DESCRI PTI ON " CERAM C POANDERS COATED W TH A NANOPARTI CLE LAYER AND PROCESS
POR OBTAI NI NG THEREOF" Techni cal domain of the Invention The present

i nvent i onwoeomarspgocer am ¢ powders coat ed wi t h nanopart ipclreTh@gpi®m4@f
multiple crystalline structures, thickness, adhesion grade and crystallite
si ze and process for obtaining these coated powders. Therefore, the ceramc
powders according to the present invention present optical, nechanical,

el ectrical, nmagnetic, catalytic and of reactive prO peities substantially
different fromthose of non-coat ed BEHIRIATEELN whi ch nakes them particularly

attractive for. g S6lr Ol ARUH L Hd A 3&1@% 'ﬂiﬁﬁ& ‘Hﬂ‘é:&gi}gf{é Qyrsuch as
electronics - for rnAstance 1 n sem conductor prodtiction, the bionmedicine -
for instance, in cancer tPrRaCEBAtBORI ORTAENIRG THRRBOPArticl es
surface-coated with functionalityenhanced nanoparticles in order to adhere
to specific antibodies, chemstry for instance in photocatalysis, in the
ceram Cs | RGUSTTNa1 Wik ias Jore Rbt@iviiiid 3 ntering additives, in energy
applicatiofis - such as rm the nanograpmnte material deposition. onto the
surface of Toer tratasarat eriadist 19 opderrtd FAtRBASerpidegbectoritedl with
conductivity. Background.qf the lpventjon |n the past. years, the use of
coram ¢ poVBFL e asaeLl 404 T RancPartrele oA R B s ger
of intensethickness, adhesion grade and crystallite size and process

for obtaining these cocated powders.

Therefore, the ceramic powders according to the pregent
invention present optical, mechanical, electrical,
magnetic, catalytic and of reactive properties
substantially different from those of non-coated particles,

which makes them particularly attractive for a set of

applications in the nanotechnology  field, such  as
electronics - for instance in semiconductor production, the
biomedicine -~ for instance, 1in <¢ancer treatments with

magrietic nanoparticles surface-coated with functionality-

enhanced nanoparticles in order to adhere to specific

antibedies, chemigtry -~ for instance in photocatalygis, in
the ceramics industry - such as for obtaining =intering
additives, in energy applications - asuch as in the

nanographite material deposition onto the surface of
certain materials, in order to increase its electrical

conductivity.

Background of the Invention

In the past years, the use of ceramic powders encapsulated
in nanoparticle ceoatings has been the target of intense
worldwide research, for a wvast set of applications, in

chemigtry, biomedicine, electronics, ceramic and energy



wor | dwi de research, for a vast set of applications, in chemstry,
bi omedi ci ne, electronics, ceram c and energyfields, aimng to benefit from
t he conj wyetzomvsed7ot he base particle properties and thepramipque@seddoect s
i ntroduced by the nanoparticle |ayer,2which conpose the coating o f its
surface . Lately, considering the la ¢ k of knowl edge concerning the inpact
resulting fromnanoparticle absorption in |iving beings, as well as from
the difficulties associated to its handling, the technique related to the
adhesi on off itHélsnaropard cie Payetitof ¥He SUff &68718E3BR§FePIdithEndiadifed
parti cl es has.fcan usedoliicibe BuLsUle fah:600] UOAING, thE MbASLE by
propertiesggﬁgei edq%y én% (:Ilmengion,tc")but:L 8thout t he r?sks asgociaégs
t hereof . The nethodsruscbd | Yaysed tvhhiprlepavepcseanihe cosdings, cdrets
general ly divided into four categories: | - Coatings via chemstry
processes (WEt)*“ftre micro emu |sion and sol -gel deposition techniques are
exanples in this process. In the later, the four nain steps are the
following: a ) The colloidal particles intended to coat forma stable
di sper si on Liated i quaS LURT ERS altse conpii 8és Hhevlcohtd ngopFeenrser $hep )
These precyr ol AeROsi,b L onyONt Ooh NG RRKLIG]C ST LAEES DY o8PT AT NGy ng
i Mmersion or ‘rotation; € The particles are pol ynerize uring the renoval
of stabili zerisygd, huss praducingfaogethéndarfficaobtinuousspetiared olThed i na
h | h | i I [ h | ysi
therm a@%ﬂ&i%i&ﬁsutgg I{géhéﬁéﬁg()nggéed to the adhesion of the
nanoparticle layer to the surface of bigger-dimensioned
particles has been used in the pursuit for conjugating the
unique properties provided by nano dimensicn, but without

the rvisks associates thereof.

The wmethods usually used to preépare ceramic coatings, are

generally divided into four categories:

I - Coatings via chemistry processes (wet)

The wmicro emulsion and sol-gel deposition techniques are

examples in this process. In the later, the four main steps

are the followlng:

a) The colloidal particles intended to coat form a stable
dispersion in a liguid, which alse comprises the
coating precursors;

b} These precursor deposgition ontco the particle surfaces
by spraying, immersion or rotation;

v} The particles are polymerized during the removal of
stabilizers, thus producing a gel in a continuous net;

d) The final thermal handling results in the pyrolysis
removal of the organic materials, leaving a crystalline

or amorphous coating.



removal of the organic materials, leaving a crystalline or anorphous
coating. The main difficulty in coating processes via wet chem stry consists
of contr owvbizng/deoneacti on speed of the coating parti cl ecremesioocwso maki ng
it difficult to obtain uniformcoatings, with high adhesions. Il. Coatings
vi a gaseous phase deposition The technol ogy of chem cal vapor deposition
(CVD) is a very common exanple of this category. In this case, the coating
precursor is heated and vaporised at high tenperature (700- 1000 0C ) ,

bei ng | at erﬂtferf‘b%?ilte‘%ilﬁr%tﬂf%)’(e%iﬂsﬁ%%?r%‘ﬂepm’ﬁ?é P§ &lcomPonldeysed Gvet hod

i coating doalisic Mo caating ahickness. Lechigh, Lymicaliy et ween fand 12

m crons, there is no IVI partlc coatlng but rat her

substrat e mmmtuuhq;fbim&mm@nsemekabgga@mﬂxﬁﬁxﬂuﬁmrDQ obAamhhmmiﬁummique
is the atom c |.ayer depQS|t| %@tLD that allows formng fine layers in a
solid substi&te " onp (ﬁ\/\ﬁ‘ S-a) A gas, usually a gaseous
organonetalic precursor |s absor bed at the substrate surface; b ) Reaction
of the first gaseous precursor with a second gas, form ng a nonol ayer, the
nunber of rIéfactqwléyEfﬁ é@%m%@t S@W%I ng the factor that

cont rol s t h filygs hial dhigkngss, Angrher g 8l aboraksd Lechnigue

consi sts of the syn s of ¢ ase p rti e coatlng
particles kmmmdnmzxymg%msy@r@@u%seaSeg@rﬁcted ahldlbbeEenth@IﬁﬂﬁﬂJhgi
hot wal |

precursor is heated and vaporized at hiigh temperature {700-

1000°C), being later deposgited in a fixed substrate.

This 18 a commonly-used method in coating tools; the
coating thickness 1is high, typically between 5 and 12
microns, and there is no individual particle coating, but
rather a substrate that might have several geometrical

forms.

Another technigue is the atomic layer depogition (ALD) that

allows forming fine layers in a solid substrate, comprising

WO steps:

a) A gas, usually a gassous organometalic precursgor, is
absorbed at the substrate surface;

b) Reaction of the first gaseous precursor with a second
gas, forming a monolayer, the number of reaction cycles
between pkoth precursors being the factor that controls

the film’s final thickness,

Another more elaborated techrnigue coneiste of the synthesis
ot the base particles and of the coating particles from two

hot -~

o

gaseous precursors injected at different tiwmes in

wall asrosol flow reactor.



aerosol flow reactor.A key exanple of this technique is the coating of tita
pia particles (TiQ2) with silica (SiQ) . The najor disadvantage of this
nmet hod cowei2etosed7ot he | ow producti on vol unes and t hei r PoiT@T2@0890@®40 | | | -

El ectrochem cal Coatings This approachh starts froma suspension of .
particles intended to coat, to which a cation set is added, the cations
being afterwards el ectrochem cally reduced, formng a set of nanoparticles
set which are deposited at the surface of the base particle. The formation
and deposi ti di0f SEHPPET B%i FELECHOSEMBFarts cte?d B6REB1IBPI Péa Partiid es
(5102) 1S 2GlA88ILA (XANPLA Of 4G JMplament atin ol hhigs Jechpi e - 1V
- Dry coatings A's an exanple, the projection technique, ereln a dense
ceiamic -texgeticomprhsingotibéscoatitnghmat brw abyrofiscspant epéduby and

el ectrons, thus gepgsi}i ng it alnmost atomby atomin a substrate, thus
formng a fitTh* 'S"\Wen one tries to coat particles of submicronetric
di nensions, it becones difficult to obtain a honbgeneous coating in the
particle, notwithstanding the fact that it is a quite costly nethod. It is
ascert ai ned ftthat Ech?@‘?"-‘élﬂg’leﬁf&rﬁaﬁi E9adiingst hods previ ously enumerated present

the followmng Jimtations: &, Dffreylty,in.goatiag Lndiy dg;%th%‘%‘!lae@ c
particles, being re appropriate for substrate~or surfaces coatings. This
di fficul ty iimeregsestas ddwe: base which a cation set is added, the
cations being afterwards electrochemically reduced, forming
a set of nanoparticles set which are deposited at the
surface of the base particle. The formation and deposition
of copper oxide (Cu®) nanoparticles onto sllica particles
(8102} is a classical example of the implementation of this

technique.

IV - Dry coatings

As an example, the projection technique, whereln a dense
ceramic-target comprising the coating mwaterial, is
sputtered by electrons, thus depositing it almost atom by
atom in a substrate, thus forming a film. However, when one
tries to ¢oat particles cof gubmicrometric dimensicons, it
becomes difficult to obtain a homogeneous coating in the
particle, notwithstanding the faect that it is a qguite

costly method.

It is ascertained that the four fTamilies of wmethods

previcusly enumerated present the following limitations:

a. Difficulty 1in coating individual ceramic particles,
being more appropriate for substrate or surfaces
coatings,., This difficulty increases as the base

particle dimension reduces;



particle dinmension reduces,-b . Extreme difficulty in obtaining honbgeneous
coatings, essentially in terns of thickness and coated area; c¢c . Strong
limtati omoeniodseo7bype of nanoparticle crystalline struecurazoogioimho
constitute the coating; d . Difficulty in producing coatings wth excellent
adhesion to the base particle; e . Difficulty in obtaining coatings forned
by individualized nanoparticles on the surface of the base particle;

normal Iy, the particles are produced with a coat of a continuous film This
is an inpoﬁranEXFFWW%uﬁ%ﬁﬁlQHkEYiﬂndd&ﬁﬁ%n%ﬂgohP%@ﬁ@ﬁ?PPﬁgQQQiﬁQ$%
advant ages of the.etf resulting  from nanet r.i ' Lon; f
Extreme high d%ﬁ?éﬁgfggﬁgflghge%g%eQ%afg?%FgeggyggglFbgggggggggéting
particle due téttrhegt heimitateatmentn st efpre | ntiyps t wh, thearetthodle
proposed by the present invention consisting of the detonation,of an (WO)
ol si on, {0 WATEH At LRBSSE CAUSGIFE pPEctPe BP e CHFGy FBHSFyoaalgd, whi ch
deconposes qdur pRgrtbeierul sion detonatien, bekRiAgst heyNamoparddolies:
conprising the desired conposition, quantity and crystalline structure for
t he coating. TRIA§eREPROEOpFESeRBScaRaERGFABUS versatility, given that it

pronpt |y a%$om@iEQQCQHLLeren&npreg%ﬁ%%&ﬁﬁggfaﬂéggEihgg Cer§8}§%§8¥dgﬁilsion

coated by a nanoparticFé | ayer: a n zing in the sane

det onati on st epndbhetiiuthe zedr annmcppanwdeissi phended stio feaat cfagtehdase

nanoparticles that formthe coating |ayer. For this ] o
particle; mnormally, “the’ particles are produced with a
coat o©f a continuous film. This 1is an important
limitation, once it doesn't allow benefiting from the
advantages of the effects resulting from the nanometric
dimension;

f. Extreme high dimension of the base particle crystallite

and coating particle due to the thermal treatment step.

In its turn, the method proposed by the present invention
consisting of the detonation of an {W/0) emulsion, to which
at least a golld precursor was previocusly added, which
decomposeg during the emulsion detonation, forming the
nancparticles comprising the degired compeogition, guantity
and crystalline structure for the coating. This method
presents an enormous versatility, given that it promptly
allows two different preparation wmeans of the ceramic
powders coated by a nanoparticle layer:

a) Synthegizing in the same (W/0) emulsion detonation
step, both the ceramic powders intended to coat, as the
nanoparticles that form the coating layer. For this
purpose, two reaction kinetics are used differently for
the precursors therxeof, the formation reaction being
extremely fast for the ceramic powders and slower in

the case of decomposition of the precursors, which



pur pose, two reaction kinetics are used differently for the precursors
thereof, the formation reaction being extrenely fast for the ceramc
powder s amd 2810m82070i N t he case of deconposition of the pPCEEIR@S08)040

whi chderive the nanoparticles that cofpose the coating layer . b ) .
Previously placing in the (WO0) enulsion starting conposition the ceramc
powders intended o coat, already prepared, together with the precursors

t hat during detonation deconpose into the nanoparticles that will formthe
coating |ayer. 9B&div@es tiRe $SANGPRILEXICHIER t yIPle HOEBESS altléns: R til¢bat i ng
ceramc pomder&agggh as oxides, carbides, nitrides, inert netals, anong

ot hers, from nanonetric dinmension to about 500 mcrons; b . Fromthe
addition of different precursors to the (WO enulsion in stechionetric
proportions and of .the conbination anong.them dyring the detonation

Pttt on_ St oG Tt ngt R orto Hmopdr ol Sete S a At y o
crystalline strughbuees bRl Nany, REBaMHY: OhcSHRE Oyt ddd des, Qs
metal s, carbides, sulphides, etc; ¢ . As a result of the high tenperatures,
pressures and préEeeti onrspeediof T9He Haoparitticl BBeoviereteshase Pt cl e,

obtaining a Coﬁh%%r""'dfetlo%t%ﬁar %@%‘%g'&is%h igdhesion grade,. .ol ot aining
coatings with in virdual nanoparticles, w thout formng-a continuous film
therefore all owindd form the ccating laver.

Besides the said flexibility the process allows:

a. coating ceramic powderg such as oxideg, <carbides,
nitrides, lnert metals, among others, from nanometric
dimensicn to about 500 microns;

b. From the addition of different precursors to the (W/0)
emulsion in stechiometric proportions and of the
combination among them during the detonation reaction,
obtaining cecatings with oxide nanoparticles in a
multiplicity of erystalline structures (binary, ternary
or superior), nitrides, inert metals, parbides,
sulphides, etcy;

¢, As a vresult of the high temperatures, pressures and
projection speed of the nanoparticles over the base
particle, obtaining a costing with an extremely high
adhesion grade;

d. Obtaining coatings with individual nanoparticleg,
without forming a continuous film, therefore allowing
the change of the optical, wmechanical, electrical,
magnetic and catalytic properties of the base
particles;

e. Obtalning crystallite sizes inferior to 50 and 20
nanometres both for the base particle and for the

coating nanoparticles respectively;



t he change of the optical, nechanical, electrical, nmagnetic and catal ytic
properties of the base particles ; e . Qobtaining crystallite sizes inferior
to 50 andwdQorensemet res both for the base particle and fror/prb@sooemio ng
nanoparticles respectively;f . H gh prfoduction capacities according to the
hi gh speed of the detonation reaction of the WO enul sion. The use of the
(WO0) enul sion concept, for the nanoparticle synthesis, is referred in
"Metal oxidize powder synthesis by the Conmbustion Met hod" Takoa Tami,
Kazumasa Takat 8FFR Ra SHICTWATaITED! et in oF PEBUO- kAN Y a the ) faeRal s rsfed

Matori ol s ReseauohyC1892)pa kB Dis doguTEnt -AcnguoTeRiad.fr the synthesi s
a

of nanonetric um na powders i's disclose nmul si on mbustion Method -
ECM , fromthe conbustion with atnospheric air of an (WO0) enul sion,

hol I ow al umi.na particles bei ng obtai ned. However the t hod of the present
ovent| on UbEs ot Gt V281 e leh ERAE e Cype et TREREA i L
occurring isSrefenat i ol i pstead-af 160Mustd0Na: Far fheprRRe i tsd0es NGt
require external air which allows a better control over the type of

products am¥ sthactoressieant Notlbedt ofpEga ThavidockennagmsdEB8LArin its
turn, descrj yGldC process pof . detonati.on for. the produgti.qn.of;

m cronetri é\ agﬁ%a%éﬁo(r%réa{%r%b%%v&}rﬁs 1\5%3 G ﬁ%tdr&%r 0j éjéjtl oﬁSH a'(t?D Lh?fgalhOés}p%ce)&el in
di fferent substarattes(1bhus.oltrai nhhg chatwedesur hacesw Thelhdet ofati athe

happens in a gaseous mxture to whjch netals of fine granulonetry are
added, a Slfl;y ]6n Béfl ngnﬁx%(l}l‘ﬁ:é‘ﬂrl@rhea umina powaers 1a8 discdlosed

{(Emulsion Combustion Method - ECM), from the combustion
with atmospheric ailr of an (W/0) emulgion, hollow alumina
particles being obtalned. However the method of the present
invention uses a different regime, taken that the type of
reactlion occurring is detonation instead of combustion.
Furthermore it does not require external alr which allows a
better control over the type o©f products and structures

meant to be formed.

The document US5855827, in its turn, describes a cyclic
procegs of detonation for the production of micrometric and
nancmetric powders and thelr projection ab high-speed in
different substrates, thus obtaining coated surfaces. The

detonation happens in a gaseous wmixture to which wmetals of

m

fine granulometry are added, a suspension being formed. The
procegs of the pregent invention gtands out from the later
due to the use of an (W/0) emulsion, in the liquid phase,
to which solid precursors are added or dissolved, or still

inert ceramic particles, wmaking it posgible to obtain

individual particles coated with a nancparticle layer.

More recently, references have been made to a (W/0)
emulsion detonation for the production of ceramic

materials, namely in a set of documents:



process of the present invention stands out fromthe |ater due to the use
of an (WO0) enmulsion, in the liquid phase, to which solid precursors are
added or wpesolosedp or still inert ceram c particles, nekirmeg2008/0pwssi ble to
obtain individual particles coated wi8h a nanoparticle |ayer. Mre.
recently, references have been nade to a (WO0) enul sion detonation for the
production of ceramc materials, nanely in a set of docunents: Docunent PT
103838, "Nanocrystaline spherical ceram c oxi des, process for its synthesis
and use thereof"”, discloses a detonation nethod at high tenperatures

(superior tARQ0.C ePl 20z 0) CAULSLADSCONPLLST BYMIBLALS | Ml c

conposi tion an | east a dissol ve precursor, tai ning dense
m cronetri cadidspher imatcqgrar tiBdes. ita tbﬁncbabﬁag metthod.seow tdisselcds'ed,

al t hough al ased on_the (W O0) nuIS|on det onati o this enulsion is
added mﬁthiiﬁgy 5SS of pr ot he Fﬂ%&t éﬁTanF%JBart%ﬂgﬁ¥”3%ﬁ%mded

to coat and sld:d faneparddels F?ffe%lﬂf S@/®) Rl Ald Gdufd:Gali ) em@nhis for
its final result, the ceram c powders coated by a nanoparticle |ayer. The

docurment PT N O40850MTET bl @ ne@r fal 4806ty FadmerLve ddiDFeRsiten T prictess
for its synthesi; %fﬁ]vd éﬁceethlx%%?n"trgk%i' %%% %gig} g%imf oLy obtaiping, .

nanonmat eri al's at erature erior ron1the detonat|on
of two (W(b)oae;mﬁgﬁlmsacﬂ\haben Alitdrel ddast axthOughabﬂlsloze;cﬁmﬂ detionats on
front and the §econ has inits conposition three ty Ees of. precursors:

di ssol ved oxi/dantev Tt HHHal Olhhaset S nPEet BEenF 48| 8P R

phase and types of precursors, the inert ceramic particles, intended
to ceat and solid nanoparticle precurgorsg, that are
critical elements for its final result, the ceramic powders

coated by a nanoparticle laver.

The document PT 104085, '"Ceramic materials of nanometric
dimensicon, process for its synthesis and use therecof?,
discloses a wethod for obtaining nanomaterialsg at low
temperature (infericr to 2000°C), from the detonation of
two {(W/0) emulsions, wherein the first is to stabilize the
detonation front and the second has in its composition
three types of precursors: disgolved oxidants in the
internal phase, miscible fuels in the external phase and
metals or alloys in the solid state, that cowmbine during
detonation in order to synthesize wmaterials of nanometric
dimengion. However, in the method of the present invention,
the (W/0) emulgion, additionally to the types of precurgors
already disclogsed in the said document, cowprises at least
a precursor added to the (W/Q) emulsion in the seolid state,
in way to guarantee sufficiently-differentiated formation
kinetics of the base particle and nanoparticles, in order
to obtain a ceramic powder coated with nanoparticles. In
another embodiment of the present invention, the inert

ceramic particle intended to coat is directly added to the



metals or alloys in the solid state, that conbine during detonation in
order to synthesize materials o f nanonetric dinension. However, in the

nmet hod ofwoheloqmsewent i nvention, the (WO0) enul sion, adectipan@gloyoot® t he
types of precursors already disclosed%i n the said docunent, conprises at

| east a precursor added to the (WO0) emulsion in the solid state, in way to
guarantee sufficiently-differentiated formation kinetics o f the base
particle and nanoparticles, in order to obtain a ceram c powder coated with
nanoparti cl @5 0)| nednseFher érsodi Wehtk8f Hife PFRSRRECTRAVERt i BRE tHEt9hert
cerami ¢ parid.che Jint eadeds o copl. i sodireglly addedyto LR Qpamil g on
and, unlike the precursors in the quoted docunent, 1t does nhot take part in
the (WO0) emtlcsiagn coetioreattiom r ealldwing athewnagephethaheparbl cdsgssdio
deposit on its surface. The docunment "Nano- MnFe204 powder synthesis by

det onat i on F uIioR %Expl osi ve" Xi ao Hong Wang e t al . discloses the
synt hesis of MiFe 204 nanopowders fromthe detonation of an (WO0) emul sion,
wi th the precursors of the nanoparticles dissolved in the (WO0) emnulsion
sensi ti zed By adotiienl y "ExpPo¥nve2PRDXPWdefowtyRres he t ke pledc@ss i6M t he
present | “Veé‘téhn%!usitc!he éJ%PQsP\?%’*' SEON, RESL dﬁénéhgtoé'lqa%ti%c‘i'o%%%' yed in
its internal phase, equally referred in the sai ocument, requires at

| east a precurtsersiadded Mordhed (WO)pendtss ofrbn the sekbdastate dfn asmay to
guar ant ee spgjkcigntlg;diffenentLaﬁed formation kinetkcs of the base
particle and/&P tHELhahOPar ficlest s nPEREBFSPESothai A28 CEHaREE

coated. by qanepardd cl@scnkn apetihebnulsion sensitized by a military

explosive (RDX). However, in the process of the present
invention, the {(W/0) emulgion, besides the oxidants
digsolved in its internal phase, equally referred in the
salsg documernt, reguires at least a precursor added to the
(W/0) emulsion in the solid state in way to guarantee
sufficiently-differentiated formation kinetics of the base
particle and of the nancparticles, in order to obtain a
ceramic powder coated by nanoparticles. In another
embodiment of the present invention, the iInert ceramic
particle intended to <¢oat is directly added to (W/0)
emulsion and, unlike the precursors in the saild decument,
it does not take part in the (W/0) emulsion detonaticon
reaction, allowing the nanoparticles to depogit on its

surface.

General Description of the Invention
The present invention relates to gceramic powders coated
with a nanoparticle layer with different compositions and

process for obtaining the same.

The coatings ot the present invention  present a
maltiplicity of crystalline structures, thickness of the

coating layer between 5 and 150 nm, a percentage of coated



enbodi nrent of the present invention, the inert ceramc particle intended to
coat is directly added to (WO0) enul sion and, unlike the precursors in the
sai d docuwenio/spordoes not take part in the (WO0) enul sipom/pdedosoatos®dn
reaction, allow ng the nanoparticles ®Wo deposit on its surface . Ceneral
Description of the Invention The present invention relates to ceramc
powders coated with a . nanoparticle layer with different conpositions and
process for obtaining the same. The coatings of the pi~esent invention
present a ARG 1SR of 2Pyt aPl iFRe Btruct ukesh ﬁﬁﬁ@ﬁh‘é@@eéﬁ tRe 6at i ng
| ayer bet nd ; n ent age. oa rf area,..a 50 to
9b% a higﬁ’ggﬁggivé%ggz E%af%ggggbpo??g%géggpa%?gg e,ggﬁ ﬁ%?%gwtﬂgﬁﬁﬁ
properti es fand fiunctlilionald zihg thecbaseraeranpowdewder sfoif oa awuhilitdls e set
of applications. 1 - Process for obtaining of ceram c powders coated with a
nanoparti cl6H &fePfle Brocd¥s for coating the ceranmic powders surface with
a nanoparticles layer of different crystalline structures , is based on the
introduction of at least: a . precursor, in the solid state or_ dissolved in
an (WO0) erdulsi®irasmt, foy eletadpday ngf durragidepsndersn crasert Wikh a
nanoparti cl {  AlLL ited onto the base particle that is intend to
coat . Thengzrloé)aewﬁ%eor%%s%}znded to detonate is of the (WO type, being
broadl y usethe frarodarst ahee, coat e phoduetbafic powders surface with a

nanoparticles layer of different crystalline structures, is
based on the introduction of at least a precursor, in the
golid state or dissolved in an (W/0) emuleion that, by
decomposing during detonation result in nanoparticles, that
are deposited onto the base particle that 1is intend to

coat.

The gaid emulsion intended to detonate is of the (W/0)

type, being broadly used, for instance, in th

D

production
of expleosive emnulsicons. This emulsion comprises two
intimately linked phases, under the action of a surfactant:

the internal (aqueous) and the external (insoluble) phase.

The process of the present invention can comprise two
different embodiments, differing not only in the formation
of the base particle {(A) intended to coat, but also in the
introduction «©f the precursor(s) that originate the

nancparticles (k), of the ceating laver (Fig.l).

Therefore, while in the first embodiment, both the base
ceramic particles and the coating nanoparticles are formed
during the detonation of the (W/0) emulsion, on the second
embodiment the ceramic particles intended to cocat are

directly placed and homogenized in the (W/0) emulsion.



of expl osive enulsions. This enul sion conprises two intimately |inked
phases, under the action of a surfactant: the internal (aqueous) and the
ext ernal wonsolosi7e) phase. The process of the present POY@TRSOO@®AN
conprise two different enbodi nents, diifffering not only in the formation of.
the base particle (A) intended to coat, but also in the introduction of the
precursor (s) that originate the nanoparticles (b) , of the coating |ayer
(Pig.l). Therefore, while in the first: enbodi ment, both the base ceramc
particles éﬁﬁ?thé6%@é?@ﬁ@ ﬁéhob%?tﬁ%ﬁ%@fé?enﬁﬁgﬁﬁﬁtaﬁiﬁﬁg:ﬁﬁ% défordtd on of

the (WO0) emylsi ‘%”ﬁweo,n e Sacond Lrhadigrent, teh%;h%‘%re\%@ ¢ 1913‘“5}{@0' n"& ended
i Tect d0) e

to coat are y place and honngenlzed'ln I'si on. -

precursorscm&dimammﬁylngTeangﬁaﬁmmdﬂesaﬂxﬁsakvéhe imrstheasapuﬁﬁmailn

the solid state mhere seco d jcase, they are generally dissol ved

in the intérmaSuct FﬁkofWVﬁB &Rl sion. 1.1 Synthesis of the base

particles A and coating b In this flrst case both the base ceramc particle

(A) and the coating nanoparticles (b) , are synthesized during the (WQO)
emul si on dét dna?cyilﬁrqﬂeﬁlép OfTHd e b sgs peait icH ashifs apgl icaftting It hat t he

cerani c powlerc{f) precrsocs Latended foro coalng and.Lhechanqpar g e )

precursors, cons |tu € coating layer, present ver erent
reaction HJhalmmatIhglngntpartvtméseﬁulslQﬂ%ﬂeépmamegﬂzeﬁndomdeg teneobt ai n
this, the precursors of the_base ceramc particle A are art of tggus

a

emul si on |n@éﬁﬁale?F#ﬁ&PBré“ﬁﬁﬁ@ﬁf?ﬁs§ﬁl ed TRei &Y ne8PRAF ph

honbgeneousiay-s%ed i g that the ceramic powder (A) precursors intended
for coating and the nanoparticle (b) precursors, which
constitute the ceating layer, present very different

reaction kinetics, during the (W/0) enmulsion detconation.

In order to obtain this, the precursors of the base ceramic
particle A are part of the emulsion internal structure,
being dissolved in its internal phase, homogeneously wmixed
in the external phase, o©or being high reactivity metals,
which allows them to present an extremely fast reaction
kinetics, vreacting inside or immediately behind the
reaction zone, which ig the zone that precedes and supports
the advance of the shock wave, in the classical detonation

model .

While the nanoparticle solid precursors are in the form of
nitrides, sulphates, carbides, c¢hlorideg ete., for they are
in the seolid state and the respective decomposition
reactions are highly endothermic, they do not react in the
reaction zone, put in a very subseguent phase of the
designated Taylor zone {or gas expansion), zone where the
bagse particles A are already formed, once the temperatures
are inferior to their melting points, thus resulting in the

fact that its coalescence-baged growth no longer occurs.



in the external phase, or being high reactivity netals, which allows them
to present an extrenely fast reaction kinetics, reacting inside or

i mredi at evQ 2omhisparot he reacti on zone, which is the zonerCh@r2@seemwdes and
supports the advance of the shock wave, in the classical detonation nodel
Whi |l e the nanoparticle solid precursors are in the formof nitrides,

sul phates, carbides, chlorides etc., for they are in the solid state and
the respective deconposition reactions are highly endotherm c, they do not
react in the rEEGd o BonRimRricevery) stbSeqtBRtlpRdsargf g the
desi gnat ed Tayl0r, zgne. (on, gas %P@Déié’é‘) () Z0Rg;whene, Lhe hase ;particl es A
are already fornmed, once the tenperatures are inferior to their mel t1ng
poi nts, thuse esulitd pyadounsvef det evhatendes] doalédscerncerdiased Graowteerno

| onger occurs. So being, the nanoparticles (b) are deposited and coat, the
sur face of T Bese1gaPt | Brgs (AFCOLHERG” st Onetliki rEtts of (He cortid

precur sors & emidancedidya f herr educt {1om )( between-d08:t0nt080nMcgeea,
according to the quantity of solid precursors added) of the (WO0) enulsion

det onat i on apeed.esas-ta Afesulamagfl ey SWHINST AfuBEeBfs FESEoEsS SpEdi é5°4 hat

are formed dn. the sreagtd qn zane, .S, variant presents an enornous
advant age for éhriﬁbLfﬁ% sféﬁé of 0) enmul sion detonation, both the base

particles (A) , and the coating |layer nanoparticles (b) are fornmed. The
appropriate_control, of the process variabl es all ows obt ai ni not onky an

enor nous MUl {5 o> "’‘l'oeasmpcaréE“i1 cPRSTBPUdi FREFEREIRI hehsIOS PEnd

structures,gsthfe dSOw/0) emulsion detonation, both the base particles

(A), and the coating layer nancoparticles (k) are formed.

The appropriate control of the process variables allows
obtaining not only an enormous wmultiplicity of base
particles of different dimensiong and structures, but also
base nanoparticles coatings, not only of binary structures
{two elements from a single precursor), but also ternary
(from two solid precursors which combine during its
decomposition reaction). 8o being, for instance, 1t is
possikble to cbtain a base ceramic particle with a spynel-
type structure, guch as MgAl204, coated by nanoparticles
also of MgAl204, being for such sufficient that the {(W/0)
emulsion containg, in its internal phase, the
stechiometric guantities of salts of wagnesium and
aluminium dissclved and, at the sams time, be algo added
and mixed a certain quantity of solid precurscors of the
game elements {(magnesium and aluminium), depending on the
coating thickness intended, the precursor guantity being
larger as the thickness and the percentage of coated area

increa

0

e,

Therefore, in a first phase of detonation, the MgAlz04 base

particles are formed from the reaction «of the salts



base nanoparticles coatings, not only of binary structures (two el enents
froma single precursor) , but also ternary (fromtwo solid precursors

whi ch comwonrrelodissarng its deconposition reaction) . So becm@r2éosioioast ance,
it is possible to obtain a base cerami3c particle with a spyneltype.
structure, such as MAI 204, coated by nanoparticles also of MJAl 2 04, belng
for such sufficient that the (WO0) enmulsion contains, in its internal

phase, the stechionetric quantities of salts of nagne5|un1and al um ni um

di ssol ved &hd=d ﬂ”%%e3§angh?|rﬁ¥ /Pe gM¥ésadied Bhd ani RegoRAcPRBTN Gdantity

of solid precursars,of the same elempats (ARoneshym and alugd nign o

dependi ng on the coating thi ckness i nt ende e prec quantlty ei ng
| ar ger as ﬁhem&hic@m&ﬁiqﬁﬁttfm£¢mwmentage of cohteduanea @@@Eeasebhe
Therefore, in a first phase of detonatio E the MgAI 204 base art| es are

formed froftHe PeactiGn of HHE AT SSEIVEPSTH RS (WY | si%i® In a

second pha%%ﬂﬂzdgﬂﬁmﬁtMQﬂlz@@en%%%b%%QQ&Q&gam%Hﬂéww@r@ﬁ@@esén@frk@e
fornmed particles occurs, in a subsequent phase, the external solid

precursors~d§té%ﬁ6§é“aﬁé“ﬁbmﬁvhéCﬁﬁhus form ng the MJAI 204 nanoparti cl es,
whi ch project and coat the MJAL2O4 base particle. So being, and in a
summary form this variant of the process for preparing ceram c powders
coated w tlsca hanopartacde dayer ssuweansgtifatwed hpithevhobhow ngf steps:

1.1.1 - Defining the qyantlty of(grecursors to include in the strﬁfture of
the (WO éﬁﬂ*§%ﬁh pregaring ceramic powders coate WLEL a

nanoparticle laver i1s constituted by the following steps:

1.1.1 - Defining the guantity of precursgors to include in
the structure of the (W/0) emulsion

The components of the (W/0) emulsion are selected from the
group of soluble oxidant precursors, soluble fuels,
miscible fuels, the choice of its nature and relative ratio
depending on the empiric Fformula, structure type and
dimension of the ceramic powder {&) intended to ceat.
Starting from the stechiometry of the chemical reaction, it
ig possible to calculate the necessary guantity of each
precurgcer for the formation of a given compound, and it is
equally possgible to estimate from the enthalpy of the
chemical reaction the detconation temperature and the
coalescence time of the particles. With these data it is

possible to estimate the dimension of the formed particles.

1.1.2- Preparation of the (W/0) emulsion

After defining the cowmposition in the previcus step, the
step for the formation of a (W/0) emulsion begins,
consisting of two intimately-linked phaseg, undexr the
action of a surfactant: digscontinuous internal phase

{aguecus) and continuous external phase (insoluble).



The conponents of the (WO0) enulsion are selected fromthe group of sol uble
oxi dant precursors, soluble fuels, miecible fuels, the choice of its
nat ur e armwtorelcztspore rati o dependi ng on the enpiric for meCaPTIM0800M0U0 € t ype
and di mension of the ceram c powder (A) intended to coat . Starting from
the stechiometry of the chemi cal reaction, it is possible to calculate the
necessary quantity of each precursor for the formation of a given conpound,
and it is equally possible to estimate fromthe enthal py of the chem ca

reaction tHe ldet-drmatfitsPar@iidratr &nd AT edaPEstEénce time of the
particles. Myt qnttté%sﬂ%lg%t}%sget S RESSiplg 1o T‘@v%td;dptl%l tahefe@;@g?ﬁgg f the

formed particles, reparation of the enul si on I ni ng

t he conposidiisemliutitde @f evheusstep;sdie stepaftenr ,t heedorddatdy oncoftlae (W 0)
emul si on begi ns, .cansisting of t intimatel y-1jnked. phases,  under the
action of & SHHSICLAR :Odi SEOnEIAGAST MarHRichhdse’ ( Aqheolly tantpass

conti nuous iextiernalg phases (Ansehpbl-grurd. be2wienPriepanati-en ehdiie dit er nal
phase The internal phase of the (W/'O enulsion is a result of the

di ssol ut i oot Hd IFEdc s %L h Matell @eEBPAPRGSt 01PheTEGHpoS AldPvof t he
emul si on selected in 1.11. This.phase,is.heate .04 .. tenperature

bet ween (3?—%8?%’?3&?6%%0\?%7%2ug’rlggt’aI fﬂf anl?i 6%1 gé‘l:bﬁ’t&%ﬁ*aﬁ& cggr‘rﬁ%%éntas, in
order to aldoawl iHcsnogenplietye odi sS@ Wdromd whicthudts i nportant to obtain a
good honogeneity of the fornmed products. 1.1.2 .2 -preparation of the
external phase The external phase of the (wO0) enulsion is obtained by

1.1.2.2-preparation of the external phase

The external phase of the (W/0) emulsion is obtainsd by
mixing of the hydrocarbons or organic materials, that
compose it with a surfactant appropriate to low pH values
{(between 2 and 5), soft heating between 35-85°C, in order
to guarantee the appropriate viscosity of the mixture at a
cloge temperature of the internal phase, which is important
tao guarantes a geod emulsification of the +two ghases
required for carrying < out stable and reproducible

detonations.

1.1.2.3-Enulsification

The (W/0) emulsion acceording to the present invention is
obtained by emulsification of both internal and external
phases formerly prepared according to the previously
described, in an emulsified wmatrix, and subsequently
refined at about 60-150 psi, in order to cobtain wmicelleg of
1 to 10 micronsg so as to produce a stable emulsion, that
ig, a non-degradable emulsion during the wmixture of the

remaining precursors.

1.1.2.4-addition of an organic sensibiliser

About 0,2 to 2

o

of an organic sensibiliser, such as

expanded polysgtyrene or plastic spheres without



m xi ng of the hydrocarbons or organic materials, that conpose it with a
surfactant appropriate to | ow pH val ues (between 2 and 5 ) , soft heating
bet ween 3B0&B10/05paT00r der t o guar antee the appropri at e vipeTm®IRaog/oafose he
m xture at a close tenperature of thelsinternal phase, which is inportant to
guarantee a good enulsif ication of the two phases required. for carrying
out stable and repioducible detonations . 1.1.2. 3-Enulsif ication The
(WQ0) enulsion according to the present invention is obtained by emulsif
i cation of WHUMIAEEITal AkRE X al-¢ phdses (¥ 67 herdmp lsriepar edagBoridi ng to
the previously descrdbed,. i 9.an, el si fied. mahrixg and,subsequentd yJ.ef i ned
at about GO-I%%ggif I?n“d?dé?“to 0 tainén¥cg?ﬁes St 1 td*?%)ﬁig?onscgo as
t o produce m@@cstlabiliecenuhsi ornstihat s, aa ywhradegeadabhe lemi saod durdsng t he
m xture of the.remaini n(?%precursgrs . i“}’ﬁl- 2 .A-addition of an organic
sensi bi | i séF About'™0, 1" 296 o *&H*6r g c"%féhls“ilb\ﬁ“ifsef?v%hchwﬁ‘s” panded
pol ystyrene-Lfpf-ast | ctspheresn thoutegptam naitshatarg, addgdet0 t g WO
emul sion, which is consuned in the detonation reaction and is responsible
for regul atigfgrEie densPegdt o3g Weal uéehberdeed Pr5thad BIEE Nyl caF [ then
order to as the 1sensi tind | evel, i is Jequested to reach a stable
det onati on @%2 dfgﬁﬁzggﬁigﬁﬁ?%%ﬁlS%ggheégigﬂgkgg%éﬁding on the density of
the (WO emnul sion between 4000 and 6000 nls. 1.1.2.5 - addition of Metals
1.1.2.5 - addition of Metals
According to the dimension of the particle (A) intended to
coat, the addition of metals 1in the solid state is
endorged, with subseguent homogenization in the (W/0)
emulaion. The homogenization of the emulsion is fundamental

to guarantee that the parameters of the detonation reaction

remain stable through time and space.

The dimension of particle A depends on reactlon temperature
and coalescence time, and latter two parameters vary
according to guantity of precurscrs and final material
produced, the reaction/detonation temperature is the result
of the difference between formation enthalples of reagents

and final products.

1.1.3 - Addition the solid precursors of the nanccoating.

After (W/0) emulsion keing prepared in 1.1.2, is added with
subgeqguent homogenization the quantities of solid
nanoparticle precurscrs, as nitrides, sulphates, chlorides,
carbides, etc. which are defined according to structure
type and other characteristics intended for the coating
layer, such as thickuness, percentage of c¢oated area
surface, adhesiveness grade, porosity, etc. The dimensicn
of the nmnanoparticles that are part of the coating is

determined according to the reaction temperature and



According to the dinension of the particle (A) intended to coat, the
addition of netals in the solid state is endorsed, wth subsequent

honogeni 2avi2on/ismhe (W O enul sion. The honobgeni zat i oRCOPTR0V8/080040 Si on i S
fundanmental to guarantee that the par@neters of the detonation reaction
remai n stable through tinme and space. The di nension of particle A depends
on reaction tenperature and coal escence tine, and. latter tw paraneters
vary according to quantity of precursors and final material produced, the
reacti on/ dét SR enpbiat uresi Fad B Ut I Herdli fFerfEmEd Peétheen
formati on enthal pi of reagents and.final.  pro ,1.3 = Addi tjon the
solid precgg§%$286§§%he‘%ﬁnocég%ing%?ﬁ??ng€VVC) %ﬁ% ion bgPﬁg p%%%g%ed in
1.1. 2, is addedawitdrtsubsedquents mormgemiczat iien furelaguantalt ites o@ftasiol isd
nanoparticle precursors, as nitrides, sul phates, chlorides, carbides, etc.
whi oh ar 6 AGTIRIGH ocHt i HeP t BTGRP UGREr S LY S other CORAIBea TS
intended foyr the GRALINRG-JARYEH1 SUET a8 < Hskpess, percentage of coated
area sui face , adhesiveness grade, porosity, etc. The di nmension of the

nanoparticles that are part of the coating is determ ned according to the

reaction t%q*gerz;:awté!ért%n%l%%%aloefsq:%ce(_wt/id’ge.en}?h%ir@%acti on tenperature is

essential ly ‘determne the reaction ‘'enthal’py. The good honpgeni zati on of
t he precur sores (W durtdanental its0 safitsaiguem tdonplletced dactd armramingyet e
precursors and obtain batches of coated reproducible ceramc powders . 1 1
.4-detonatF§ﬂ qy&g%\N%ym%ﬁﬁpgioﬁor instance, in an appropriate

material for detonation, such ag paper, polyethylene or
other material that it 1s selected in order not to
introduce contaminante in the synthegized wmaterials, with a
diameter which is larger than its ¢ritical diameter ({(the
critical diameter is the diameter from which it is possible
to  sustain a detonation, being usually experimentally
determined) the detonation being then started inside an
appropriate chamber from a detonation sgystem, such as a
detonator, a capacitive discharge system, laser saystem,

among others.

1.1.5 - Collecting and treating the reaction products

The powders are dragged by the gases resulting from the
detonation reaction, inside the expansion chamber, where
they are cooled and collected in dry or wet means.
Subsequently, they are subject to a drying process and

characterization.

1.2 - particle A, plus synthesgsis of coating (b)

In thisg alternative embodiment of the invention, there are
mainly two different aspects of the methodelogy previously
described: the first aspect refers to the placement of the

ceramic powder (A) intended to coat directly in the (W/0)



The (WO emulsion is subsequently placed in a cartridge of cylindrical
geonetry, for instance, in an appropriate material for detonation, such as
paper, povgebtwiseste or other nmaterial that it is sel ect edTiPm2@sdaersnot to
i ntroduce contam nants in the synthesi7zed naterials, with a dianeter which
is largei than its critical dianmeter (the critical dianmeter is the dianmeter
fromwhich it is possible to sustain a . detonation, being usually
experinmentally determ ned) the detonation being then started inside _an
appr opri at €eHasEr f +BAT 82 detOnabrondsySreMe st as e detidfat bp, A
capaci | ve i.SoRALGe UL AN, JASGR,EUHLEM ATORL QLREES ol 1.5 Col | ecting
and treati get he re ,Ctl on proéﬁcts eepd ers are dr“aggi(aod by the gases
resulting fromthe detonation reaction, inside the expansion chanber, where
they are cqoled and collected in. dry or wet neans. S_ubse_quentJr , they are
subj ect to @ir yPRGORroceSP R cRarBEter | 4t i ONC 1. 2°TOPArtiele A (oipl us
synthesi s @frLQatddig (bynkAnt hirs aht ar natdyve seabogi peAgy, ofhatrhe savemd on,
there are nainly two different aspects of the methodol ogy previously
descri bed: itHefiaist sagpectineef efs £8et heWpPacerent sopPn t el eradifi ¢ yowder
(A) intended i at.(di rectbysin.the (WO emylsion,. instead. of, being
synt hesi zedqléoc%% tntgcgt 0 %}ue‘“%re\}l lousL[?;égdeé“({:pfﬂl éed%ebréb{(;éistﬁ ment 6}? the =
i nvention. pileerisecdnd dspectibeef epsbbditmbBatnandparité clid)t prrecurtdarss,
which in this case are al r?adyhpar_t_of the internal structure %f the (WO
emul si on a@& wagptet only “the reduction of the guantity ol total

solide in the final composition, but also the improvement

of the (W/0) enmulsion’s rheology, processabkility and

detonability. The incorporaticon of solids in the emulsion

significantly increases 1its wviscosity, which Tlimits the

solids % considered asg possible to introduce and difficult

its homogenization, this way being preferable to dissgolve

them in the internal phase.

During detonation reaction of the {(W/0) emulsion, these
precursors are quickly decomposed into nanoparticles and
are deposited at the gurface of the starting ceramic

powderg (A).

In this ewbodiment, the key sgtep of the coating process

em’s atmosphere type

cr

includes the control of the sys

{oxidant /reducing/inert), mainly the (W/0) emulsion
detonation temperature, in order to asgure two egsential
aspects: a} the base particle A does not decompose, for

instance the carbides decompose at high temperatures into a
solid oxide and they release gaseous CO;; and k) no
reaction 1in the golid state takes place between the base
particle (&) and the nanoparticles (b} which compose the
coating, such as for example, when one intends to coat base

alumina particles, with Mg0 nanoparticles, the (W/0)



subsequently added in the solid state, unlike the previously described
enbodi nent of the invention, thus allowing not only the reduction of the
gquantity wb 20owmbo7sol i ds in the final conposition, but a&cI®TRévs/0D0vPs OVenent
of the (w0) enulsion' s rheal ogy, pr8cessability and detonability.. The

i ncorporation of solids in the enmulsion significantly increases its
viscosity, which limts the solids % considered as possible to introduce
and difficult its honpgenization, this way being preferable to dissolve
them in thé&WhHteial PHEFEIMui HEmpeFettorat | hdact itdn oM fshe w 0°

enul sion, t € precursors e qui,ckl osed.nt g, panap i cl and
are deposif% g% tﬁ%§%§rfé%g£of£tﬁ%h{tégﬁﬁﬁgpcéggﬁfc %oﬁgefké%éé .”?2% this
enbodi ment ,reichd tkeyn step widd heredating precesison nchudds: t heltdntatalteof t he
systeni s atnosphere typ oxi dant _/reduci ng/inert , Jmainly the (WO)
enul si on déton&ton" e Piife, 271 SFEEE % *%s%ﬁ%‘é?ftm&e@sd;‘é%{i af asffects:
a ) the basepartisl ecA does ot deconpase, [O5iAdBt aRee sthe caihi des
deconpose at high tenperatures into a solid oxide and they rel ease gaseous
C2; and b 9Pt Afedctsiin® lien Wkeadsld dasttard et-akes pl ace between the base
particle (A and the nanoparticles (b) which conpose the coating, such as
for exanple, when one intends to coat base alum na particles, with MO
nanoparti clies, otier( W®) erulisi onhdetzanatdtdm:t edpecatbeé shoukd beti nfeeri or
to 800 C, taken that a tenpperature ahove such value w || re%ylt_iq an
undesi red s$i<t€&5¢det i'oh T?r‘{?%‘*%o’%}i“a fapgation temperature below the

decomposition temperature of particle A that is intended to
coat. The reaction in solid state can always be avoided if
the temperature of the detonation reaction 1is congtantly
inferior to the formation temperature of spinel-type
compounds or of other structures. These data are found in
phase diagrams, that have composition according to

temperature.

It ig worth being noted, however, that the formation of
ceramic powders, with multiple crystalline structures
{binary, ternary and superior), among which those of the

spinel type, emerging from the reaction in the golld state,

between the base particle (A) and the nanoparticles (b},
when the detonation tewmperature 1s higher than the
formation temperature of the desired structure, constitutes
an extremely interesting and alternative method for the

synthegis of this type cof non ceoated compounds.

When compared to the embodiment previously described, this
embodiment of the process of the present invention, in
which the ceramic powder intended to coat 4is dilrectly
placed in the (W/0) emulsion, has a drawback in as much as
the particle intended to coat has to be previously

synthesized by any process, but in cowpensation it allows



bet ween the al um na and magnesi um oxi de, |leading to the formation of

anot her structure (spinel MgjA12Q4), in the formof a single uncoated
particl e.wbrromwedes70t o avoi d the situation described i n &cCx/preoos@omecessary
to maintain the detonation tenperatur® bel ow t he deconposition tenperature
of particle Athat is intended to coat. The reaction in solid state can

al ways be avoided if the tenperature of the detonation reaction is
constantly inferior to the formation tenperature of spinel -type conpounds
or of otherrStrudteffesthThesETdat 85ar@FegRd 4 phade dndgrafs, cafidihave
conpositio i Jo tu It 4, .hybei;ngnatied, hawsver,
that the fg?ﬁ%ﬁ%%ﬁqé?g%éré%?gpggadeﬁg?emﬁ?ﬁkgﬁgg?%‘3 c%&%ﬁa%%?%é struct ures
(bi nary, teéerparyncand supetider) , anbhgivhsch t hoseoiofed he spiuighitdgee,
emerging fromthe reaction._in the solid state, betwe the base particle
CA) and t hETTaRAIT CIEE 1) , - wherPhbotit GHAFTORSLANpEr St dra-1% i her
than the formmfd-on tenperature of the desired structure, constitutes an
extrenely interesting and alternative nethod for the synthesis of this type
of non coated conpounds. Wen conpared to the enbodi ment previously

descri bed, it @iwe'i}%%' : -\,tic.gtfc-?.%I gagelyu 1% qjsn 5_@1% p(r“mf/;ﬁgteﬂu \ée.L%td on, in

whi ch the ceranic powder intend to coat i i rect |'aced in the (WO0)
emul si on, Mas: adgawlzsEcks iof ashauch/as thelpachi eke isellended tfaceoathehas to
be previously synthesized b rocess, but in co ion it

Il?d)t% i

al | owst hat 2 S AN Bl 68 PAbENduE 15 HKoat LR couEtRg- Such
as the hydrazine and urea, for the synthesis of nitrides,
miscible fuels, 1its relative ratio being dependent on
empiric formula, on the structure type, and on the desired
nanocoating {b) properties (thickness, percentage o©f base
particle coated area, adhesiveness). The selection of the

precursors is accomplished as described in 1.1.1.

1.2.2-Preparation of the (W/Q) emulsion
The preparation of the (W/0) emulsion 1s carried out as

described in 1.1.2.

1.2.2.1-Preparation of the internal phage
The preparation of the (W/0) emulsion internal is carried

out as desceribed in 1.1.2.1.

1.2.2.2-Preparation of the external phase
The preparation of the (W/0) emulsion external phase is

carried out as descoribed in 1.1.2.2.

1.2.2.3-Enulsification of both phases, 1in an emulsified
matrix
The emulsification of the phages, for obtaining the (W/0)

smulsion, is carried out as described in 1.1.2.3.



nanoparticles can be nore diversified including, for instance, oxides,
nitrides, carbides, siilphides, noble/inert netals. It conp iises

essent i alwg 20tvsp@bl owi ng stages : 1.2.1- Nanoparti cl esPpreaeesoo®4é n t he
(WO enulsion The conponents of the W O0) enul sion are selected fromthe -
group of sol ubl e oxidant precursors, soluble fuels - such as the hydrazine
and urea, for the synthesis of nitrides, mscible fuels, its relative ratio
bei ng dependent on enpiric fornula, on the structure type, and on the

desi red narocoat GBI Hroper Are STRHIICK FESS L \&edent age of base particle

coated areay,.adhegsiveness): ._.Th ction of, pLecyl S.d Sour s
acconpl i shg’éleasg(g%%?:?l eg))fi naJ{ %r%gh§ . Zb%b?%gpgrr a'ELl olrgaégj’tsehde ?W (3)g
enul si on Thegpregeardatiron .af. 2.He (WO enulsion is carried out as descri bed

inl1l2 | .2 .2 .l-Preparation of the internal phase The preparation of
the (WO emulsion internal is carried out as described in 1.1.2.1. 1 .2 .2

. 2- Prepar atji on xof. theyiexter nal phaseathe repar atiremedly tthe (W0 enul sion
external phase is carried out as described in 1.1.2.2. 1 .2 .2 .3-Enulsif

i cation of Sdtiecpivadesy). i hhan bemd sPeredchasr i Thecedullsito | eadF ot the
phases, foraéﬂ%tfa'lgf a%%&{e%e t(owtoe SHH! U1l GAT %ﬁ%ﬁ%ﬁ}%ﬁ%é’ d,in

i
1.1.2.3. 1 tiori an‘organi ¢ sensiti zer I'tiTon of an

organi ¢ seRsichiizelz 18 RAdHiedDUbeaS g followed by homogenization.

1.2.4~ (W/0) emulsion detonation
The detonation of the {(W/0) emulsicon is carried out ag

degcribed in 1.1.4.

1.2.5 - Collecting and treating the reaction products
The ceollecticon and treatment of the reaction preoducts is

carried out asg described in 1.1.5.
2 - Characterization of the Ceoatings

The coatings according to the present invention, intended
for ceramic particles comprise a nanoparticles laver, and
are based on the detonation of a (W/0) emulsion, according
to the procesgs of the present invention. S8ince they are

alned at simultaneocusly high temperatures and pressures,

ot

b

O

Tt

/.

hey present a set of peculiar properties.

2.1. Characterization of the base ceramic particles
intended to coat
These particles present the following as main

characteristics:



described in 1.1.2.4. 1.2.3 - Addition of base particles A intended to coat
Subsequently, the base particles A intended to coat are added in doses to
the (W/ 'V 2emmuisgi7on, whi ch was prepared as previously @esemdmsdooobei ng
foll owed by honogeni zation 1.2.4- (W2) enul sion detonation The detonation
of the (WO0) enulsion is carried out as described in 1.1.4. 1.2.5 -
Collecting and treating the reaction products The col |l ection and treatnent
of the reaction products is carried out as described in 1.1.5. 2 -
Characterizati 8n ofheHeaCBatliomgs LThe odty nysMatEsP i Agty o cfhemresant

i nvention, intende %$§5uﬁgra@éﬁﬂ¥ygéple%yggnpgkge gxggggpaﬂﬂﬁyfg&%gyer

and are based on t etonation of a (W emul st on, according to t

process of the presentidaventsubphiSeacenthey arceabdbt ai ned at sinul taneously
hi gh tenperatures and pressures, they piesent a set of peculiax properties.
2.1. Characterization of the base ceramic particles intended to coat These

particles present theyfebhowiBg &S RN eRAMRGHRIdStIESHnaup thekrhe

constituted by a nultiplicity of chem cal conpound famlies, such as

oxi des, nitrides, e&Fbides oyl phifdedi e nBealsolpa) eeheyoonprilise

di mensi ons bet ween .to,ab 5 i:ClHans L ffer & tR

nor phol ogi es, oncemgﬁgﬂﬁ%gg%of%gyLbeétggrggﬁggblgog%egﬁébt %ﬁ%%ﬁﬁ tW%?
coating type;

¢)  they present crystallite sizes inferior to 50 nm.
2.2. Characterization of the coating layer

a) it is formed by a metallic oxide nanoparticle laver
of binary, teérnary or superior structure, or a
layer of nitrides, carbides, sulphideg, noble/inert
metals;

b} it has a thickness that can vary between 5 and 150
nm, depending on the guantity and size of the
formed nancoparticles;

¢} it coats an area from 50 to 95% of the total
surface area of the base particle, depending on the
purpose of application;

dy it is formed by individual spherical ©primary

particles, between 20 and 100 um, that allow

altering the optical, magnetic, electrical, thermal

and catalytic properties of the base ceramic

particle.
e} it presents crystalliteg infericr to 20 nwm;
£) it presents an adhesiveness grade to the base

particle, that allows maintaining the coating, even
when the coated particles 1in aqueocus suspension,

are gubject to sonification with at 400 watts;



coating type,- ¢ ) they present crystallite sizes inferior to 50 nm 2.2.
Characterization of the coating layer a ) it is formed by a . netallic
oxi de namnspantoosb@ol ayer of binary, ternary or superi or PET/PICE08/060040r a
| ayer of nitrides, carbides, sulphide®, noble/inert metals ; b ) it has a-
t hi ckness that can vary between 5 and 150 nm depending on the quantity and
size of the fornmed nanoparticles ; ¢ ) it coats an area from50 to 95% of
the total surface area of the base particle, depending on the pux pose of
application; d9) ittiBresrhed dyhidadi Yreaarnepher vEafs prenEeyipartrcl es,
between 20 and 1007%Mm that allow altering the optical, magnetic,
electrical, thermal and catalytic properties of the base ceramc particle .
e ) it presents crystallites inferior to.20 nm_f ) it.presents an .
adhesi venesd (HAHE (6 (16 GRS part il A ANA TE O iU TG The ©
coating, even whenskheycoatedpardl cles tHeagUEOUSy Buts PeNSi-Okclame Subj ect
to Bonification wwth at 400 watts;g ) it Presents a . high honogeneity
grade, sup@AtrPYo 70% In order to characterize the above nentioned
properties, it is necessary to appeal to the foll ow ng physi ochem cal
met hods

X-ray Diffraction

The X-ray diffraction is an indispensable analysis in
coating characterization, once it allows identifying the
compoundg  pregent in a given sample. when a particle A
(bage particle) ig ceoated by a particle (B), it meang that
two different compounds are identified by the X-ray
diffraction technique; when a single compound is
identified, it means that the detonation reaction
conditiong were not the ideal for a coating formation,
except when the compound of the bage particle isg similar to
the coating compound. By using the X-ray diffraction
technigue it is possible to quantify the percentage of each
compound in a given sample. The size wvalus of the
crystallite 1s determined from Scherrer esguation and with
the width values at half height of the most intense pick of
the X-ray diffractogram. However, this technigue should be

complemented with the scanning electron microscopy.

Scanning Electron Microgcopy - SEM

The wmicrogcopy plays a fundamental role in coating
characterization, given that it allows the morphology
observation of a given compound, glving way to asses
whether there are individual particles or coated particles
with particles of nanometric dimension. This technigue

further allows quantifying the dimension of the base



X-ray Diffraction The X-ray diffraction is an indi spensable analysis in
coating characterization, once it allows identifying the conpounds present
in a gi vamoampiseg7owhen a particle A (base particle) i sPpco@reasioyooao
particle (B) , it neans that two di ffBrent conpounds are identified by the
X-ray diffraction. technique; when a single conpound is identified, it
means that the detonation reaction conditions were not the ideal for a
coating formation, except when the conpound of the base particle is simlar
to the coafi&igicdfpourk ByWeist ng the XALBRGNEIPRY &BEFGASEEChNPdue %9 s
possi bl e t VAR er : agh cop in a given sanple. The
si ze val ue(?loa %?;r%?exltcl%&slggglr%“’ g)%lr%'lsﬁ%g gonr‘?n"e fromqg%ﬁerrer equation and with
the width values at half height of the nbost intense pick of the X-ray dif
fractogram . However, ,th]%sAt__)e_,cgni#ﬂue shoul d be conpl emented wit h)__tge

scanni ng elMSSEESH S POER oy S Cstianifiing” B BT MAEFostBhyPRESERE The 2

m croscopy HfAcays o undaneptal robe i ngRaidIRg chakaet erizati ome@iiven that
it allows the norphol ogy observation of a given conpound, giving way to
asses whet Ker@uaf&ee @5 Haidi ¥irduaempart | eres oFl ceatedsparticl esERCt ir
particles %fne }9.”%}:‘&% “%rc.!slerre@é'}a%@/ E@fasi‘;s%@m qilfﬁsf urtteh:?{niﬂdeo\’\%llows
quant i fyi ng the“di mensi on of "t he basepa?tlcle as well as

di mensi on/ tshieckiresisicpfr Hehecnamopal t¢Tdmsnirespoasebt eifior thepteat iing.a
Nowadays, high r %ggl ution,equipnents are e,%ui gped wth a techni que which is
comoni y ud tigle afifng 7 the limic, 1 certain area o the

particle. The information of this technique ceonjugated with
the regulte from X-ray diffraction makes it poseible to

determine the base particle and ceating compositions. In

Tt

he case where the EDX provides the option of carrvying out
X-ray diffraction maps, it 1s possible to guantify the
coating area through an appropriate image software. The
result of a X-ray diffraction map is an image with the

elements of the gample identified by different colours.

In short, with the SEM and EDX it is possible to evaluate
the howmogeneity of the coating, the dimension / thicknegs
of the nanoparticlegs which are respongible for the coating
of the base particle and the respective percventage of

coated area.

Particle Sigze Digtribution

The preparation of a suspension for determining the

particle size distribution can be decisive to evaluate
gqualitatively the adhesiveness of the nanoparticles to the
base particle. If the particle size distributlion 1is not
sensitive to the dintensity and time o©of sonification
{application of ultrasound in a sample}, it means that the

adhesion of the coating 1s guite intense. The results of



characterization and sanple chem cal conposition - EDX - Energy D sperse
X-Ray Analysis. This technique allows evaluating the chem cal elenents
present iwoaomaspl7e, in a particle or, in the limt, inpaTmaeaaionoar ea of
the particle. The information of this24technique conjugated with the results
fromX-ray diffraction nmakes it possible to determ ne the base particle and
coating conpositions. In the case where the EDX provides the option of
carrying out X-ray diffraction maps, it is possible to quantify the coating
area through€anPappt op?i SLES N~ SoPiwete. STRELPedift t ORI BIXEPdy Wwith
diffraction ) hy Lhmge. Wt h: th I nt s e . |l e J t4i.fi.ed by
different co Olj&rgsw.? jﬂé% "o’rt?%\}\%t#tﬁggSEWa%a g%xbil&f“”iﬁgq%o?soi %Q%lt%tee

eval uat e t henchosrogeneft yhef Hare quatti ingled hendi nepsiony matdvipeknessi «af, t he
nanoparticl.es which are responsible for the coating of .the base particle
and (he T espect iveTior Cahit Sgat off Cgat GUF B BB paP( RAE 1§ 76 DYSER BU on
The prepar a0 0eferd SUsPensi @ d Qin det er m:Akng cbhe ipar t inthRsiZe cles

di stribution can be decisive to evaluate qualitatively the adhesiveness of

the nanopadFRsiags tig tf@Fagdsparitisc el afienessarcd ¢he disge disstric i on
I's not sensitiye,fo %g%i‘ Lengl ty,apd Ll e v%fs '%S’dﬂ&ﬁéﬁ%kieﬁ (ARRlJLatipn of
ultrasound in a . sanple) , 1t neans that the adhesion of the coating is
qui te intengelithe iresul tardfhitshe paeti chbeesizetdost riditi athsshowathie:
conjugated with the SEMinages, once in the SEMit is possible tq_evaluate

the size offtIHENHASE pafficl €8°aRERoatihg Tinoparti cPes,an excellent

adhesion of the coating to the bage particle, the result of
the particle size distribution shall reflect only the base
particle wsize that should be coherent with the size

obgserved in the SEM.
Brief Degcription of the Drawings

Figure 1

Process I - Simultaneocus gynthesis of A and b

Process II - Placement of A plus synthesis of b
A - base ceramic particle

b - coating nanoparticle

FPigure 1 illustrateg the three steps that are part of the

two procesges of the present invention:

In process I, wherein both the base ceramic particle A and
the nanoparticles of the ceoating laver (b) are synthesized
gimultanecusly, step 1 consists of the preparation of the
(W/0) emulsion, comprising the precursors, guch ag
dissolved salts or metals of the base ceramic particle (&).
In step 2 the nancparticles sclid precurscr ig added, which
presents a slower reaction kinetice. Finally, in the third

step, the (W/0) enmulsion detonation occurs, of which a



if in the particle size di

di mensi on of the coating nanoparticles appear,

stribution particles with the characteristic
it means that its

adhesi verwootonspite base particle is weak, given that sech/pr2evs/owmso br oken
with ultrasound application during tha preparation of the sanple

suspensi on. For instance,

coating to the base particle,
reflect only the base particle size that should be coherent with the

shal |

in the case of an excell ent adhesion of the
the result of the particle size distribution

si ze obserﬁéﬁﬂmﬁcthePSEﬁPC@ﬁlefﬂééschbﬁPéﬁSof PRENDr aviE PRYSEE gute 12

Process us

pl us syntheS|s oﬁ%gQ'% 1
Figure 1 illustrates the t
the present_invention: In
particle A

conprising the precursors,

:%hdt?ﬁepﬁgﬁﬁpirfﬁ%de
si mul t aneoysdaparsi@Rsl CRsi Stise Of dohe darepar aii

nthesiys of A and b Process Il - Placement of A
e ceramc particle b - coating nanoparticle
hree steps that are part of the two processes of
proce wherein both the base ramc

6t e ooat Phg LPayar {6y L sORt 46 zed
(Qm of &heoL W Qgemirsd on,

such as dissolved salts or netals of t he base

ceramc parl"{carmpeﬂ(tﬂ()cleﬂ rprﬁ%w@ftmeﬁﬁan@gaﬂaleﬁesﬁls@qldlfﬁﬁecﬁﬂﬁs]@ i1

added, whi ¢l
step, the (

as yprocess I,

emulsion of the

coated with nanoparticles (b)

-~

Figure 2

Process II
a)
b) Caramic

‘0) enu F§|%%§%etonat|on oCCUr s,
resul ts beiwig ctoated byLenﬂa@opartmmkesHﬁn&nljl»the third step,

- Ceramic particle

al Ly, Lodhe third

aceramc partlcle (A

owgf. rEacti oo, ki net F%\%ﬁggg

such
consists of the detonation of the (W/Q)
first step, of which ceramic particles {A)

result.

Placement of A wmore synthesis of b

(A) coated by nanoparticles (b)

particle (Ab) with single crystalline

structure - production of a single particle without coating

A - base ceramlc particle

b - nanoparticles coating

T - reaction temperature of the (W/0) emulsion

Trg - reaction temperature in golid state

Figure 2 illustrates the subdivision of the process II,
wherein depending on the temperature of the (W/0) emulsion

detonation, different

obtained, nawmely for:

a) - Temperature of {(W/0)

to the reaction

{(Tre), the

(b},

among

nanoparticle regulting

coated by nanoparticles (b);

b) - Temperature of (W/0)

to the reaction temperature

emulsion
temperature
particles

in base part

emnulsion

situations in terms of products are

detonation inferior

inn the s¢lid state

() and the

-

icles {A)

detonation superior

in the sgolid state,



In the process Il, the first step is constituted by the preparation of the
emul sion (WO0) , conprising the nanoparticles precursors (b) , as salts or
sol ubl e fwel2s10/dsm7vhe second step, the base ceram c par Pctipasooaneroadded
(A), which are intended to coat. Finaey, the third step, such as process |
, consists of the detonation of the (WO0) enmulsion of the first step, of
whi ch ceram c particles (A coated with nanoparticles (b) result . Figure 2
Process Il - Placement of A nore synthesis of b a ) Ceramic particle (A)
coat ed by nanopart?EPes (bieb PaseCergwrBipar PPETCeclRE) Wfth $infgl éhe
crystalline structyre -agggg;Lgti@g)of ftSi%%Héi f1d clg, withoyt, .goating A
- base ceranic part|c?% "~ nanoparticles coating - reaction tenperature
of the (w 0) enul stenaliis Ppaweaat i omon enperatitr e witlsobidastat eckirgune 2
illustrates the subdivision of the process ||, wherein depending on the
t enperature of theOfVVB?eéﬁﬁFs?Bﬁngfgﬁﬁ?i%E?uﬁF?¥%rent situations in terns
of products are obtained, nanely for: a ) - Tenperature of (WO0) enul sion
detonation inferior to the reaction tenperature in the solid state (Trs) ,
anong t he patEidiass Jemcams e fafdiFarlivEdsomh) | resulting in base
particles (A) coated by nanoparticles (b) ; b )- Tenperature of (WO0)
emul si on detonation superior

1. Process for cobtaining nancometric c¢oatings, in cerawmic

particles.

The process for obtaining ceramic powders, coated with a
nanoparticle layer, depends in the first place on the

powder type that is intended to be coated:

a. Syntheeis of the base particles A and coating b

In the case of an oxide, it is possible to synthesize and
coat it with nanoparticles of the same, or ancther oxide in
this embodiment by introducing precursors with fast
decomposition kinetics for the formation of the oxide
intended for coating, and slow decompogition kinetics for
the nanoparticle formation of the coating oxide, the

process presenting the following seguence:

1.1.a. Quantity of precursors

Determination «©f the precursor gquantities o©f  fast
decompogition kinetics intended to disgsolve in the (W/0)
emulsion internal phase, according to the formula,

structure and dimension of the particle intended to coat.

1.2.a. internal phase preparation
For the preparation of the internal phase the precursors
are dissolved iIin water, according to the composition

previcusly selected. Subsequently, the soluticon is heated



to the reaction tenperature in the solid state, anong the base ceramc
particles (A and the nanoparticles (b) , it give rise to an uniform
ceram c payodero/osmon coated) , with binary, ternary or sep@mresosoooge al | i ne
structure. Detailed Description of th Invention 1 . Process for obtaining
nanonmetric coatings, in ceramc particles . The process for obtaining
ceram c powders, coated with a nanoparticle |ayer, depends in the first

pl ace on the powder type that is intended to be coated: a . Synthesis of
the base pafticltés A2andt8BEEFAGUESI n the-ta3eChf afi I He: ittds podssible

to syntheshggigygiﬂﬁygtﬂ&h:y sh-nanopart igles.,of t he s 2, OF anot her oxi de

in this enbodi ment by 1 ntiodducing precursors wth fa econposit ion
kinetics for the formation of the oxide intended for coating, and sl ow
deconposi tion kinetics far the nanoparticle formation of the coating oxide,
the pr oces§'&r'&‘e%ﬁ@ﬁe%ﬁ%ﬁﬁ?&%@&&é}ﬁce: 1.1. a . Quantity of

precursors 1pet efdaNatd 1omf ot hendr e6UL §06n qUanbkhies pak sbashdecmmesd tion
kinetics intended to dissolve in the (WO0) emulsion internal phase,

accor di ng ty t e f@cultde stHFATEREiE didtensiiERIgie t e Yraiitilel e thattended
to coat . ]ccgnévo = dnternal théﬁfgéggﬁ‘faggs%grﬁ?a%et he Reeparatd.on of the
i nternal phas€ the priecursors are dissolved in water, according to the
conposi ti omHreliweus! yrisel ectiedre Subseqaeatl| yp the asaleutdeon tivs-cheatcedup t o
a tenperat%%eéL%%;105 0C ) superior to the

gspal -

l.4.a. Emulsification of the internal phase with the
external phase

The emulsification of both phases in an emulsified matrix
takes place in an emulsifier appropriate to the viscosity
range and an emulsified metrix i1s thus obtained.

Subsequently, a refining takes place at about 60-150 psi,

by making the emulsion pass by static mixers.

1.5.a. (W/0) emulsion sensitizing

Scon afterwards, the addition of an organic gensitizer
occurs (0,2 to 2%), such ag expanded polystyrene or plastic
spheres without contaminants, which is consumed in the
detonation reaction and is responsible for regulating the
density to a walue inferior to 1,25 g/com3, in order to
agsure the sensibility level requested, to reach a sgtable

detonation gpeed.

1.6.a. Addition and homeogenization of the precursors

The last phase for preparing the detonation composition is
mixing the gsensitized (W/0) emulsion with the &two
precursors in the previously defined ratios. This mixture,

the detonable composition, 1sg made in a mechanical stirred



crystallisation point of the different reagents. 1.3. a . External phase
preparation The preparation of the emul sion external phase takes place by

m xi ng t wohydviseembons or organic nmaterials that conmpo®eTiPT2008i000v4@
surfactant appropriate to the m xture8s pH val ues. The m xture is heated up
to a tenperature anong 35-85C. 1.4. a . Enulsif ication of the internal
phase with the external phase The enmulsif ication of both phases in an

emul sified matri x takes place in an enulsifier appropriate to the viscosity
range and &RTénuld| f# eHEHHEL FlLW SRHAF Tobt a7 aed. PSABSEGUENT Y CtaOPefdthi ng

t akes pl ac t..60-150 psi, by making the emul sion pass by static

m xers. 1.?%%§%§%% OnO) emul si on sensitizing Soon afterwards, the addition
of an organic sensitizer occurs (0,2 to 2%, such as expanded pol ystyrene

or plastic spheres wthout contam nants, which is consuned in the
det onat i on Trdadti &F ARG ST & po&yi]ggl Er ¥ 8gul ating the density to a

val ue inferir to/dy 2on@l$1n | Dy ehEeEhOnASSUREathe sansi bivhiitig.devel
requested, to reach a stable detonation speed. 1.6. a . Ad dit ion and

honogeni zatdesi 16fddehe (pEecRFSHRREThe |astiipigserfor JpPeparyng e as
det onat i on LOMASILI oI5 Mrdno Lhe Senald] 26d (MO RUSi0n Wi Bt he
tWwo precursors i%"atlhe previrBo‘usr{%g de |S§ed§é\| f-i!atl oS Ffhi‘s teu%re, %Q%Ee%
det onabl e conposilié¢onmacsrimde iwitd nechanmeakrstilrircddt ank suatracvernys sl ow
speed to avoid precursar friction or , , e,
its ‘criticsa. diameter and it 1s initiated inside an
appropriate chamber from a detonator, or any other system
with similar effects, such as, capacitive discharge, lager,

aetac.

1.8.a.- Collecting and treating the reaction products.
The powders are dragged Dby the gasges resgulting from the
detonation reactlion ingide the expansion chawmber where they

are cooled and collected in dry or wet means.
b} Particle (A) plus the synthesis of the nanoparticleg (b)

This wmethod stands out from the previous for the fact that
the particle A, the particle intended to coat, 1is
introduced in the compogition instead of being synthesized

during the detomation reaction.

The process steps are the following:

1.1.b. Quantity of precursors / particle A

Determining the gquantities of particle A and precursors
acecording to the nanoparticles formula and structure, as

well as of the intended coating properties.

1.2.b. Preparation of the internal phase



degradation. 1.7. a - detonation of (WO0) enulsion. The (WO0) enulsion is
subsequently placed in a cylindrical cartridge {or presenting a different
geonet ry,weretvmso7spheri cal or of plane faces) nade of papam20080boset hyl ene
or any other material, with a dianmete which is superior to its critical
dianeter and it is initiated inside an appropriate chanber froma
detonator, or any other systemwth simlar effects, such as, capacitive
di scharge, laser, etc . 1.8 a.- Collecting and treating the reaction
products. THE powtlePsSRrE2Hagged By e hie Tases! re8are ngher srshg sors

det onati on r.eactq.on. jsnside .t he. si on, er e I and
col l ected Fﬁ%3r§h6?m§g%kﬁe§%£ ﬁgﬁg?an%Efble :Sg g?hs%¥%£ g?ﬁ#ﬁgggg'o t he
nai i opart i ¢lzes ida)s IThi sehetthod. stahdsqgoatitiyomittike previous fier Hewe sfcact

that the particle A the particle intende .coat, is introduced in.the
Composi £ ot net@ad 6f boEHGECTRERBS | b0 UV ny ¢ het GRTOHI | o6 eactifon.

The process.steps jare ik iRl eWMIN e ik eant idas Ry ecursors /
particle A Determining the quantities of particle A and precursors
according to the nanoparticles fornula and structure, as well as of the

i ntended cqati ng properties.. L2.8, @&%@@&gﬁig%a%% the internal phaseFor
t he preparation of the internal phase, the precursors are dissolved in

wat er, accdnrsh ngrdmtdrel @onposthé oampl evbonuskyesekecbidseSubseqguentdas t he

solution is heated , , ,

throué% the mixture of hydrocarbons or organic materials
that compose it, with a surfactant appropriate to the
mixture pH values. The wmerge 1is heated up to a temperature

between 35-85°C.

1.4.b. Emulsification of the external phase with the
internal phase

The emulsification of both phases, in an enulsified matrix,
takes place in an emulsifier appropriate to the viscosity
range and an emulsified matrix is thus cbtained.
Subsequently, a refining at about 60-150 psi occurs, by

means of passing of the emulsion through static mixers.

1.5.b. Adding the =ssnsitizer
Soon afterwards the addition of an organic sensitizer is

promoted (0,2 to 2%), such as expanded polystyrene or

plastic spheres without contaminants.

1.6.b. Adding and homogenizing the base particle (A)
Adding the base particles intended to coat with subseguent

homogenization of the (W/0) emulsion.

1.7.b. Detonation of (W/0) Emulsion.
The (W/0) emulsion is subseguently placed in a cylindrical

cartridge (or any other geometry such as a sphere or plane



up to a tenperature (35-105 C ) superior to the crystallization point of
the different reagents. 1.3.h. Preparation of the external phase The

pr epar at iwo 20fo/asheoenul si on external phase takes pl ace trhreagévsiob@4om xt ure
of hydrocarbons or organic materials 3hat conpose it, with a . surfactant -
appropriate to the m xture pH values. The nmerge is heated up to a
tenperature between 35 -85 C. 1.4.b. Emulsif ication of the external phase
with the internal phase The emulsif ication of both phases, in an

enul si fi ed ffster)x, M@ Ek et pPaEE T n LA YERINEISS 7L apPY opriate M50 e L
VisoosiLy SANge AnG LA ShILed; FRLLb, | 8.t by s0b! Aed.c.Subsequently. 2
refining at about “150 psi occurs, nmeans of passing oﬁ'the enul si on

t hrough st atricc imixdrag,edl.i5di.deAddi rptdrg rsensi tareerheSo e saftierondrdsn tehe
addi tion of an oi; ani ¢ _sensi ti_%er_ is pr ormt_eﬂ%(o_, 2.to 2%, such as
expanded pSISS$tyEHe ot pfagt PENEPheRES it t° TORt At nGACECES  Schp,
Addi ng and horngeniiziiRg thehasePantisdre 4. Adding the base particles

i ntended to coat w th subsequent” honbgeni zati on of the (w 0) emrul sion.
1.7.b. Detonation of (WO0) Emulsion. The (WO0) enulsion is subsequently

pl aced in lL.i ngrical ri.dge (ar. .any .qt her. { ry such as a sphere
or pl anef a?ég%{ﬂnhgﬂél%%%gg{e&r ,an%glby%%h’yﬁ%%e“ or %éfr?gﬁg{%r material, with a

di anet er whitgh pswéaper boe trddaedGr i by cahedicaneterramdl ¢ g | dted iuksd de an
approprlat%kgﬂgﬂggﬂxftéggéggggrggggde of the expansion chawber where

they are cocled and ceollected in dry or wet media.

1

Subsequently, thev are referenced and characterized.

Examples
The first two examples herein pregented illustrate two
different ways of carrying out coatings according to the

method of detonating an (W/0) emulgion.

Example 1 (Synthesisg of bage particle and coating)

Obtaining alumina particles (Al,0;), coated with copper
oxide nanoparticles by using aluminium and copper sulphate

as precursors in an (W/0) emulsion composition.

1. A& composition with the following components was
prepared:
e Sengitized W/O emulsion:; 80%
¢ Pentahvdrated copper Sulphate: 16%

¢ Aluminium {partiecle size <« 200 microns): 4%

1.1. The preparation of the detonable composition was
carried out according to the following stages:

1.1.1. Preparation of the oxidant solution. Internal phase:
disgolution of 90% ammonium nitrate in 10% demineralised

water in a stirred tank at 100°C.



detonator, or any other systemwth simlar effects, such as capacitive

di scharge, laser etc. | .d .h. Collecting and treating the products. The

powder s awe 2driagged, by the gases resulting fromthe detrom@treas/oo@act i on

i nsi de of the expansion chanber wheredthey are cooled and collected in dry

or wet medi a. Subsequently, they are referenced and characterized. Exanples

The first two exanples herein presented illustrate two different ways of

carrying out coatings according to the method of detonating an (WO0)

enul si on. Bxdnpl-e TTEBFHERESHs of Ld¥e pa-eirerd anrbB>EBati ndgPmOStRAIsHiHy

al uni na parti.ches (A 2Qs) wef£9ak8d Wihh vm@p%ro%o@ugﬁfmfcma,rti cles by using
i 0

al um ni um and copper sul phate as precursors in an emul si on
conposition. 1 . A conposition with the follow ng conponents was prepared:

Sensitised WO enulsion; 80% .Pentahydrated copper_ Sul phate;. 16% Al um ni um
(particle siZe’< 266 "t’&rféﬁé‘)tlfmm/(?g. 199 TRE"r epHrt i 'Oh B¢ he FEt6iTabl e
CoONposi t i ORWAS: iGaF i Ldi QUL aCeRN i Rg b0 dhe dol 10w ngo stages;i shok ik
Preparation of the oxidant solution. Internal phase: dissolution of 90%
anmoni um nitATEee iGReL 0Vl EFEaTeT Atsediwat e isd sStfieredataiike-at 100 C
.1.1.2. Preparation of the external phase: honpbgeneous m xture of 80%
vegetable oil with 20% surfactant. 1.1.3. Emulsif ication of external and
i nternal phasest. Preparation of the sengitized W/0 emulsion:
homogensocus mixture, in a mechanical stirred tank, 92,7% of

the emulsified wmatrix with 0,3% expanded polystyrene, the

final product being designated sengitized W/O emulsion.

1.1.5. The last phase of the compesition preparation
intended for detonation consiste of mixing the sensitized
W/0 emulsion with both precurscrs in the above-mentioned
ratios. This mixture, designated detonable cowposition, is
carried out in a wmechanical stirred tank, at a very slow

speed in order to avoid wmetal friction.

2. The detonable composition was put in a paper cartridge
with a 35 mm diameter and 2Z00mm long. Bubseguently
detonation was carvied out, by using the electrical

deteonator as detonation ignition source,

3. Collecting, treating and characterizing the products

The alumina powder coated with copper oxide was collected
in wet state and as dried at 70°C. Subseguently, a
repregentative s=ample was subject to the following
analyses: obgervation in SEM, X-ray diffraction and

particle gize analysis.



enmul sifying in an eraulsifier appropriate to the viscosity range, the two
phases obtaining an emulsified matrix. 1.1.4. Preparation of the sensitized
W/ O enulwoanio/isgmogeneous m xture, in a nechanical sti PCce®TR@8l000090, 7% Oof
the emulsified matrix with 0, 3% expan®ed pol ystyrene, the final product

bei ng designated sensitized WO enulsion. 1.1.5. The | ast phase of the
conposition preparation intended for detonation consists of m xing the

sensitized WO emul sion with both precursors in the above-nentioned ratios.
This m xt ufEamEy ghafBReHbPWH BRI aCERARNSIOE dihe Rase PRERighe in fhe
nmechani cal §fidyr ednhiantknyat a very slow speed in oid er to avoid netal
friction. ﬁe—dervna'b‘le conposition was put in a paper cartridge with a
35 nm di ameter and 200mm | ong. Subsequently detonation was carried out,. by
using the electrical detonator .as,detonation jgnition saqurce. .

Col 2ot i g DRty T O st | PRGNS bPodUEE SCHRECal GHPRa powder
coated withhGRPRENQXide was collected in wet state and as dried at 70 C .
Subsequently, a representative sanple was subject to the foll ow ng

anal yses; observation in SEM X-ray diffraction and particle size

amol 51 0n) ot 872G T Tan o (T CB). Coat G W U031 ne” a7 B (FA0) nanopar ¢

i cl es A conposgictrisorravas prepared conprising the foll ow ng conponents

* sensitized W/0 Bwmulsion: 85%
. Titania (particle size inferior to 500 nanometres):
15%

1.1. The preparation of the detonable composition was
carried out according to the following stages:

1.1.1. Preparation of the oxidant golution - Internal
phase: dissclution and homogenization of 50% ammonium
nitrate with 50% zinc nitrate hexahydrated in a stirred

rank at 96°C.

1.1.2. Preparation of the external phase: homogeneous
wmixture  of 70%  vegetable oll with 30% surfactant

appropriate for values of about 3.

1.1.3. Enulsification of the external and internal phases:
in  an enmulsifier adequate to the wviscosity range,

ining an emulsified wmatrix.

Q

emulsifying the two phases obt

1.1.4, Preparation of the gsensitized W/0 emulsion:
homogencus mixture, in a mechanically stirred tank, 99,5%
emulaified matrix with 0, 5% expanded polystyrene, the final

product being designated sensitized W/0Q emulsion.



sensitized WO Enmulsion; 85% Titania (particle size inferior to 500
nanonetres) : 15% 1.1. The preparation of the detonabl e conposition was
carried onmD22020389@0ng to the follow ng stages: 1.1.1. PrepaTatisomoad t he
oxi dant solution - Internal phase: di®solution and honogeni zati on of 50%
ammoniumnitrate with 50% zinc nitrate hexahydrated in a stirred tank at 90
C. 1.1.2. Preparation of the external phase; honbgeneous m xture of 70%
vegetable oil with 30%siirfactant appropriate for val ues of about 3 .
1.1.3. Emullsilf-S-catT®h of3fRe éXtatthal Takd ither naleRphadesen i nCan &Mf si f
er_adequal 0. diha off SGORIIRIANGR,: SUU:HIAHi0g, t N T 4p AhASes,ObLAN Ng
an enuIS|f|e3 matrix. 1.1.4. Preparation of the sensitized WO enulsion:
honpgenous smnetivriezed nWdOmeshans cat | wisti rrled tiank, peech¥semyl sifii edarat ri x

with 0, 5% expanded pol ystyrene, the_final .product being designated
Sensi 1] Sed WO SRS T | ST aho FASE BRECO-For SERd Sroaar SRS GH4 he
conposi ti ondnpcanded4,or detanatdond:s 1M 4 R@ ofarkihe 1sensirtized WaQ,) |

enul sion with the two precursors in the above nentioned ratios. This
m xture, designated detonable conposition, is carried out in a mechanically

stirred tank. 2. . The dﬁg%gl e.Saoposition was placedsin.a paper Lridge

with a 35 nm di adirﬁeteretg(%Il mﬁ’l’o‘ﬁ%ﬁ S%%seque‘ﬁtl N |tgs détonat i r?%aé’

fol |l owed, urderriappl i caiton ef the elwectrdcahedet onater asoamdet dratg.on

i gnition source. ) L » . . .
Subsequently, its detonation followed, under application of

the electrical detonator as a detonation ignition source.

3. Collecting, handling and characterizing the products

The alumina powder coated with copper oxide was collected
in wet state and was dried at 70°C. Subseguently, a
repregentative s=ample was subject to the following
analyses: obgervation 1in SEM, X-ray diffraction and

article gize analvysils.
© Y

Example 3 {previous Placement of the bage particle in the

emulaion (W/0Q))

Obtaining non-ceated magnesium aluminate (MghAl,04) (Process

IT.k) from magnesium oxide {(inert) and aluminium.

A composition was prepared comprising the following

components :

] W/0 Emulsion gensitized: 76,6%

. Magnesium oxide (Particle Size inferior to 1 micron):
10%

. Granulated aluminium (Particle size inferior to 160

microns) : 13,4%



3 . Collecting, handling and characterizing the products The al um na powder
coated with copper oxide was collected in wet state and was dried at 70 OC
Subsequeot2bl/osgwepr esent ati ve sanpl e was subj ect to wrha/Predosonong

anal yses; observation in SEM X-ray di4ffraction and particle size analysis.
Exanpl e 3 (previous Placenent of the base particle in the enulsion (WO )
(bt ai ni ng non-coated magnesi um alum nate (MgAl 20 ) (Process Il. b ) from
magnesi um oxi de %%nert) and al um nium A conposition was prepared
conpri si ng ‘t-He fdlFowrngresaponent 8t: thR O Enifsiloh: s cHEIRG Fed: 07 6,"6%
Magnesi um Qx| Parti j i.Rf.erd.ar 1 cm.eron) .- 10% G anul ated
al umi ni um %ar?tae%rgcéio?éfﬁn ét‘r%i ot?mt oflo(% (?tw%nigr onsy - 13,4%.1. The
pr epar at i on. .af. it.he Fdetperabliencoppostheoncwadacar rée@tuateor di ngrte it
following steps: 1.1.1. Preparatiaon.of the .oxidant solutjon. Interna
phase: di s$0i4it5 on éﬁﬁsﬂb%b‘éﬂi 28t wﬂl?fge@d%a&fméh’r%fgi g&nﬁ nPEr SESH 10%
of dem ner gii:sed Nafelh | TR St i 8ehdg=tanksaly 99-0€ inlals2iPreparatiwon of
t he external phase: honbgeneous m xture of 80% vegetable oil with 20%
sur f act ant @&défuat-e for pH val ues between 3 and 5. 1.1.3. Enmulsifying the
external phase and internal phase: in an emulsifier appropriate to the
Vi scosity range,

1.1.2. Preparation of the external phase: homogeneous

mixture of 80% wegetable oil with 20% surfactant adequate

for pH values between 3 and 5.

J—

1.1.2. Emulsifying the external phase and internal phase:
in an emulsifier appropriate to the viscosity range,
emulsifying both phases thus obtaining an emulsified

matrix.

1.1.4. Freparation of the gensitized W/0 emulsion:
homogeneous mixing in a wmechanically stirred tank of 9292,56%
emulsified matrix with 0,4% expanded polystyrene, the final

product being dencminated sensitized W/0 emulsion.

1.1.5. The last yphase for preparing the composition
intended for detonation consists of mixing the sensitized
W/0 emulsion with both precursors following the above-
menticned ratios. This mixture, degignated detonable

composition, ig carxied out in a mechanically stirred tank.

2. The compositicn intended for detonation was placed in a
paper cartridge with a 35 wm diameter and approximately
200mm long. Subseguently, its detonation fellowed, under
application of the electrical detonator as a detonation

ignition source.



enul si fying both phases thus obtaining an enulsified matrix. 1.1.4.
Preparation of the sensitized WO emnul sion: honbgeneous mxing in a
mechani cavbyosxiseo7ed t ank of 99, 6% enul sified matri x w PhT@Ti¢dseNPanded
pol ystyrene, the final product being 3enom nated sensitised WO emul sion.
1.1.5. The | ast phase for preparing the conposition in tended for
detonation consists of mxing the sensitized WO enul sion with both

precursors follow ng the abovenentioned ratios. This m xture, designated
det onabl e c‘orn%‘sﬂtﬁ(’&r%n?i s tERHhew did idheg afechdmicsl IWigstHrrqdéJd?tt"ank 2 .

The conposit]0 ri&eeﬂd%? f o8t ona 'o%egagza@ acelh 4 . &y paperl,cardrjdge
with a 35 m"ndla ter approxi matel y nm | ong. Su sequently I'ts
det onat i on &l | ewaed, dubelér aetppllm@am onsobstheeat gt r |&:alra¢etacﬂmtwrt;a& a

detonation jgnition source. treati ng and charact er| Zi ng t he
bt oduct 5. TIHETRASHAB Tt (6 oS BRaEr Lot BT PECLERorn welb S InE wos

dried at 100, Ggm, Subsegquentita & ilePLese Matd e S anple AMas wsubj ect to t he
foll owi ng anal yses: observation in SEM >L( ray diffraction and particle size
anal ysis. Table 1 - Characteristic of cer am c powders coated according to
the conditi n exanpl eristi f the.ceramc
powder s obt%%ﬁéi!d ajgcordl gﬁat%g%t %e&é%%& tions %19%@%& E% dgé%Al I\%ea“%%{ ocess
for the preparatdion afo c:eraamcmdpmm:erss ico atxechpdietch 1aamm1@parti cle | ayer
conprising the introduction of at |east a precursor either in solid state
or

~

Properties Example 1 Example 2
Base Nanoparticle | Base Nanoparticle
particle-A coating particle-A coating
material alumina Copper oxide titania Zinch oxide
Crystalline
phases
Crystallite
size (nwm)
Area % of
coated 80 70
particle A
Coating
thicknese 20 32
{(nm)
Average
particle
diameter A
{yam)

Alpha Tenorite Rutile Zincite

40 10 35 15

O 0,20

L]

Table 2 - Characteristic of the cerawmic powders cobtained

according to the conditions of example 3.

Material Properties

(ceramic Medium size Crystallite Crystalline
oxide) particle (um) |dimension(nm) |Phases
Magnesium 4,7 50 Magnegium
aluminate aluminate




di ssolved in an (WO enulsion that, upon deconposition during a detonation
stage, originates nanoparticles (b) , which are deposited on the base
particl e woxotoashe is intend to be coated, thus form ngca/raeaBiong4é ayer .
Process for the preparation of coatedéceram c powders, according to the
previous claim characterized in that the enul sion intended for detonation
is of the (WO0) type, conprising two phases, intinmately |inked, under the
action of a surfactant; the internal aqueous phase and the external

i nsol ubl e phase. - Process for the pr&kdf¥8jon of coated ceranmic powders
according to the previous clains characterized in that the precursors of

t he coating nan rticl r, 1N solid st o the (w.Q) enulsion
and both t%e bagg%égfﬁhﬁ%ngaﬁggggggp%ﬁ%L?%% 8§a?%%8kggn %5%%%%Ié§§%%€§
formed during thetdetonainomofithe (o) epbubsietng- tRrodess-ddurettie
preparation of coated ceram c powders accordjing to the previous clains,
characterized i #% hat tHe?Pr edur BEFEUEFOEhe teiEnm dhoRaér (ATt erffed t o

be coated and thg quacusors;;of the napgpartickesitbhn, Weigh constidute
the coating |ayer present different reaction kinetics during the déetonation

of the enul si on dawt@posittherpr douisor s3 ofletheadéram et powde o (if)inmresent i ng
an extrenely fag%n{egnggqﬁkpegggs,‘gnqﬂpre¥EOQ§et§gt@§jTa lor, zone,  and

t he nanoparticl & 861N°d precur sors’ react™ i n“a ver ¥ subsequérit phase 6t the
Tayl or zone. particle (A&}, that is intend to Dbe cocated, thus

forming a coating layer.

2 ~ Procegs for the preparation of goated ceramic powders,
according to the previous claim, characterized in that
the emulsion intended for detonation is of the (W/0)
type, comprising two phases, intimately linked, under
the action of a surfactant; the 1internal agusous

phase and the external inscluble phase.

3 - Process for the preparation of coated ceramic powders
according to the previous claims characterized in that
the precursors of the coating nanoparticles are added
in solid state to the {(w/o) emulsion and both the base
ceramic particles and the coating nanoparticles are

formed during the detonation of the (w/o) emulsion.

4 - Process for the preparation of coated ceramic powders
according to the previous claims, characterized in
that the precurscors of the ceramic powder (A) intended
to be coated and the precursors of the nanoparticles
(b}, which constitute the coating laver pregent
different reaction kinetics during the detonation of
the emulsion (W/0), the precursors of the ceramic

powder (A} presenting an extremely fast reaction



- Process for the preparation of coated ceram c powders according to clains
1 and 2 , characterized in that the ceramc particles intended to coat are
di rect |y wbhaowdserd honogeni zed in the internal structuPeT®T2eiseo@aul si on
(WO0) . - Process for the preparati om7of coated ceram c powders, according
to the previous claim characterized in that the coating formation is
controlled by the tenperature of the (WO0) enul sion detonation, that should
be bel ow the tenperature of the ceram c powder deconposition intended to be
coat ed and bel oW &S r edRE | G TEMYETr atGr &en TaY1ar stZ&le betWRerr the

base parti cle () .@rrtti@ angpat hl C!p%c(zﬂ)swrs_' Pg8§8*§s fof tQ.e very
preparation of ceram c powders accordi'ng to claimb5b, characterlzef I"n t hat
the formati on ofsuthkegeramptspewddr tls dentlroal lzetkeby t he det onati on
tenperature of the (w o) enmulsion, that should be superior to the reaction
tenperature in solid state between the base particle (A) and the

nanoparti clses. (BrocesLoatd NGs: Ofr 684 A8 CoRakti ebas eqokialned aecelding to
t he process described in the previous clainms, characterized in that these

base particl es @&@aaehstd tigt ed-abyesa Iplandald + yhefrashemicald denpéwids-hesuch
as oxides, nitri - <Garhi g |.ph ; nabl e/.i.ner. | S,q 0 LAt ; they
possess dinensiéh§§¥$é§; {§%%§§;b§§?3 '6lﬁ$gf§%§}%?%ggﬁg%3t]éngfgg%%t

di fferent norphami ésrandndryst alibi t ehei zestenfel i osttwoeSOedrmof  the

emulsion (W/0).

& - Process for the preparation of coated ceramic powders,
according to the previoug claim, characterized in that
the coating formation is controlled by the temperature
of the {(W/0) emulsion detonation, that should be below
the temperature of the ceramic powder decomposition
intended to be coated and below to the reaction
temperature in sclid state between the base particle

(A} and the nanoparticles (b).

7 - Process for the preparation o©f ceramic powders
aceording to ¢laim 5, characterized 1in that the
formation of the ceramic powder is controlled by the
detonation temperature of the (w/o) emulsion, that
should be superior to the reaction temperature in
solid state betwesen the base particle (A) and the

nanoparticles {(b).

8 - Coatings of ceramic particles, obtained according to
the process degcribed in the previous claims,
characterized 4in that these base particles are
conatituted by a plurality of chemical compounds, such
as oxides, nitrides, carbides, sulphides, ncoble/inert

metals, in that they possesgs dimensions from 20 nm to



Coatings of ceram c particles, obtained according to the process described
in the previous clainms, characterized in that the rianoparticles formng
t hi s coatwogolioger7oconpri se: binary-, ternary- or superipor@reessioonnso oxi des,
nitrides, carbides, sul phides, inert 3etals, be individualized and-with a -
t hi ckness that m ght vary between the 5 and 150 nm in that they coat 50 to
95% of the total surface area of the base particle, are fornmed by spherica
primary particles, from20 to 100 nm present crystallites inferior to 20
nmor in an. and¥Phdus>8PatBichresentitan tadfesilieHesereihe bddeFarticl e
whi ch is maintai/ Subj , At 10 j nd, iy that they
present a high gn{ra)a él\@ggé’cl%é’magg Jgﬁg‘%&&?ﬁe} 53? %%Shéﬁrr%tgelerﬁgr?ﬁg -D%Cotlg‘?ed
ceram c powders, with the coatings obtained according to the description in
clains 8 and 9 , characterjzed in.that the ceram.c _pov\d(grs are coated with
n

a nanoparticle IGjer-T6tt af helCaeRAFdiHNTT 0 16 dedRFF P TOn FACEARTE! &i%hs 1

to 6 . Ceram c powdersyo@btai nethRGGHE Ngiho the preeesscdescriibacd n
claim7 , characterized in that they are ceram c powders, with nultiple

bi nary, ternary “AWdasiigarizad chy stk nésstiaeerrEsichppn§onniel (He spi nel

type is to be f%%%%ing layer comprise: binary-, ternary- or superior-
structure oxides, nitridesg, carbides, sulphides, 1lnert
metals, be individualized and with a thicknesg that
might vary between the 5 and 150 nm, in that they coat
50 to 95% of the total surface aresa of the base
particle, are formed by gpherical primary particles,
from 20 to 100 nm, present crystallites infericr to 20
nm or in an amorphous state, present an adhesiveness
to the base particle which is maintained when subject
to 400 Watt sonification and in that they present a

high grade of chemical and superficial homogeneity.

10 - Coated ceramic powders, with the coatings obtained
according to the description in claims 8 and 2,
characterized in that the ceramic powders are coated
with a nanoparticle layer obtained according to de

description im the claims 1 to 6.

11 - Ceramic powders, obtained according to the process
degcribed in claim 7, characterized in that they are
ceramic powders, with multiple binary, ternary and
superior crystalline structures, among which the

spinel type is to be found.



