GENERALLY SPHERICAL BARIUM CARBONATE PARTICLES AND METHOD FOR PRODUCING
GENERALLY SPHERICAL BARIUM CARBONATE PARTICLES TECHNICAL FIELD 5[0001] The
present invention relates to substantially spherical barium carbonate which is suitable mainly for a
material for electronic parts or for phosphors, a method for substantially spherical fine barium
carbonate, and a composition containing 10 substantially spherical barium carbonate. BACKGROUND
OF THE INVENTION [0002] Barium carbonate is one of main raw materials of barium 15 titanate,

which is used for electronic materials. Recent devel e iZI p. f tronic
devices requirggi\]n@&%%%esrﬁ%%é% %&p%%wg%d%ﬁ‘%g 0 n@éé%e%égﬁgég%iﬁﬁa%@gﬁ% Eé%acitors.
For such imprdi&enalit [ bariGinNEaade Y WwhChEE B0l Rateridl! of Adusolifdid-céraniic 20t¢hip
capacitors, has been required to have higher purity and finer size. [0003] Barium t tanate is
generally produced by mixing barium carbonate and titanium dioxide in a wet form, and drying, 25
followed by calcination. To produce high quatfi%pggﬁtﬁﬁlfit%&% is desired to perform uniform wet

mixing and unifdrfibddlcination. A titanium dioxide particle has a relatively low aspect ratio (namely,

more spherical). Thus itis ?ksgs%_%&r%%ﬂ%%eariy_@@g%@gn,aéesw%%@alawiaasp§9t S0ratio for uniform
calcination. [0004] Generally, barium carbonate, which can be used for electronic materlalsfls
moducedbyﬁﬁf@ﬁﬁ%éf onate which i1s suiteble mainly for a material Lor

electronic parts or for phosphors, a method for substantially
spherical fine barium carbonate, and a compesition containing

10 substantially spherical barium carbonate.

BACKGRCUND OF THE INVENTION
[0002]
Barium carbonate is one of main raw materials of barium
15  titanate, which is used for electronic materiazis. Recent
development for downsizing and upgrade of electronic devices
requires improvement of the capacity and performance of
monolithic ceramic chip capacitors. For such improvement,
barium titanate, which is a raw material of monolithic ceramic
20 chip capacitors, has been regquired to have higher purity and
finer size.
(00031
Barium titanate is generally produced by mixing barium
carbonate and titanium dioxide in a wet form, and drying,
25 followed by calcination. To produce high guality barium
titanate, it is desired to perform uniform wet mixing and
uniform calcinaticon. A titanium dioxide particle has a
relatively low aspect ratioc (namely, more spherical). Thus,
it is also desired to use barium carbonate with a low aspect
30 ratio for uniform calcination.
[0004]
Generally, barium carbonate, which can be used for

electronic materials, is produced by first eliminating



2 impurities from barium salts (such as barium hydroxide, barium chloride, barium nitrate) through, for
example, recrystallization or filtration, then preparing an aqueous solution of purified barium salts, and
blowing gaseous CO2 to the agueous solution, or mixing a solution of a water-soluble carbonate
(ammonium carbonate, sodium carbonate, potassium carbonate, etc.) with the aqueous solution.
[0005] However, when barium carbonate fine particlesyare 10 dispersed in water, particles tend to
aggregate to decrease the surface energy of particles. Generally, the finer particles are, the higher
aggregation force between particles is. Thus, finer particles tend to aggregate more firmly. Additionally,
barium carbonifBrodticd thisliyR Qe aRtidR of DarfiT Safts F5WithGasebi e 62 04 Watsr-soluble
carbonate generdlly:-hia$=a spiculanshape rfp066] +hrFogroddce uritermpiitanium dioxide from such
spicular barium cathpnate, methogs which ncjyde.fine, grinding,of g0 spicularbarjim cahonate during

mixing with titanium dioxide are conventionally employed. One of éxamples of such methods include
the step of finelP gihdiRg pciar barkcm CarborateSwith 2 b dtfntit G WiicH ZiEGHE BdddS %tc. are
enclosed)dn awet statedodinely grind particles:ta beraimost spherical 25-shape tHawevénisuifficient

strength of grinding.js reauired,and 1 lakes Jongiime to podues,fine-partcles with.a low aspegt ratio.

Thus, a special apparatus is generally required for such fine grinding. [0007] 30Some trials to omit
such a compli ahé edstlPstep/ o ifd'Ra?&BEER fatfe o pfocesses of forming fine and
spherical particles frem raw material barium carbonate . Examples of chemical approaches in such

trials include methods,,.3 which includes adding a carboxylic acid-such a g ric ?%ig ogé%rtaric acid, or
pyrophosphoric acid dairlr‘frg the (ea%%gﬁl, ggéelgg{rlib%%%%%eg gtefnjf o §?nelént(i or Patent Document

2.[0008]-0  AS pRysica Gpprobches, FRERtDeETents 3tanad WS Rftiest SoeFréhdas fore
producing barigm:garbenateayith, adewaspectratio. by geinding sypthesized spisulas batiuen earbonate
with a grinder which utlizes, (Referencesl gripding by ceramicbeads carcicies is. Thus,
finer particles tend to aggregate more firmly. Additiocnally,
barium carbonate produced through a reaction of barium salts
15  with gaseocus C0O; or a water-scluble carbonate generally has a
spicular shape.
[0006]
To produce uniform titanium dioxide from such spiculazx
barium carbonate, methods which inciude fine grinding of
20 spicular barium carbonate during mixing with titanium dioxide
are conventicnally employved. One of examples of such methods
include the ztep of finely grinding spicular barium carbonate

with a bead mill (in which zirconia beads, etc. are enclosed)

in a wet state to finely grind particles to be almost spherical

3]
(i

shape. However, sufficient strength of grinding is reguired
and it takes long time to produce fine particleswith a low aspect
ratio. Thus, aspecial apparatus isgenerally reguired for such
fine grinding.

[0007]

30 Some trials to comit such a complicated and costly step
of grinding have been made on processes of forming fine and
spherical particles from raw material barium carbonate

Examples of chemical approaches in such trials include methods,



[Patent Documents] [0009] [Patent Document 1] JP 7-25611 A [Patent Document
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which includes adding a carboxylic acid such as citric acid or
tartaric acid, or pyrophosphoric acid during the reaction, as
described in the Patent Document 1 or Patent Document Z.
[0008]

As physical approaches, Patent Documents 3 and 4 suggest
some methods for producing barium carbonate with a low aspect
ratio by grinding synthesized spicular barium carbonate with
a grinder which utilizes grinding by ceramic beads.
[References]

[Patent Documents]
[0009]
1 Jp 7-25611 A
[ ] JP 2000-185914 A
[Patent Document 3] JP 2007-176789 A
[ ] Jb 2008-266134 A

[Patent Document 1

Patent Document 2
Patent Document 4
SUMMARY QF THE INVENTION

-~ Problem to be Solved by the Invention
[0010]

Indeed, the methods described in Patent Documents 1 or
2 can easlily achieve a specific surface area of the particles
to be higher than 10 m?/g with a help of carboxylic acids or
pyrophosphoric acid. However, the particles are in a spicular
shape. Inparticular, when citric acid is added, particles can
grow to be more spicular. Thus, it has been difficult by the
methods described in Patent Document 1 or 2 to produce desired
highly pure, spherical fine particles.
(00113

Meanwhile, a method of fine grinding using a bead mill
has a risk of contamination of abrasion powder from grinding
media. Specifically, it is difficult to aveid contamination

of abrasion powder in grinding using a grinding media such as



2] JP 2000-185914 A [Patent Document 3] JP 2007-176789 A [Patent Document 4] JP 2008-266134
A SUMMARY OF THE INVENTION - Problem to be Solved by the Invention 20[0010]

ceramic beads.
[0012]

To produce uniform spherical particles from spicular
barium carbonate by a method including a grinding step,

5 sufficient grinding strength is needed for grinding barium
carbonate particles, like the method utilizing fine grinding
during mixing with titanium dioxide. Such methods require a
special grinding apparatus, or a speclial grinding step, and
therefore it is not satisflable from the energy and cost

10  viewpoints.
[0C13]

Thus, development of simple methods has been desired for
producing barium carbonate particles having a spherical shape
and desired characteristics such as high purity and fineness.

15
- Means for Solving the Problem
(00147
Under these circumstances, the present inventors have
found that specific compounds belonging to gluconic acid or its
20 derivatives are effective to produce a spherical particles of
barium carbonate, and have completed an invention relating to
a method of producing uniform, substantially spherical
{preferably, spherical) particles only by a synthetic step.
The inventors have also found that, by the method, uniform
25  spherical particles that contain substantially no impurities
can be efficiently produced.
[0015]

That isg, & first aspect of the present invention relates

to a method of producing substantially spherical barium

3¢  carborate, comprising:
(A) mixing, in an agueous medium, a barium compound with at least
one first ingredient (hereafter, also referred to as "gluconic

acid-group component") selected from the group consisting of



Indeed, the methods described in Patent Documents 1 or 2 can easily achieve a specific surface area
of the particles to be higher than 10 m2/g with a help of carboxylic acids or pyrophosphoric acid.
However, the particles are in a spicular 25 shape. In particular, when citric acid is added, particles can
grow to be more spicular. Thus, it has been difficult by the methods described in Patent Document 1 or
2 to produce desired highly pure, spherical fine particles. [0011] 30Meanwhile, a method of fine
grinding using a bead mill has a risk of contamination of abrasion powder from grinding media.
Specifically, it is_difficult to avoid contamination of abrasion powder in grinding using a grinding media
such as 4 ceramit BRAUS. f6012]°Fo PRddhiics TRifGint spherca parficies Fom SprutdrHariim ©
carbonate by aamethod inchiding @hgriredifig step] Sydufficieabgrimding strength ismeededsor ganding
barium carbonate, parficles, like the method utilizing fine grinding during mixing with titanium dioxide.
Such methods require a special grinding apparatus, or a special grinding step, and therefore it is not
satisfiable fromt the ERErGY M ¢oet 103AeWPointE 60 s} ¥ Fhus? BBVSIopAieht Of siftfplé methods
has been desiregltfor praducirigebariumcashenate parnticles having o sphesicabishape and desired

characteristics such;as high Pyyty$@@1%§@gg§55b A5:- Means for Salying the Problem [0014] Under

these circumstanceséﬁthe present inventors have found that specific compounds belonging to gluconic
acid or its [0016]

In a preferable embodiment, the first ingredient is at

least one selected from the group consisting of gluconic acid
10  or salts thereof, and gluconolactone.
[0017]

In another preferable embodiment, at least one step of
the steps (A) and (B) is performed under the presence of at least
ong second ingredient selected from the group consisting of a

15 polybasic carboxylic acid, a hydroxycarboxylic acid, and a salt
cf polybasic carboxylic acid or a salt of hydrexycarboxylic
acid.

[0018]

Ina further preferable embodiment, the second ingredient

20 is citric acid, tartaric acid, or a salt thereof.

[0019]

A second aspect of the present invention relates to a
substantially spherical bariumcarbonate having an aspect ratio
represented by [{the length cf the majocr axis} / (the length

25 of the minor axis)] of not larger than 2.5.
(00207

In a preferable embodiment, the substantially spherical
barium carbonate has a BET specific surface area of not less
than 30 m®/g.

30 [(6021]

B third aspect of the present invention relates to a

substantially spherical barium carbonate composition,

comprising:



20 derivatives are effective to produce a spherical particles of barium carbonate, and have completed
an invention relating to a method of producing uniform, substantially spherical (preferably, spherical)
particles only by a synthetic step. The inventors have also found that, by the method, uniform 25
spherical particles that contain substantially no impurities can be efficiently produced. [0015] That is, a
first aspect of the present invention relates  to a method of producing substantially spherical barium
30 carbonate, comprising: (A) mixing, in an aqueous medium, a barium compound with at least one
first ingredient (hereafter, also referred to as "gluconic acid-group component”) selected from the
group consisting of 5 GidcdHic SEiHUHEAIE théfEdf, gluconolactone, glucoheptonic acid or salts
thereof, and glucohebtonolaeterie, topreparea mixturei andt (Blieacting the baritimecampaognd with

carbon dioxide 0.4 pWater-sotuble carhgnate n the,mixtyre s to produce substantially spherical barium

carbonate. [0016] In & preferable embodiment, the first ingredient is at least one selected from
the group conSidfiHPEFRBEBHHE &d 10°6r SaHS theéraBF, bl g REEnBIHAHE 007 -2 S ikhother
preferablesembodimentiatdeast anesstepoafithecsteps €AY and B} isoperforaed ardér. thecpreésence of

at least one seg ngé@egkengﬁgleg@gafiomatgg gg@up&lggn%g%gfia_ }grpfolyét}%icc%%rboxylic acid, a

hydroxycarboxylic acid, and a salt of polybasic carboxylic acid or a salt of hydroxycarboxylic acid.
[0018] IHR FidRér sreferablel GmbodieritT e SecoRd ingredient 26is ric 2id, tartérit acid,

or a salt thereofspect ratio represented by [ {the length of the major axis)/ (the
length of the minor axis)] of not larger than 2.5.
10 [0022]

Preferably, the first ingredient is at least one selected
from the group consisting of gluconic acid, gluconic acid salt,
and gluconolactcone. Preferably, the composition has a BET
specific surface area of not less than 30 m®/g.

15
- Effect of the Inventiocn
[0023]

According to the method of the invention, the method can

provide substantially spherical barium carbonate having

20 uniform particle shape and size, and having an aspect ratio of
not larger than 2.5. Furthermore, fine substantially
spherical barium carbonate can be obtained when the second
ingredient selected from the group consisting of a polybasic
carbexylic acid, a hydroxycarboxylic acid, and a salt of

25 polybasic carboxylic acid or a salt of hydroxycarboxylic acid
is added with the first ingredient such as gluconic acid. The
ingredient like gluconic acid contributes to produce
substantially spherical bariumcarbonate having an aspect ratio
of not more than Z.5.

30

BRIEEF DESCRIPTION OF THE DRAWINGS

(00247

Fig., 1 illustrates a schematic view of reaction flow of



[0019] A second aspect of the present invention relates to a substantially spherical barium
carbonate having an aspect ratio represented by [(the length of the major axis) / (the length 250f the
minor axis)] of not larger than 2.5. [0020] In a preferable embodiment, the substantially spherical
barium carbonate has a BET specific surface area of not less than 30 m2/g. 30[0021] A third
aspect of the present invention relates to a substantiaily spherical barium carbonate composition,
comprising: 6 barium carbonate; and at least one first ingredient selected from the group
consisting of gluconic acid or salts thereof, gluconolactone, glucoheptonic acid or salts thereof, and
glucoheptonol Eﬁfﬁ%}gvﬂwerein the amount of the first ingredient is 0.1 to 5% by mass of the total
mass of the compositibngand thesulzstantiadlysphericakconmpgsitioroarepdrticleshravirigas aspect

ratio represented by [ithe lenath of the. major axis){(the length,of the minar axis)Lofot larger than 2.5.

10[0022] Preferably, the first ingredient is at least one selected from the group consisting of
gluconic acid, Yifdhtc a€id-SaltCard giucsHotaMohedBrateribly thé omposition has'd BEP Specific

surface atea of pattess than 30 m2/g. 15 - Effect of the Invention [0023] According to the method of
the invention, the methqd, can provide substantially, sphefical harm carhonate haping: i c1es
obtained in Example 1, in which gluccnic acid was added in an
amount of 10 mol% of barium hydroxide, and citric acid was added
in an amount of 1 mol% of barium hydroxide.

190 Fig. 4 shows an electron microphotograph cof particles
obtained in Example 1, in which gluconic acid was added in an
amount of 10 mol% of barium hydroxide, and citric acid was added
in an amount of 2 mol% of barium hydroxide.

Fig. 5 shows an electron microphotograph of particles

-
on

cbtained in Example 1, in which gluconic acid was added in an
amount of 10 mol% of barium hydroxide, and citric acid was added
in an amount ¢f 3 mol% of barium hydroxide.

Fig. 6 shows an electron microphotograph of particles
obtained in Example 1, in which gluconic acid was added in an
20 amount of 30 mol% of barium hydroxide, and citric acid was added

in an amount of 1 mol% of barium hydroxide.

Fig. 7 shows an electreon microphotograph of particles
obtained in Example 1, in which gluceonic acid was added in an
amount of 30 mol% of barium hydroxide, and citric acid was added

25 in an amount of 2 mol% of barium hydroxide.

Fig. 8 shows an electron microphotograph of particles
obtained in Example 1, in which gluconic acid was added in an
amount of 30 mol% of barium hydroxide, and citric acid was added
in an amcunt of 3 mol% of barium hydroxide.

30 Fig. 9 shows an electron microphotograph cf particles
obtained in Example 1, in which gluconic acid was added in an
amount of 50 mol% of barium hydroxide, and citric acid was added

in an amount of 1 mol% of barium hydroxide.



20 uniform particle shape and size, and having an aspect ratio of not larger than 2.5. Furthermore, fine
substantially spherical barium carbonate can be obtained when the second ingredient selected from
the group consisting of a polybasic carboxylic acid, a hydroxycarboxylic acid, and a salt of 25
polybasic carboxylic acid or a salt of hydroxycarboxylic acid is added with the first ingredient such as
gluconic acid. The ingredient like gluconic acid contribgites to produce substantially spherical barium
carbonate having an aspect ratio of not more than 2.5. 30 BRIEF DESCRIPTION OF THE

DRAWINGS [0024] 7 Example 1. Fig. 2 shows an electron microphotograph of particles obtained
in Example 1, in whichfgificonrit atit s detein P anibhRt 6P16 MogPe baiuRPybrdxds, but
citric acid was ¢iot baddedin =xkigp3 showsian efecttorymicrophatogtaph ofpattittesiohbtaired in
Example 1, in whi lucenie acid w in an maun f 0l%, of .harium roxjde,.and citric
acid was adde%%ﬁqg?\%a%%ﬁrﬁt %1? (11 ?n% ()/i[%%eb%%% %yhqu roxéeg.’llggr% %4{%%%?;&;%%&%%’%@% i
microphotograph ot paftittes:bbtainet FAEXampleE i Whichv§ldednie acid was added in an amount of
10 mol% af barium hydroxide; anskeitrie acid wascadded inian-ameunbef-2 prol%robbariiin hydroxide.
Fig. 5 shows an. electron,micraphotograph of particles.15 gbtained in le 1, i ich gluconic
acid was addea}?ent %ﬁnaen?oﬁﬁtotof)f{ 6 ﬁ?lo?%tféf El)gri‘dr%n é&dr%%%g%r% cﬁ??}gz%g vsvlaasHa%,i}ﬁlé?édtﬂ irr? ;égl amount
of 3 mol% of bakigmHydfoxiletol® pig B shows B sREies michhRotobtaph ot Partielesid@ined in
Example 1, in whichrgldueenic acikwas added &F an 20iamourtnf 30:mel% of barium hydroxide, and
citric acid was added in. an ar?gursffrl %f 1S moﬂ%eqf t():a\irjfuorpl h g{'rogid%o o %g%? %i}ow% ajgéeé%%[rson
microphotograph of pa‘rtlcqe“s obtained in Examb?e ,In'w ich g?l?conlc did*Was added if an amount of
30 mol%Léf bafitiretydroxide, Bneitie akid Was'added 25 Wean aineGrith 2 melgeihariumn

hydroxide.  skigu8shaws@nslectienyniciophetograph efpadicies obtaineddn Exampleidein which
gluconic acid was added in an am ugt of %Q mo,LJO/%ofTbariun@1 h&droxid&é and citric acid was added in
an amount of 3-fofs GFiariim ﬁﬁjr ° arium hydroxidae.

Fig. 13 shows a microphotograph of a commercially

available highly pure grade barium carbonate, BW-KHR (available
15 from Sakai Chemical Industry Co., Ltd.).

Fig. 14 shows a microphotograph of a commercially
available highly pure grade barium carbonate, BW-KH 30
{available from Sakai Chemical Industry Co., Ltd.).

Fig. 1% illustrates a schematic view of reaction flow of

20 Example 2.

Fig. 16 shows an electron microphotograph of particles
obtained in Example 2, inwhichcitricacidwas added in an amount
of 1 mol% of barium hydroxide.

Fig. 17 shows an electron microphotograph of particles

25  obtained inExanple 2, inwhichcitricacidwas added in an amount
of 2 meol% of barium hydroxide.

Fig. 18 shows a microphcotograph of a commercially
available barium carbonate, BW-KE 30 {(available from Sakai
Chemical Industry Co., Ltd.}.

30 Fig. 1% shows an electron microphotograph of particles

obtained in Comparative Example 1.

MCODE FOR CARRYING CUT THE INVENTION



30Fig. 9 shows an electron microphotograph of particles obtained in Example 1, in which gluconic acid
was added in an amount of 50 mol% of barium hydroxide, and citric acid was added in an amount of 1
mol% of barium hydroxide. B Fig. 10 shows an electron microphotograph of particles obtained in
Example 1, in which gluconic acid was added in an amount of 50 mol% of barium hydroxide, and citric
acid was added in an amount of 2 mol% of barium hydyoxide. 5Fig. 11 shows an electron
microphotograph of particles obtained in Example 1, in which gluconic acid was added in an amount of
50 mol% of barium hydroxide, and citric acid was added in an amount of 3 mol% of barium hydroxide.
Fig. 12 shows AHYedtron microphotograph of particles 10 obtained in Example 1, in which gluconic
acid was added in an ameuptrefsEhmol%wdbariom hydroxicler abd citiie ackd vias ddded in an amount
of 1 mol% of barium hydroxide. Fig. 13 shows a microphotograph of a commercially available
highly pure grade barium carbonate, BW-KHR (available 15from Sakai Chemical Industry Co., Ltd.).
Fig. 14 shows &'ffiercph6tographist & comtherery SralidbRPRGRISUr L Grade bafam b6 riate,
BW-KH 36 (available from&akat Chemical dndiisty Gobstthht ially Hghkh-illustrates aisehematic
view of reaction flow of 20 E ple 2. ig.-16 sh .elect i r ticles
obtained in Exgé%\lg/eo ,alzﬁev(/hlc Cc:|§|§i gciJC v%a%:g%lsd%e %3£Q§m%%rﬁ%%%”#%%?%%@%ﬁ%%ﬁ%@%%xide_
Fig. 17 shows af §leéfdn AfieropHdt6gfaphi6Fpaniclés'es obtainediR EXAMBR 27 Wkich ©itric acid
was added in armpameunt of 2 mol% of barium hydroxide. Fig. 18 shows a microphotograph of a

commerciglly available ﬁ:ri m Q&{gog%tee B&;KiHSSg g\i%i@béeJyon&%gknggge@i?agIrpcgijggg SCo.,
Ltd.). 30Fig. 19 shows an &lsétron mlcrof)lho ograph o partlcrlles
10 mixing a barium compound with at least one first ingredient
selected from the group consisting of gluconic acid or salts
thereof, gluconolactone, gluccheptonic acid or salts thereof,
and glucoheptonclactone in an agueous medium, to prepare a
mixture.
15 [0027]
As mentioned above, conventicnal methods, which includes
the steps of blowing gaseous CO; to a barium compound, or adding
a water-soluble carbonates to react with a barium compound
without any pretreatment, only provides spicular barium
20 carbonate particles. The present inventers have found that
substantially spherical particles ¢of barium carbonate are
produced by adding gluconic acid or glucoheptonic acid, or their
derivative such as a salt or a lactoeone, before conversicn from
the barium compound into barium carbonate, to react with the
25  Dbarium compound, and thereby have completed the present
invention. Thus, the method of the present invention is
remarkable in that spherical particles are produced by a simple
process using chemical techniques, whereas it has been
difficult in a conventional chemical process.
30 [0028]
The step (A) 1s now described specifically.
Examples of the barium compound include, but not limited

to, water~-soluble barium compounds such as barium hydroxide,



obtained in Comparative Example 1. MODE FOR CARRYING OUT THE INVENTION 9 [0025] The
present invention is described below in detail. <Method of producing substantially spherical barium.
carbonate> 5 A method of producing substantially spherical barium carbonate, which is the first
aspect of the present invention, is described. The method includes the above steps (A) and (B). [0026]
First, the step (A) is explained. The step (A) includes 16 mixing a barium compound with at least one
first ingredient selected from the group consisting of gluconic acid or salts thereof, gluconolactone,
glucoheptonic acid or salts_thereof, and glucoheptonolactone in an aﬁ#eous medium, to prepare a

mixture. 15[0097F + W ASTHhEtidHed a5dve oRventonar matiodd™ FaT et ithe Rtdpe 8t
blowing gaseous 002 to & batiunucéamnpeundhaoradding d watedsolublecarbonatebsdoireat with a

barium compoynd yiithout any pretreatment, only provides spigylarbarium, 20.caphonate partigles. The

present inventors have found that substantially spherical particles of barium carbonate are produced
by adding glucdhicidcid 8F giucomepforii@adid o e UEtivative such as a salt or a lactone, before
conversiofa fromothe darium compound into barium carbonate, to react with the 25 barium compound,

and thereby have comg@{ qlﬁh%z@ggg'@geg@ond &%i_@e@gmpda%f tgﬁﬁgﬁrgér}vention is

remarkable in that spherical particles are produced by a simple process using chemical techniques,
whereas it has ifficBiltdn acorRehtional chetnical*Brocess 23618858 Fite &tp (98 Hbfs
described spegificathe uscxamples of thesbarumreompolnd. inciudendut netllimited 40, wates-soluble

baﬂun]Compo%@%ﬁ%%%%qg&?@%ﬁw@gnggghohydrate or octahydrate. Otherwise,

10 a sclution form such as an aguecus solution of barium hydroxide
may alsc bhe used.

00301

In the step (A}, at least one ingredient selected from
the group consisting of glucconic acid or salts thereof,

15 gluconolactone, glucoheptonic acid or salts thereof, and
gluccheptonolactone is reacted with the barium compound.
Examples of such salts includes, but not limited to, agueous
salts of alkaline metals such as scediumor potassium, or agueous
salts of alkaline-earth metals.

20 [0031]

Gluconclactone, which is a ® lactone of gluconic acid,
may also be used. Gluconic acid and gluconolactone are in
equilibrium in an aqueous medium, and the equilibrium shifts
to gluconic acid side in a basic condition. Thus,

25 gluconolactone is expected tocause a similar effect to gluconic
acid. Similarly, glucoheptonolactone may be used in place of
glucoheptonic acid.

[¢c3z]

Examples of the agquecus medium to be used in the step (A)

20 include, but not limited to, water, and a mixture of water with
a water-scluble organic solvent such as methanol, ethanol, or
acetone. The agqueous mediumcontains preferabiy b0 to 1l00mass%,

more preferably 75 to 100 mass%, still more preferably 20 to



10 barium chloride, barium nitrate, barium acetate, and barium oxide. Particularly, barium hydroxide is
preferable in view of high solubility in water, and high reaction efficiency in shift reaction to barium
carbonate. 5[0029] Barium hydroxide is usually known as anhydride, monohydrate, or octahydrate.
Any of anhydrides and hydrates may be used in the present invention. Commercially available
products are commonly monohydrate or octahydrate.1@therwise, 10 a solution form such as an
aqueous solution of barium hydroxide may also be used. [0030] In the step (A), at least one
ingredient selected from the group consisting of gluconic acid or salts thereof, 15 gluconolactone,
glucohepton Lt BPSNEEO ATE RGBT g 8ackid VP 1SR IT Capound.
Examples of sacht baltsyinciudes; bhup pot limited foyageeousssalts-of alkaline! miataksucinas sddium or
potassium, or aguequs salts of alkaline-earth metals. 20[0031] Gluconolactone, which is a 5
lactone of gluconic acid, may also be used. Gluconic acid and gluconolactone are in equilibrium in an
aqueous meditgrcﬁ(? and the equilibrium shifts to gluconic acid side in a basic condition. Thus, 25
gluconolattone is expétted tocaase. arsimilarreffeettogtuconip acidi Simdarlygglicobeptohiolactone

may be used in place.of glucaheptonig acjd, 10032] ¢ o0 u EXRMIPIES Of the Aqueous Medium to be

used in the step(A) 30 include, but not limited to, water, and a mixture of water with a water-soluble
organic solvent SUEP S MEMHanB, thdnol? o atefonk:the Hucdusihadiimi Bortaits pFeferdbly 50 to
100 mass% , mate, preferablyr#b to- 20 mass9, il mare piéfepalily OGtol ubility varies

depending on the salt used. In general, the higher the

10  concentration is, the finer the particle size becomes. However,
the barium compound tends to crystallize due to temperature
variation when concentraticn gets close to saturation. As a
result, prcblems such as clogged plpes may arise. To prevent
such crystallization, heating is recommended to increase

15  solubilility. However, when the liguid temperature is
heightened to increase the solubility, the temperature of the
reaction mixture becomes hicgher, and as a result, excessive
particle growth through ageing may be occurred. Thus, it is
preferable both To keep the reaction temperature relatively low

20 and tomake a solution having the highest possible concentration
at the temperature, especially when a fine product is desired.
[0034]

The amount of the gluconic acid-group component is, but

not limited to, preferzbly 5 to 100 mol%, more preferably 20

25  to 75 mol%, and still more preferably 40 to 50 mol% based on
100 mol% of barium ion in the barium compound. If the amount
ig too low, particles grow during the reaction, and particle
size and shape tend to vary. The amount exceeding 10 mol% is
also unfavorable because the effect of controlling shape of

30 particles by addition of the compenent may be saturated, and
further addition may only lead to increase in production cost.
[0035]

The temperature during the step (A) is not particularly



11 100 mass%, and particularly preferably 100 mass% of water, although the proportion of water is not
limited to any one of these. [0033] Concentration of the barium compound in an aqueous medium
[grams (mass of the barium compound)/Liter (volume of the aqueous medium)] is, but not limited to,
preferably 10 to 500 g/L, and more preferably 100 to 400 g/L. Solubility varies depending on the salt
used. In general, the higher the 10 concentration is, the finer the particle size becomes. However, the
barium compound tends to crystallize due to temperature variation when concentration gets close to

saturation. As a result, problems such as_clogged pipes may_arise. To prevent.such crystallization,
heating is recomfiended taﬁlqcn%%ggﬁ%sl&u%ﬁi%%%\ﬁei?& %v%]eﬁ’th%nl%ﬁg 'fe%n%g% L%eg?é r%éalghtened
to increase the& 86lUbility, the temperature of the reaction mixture becomes higher, and as a result,

excessive part'[qj@ grqwth through ageing may be occurred. Thus, it is preferable both to keep the

reaction temperature relatively low 20 and to make a solution havin% the hi%Fgg;fposs%b.le ¢
concentration at the tehipérafura-8Bpétiatly wWherP& fingprodudti& desited! 2C%He Smount of
the gluconic acidegroap compangnt is;dd mot finitedto cpraferdblyrs taol 6Ol mioresprefdrably 20

25 to 75 mol%, and sill mare preferably 40 @50 EQ%@&S@Q%%@% mel%,0f bayium jendn the

barium compound. If the amount is too low, particles grow during the reaction, and particle size and
shape tend to Van/ TheSmaist SREBJNGEES s BibFUitasrable becatidefie effect of

controlling shapetaf 8D particles by addition of the component may be saturated, and further addition

may only lead to incre g(@’pr&ggcgiggggo% [0035] .12 limited, 9ndfggngr@é% apout 2010, 8000, and
preferably 30 to 60C. [0036] In the step (Aﬁlhe period of time for the reaction of 5 the barium

compound and §REbARBGE- GG coRfporht i€ h Gt fitaH Y IMited “PRE petitd 1§ rétérdbly 10
minutes to 12 haursy and mare«preterably zil-mirtte >3 hoarso §0031#) carborNext,.the step (B) is
explained. The{%tggg@) includes 10 reaction between the barium compound and carbon dioxide or a

In the step (B), either of carbon dioxide and a

water—-soluble carbonate may be used with a barium compound to
15 cause reaction therebetween.
[0039]

Carbon dioxide may be used in a form of gas (gaseous COz)
or solid (dry ice). Gaseous CO; may be preferred since it can
pe introduced in a simple and easy manner, and contrel of

20 reaction temperature is easier.
[0040]

Examples of the water-scluble carbonate include, but not
limited to, ammonium carbonate, ammonium bicarbonate, sodium
carbonate, potassium carbonate, and magnesium carbonate.

25 (0041}

When a barium compound and carbon dicoxide are used as raw
materials, the reaction mixture theoretically contains no
metals other than barium. Thus, highly pure barium carbonate
which contains fewer amounts of residual salts can be obtained

30 by the reaction between a barium compound and carbon dioxide.
Carbon dioxide is preferable among carbon dioxide and
water-soluble carbonates in this point, and gaseocus CO; is

preferable because introduction into the reaction mixture can



water-soluble carbonates to produce barium carbonate. [0038] In the step (B), either of carbon
dioxide and a water-soluble carbonate may be used with a barium compound to 15 cause reaction
therebetween. [0039] Carbon dioxide may be used in a form of gas (gaseous 002) or solid (dry
ice). Gaseous CO2 may be preferred since it can be introduced in a simple and easy manner, and
control of 20 reaction temperature is easier. [0040] 13 Examples of the water-soluble carbonate
include, but not limited to, ammonium carbonate, ammonium bicarbonate, sodium carbonate,

potassium carponate, and magnesiunﬂ carb%pate. 25[8041 When a barium compound and carbon
dioxide are us8d argarg% mateTiafs; the Feaacrfloner%ﬁ(¥ureafﬁe§r5tically contains no metals other than

barium. Thus, hitghy pure barium carbonate which contains fewer amounts of residual salts can be

obtained 30 by the reagfjophetween g;harium-compound and garhan dioxide (harhandigxideds
preferable amon%carbon, dioxide and water-solu%%a carbonates in this %(;:iiém% Oanpl gaseous 002 is
i §|

e
preferable becatse MtrSdioRInid the redttion Hixtite carP 1356 ffa 2 5inpieaRe edsy
manner. [6042inc mircthe cade whietey catboncditkidedd tised sthe amobat of.carbor dioxide o be
introduced is prgferably 80 to 500 mol%, 5 and more preferably 200 to 300 mol% based on the amount
of barium ions. 0043A Ina preferred embodiment, when the barium salt is a salt whose aqueous
solution is basiﬁ:, $6ch as barium hydroxide or 10 barium oxide, carbon dioxide is introduced so that
the pH of reaction sluriin(ramedyf, stureyi obtéindd raftetr conipletioh ofithe feacteon betweernsbarium

compound a“%ﬁ%@@”a@éﬁ%@ﬁ%iss%@&e{ ably not higher thag, 12, marepreferably.not higher than 8, and
SUHnuﬂ%jyeﬂggggégﬂogyggth%gzgon dioxide 1s introduced so that tThe pH of
’
reaction slurry {(namely, slurry obtained after completion of
the reaction between barium compound and carben dicxide) is
preferably not higher than 12, more preferably not higher than
8, and still more preferably nct higher than 7.

15 10044}

When the water-soluble carbonate 1s used, the amount of
water-soluble carbonate is preferably 100 to 150 mol%, and more
preferably 110 to 120 mol® based on the amount of barium ions.
[0045]

20 The temperature during generation reactiocn of barium
carbonate is not particularly limited, and the reaction can be
carried out, for example, preferably at 10 to 70°C, more
preferably at 15 to 50°C, and still more preferably at 20 to
40°C. [004¢6]

25 The periocd for the generation reaction is not
particularly limited, either, as long as the time ig sufficient
for generaticn of barium carbonate.

(0047]

The generation reaction of barium carbonate is generally

30  carried cut by feeding a carbenate or an agueocus scolution of
a carbonate, or carbon dioxide in an agueous solution or
suspension of a barium compound. Continuous reaction is

preferable to produce fine barium carbonate particles.



15[0044] When the water-soluble carbonate is used, the amount of water-soluble carbonate is
preferably 100 to 150 mol%, and more preferably 110 to 120 mol% based on the amount of barium
ions. [0045] 20The temperature during generation reaction of barium carbonate is not particularly
limited, and the reaction can be carried out, for example, preferably at 10 to 70C, more preferably at
15 to 50C, and still more preferably at 20 to 40C.[0046} 25The period for the generation reaction is not
particularly limited, either, as long as the time is sufficient for generation of barium carbonate. [0047]
The generation, reaction of barium carbonate is enerai%g(? carrie% out gr)}{ feeding a,carbonate or an

agueous solut%%n&%lggr%%nﬁ?e‘_’}%?108%61‘? diide i dedds sG1061 or StEpérsion éf & barium
compound. Cartinuosgaeaction s préferable toprpoduceifinedagisrecarbdiate paitielesla 4t

Continuous reactign is, particular 'M&H%@fﬁ@%@%%@@h}’o% i@&ﬁ@&@'?rb%fta&?{imm%q and
gaseous CO2. Example of a method using continuous reaction include, but not limited to, a method

including feedds baftm 85mPouRd frofT ahifiet ot 3a SHaliVBRINE Yeadtich TBsdéi equifiied with
a high-spéed ratating blade,white diseharging aseactionsgrodupctfrom anoutletiSpecifically, such a

continuous reactipn Canbe periarmed, in @ casing.of.a PHMP, WhICh-$eIVES a5 4 8aCtiPp yeSSEl-

Reaction using gaseous CO2 requires a sufficient-size veSsel 10 because it takes some period of time
to dissolve a gaB&dGs COP R fraterCThd Y W s mdré Birhps 13 Pbée 88fnectBd 77 8ef&s according
to need. Wherpa ptimpnkaving darge casing wlumre and:high revolttion s aised onlyonespuap may be

used. Examples.af such a BE%&”&E’Q&o‘i?@%‘%g@&gu”}ﬂfe%“(daaéié‘lf?‘l‘é’:f’é‘ﬂ%p—% 15[0048]. . ; Ina

preferred embodiment, at least on€ step of the s 65)3 A) and (B) is&qreferably performed under the
presenceé of atlé&stbife ingreaibRt (RSFRaMRE 186 réferfed ® 48 a0%BE6Ad Mdretheift©BE otirérwise a
"carboxylic acidringteghent” imthes, two or more pumps may be connected in series

according to need. When a pump having large casing volume and
high revolution is used, only one pump may be used. Examples
of such a pump include centrifugal pumps and axial-flow pumps.
15 16048]
In a preferred embodiment, at least one step of the steps
{&) and (B) 1is preferably performed under the presence of at
least one ingredient (hereafter, also referred to as a "second
ingredient” or otherwise a "carboxylic acid ingredient™ in the
20 descripticn and claims) selected from the group consisting of
a polybasic carbexylic acid, a hydroexycarboxylic acid, and a
salt of polybkasic carboxylicacidora salt of hydroxycarbeoxylic
acid. These carboxvlic acid ingredients may serve Lo make
particles finer.
25 [6049]
The term “polybasic carboxylic acld” is to be understood
as anorganicacid that has two or more —COCH groups in a molecule.
The hydroxycarboxylic acid is to be understood as an organic
acid that has one or more —-COOH groups and one or more —OH groups
3¢  in a molecule. Polybasic carboxylic acid and
hydroxycarboxylic acid are not clearly distinguishable, and
some acidic compounds pelong to both a category of polybasic

carboxylic acid and a category of hydroxycarboxylic acids. For



20 description and claims) selected from the group consisting of a polybasic carboxylic acid, a
hydroxycarboxylic acid, and a salt of polybasic carboxylic acid or a salt of hydroxycarboxylic acid.
These carboxylic acid ingredients may serve to make patrticles finer. 25[0049] The term "polybasic
carboxylic acid" is to be understood as an organic acid that has two or more -000H groups in a
molecule The hydroxycarboxylic acid is to be understped as an organic acid that has one or more
-COOH groups and one or more -OH groups 30 in a molecule. Polybasic carboxylic acid and
hydroxycarboxylic acid are not clearly distinguishable, and some acidic compounds belong to both a

category of polyHRER Garboxylicacia and & Latddory f ydokyEatxsiie Aide For°ib 8x&ambBle, citric
acid has three :€Q@O graupseandonetH gfoupein a moletulegantddherefore, it betongsitodioth a

category of Poblbfg'k?a%a{ boxylig,acids and,a categary of hydiaxycarbgxylicacids Sl0030),1 ;

Examples of the above polybasic carboxylic acid include, but not limited to, C3-12 aliphatic
dicarboxylic adids-Sch as malonic acid, succinic acid, glutaric acid, adipic acid, suberic acid, azelaic
acid, sebacic adid,‘dodecanedioic acid, 10 maleic acid, and fumaric acid; C6-12 aliphatic tricarboxylic

acids such as tricarballylic acid,(propanetricarhoxylic-acid) outaneticarbexylic agids; nc1 yge,,

pentanetricarboxylic acids, hexanetricarboxylic acids, and octanetricarboxylic acids; monohydroxy di-
or tri-carboxyli® AEidSSuchas A Rbid b {ine Gding HyHrdtes): G0y Adi, 3srtarc aeRE Malic acid,
and aconitic acid 1[9052] aci&Examptes efithezahiove kydiexycadaxylic acks(hydroxy atjds) include,
but not limited {0,,40¢ abavementioner, 20 mononydioxy i orfiearbaxdicadds s el agq,
monohydroxy monocarboxylic acids such as glycolic acid, lactic acid, glyceric acpdl, mevalonic acid,
leucinic &8id, Mévaidie &d andpantoicradid o523 25ERampléstéPike 'skeohtifgresiiehit aiso
include, but no fimited: to; fithikimy sedivay, OF potassivmisafis obthesalovearboxylic acid),

butanetricarboxyliic acids, pentanetricarboxylic acids,
hexanetricarboxylic acids, and octanetricarboxylic acids;
monchydroxy di- or tri-carboxylic acids such as citric acid

15 {including hydrates}, iso-citric acid, tartaric acid, malic
acid, and aconitic acid.

[0o51]
Examples of the above hydroxycarboxylic acids (hydroxy
acids) include, but not limited to, the abovementioned

20  monohydroxy di- or tri-carboxylic acids, as well as monchydroxy
monocarkboxylic acids such as glyceolic acid, lactic acid,
glyceric acid, mevalonic acid, leucinic acid, mevaldic acid,
and pantolc acid.

[0G52]

25 Examples of the second ingredient also include, but noct
limited to, lithium, sodium, or potassium salts of the above
polybasic carboxylic acids and hydroxycarboxylic acids.
[0053]

Among these acids, citric acid, tartaric acid, or a salt

390 thereof is preferable, and citric acidor its salt is preferable.
Citric acidwill effectively serve to generate fine particles,
and increase the specific surface area of the particles. Thus,

fine, spherical particulate barium carbonate can be obtained



polybasic carboxylic acids and hydroxycarboxylic acids. [0053] Among these acids, citric acid,
tartaric acid, or a salt 30 thereof is preferable, and citric acid or its salt is preferable. Citric acid will
effectively serve to generate fine particles, and increase the specific surface area of the patrticles.
Thus, fine, spherical particulate barium carbonate can be obtained 16 by combining both the effects of
generating fine particles by citric acid and the effects of producing spherical particles by gluconic acid.
[0054] 5Although the time when the second ingredient is to be added is not limited, the second
ingredient may be added at any time during the step (A) or (B). However, it is preferable to add the

second ingrediéht SHEP - 3ddRidn b thE fritiRghedie t%%%éQHeﬁéﬁaigﬁjéﬁﬁc%%? G¥the first
ingredient, suchil(® as ghudahie adidt itds efidrecpreferabletocaddithe secoadiingredient (thelesrboxylic
acid ingrediengﬁg,irs%%q&uglyawhtg carbon dioxide or a water-soluble carbonate, or immediately after
the addition of carbon dioxide or a water-soluble carbonate (for example, in five minutes, more 15
preferably in threé Hihutes, still more preferably in one minute from the addition of carbon dioxide or a
water-soluble carbonate)ih theystep £B) Sikceline paticles onay ieftectively e produded a[@058] 20The
amount of the %%08%‘1 'ﬁ%ﬁteiﬁ,'s ggoerally Q1o 20 8%?(9:&@%@(?%@-%%@&“%‘% Dased;an.100
mol% of generated barium carbonhate, althour?h the amount varies depending on the type of the

ingredient. Thé'gffé&mal)desSatrdtbd Wiser te sebBNE iffFedieht ffaR SficUitiover 20 Mok is

added, and the: 2% effech:far finingepardicles sralmesiequalite the case nherernet highesdiam?0 mol%
of the second ingredient is added. For.efficiently producing,fi r%ig@ tuﬁrﬂ rﬂé% se nd in(%edient, 2
mol% or more %(?t Ié}éae%gre]%%\%r%a%%% i"sogrg e%{ébﬁfiga%%gd?g:/%gﬁ 2 mc%l% or(gmoreloﬁ t%’e ggcond

ingrediert30 i§ adééd e ipartéiildte meferid HEVIRY & BETeS it diitfaecareasdf #OEfer than 40
m2/g can be effigigrtly prapareen 0056 boxylic acid ingredient) simultaneously

with carbon dioxide or a water-soluble carbonate, or
immediately after the addition of carbon dioxide or a
water-soluble carbonate (for example, in five minutes, more

15 preferably in threeminutes, still more preferably in one minute
from the addition of carben dioxide or a water-soluble
carbonate) in the step (B) since fine particles may effectively
be produced.

[0055]

20 The amount cof the second ingredient is generally 0 to 20
mol%, preferably 0.1 to 5 mol% based on 100 mol% of generated
barium carbonate, although the amount varies depending on the
type of the ingredient. The effect may be saturated when the
second ingredient in an amount over Z0 mol% 1s added, and the

25  effect for fining particies is almost equal to the case whers
not higher than 20 mol% of the second ingredient is added. For
efficiently producing fine particles using the second
ingredient, 2 mol$% or more of the second ingredient is
preferably added. When 2 mol% or more of the second ingredient

30 is added, the particulatematerial having a BET specific surface
area of not lower than 40 HF/g can be efficiently prepared.
(00567

If the second ingredient i1is added in the step (B}, the



17 period for treatment with the second ingredient is not particularly limited. It is preferable that
- particulate barium carbonate maybe separated as soon as possible after the treatment with the second
ingredient. Particularly, it is 5 preferable to complete the step (B) within one hour, preferably 30
minutes, still more preferably 10 minutes, particularly preferably within five minutes from the addition of
the second ingredient. [0057] 10The temperature during the step (B) is not particularly limited, and
generally, the step (B) can be performed at a room temperature. The pressure during the step (B) is
not particularly limited, either, and generally, the step (B) can be performed at ordinary pressure.

15[0058]  AREcorBihgtmeett 3iutRFdontdining thtis 36tk d batiif cafdonate $&h be filtrated,
and then separated cake 4z Washéd i folowedIy drying; 4d soldié @ desireddzariuin cadionate. Dried

cake can be optionally ground by a grinder 20,01 the like, devices. This grinding,is.not-ane of fine

grindings conducted to finely grind primary particles themselves, but is a process for loosening

secondary or téﬁﬁ‘fr.fﬁ%ﬁfclé@ﬁﬂﬁi&ﬂ%wﬁ)%%ﬁﬂ(} ab@%é@%eth@@ﬁ?ﬂ%ﬁﬂé’ disctett%rimary
part(;clcl-:-zs. J hulsp ﬁééélﬁhﬁp@ataium%MﬂQCteIB@aﬁ)t&f ttas %ip{lnﬁassnmﬂ@enerpkgﬁ?mmag _be
used. Exampleg,of such.general gr c r e : te iggpg% ebris.
For example, zstsgiéfleé%%gl]’ grlgrllt eir% c%éq% e r‘%déeﬁt?gr%gd? 5[ 05%%%%%%%& od 01?'IL {}Ffe@p%gfggt

invention, gen&itéd EfjtalliNé bakting L4fbsridie gy beptidialfkyddt Howéver st isSpreférable to
filtrate barium eadpenate-and then wash it with water immediately after the reaction without ageing 18
because partict%ﬁig%may significantly increase as the ageing time extends. [0060]

10 The temperature during the step (B) is not particularly
limited, and generally, the step (B) can ke performed at a room
temperature. The pressure during the step (B) 1s not
particularly limited, either, and generally, the step (B) can
be performed at ordinary pressure.

15 (00381

According to need, slurry containing thus-produced
barium carbonate can be filtrated, and then separated cake is
washed, followed by drying, to isclate a desired barium
carbonate, Dried cake can be optionally ground by a grinder

20 or the like devices. This grinding is not one of fine grindings
conducted to finely grind primary particles themselves, but is
a process for loosening seccondary or tertiary particles which
temporarily aggregates together by drying into discrete primary
particles. Thus, special apparatus is not necessary for this

25 process, and general grinders may be used. Examples of such
general grinders include apparatuses that generate
substantially no debris. For example, stainless steel
grinders can be mentioned.

[0059]

30 In the method of the present invention, generated
crystalline barium carbenate may be optionally aged. However,
it is preferable to filtrate barium carbonate and then wash it

with water immediately after the reaction without ageing



Preferable, but non-limiting embodiment of the present invention is described below. In this
~ embodiment, 50-wt% gluconic acid solution is added to barium hydroxide aqueous solution so that
molar ratio of gluconic acid relative to barium hydroxide should be 5 to 200 mol%, desirably 10 to 75
mol%, and then the mixture is reactedwith002 to synthesize substantially 10 spherical barium
carbonate with a uniform particle size and shape, which has an aspect ratio of not larger than 2.5.
[0061] <Substantially spherical barium carbonate> Next, substantially spherical barium carbonate is 15
explained as a second aspect of the gresent invention. S,ubstantial(l}y spherical bari%rln carbagnate of the

present inventidRié A5ttt dbtainabiehif e 2bBUe Methdd ahd i 885&cfratio ot A Pattide

represented by f(tive lergtinofithe major axis) / (the length of the minor axis)] is not larger than 20 2.5.
The aspect ratiogmay pe defined as a ratio between the length of the long side oftheminimumrectangle
(also referred to as "(minimum) boundary rectangle”) of a particle image and the length of the short

side thereof [namely, (fHeFERGEPoftheTHAjcr His) +Tthe 1egtRrt e HRiRGr SxisfvHeré Bife'25
minimum fectahglesiswobtainéd from artbpaievie ot ayarticle, which caricbel dbotained a$ avptfotographic

image, etc. The {ength of the-long.side is:referied toas fhe length of the, majoraxis., apd dhe length of

the short side iS5 referred to as "the Ieggth of the minor axis". The closer to 1 the aspect ratig is, the 30
closer to a sphefe-8iapE'the padicl8' R Neddiess 1858y, URE TifiMbHTof Tie aspéct e bf- 3 'particle
is 1, which meangithat sdehzmpartidleis Sphercalb Q062], 19=s1 rdibhe aspectsalié ispiéferably 1 to

2.5, and more prglerably £.10.2,[A063 The aspect saiocean e deterined Jor example. g

Sfollowing way. First, an electron microphotog particles is'taken, and then a projected bounding
rectangl£ of eathipartida is Befided FrotteBcunting rettatiyid, 1h8 dRpEctratis cante détdrmined
by calculating thieagtio, (he tength of the majes @xis}d €the lergthef the mirer axis)n 10Particles close
to spherical Shi]% ar preferred in that a mixture with other ingredients such as titanium dioxide will

become uniform, and thus, high quality materials for dielectrics can be obtained. [0064]
<Substantially spherical barium carbonate>

Next, substantially spherical barium carbonate is
15 explained as a second aspect of the present invention.
Substantially spherical barium carbonate of the present
invention is a product obiainable by the above method, and the
aspect ratio of a particle represented by [{(the length ¢f the
major axis) / (the length of the minor axis)] is not larger than
20 2.5, The aspect ratio may be defined as a ratic between the
length of the long side of the minimum rectangle (also referred
to as " (minimum) boundary rectangle”) of a particle image and
the length of the short side thereof [namely, {(the length of
the major axis) / (the length of the minor axis)l, where the
25  minimum rectangle is cobtained from a top view of a particle,
which can be obtained as a photographic image, etc. The length
of the long side is referred to as "the length of themajor axis™,
and the length of the short side is referred to as "the length
of the minor axis". The closer to 1 the aspect ratic i1s, the
30 closer to a sphere shape the particle ig. Needless to say, the
minimum of the aspect ratio of a particle is 1, which means that
such a particle is spherical.
[0Ce2]



15In the preferred embodiment, the substantially spherical barium carbonate has a BET specific
surface area of not less than 30 m2/g. The larger the specific surface area is, the finer the particles
are. The BET specific surface area is preferably not less than 40 m2/g. 20[0065] Substantially
spherical barium carbonate haying a BET specific surface area of not less than 30 m2/g can be
produced efficiently with the help of the second ingredient, preferably citric acid. Citric acid is
particularly preferable as the 25 second ingredient because a particulate material having BET specific

surface area of not less than 40 m2/g can,bee%rﬁoduceq. 0066 Methods for measuring a BET
specific surface area are' nof pRFChIarRinTited® ABEEF § é?c?f]ésdﬁ&coe red’cat Pe BaSiF 30

measured, for examhphe hyanlapparatus for measuring a specific surface area based on a common
theory known qsoggg']method. Examples of such an apparatus for measuring specific surface area
include, but are not limited to, a product named Macsorb, 20 available from Mountech Co., Ltd. [0067]

<Substantially spheric&]fb%rﬁﬁﬁ%E\Fb&ﬁté%&ﬁﬁbgﬁoﬂﬁjﬁ%ﬁ?ar&%‘ﬁec%ﬁ@ﬁfﬁgéﬁr ifv&ntiof relates
to a 5 substantiallylspherigaltaariumttarbonaterconipasition; comprisirigobarium carbonate and

gluconic acid. Fhe.compositan coptains ghipanic acidin an amauntel i 1a,3 maseofibedeta

mass of the composition, and has an aspect ratio represented by [(the length of the major axis) / (the
length 10 of th& #iRoPaXis) o Aot farG&rthafR2:5. ] he The SEoVR Tohfsdsitivh ontaind
gluconic acid, argbtherefore | paricle® bavngea-toihaspect ratia that isi atmostspherica) particies can

pased on the 100 scats of T AP aaes f He cormpaStian. proierably UL 16 ¢ fscht mofe.
preferably 0.5 73 Figs596 dhePFartiEalafly preterdoly 116202, 5 Rass 96 Alth66gh 1t i$Réflirited to
these amount. 20f0069¢ w1 tthe eampositignat ike presant nventionwcanicontainsotlher minor
ingredient within_the range that physical,pigperties, qf the composifion. are,not irmpaired.
dielectrics can be obtained.
[0064]

15 In the preferred embodiment, the substantially spherical
barium carbonate has a BET specific surface area of not less
than 30 m?/g. The larger the specific surface area is, the finer
the particles are. The BET specific surface area is preferably
not less than 40 m%/g.

20 [0065]

Substantially spherical barium carbeonate having a BET
specific surface area of not less than 30 m*/g can be produced
efficiently with the help of the second ingredient, preferably
citric acid., Citric acid is particularly preferable as the

25 second ingredient because a particulate material having BET
specific surface area of not less than 40 m°/g can be produced.
[0066]

Methods for measuring a BET specific surface area are not
particularly limited. ABET specificsurface areacanbeeasily

30 measursd, for example, by an apparatus for measuring a specific
surface area based on a commeon theory known as BET method.

Examples of such an apparatus for measuring specific surface

area include, but are not limited to, a product named Macsorb,



[0070] 25The aspect ratio of the substantially spherical barium carbonate composition is preferably 1
to 2.5, and still more preferably 1 to 2. The aspect ratio can be determined in the same manner as
mentioned above. [0071] 30In a preferred embodiment, the substantially spherical barium carbonate
has a BET specific surface area of not less than 30 m2/g. The BET specific surface area is preferably
not less than 40 m2/g. The specific surface area can be determined 21 in the same manner as
mentioned above. EXAMPLES 5[0072] Hereafter, substantially spherical barium carbonate of the
present invention and a method for. producing the bariram carbonate are explained in detail by

illustrating non2ifiiting exampies 1M HE FIBWinG exampfs, values simply indicated 10as "%" means
"mass%" unlessoéthéiwise indicated. [0073] (Example 1) Barium hydroxide octahydrate was

dissolved in pure,waterto-prepa @@Mh@@ai ofqur; separateflasks contaiping the d5;solution, 50%
gluconic acid solution (produced by FUSO Chemical Co., Ltd.) was added such that the concentration

of gluconic acid should*b& 16780258 5577 ol Sredpatfiely, Ba5ed orPtheTRoR 6t barfund ion in
bariumhydroxidelsEhern, the Sdlatiops svere dilutesniitim porerwates sach thatdhe fihahconcentration 20

of the solution shaulld ne, 120 gA, based.gnithe badum hydgaxide oetahydeate, tapepare an aqueous

barium hydroxide-gluconic acid solution (referred to as "Raw material A") was prepared. The
temperature of RERTohCAt TRt tifnd % ds- HajuRted 36 56C HthE FEACton Appatatssehgmatically
illustrated in 2% Fig:1ls the taw matetial A was fedmtodhe teacticnrvesset ata flovpeate af 300oml/min.

Simultaneously, 9aseous C&ZH\@S ffag into the reactien vassel at a flow rate of 9,Limin; and then the
reaction mixture was st%rre at high[speed with TKA homogenizg}jt(manufactiréfd é)y IKA WORKS. INK,
ULTRA-TORRAX 9 mincr axis)] of not larger than 2.5.

[0068]

The above composition contains gluconic acid, and
therefore, particles having a low aspect ratio, that is, almost
spherical particles can be produced without any complex process.

15 The amount of gluconic acid in the composition is, based on the
100 mass% of the total mass of the composition, preferably 0.1
to 3 mass%, more preferably §.5 to 3 mass%, and particularly
preferably 1.0tc 2.5mass %, although it is not limited to these
amount.

20 [00€9]

The composition of the present invention can contains
other minor ingredient within the range that physical
properties of the composition are not impailred.

[007C]

25 The aspect ratio of the substantially spherical barium
carbonate composition is preferably 1 to 2.5, and still more
preferably 1 to 2. The aspect ratio can be determined in the
same manner as mentioned above.

[0071]

30 in a preferred embodiment, the substantially spherical
barium carbonate has a BET specific surface area of not less
than 30 m“*/g. The BET specific surface area is preferably not

less than 40 mz/g« The specific surface area can be determined



30 basic), to carry out a reaction. The pH of the slurry at the outlet of the reaction vessel was 10 to 11.
The reaction was continued for 1 minute. The slurry was distributed in four flasks and then 15-g/L
aqueous solution of citric acid 22 monohydrate was added to the obtained slurry such that the amount
of the citric acid monohydrate should be 0, 1, 2, or 3 mol%, respectively, based on the mole of
generated barium carbonate. Slurry was filtrated andavashed with water 5 immediately, and obtained
wet cakes were dried at 120C. After drying, the dried product was ground in a grinder to produce
powdery barium carbonate. The BET values of the barium carbonate were shown in Table 1. Electron

microphotographs ot the BRFuMTHIESnALE ParidieS A& iaSTatRd in Figs. 2 to 1012. [0074] For

comparison, Table 2 and Figs. 13 and 14 respectively shows the BET specific surface area and
electron microphotographs of commercially-availaghleparticulate barium 15 carbonate obtained
through a reaction of barium hydroxide and gaseous 002. As comparative commercially-available
particulate barium carbonates, highly-pure grade barium carbonate products BW-KHR and BW-KH30
(producedsby Sakai Themical Industry Co., Ltd) were used. 20[0075] (Comparative Example 1) As a

comparative Example . hariumhydroxide octahydraie was dissolved in,pyre water 1o prepare g

solution, the concentration of which was 120 g/L (referred to as "Raw, material 25 B"). The |
temperature of-the SoRftiH dt thatink 1h4s addsedteToes If ffe RIRHBA Hppakatts SehefEtically
illustrated in Figa trthezaw matesiab Bavas fed inttetheireastionvessel-atra flow:rate Df:800 mimin.

Simultaneously, e CO2 was fed into t acti ssel flow. rat lmin; n 20
the reaction m%&%?gpwfagsgétirre a%%gﬁtgsq ggg%@ﬁ% %&%ﬂ%ﬁnﬁ%bﬁ%r%a%ﬁ%t%&%@%I%QA(Eél&e
WORKSHNK, BETRATORREX T28%56Ic) MolEafy 66 & féhchitn 1The PRICGTthe slurry at the outlet of
the reaction vesgetwas 10 to 11. The reaction was 23 continued for 1 minute. The slurry was
distributed in a(fﬁask and thﬁ 15-g/L aqueous solution of citric acid monohydrate was added to the

: I o :
obtained slurry Stich that the' amount of the citric acid monohydrate should be 1 mol% based on the
mole of generated Barium hydroxide octahydrate was dissolved in pure water

to prepare a solution. To four separate flasks containing the
15 solution, 50% gluconic acid solution {produced by FUSO Chemical
Co., Ltd.) was added such that the concentration of glucconic
acid should be 10, 30, 50, or 70 mol%, respectively, based on
themole of barium ion in barium hydroxide. Then, the solutions
were diluted with pure water such that the final concentration
20 of the sclution should be 120 g/L based on the barium hydroxide
octahydrate, to prepare an agueous barium hydroxide-gluconic
acid solution (referred to as "Raw material A"} was prepared.
The temperature of the solution at that time was adjusted to
50°C. In the reaction apparatus schematically illustrated in
25 TFig. 1, the raw material A was fed into the reaction vessel at
a flow rate of 300 mi/min. Simultaneously, gaseous C0; was fed
into the reaction vessel at a flow rate of 9 L/min, and then
the reaction mixture was stirred at high speed with IKA
homogenizer (manufactured by IKA WORKS. INK, ULTRA-TURRAX T25
30 basic), to carry out a reaction. The pH of the slurry at the
outlet of the reaction vessel was 10 to 11. The reaction was
continued for 1 minute. The slurry was distributed in four

flasks and then 15-g/L agueous solution of citric acid



5 barium carbonate. The slurry was immediately filtrated and washed with water, and obtained wet
cakes were dried at 120C. After drying, the dried product was ground in a grinder to produce powdery
barium carbonate. The BET specific surface areas of the particulate barium carbonates were shown in
Table 10 1. Electron microphotographs of the barium carbonate particles are shown in Fig. 19. [0076]
[Table Amount of Amount ofcitrtc acid gluconic acid£>mol% 1 mol% 2 mol% 3 mol% Example 1 10
mei% 12.5 m2/g [Fig. 2] 24.6 m2/g [Fig. 3] 45.1 m2/g [Fig. 4] 46.2 m2/g [Fig. 5] 30 mol%
monohydrate was added to the obtained slurry such that the
amount of the citric acid monohydrate should be 0, 1, 2, or 3
mol%, respectively, based on the mole of generated barium
carbonate. Slurry was filtrated and washed with water
5 immediately, and obtained wet cakes were dried at 120°C. After
drying, the dried product was ground in a grinder to produce
powdery barium carbonate. The BET wvalues of the barium
carbonate were shown in Table 1. Electron microphotographs of
the barium carbonate particles are illustrated in Figs. 2 to
10 12,
(00747
For comparison, Table 2 and Figs. 13 and 14 respectively
shows the BET specific surface area and electron
microphotcgraphs of commercially—available particulate barium
15 carbonate obtained through a reaction of barium hydroxide and
gaseous CO,. As comparative commercially-available
particulate barium carbonates, highly-pure grade barium
carbonate products BW-KHR and BW-KH30 (produced by Sakai
Chemical Industry Co., Ltd) were used.
20 [6075]
(Comparative Example 1)
As a comparative Example, barium hydroxide octahydrate
was dissolved in pure water to prepare a solution, the
concentration of which was 120 ¢g/L (referred to as "Raw material
25 B"). The temperature of the solution at that time was adjusted
to 50°C. In the reaction apparatus schematically illustrated
in Fig. 1, the raw material B was fed intc the reaction vessel
at a flow rate of 300 ml/min. Simultanecusly, gaseous CO; was
fed into the reaction vessel at a flow rate of ¢ L/min, and then
30 the reaction mixture was stirred at high speed with IKA
homogenizer (manufactured by IKA WORKS.INK, ULTRA-TURRAX T25
basic), to carry out a reaction. The pH of the slurry at the

cutlet of the reaction vessel was 10 to 11. The reaction was



27.5[Fig. 6] 46.3[Fig. 7] 61.0[Fig. 8] 50 mol% 33.6[Fig. 9] 44.3[Fig. 10] 63.7[Fig. 11] 70 mol%
36.6[Fig. 12] = Comparative Example 1 0 mol% - 16.6[Fig. 19]

10

1z

20

25

30

23

continued for 1 minute. The slurry was distributed in a flask
and then 15~-g/L agueous solution of citric acid monohydrate was
added to the obtained slurry such that the amount of the citric
acid monohydrate should be 1 mol% based on the mole of generated
barium carbonate. The slurry was Immediately filtrated and
washed with water, and oktained wet cakes were dried at 120°C.
After drying, the dried product was ground in a grinder to

produce powdery barium carbonate. The BET specific surface
areas of the particulate barium carbonates were shown in Table
1. Electron microphotographs of the barium carbonate

particles are shown in Fig. 19.

[007¢]
[Table 17
Amoun’c. of ]
Amount of citric acid 0 mol% 1 mol% 2 mol% 3 mol%
gluconic acid
10 mol% 1125 m*/g [Fie. 21246 m*/g [Fig. 31| 45.1 m%/g [Fig 47 |46.2 /g [Fig. 5]
30 mol% - 275 [Fig 6] 463 [Fig 7] 610 [Fig 8]
Example 1
50 mol% - 336 [Fig 9] 443 [Fig 10] |83.7 [Fig 11]
70 mol% - 36.6 [Fig. 12] - -
Comparative .
0 mol% - 16.6 [Fig 19] - -
Example 1
Lao/

Flectron microphotographs shows that, as the amount of
gluconic acid added to barium hydroxide increase, obtained
barium carbonate particles approached to a spherical shape (Fig.
2 =->» Fig. 5 => Fig. 8 -> Fig. 11). BET specific surface areas
were increased as the amount of gluccenic acid increases. Thus,
particle size became slightly smaller by the additiocn of
gluconic acid. The results also shows that the BET specific
surface area could be adjusted depending on the amount of citric
acld added immediately after the reaction, and 2 mcl% or more

of citric acid helped to produce a fine particulate material



_ NUT/1 Electron microphotographs shows that, as the amount of 25 gluconic acid added to barium
hydroxide increase, obtained barium carbonate particles approached to a spherical shape (Fig. 2 ->
Fig. 5 -> Fig. 8 -> Fig. 11). BET specific surface areas were increased as the amount of gluconic acid
increases. Thus, particle size became slightly smaller by the addition of 30 gluconic acid. The results
also shows that the BET specific surface area could lzel adjusted depending on the amount of citric
acid added immediately after the reaction, and 2 mol% or more of citric acid helped to produce a fine
particulate material 24 with a BET specific surface area of ngt less than 40 m2/g qr.in an easy manner
(Fig. 2 > Fig. 3 15FiG. 45 Fg % Fig. 6 SRR 95> 18678 Or 95 F 10 -5 g, 11, [007B EThe
electron microphotoyrapls showsrthat géiticles’of-eadhigf.the samplés obtamedtihExdmplein had
almost spherical shapeg;as ¢leady found By gomparisop with commeraially-available highly-pure
barium carbonate produced through a reaction of barium hydroxide and gaseous COZ2. This result can
be concluded 10 ei?t]gluconic acid could inhibit growth of barium carbonate into a spicular shape.
[0079] [Table 2] 20[0080)k(Examplec2) m1i cBariunt cgrbgriatelwassproduced it adargerscakeanith
reference to theresulls, of Example 1, Reagtiqn apparatus usedin this Exapple4 includgdpe s

sequentially-connected, three pumps ) , , ,
as clearly found by compariscn with commercially-available

highly-pure barium carbonate produced through a reaction of

barium hydroxide and gaseous C0O,;. This result can be concluded
10 that gluconic acid could inhibit growth of barium carbonate into

a spicular shape.

[0079]

[Table 2]

15 Sample BW-KHR (Sakai Chemical ) BW—-KH30 (Sakai Chemical )

Elactron

Microphotograph Fig. 13 Fig. 14

BET 125 m/g 312 m¥/g

20 [0080G]
(Example 2)

Barium carbonate was produced in a larger scale with
reference to the results of Example 1. Reaction apparatus used
in thig Example 2 included sequentially-connected, three pumps

25 P1l, P2 and P3, as illustrated in Fig. 15. The pumps used are
the followings. Here, 1 inch (in) = about 2.54 cm.
[6081]
(a} First phase pump Pl: a centrifugal pump {(manufactured by
RASA CORPORATION), inlet diamster: 1.5 in, outlet diameter: 1
30  in, discharging rate: 170 L/min, impeller revolution: 2,080 rpm
(b) Second phase pump P2: a centrifugal pump (manufactured by
RASA CORPORATION), inlet diameter: 1 in, outlet diameter: 3/4

in, discharging rate: 30 L/min, impeller revolution: 1,420 rpm



25PI, P2 and P3, as illustrated in Fig. 15. The pumps used are the followings. Here, 1 inch (in) - about
2.54 cm. [0081] (a) First phase pump PI: a centrifugal pump (manufactured by RASA
CORPORATION), inlet diameter: 1.5 in, outlet diameter: 1 30in, discharging rate: 170 L/min, impeller
revolution: 2,080 rpm (b) Second phase pump P2: a centrifugal pump (manufactured by RASA
CORPORATION), inlet diameter: 1 in, outlet diameter53/4 in, discharging rate: 30 L/min, impeller
revolution: 1,420 rpm 25 (c) Third phase pump P3: a centrifugal pump (manufactured by PACIFIC
METALS Co, Ltd.), inlet diameter: 1 in, outlet diameter: 3/4 in, discharging rate: 30 L/min, impeller

revolution: 1,426 tprT [DB82P 25 BAHURR hidroxidé SBtahy drité (48 kGF was Hissohvad inure ¥vater,
and then glucari€ acidivagE d@dded froan alolint corfrespandingatae56 mol% ofbarium hytroxide. Then,

the total volume;was adjusted, by adding;pure é(%t%% finally prepare 8,19400 L of bagium hydroxide
aqueous solution (referred to as "Raw material C"). The temperature of the solution at that time was
adjusted to 50EEHPtHETeRR ot apparatéS'schematically illustrated in Fig. 15, the raw material C was

fed into the puripoB2 from the inlet at a flow rate of 12 L/min. Simultaneously, 15 gaseous CO2 was

fed into the flow channel to the pumRAL;s0.that etk ofdhe readiion mixurg.shoulcbbe By 62, 10

cause continuous reaction in the pumps PI, P2 and P3. Here, to reaction slurry discharged from the

outlet of the seXBRB prasEHump P25 150y/E HGeBGS sBfutioh Bf EitFCE&d mdnsiydrateWas 20 added
such that the asaqunt 9f thei Ciikc acid inandtydrate shoutd he drar2i hwl% based, onithetmolelof

generated bari onate. i iq at the t PP % lurry was
immediately fiI#gzle%%g%d ?v%s%%%%v%%ﬁecév(;%{%%@oﬁaﬁ%%wgia?irggv%e#;%%Ieft; )égt%iggé %%tel:é drying,

the dried-25 pré8lckvids tpddndtif dGrier fo FHOGGEE paricaiate harilm eafthate. he Bffttron
microphotographs andiheBET speeific suiface areas ofthenpasticles were dtustratedinmkabies3, and

Figs. 16 and 17, respectively. E mparisqn, the BET. specific surface are t eé%%lﬁ
microphotograﬁﬁ%lfla%%d/c%émﬁﬁgﬂy-aﬁv%i% %b%?ﬁj%:%gr%o%%%}ﬁfﬁiB &?n%gﬁgfbcture by Sakai
Chemical Induéthy Go- nadpdréMibsteatebin TAble 3 afd Figr 18 réspéctively. Theaspectrativs were

determined ona sample tohtained-by adding lonol%4td6of 12 L/min. Simultaneously,

15 gaseous CO; was fed into the flow channel tc the pump P1 so that
poH of the reaction mixture should be 6.4 to 6.5, tc cause
continuous reacticon in the pumps PL, P2 and P3. Here, to
reaction slurry discharged from the outlet of the second phase
pump P2, 15-g/L agueous solution of citric acid monochydrate was

20 added such that the amount of the citric acid monohydrate should
be 1 or 2 mel% based on the mole of generated barium carbonate.
The reaction ratio at the outlet of the pump P3 was 98%. The
slurry was ilmmediately filtrated and washed with water, and
obtained wet cakes were dried at 120°C. After drying, the dried

25 product was ground in a grinder to produce particulate barium
carbonate. The electron microphotographs and the BET specific
surface areas of the particles were illustrated in Table 3, and
Figs. 16and 17, respectively. For comparison, the BET specific
surface area and the electron microphotograph cf a

30 commercially-available barium carbonate, BW-KH3D
(manufactured by Sakal Chemical Industry Co., Ltd) are
illustrated in Table 3 and Fig. 18, respectively. 7The aspect

ratios were determined on a sample, obtained by adding 1 mol%



of citric acid in Example 2, and the commercially-available highly-purebariumcarbonate. The aspect
~ ratio was determined by observing 1,000 particles, selected at random, of barium carbonate in electron
microphotograph image, and measuring 5 lengths of the major axis and the minor axis of the particle,
and calculating an average of the ratio between the lengths of major axis and minor axis. [0083]
Furthermore, the gluconic acid concentration was 10 geasured on two types of barium carbonate
obtained in Example 2, and a commercially-available barium carbonate BW-KH30, which was
mentioned above. Measuring method is explained below. [0084] (Method of analyzing gluconic acid

concentration) A5CTe=§rdm dotfon: 8f BATRIR tarbonaAd ak s SONEERS it bY 989 acétit 4cid
(extra pure gradeynThe-solttidrawasidilttedwith paire Water suich that thel totakambunt of fimessolution

should be 1 L.,Thus,.a sample fqr megswement was prepated. The glusanicacid coatentin the

sample for 20 measurement Was measured by ion chromatogrg*%hy (using ION CHROMATOGRAPH
IC-2001, manFactirst by ToRBoR Cutpaftiol): Elai (S&Fdrt hieaslififi§ wad SodifRs 2 r 119
carbonatessodiusm hydrogen eadonate mixed solion: Sodiim carberatessoditim hydrogen€arbonate

mixed solution W%S Bée%adf%é’j}’n ‘S%%'Vé%%oﬁ?so% 25.9f %é@?@%é‘%%@ﬁ?ﬂ&%%%we
grade) and 0.0%%‘ g of a sodium hydrogen carbonate reagent (extra pure grade) in an“appropriate
amount of distifléd WatértoSprepdreta 3efutidi1&nd then, in a graduated cylinder, distilled water was
further added tpithe solution such that the total amount of the solution 30 should be 1 L. Separation

column was TSK gel Syper |C-AR Suppresser gel was TSK suppress 1eyA. Galipration curve was
made using test samples, prepare&%y dISSO|V(]:]ng a potassium gluconate reagent (extra pure grade) in

distilled water, BR@s 27 cthemradjisted BGeh tHataglticonic ekl eoricentraltibn skodld Be FPEHhe 25
ppm, or 50 ppm, respestively: Jable; 3 showsdhe sesults s[0085] Sikakle 3t Semple Expmple-2

was mentioned above. Measuring method is explained below.
[0084]
(Method of analyzing gluconic acid concentration)

15 One-gram portion of barium carbonate was dissclved in 5
ml of 99% acetic acid (extra pure grade). The sclution was
diluted with pure water such that the total amount of the
solution should be 1 L. Thus, a sample for measurement was
prepared. The gluconic acid content in the sample for

20 measurement was measured by lon chromatography (using ION
CHROMATOGRAPH IC~2001, manufactured by Tosoh Corporation).
Elute used on measuring was sodium carbonate-sodium hydrogen
carbonate mixed solution. Sodium carbonate-sodium hydrogen
carbonate mixed solution was prepared by dissolving 0.0468 g

25 of a sodium carbonate reagent (extra pure grade) and 0.0636 g
of a sodium hydrogen carbonate reagent (extra pure grade} in
an appropriate amount of distilied water to prepare a solution,
and then, in a graduated cylinder, distilled water was further
added to the solution such that the total amount of the solution

30 should be 1 L. Separation column was TSK gel Super IC-AP.
Suppresser gel was TSK suppress IC-A. Calibration curve was
made using test samples, prepared by dissclving a potassium

gluconate reagent (extra pure grade) in distilled water, and



BW-KH30 (Sakai Chemical) Electron Microphotograph Fig. 16 Fig. 17 Fig. 18 Citric acid 1mol% 2

mol% BET 52.4 m2/g 70.3 m2/g 31.2 m2/g Aspect ratio 1.8 4.0 Concentration of Residual gluconic
acid 1.11 mass%

27

then adijusted such that gluconic acid concentration should be

10 ppm, 25 ppm, or 50 ppm, respectively. Table 2 shows the
results.

[0085]
5 [Table 3]

BW-KH30
Sample Example 2 (Sakai Chemical)

Electron Fig. 16 Fig. 17 Fig. 18
Microphotograph

10 Citric acid 1mol% 2 mol% —
BET 524 m’/g 70.3 m*/g 31.2 mY/g
Aspect ratio 1.8. — 4.0
Concentration of
Residual gluconic 1.11 mass% 1.53 mass% Not detected
acid

15 Thus, gluconic acid-group component serves to produce a

substantially spherical particulate barium carbonate having a
reduced aspect ratio of 2 or lower without any physical fine
grinding using bead mill or the like grinders. This technique
can be used widely, and can be applied to preduce particulate
20  barium carbonate having 10 m°/g or less. The technique can
avoid a risk of contamination of abrasion powder, which

frequently causes problem in fine grinding.

INDUSTRIAL APPLICABILITY
25 [0087]

Barium carbonate produced by the method of the present
invention is useful as & main raw material of barium titanate,
which is one of electronic materials. Alcng with the recent
development for downsizing and upgrade of slectronic devices,

30 capacity of monolithic ceramic chip capacitors increases. As
a result, highly pure, finer products are reguired for not only
barium titanate, which is used for monolithic ceramic chip

capaclitors, but also barium carbonate, which is a raw material



1.53 mass% Not detected  15Thus, gluconic acid-group component serves to produce a
substantially spherical particulate barium carbonate having a reduced aspect ratio of 2 or lower without
any physical fine grinding using bead mill or the like grinders. This technique can be used widely, and
can be applied to produce particulate 20 barium carbonate having 10 m2/g or less. The technique can
avoid a risk of contamination of abrasion powder, whigh frequently causes problem in fine grinding.
INDUSTRIAL APPLICABILITY 25[0087] Barium carbonate produced by the method of the present
invention is useful as a main raw material of barium titanate, which is one of electronic materials.
Along with the%ecentdeveloptient fof B8whsizing End Upgrett 6 dle Fonic Bevitbs °36 E&pacity of
monolithic ceramicichip¢apacitdrs imcreases. Aswaeesultyhighhf pare] éinén prodeetssarereguired for
not only barium éﬁ%’l@%m‘@ﬂ@? is Used f h@gngl@{pgceﬁ@&cmg&é@@ggo_rs, but also barium
carbonate, whichis a raw material 28 of the barium titanate. The particulate barium carbonate
produced by the present invention sufficiently meets such requirements for highly pure, finer products.
29 CLAIMS



1. A method of producing substantially spherical barium carbonate, comprising: 5(A) mixing, in an
agqueous medium, a barium compound with at least one first ingredient selected from the group
consisting of gluconic acid or salts thereof, gluconolactone, glucoheptonic acid or salts thereof, and
glucoheptonolactone, to prepare a mixture; and 10(B) reacting the barium compound with carbon
dioxide or a water-soluble carbonate in the mixture, t@ produce substantially spherical barium
carbonate. 2. The method according to claim 1, 15wherein barium compound is barium
hydroxide. 3. The method according to claim 1 or 2, wherein the first ingredient is at least
one selected from the group consisting of gluconic%,bb?uconic acid or salts 20thereof, and
gluconolactone. 4. The method according to any one of claims 1 to 3, wherein at least one

step of the steps (A) and (B)Js prrigripedunder the presenceof.at least ane,secqndsingredient

selected from the group consisting of a polybasic carboxylic acid, a hydroxycarboxylic acid, and a salt
of polybasic c&rBéiiiteadid of 84aftof Hydroxycarboxylic acid. 5. The method according to claim
4, 30whergin the secontringredient isceitsicacickatitantaric lagid; ona salp theteofi 80 ebtaiwable by the
method according 1380 ong.of %méﬁosélvgﬁ&&? biles,of the substantalysphedicgle
composition has an aspect ratio represented by [(the length of 5the major axis) / (the length of the
nﬂnoraﬂsﬂ(ﬁ$%ﬁﬁﬁ@éF aclid or salts thereof, gluconolactone, glucoheptonic

acid or salts therecf, and glucocheptonclactone, tc prepare a

mixture; and

10 {B) reacting the barium compound with carbon dioxide or a
water-soluble carbcnate 1in the mixture, to produce

substantially spherical barium carbonate.

2. The method according to claim 1,

15 wherein barium compound is barium hydroxide.

3. The method acccrding to claim 1 or 2,
wherein the first ingredient is at least one selected from
the group consisting of gluconic acid, gluconic acid or salts

20 thereof, and gluconolactone.

4. The method according to any one of claims 1 to 3,
wherein at least cne step of the steps (A} and (B) is
performed under the presence of at least one gsecond ingredient
25 selected from the group consisting of a polybasic carboxylic
acld, a hydroxycarboxylic acid, and a salt cf polybasic

carboxylic acid or a salt of hydroxycarboxylic acid.
5. The method acccrding to claim 4,
30 wherein the second ingredient is citric acid or tartaric

acld, or a salt thereof.

6. A substantially spherical barium carbonate, which is



than 2.5. 7. A substantially spherical barium carbonate, which is obtainable by the method
according to claim 4 or 5, 10wherein the substantially spherical barium carbonate has a BET specific
surface area of not less than 30 m2/g. 8. A substantially spherical barium carbonate composition,
comprising; 15barium carbonate; and at least one first ingredient selected from the group
consisting of gluconic acid or salts thereof, gluconolagtpne, glucoheptonic acid or salts thereof, and
glucoheptonolactone, wherein the amount of the first ingredient is 0.1 to 5% 20 by mass of the total
mass of the composition, and the_substantiallés herical composition are parti)gleslhaving n aspect

X

ratio represenf¥d Gy fHEIENGH GFifieRAor Axisy I (the iBfth DrIRE nTiRGr 8xis)] St HOT largeF than

2.5. 9. Thg,composition according to claim 8, wherein the first ingredient is at least one

selected from the group, consisting.of glucanic aeid, ghicopis.acid,salt, and glucenalagtone. 3010. The

composition according to claim 8 or 9, wherein the composition has a BET specific surfacg area of
notbssthang@Q%gﬁfltLon.hasemmaspect ratic represented by [ (the length o

5 the major axis) / (the length of the minor axis)] of not larger
than 2.5.

7. A substantially spherical barium carbonate, which is
chtainable by the method according te claim 4 or 5,
10 wherein the substantially spherical barium carbonate has

a BET specific surface area of not less than 30 mt/g.

8. A substantially spherical barium carbonate
composition, comprising;
15 barium carbonate; and
at least one first ingredient selected from the group
consisting of gluconic acid or salts therecf, gluconolactone,
gluccheptonic acid or salts thereof, and glucocheptonolactone,
wherein the amount of the first ingredient is 0.1 to 5%
20 by mass of the total mass of the composition, and the
supstantially spherical composition are particles having an
aspect ratioc represented by [(the length of the major axis) /
{the length of the minor axis)] of not larger than 2.5.

9, The composition according to claim 8,

[\
&3]

wherein the first ingredient 1s at least one selected from
the group consisting of gluconic acid, gluconic acid salt, and

gluconclactone.

30 10. The composition according to claim 8 or 9,
wherein the composition has a BET specific surface area

of not less than 30 n?/g.



