
c) preparing the second (W/0) emulsion which
comprises the following steps:
— preparation of the internal phase;
— preparation of the external phase by mixing
the hydrccarbons or organic materials with a
surfactant;
— emulsification of both phases into an
emulsified matrix and subsequent refining;
— additioen of 0.2 to 2% of an organic
sensitizer;
d} preparation of the configuration/geometry of

second {(W/0) emulsion;



a) a first one and b) a second that contains a set of netallic
precursors of ceramic materials and pre%%nts a detonation regine at
tenperatures in the point C J (Chapnan, Jouguet) | ower than the
ceram ¢ nanonmaterial nelting point , determ ned fromthe conposition
and density of the emulsion by nmeans of the state equation and
nunerical methods. 2. The process to claim1, wherei n it corrprl ses
the fol l owing st ag§esieaInaeiimi ngf he HRquiTHRATY of (AR r egerissam

the second WO enul Siﬁftlﬁ%@%ysﬁﬁgg%%ﬁm%}w&ngﬁ tion

tenperature; c) preparing the second( sion conprises the
foll owi ng steps: Ifprephredtiiony oind hmémmma&h@hmacthm epas@it d o, of

t he external phase by m xing the hydrocarbons or organic materials
with a surfactant; emulsification of both phases into an enulsified

mat ri x and SU@SQ%@NﬁrééééﬁlBﬁcor@ngtHgﬂ phefiduto 2A%ef @He?égﬁn%%e
sensitizer; d) preparation of the configuration/geonetry of second

(WO emulsion; Prepagptdenomd i Urof ehbseeahdpPWrGremll st ¢hi tEatede
by the first (V\{Jg))cﬁmé %Lto%eatt)lgaolble%%te%gg3gnd %5%%“ ng the reaction
n

products. 3. The process accor t0 previous ¢lai'mwherein the
preparation of the external phase in step c) is made with soft
heati ng bet vve4en 5 - 85C , , )
. The process according to claim 2 wherein after the
emulsification of both phases in step c¢) the emulsion

is refined at 60 - 150 psi.

5. The process according to previous claim wherein the

micelle size is comprised between 1 and 10 microns.

6. The process according to claim 2 wherein the organic
sensitizer 1in step c¢) 1is expanded polystyrene or

contaminant-free plastic spheres.

7. The process according to claim 2 wherein in step £)
powders are collected into an expansion chamber, and
thereafter they are wet sieved, dried at a temperature
always lower than 70°C, and finally deagglomerated and
bagged.

8. The process according to any of previous claims,
wherein the ©precursors of the second emulsion
comprise:

a) oxidizing agents soluble in the internal agueous
phase,

b) fuels soluble in the internal aqueous phase,

c) fuels miscible with the external phase, and solid

precursors, such as metals and metal alloys.



4. The process according to claim?2 mheégin after the enulsification
of both phases in step c) the emul sion refined at 60 - 150 psi. 5.
The process according to previous claimwherein the mcelle size is
conprised between 1 and 10 microns. 6. The process according to claim
2 wherein the organic sensitizer in step c) is expanded pol ystyrene
or contaninan%-free Elastic spheres. 7. The process according to
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process accor di igato Sany of previous clains, wherein the precursors

of the second enul sion conprise: a) oxidizing agents soluble in the

i nternal aqueous phase, b) fuels soluble in the internal aqueous

phase, c) fuels. m scirhke phddedde xiadialy phasaes1am 30! ifherein the
precursors, such as netals and netal alloys. 24 9. The process
according to anyi&ftpredfis cE&FRBI wheérBilsidis pH ekhihétsec@syeral

(WO0) enulsion i.s.l r 5. T e acecording.to clai ,
Whersin the f1rSe Ea e ab AN e Siny 10" ebunrgro- co” sBrTeta,
configurations, cyddchdasckit, pdank fated,t angphanutalr, coylfigtiracdlbons .
pl ane faces, and annul ar configurations. 11. The process according to
any of previous clains, wherein the lengh of the first enulsion is 5

times the dianeter. #ReCpramcssMRIdAiSPMtd heny Yoe B¥edesuW Hains,
bi nary, ternary, or higher structure, or non-oxides, such as for

exanpl e, nitridesereanbitdes lengdr cdesheOf icotpesitles onorissdl itdmes the
sol utions, obtaiit t he process described in clainms 1-11,
AYERsrer

characterized i hey exhibit: a) honobgeneous distribution of

primary particles between 15 and 100 nm b) crystalline phase
honogenei ty, in each_individual particle, higher than 90%

12. Ceramic materialis of the type oxides with binary,
ternary, or higher structure, or non-oxides, such as
for example, nitrides, carbides, hydrides, or
composites, or solid solutions, obtained by the
process described in claims 1-11, characterized in
that they exhibit:

a) homogeneous distribution of primary particles
between 15 and 100 nm;

b) crystalline phase homogeneity, in each individual
particle, higher than 90%;

c) crystalliite size lower than 5C nm;

d) true density higher than 98% of the theoretical
density:;

e) surface area by mass unit between 5 and 500 m2/g;

f) a purity level higher than 99.99%.

13. Use of the ceramic materials obtained by the
process described in claims 1-11 and described in

claim 12 , characterized in that it is intended for:



c) crystallite size |ower than 50 nm dé true density higher than 98%
of the theoretical density; e) surface rea by mass unit between 5
and 500 n2/g; f) a purity level higher than 99.99% 13.Use of the
ceramic materials obtained by the process described in clainms 1-11
and described in claim12 , characterized in that it is intended for:
25 a) applicationsincat aI yti csystensi nthe biomaterials and
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structural materials, such as cenent, polyners,ru ber or changi ng
mechani cal , el ect ki) c1a1rhe nzwgmrémtz,oxmptoﬁal naandesuifacéipmeper tsed.  as
14. Second vvater-l n-oi | enul si on, charact eri%ed inthat it

conprises as precursor’s %]5(}[ AN a2t I b TR TR i 9 er nal

aqueous phase, fuehstis®l ebhmeinAttibe iwieh nal ragwequws phaserifVug) s such
m scible with the external phase, and still solid precursors, such as
metal s and netal al |®&ys, dntnt er EPQIlY@ﬁé% hasuabeF | ovfé?r t hmaslglng

the density is conprrh%&galpleéé/fen eq ]Herq‘{%é%tzfgg resent s

det onati on reglrre Wt a reaction ra OI‘ ‘a
detonation tenperat wﬂfmrpﬂdmﬁm cer anm ¢ nanonmat eri aI rrel ting
poi nt .

14. Second water-in-oil (W/0) emulsion, characterized
in that it comprises as precursors oxidizing agents
soluble in the internal aqueous phase, fuels soluble
in the internal aquecus phase, fuels miscible with the
external phase, and still solid precursors, such as
metals and metal alloys, its internal phase has a pH
lower than 3, the density is comprised between 0.7 and
1.7 g/cm3, and it presents a detonation regime with a
reaction rate higher than 4000 m/s for a detonation

temperature lower than the ceramic nanomaterial

melting point.



