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DESCRIPTION JP4441306B2

Method for producing calcium-doped barium titanate

AN TLR=TFRUBN) D LORIERE

[0001]

The present invention relates to a method for producing calcium-doped barium titanate

consisting of spherical primary particles with an average particle size of 1 um or less.
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O LOEEREICETEZHDTH S,

[0002]

Barium titanate powder is widely used as a dielectric material for electronic components such
as piezoelectric elements and PTC thermistors, and is particularly useful as a substrate for
multi-layer ceramic capacitors. This multi-layer ceramic capacitor is generally manufactured
by stacking ceramic dielectric layers and internal electrode layers alternately, pressing them
together, and firing them to form an integrated structure. The barium titanate powder thus
produced is slurried with a binder or the like and then sintered to form a ceramic dielectric
layer. Recently, the ceramic dielectric layers have been made thinner to meet the demand for
smaller size and larger capacity. In this case, it is necessary that the dielectric strength
characteristics are good, that particle aggregation does not occur when the slurry is formed,
that the density of the layer is uniform, and that the capacitance of the capacitor is sufficiently
secured. In order to satisfy these requirements, the composite oxide that forms the dielectric

ceramic layer, such as barium titanate, is required to have the following characteristics:

FRUBND) T LMKRIE. EBRFPPT CH—IX4ZFOEFHB@mOFAEEME L L TLLITA
INTHEDL. BICBHELSIvIIVTUYOERBE L TEATH S, COZRELESIY

AT B RIS, ESI v IOBERBEARERRE C 2 REICBIRICERTESEL. N
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SV IURBEKT 2EEEMMICIIUATOL S BRFENEREIN TS,

[0003]

(1) Ultrafine particles with an average particle size of 1 um or less, spherical, and with a

narrow particle size distribution.

(1) FHNELS LumUATOBMAF T, BRRKTHD . REDHHEW &,
(2) It has good crystallinity and a perovskite structure. (3) The Ba/Ti atomic ratio is extremely
close to 1.00 and is controlled to an accuracy of 1/1000. (4) Excellent dispersibility when made

into a slurry or paste. (5) Good sintering characteristics.

(2) BRMEHIPBEL. ROTRAOAMEEEBEID L, (3) Ba/TiEFHEHIL. 00IC

BHTES. 100000 1DOHETHEENATWE I, (4) XFTV—EXIER—XMEL

EODBEICEBNS ., (5) REFLEERNEZE IS L.
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[0004]

Conventionally, for example, barium titanate powder has been produced by a solid-state

reaction in which a titanium compound and a barium compound are mixed and fired.

k. BIRIEFRVEND D LMERDGZE. FRALEMENI) D LMEEM 2 BE KK T 3 E1E
RISICEDEETN TV,

However, because such solid-state reactions involve reacting compounds at high
temperatures, the resulting barium titanate powder has a relatively large particle size of
about 0.5 um, a wide particle size distribution, and an inconsistent shape, resulting in poor
dispersibility when made into a slurry or paste. Furthermore, when the particle size of barium

titanate is so large, there is a limit to how thin the ceramic dielectric layer can be made.

L LBDS. COLSRERRIGTIMEEY) ZRETRIGESE SO, FONBTFRVENUD
LRIE. AIEH 0. SumBBECLBHARE <. KESTHLL. DO RA—ETHZVI LH
5. A —EXIER=X MELICBODEIEICE 2D TH ofce oo FRUVEBNUDTLOD

NENRCDELESICKETVWE, TSI v IFERBZERBILT B CICERDH o7

[0005]
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For this reason, it is known that liquid phase reaction methods such as hydrolysis and
hydrothermal synthesis are preferable for obtaining ultrafine particle barium titanate powder

with an average particle size of 1 um or less (see, for example, Patent Documents 1 and 2).

DT, FIHHE L umUA T OBHKF T 2 VBN U LR Z1FDOHICIE. MKDEE. K
BEMEFORBRIGENMFE LWL EHHISNTWVWS FIZIE. FEHEXMR IRV 28R, ) -
Patent Document 1 discloses a method for producing a compound of the formula

ABO<sub> 3 </sub> (wherein A is a metal cation selected from Ba, Sr, Ca, Mg, Pb, and Nd, and
mixtures thereof, and B is a metal cation selected from Ti, Zr, Nb, Hf, Zn, and Sn, and mixtures
thereof), in which a compound selected from hydroxides, chlorides, nitrides, and acetates of
metal A is mixed with an organic compound of metal B under alkaline conditions with high

stirring energy.

5Pk 1 Tld. XA BO<sub>3</sub> (X#. AldBa. Sr. Ca. Mg. Pb. RUNd
MNNCEDREMID OBIENTEBHAFA>THD. BIETi. Zr. Nb. Hf. ZnXkUSn
LNICEDREYMH SBIEINT-EBNFA > THB) OREREL LT, €8 ADKELY. Bt
Y. 2. FEED SBIENALEY L. EBBOERILEME . 7ILAVMTEBHIRIL

FT—RHTTREIBHEDHRINTLS,

[0006]

27-01-2026 - Page 5



In addition, Patent Document 2 discloses a general formula A<sub> x </sub>(BO<sub> 3 <
/sub>)<sub>y </sub> (A is selected from Li<sup>-+</sup>, Na<sup>+</sup>, K<sup>+=<
/sup>, Mg<sup>2 +</sup>, Ca<sup> 2 +</sup>, Sr<sup>2 +</sup>, Ba<sup>2 +</sup> and
La<sup>3 +</sup>, B is selected from Ti<sup>4 +</sup>, Zr<sup>4 +</sup>, Sn<sup>4 +<
/sup>, Hf<sup>4 +</sup>, Nb<sup>5 +</sup>and Ta<sup>5 +</sup>, x is equal to the
valence of the anion BO<sub> 3 </sub>, and y is the valence of the cation A. The publication
discloses a method for producing a crystalline perovskite powder of a valence (equivalent to
the atomic valence of the metal A), which comprises contacting, under stirring, an aqueous
solution containing an inorganic or organic salt or organometallic compound of at least one
type of metal A and an inorganic or organic salt or organometallic compound of at least one
type of metal B in an A/B ratio close to the stoichiometric value corresponding to the general
formula, with an aqueous base solution preheated to a temperature of 70 to 100°C, which
contains at least an inorganic or organic base in an amount greater than the stoichiometric

amount corresponding to the general formula.

Ffo. FEFEE 2 TlE. —f&L A<sub> x </sub> (B O<sub>3 </sub>) <sub>y</sub> (A&
L i <sup>+</sup>. N a<sup>+</sup>. K<sup>+</sup>. M g<sup>2 +</sup>.

C a<sup>2 +</sup>. S r<sup>2+</sup> B a<sup>2+</sup>KU'L a<sup>3+<
[sup>h5FIRE N, BIET i <sup>4 +</sup>. Z r<sup>4+</sup>. S n<sup>4+<

/sup>. H f<sup>4 +</sup>. N b<sup>5 +</sup>KU'T a<sup>5 +</sup>H5FERIN.
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Bz, BRHLADSEMIEZ U SRBBEEFENHATINTWVS,

[0007]

BHFE 1-286 92 3ENHR

BHTE1-286 92 3L

BRATET-23292 38Rk

BEHE 7-23292 3ERHR

[0008]

In the method of Patent Document 1, water and a surfactant are placed in a reaction vessel in
advance, and a titanium compound of alkoxytitanium is brought into contact with barium
hydroxide or barium hydroxide obtained by reacting barium chloride with an alkali such as

sodium hydroxide under high-stirring conditions to cause a reaction.
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In such a method, it is difficult to maintain a high pH during contact and reaction between the
titanium compound and the barium compound, making it difficult to maintain a uniform
reaction, and there is a problem in that it is difficult to control the Ba/Ti atomic ratio of the

barium titanate produced.

CDEXSBHAEDZE. FEACEWENI D LMEYOEM. RIGOBEDp HAAEFREEINS
CEHEEL D, H—BRIGHMRFEIN#LS . ERTEFRXVENVDILDOBa /T i [RFLD

HIEHHARETH B & WS EBED D Do

[0009]

Furthermore, in the method of Patent Document 2, a mixed aqueous solution of an acidic
titanium compound and a barium salt is used as a starting material, and therefore, the
preparation of the mixed aqueous solution is difficult, and in particular, there is a limit to the

concentrations of the titanium compound and the barium salt in the mixed aqueous solution.
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Fro. LRI 2 DFETIE. BEDF 2 ALEMEN) T LEBOREKARZERER L
TWBTc®. ZDOREBIBERDARNMAEHTH D FITREEIBERFOF X ALEWMRVONI D L
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Specifically, when a mixed aqueous solution of titanium tetrachloride and barium chloride is
prepared, the total concentration of metal ions is limited to about 1.2 mol/l, which causes a

problem in productivity.

BAEMICIE. EBIEF R EBIENU D LERKARZRAR L ILGE. B4 Y OETEER
1. 2mo L/ L BEXTURANHD. EEMICEENH > 7.

Furthermore, if carbonate is mixed into the starting liquid material, it is difficult to control the
Ba/Ti atomic ratio, and the carbonate is mixed into the powdered salt, which is the reaction
product, resulting in a decrease in quality, and ultimately there is a problem that the dielectric

constant cannot be increased unless the product is fired.

Flo. BRERRPICKEIENBEALICES. Ba /T i BEFLLOFIEHARETHD .. RIGERY
THBIHREFICKEBIENEAL TREOETZEE. REVICIZBER LR IT NS LS ESRN LA
S5HRVWEWVS BB H B,

Furthermore, although the barium titanate obtained by the above-mentioned conventional

technology has fine particles, it has poor dispersibility when made into a slurry, and

27-01-2026 - Page 9



ultimately agglomerates, leaving the problem that it is difficult to form a thin ceramic

dielectric layer.

1T HIC. LRI TR oNIFZVEND D LK FHIEIVHDD. X5 —{tL LK
DREEHNELS BRIFAEELTLEV. €I Vv IFERBOERBILIRETH S &V 5 EED

5%31’1,'( b\TCo

[0010]

Furthermore, it is generally known that the reduction resistance and DC bias characteristics of
barium titanate can be improved by substituting calcium for the barium sites to form calcium-

doped barium titanate.

oIS, — IS, FRUBNDDLIE NUDLYA N ZAILSDLTEBRLTAILSDLE—T
FRUBNI)ILIZTEZZCICE>T. FEVEBNU D LORETSE. D CNA 7L RES
nsehHsh TV,

Methods for producing calcium-doped barium titanate are also disclosed in the examples of
Patent Documents 1 and 2, but as mentioned above, the methods in these patent documents
do not maintain a uniform reaction, making it difficult to control the atomic ratios of Ba, Ca,

and Ti.
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Therefore, the produced calcium-doped barium titanate has a low dielectric constant, and

there is a demand for an improvement in the dielectric constant.

CDfeH. WESNTCAINSTLR—=TFRUEBN) D LITEERMES. FEROREHNERS

nTWLs,

[0011]

Therefore, the present invention aims to provide a method for producing calcium-doped
barium titanate that fully satisfies the above characteristics (1) to (5), i.e., ultrafine particles
with an average particle size of 1 um or less, spherical, narrow particle size distribution, good
crystallinity, a stable [Ca+Ba]/Ti atomic ratio, the ability to stably control the content of each
of the Ca, Ba, and Ti atoms at high concentrations, excellent dispersibility when made into a

slurry or paste, and good sintering characteristics, and that also has ferroelectricity.
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ZCI T AFEBAIF. £ (1) ~ (5) OfFE. 8bh5. FFHED 1 umIA T OEBMALF T\
BIRTHO. NEDHEHIIRS, BRELFRIEFTHD. [Cat+Bal /TiREFUEHPLELTSES
Hh. M>Ca. BakUT i ODRRERFOEEXREZFZEETRENICHWETE. X5 —1EXIIR—
A MEL7BEOREMEICEN. BFSBREREZE T VWS i ZRAICHRE L. D DOEAEMN

ZEBITBANSILR=TFRUVBNIVILOREREZRMIZCEZENELTWVS,

[0012]

As a result of extensive research into calcium-doped barium titanate powder that can achieve
the above-mentioned object, the present inventors have found that by preparing an aqueous
solution of a titanium compound, an aqueous solution of a barium compound, and an
aqueous solution of a calcium compound as starting materials and continuously contacting
these aqueous solutions of three types of compounds, it becomes easy to control the atomic
ratio of Ca, Ba, and Ti, and the desired titanium-based composite oxide powder can be

obtained, which led to the completion of the present invention.

AFEBPESIE. LERENZER LSS DI VLR—=TFFEZUBN) Y LMRICDOVWTHERSI L
fchER. HEREC LT, FEALEMKER. NV D LMEEMKBERRVO DIV D LMEEWIKE
BethenBAEL. NS 3IBEDLEYDKERZEFRMICEMIES I EICL>T. Ca.

BaXkUT i ORFLOFHIBZCHD. BRNETEF X REGRILIMARDEOSND %z

EH:II L/\ 2&%%%%&?5 ‘:?OTCO
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[0013]

Therefore, the method for producing calcium-doped barium titanate of the present invention
was made based on this finding, and is characterized in that, in the method for producing
calcium-doped barium titanate, one or more aqueous solutions of titanium compounds
selected from halides, hydroxides, nitrates, sulfates, acetates, perchlorates, and oxalates, one
or more aqueous solutions of barium compounds selected from halides, hydroxides, nitrates,
sulfates, acetates, and perchlorates are added to and contacted with an alkaline aqueous
solution, the aqueous solution of barium compounds is added to the alkaline aqueous
solution without being mixed with the aqueous titanium compound and calcium aqueous
solutions before being added to the alkaline aqueous solution, and the aqueous titanium
compound and aqueous calcium compound solutions are contacted as a mixed aqueous

solution before being mixed with the aqueous barium compound solution.

L7ch' > T XEBADAISTLE—=TFF2VBEN) D LOREREIR. COLSBHRICEDE
BEINTCHDTH > T TILAVIGERFPIC, NOT 1. KEREY). HERE. TRERIE. FFER

18, BEREIE. Lo SEIENSRRING LBRII2BULOFZ ALEWNER. /N\OT 1b
Y. KER(LY). THERIE. MRERIE. BRERIE. BIEREIEN OFIRTNS LB 2FULD N T L
{EBYIKAR. RUONDOT A, KLY, HERE. TRELE. FRERIE. BIRREIEN SFRTS N

2 1BXRUI2BULED NIV T LMEEYIK AR NN UEMEE DI DL =TF 2 VBN
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IS AIEEF X AMCEWINGERE S URIEEAIL S U LKBREBEESET IS, RIEE7ILA Y KAERF
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[0014]

According to the method for producing calcium-doped barium titanate of the present
invention, it is possible to obtain calcium-doped barium titanate that fully satisfies the
following characteristics: ultrafine particles with an average particle size of 1 um or less,
spherical, with a narrow particle size distribution, good crystallinity, a stable [Ca+Ba]/Ti
atomic ratio, the content of each of Ca, Ba, and Ti atoms can be stably controlled at a high
concentration, has excellent dispersibility when made into a slurry or paste, and has good

sintering characteristics, and is also ferroelectric.

KEBOANINS TLR—=TFFEZUEBEN) T LOREFAICENUE. FIFHED 1 pum AT OEBHMAL
FT. BIRTHD ., IEDHEHIELS, BRENRFTHD. [Ca+Bal /TiREFLEIPRLEL
TEDH. o Ca. BakUT i DFRFOSEXRZFERETEENICHEITE. X7 U—EXIX
R—=ZAMELTEBODEEICEBN. RIFGEBFEZE IV SIKEZRAISHRE L. DS

BEUEBIDNINSIVLR—TFRVBEBNIDLZRZ D TE S,

[0015]
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A more preferred embodiment of the present invention will now be described.

LUF. AFEBO K DIFELRBDORREICDOWVWTEHRT %,

The method for producing calcium-doped barium titanate of the present invention involves
preparing an aqueous solution of a titanium compound, an aqueous solution of a barium
compound, and an aqueous solution of a calcium compound, and then adding and contacting
these aqueous solutions of compounds with a separately prepared alkaline aqueous solution,

thereby producing calcium-doped barium titanate having the above-mentioned properties.

AEBOAINS I LR=TFRVBEN) I LORERER. FEAEYIKESRE. NI LLE
MKBRE. DL D LMEEMKARE ZzENENAE L. BERARLLT7ILAYKBRFIC.
NoDILEMKARZRNILEMTEICICED. LEEBMZE I3 NI IVLR—TFRVEN
O LZHET B ENTE S,

The aqueous solutions of the compounds and the contacting methods therewith in the

present invention will be explained below.

LUR. AEBICEIT 2R EWKBRRUV NS OEMGAICDOVWTERRTY %,

[0016]
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(1) Aqueous Titanium Compound Solution The titanium compound in the aqueous titanium
compound solution of the present invention is one or more selected from halides, hydroxides,

nitrates, sulfates, acetates, perchlorates and oxalates.

(1) FRACEVIKAR ARBICHITEF I ACEMKBROF ALY LTI, NAT
A, KERLY). THERIE. BRBRE. FFERIE. BIREREIES LU L o SEIEN 5FEITN S 1 EBXI
2BUENAVLNS,

Specific compounds include titanium tetrachloride, titanium trichloride, titanium hydroxide,

titanyl sulfate, etc., and among these, titanium tetrachloride is preferably used.

BHEMNREEYME LTI, MBEFR . ZHBEFE 2. KBELFEZ2 . BREFXZILFTHD.

INSOFTHEBLFRZUDFELLAVS NS,

[0017]

The titanium ion concentration in the aqueous titanium compound solution is suitably 0.1 mol
/lor more, preferably 0.3 mol/l or more, and from the viewpoint of improving purity, 0.4 to 3.0

mol/l is preferred.
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Xleo FRUCEYMKBRICBITZFRAAFVEEIER. 0. 1mo L/ LUEINBEHTHD., &F
FL<IE0. 3mo L/ UL MERLOBRENSIZ0. 4~3. Omo L/ LAFELL,
If the titanium ion concentration is less than 0.1 mol/l, the reaction rate drops drastically, and

therefore a higher concentration is preferred in order to improve productivity.

COFRVAFVEENO. 1mo L/ LKRETIE. RIGEREDRIFICETT 57H. EEMERLE
DI=DICIEE D FVEEDEFE L LY

In the present invention, an aqueous solution of a titanium compound alone is prepared and
used, so that the concentration of this aqueous titanium compound solution can be

increased, which makes it possible to improve productivity.

KEBICEWVWTIE. FRMEEYOEREMOKBRZFHAXEL THWS Zeh 6. COFR2EEYIK

BROEEZLDELLTEIUHTE., TORBREEMEZM LT B EHARRER D,

[0018]

Furthermore, it is preferable that the temperature of the aqueous titanium compound

solution is preheated to and maintained at 30 to 90°C, preferably 40 to 50°C.
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IHIS FRAMEBMIKARDEBEIF. 30~90°C. HFELLIF40~50°CICTFEL THRIFL
THELIEDFTFFRLLY,

If the temperature exceeds 60°C, the titanium compound will hydrolyze and precipitate a
solid, making it difficult to obtain a uniform aqueous solution, and as a result, it will be

difficult to control the atomic ratio of Ca, Ba and Ti in the product.

CDREN 6 0°CZ2BR B & T X ALEWIH KDL TEFZH I L. H—2KERMNMESN

IR FERELTERIDOCa. BaXkUT i ORFLOFHEHNERE L %43,

[0019]

The water used to prepare the aqueous titanium compound solution in the present invention
is preferably water that has been deionized with an ion exchange resin or the like, and further,

water that has been degassed to remove excess gases such as carbon dioxide.

Ffcw XEBRICHITBF X AMLEWNERZAR T K L TR 7 3RREREF TH A 2 AL
LK. CTHICIRZBERRGEDRIEH A ZHKLIE L oK ZERTEehFRLLY,

It is preferable to dehydrochlorinate the titanium compound aqueous solution by means of
bubbling argon gas or the like before contacting it with the barium compound aqueous
solution and the calcium compound aqueous solution, since this reduces the chlorine content

in the resulting calcium-doped barium titanate powder.
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BHE. FERALEWNERIZ. N D LMEEWKBERRO DIV U LMEEYIKAREEMTE SR
I PILAVAREZNT VDI SEBZFEOFRICK DBERLIEZ LTEC L. E5N3HILID

LRE=TFE2BN) T LHRPOEBRDIMBETTEDTHFILL,

[0020]

(2) Aqueous Solution of Barium Compound The barium compound used in the present
invention is one or more compounds selected from the group consisting of halides,

hydroxides, nitrates, sulfates, acetates and perchlorates.

(2) NUTLEEMKAR ARKBICEITZN) T LEEME LTE. N\NOT 1. KEb
Y. WHERIR. MRERIE. FEERIES KUNBIBREED SBIIN S 1BXIF2BU LAV S NS,
Specific compounds include barium chloride, barium hydroxide, barium nitrate, barium
sulfate, barium acetate, etc., and among these, barium chloride and barium hydroxide are

preferably used.

BN EY e LTI BIE/NU D L KEEE/N) D L BHER/NU D L, BiEE/ND D L BEEEN

O LERETON. ChEDORTOHEIENY DL, KEIEN)DLAFFEFLIALLNS,
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In the case of halides such as barium chloride, nitrates, sulfates, acetates, etc., it is more
effective to first contact the barium chloride with an alkali metal hydroxide such as NaOH or

KOH to generate barium hydroxide, which can then be used.

Ffcs BIENUDLBREDONDOYT AW, WHERE. WREE. BFIEFOHRE. /N U LEEYIC
NaOH®HZWIKOHFDTIIL LU ESRBDOKE(Y) 2 FoORMSE. KEIENUD LZERSE

TIhzBAW3 L. DRI TH B,

[0021]

The barium ion concentration of the aqueous barium compound solution in the present

invention is suitably 0.05 mol/l or more, and preferably 0.1 to 2.0 mol/L.

Fio. REBICEITANY TLICEAERDNI D LAFViEEIX. 0. 05mo L/ LUEN
BHTHO, HFEFLLIEF0. 1~2. Omo L/ L TH3,
If the barium ion concentration is less than 0.05 mol/l, the reaction rate drops significantly, so

a higher concentration is preferred in order to improve productivity.

NUDLAAVEENO. 05mo L/ LKRETIE. RIGEEDBIGICETISDT, £EERLE

DIDICIFEDBVEEDFE L LY,
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For example, the solubility of barium chloride is limited to approximately 1.2 mol/l, but when
this is mixed with an aqueous solution of a titanium compound, the solubility is reduced to

less than half.

BRI BN D LOBEEIZKL. 2mo L/ LARETHZH. IneF 2 AeEkKar
EDRBIKBRICTBE. EOBRBEIFFEDUTEL B,
If the concentration is forced to be too high, the solution becomes heterogeneous, resulting in

an inhomogeneous reaction.

HIBICHEEICT S, BRI TE—HD, BRE L TRRDAE—LC %%,

In this way, in the present invention, a barium compound aqueous solution is prepared
separately from the titanium compound aqueous solution and used as the raw material
aqueous solution, so that the barium ion concentration can be made higher, as in the titanium

compound aqueous solution, and as a result, productivity can be improved.

CDXIIC TEFETIE. LT X MEEHDKBREIZANIC. NI D LMEEWIKARZHE LR
EKGBERE LTERAT2DT. LEEF X AMCEWNBEREARRIC. NVDLIFVEEZLDELS

TRIENTE, TORBR, EEMZELEEBZ ZCHAIREER S,
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[0022]

In the present invention, when the barium compound is, for example, a halide such as barium
chloride, or a barium salt such as a nitrate, sulfate, or acetate, the barium salt is first
converted into barium hydroxide, which is then brought into contact with an aqueous
solution of a titanium compound and an aqueous solution of a calcium compound, thereby

obtaining a calcium-doped barium titanate powder with a high purity, which is more effective.

AEHATIE. NUTLIEEYH. BIZIKBN) T LZFONOT LY. HEE. MRS, BFERE
FONVILBTHBHE. INSNUTLIEZ—BKBENUILICERL. ThEFEUE
MAGBERRO DIV T LMEEYIKAREEMEIEZ L. BONB NI TLR=TFFRVEBNUD
LA SHME LD, LDHMRNTH 3,

For example, in a method in which an aqueous solution of titanium tetrachloride, an aqueous
solution of calcium chloride, and an aqueous solution of barium chloride are simultaneously
brought into contact with an aqueous alkali solution, or in which a mixed aqueous solution of
titanium tetrachloride, calcium chloride, and barium chloride is added to an aqueous alkali
solution and brought into contact with the aqueous solution, chlorine is likely to remain in the

reaction product, calcium-doped barium titanate.
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PIZIE EECF &2 2V KER BIEAILS T LKBEBRRTIEBIE/N) U LKERE 7ILA ) KERF
ICERFICIEM S E 2 5E0. HBWVIIEBLLF R, BIEAIILS D LRTIEC/ND T LDEGKE
Bz 7 ILAVHKBRFICSHMUEMEE D HETIE. REEBITHEZ ALV LR—TFX U
NI D LRITIERDHTZRE L P T L

However, by converting the barium compound into an alkaline aqueous solution in advance
and converting the barium compound into a hydroxide in advance, the reaction with the
titanium compound proceeds more uniformly, and calcium-doped barium titanate with a

lower chlorine content and higher purity can be produced.

LA LD 5. ERBNV I LMEEMZTFHTILAKERE L. ND T LMEEY) 2 KEBEALMICT D
BMTBEICED FEAMEMEDRIGH & DEF—ICEITL. BEFDDBVKDSHMED A

WD LR—=TFFRUBN) D LADEETE %,

[0023]

As the alkaline aqueous solution, an aqueous solution of an alkali metal hydroxide such as

NaOH or KOH is used.

FILAUKERE LTIE NaOHH L EKOHD& S BT ILA Y RBKEILNOIERN AL

SY gRPS
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The concentration of such hydroxide is usually 0.2 to 15 mol/l, and is preferably a
concentration sufficient to convert the barium compound into the hydroxide, that is, equal to

or higher than the barium ion concentration.

CDKSBIKBEEYIDREIIE. BEO0. 2~15mo L/ LTHDH. NI LILEMHIKERLIC

BT BDICRDBREE. DEONVILAF VEELRAFENENULTHZ ZEHFEL L,

[0024]

Furthermore, in the present invention, barium hydroxide may be used as the alkali source

instead of the hydroxides of alkali metals mentioned above.

oIS AEBICEWVWTIE. ERROLSATILANEEDKEC 2 ERE T KEILN) D L%z
TILAVRELTERLTHELL,

That is, the aqueous barium compound solution may be prepared from barium hydroxide
alone, or may be prepared from barium hydroxide and a barium compound other than barium

hydroxide, such as barium chloride.

DED NUDTLEEMKBEKIE. KNV TLDOADSRAB L THLL BN D T LE

DK S BRIKEAL /N D LUNDN) T LAEEW EIKBEALN ) T LD SRR L TH KL,
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[0025]

The temperature of the aqueous barium compound solution is preferably preheated to 80 to
100°C, preferably the same temperature as that of the actual reaction system, and maintained
at this temperature, since this promotes the reaction with the aqueous titanium compound

solution.

oo NI LEEMKBERDEEIF. 80~100°C. HXLLKIFEBEDORDSRLFAFDREIS
FERLTRELTELIED, FRAMEMKBREDRIGIHMEESNZDTIHFEL L,
Furthermore, during the reaction of the aqueous titanium compound solution, the aqueous
barium compound solution, and the aqueous calcium compound solution, it is preferable to
keep the reaction temperature constant by limiting the temperature change to within £1°C,
as this will stabilize the atomic ratio of Ca, Ba, and Ti in the resulting calcium-doped barium

titanate.

BT FRALEMKER. N)D LMEEMIKBEERVAILS T LMEEWMNKERDRIGHIE. &
EOZZL 1 CUAICETH TRIGEEZ—EICHRIREI BN BoNBAILSTLR—TF

SUBNUILDCa. BaRUT i ORFLMPELETDIDOTHFERLL,

[0026]
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Furthermore, it is preferable to use water for preparing the aqueous barium compound
solution of the present invention that has been deionized with an ion exchange resin or the

like, and further that has been degassed to remove excess gases such as carbon dioxide.

EI5IC. AEBRICHEITZNU D LMEEBYIKBREZART BKE LTE 17 RBEIEFTH A 7
JRIBLToK. EHICIITERIURBRREDRIBEARZMILIB L IoK AT B EHFEL

Lo

[0027]

In the present invention, the alkaline aqueous solution of the barium compound obtained by
the above-mentioned method may be used as it is, but it is more effective to perform a
filtration treatment beforehand in order to facilitate control of the atomic ratios of Ca, Ba, and

Ti and to achieve a high purity.

Flow AERICEWVWTE. ERELEAFAECEDESNINV D LEEVIOTIL A KARZZDZF
FAVTHRWVLA. ZORIICABAEZITS5AD. Ca. BakUT i ORFLEHEOBZLYE
HEALICHRNTH B

For example, when NaOH is used as the alkali source, sodium carbonate contained as an
impurity in the NaOH reacts with the barium compound, causing the precipitation of barium

carbonate.
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BZIE. ZILAVFEELTNaOHZFERLZE. NaOHRICRHME LTEFNBREET +
DI LN D LMEEMERIS L. REZ/NU D LHILERT %o
This can cause contamination during the reaction, so it is desirable to remove it in advance by

filtration.

CNIERISDRICSTERDRER L B2 DT, ZBICEDFOBRELTESIEDERLLY,

In this respect, the method of the present invention, in which an aqueous solution of a
titanium compound and an alkaline aqueous solution of a barium compound are prepared
separately and then brought into contact with each other, can produce barium titanate of
higher purity than, for example, a method in which a mixed solution of a titanium compound

and a barium compound is added to an alkaline solution.

CORICEWVWT, FRAEMKBRENI D LEEMOTILAUKBRE IR ICHE L. il
SHEBARRADOH AR, FIZIEFRAMCEMEN) U LMEEYIDREGARZ 7 ILA ) BARPICHM

TBAEICHAN HEOEWFEVEBNIILZFEEENTE S,

[0028]
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The alkaline aqueous solution of the barium compound thus prepared is preferably stored

avoiding contact with the air, similar to the aqueous solution of the titanium compound.

COEDICLTREININVDLEEMD 7 ILA ) KBERIE. FRACEVKBREBEKRIC. K
K[INDOEMZ BT TRELTES ZENERLLY,
It is more preferable to degas the alkaline aqueous solution of the barium compound before

the reaction.

e NUDLEEMOT LA KERIZ. RIEFICHRILIEADEDIEFEL L,

[0029]

(3) Aqueous Calcium Compound Solution The calcium compound used in the present
invention is one or more selected from halides, hydroxides, nitrates, sulfates, acetates and

perchlorates.

(3) AT LMEEMHAER ARBICEITZ DL LMEEYE LTIE. N\OT 1. KEE
4. THERIE. MR, FFERIES L UBIBREIEN 5FIIN S LBXIF 28U LEAAV S NS,
Specifically, halides, hydroxides, etc. are used, and among these, calcium chloride is

preferably used.
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BAMICIE. N\OT . KEBIEMFDMERINZD. CThoDHRTH, BIEAILS Y LDFE

L<ARWSNS,

[0030]

The calcium ion concentration of the aqueous calcium compound solution in the present

invention is suitably 0.01 to 1 mol/l, and preferably 0.03 to 0.05 mol/L.

Efew FRRBICHITZHILS Y LMEEWINKBERDAIL T LA VEEIF. 0. 01~

Imo L/ LAEHTHD., FFLLIEF0. 03~0. 05mo L/ LICARTBZ A FFL
(A

If the calcium ion concentration is less than 0.01 mol/l, the amount of calcium atoms
substituting for the barium sites of barium titanate is insufficient, and the effect of
suppressing particle growth is reduced when the resulting calcium-doped barium titanate is

fired.

CONDINSTLAFVBENO. O01lmo L/ LKRETIE. FRUVENDDLDNYDLYA RS
BRTDNINSVLRFENRET BT ERNISTLR—TFR VBN D LZBE LT

. RFRRZIGE T BRRMET I 3o
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[0031]

Furthermore, in order to control the [Ca + Ba]/Ti atomic ratio of the resulting calcium-doped
barium titanate, it is desirable to preheat and maintain the temperature of the aqueous
calcium compound solution at 30 to 90°C, preferably 40 to 50°C, similar to the temperature of

the aqueous titanium compound solution.

B DIV LMEEMIKBRDEEIZ. BRONBNWINSTLE=TFEZUVBENITLD
[Ca+Bal /TiRFZHIETZDICH, FEUEVIKARDEE CRAFKIC. 30~

90°C. HFELKIF40~50°CICFRALTRIFLTESZEDEZLLY,

[0032]

In addition, the water used to prepare the aqueous calcium compound solution in the present
invention is preferably water that has been deionized with an ion exchange resin or the like,

and further, water that has been degassed to remove excess gases such as carbon dioxide.

e AEBICHITB DL T LMEEYIKERZART 2K L TR 14 U RAREIESF TR 4
JRIBLTK. EHICIIZERIURBRREDRIBARZHRMIILIB L IoK AT B EHFERL

Lo

[0033]
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(4) Method for Contacting an Aqueous Solution of a Titanium Compound, an Aqueous
Solution of a Barium Compound, and an Aqueous Solution of a Calcium Compound First, the
alkali concentration of the aqueous solution of a barium compound is adjusted so that the pH
during contact and reaction is maintained at 13 or higher, preferably 13.5 or higher, and more

preferably 13.8 or higher.

(4) FRACEYIKAR. NV LMEEVIKARRO DIV D LMEEYIKSROEMAE &
I BAERURBEOpHA L 3 E, #FFLIFL3. 5L KDOHFHFRLIFLI 3. 8 E
ICRFFEND LS NI T LMEEYIKBRDTILA)BEZRBLTE,
In order to maintain a predetermined pH during the reaction, it is also possible to supply a
necessary amount of an alkaline aqueous solution such as an aqueous NaOH solution from a

separate system.

RIGH. FRED p HZFIFT 3780, RN SN a OHKABRZFDT7ILA ) KAKRZ HESHG
TB_CHAEETH B,

Preferably, an alkaline aqueous solution prepared to a predetermined concentration is

poured into a reaction vessel, and the aqueous titanium compound solution, the aqueous
barium compound solution, and the aqueous calcium compound solution are added to this

alkaline aqueous solution and brought into contact with each other.
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FELIE. FPORBABSRICFAEREICAB LT ILAHVKABRZFEAL. TOTILAYKBERT
ICHIEE T X AMCEWNGER. NV D LMEEMKBERRUONDILS D LMeEYIKERENENZRIML
St 3,

In this case, the aqueous alkaline solution is preferably heated in advance so that the reaction
temperature reaches a predetermined reaction temperature after the aqueous titanium
compound solution, the aqueous barium compound solution, and the aqueous calcium

compound solution are added.

COBEOT7ILAVKERIE. FH. REED. FRALEWKAR. N T LEEVIKERRY
AN LMeEMKARZ RN L ICRICFIEDRIGEEICE D L OMBAL THE CEAFEL

Lo

In this way, by maintaining a constant pH during the reaction, a uniform reaction is
maintained, resulting in the production of uniform calcium-doped barium titanate with a

controlled atomic ratio of Ca, Ba, and Ti.

CDEIIC. RIBF—EDp HZFEIFIT B LICL > T H—ARIGHMFRFEEIN. BRELT
Ca. BakUT i ORFUIFIHENIIE—BAILSTLR—TFFRIUVBN)DLZRET S

EMTE S,
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[0034]

Furthermore, the calcium compound aqueous solution may be mixed with the titanium
compound aqueous solution before contacting with the titanium compound aqueous
solution and the barium compound aqueous solution to prepare a mixed aqueous solution of
the titanium compound and the calcium compound, and this mixed aqueous solution may

then be contacted with the alkaline aqueous solution of the barium compound.

EIB5IC. NIV D LMEEYIKBRIZ. T2 ACEYIKBBRRONIY D LMEEYIKARCEMT
E3HIIC. FOFEMCEWKAREEG L. FRAEMENILS U LMEEYIDRENKERZH

(L. COREKBERZN) IV LMEEWDOTILA)KEREEMEETHL L,

[0035]

Furthermore, when the aqueous titanium compound solution, the aqueous barium
compound solution, and the aqueous calcium compound solution are brought into contact
with each other and reacted, it is necessary to control the molar ratio of the titanium
compound, the barium compound, and the calcium compound. However, in order to carry
out a uniform reaction, it is also preferable to maintain not only the molar ratio but also the
absolute concentration of the titanium compound, the barium compound, or the calcium
compound in the reaction system as constant as possible from the beginning of the reaction

to the end of the reaction.
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Fflew FEALEMKBR. NI D LMEEVINKERR VALY U LMEEMK SR ZERREETRE
SEBBIC. FEACEW. NUDLEEMRVAILS T LEEMDOEILLLZFIET 2 DB E
THDH. BILLEITFTERL, FEUAEWM. N)TLEEMH B WIEHILS T LMEEYMIDRIGHR
WICH T3 EMBEEZ RIGTHAD S RIGK T FTOM. BB3XR—EICRD L BE—BRIGET
DICHICHFELWVWIRETH B,

Therefore, in the method described above in which an aqueous alkaline solution is poured

into a reaction vessel in advance and then an aqueous titanium compound solution, an
aqueous barium compound solution, and an aqueous calcium compound solution are added
thereto, the concentrations of the titanium compound, barium compound, and calcium
compound are diluted in the early stages of the reaction, and the reaction occurs in a dilute
state, so calcium-doped barium titanate with the specified atomic ratio of Ca, Ba, and Ti is not

produced.

ZFDDHIC. ERLELSBREBHRICTOHTILAVIKERZEAL. EORICFRXACEMKE
B NUD LMEEYIKBBRRV DI D LMEEMIKERZ FNNT 37 EICEVWTIE. RICHIHADER
BETIE. FRALEY. NV D LEEMRUAILE T LMEEMDRENEREIN. FERERTRIG
N3, MEDCa. BakUT i DRFLHDOAOILS I LR=TFFEZUEBENITLHREREN

AW
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Therefore, the barium compound used in the barium compound aqueous solution, or the
titanium compound used in the titanium compound aqueous solution, or a mixture of the
titanium compound used in the titanium compound aqueous solution and the calcium
compound used in the calcium compound aqueous solution is added to the alkaline aqueous

solution in the reaction vessel.

ZC T REBRB|POTILAVKBRICFOHNY I LEEMKBRICERLINU D LEEW. &
BWIF X ACEWNCBRICER LI F 2 ALEW. BDWEF X ACEYIKERTEALLETX
MNEEMEAINS D LMEEMKBRTERLICAILS D LMEEYIDREM 2 ML THE <,
Among these, it is particularly desirable to add a barium compound to the alkaline aqueous
solution in the reaction vessel, since the concentration of the barium compound affects the

atomic ratio of Ca, Ba and Ti in the calcium-doped barium titanate produced.

CDO6. FIINVILEYMDREDERT B3NNV LR—TFFE2UBEBN)ILDCa. Ba
RUOT i OIRFLICREET B 1cH. NI I LMEEWERICERD 7 LA KERICHNS 5 &h

EFELL,

[0036]

Next, the aqueous titanium compound solution, the aqueous barium compound solution, and

the aqueous calcium compound solution, or the mixed aqueous titanium compound solution
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and the aqueous calcium compound solution and the aqueous barium compound solution,
are instantaneously and continuously supplied at a constant flow rate from their respective
storage containers through pipes into the reaction container, and brought into contact with

each other.

RNT. FRACEWNER. NI D LMEEYIKBERRO DIV D LMEEYIKERZ. HLLIZTF
SAMCEYIKBREAIL D T LMEEVIKARE DREHKBBRRUNI U LMEEYIKEREZ. TNhE
NOFEASEI SEEZRT. —EDORECRERAND DERNICRICAGEAICMHEL. EMIE
Do

The temperature at which the titanium compound aqueous solution, the barium compound
aqueous solution, and the calcium compound aqueous solution are brought into contact is

set to 80 to 200°C, preferably 80 to 100°C, more preferably 85 to 95°C, and is kept

approximately constant to within =1°C of the set temperature.

C T FRALEWIKBR. N D LMEEVIKBERKRO DIV T LMEEYIKAR ZZMTE SR
DEEIE. 80~200°C, HFELLIF80~100°C. &HHFFLLIF85~9 5°CICHEE L.

ZOHREBEICHLELCELRB LD ICIFIF—TEICT %o

[0037]
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Then, the titanium compound aqueous solution, the barium compound aqueous solution,
and the calcium compound aqueous solution are brought into contact with each otherin a
reaction vessel and reacted for a sufficient time to produce particulate calcium-doped barium

titanate.

2L T RIGABATFZALEWKAR. NI LMEEMKARROAILS D LMEEYIKERE
BT, ROGBRERIGEEZCCICED WIFROAILS T LR—=TFF2ZUEIND D LDERK
ERGES

The calcium-doped barium titanate produced can be withdrawn by a method of continuously
withdrawing it in a slurry state during the reaction (continuous reaction) or by a method of

withdrawing it after the reaction has been completed in the reaction vessel (batch reaction).

ERLIEAINSDLR=TFEZUBN) T LI REFICRZ ) —RED X FEGRICIRSHET A
% (ERRID) « HEVIRBABBT—ERIGZRT LR, RSB T Ny FRIG) AEICES

TIRSHI LW TES,

[0038]

The calcium-doped barium titanate thus produced is preferably subjected to a heat treatment

in a slurry state after the reaction (aging reaction).
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COEIICLTERLICAILS DL E=TFFRUBNY D LI RISEICZ T ) —RETIMENIE
ZITSTENEELL (BERIE) o
The temperature of this heat treatment is usually 80 to 100°C, which is the same as the

reaction temperature mentioned above, or higher, for example, 100 to 200°C.

COMBIIEDREIL. BFE. LEREORINEELFEL80~100°CHhH 3 WVWIFETNUALDERE.
FIZIEF100~200°CTITHhNS,
The heat treatment time is usually from 1 minute to 30 hours, preferably from 1 minute to 1

hour.

£, MBAIBERISEE 1 9~3 0. WELLCIX 1P~ 1EBTH S,
This heat treatment allows the unreacted titanium compound, barium compound and
calcium compound to react completely, and also heat-treating the resulting particles can

improve the crystallinity of the particles.

COMELIBIC K > T RRIEDF X ACLEW. NV I LMEEMRVTAILS D LMEEMZRLRICKR

BEt, FERKTENBIET 32 Lok > CHFOBBMERL I3 LA TE 3,
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As a specific method, the produced slurry containing calcium-doped barium titanate is placed
in a reaction vessel or transferred from the reaction vessel to an aging tank, and treated at a

predetermined temperature for a predetermined time.

ZFOEMEMNBAELLTIE ERLICALNS DL =TFFE2VBNVOLZEECRT ) -2, R

BEN. HBVRRICBENSAREICHE L. FAERE CAHERBLIEY %,

[0039]

After the heat treatment, the calcium-doped barium titanate is washed to thoroughly remove
unreacted compounds, alkali components, and replicated alkali salts, and the calcium-doped

barium titanate is separated.

MBRLIBDE. AT LR—TFFEUVBEN) I LZTEL. RREOILEMRVTILAUKS &
EELIETILVAVEZFEZRDIREL. AT LR—TFFRVBENI T LZDEHT 2.
For this washing and separation, a common method such as decantation, centrifugation or

filtration can be used.

CDFEH. DEEICIE. THYT—2 3> BODEEHBZWIEIBRED—RNBHEZHRABTSC

LHTES,
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After separation, the powder is dried by heating in air or an inert gas at 50 to 300°C orin a
vacuum at 20 to 300°C, and finally the alkali components are removed to purify the calcium-

doped barium titanate powder.

DEER. ZE[PXIEREEAZPRICEVWTS50~300°CTMAT D BLIIFEEFRICEWVT
20~300°CTHMEATZCEICEDFEEL. BREHNICTILAVRS ZREL. DILSDULR—=T
FRUBND D LMERERRT .

Furthermore, in the present invention, the calcium-doped barium titanate powder obtained

by the above method can be heated at 1000 to 1300° C. to enhance the crystallinity.

IS5 AERICEWTIE. EERLIEFEICEDRBIONTAILS T LR=TF 22BN D LHR

Z1000~1300°CTHMEL. EREZEHBZILHTES,

[0040]

The calcium-doped barium titanate powder produced as described above is a uniformly
spherical ultrafine particle with an average particle size of 0.05 to 0.5 um, a narrow particle

size distribution, and good crystallinity.
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MEDESICLTRESNICAINS TLR—=TFFRUBEN) D LHMERIGE. —EDERIRTHD. Fi5
HENO. 05~0. S5umDBHKFTH O MEDHHKLS, BREIRFLDLDTH S,
Furthermore, this calcium-doped barium titanate powder has a high and stable atomic ratio
of [Ca+Ba]/Ti, and the content of each of the Ca, Ba, and Ti atoms can be stably controlled at a
high concentration. It also has excellent dispersibility when made into a slurry or paste, and

has good sintering properties.

Ffew SONIWCOLR=TFRUBEN)ILHRIE [Ca+Bal /TiORFLUENAEERET
ZELTED, M Ca. BakUT i DREFOSERZREETHENICFHTE. X351 —
EXIER—Z MELTEBBODEIEICEN. RFREEFEZE I 2D TH S,

Furthermore, this calcium-doped barium titanate powder has ferroelectricity.

EBIC. COAIWDTLR=TFF2UEBEND T LMK BFBEEZEITZHDTH S

[0041]

(5) Others The present invention also includes calcium-doped barium titanate, which is
obtained by adding and contacting an aqueous solution of one or more titanium compounds
selected from halides, hydroxides, nitrates, sulfates, acetates, perchlorates, and oxalates with
an aqueous solution of one or more calcium compounds selected from halides, hydroxides,

nitrates, sulfates, acetates, and perchlorates, and one or more barium compounds selected
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from halides, hydroxides, nitrates, sulfates, and perchlorates, and an aqueous solution of one
or more alkali metal hydroxides and barium hydroxide as an alkali source, to an aqueous

solution of alkali metal hydroxide.

(5) 2ot AFERIZ. /N\OT AL, KELY). MHERIE. BRiERiE. BFERE. BIERMES LU
Lo SEEDSEREND LBXIE2BU LD F R ALEYIKAKRE. N\NOT Y. IKEE{E4.
FHERIE. FRERIE. BFERIES SUNBIERBIED SFEREINS 1BXIE2BEULD AL ST LEEWIK
BREDBEENGERE. N\NOT ). KEALY). HEE. MEES K UBIEREED 5FEIRTN
B 1BXIE2BULEONV D LMEEYZEH. TILAVIRE LTV ILAY B DKEELY) L KEEL
NI LDOFDLBULEZSETILAVKERZ. 7ILH)EBOKENMID 5527 ILAYKE
BRI, BEMESETRONS CEZR/RBEIB NI VLR—TFRVBEBNID LZDE
To
In addition, in this calcium-doped barium titanate, it is preferable that the calcium content is

4 moles or less per 100 moles of barium titanate.

Flewe COANDTLR=TFFRZUBNIILIZEWTIE. AT LZERDFRZ BN DL
L0O0EIICHLAEILATTHD CEHIFELLY,
Furthermore, the present invention also includes a multilayer ceramic capacitor using the

calcium-doped barium titanate.
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5. AERARK. ERANSTLR—TFRVBN) D LzERALEEES Iy oIV T oY

ZHET

[0042]

The present invention will now be described with reference to examples.

LR, AFBRZRBHICK > THEAT %,

The following aqueous solutions were prepared using ion-exchanged water.

BH. TERDKBRIEAF IHIKICEDARL DD TH B,
Example 1 A 1.0 mol/L aqueous NaOH solution was poured into a stainless steel reaction

vessel equipped with a stirrer and maintained at 90°C.

<Emfl1l>BHFREEZRHATSUSHRIGESERNIC. 1. Omo L/ LONaOHKAER=ZF
HFAL. 9 0°CICREFL T,

Next, a 0.5 mol/l TiCl NER20 aqueous solution and a 0.03 mol/l CaCl NER21 aqueous solution,

each of which had been kept at 40°C in advance, were mixed, and the resulting mixed solution

was kept at 40°C.
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KWT. TNENTFH 4 0°CICIHRIFELIZ0. 5mo L/ LDT i C L<sub>4</sub>KB&KE.
0. 03mo L/ LdC acC L<sub>2</sub>KAaK%=EEL. COEBAKRE 4 0°CICIREEL
oo

Also, a 3.0 mol/l NaOH aqueous solution with a BaCl NER22 concentration of 0.26 mol/l was
prepared from which undissolved matter had been removed in advance, and was heated and

maintained at 95°C.

Flo. TOXRBEDEREL-BaC L<sub>2</sub>EEO0. 26mo L/ LD3.

Omo L/ LNaOHKAZRZRABEL. 9 5°CICHEAREFL 1=,

[0043]

Next, the mixed solution of the titanium compound and calcium compound and the aqueous
solution of the barium compound were continuously supplied into the reaction vessel
containing the aqueous NaOH solution maintained at 90°C at flow ratesof 1 L/minand 2 L

/min, respectively.
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RIC. 9 0°CICREFLTEN a OHKAKRZ FA LI LERIGESEAIC. EEEFRALEME ALY
D LEEME DREBRKR. KU, LNV Y LEMKARE. TnENl L/ mi n kU

2 L/ mi nDRETRIGAEAICER L THIE L7,

Next, the temperature inside the reaction vessel was maintained at 90° C. during the reaction,
and the mixture was stirred for 2 minutes to produce calcium-doped barium titanate

according to Example 1 of the present invention.

RNWT, RISFORIGEBADREEZ 9 0°CICRSE. 2 0B L TAEHEOEMFA L DAL D
LR=TFR2BN) D LZzERL T

Thereafter, the resulting slurry containing calcium-doped barium titanate was continuously
extracted from the reaction vessel into an aging tank maintained at 90° C., and stirred for 5

minutes.

ZD®. ERLICAINS DL =TFEUVBNIILZEC RS —2ZRIGEEN S 9 0°CICfFREF
L THBAMEIER L THREHE L. 5oEBH LT

Subsequently, the supernatant was separated from the precipitate by decantation, followed
by centrifugation. After that, the operations of washing with pure water, decantation and
centrifugation were repeated several times to obtain the calcium-doped barium titanate

powder of Example 1.
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’

BWT, THYT—2arZToTLEEA OB Z DR L. BODEZITV. £0%. MKk

\/

,

B THAOT—=2 3y BODBMOBREZHEITV. RO 1DOAILSTLE=TFF2UBN)D

A*ﬁ;k%?gft:o

[0044]

Comparative Example 1 A 1.0 mol/L aqueous NaOH solution was poured into a stainless steel

reaction vessel equipped with a stirrer and kept at 90°C.

<& 1> BIFREZRALS U SRRIGAENIC. 1. Omo L/ LDONaOHKEEKEZF
BHFEAL. 9 0°CICHFRIFL T
Next, a mixed aqueous solution of a 0.5 mol/l TiCl NER23 aqueous solution, a 0.26 mol/l BaCl

NER24 aqueous solution, and a 0.03 mol/l CaCl NER25 aqueous solution was prepared.

ZKWT. 0. 5mo L/ LDT i C L<sub>4</sub>KAa®K. 0. 26mo L/ LD
B a C L<sub>2</sub>KAa®KR. RU'0. 03mo L/ LdDC acC L<sub>2</sub>KBRDEE

KaREHRE LT

[0045]
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Next, the mixed aqueous solution of the above three compounds and a 1.0 mol/l NaOH
aqueous solution heated to 90° C. were continuously supplied into the reaction vessel at a

flow rate of 1 |/min each.

RIS, ERRIBEHDILEMDREGKARE. 90°CICMEALK1L. Omo L/ LDONaOHKEAERK
Z. TNEN1 L/ mi nORETLERIGASEAISER L THIG L 7.

Next, the temperature inside the reaction vessel was maintained at 90° C. during the reaction,
and the mixture was stirred for 2 minutes to produce calcium-doped barium titanate of

Comparative Example 1.

RWT, RISBFORGSABADEEZ 9 0°CICRE. 270EBIFELTUHBAILOAILS T LR
FRUBN) D LZERL T,

The resulting calcium-doped barium titanate was then aged in the same manner as in

Example 1, washed, decanted, centrifuged, and recovered to obtain calcium-doped barium

titanate powder of Comparative Example 1.

OB ERESNICAINS T LR=TFRVBENI D L%, EEf 1 CERICREEE IR &
B ThYT—ar EODEETV. BIRL. EBEAILDALSTLR=TFEVENID L

MARZFT
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[0046]

Comparative Example 2 A calcium-doped barium titanate powder of Comparative Example 2
was obtained in the same manner as in Comparative Example 1, except that ion-exchanged

water was poured into a stainless steel reaction vessel equipped with a stirrer.

<LE®H2 > BEFEEZRA TS U SHRICESRNICT Z VRARKEFALTEWLSME.

B L EEFRICL T, EBAI2 DA T LR=TFR VBN T LKMRER

[0047]

The calcium-doped barium titanate powders of the Examples and Comparative Examples
obtained as described above were measured for average particle size, CV value, and atomic

ratios of Ca, Ba, and Ti, and their dielectric properties were evaluated.

ERDOESICLTESNLZIRMARVLEBOIDO DI T L —=TFEZ BN D LHKRICDOL
T, FHHE. CVIE. Ca. BaRUT i DREFLZAEL. FHEFMZTHEL 7

These results are shown in Tables 1 and 2.

CNHEDFERIZIR L EURIC2ICTRT,
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The average particle size, CV value, atomic ratio of Ca, Ba and Ti, and dielectric properties

were measured and evaluated by the following methods.

BH. FEIHE. CVIE. Ca. BakUT i ORFUERUFEFEIIUTOAETRE. FHEIL

)= o

[0048]

(Average particle size, CV value) The average particle size of the calcium-doped barium

titanate powder was measured using an electron microscope photograph (SEM diameter).

(FHERRE. CVIE) DI TLR—=FFRUEND) D LMAROFTGHRIE. EFEMREEIC
K> THE (SEMB) L7
Based on this measurement value, the CV value (standard deviation of particle size/d50

(median diameter of particle size distribution)) was calculated.

ZLT. COREBICEDE, CVE REOZEREZ/d50 FIEDHOXSTUR) ) &K

&)TCO

[0049]
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(Atomic Ratios of Ca, Ba, and Ti) The [Ca+Ba]/Ti atomic ratio and the Ca/Ti atomic ratio of the
calcium-doped barium titanate powder were determined by quantifying barium, calcium, and

titanium by X-ray fluorescence analysis as follows.

(Ca. BakUTiDRERFL) ALSTLR—=TFFRUEBNIILHERD [Ca+Bal
ST iRFERUYCa /T iRFLHIZ NUDL ALSDTLRUOFRDZUATOLIICENEN

HIEXIEOMICEDEET B EICE > TR 7=,

[0050]

(Dielectric Properties) Regarding the dielectric properties of the calcium-doped barium
titanate powder, the calcium-doped barium titanate powder of each Example and
Comparative Example was fired in a reducing atmosphere at 1300°C for 2 hours to produce a
molded body with a thickness of 1.14 mm, and the relative permittivity and dielectric loss (tan
d) of the fired body were then measured using an LCR meter (frequency 1 kHz, applied voltage

1V).

GEEBEM) AT LR=TFFRUBN) D LMERDOBEFEICOVTIE. SEMHIROLEER
BIOAINSILR=FFRUBIN) D LMERZETFHR[TL300°CT2RKEBELTES
1 4AmmOFEZER L. ED®EEER L CEMEKRICDOWTLEEEER. FEEK (tand) %=

LCRX—%— (BKRH1KHz. EMMIEELV) OKDBAIEL T
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[0053]

As is clear from Table 1, the calcium-doped barium titanate of Example 1 has a low CV value,
which indicates a narrower particle size distribution, and the [Ca+Ba]/Ti atomic ratio and Ca

/Ti atomic ratio are stable at high concentrations, indicating excellent reaction stability.

KRINDSHSHLABLDIC. ERAILDOAINSTLR—TFFRUEBNY T LI CVENMELW EH
SHERBHNLDELS. [Ca+Bal /TiEFUEKUCa/TiREFEINEEETRELTL
BIehH. RISGOREMEIMBN TS Z A RENT

Furthermore, the Ca content was also a predetermined amount, which indicated that the

content of each atom could be controlled with high precision.

Fle. CaZEEDFAEEZBELTHED. RERKBRFOESEXRZHIHTEITLWE I EARIN
TCO
Furthermore, as is clear from Table 2, it was shown that the calcium-doped barium titanate of

Example 1 had excellent dielectric properties.

THIC. R2HSHSHABEDSIC. REAILOAINSTLR—=TFFRUEND D LISHEEFEICE

nNd3vb0THBZ ehRENT,
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In contrast, in Comparative Example 1, in which a titanium compound aqueous solution, a
barium compound aqueous solution, and a calcium compound aqueous solution were
contacted in advance as a mixed aqueous solution and then supplied to an alkaline aqueous
solution, and in Comparative Example 2, in which a titanium compound aqueous solution, a
barium compound aqueous solution, and a calcium compound aqueous solution were
contacted in advance as a mixed aqueous solution and then supplied to ion-exchanged water,
the average particle size was somewhat large and the CV value was high, indicating variation
in particle size, the [Ca+Ba]/Ti atomic ratio was lower than in the Examples and was less than
1, and the Ca/Ti atomic ratio was also lower than in the Examples, indicating that the reaction

was not sufficiently stable.

UK L. FEACLEWKER. NI LMEEWMKBRRODIL S U LMEEYIKAERE . BEK
BRELTTFOEMEIELER. ChETILHIKFRPICHELIEEBEMN 1. BT, FEUEE
WKER. N D LMEEWINGERRVO DIV U LMEEYIKARE . BEKARE L TTFOEMIE
ot TNz A 7 DK RICHIG L LLEB 2 TIE. FIERUEDPPARE <. CVIEERRW I L
MHOREICNZYENRRSN., [Ca+Bal /TiRFUENREALDEHES IKFBTHO.

Ca/TiRFILEBEMAIKLDBELS. RISHHTDICERETIRBVW EDRENT,
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