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relates to a process for obtaining nanocrystaline
spherical ceram c oxi de powders, suitable for the high
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4. Purity - High purity is a fundamental requirement in ceramic powders, since small
percentages of contaminants may strongly affect the mechanical, electrical, optical and
magnetic properties.

S. Agglomeration state - The agglomerated powders increase the internal porosity
which is extremely difficult to eliminate during the sintering stage.

6. Crystallographic Phases - If the powder crystalline phases are not stable, volume
variations might occur during the sintering process due to the phase transformations,
thus originating defects in the final object.

7. Crystallite Size - The crystallite dimension strongly influences the mechanical,

optical, electrical and magnetic properties. The smaller the size of the crystal is, the
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Due to an easy and price effective ability in reaching temperatures above 2000°C the
process disclosed in the present invention allows obtaining, with high energy ef-
ficiency, dense powders with a spherical morphology, thus surpassing the difficulties

of the methods referred to in the state of the art.

Crystallite Dimension
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The oxide synthesis by means of the detonation process occurs as well as an al-
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cost effective manner. The fact that all products (ceramic oxides) are synthesized in the

liquid phase, leads to obtaining spherical powders. The high pressures achieved during
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The detonation is further referred to in a set of documents as a phase transformation
method or still as a compaction /densification method for ceramic powders that takes
place after the shock wave, wherein 100% densifications are obtained and depending
on the speed of the process the growth of the grain is minimal. It must be pointed out

that, in this case, the detonation is an alternative method to the conventional sintering
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[34] The process for the synthesis of nanocrystaline ceramic oxide powders of the present
invention consists essentially of detonating an emulsion, with the subsequent synthesis
of the referred ceramic oxides as detonation reaction products.

[35] The said base emulsion of the present invention is of the (W/O) type, broadly used in
the explosive emulsion manufacture, being composed by two phases intimately linked
under a surfactant effect:

a) internal phase (based on ammonium nitrate, aqueous and oxygen-rich);
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The water-in-oil emulsion (W/O) is particularly suited for the process for powder
synthesis by detonation, for three reasons:
1. Due to the high homogeneity grade between oxidant and fuel phases, it has the
necessary structure to assure complete chemical reactions during detonation.
2. It presents a high flexibility in terms of the possibility of adding the different
metallic precursors (solubilising in the oxidant solution, incorporating in the fuel
phase) thus allowing a strict control of the purity and other properties of the syn-

thesized powders.
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Tenperatures in point CJ, calculated by sinulation
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during the radial expansion process, the peripheral
particles have smaller collision nunbers and they grow
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drophobic covering in the synthesized powders, which is ensured by the inclusion of an
external hydrocarbon-rich phase from 2 to 30%.
The method of powder synthesis described in the present invention stands out from

the known processes for cost effective reasons, it is a process of high energy efficiency
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t 09(5%% 1.3 - Enulsification: Honogenization of
oxi (ilﬁn—tPrg}Yaﬂn%%ﬁe flfef)mi%gret Rorggg@niz%ﬂgn Bf"ﬁlle hydrocarbon from 50 to 95%,
with the respective surfactant from 5 to 50%.

1.3 - Emulsification: Homogenization of oxidant (values from 70 to 98%) and fuel
phases (from 2 to 30%) in an emulsifier in the temperature interval from 70 to 110°C, a
stable emulsion being obtained.

1.4 - Adding a sensitizing agent: formation of an homogeneous mixture (sensitizing
emulsion) consisting of two essential elements: the emulsion, obtained in stage 3, and
the sensitizing agent required to obtain a stable detonation.

1.5 - Adding metal at the desired percentage. This addition and respective homoge-



phases (from2 to 30% in an emulsifier in the
tenperature interval from70 to 1100C, a stable
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of S¢dmelrlg£pcgm Mergrovpier SEM eéiearsed, ned final)y the powder is covered
Ee{;vﬁfl %Qﬁ)toh%gn@%etﬁg\f%%f of‘Pa&E’&P g%n uAly5 Rk ohr ?&@n&:’xb)fe as well

er 1sp aced car on sup

i nas tbg agglpregstige atated)féhe afeeots*elas@ i thgfSEMdt must be
SCﬁhBHﬁcSlﬁdElha%lhﬁ Qﬁhl%@fs%ﬁﬁ’l@)(;uaht@&% to be used, and
flnz,{) ggpgom;er IS ﬁover$ % acar 0N _nanonet.ric
| ayefPl5R TISEEHES e BAYHSTS ORBISH Py ne fe REGPaditiges in
weétangdest handa®ygl onerati on state of the powder are
obgjle eg in the SEM It nust be nentioned that this

ySi

is mainly qualitative. [67] Table 3 -
ChElraabst ler i stics of the povvders obt ai ned according to

t he—condi-t+onstr—exanptes—t—and2—frable 3]
Ceramic oxide |Particle medium [Morphology Crystallite Crystalline
size dimension phases
Alumina 6.5 Spherical 60 Alpha
Titania 3.9 Spherical 40 Rutile
Examples

Example 1 : An homogeneous mixture comprising the following reactants/amounts

was prepared:



[Table ] [68] Exanples Exanple 1 : An honbgeneous
m xture conprising the follow ng reactants/anounts was

wWee@paswdr . Matrix (oil: 5% NHANG3: 85% H2O 10PGT/1B2008/053932

[69]

[70]

[71]

[72]

139.5g; . Spherical alum nilg2zm (150 < particle dianeter
< 500mm: 6Qg; . Sensitizing agent: 0.5g; . Mxture
def Maaix ©f1: @t NH,N0Q085%,H,0:[ 692): 113I96gexpl osive m xture

I d d f I d
e R  CORE A

al Lﬁnnnmzoigtagﬁmeﬂ Serom the reacti on between al um ni um

andyex t al um na al pha, it shows a

spheri %{%ed%tdnﬁuﬁéfa?@ 4I76d) h%nas a binpdal particle size

di stT h¢ BXRlpyye I(Im@@ueév@)plaqeql@] a pHEridged cglindrical gqometiygnd actuated

of byﬁﬁféh'ﬁs Hhnnananst ﬂ&§na{t(t)1h The YRhHE Y@Eine@FoH Bé @e@cﬁ’b‘n between
ns . af cherrer e uatl nd VVI wi dt h val

q%ggedhlfi E{S@{l%q. @Hmiaﬁl Rhgelt pga(g)x/% s enczH morphology

vva URY IR

di fd lestadgmad)! paftiz:ld s1Ex<anqubeudq (Talbl’e 31)r der to obtain

tit éfﬂe grys%ﬁ t% glzg Shout® nla% ug’vzﬁ'u)(?v galculated by means of
conpri si'ng % “?OMAH reac anoun

pr Sgwriedequativaend with cwuith VBhges NH& M@@.fsm%ha h@@hl gegprmined in the
15ﬁn%g( dlffrﬁ(?g'r titanium (100 < parti cle dianeter <

800 . Sensitizing agent: O, . Mxture .

det Eﬁmﬂ@ﬁé rig ogder KpofaifytaiymoxHee r@§|h9€10&?13@t0w gnixture

wasorRprag@the folfoveiag dactd8/@iouak! wasqfrelméd geonmetry and

actu d e tonator. The
tit aﬁﬂt § E@smgf%$&%ﬁ}é‘ @g?%ﬁahg 'process shows
mai nGyamdrdetltamurri (600 kyattalld dinmeehass®0usicg; a spheri cal
nor pg%ﬁ%}x a bi nodal particle size
di stri %Clalms [1] Process for the
synt Nesfuge @ttorp@meate ROet/yst al i ne spherical ceranic
OXi g8 e)@ﬂl@&ﬁ@&frﬁ&h&%s‘ ﬂ‘acteafﬁ{ a bﬁrtﬁcfge%'b hlﬁglcgp%volﬂ‘)étry and actuated

nmeans of etonatlng ter-in-oil S|on

coPPpPIcanTY aestesfraca ﬁ"d‘)‘haé‘?ralTh‘% Hiapg S(XPQ%‘IZ%‘&D’Y diegogaﬂon process
c O$HIOBI rhdifly, thatutileoy e Ring HRssensl@hera dpherical Adrgholels and has a

me) ti QJ. C sures higher than 50

kb IP}O%%]ZI?WJI%@ éggg ?r%’&lpﬂg?%,@%sﬁesi s of ceram c oxides
according to claim1, char acterized in that the netal
and metal salts dissolved in the emul sion are sel ected
from but not [imted to, the follow ng el enents:
alum nium silicon, zirconium zinc nitrate, nickel
nitrate, magnesiumnitrate,
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[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

al um ni um sul phate, copper carbonate, titanium
chl ori de, manganese acetate. [3] Process for the

W@ whesie of ceram c oxi des according to cl ai PCLIB206RAIS3932

acterized in that the expl d8i ve emul sion conprises a
wat er content from3 to 50% [4] Process for the

synthesis of ceram c oxi c@imgr ding to claim1, char
acterized in that the exp ' enmul sion has a

negative bploads@oidthe HMBRR JTPRWLr hhotRtalhk helidl ceramic

Process for .the_ synthesjs of .ceram ¢ oXj des accoyrdin

to clai m 19%idgsha iegz?i@&h%tﬁt%ﬁa&ﬂe@w&t @hme%lmf elonating a
based on aw8r-bloipeimulsion(W/0B1 @ngelsuig aeaBndd infetdl Ralts dissolved
the outer %hl SC% e i1]:) 2'[Eeo ?éo%l%lél%{ .thgr't ngg%og\éjeerelﬁn oint
nanocr yst al'i N S PREFP LA LUELIHES Bighgelan ts i draacing R

t he nmet hod(280¢°6D dhd gresoureshie glpar ¢loaadithighac| ai s,

conpri si ng i I tl i e qdi j i QR

oo Bop pur o Bess TRE RIS Bl B8] REIM Q). char
crystalli n@t@tza@@st,hatﬁe asicalioad el welissdivselvedfin fhegimylgon are
40 mMm [ 7] sebdeedatorh et REOGRRAS foQthetfBROWMBR@RinS: Afuminium,
ceram ¢ oxi.des, accordin

9 t.o cl aiEﬂll.to , . .
char act er i 8P ATTIRATT 419 QARG U RN IGHHT 1 GHE
of nanocr ydtmidima ssiphete] appecertamac, axinthes chlip8jle, demgadese
t he nanocgé/c%{ ?el i ne spherical ceram c oxides according
to claim7, characterized in that they are applied in
near net shapesspeidbesyukesispfetunddpyidenpasordinmto claim 1, char-

moul di ng, ghdPeg %c'fhiapﬁ}le%Qﬂoﬁ@@&ﬂnﬁﬂiqn[c%lnplfﬁgs DlvateR€ontent from 3
nanocrystal i ne spherical ceram c oxides, according to

the pr eced"iorﬁﬁ)o/%l aimcharacterized in that it is ained
for the applot&attdiaie byhti@isaiticera@lif 6gidss McofBng to claim 1, char-

reinforc errz?c%rize tlI{ J;h)z(lF the explosive emulsion has a negative balance of oxygen

from 0 to 400 g/kg.
Process for the synthesis of ceramic oxides according to claim 1, char-
acterized in that the emulsion is based on a 99.5% purity nitrate solution
and in that the outer phase is of 2 to 30% purity.

Powder nanocrystaline spherical ceramic oxides, obtained with the method

according to the preceding claims, comprising:

a) bimodal particle size distribution;

b) 99.5% purity;

¢) deagglomerated particles;

d) stable crystalline stages,

e) particle dimension inferior to 40 pm.
Use of the process for the synthesis of ceramic oxides, according to claim 1
to 7, characterized in that it is aimed for the production of nanocrystaline
spherical ceramic oxides.
Use of the nanocrystaline spherical ceramic oxides according to claim 7,
characterized in that they are applied in near net shape processes,
preferably injection moulding, slip casting and coating.
Use of the nanocrystaline spherical ceramic oxides, according to the
preceding claim characterized in that it is aimed for the application in

ceramic objects or as reinforcement matrixes.



