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WA A98Hat7Fbwder The present invention relates to alkaline - estthansted/os3622
carbonate powder, method of manufacturing the same and particularly to
an improved method for preparing highly,crystalline alkaline - earth metal
containing mixed oxide powder. 5 The industrial field where alkaline -
earth metal carbonate powder, especially barium carbonate powder, is
applied has recently expaksag. Rarexanplesidiesagdeing made on
uses over a wide range of fields, such as starting material for
high-performance dielectric, magnetic tapes, multilayer ceramic
capacitors and high performance ceramics. 10 Thus barium carbonate is
often used as a starting material for Perovskite- type dielectrics (BaTi03).
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1_ oficn possess low density, thus making them not suitable for thin dielectric film
application. Thus, barium titanate powders have generally been prepared by a

solid-phase reaction.

As shown in the following reaction formula 1, in the synthesis of barium
titanate by the solid-phase reaction, powdered barium carbonate and powdered
titanium oxide are mixed and the mixture is caicined at a temperature of 1000 to

1200°C, to produce a barium titanate dielectric material :
Reaction Formuia | :

20

BaCO;+Ti0; —+ BaTi0s+C0,
In this case, barium carbonate decomposes starting at about 700°C to
25  produce BaO having high ionicity and this BaQ diffuses into a TiO, particie to
produce barium titanate.
When diffusion of BaQ into the TiO, is not fast enough, locally higher than
stoichiometric ratios between Ba and Ti are achieved and the solid-phase

reaction may involve the formation of Ba,TiOy as side product, according to the
30  following reaction formula 2 :
Reaction Formula 2 :

2BaC05+Ti0; — BaTiO4+2C0,
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temperatures are required for completely transforming this intermediate.

The presence of even small amounts of Ba2TiO4 in final barium titanate

has to be avoided, as it negatively affects the manufacture of multilayer 5

ceramic capacitors therefrom. Also, to cope with the requirement for
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shall e carried out at temperatlre of a
calcination. Nevertheless, high calcination temperatures (about 10600°C) are

required fo prepare the barium titanate.

25 International application WO 01/10781 discloses a method for preparing a
precursor for the thermal synthesis of BaTiOs, in which carbonate slurry of Ba
and/or Sr, containing NH4OH at a pH ranging from 9.5 {0 12.0 is contacted with
a Ti-containing solution for obtaining a precipiiate. A further step involves
dispersion of said precipitate into an alcchol, addition of hydroxypropyleellulose,

30  and dehydration of the same to form a second powder. This second powder is
thermally treated at high temperature to vield BaTiO; powder.

Thus, main drawbacks of techniques of the prior art are that the solid-phase
reaction shall be carried out at temperature of at least 1000°C to obtain
quantitative transformation of Ba and Ti precursors in BaTiO4 : the process is

35  thus highly energy-demanding. Moreover, uncontrolled sintering of raw



quantitative transformation of Ba and Ti precursors in BaTiO3 : the
process is 35 thus highly energy-demanding. Moreover, uncontrolled
sintering of raw 3 materials occurs at this high reaction temperature, thus
disadvantageously failing in contributing to the formulation of fine
particulate barium titanate. According to the disclosure, the
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comprising heating an alkaline-earth metal carbonate powder as defined above, or
obtained from the process as defined above, optionally mixed with at least one Group IV
transition metal compound, at a temperature of at least 500°C.

When the alkaline-earth metal carbonate powder comprising a core of at least one
alkaline-earth metal carbonate and a shell of at least one Group IV transition metal
compound is used for manufacturing a mixed oxide by solid-phase reaction, calcinating
temperature can be advantageously reduced. Consequently, the resulting mixed oxide

powder is highly crystalline and fine. In the case the mixed oxide is barium titanate, to



powder is highly crystalline and fine. In the case the mixed oxide is barium
titanate, to 3a the purposes of this invention, the term highly crystalline is
to be intended as designating BaTiO3, having a tetragonality value (c/a
axial ratio) of at least 1.004. The c/a axial ratio of the lattice parameters c
and a of tetragonal BaTiO3 can be ngtably determined by X-ray
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15 differently oriented cross-sections of the cores of the alkaline-earth
woetatiaiysnate powder. The diameter of a cross-sectional areanigpafizedss22

as the diameter of the smallest circle which the cross-sectional area can

be comprised in. Average diameter of thg core of the powder of the

invention may be 20 preferably determined by SEM microscopy and

image recognition on samples of the alkaline-earth metal carbonate
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a portion of thie core exposed. These particles, If produced, will typically
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of one or rAbIE3R% lﬁwgtﬁﬁﬁé%ggé?tﬁ?aﬁ%??ﬂ@@i RAPKPIIFRI (BN DAt
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the alkaline-carth metal carbonate powder.

Average diameter is calculated by measuring surface area of cores having
maximal dimension within relevant values with respect to the total area of cores
in the sample analyzed by SEM microscopy and image recognition. On such

25  basis a weighted average is thus determined.

Advantageously, the powder of the invention has an average particle size
from 0.01 to 0.5 pm, preferably from 0.02 to 0.25 pm, more preferably from
0.03 10 0.1 pm.

The average particle size of the powder of the invention can be measured

30 by X-ray monitoring of gravity sedimentation according to ASTM B761-97.

Advantageously, the alkaline -earth metal carbonate powder has a specific
surface area BET of 1 to 100 m%g, preferably of 5 to 60 m*g, more preferably
from 10 to 50 m?%g.

The specific surface area can be measured as per the Brunauer, Emmett

35 and Teller (BET) method of calculation, according to ISO 9277, using nitrogen.



understood to mean that the shell may consist essentially of one or more
YRAEAB0T#oup IV transition metal compound. 15 The core apg/nEieos/os3622

shell of the powder of the invention may further comprise other cations

and/or anions, moisture, additives and other ingredients which are used

in the manufacturing process. Said components are generally present in

reduced amount, typically as traces, and do not interfere with the
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MOrConsisting of magnesium carbonate, calcium carbonate, strontium carbonate,
barium carbonate, and mixtures thereof. More preferably, it comprises a core
consisting essentially of barium or strontium carbonate, or of a mixture thereof,
25 Most preferably it comprises a core consisting essentially of barium carbonate.

The powder of the invention advantageously comprises a shell consisting
of at least one compound chosen among the group consisting of titanium
compounds, zirconium compounds, hafnium compounds and mixtures thereof.
More preferably it comprises a shell consisting essentially of at least one

30 titanium compound.

Typically, the alkaline-earth metal carbonate powder according to the
invention preferably comprises a shell consisting of a Group IV transition metal
compound, wherein part of the Group IV transition metal compound is a reaction
product of the Group IV transition metal compound with the alkaline — earth

35 metal carbonate at the surface of the particles of the powder of the invention.



preferably of at most 1.03 mol per mol of alkaline-earth metal.
VAIRstagedusly, the Group IV transition metal content in the powdrafs/0353622

the invention is in the range of 0.001 to 1.05 mol per mot of alkaline-earth

metal. Very satisfactory results were obtglned with Group IV transition

metal 15 content in the powder of the invention of 0.95 to 1.02 mol per mol

of alkaline- earth metal. The powder of the invention may further
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PCT/EP20051053622 -7 alkaline-earth metal carbonate having an
avera gﬁ e size of at most 0.25 pm; - heating said slurry at a
temperaturéérpawaertof 200 @yemtibn naayofiirthehevsgiviest dtdeasthmnslotigr layer

so tha&v%ﬁr%ﬁéﬁ@ﬂﬁﬂ%@@% SRR AL LA RIS RENANARBals of the
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according o the |remvsgﬁ}|on LSRRG AnER SR A fomprise a Turther coating
20  consisting essentially of at least one alkaline-earth metal carbonate, either

completely surrounding (e.g., encapsulating) or partially covering the powder.
Optionally, the powder of the invention may be furtber coated with a suitable
coating additive, such as a dispersing agent, a stabilizer, an antistatic agent and
the like.
25 Preferably the powder of the invention consists essentially of a core and a
shell as above defined.
Another object of the invention is a method of manufacturing an alkaline-
earth metal carbonate powder.
The alkaline-carth metal carbonate powder according to the invention can
30 be prepared by any suitable manufacturing method, well known to those skilled
in the art. The process of the invention is particularly adapted to the manufacture
of the alkaline-earth metal carbonate powder as above described.
The process of the invention comprises :
— mixing particles of at least one alkaline-earth metal carbonate, a solvent and at
35 least one Group IV transition metal-containing material at least partially
soiuble in the solvent to form an alkaline-earth metal carbonate shrry, said



carbonate particles may be notably mixed to the other components to
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suspension in a 10 solvent. It is to be understood that the steps above
mentioned of mixing and heating can beyealized sequentially, first mixing
and then heating, or simultaneously, i.e. carrying out the mixing under
heating at a temperature between 20 and 200C. Preferably the
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metal cggp&ﬁ%te has an average patrticle size of preferably at most 6}
pm, more preterably of at most 0.175 gm, most preferably of at most 0.15

pm, most PrérerBIageas aseRtdingdoshe mieutien; Gerilkatiatabodihoaates
havirgraonauepagicieatiele 2N iR #51R BiRe: IBPRNENENY vield the

satis r lts have been obtained with o
lqlkal%ggétﬁmr&tt%?%ﬁ%ﬁﬁé%?vm %ﬁhgrv%‘?aﬁé% %%H?i?é YA fRfadapm 2

00 f ‘."C:Pﬁe_z average patrticle size can be measured by X-ray monitoring
of gravity Ié&dientatiersmodabdirtycatéss BVoBY fikBHn38 of mixing and heating

Advagia e NG - te h ' ]
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preferably 51 AF [A54PE &%%ﬂ%édﬁ%?{ﬁ@fﬁlkﬁﬁﬁ%ﬁﬂe@mﬁw&ﬁc-
carbonatefFisratip detficlalifgenrtiror ol earbasitd G0magl@siief ol
L&t mesbifumYobanare sHRfekaRIbhL %i,%ér@ﬁ%é&”ﬁf?%r\% it is barium or
2006010754 E&Tg%?zgggll%su?&z -8 Tgi@)emflc urface dréa can be
measured as per the B A bR qr&%qefsg@al}y th&rRaHuER
caIcS%ff?Bﬁ?tﬁccording to ISO 9277, using nitrogen. Alkaline - earth metal
carbonatelon ﬂvzrﬁml@swomﬁeswmraﬁ tea “atfol® MRRARNGY Bote a
satisfaglory siio-the small particle size of the
2§Ikaliﬂe-eartﬁ rgloﬁlé;?g’ﬁagrl]ﬁ ddg}i}nhﬁ fchree-tﬁmensmna volume and shape,
characterized by three dimensions.

The alkaline-earth metal carbonate has an average particle size of
preferably at most 0.20 um, more preferably of at most 0.175 pm, most
preferably of at most 0.15 pm, most preferably at most 0.10 pm.

Alkaline — earth metal carbonates having an average particle size from 0.04

25 10 0.25 pm gave very satisfactory results. Excellent resuls have been obtained
with alkaline-earth metal carbonate having an average particle size from 40 to
100 nm.

The average particle size can be measured by X-ray monitoring of gravity
sedimentation according to ASTM B761-97.
30 Advantageously, the alkaline - earth metal carbonate has a specific surface
area of at least 5 m*/g, preferably of at least 7 m?/g, more preferably of at least
10 m?/g.
Advantageously, the alkaline -earth metal carbonate has a specific surface

area of at most 100 m%g, preferably of at most 60 m?/g, more preferably of at
35 most 50 m¥g,



optionally in addition to the high surface area of the same, the process of
Wibetiwaifisin is advantageously effective in providing highly re@etireo0s/053622
core-shell powder for preparing mixed oxide. Thus lower calcinating
temperature can be used and pure mixeg oxides are formed with no
substantial side-product. 10 When the alkaline-earth carbonate has an
average particle size exceeding 0.25 gm, the process of the invention
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complexesrhl %(Ttlta lactate an |tan|um bis- ammor:# pr? 1
dinydroxidé *akaiRe-5tabie  ammo |u?ﬁ%?’m8§ﬂlﬁf§ﬂfﬂ £ §t cast
2halarastialy spichlesnitee MITRO(ciaren SeedBronmel¥ ehsitionanital K tiGmjum,
or Baeantipicand yuandlinscipandanii mﬁ@g@fnﬁsﬁmmhﬁﬁ@fﬂlﬂﬂldm like

ggggﬁ{ %’%ﬁ%{%gﬁ%g&%g&%g@ g?e]- g??ac IS e2 %ol%e}n?ac&onate

liganGRRP n?e&h%%wéﬁﬁlswq%aﬁ&ﬁwl SHIBRAGL IOSEHb ﬁéﬁaﬁiéﬁal
titanatBxiidies NA2 TiaRiua FOMEIRX 2 Qitanium tetra-ethoxide, titanium tetra-

25 allyloxide, titanium tetra-n-propoxide, titanium tetra-isopropoxide, titanium
tetra-n-butoxide, titanium tetra-isobutoxide, titanium tetra-sec-butoxide, titanium
tetra-ferz-butoxide, titanium tetra-n-pentoxide, titanium tetra-cyclopentyloxide,
titanium tetra-n-hexyloxide, titanium tetra-cyclohexyloxide, titanium tetra-
benzyloxide, titanium tetra-n-octyloxide, titanium tfetra-2-ethylhexyl-oxide and

30  titanium tetra-isooctyloxide; titanium alkoxy-halides having the formula
TiH{OR )4 X4.., where R may be alkyl, alkenyl, or aryl, and X is F, Cl, Br, or [ and
n i$ an integer from 1 fo 3; titanium hydroxycarboxylic acid complexes, like
titanium lactate and titanium bis-ammonium lactate dihydroxide ; alkaline-stable
ammonium or metal titanium tartrates, malates and citrates, like M, TiO(citrate),,

35  where M is NHy, Na, K, Ce, or Ba and x and y are independently an integer
chosen for satisfying neutrality; titanium -diketone chelates, like Ti(acac),(X)s,



Na2Ti03.1.451=120, Li2Ti03i K2TiO3, CaTiO3, SrTiO3, BaTiO3.
W07 he titanium compound is a titanium tetrahalide, a titeminracozys3622

5 halide, a titanium alkoxide, a titanium alkoxy-halide or a titanium

hydroxycarboxylic acid complex. More prgferably, the titanium compound

is titanium tetrachloride. In the process according to the invention, the

Group IV transition metal- containing material may be notably mixed to the
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tLansition inetiad pﬁimk@l;ﬁderagiglf@%@@%%ﬁﬁ@ﬁ%gé @%%SWF?%MM&&L
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ccé‘%ﬁ%ﬁh‘f’?ﬁ%ﬁ%ﬁn S e S e Siur cammenenkcaseid e
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atomjplutien withikielvenes such as triethylamine, and corresponding
alkylamontgyp 8, - | c triethanolamine, .
dimet%yéﬁhan%ja%}tnig%gd%@gﬁﬁgo%%ggg%ﬁyﬁﬁarﬁ%%ﬁér%ﬁ?ﬁségﬁg}auy
ably

Preferably the SfutR B pHitBeSEBad &ochE hahiengRuoly ssasition metal-

NH4CMtaRagraltmiel cadithn et ourborhtessiussy:haste pblob vield a solution

1advaniagrorishn ainiedsinakout r t7.T .
alk\glli{;]leth%%ré&én?tal carbonate Igatfrtftﬁaggtyﬁrgp dva:tr%ggiglgésﬂaa{% rgﬁtena]

1

I,
most about preferably of at most about 11, more preferably at most

about 10. Asyantsgeensd e Blnlintedartheartmagtisbirtyalshicympases an acid
bt o] G T
Hihe }ﬁgﬁgﬁgﬁéi%ﬁ&eﬁ%aﬁééﬂ%ﬁ%a iot _ ; g%bieoaﬁ@@ %’r'bases
g},mf‘ﬁ St M 1 8t Bserpins af acidanadiesenrchishatan be used in the
carbmetess haayrdingfier g ynteatilisparsingAge IS, 2RBMIHY 4616 dudas
WO 208R/Q4RT RAGIE N8R0 HRRRIAEm saits like NFLX (X= halogen atom),
urea, trialkylamines such as triethylamine, and corresponding alkylamonium
salts, alkyl-alkanolamine, such as triethanolamine, dimethylethanolamine and
25 corresponding alkyl-alkanolamonium salts. Preferably the slurry comprises a
base chosen among NaOH and NE,OH.
The alkaline-earth metal carbonate slurry has a pH of advantageously at
least about 6, preferably of at least about 7.
The alkaline-earth metal carbonate slurry has a pH of advantageously at
30 most about 12, preferably of at most about 11, more preferably at most about 10.
Good results were obtained when the pH of the slurry was comprised
between about 7 and about 10.
Optionally, the alkaline-carth metal carbonate slurry further comprises a
dispersing agent. Preferably, the dispersing agent is present in a concentration
35  from 5 to 10 000 ppm, preferably from 10 to 5 000 ppm in the alkaline-earth
metal carbonate slurry. Preferably, the dispersing agent is a polyacrylic acid, an



_10 ammonium polymethylmethacrylate, an alkyl phenol ethoxylate, a
WibMRGERBRistearic acid, a polylactone, a poly(diallyldimethylafaiBRAGAZ 053622

chloride), a polyethylenimine, a poly(styrenesulphonate), a

poly(allylaminechloride). More preferablygthe dispersing agent is chosen

in the 5 group consisting of polyacrylic acid, ammonium

polymethylmethacrylate, poly(styrenesulphonate), and mixtures thereof.

The alkalneueapblynekhiadionairllin/ 005 phisiol dhe-soie, the

o R b S EDR L B SRR e B A
mored&@ﬁféf@raamﬂﬁfée%%@ém&asﬂﬁég BRfCH e above
mentpoigd!bikatimecbimthiohetdboarbefeatblysitie\disphesdngchdontas ldtased 5n the
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6 hours, mbie afafaeatsiroreieimabodde slisrs houler wingtkregplvent, the

transiipilifmetargomaeLnehomediaiess paribRy alkatinecranh v eighsition

carbonals LGS RS Al iSRRI, MRl Larkg teﬁ%%{%/ﬂgg’l%c, more

0 Un. eral
solvent ana other sofub e constituents' may be %gvarr:@l eous

b monesderably frrmpdliell mixture by methods well-known in the art,
like, for exsadnpieaditiadnnhe abtiigatitionsé tiikaiziatainth decaniationand

the likg [0 SRRARAIGP U RRPYAGHRM MY M&Mga&&? PR 4RNutes, more
eo

transition getal compound.remain soluble or partially soluble in the

alkalPRETEHARAY R3S €85O MRIB-slurry, the solvent and other volatile 25
constituentsdaesagdeeustiygteudipve menechid aikiimelkatfhenemittarheotalte

zgarbogl\ﬁﬁ% Huauhy Bieinpds we |h5ﬁ%%é?e¥@@l@%rl ﬂi‘%n&‘éf 613 B enGRray
dryin . et erg&%%rate out a é)ﬁwdered mixture. The alkaline-earth metal

carbaonaté po ﬁr%%o van garg'()usly dried after synthesis, by heating at

temperatufpgrhe Siteupd0Cr A b HoeAmpIn QU spEisiore the
prefesabiidsomrBlrierdiadchbonaticnatly.oiie alkalingipadhmalalcnIenRAlR
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Ikaline-earth metal carbonate powder
28an pERAYRE TR GRS DRY dred AndFRRi orgtRadiev e -hanandn e art, like, for

requirseppltjdidtsitien, centrifugation, settlement and decantation and the like, to
separate out a powdered mixture.
Should the Group IV transition metal compound remain soluble or partially
soluble in the alkaline-earth metal carbonate shurry, the solvent and other volatile
25  constituents are advantageously removed from the alkaline-earth metal carbonate
shurry by methods well known in the art, like, for example, spray drying, to
separate out a powdered mixfure.
The alkaline-earth metal carbonate powder 1s advantageously dried afier
synthesis, by heating at temperatures from 25 o 300°C, preferably from 40 to
30  250°C, more preferably from 50 to 150°C.
Optionally, the alkaline-earth metal carbonate powder can be dried by
freeze drying technique, well-known to those skilled in the art.
Optionally, the alkaline-earth metal carbonate powder can be further
pulverized with a dry mill or the like, to achieve the required particle size.
35 According to a preferred embodiment of the invention, the alkaline-earth
metal carbonate slurry further comprises a stabilizing agent for the Group IV



35 According to a preferred embodiment of the invention, the

é¥3rth metal carbonate slurry further comprises a stadtiArRP Hps063622
for the Group IV WO 2006/010754 PCT/EP2005/053622 -11 transition
metal-containing material. Such stabilizing agents advantageously inhibit
hydrolysis of the Group IV transition metal-containing material and/or
stabilize solutions of said materials. Such stabilizers for the Group IV
transttigsitietahaohtainmigingateniaiareS i etkidionp #dhe at-StitabiRly

stabilizRrs ArRaRoARNL ERRE ML T S AIQNP J%a%{%;‘iég
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linear or branc%
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between 0Sugh&tdiizens deo Lor Grppund sassitivambipiiagerimesaxideral arc
sarbaxlickpenraxiagiedsand the like; - chelating ligands chosen among bi-

or polydengat nic.ligands; e les of suitable chelating ligands are
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malic aditfatartaric acid, citric acid; di- or poly-carboxylic acids, like oxalic
acid;TSdrem%é' gzgnik@a' : Hﬁyﬂa&wﬁ@%ﬁg atR; i&%ﬁa Egm,etﬁkﬂﬁsh' 1 or aryl group,
acetylaggione: LA UHRS; .Very good results have been
. @btained \é\g h urea and hydrogen %é?ro%(ld?e%/n%é Hyadjrcl)lég%ef)g%gg&lée&akfgw een
xcellefiffesdults. The resulting alkaline-earth metal carbonate powder

comprigitpacsonepofiss)eash enbyatiedinepesritide) etaberyhionaies/adias and
shell of glgrst one Group IV transition metal compound can be
advantageously used.for preparing a_highly crystalline mixed oxide. 25
Thus is SRS B0 FHbE A MR cH AlG AR BRp S preaples
oxide, préEfiitably ahelgting dgandsliare nuisabdyodicls 20fl anistkaline-earth

1ﬂneta}l aﬂ?‘dﬁﬁ@ﬂﬂ)ﬁﬁiﬁ%&iﬂQ%Mﬁ%@i@cﬁﬂ'iﬁﬁﬁi@%ﬂr?ﬁdﬁi%:aﬁﬁ%%j@ Qid;

eating an ne-earth.metal carbonate powder according to the

inventiocr% gt ?Cn%pjé?g%ulr%agf at fé%esf} §?§%tf% %@@SWE?IQﬁ%ording to

the invé’ﬁh%‘i@%&]l@‘ﬁ%@é@%{m regtylasgto®xoup |V transition
metat cendpointckesubérast titanium oxide, to prepare a

Very good results have been obtained with urea and hydrogen peroxide;

20 hydrogen peroxide gave excellent results.

The resulting alkaline-earth metal carbonate powder comprising a core of
at least one alkaline-earth metal carbonate and a shell of at least one Group IV
transition metal compound can be advantageously used for preparing a highly
crystalline mixed oxide.

25 Thus is stili an object of the invention a method of manufacturing a mixed
oxide, preferably a highly crystalline mixed oxide, of an alkaline-earth metal and
a Group IV transition metal by solid-phase reaction, comprising heating an
alkaline-earth metal carbonate powder according to the invention, at a
temperature of at least 500°C,

30 The powder according to the invention is optionally mixed with at least
one Group IV transition metal compound, such as titanium oxide, to prepare a
powder mixture. If wet blending is applied for preparing the powder mixture,
the powder is advantageously dried before use.

Advantageously, the powder according to the invention, optionally in

35  powder mixture with a Group IV transition metal compound, is calcined, e.g., in

a batch furpace, to synthesize the mixed oxide.



powder mixture. If wet blending is applied for preparing the powder

wiihaee) 19hgt powder is advantageously dried before use. Advautegesshyse2z
the powder according to the invention, optionally in 35 powder mixture

with a Group IV transition metal compoung, is calcined, e.g., in a batch
furnace, to synthesize the mixed oxide. WO 2006/010754
PCTIEP2005/053622 -12 The powder of the invention or the powder
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The rﬁawfégyét&mh@mw@( bt ineaedfxidporsiss.
according wmheﬂwemanwammweugﬂ@@mam GaRlgsiay

1f9 r h'%&ﬁ&eﬂwﬁﬁn‘?ﬁ?ﬁe%% ol ecﬁ'gsglﬂ]n%l pac Orsf)wder of

Multﬂgﬁr ceramic capacitors’comp inate ec rlc ayers are
prefe PRSI AR FﬁEag%‘P?é‘éY HYGi Lﬁﬁ‘ ﬂ%ﬁﬂd@@bﬁf&ﬁﬁ?@f

powdéJO(b‘irepared from the alkaline-earth metal carbonate powder of the

invention afk By, SiplgyRgiihe ahest &édEQS%MSQg%HFO& 'ﬁne TOCESS

described in gr. r detail. below hy referring to th ever,
the prEESl m%’fé)ﬁfﬁ%ﬁ%ﬁﬁ&?w@gﬁ/' HESEBRHSEICE SR B PieTALiE high
Zrea RereamnesodiestiarsBaisiiusniEreyetcapetifaier method of
calculationvagERIFinBetarhRQ ShbRotSHIhBHEDYE Biminated dielectric layers are
preferably prepared by forming into a sheet a barium titanate-containing powder
prepared from the alkaline-earth metal carbonate powder of the invention and by
sintering the sheet.
25 The present invention is described in greater detail below by referring to
the Examples; however, the present invention is not limited to these examples.
The BET surface area is measured as per the Brunauer, Emmett and Teller
method of calculation, according io ISO 9277, using nitrogen.
Equivalent BET diameter was determined according to the following

30 equation (equation 1) :
6

S.Ager Xp

BET —
where :
S.A.per 18 the specific surface area as determined by BET method;
p s the density of the material measured by helium picnometry.

35 X-rays analyses were performed using Co Ko radiation and Bragg-
Brentano geometry.



Equivalent BET diameter was determined according to the following 30
VR 2dH (&quation 1) : 6 dBET _ S.A. BET X P where: S.A.BETist®5/053622
specific surface area as determined by BET method; p is the density of

the material measured by helium picnor_nglry. 35 X-rays analyses were
performed using Co Ka radiation and Bragg- Brentano geometry. WO
2006/010754 PCT/EP2005/053622 - 13 Average diameter of the core of

the core-shsitpgwdinisr be gt deie e ot RN VAR A Berormined
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ASTM B78hoaveies pariiipsirsidismitndmateriamsasata by hecsigef an X-
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irecirspeinned thermuteinldnsmier Jheieleesizereistmidingom. Fi ofthatio
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y X | i Riaty nalysis. Ther avimetric
o B el IS Vel tnbegnnd do
Lab<y8 YpparATesrudiertnehirngd fom thempasuadpatitiegizedisoibution.
5C/min, fréerdemternptrataricéaEinnde o iaperabuaoid 8RO, Tha

1gensitdmhabing meley AitiEsIR SRS HRA BRI picnometry. 20

Example lrﬁ\n agueous suspension of barium carbonate in water has

been prepalSHIF AUHIRES S VB DRHBE FErs FREPeLN By Satery/(Caluire,
Barid"@weiinans bahSynapiraets pedficasinfadefaredBETohS Wamzigating
(correfpong My HRRREALIYSHE Mmperature (25°C) up to a temperature of 1 300°C.
The density (p) of the materials was measured by helium picnometry.
20 Exampie 1
An aqueous suspension of barium carbonate in water has been prepared by
adding 29.06 g of a BaCO; powder sold by Solvay Bario e Derivati S.p.A.
having a specific surface area BET of 31.2 m¥g (corresponding to an equivalent
BET diameter of 48 nm) and a dsp of 80 nm to 200 m! of an aqueous solution of
25 NaOH (5 M). To this suspension kept under vigorous stirring at 100°C, 27.86 g
TiCly, corresponding to an equimolecular amount to BaCOs;, has been added.
After 1 hour, the powder has been recovered by filtration, rinsed with water and
dried.
Next, the resulting titanium-coated barium carbonate powder has been
30  calcined in a batch fumace during 2 hour at 700°C.
The calcined product has been characterized by X-ray diffraction analysis,
resulting in pure BaTiOs. Figure 1 shows the X-ray spectrum of the so-obtained
BaTi0; powder (relative intensity as a function of 2 theta).



BET diameter of 48 nm) and a d50 of 80 nm to 200 ml of an aqueous
VORM6A W25 NaOH (5 M). To this suspension kept under vigBfOUBFING9§3622

at 100C, 27.86 g TiCl4, corresponding to an equimolecular amount to

BaCO3, has been added. After 1 hour, the powder has been recovered

by filtration, rinsed with water and dried. Next, the resulting

titanium-coated barium carbonate powder has been 30 calcined in a

batch furnmﬁwm 2 hour at 700C. The calcined product has been

characterl (éggyﬁ e%ﬁéactlﬁ?eqq} aé(] Gmrlgzsult ngdt xéjgxg%%%guggolutmn of

Figure | sho 8°S0-obtaine

(relathVB4R 138, M Wéﬁ’%ﬂdﬁﬁ%@ foktayt\ang thsdemnazisne has been kept at
PCTI&EPZ005/053622 -14- Example 2 The procedure of example | has

geen repeRig, B aMAARLS: M%%@BM%&@%&M&E@&%%&%&@
as solv nt %&the tgt perature has been kegt at 80C. 5 Next, t

resulfi AGHTEE DRt LAWAET has been calcined in
a batch fu r'ﬁ&ea&hmmbpﬁdduciﬂmsﬁ@m:cmtxaizmﬁdy@ﬁaau@ffmbmeanalysis,

Char%ﬁ@[tixﬁbdﬂawﬁﬁﬂ(ﬂ'ﬁmgﬁfé‘aaéﬁ@%@m‘fg%‘ﬁ&%ﬁcﬁ%?tﬁ@ Qc':’cfﬁm of
2 sh nha}glnlf ﬁtl%rkpft e?;érﬁgls ectrum of the -obtaln I) b

powde (“’rel0 ative |n enS| §F f’ttﬁ%%%ﬁstﬁ %’bg & eta in the
1%g|0ﬁ?§‘é¥ﬂé@ﬁ‘2&ﬁéﬁ¢£‘2@ hatr > tetad23deRz@pthle 3 The procedure

of exampl&Edmpibaen repeated, but a commercially available polyacrylic

acid has b I 63 % agugous
solution, s%‘El #%% ron§e %f%%%&ga%%%%tﬁ%%%p%%%%g%cﬁg arum %@ﬁ

caro AR BRI M RS SaeS b SHareeig BeRmk opbERl A asia
been&h¥ragtedee ddbytiotraypdifbciftion Analy Sisgadodirfoing dheaipetenesium
18f ruffleddeg.cypialipg phase (peak denoted with *) and anatase Ti02

crystalline phase (peak den ed. with # in Fig. 3). Figure 3 shows a
magnlflcatlgaegf iy F&ﬁ"ég BiTHm ‘(?é?é?ﬁ%e?@ S ChARAISHASADY

thetafofandiffiaatinn asdyed, senfirmuy onptesoposvoruinie & @pentstlline
regiopHaséisaik Adheia wak a;m éh%eﬁﬁ)z%mwm&e%{ﬁ%&ﬁﬁﬁd
Carbonﬂﬁe#p Ovi:”derg ?{%uree I}S raCterrlllzaedanXago%l\{I) gs yp s\fsectrum (relative
image recognltl n A4S found {0 Nade & core avera
20  intensity as a function of 2 theta) of the titanium-coated barium carbonate
powder in the spectral region between 2 theta = 25 and 2 theta = 38.

The titanium-coated barium carbonate powder has been characterized by
SEM microscopy and image recognition and was found to have a core average
diameter of 50 nm.

25 Next, the resulting barium carbonate powder has been calcined in a batch
furnace during 4 hour at 700°C.

The calcined product has been characterized by X-ray diffraction analysis,
resulting in pure BaTiOs. Figure 4 shows a magnification of the X-ray spectrum
(relafive intensity as a function of 2 theta) of the so-obtained BaTi0O; powder in

30  the spectral region between 2 theta = 25 and 2 theta = 38.

The calcined product showed a surface area S.A.gpy 0f 13.78 m%g, an
equivalent BET diameter dsp of 148.0 nm and a tetragonality value {(c/a axial
ratio} of 1.005.



diameter of 50 nm. 25 Next, the resulting barium carbonate powd(_ar has
WReMEAIdTed in a batch furnace during 4 hour at 700C. The calgimpshos/ossea

product has been characterized by X-ray diffraction analysis, resulting in

pure BaTiO3. Figure 4 shows a magnifig%iqn of the X-ra_ly spectrum

(relative intensity as a function of 2 theta) 0f the so-obtained BaTiO3

powder in 30 the spectral region between 2 theta = 25 and 2 theta = 38.

The calcinesphodifcioshawasiaauiatriaiea SABET of 13.78 m2/g, an

i iameter d50 of 148.0 nm and a tetragonality value (c/a
Zgigrizn;i%g% %’&%"‘JC 2006/016/54-RPCT/ER2005/053622 -15 Result
of defterminations are Tistefl in - 'T'a_b_l qaf bl 2 T,30f ﬁ‘é?‘_rﬁ_ﬁ:él iil‘é“ldi_ ] span
Phade &/a Tatio P& A Bgr HBEPPHE( span tiéaemdni (ifie ¢arfpositinty
cm-)|(n¥g) (nmiYiert) (C)|@wours) dn 700 4 BaTiO3 1.005 5,74 1378 76.8

} o 1l (D104 e
148.070¢% Example 4 A 30450 [Iﬁﬂ_ﬂﬂgﬁy{ ogEn Kgerezmh 7
adddd-to.a 0.13M 5 solution_of ti%ja ium tetrachlorid ﬁﬁa in Wzatetgé(b‘g'ooI

ml) while dtxamgpie@uring preparation, the temperature of the solution was

0 Soluts ' roxide in water (about 50
_Eﬁ)p tvvt;‘}"’%%.@ e R DA A LA
Sl AR B AT e rRCHBB AR B0 BB W PEplcificing.

surfarie arepaeting, thiStab ey anrk afidht Gheif efgf(k@mwﬁl? 5°C. A 6M
uspssidgshiBihiaiaatualiyuBIRRRAGALIQUEIOR and e  Lesyltin th
:usgpggipn is,then slowl healt d u%;o a_tecrtlnégerature gg%%%wr}é%ﬁﬂ?éi to the
amounts &%%ﬁ%rrﬁocﬁ}? PRE dpRiR ?’ﬁtﬁmstétl’éméfﬂi’él@&ré%béﬁﬂ@d to
a Baffbaets Bacth)inewdepeitbispeoti. O0r{atuensntispRGi0N MESI6aDtai and
16he satsponsotanm W@m@@fcﬁa@nfgféﬁmp@ﬂw%ﬂ%%ﬁi@mﬁ% and the
sepayatad,f Lhoenliﬁ%denw%hf WI%h distilled water an |g§1 y Eﬂf‘% .
The cqre_—srégﬂ% owder was submited 18 ?ﬁ%@fré@ﬂﬁﬁﬁfb‘é‘? andlys _
detefftE IGERBPR Qb Rt dem sarhenste enthitainpetettach]auteaspasdinged to |
to the BeddtiovlarBaitoR tisQRpeRad#AFHA02 The suspension was kept at the
set-point temperature of 95°C for 5 hours. The solid phase was separated from
15 the liguid, washed with distilled water and finally dried.
The core-shell powder was submitted to thermogravimetrical analysis to

determine loss of weight as a function of the temperature, corresponding to the
reaction

BaC0;+Ti0; — BaTi0s+CO,

20 It can be noted from the T, scan [weight loss derivative (dtg %) asa
function of T (°C)] depicted in Figure 5, that the loss of weight due to the
evolution of carbon dioxide occurs shapely at a temperature of 650°C: at this
temperature the reaction is thus already quantitative.

The so-obtained core-shell powder was heated in air in a batch fumace to a

25 temperature between 650 and 800 °C. Distinct heat treatments were performed
at 650, 700 and 800°C. The powder was kept at the set-point temperature for a
time between 2 and 4 hours. During heating, the powder was allowed to stay ata
temperature between 300 and 400 °C for a time between 1 and 8 hours.

The phase composition of the calcined powder was determined by X-ray

30 diffraction. The calcined powder was exclusively composed of single phase
barium titanate, BaTiOs, with tetragonal crystal structure. X-rays diffraction
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evolution of carbon dioxide occurs shapely at a temperature of 650C: at

this temperature the reaction is thus alregdy quantitative. The so-obtained

core-shell powder was heated in air in a batch furnace to a 25

temperature between 650 and 800 C. Distinct heat treatments were
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powder wakatsidrmined by X -ray 30 diffraction. The calcined powder was
exclusivélgicompdsedingf s|itpe phastfc/braﬁmmptitana S, Bat 1IOBwWithds, [ span
tetragonak-erystal siiaicture confaysddiffraction )@/ 5(4“33) (nm)
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analytica(l eterminations gre summayized in [Table 2] Table P T of
Holding| B$tase claratio p SB%’BE;F dBEJ0E50 Span Ct.[rgymal fige |- -

composW—eﬂ HmZ-gnfam)-(rm)-treatment(tholrs)-(C)-650-4
BaTiO3] 1006 5.67 19.1 542%06% BATIE® 1.008 5.13 47 4 6604004 |09
800 2 BagDiO3 1.096 5.87 1R4T®3; 14810006 5 Gogmparativg expgmple bids {¢.9
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was used fopprarativg axbam}ﬁﬁltanate powder, using as starting

materials g Bariwm @@Mﬁ@@dﬁé&%aﬁﬁw&wﬂt&ﬁ@sﬁt Gtk (e Rface
of 30 rrAZI&aétgodSO 0f.80 n and nium grlomde TiO2) powder wijth

specific surface drea of To esé’ SArting Whatdhist gxatenals a
weigheHEs mﬁtqne@@ﬁ%mﬂw%% Withs speatfisrniasecansiet3Ormd/g and dso

resulofi@omixt urdraitsitvediRridbeTian ataddt map&aﬂa&e&@aﬁw&%a of
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Distinct heat treatments were orme
phas&%h%atﬂoweaﬁwegtcﬁw. %%WH&IW&%@WW@(%Wmd at
diffrattioperatures between 650 and 800°C for times between 2 and 8h in air in a batch

furnace. Distinct heat treatments were performed at 650, 700 and 800°C. The
phase composition of the calcined powder was determined by X-ray diffraction.

15 The powders caicined at temperatures lower than 800°C contain, besides barium
titanate, significant amounts of BaCO3 and TiO,. The powders calcined at
800°C for a time shorter than 8 hours contain, beside barium titanate, still
measurable amounts of BaCOs and TiQ;. Only the powder calcined at 800°C for
8 hours was exclusively composed of single phase barium titanate, BaTiOs, with

20  tetragonal crystal structure. Results of analytical determinations are shown in

Table 2.
Tabie 2
T of thermal | Holding | Phase c/aratio | p S.A.ger |dapr dsg span
freatment time composition (g em™ (i g*) | (nm) {nm)
*C) {hours)
800 8 BaTiOs 1.0045 | 5.78 9.3 112 1270 (14




15 The powders calcined at temperatures lower than 800C contain,

W2 WIFum titanate, significant amounts of BaC03 and TiBeT/RirR005/053622
powders calcined at 800C for a time shorter than 8 hours contain, beside
barium titanate, still measurable amounts,of BaC03 and Ti02. Only the
powder calcined at 800C for 8 hours was exclusively composed of single
phase barium titanate, BaTi03, with 20 tetragonal crystal structure.

Results of Gomipticalivieteamiphii®ns are shown in Table 2. Table 2 T of

thermal Hatging 20ase 6a.LaloR $&) %@e Tﬁ%?g an treeé':ment
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] el

ComPBasativ@bininehieod Theprochehtingot exarmiieate Was repeaics, tible®.
parium carpsgiate (BaCO3) powder with specific surface area of 2 m2/g

and @Qﬁh&-ﬁ%}) nn mﬁgﬁ&%ﬁgg%&i{{ g‘l‘él from-different-heating
treaiments are summarized in taple 3. 5 Table of thermal Holding time
PhaE @BReBbSikdn| thestent (C) (hours) 800 2 BaTiO3 + BaCO3+ Ti02
900[Z@#R TTO3 (Mainiy)+ BaCO3 giFes, BeaFR4 4§02 BaHos3
Comparative example 7 Same procedure as example A was repeated but
usingbgobarium carhhénate (BaC3TidwderinyjngRaeoificEafacBalta,
of 2[fggg and d50 4 Tinstegd-of the-abo iored-Baco
grade 1?) The coretshell powde ﬁbmitted to thermogravimetrical
analysis taCewigiraiiee|ossnghi/gight as a function of the temperature,
corr L reaction ; BaCO3+TiQ2 -> BaTiO3+CO2 It.can be
note%%%%?gﬁgée@f}g%n%ﬁgé ﬁtdr!(%ass 3%??\’%?35 THES 56 LRRHUTECRTARRAA of
T (c%ﬁ?&@@%é@%ﬁé&%ﬂg,w%m@ﬁm@m thigtanthdsoefolRH0maf
carbamsgimkifahecdureewithirioadd G (Bmpadature range, via a

10 The core-shell powder was submitted to thermogravimetrical analysis to

determine loss of weight as a function of the temperature, corresponding to the
reaction

B U ADUVCTIITCTTIUIU T C U Doty wio

BaCO03+Ti0; — BaTiOs+C0;
It can be noted from the T, scan [weight loss derivative (dtg %) as a
15 function of T (°C)] depicted in Figure 7, that the loss of weight due to the
evolution of carbon dioxide occurs within a broad temperature range, via a
stepwise process which is completed only at temperature as high as 1000 °C.
The resulting core-shell powder was heated in air in a batch furnace to a
temperature 800 °C. During heating, the powder was allowed to stay at a
20 temperature between 300 and 400 °C for 4 hours. The powder was kept to the
final heating temperature of 800°C for 2 hours. The phase composition of the
calcined powder was determined by X-ray diffraction. The calcined powder was

found to be composed of a mixture of BaTiO; (mainly), BaCQs, TiO» and
Ba,Ti0s,




stepwise process which is completed only at temperature as high as 1000
WO. ZDhe83tdting core-shell powder was heated in air in a batchfomRoesIes3622
a temperature 800 C. During heating, the powder was allowed to stay at a
20 temperature between 300 and 400 C for 4 hours. The powder was kept
to the final heating temperature of 800C for 2 hours. The phase
composition of the calcined powder was determined by X-ray diffraction.
The calcined powder was found to pg campesed of a mixture of BaTiO3
(mainly), BaCO3, TiO2 and Ba2TiO4. WO 2006/010754
PCT/EP2005/053622 -18 CLAIMS 1 - Alkaline-earth metal carbonate
powder compK§iaEne-AeRaEANSIRGRIRANIE boafRiigast one
alkaline-earth metal carbonate, said core having an average diameter of

at most 0.6 9kRNY eér%xﬁ%ﬁi %%'?%Hgg@%ség W%Léﬂé%‘}ﬁlt i5ast %}Bonate,
Group IV transition metal compound. 2 - The alkaline-earth meta
carbonSRdFRRAVARE SR E R Scliamcter ehatqsbad WeoPrises a core
consisting essentially of barium carbonate. 3 - The alkaline-earth
¢arbonatshsB werssituorsien) ipigiat Bk Siroupllly sramsdidearipethin
that it copmsiagga shell consisting essentially of at least one titanium
compound. 4 - The alkaline-earth metal carbonate powder according to

one of the, pregeding:HalmsHGReAIZRdNREIP eI RML Y FRASition
metal content is_ in the rang; of 0.001 tp 1.05 mol per m

o
alkal S RHAS L ILF TP ES e fiRth Sam5H AR SEERALe-
metal carbonate powder, said method comprising : - mixing particles of at
least one alkaliie s rarh carbRmtraveshAssPEHpEe fathsr rlaim 1 or 2,
1Groughbvatiarisdiom hetdl-onpeising shatbialsaitiepstpatially osaetubletione
the sgiventiq.forpyanalkaline-earth metal carbonate slurry, said 20
alkaline-earth metal carbonate having an average particle size of at most

0.25 gm; - heating said slurry at a temperature from 20 to 200C; and -
removing the so \%é%? ‘f'rnoeﬁ”? ?ﬁfg g@r_afrgcsa(%‘)[ L ﬁ%og%ﬁ%cf\?@éﬁstﬁc?ﬁwg&e ‘
compBasriingpiaiea: drmcsizad de thetibe{irannd e fansiiienanetabemiget is
25 patititiesange of 0.001 to 1.05 mo! per mol of alkaline-earth metal.

15 5 — A method of manufacturing an alkaline-earth metal carbonate powder,
said method comprising :

— mixing particles of at least one alkaline-earth metal carbonate, a solvent and at
least one Group I'V transition metal-containing material at least partially
soluble in the solvent to form an alkaline-earth metal carbonate shurry, said

20 alkaline-earth metal carbonate having an average particle size of at most
0.25 pm;

— heating said slurry at a temperature from 20 to 200°C; and

— removing the solvent from the slurry so that the Group IV transition metal
compound is present on the surface of the alkaline-earth metal carbonate
25 particles.

6 — The method according to Claim 5, characterized in that the alkaline-
earth metal carbonate has a specific surface area of at least 5 m?*/g.



6 - The method according to Claim 5, characterized in that the alkaline-
WA carbonate has a specific surface area of at least PGTZRP2WENS53622

2006/010754 PCT/EP2005/053622 -19 7 - The method according to

Claim 5, characterized in that the alkalingg earth metal carbonate slurry

further comprises a dispersing agent. 8 - The method according to Claim

5, characterized in that the alkaline- earth metal carbonate slurry further

comprises a Fabitixithgdaantdorg e Canus, THMARASEOM that the alkaline-

metalaeniRiRneHaialal ma@emrgfs%%%ragggg Glam,8.

characterized in that the stab|I|Z|ng age ﬁfaﬁansmon

metal-congali nS| of ; -
urea; 10 né:n?ggé%?#%é%ﬁ?m% ﬁlerel ﬁ%@tgﬁg(g t%é? ine-
aryl GroTIPeREAR %ﬁ&ﬁ@dﬁgﬁmﬁamﬁmﬁmhm ageittogee Group
Zomp¥idenhiiamenetd-anthdingaraxaspmpounds, such as hydrogen
peroxide, carboxylic peroxyacids and the like; 15 - chelating ligands

chosen amorhdimerhbe NERREREe R gaRin ig %ﬂ%cteﬁ%rﬂlﬁg{%ﬁﬁgﬁg?ﬁ%mg

?%QP%?H}‘ t'[rlé}rlln a m|x oxide of an alkaline-earth meta
and a°Group 1V transttion metal b SRR R R Y RstTyamong the

heat#fg R oRRisHRE-8&rth metal carbonate powder according to any one of
Claims 1 through 20 4, or obtained from the process of Claims 5 to 9,
optionaiiie#hixed with at least one Group IV transition metal compound, at
a temperature of at least 500C.

10— amines of formula NH,R;.,, wherein R is and alkyl, alkanol or aryl group,

linear or branched, substituted or not, and x is an integer comprised between 0
and 3;

— peroxocompounds, such as hydrogen peroxide, carboxylic peroxyacids and
the like;

I3 - chelating ligands chosen among bi- or polydentate organic ligands;

— and mixiures thereof.

10 — A method of manufacturing a mixed oxide of an alkaline-earth metal
and a Group IV transition metal by solid-phase reaction, comprising heating an
alkaline-earth metal carbonate powder according to any one of Claims 1 through

20 4, or obtained from the process of Claims 5 to 9, optionally mixed with at least
one Group IV transition metal compound, at a temperature of at least 500°C.



