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DESCRIPTICN

“CERAMIC POWDERS COATED WITH A NANOPARTICLE LAYER AND
PROCESS FOR OBTAINING THEREOFY

Technical domain of the Invention

The present invention concerns ceramic powders coated with
nanoparticle layers of wmultiple crystalline structures,
thickness, adhesion grade and crystallite size and process

for obtaining these ceated powders.

Therafore, the ceramic powders according to the present
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
electronices - for instance in semiconducter production, the
biomedicine - for instance, in c¢ancer treatments with
magrietlc nanoparticles surface-coated with functionality-

enhanced nanoparticles in order to adhere to specific

antibodies, chemistry - for instance in photocatalysis, in
the ceramics dindustry - such as for obtaining sintering
additives, 1in energy applications - such as in the

-

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

conductivity.

Background of the Invention

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

chemistry, biomedicine, electronics, ceramic and energy
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fields, aiming to benefit from the conjugation of the base
particle proparties and the unique effects introduced by
the nanoparticle layexr, which compose the coating of its

surface.

Lately, considering the lack of knowledge concerning the
impact resulting f£rom nanoparticle absorption in living
beings, as well as from the difficulties agsociated to its
handling, the technigue related to the adhesion of the
nanoparticle layer to the surface of bigger-dimensioned
particles has been used in the pursuit for conjugating the
unigue properties provided by nano dimensien, but without

the rigks asgsowviates thereof.

The methods usually used to prepare <eramic coatings, are

generally divided into four categories:

I - Coatings via chemistry processes (wet) ‘

The micro emulsion and sol-gel depozition techniques are

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

are the following:

a} The colleoidal particles intended to coat form a stable
dispersion in a liguid, which alsc comprisas the
coating precursors;

b) These precurscr deposition onto the particle surfaces
by spraving, immersion or rotation;

¢) The particles are polymerized during the removal of
stabilizers, thus producing a gel in & continucus net;

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

or amcrphous coating.
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The main difficulty in coating processes via wet chemigtry
consists of controlling de reaction speed of the ccating
particle formation, waking it difficult to obtain uniform

coatings, with high adhegions.

II. Coatings via gaseous phagse deposition

The technology of chemical vapor depagition {(CVD) 1is a very
common example of this category. In this case, the coating
precursor is heated and vaporized at high temperature (700-

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

This 1is a commeonly-uged method in coating tools; the
coating thickuness s high, typically between 5 and 12
microns, and there ig no individual particle coating, but
rather & substrate that might have several geometrical

forms.

Another technique is the atomic layer deposition {ALD) that

allows forming fine layers in a solid substrate, comprising

two eteps:

a) A gas, usually a gasecug organometalic precursor, is
absorbed at the substrate surface;

b} Reaction of the first gaseous precurser with & second
gas, forming a monolayer, the number of reaction cycles
between both precursors being the factor that cantrols

the film’'s final thickness,

Ancther more elaborated techriique congists of the synthesis
of the base particles and of the coating particles from two
gaseous precursors injacted at different times in a hot-

wall aerosol flow reachor.
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A key example of this technique 1s the coating of titania
particlegs (Ti02) with silica (8i02). The major disadvantage
of this method consigts of the low production volumes and

their hicgh costs.

III - Electrochemical Coatings

This approach starts from a suspension of particles
intended to ceab, to which a catlion set is added, the
cations being afterwards electrochemically reduced, forming
a set pf nanoparticles set which are deposited at the
surface of the base particle. The formation and deposition
of copper oxide (Cul} nanoparticles onto silica particles
(8i02) is a c¢lassical example of the implementation of this

technigque.

IV - Dry coatings

As an example, the projection technique, wherein a dense
ceramie-target comprisirng the coating material, is
sputtered by electrons, thus depositing it almost atom by
atom in a subsgtrate, thus forming a f£ilm. However, when one
tries to ¢oat particles of submicrometrig dimensicns, it
becomes difficult to cbtain a homogeneous coating in the
particle, notwithstanding the fact that it is a quite

costly method.

It is ascertained that the four families of methods

previcusly enumerated present the following limitations:

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

particle dimension reduces;
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b. Extreme difficulty in obtaining homogeneous coatings,
eggentially in termg of thickness and coated area;

c. S8treng limitatiom on the type of nanoparticle
crystalline structures which constitute the voating;

d. Difficulty in producing coatings with excellent
adhesion to the base particle;

e, Difficulry in obtaining coatings formed by
individualized nancparticeles on the surface of the base
particle; mnormally, the particles are produced with a
coat of a continuous film. This 1is an important
limitation, once it doesn't allow bensfiting from the
advantages of the effects resulting from the nanometric
dimension;

f. Extrewme 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 detomation of an {W/0) emuylsion, Lo which
at least a solid precursor was previously added, which
decomposes during the emulsion detonation, forming the
nanoparticles comprising the desired composition, gquantity
and crystalline structure for the coating. This method
presents an enormous versatility, given that it promptly
allows two different preparation means of the ceramic
powders coated by a nanoparticle layer:

a) S8ynthesizing in the same (W/0) emulsion detonation
step, bhoth the ceramic powders intended to coat, as the
nanoparcticles that forwm the coating layer. For this
purpose, two reaction kinetics are used differently for
the precursors thereof, the formation reaction being
extremely fast for the ceramic¢ powders and slower in

the case of decomposition of the precursors, which
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b}

derive the nanoparticles that compose the coating

laysr.

Previcusly placing in the (®W/0) emulsion starting
composition the ceramic powders intended to eodat,
already prepared, together with the precursors that
during detonation decompose inteo the nanoparticles that

will form the coating layer.

Begides the said flexibility thé process allows:

a.

coating ceramic powders such as oxides, carbides,
nitrides, inert metals, among others, from manometric
dimerision te about 500 microns;

From the addition of different precursors to the (W/0)
emulsion in stechiometrie proportions and of the
combination among them during the detonation reaction,
obtaining coatings with oxide mnanoparticles in a
multiplicity of crystalline structures (binary, ternary
oY superior), nitrides, inert metals, carbides,
sulphides, =tc;

As a vesult of the high temperatures, pressures and
projection speed of the nanoparticles over the base
particle, obtaining a coating with an extremely high
adhesicn grade;

Obtaining <ocatings with individual nanoparticles,
without forming a continuous film, therefore allowing
the change of the optical, mechanical, electrical,
magnetic and catalytie properties of the base
particles;

Obtaining crystallite sizes inferior to 50 and 20
nanometres both for the base parkicle and for the

coating nanoparticles respectively;
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£. High production capacitiss according to the high speed

of the detonation reaction of the W/0 emulsion.

The use of the (W/0) emulsion concept, for the nanoparticle
synthesis, is referred in "Metal oxidize powder synthesis
by the Combustion Method" Takoa Tami, Kazumasa Takatari,
Naoysashi Watanable and Nabuo Kaniya - Journal of Materials
Regearch (1297). In this document a new method for the
synthesis of nanometric alumina powders is disclosed
{Emulsion Cowmbustion Method - BECM), from the combustion
with atmospheric air of an (W/C) emulsion, hollow alumina
particles being obtained. However the method of the present
invention uses a different regime, taken that the type of
reaction occurring is detonation instead of combustion.
Furthermore it does not regquire external air which allows a
better control over the type of products and structures

meant to be formed.

The document US5855827, in its turn, describes a cyclic
process of detonation for the production of micrometric and
nancmetric powders and their projection at high-speed in
different substrates, thus obtaining coated suxrfaces. The
detonation happens in a gaseous mixture to which metals of
fine granulometry are added, a suspension being formed. The
process of the pregent invention stands out from the later
due to the use of an (W/0) epulsion, in the liguid phase,
to which solid precursors are added or dissolved, or still
inert ceramic particles, wmaking 1t possible to ocbtain

individual particles coated with a nanoparticle layer.

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

materials, namely in a set of decuments:
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Document PT 103838, “Nanocrystdline spherical <ceramic
oxides, process for its synthesis and wuse thereof”,
discloses a detonation method at higk temperatures
{superior to 2000°¢) of an (W/O) emulsiofi comprising uetals
in. its composition and at least a dissolved precursoer, for
cbtaining dense micrometrical spherical particles. In the
coating method now disclosed, although also based on the
{W/C0) emulsion detonation, this emulsion is added with new
typee of precursorg, the inert ceramic particles, intended
to coat: and solid nancparticle precurgorg, that are
critical elements for its final result, the ceramic powders

coated by a nanoparticle layer.

The document PT 104085, "Ceramic materialg of nanometric
dimension, procesg for i1ts synthesis and use thereof”,
discloses a method for obtaining mnanomaterials at low
temperature {(inferior 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: digsolved omidants in the
internal phase, miscible fuels in the external phase and
metgls or alloys in the solid state, that combine during
detonation in order to synthesize materials of nanometric
dimension. However, in the method of the present inventiom,
the (W/0) emulsion, additiornglly to the types of precursors
already disclosed in the said document, comprises at least
a precursor added to the (W/0) emulsion in the solid state,
in way to guarantee suificiently-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 dinvention, the inert

ceramic particle intended to goat is directly added to the
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{(W/0) emulsion and, unlike the precursorz in the gquoted
decument, it does not take part in the {W/0) enmulsion
detonation reaction, allowing the nancparticles to deposit

on its surface.

The document "Nano-MnFe204 powder synthesis by detonation
of emulsion explosive" Xiaoc Hong Wang et al. diacloses the
synthesis of MnFe204 nancpowders from the detonation of an
(W/0) emulsion, with the precursors of the nancparticles
disselved in thé {(W/0) enmulsicon sensitized by a military
explosive (RDX). However, in the process of the present
invention, the (W/0} emulsgion, besides the oxidants
dissolved in its internal phase, egually referred in the
sale document, requires 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 nanoparticles, in order to obtain a
ceramic powder coated by nanoparticles. In ancther
erbodiment of the present invention, the inert ceramic
particle intended to <c¢oat is directly added to (W/0)
emulsion and, unlike the precursors in the said document,
it does not take part in the (W/0) emulsion detonation
reacticon, allowing the nanoparticles to deposit on its

surface.

General Description of the Invention
The present invention relates to ceramic 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
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surface area, among 50 to 95%, a high adhesiveness to the
gupport base particle, changing their properties and
functionalizing the base ceramic powders, for a multiple

set of applications.

1 -~ Process for obtaining of ceramic powders coated with a
nanoparticle layer

The process for coating the ceramic 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 (W/0) emilsion that, by
decomposing during detonation result in nanoparticles, that
are depcsited onto the base particle that is intend to

coat.

The said emulsion intended to detonate is of the (W/0)
type, being broadly used, for instance, in the production
of explosive emulsions. This emulsion comprisgs Ltwo
intimately linked phases, under the action of a surfachtant:

the internal {agueous) 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
intreductioen of the precursor(s) that originate the

nancparticles (k). of the coating laver (Fig.lj.

Therefore, whileg 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 ¢eramic particles intended to coabt are

directly placed and homogenized in the (W/0} emulsion.
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The precursors of the c¢oating nancoparticies are, in the
first case, added in the golid state whereas, in the second
case, they are generally dissolved in the internal

structure of the (W/0) smulsion.

1.1 Synthesis of the bhase particles A and ceoating b

In this first case both the base ceramic particle (A) and
the coating nancoparticles (b}, are synthesized during the
(W/0} emulsion detonation step. The key aspect of this
variant, 1ls that the ceramic powder {A) precursorg intendsd
for coating and the nanoparticle (b} precursors, which
constitute the coating layer, present very different

reaction kinetics, during the (W/0) emulsion detoriation.

In order to cobtain this; the precursors of the base ceramic
particle A& are part of the emulsion internal structure,
being dissolved in its internal phase, homogeneously mixed
in the external phase, or being high reactivity wmetals,
which allows them to present an extremely fast reaction
kineticgs, reacting inside or immediately bkehind ths
reaction zone, which is the zone that precedes and supports
the advance of the shock wave, in the classical detonation

model.

While the nanoparticle solid predurgors are in the form of
nitrides, sulphates, carbides, chlorides ete., for they are
in the sclid state and the respective decomposition
reactions are highly endothermic, they do not react in the
reaction zone, but in a very subsequent phase of the
designated Taylor =zone {(or gas expansion), zone where the
base particles A are already formed, once the temperatures
are inferior to their melting points, thus resulting in the

fact that its coalescence-based growth no longer occurs.
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5S¢ being, the nanoparticles (b) are deposited and coat the
surface of the base particles (A). This slower kinetics of
the selid precursors is evidenced by the reduction {(between
100 to 1000 mw/s, according to the guantity of solid
precursorg added) of the {(W/0) emulsion deteonaticn speed,
as & result of a smaller number of gaseous species that are

formed in the reaction zone.

This variant presents an enormous advantage for during the
stage of (W/0) emulsicn detonation, Poth the base particles

(A), and the coating layer nancparticles (b} are formed.

The appropriate centrol of the process variables allows
obtaining wmot only an encormous wmultiplicity of base
partidles of differsrnt dimensions and structures, but also
base nanoparticles coatings, nct only of binary structures
{two elements from a single precursor), but also ternary
{from two =sclid precursors which combine during its
decomposition reaction). So being, for instance, it is
possikle to cbtain a basée cderamic particle with a spynel-
type structure, such as MgAl204, coated by nanoparticles
also of MgAl204, being for such sufficient that the (W/0)
emylsion goritaing, in its internal phase, the
stechicmetric guantities of salts of wmagnesium and
aluminium dissolved and, at the same time, be alsco added
and mized a certain guantity of sclid precursers of the
same elements (magnesium and aluminium), depending on the
coating thickness intended, the precurscr guantity being
larger as the thickness and the percentage of cpated area

increase.

Therefore, in a first phase of detcnation, the MgAl204 base

particles are formed from the reaction of the salts
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dissolved in the (W/0) emulgion. In a second phase of
detonation, the ooalescence and growth prodess of the
formed partieles occurs, 1in a subsequent phase, the
external solid precursors decompose and combine, thus
forming the MgAl204 nanoparticles, which project and coat

the MgARl204 base particle.

So being, and in & summary form, this wvariant of the
process for preparing ceramic powders coated with a

nanoparticle layer is comnstituted by the following steps:

1.1.1 - Defining the guantity of precursors 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 formula, structure type and
dimension of the c¢eramic powder (a) iantended &to coat.
Starting from the stechiometry of the chemical reaction, it
ig possible to calculate the necessary guantity of each
precursor for the formation of a given compound, and it is
equally possible to estimate from the enthalpy of the
chemical reaction the detonation 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) emulgion

After defining the composition in thé previous step, the
step for the formation of a (W/0) emulsion begins,
conslsting of two intimately-linked phases, under the
action of a surfactant: discontinuous internal phase

{agueous) and continuous external phase {insoluble).
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1.1.2.1- Preparation of the internal phase

The internal phase of the (W/0) emulsion is a result of the
digsolutiorn of the precursors in water, according to the
composition of the emulsion selected in 1.1.1. This phase
is heated up to a temperature Petween (35-1065°C) ahove the
crystallization point of all compcnents, in order to allow
its complete disgolution, which ig important to obtain a

good homogeneity of the formed products.

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 1t with a surfactant sppropriate to low pH values
(between 2 and 53}, soft heating between 35-85°C, in order
to guarantee the appropriate viscosity of the mixture at a
close temperature of the internal phase, which is important
to guarantee a good emulsification of the two phases
required for carrying out stable and repreoducible

detonations.

1.1.2.3-Enulgification

The {W/Q) emulsion according to the present invention is
obtained by emulsification of both internal and external
phazes formerly prepared according to the previously
deseribed, in an enulgified matrix, and subsequently
refined at about 60-150 psi, in order to obtainm micellesg of
1 to 10 microns so as to produce a stable emulsion, that
ig, a non-degradable emulsion during the mixture of the

remaining precursors.

1,1.2.4-addition of an organic sensgibiliser
About 0,2 to 2% of an organic sensibiliser, such as

expanded polystyrene or plastic sphereas without



WO 2010/059070 PCT/PT2008/000040

contaminants, are added to the (W/0) emulsion, which is
consumed in the detonation reaction and is responsible for
regulating the density to a wvalue between 1,15 and 1,25
g/em®, in order to assure the sensitivity level, which is
requested to reach a stable detonation speed. The
detonation speed varies depending on the density of the

(W/0) emulsion between 4000 and 6000 m/s.

1.1.2.5 -~ addition of Metals

According to the dimension of the particle (2) intended to
coat, the addition of metals in the solid state is
endorsed, with subseguent homogenization in the (W/0)
emulsion. 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 reaction temperature
and coalescence time, and latter &two parameters vary
according to guantity of precursors and final material
produced, the reaction/detonation temperature is the result
of the difference between formation enthalpies of reagents

and final products.

1.1.3 - Addition the solid precursors of the nanocoating.

After (W/0) emulsion being prepared in 1.1.2, is added with
subgequent homogenization the quantities of scolid
nanoparticle precursors, as nitrides, sulphates, chlorides,
carbides, etc. which are defined according to structure
type and other characteristics intended for the c¢oating
layer, such as thickness, percentage of c¢oated area
surface, adhesiveness grade, porosity, etc. The dimension
of the nanoparticles that are part of the coating is

determined according to the reaction temperature and
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coalescence time. The reaction temperature 1s essentially
derermined by the reaction enthalpy. The good
homogenization of the precurscrs ig fundamental to cbtain a
complete reaction among the precursors and cobtain batches

of coated reproducible ceramic powders.

1.1.4~detonation of the (W/0} enulsion

The (W/0) emulsion is subsequently placed in & cartridge of
eylindrical geometry, £for instance, im an appropriate
material for detonation, such ag paper, polyethylené or
pther material that it is selected in order not to
introduce contaminants in the synthesized wmaterials, with a
diameter which is larger than its critical diameter (the
critical diasmeter iz the diameter from which it is possible
to sustain a detonation, being usually experimentally
determined) the detonation heing then started inside an
appropriate chamber from a detonatien system, such as a
detonator, a capacitive discharge system, Ilaser system,

among cthers.

1.1.5 -~ Collecting and treating the reacticn products

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

characterization,

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

Iin this alternative embodiment of the invention, there are
mainly two different aspects of the methodology previously
degscribed: the first aspect refers to the placement of the

ceramic powder {A) intended to coat directly in the (W/G)
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emulsion, instead of being synthesized according to the

previously described embadiment of the invention.

The second aspect ryefers to the nanoparticle (b}
precursors, which im this case are already part of the
intermal structure of the {(W/0) emulsion and are not
subsequently added in the golid state, unlike the
previcusly described embodiment of the dnvention, thus
allowing not only the reduction of the quantity of total
solids in the final c¢composition, but alsc the improvement
of the (W/0) emulsiocn’s rheology, processability and
detonability. The incorporation of solids in the emulsion
significantly increases its wviscosity, which limits the
solids % considered as possible to introduce and difficult
its homogenization, this way being préferable to dissolve

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 surface of the starting ceramic

powders (A).

In this embodiment, the key step of the coating process
includes the control of the system’s atmosphere type
{oxidant/reducing/inert), mainly the (Ww/0) emulsion
detonation temperature, in order Lo asgure twoe egsential
aspects: a) the base particle A does not decompose, for
instance the carbides decompoge at high temperatures into a
solid ozide and they release gaseous COy; and b)) no
reaction in the sgolid state takes place between the hase
particle {A) and the nanoparticles (b) which compose the
coating, such as for example, when one intends to coat base

alumina particles, with MgO nanoparticles, the (W/0)
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emulsion detonation temperature should be inferior to
800°C, taken that a temperature above such wvalue will
regult in an undesired side reaction in the seolid state
between the alumina and magunesium oxide, leading to the
formation of another structure (spinel MgAl204}, in the

form of a single uncoated particle.

In order to avoid the situation described in a) 1t is
necegsary t©o maintain the detonation temperature below the
decomposition temperature of particle A that is intended to
coat. The reaction in solid stats can always be avoided if
the temperature of the detonation reaction is constantly
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

temperaturs.

It is worth being noted, however, that the formation of
ceramic powders, with multiple c¢rystalline structures
{binaxry, ternary and superior), among which those of the
spinel type, emerging from the reaction in the solid state,
between the base particle (A) and the nanoparticles (b},
when the detcdnation temperature is higher than the
formation temperature of the desired structure, constitutes
ar. extremely interesting and alternative method for the

synthesis of this type of non coated compounds.

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

synthesized by any process, but in couwpensatioen it allows
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that, both the particles intended to coat and the ceating
nanoparticles can ke fmore diversified including, for
instance, oxides, nitrides, carbides, sulphides,
noble/inert metals. It comprises essentially the following

stages:

1.2.1- Nanoparticles precursors in the (W/0) emulsion

The components of the (W/0) emulsion are selected from the
group of soluble oxidant precursors, soluble fuesls - such
ag the hydrazine and urea, for the synthesgis of nitrides,
miscible fuels, its relative ratio heing despendent on
empiric formwmla, on the structure type, and on the desired
nanccoating {b) properties (thickness, percentage of base
particle couated area, adhssiveness). The selection of the

precursgors ig accomplished as described in 1.1.1.

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

described in 1.1.2.

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

out asg described 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 described in 1.1.2.2.

1.2.2.3«Enulsification of hoth phases, in an emulsified
matrix
The emulsification of the phases, for obtaining the (W/0}

emulsion, is carried out as described in 1.1.2.3.
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1.2.2.4~addition of an organic sensitizer
The addition of an organic sengitizer is carried out as

degeribed in 1,1.2.4.

1.2.3 - Additioch of base particles A intended to coat
Subsequently, the base particles A intended to coat are
added in doses to the (W/0) emulsion, which was prepared as

pravicusly described, bheing followed by homogenization.

1.2.4~ {K/0) emulsion detonation
The detonation of the {W/0) emulsion is carried out asg

deseribed in 1.1.4.

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

carried cut as described in 1.1.5.
2 - Characterization of the Coatings

The coatings according to the present invention, intended
for ceramic particles comprise a nanoparticles layexr, and
are based én the detonation of a (W/0)} emulgion, according
to the process of the present invention. 8ince they are
obtained at simultanecusly high temperatures and prassures,

they present a set of peculiar properties.

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

characteristics:
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they are constituted by a multiplicity of chemigal
compound families, such as oxides, nitrides,

carbidesg, sulphides, noble metals;

they comprise dimensions betweernn 20 nm up to about
500 microns, of different worphologies, once the
morphology of the particle does not affect the

coating tvpe;

they present crystallite sizes inferior to 50 nu.

2.2. Characterization of the coating layer

a)

d}

]

it is formed by a metallic oxide nanoparticle laver
of binary, ternary oY superior structure, or a
layer of nitrides, carbides, sulphides, noble/inert
metals;

it has a thickness that can vary between 5 and 150
nm, depending on the quantity and size of the

formed nanoparticles;

a1

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

it is formed by individual spherical primary
particles, betwsen 20 and 10¢ nm, that allow
altering the optical, magnetic, electrical, thermal
and catalytic properties of the base ceramic
particle.

it presents crystallites infericr tc 20 nm;

it presents an adhesiveness grade to the base
particle, that allows maintaining the ceoating, asven
when the coated particles in aquecus suspension,

are subject to sonification with at 400 watts;
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g) it Presents a high homogeneity grade, superior to
70%.

In order to charvacterize the above mentioned properties, it
is mecessary to appeal to the following physiochemical

methods:

X-~ray Diffraction

The X-ray diffraction is an indispensable analysis in
coating characterization, once it allows didentifying the
compounds present in a given sample. when a particle A
{bage particle} is coated by a partiele (B}, it meang that
two different compounds are identified by the X-ray
diffraction  technique; whefi a single compound 1§
identified, it means that the detonation resction
conditions were not the ideal for a c¢oating Formation,
except when the compound of the base particle is similar to
the coating compound. By using the X-ray diffracticn
technigue it is possible to quantify the percemntage of each
compounrd in a given sample. The size wvalue of the
crystallite is determined from Scherrer equation and with
the width values at half height of thHe most intense pick of
the X-ray diffractogram. However, fthis technigue should be

complemented with the scanning electron microscopy.

Scanning Electron Microgcopy - SEM

The wmicragcopy playse a fundamental role in coating
charscterization, given that it allows the mwnorphelogy
observation of a given compound, giving way to asses
whether there are individual particles or coated particles
with particles of mnanometric dimension. This technique

further allows quantifyving the dimension of the base
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particle as well as dimengion/thicknesgs of the

nanoparticles responsible for the coating.

Nowadays, high resolution equipments are eguipped with a
technigue which is commonly used in coating
characterization and sample chemical composition - EDX -
Bnergy Disperse X-Ray Analysis. This technique allows
evaluating the chemical elements present in a sample, in a
particle or, in the Iimi:, in a certain area of the
particle. The information of this technique conjugated with
the results from X-ray diffraction makes it possible to
determine the base particle and coating compositions. In
the case where the EDX provides the option of carrying out
X-ray diffraction maps, it is possible to guantify the
coating area through an appropriate 1lmage software. The
result of a X-ray diffraction map is an image with the

elements of the sample identified by different colours.

In short, with the SEM and EDX it is pessible to evaluate
the homogeneity of the coating, the dimension / thicknegs
of the nanoparticles which are responsible for the coating
of the base particle and the respective percentage of

coated area.

Particle Size Distribution

The preparation of a suspension for determining the
particle size distribution can be decisive to evaluate
qualitatively the adhesiveness of the nancparticles to the
base particle. If the particle size distribution is not
sensitive to the intensity and time of sgenification
(application of ultrasound in a sample}, 1t means that the

adhegion of the coating is guite intense. The results of
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the particle size distribution should be conjugated with
the SEM images, once in the SEM it is possible to evaluate
the size of the base particles and coating nanoparticles,
if in the particle size distribution particles with the
characteristic dimension of the coating nanoparticles
appear, it meang that its adhesiveness to the bhage parfticle
is weak, given that sguch link was brcken with ultrasound
application  during the preparation o©of the sample
suspension. For instance, in the case of an excellent
adhesion of the ccating to the base particle, the result of
the particle size distribution shall reflect only the bhase
particle wsize that should be coherent with the size

observed in the SEM,
Brief Desgcription of the Drawings

Pigure 1

Precess I - Simultaneous synthesis of A and b

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

b - costing nancparticle

Figure 1 illustrateg the three steps that are part of the

two processes of the present ipventiom:

In process I, wherein both the base <¢eramic particle A and
the nanoparticles of the coating layer (b) are synthesized
gimultaneously, step 1 consists of the preparation of the
(W/0) emulsion, comprising the pregurgors, such as
dissolved salts or metals of the base ceramic particle {&).
In step 2 the nanoparticles sclid precursor is adfed, which
presents a slower reaction kinetics. Finally, in the third

step, the (W/0) emulsion detonation occurs, of which a
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ceramic particle (B} results being «c¢oated by a

nanoparticles layer {(b).

In the process II, the first step is constituted by the
preparation of the emulsion {(W/0), comprising the
nanoparticles precursors (b), as salts or soluble fuels. In
the second step, the base ceramic particles are added (a),
which are intended to coat. Finally, the third step, such
as process I, consists of the detonation of the ({(W/0)
emulsion of the first step, of which ceramic particles (&)
coated with nanoparticles (b) resulc.

Figure 2

Process II - Placement of A wmore synthesis of b

a) - Ceramic particle {A) coated by nanoparticles (L)

b} - Ceramic particle (Ab} with single crystalline
structure - production of a single particle without ceoating
A - base ceramic particle

b - nanoparticles coating

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

Trs - reaction temperature in solid state

Figure 2 illustrates the subdivision of the process II,
wherein depending on the femperature of the (W/0) emulsion
detonatian, different situations in terms of products are
ohtained, mamely for:
aj) - Temperature of ({W/0} emulsion detonation inferior
to the reaction temperature 1in the solid state
(Trs), among the particles {&) and the
nanoparticles (b}, resulting in base particles (A}
coated by nanoparticles (b};
b) ~ Temperature of (W/0) emulsion detonation superior

to the reaction temperature in the solid state,
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among the base ceramic particles (A) and the
nanoparticles {(b), it give rise to an uniform
ceramic powder (mon coated]), with binary, ternary

or superlor crystalline structure.
Detailed Desgcription of the Invention

1. Procsss fTor obtaining nanometric coatings, in ceramic

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. Synthesig ¢f the bage particlee A and coating b

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

process presenting the following seguence:

1.1.a. Quantity of precursors

Determination <©f the precursor quantities of fast
decomposition kinetics intended to dissolve in the (W/0)
emulsion dinternal phase, according to the formula,

structure and dimension of the particle inteénded to coat.

1.2.a. internal phase preparation
For the preparvation of the internal phase the precursors
are dissolved 4in water, according to the composition

previously selected. Subseguently, the solution is heated
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up to a temperature (35-105°C) guperior to  the

crystallization point of the different reagents.

1.3.a. External phase preparatioa

The preparation of the emulsion external phase takes place
by mixing the hydrocarbons or organic materials that
compose it, with a surfactant appropriate to the mixture’s
pH values. The mixture ig heated up to a temperature among

35-8B57C.

1.4.a. Emulsification of the internal phase with the
external phage

The emulsification of both phases in an emulsified matrix
takes place in an emulsifier appropriate to the viscosity
range and an etulsgified matrix is 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 sgensitizer
occurs (0,2 to 2%), such as expanded polystiyrene or plastic
spheres without contaminants, which is consumed in the
detonation reaction and is responsible for regulating the

i

density to a walue inferior to 1,25 g/em3, in order to
assure the sensibility level requested, to reach a stable

detonation speed.

1.6.a. Addition and homogenization of the precursors

The last phase for preparing the detonation composition is
mixing the sensitized (W/0} emulsicon with the two
precurscrs in the previocusly defined ratios. This mixture,

the detcnable composition, is made in a mechanical stirred
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tank, at & very slow speed to avoid precursor friction or

degradation.

1.7.a- detonation of (W/0)} emulsion.

The (W/0) emulgion is subsequently placed in a cylindrical
cartridge {or presenting a different geometry, such as
spherical or of plane faces) made of paper, polyethvlene or
any other waterial, with a diameter which is superior to
its critical diameber and it 4is dinitiated inside an
appropriate chamber from a detonator, or any other systemn
with similar effects, such as, capacitive discharge, laser,

etc.

1.8.a.- Collecting and treating the rezaction 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.

b) Particle (A) plus the svnthesis of the nanoparticles (b)
This method stands out from the previous for the fact that
the particle A, the particle intended to ccat, is
introduced in the compogition instead of being synthesized

during the detonation reaction.

The process steps are the following:

1.1.b. Quantity of precursors / particle A

Determining the quantitiegs of particle A and precursors
according to the nanoparticles formula and structure, as

well as of the intended ceoating properties.

1.2.b. Preparation of the internal phase
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For the preparation of the internal phase, the precursors
are dissolved in water, according to the composition
previcusly selected. Subsequently, the solution is heated
(§39) to a Lemperature (35-108°C}) superior to the

crystallization peint of the different reagents.

1.3.b. Preparation of the external phase

The preparation of the emulszion external phase takes place
through the nixture of hydrocarbons or organic materials
that compose it, with a surfactant appropriate to the
mixture pH values. The merge is heated up to a temperature

between 25-85°C.

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

The emulgification of both phases, in an emulsified matrix,
takes place in an emulsifier appropriate to the vigcosity
range and an emulsified matrix is  thus obtained.
Subsequently, a refining at about 60-150 psi cacurs, by

means of passing of the emulsion through static mixers.

1.3.b. Adding the sensitizer
Scon 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 (&)
Adding the base particles intended to <oat with subssquent

homogenization of the (W/0) emulsion.

1.7.b. Detonation of {W/0) Buulsion.
The (W/0) emulsion is subsequently placed in a gylindrical

cartridge (or any other geometry such as a sphere or plane
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faces) made of paper, polyethylene or any other material,
with a dianmeter which is superior to its critical diameterx
and initiated inside an gppropriate chamber starting from a
detonateor, or any other system with similar effects, such

ag capacitive discharge, laser éte.

1.8.b. Collecting and treating the products.

The powders are dragged, by the gases resulting fzom the
detonation reaction inside of the expansion chamber where
they are coodled and collected in dry or wet media.

Subsequently, they are referenced and characterized.

Examples
The first two examples herein presented illustrate Lwo
different ways of carrying out c<oatings according to the

method of detonating an (W/0) emulsion.

Example 1 (Synthesig of base particle and coating)

Obtaining alumina particles {&1,0,), coated with copper
oxide nanoparticles by using aluminium and copper sulphate

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

1. A gomposition with the following components was
prepared:
® Sengitized W/0 emulsion: 80%
» Pentahydrated copper Sulphate: 16%

s Aluminium (particle size < 2060 microns): 4%

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

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

water in a stirred tank at 100°C.



WO 2010/059070 PCT/PT2008/000040
31 .

1.1.2. Preparation of the external phase: homogeneous

mixture of 80% vegetable oil with 20% surfactant.

1.1.3. Enmulsification of external and internal phases:
emulsifying in an emulsifier appropriate to the viscosity

range, the two phases obtaining an emulsified matrix.

1.1.4. Preparation <«f the sensitized W/0 emulsion:
homogeneous mixture, in a mechanical stirred tank, 99,7% of
the emulsified matrix with 0,3% expanded polystyrene, the

final product being designated sengitized W/0 emulsion.

1.1.5. The last phase of the composition preparation
intended for detonatieon consists of mixing the sensitized
W/0 emulsion with both precursors in the above-mentioned
ratios. This mixture, designated detonable compcosition, is
carried out in a mechanical stirred tank, at a very slow

speed in order te avoid metal fricticn.

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

detonator as detonation ignition source,

3. Collecting, treating and characterizing the products

The alumina powder coated with copper oxide was collected
in wet stafe and as dried at 70°C. Subseguently, a
representative sample was subject to the following
analyses; observation in 8EM, X-ray diffraction and

particle size analysig.
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Example 2 {previous placement of the base particle in the

{(W/Q) emulsion)

Obtaining Titania (Ti0y) covated with zinc oxide (Zno)

nanoparticles

A composition was prepared comprising the following

COMPONents

. sensitized W/0 Emulsion: 85%
. Titania (particle size inferior te 500 nanometres):
15%

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

1.1.1. Dreparation of the oxidant solution - Internal
phage: diggolution and homogenization of 50% ammonium
nitrate with 50% =zinc nitrate hexahydrated in a stirred

tank at $0°C.

1.1.2. Preparation of the external phase:; homogeneous
wixture of V0% wvegetable ¢il with 30% surfactant

appropriate for values of about 3.

1.1.3. Emulsification of the external and internal phases:
in an emulsifier adeguate to the visgcosity range,

emulsifying the two phases optaining an emulsified matrix.

1.1.4, Preparation of the sensitized W/O emulsion:
homogenous mixture, in a mechanically stirred tank, 985,5%
emulsified matrix with 0,5% expanded polystyrene, the final

product being designated sensitized W/0O emulsion.
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1.1,

8]

The last phase for the opreparation of the
composition intended for detonation is mixing of the
sensitized W/O emulsion with the two precursors in the
ahove mentioned ratios. This mixture, designated detonable

compasition, is carried out in a mechanically stirred tank.

2. The detonable composition was placed in a paper
cartridge with a 35 mm diameter and 200mm long.
Subsequently, its detonation followed, undex application of

the electrical detonator as a detonation igriition 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. Subsequently, a
representative sample was subject to the following
analysesg; observation in &§EM, X-ray diffraction and

particle sgize analysis.

Example 3 (previous Placement of the base particle in the

emulgion {(W/0))

Obtaining non-coated magnesium aluminate (MgAl,0.) (Process

IT.b} from magnesium oxide (inert) and aluminium.

A composition was prepared comprising the fellowing

components:

» W/0 Emulsicn sensitized: 76,6%

] Magnesivm oxide (Particle Size infeéridr £6 1 micron):
10%

. Granulated aluminium (Particle size inferior to 160

microns): 13,4%
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1.1. The preparation of the detonable composition was
carried according teo the following steps:

1,1.1. Preparation of the oxidant scglution. Internal
phase: dissolution and homogenization of 90% of ammonium
nitrate with 10% of dewineralised water inh a stirring tank

at 20°C.

1.1.2. Preparation of the external phase: homogeneous
mixture of 80% wvegetable oil with 20% surfactant adequate

for pH values between 3 and 5.

1.1.3. Bmulsifying the sxternal phase and internal phase:
in an emuwlsifier appropriate to the wviscosity range,
emulsifying both phases thus obtaining an emulsified

matris.

1.1.4, Preparation of the sensitized W/O emulsion:
homogenecous mixing in a mechanically stirred tank of 99,6%
emulsified matrix with 0,4% expanded polystyrene, the final

product being denominacted sensitized W/O emulsiocn.

1.1.5. The last vphase for vpreparing the composition
intended for detonatiocn congists of wmixing the sensitized
W/0 emulsion with both precursors following the above-
mentioned ratios. This mixturs, designated detonable

composition, is carried out in a mechanically stirred tank.

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

ignition scurce.
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3. Collecting, treating and characterizing the products

The magnesium aluminate powder was collecced in wet state

and

sample was subject to the following analyses:

was dried at 100°C.

Subsequently,

a reprasentative

observation

in 8EM, X-ray diffraction and particle size analysis.

Table 1 Characteristic of ceramic powders coated
according to the conditions in examples 1 and 2
Eropevties Example 1 Example 2
Base Nanoparticle | Base Nanoparticle
particle-a coating particle-A | coating
material glumina Copper oxide titania Zinch oxide
C1 1line R \ .- X .
rystalline Alpha Tenorite Rutile Zincite
phases
— —
Crystallite 40 10 35 15
size {nm)
Area % of
coated 80 70
particle A
Coating
thickness 0 32
{xim)
Average
particle ,
. . 0,20
diameter A 5.0 ‘
{ pni)

Table 2 - Characteristic of the ceramic powders cbtained

according to the conditions of example 3.

Material Properties

(ceramic Medium size Crystallite Crystalline
oxide) particle (pm) |{dimension{nm) |Phases
Magnesium 4,7 50 Magnesium
aluminate aluminate
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CLAIMS

1 - Process for the preparation of ceramic powders coated
with a nanoparticle layer comprising the introduction
of at least a precursor either in 'solid state or
dissolved in an (W/0) emulsion that, upon
decomposition ‘during a detonation stage, originates
nanoparticle-s (b), which aré deposited on the base
particle (A), that is intend to be coated, either
synthesized during the (w/o) emulsion detonation or
previously placed in its composition, thus Fforming. a

coating layer.

2 - Process for the preparation of coated 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 internal aqueous

phase and the external insoluble 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/c)} 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
accorxding to the previous claims, characterized in
that the precursors of the ceramic powder (A) intended
to be coated and the precursors of the nanoparticles
(b}, which constitute the coating layex present
different reaction kinetics during. the detonation of
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the emulsion (W/0), the precursers of the ceramic
powder (A} presenting- an extremely faskt r=action
kinetics, and previcus to the Taylor zone, and the
nanoparticle solid precursers react din a very

subsequent phase of the Taylor zone.

Process For the preparation of coated ceramic powders
according to claims 1 and 2, characterized in that the
ceramic particles intendad to coat are directly placed
and homogenized in the internal structure of the

emalsion (W/0).

Process for the preparation of coated ceramic powders,
according to the previous claim, characterized in that
the coating formation is controlled by the temperaturs
of the (W/0) emulsion detonation, that should be below
the temperature of the ceramic ﬁowder decomposition
lntended to be coated and below to the reaction
temperature in solid state between the base particle
(3) and the nanoparticles (b).

Process for the preparation of ceramlc powders
according te claim 8, characterized in <that the
formation of the ceramic powder 1is contreolled by the
detonation temperature of the (w/o) emulsion, that
should be superior to the reaction temperatuxe in
solid state between the base particle {(AR) and the
nanoparticles (b).

8 — Coatings of ceramic particles, obtained accordihg to

the process described in the previouws claims,
characterized in that these base particles are

constituted by a plurality of chemical compounds, such
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as oxlides, nitrides, carbides, sulphides, noble/inert
metals, in that they possess dimensions from 20 nm to
about 500 micrens, in that +they present different

morphologies and crystallite sizes inferior to 50 nm.

Coatings of ceramic particles, obtained according to
the process described in claims 1-7, characterized in
that the nancparticles forming this coating layer
comprise: binary-, ternary- or superior-structure
oxides, nitrides, carbides, sulphides, inert metals,
be individualized and with a thickness that might vacy
between the 5 and 150 nm, in that they coat 50 to 95%
of the total surface area of the base particle, are
formed by spherical primary particles, from 20 to 100
nm, present crystallites inferior to 20 nm or in an
amorphous state, present an adhesiveness to the hase
particle which is maintained when subject to 400 Watt
sonification and in that they present a high grade of

chemical and superficial homogeneity.

Coated ceramic powders, with the coatings obtained

according to the description in claims § and 9,

characterized in that the ceramic powders are coated

with a nanoparticle layer obtained according to de

description in the eclaims 1 to 6.

Ceramic powders, obtained according to the process
described 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.



