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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a barium
titanate semiconductive ceramic which has positive
resistance-temperature characteristics and is suitable
for applications such as controlling temperature and
limiting current, or exothermic devices for constant
temperature.

Background Axrt

A barium titanate semiconductive cexamic has
positive resistance-temperature characteristics (PTC
characteristics). It has low specific resistance at room
temperature and its electric resistance suddenly rises
when a particular temperature (the Curie temperature) is
surpassed. Thus, the ceramic is widely used in a broad
range of applications such as controlling temperature and
limiting current, or in exothermic devices for constant
temperature.

These applications require that titanate
semiconductive ceramic have not only PTC characteristics,
but also sufficiently withstand voltage to permit use
under high wvoltage. Therefore, there is need for a
semiconductive ceramic having PTC ag well as high
withstand voltage characteristics. Particularly.
overcurrent-protection devices for circuits demand tha:
higher withstand voltage be realized.

To thig end, a variety of proposals have
hitherto been made in order to enhance withstand voltage
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Background A bariumtitanate Cont
ceran1c has positive resistance-tenperature characteristics (PTC
characteristics). It has |ow specific resistance at room _ tenperature
and its electric resistance suddenly ri%es 15 when a particul ar _
tenperature (the Curie tenperature) is surpassed. Thus, the ceramc
is widely used in a broad range of applications such as controlling
t enperature and limting current, or in exotherm c devices for

const ant 5@W1W'i:§taggte semicon ductﬁvlhgé xﬁf’@%' Cgffgép %?{a;n%‘igl re

that titanate conducti ve ceram c have no

characteristics, Japaneza BFQQFS%P%$HQQQ$Q§nPP}dePﬂ§téh@*ﬂﬂﬂlﬁ&ge4résééin1t
use underdzmcg.bml fagerafihertefdng at beramis aqeeth faizea of 6 15
sem conductive Gga{,aieky %ﬁéb&!ﬁ;?@éé’&é@ée as BLgl @én%?rawt St i:t age

characterigstics. Parti over current I on eVI.C S for

circuits demand ‘HifEtan VOE-F%%e?b%W BYdadeieadey mnd & iteea. :
To this end, a \=eniicopdobtpveposecimichaveprising Bathe,t anfesprimde in order

to enhance wi t hstand wobtageyitn TiO,, Si0,, Al,0;, and MnO,. Japanese
Patent Publication (kokoku) No. 60-25004 discloses that
when a powder which is obtained by crushing, mixing and

10 calecining a barium-titanium compounded oxalate and an Sb
oxide (serving as a semiconducting agent) is fired at
1350°C while the calecining conditions and compacting
pressure are controlled, there is obtained ceramic having
a ceramic grain size of 1-5 um and high withstand

1s voltage.

However, the semiconductive ceramic described
in Japanese Patent Application Laid-Open {(kokai) No. 4-
26101 has a specific resistance of about 50 Qcm and a
withstand voltage of about 200 V/mm and such withstand

20 voltage is still unsatisfactory. Also, the semiconductor
material described in Japanese Patent Publication
(kokoku} No. 60-25004 has a maximum withstand voltage of
about 500 V/mm, which does not fully meet the current
demand for enhancing withstand voltage.

25 Thexrefore, an object of the present invention
is to provide barium titanate semiconductive ceramic
having low specific resistance at room temperature and
high withstand voltage, which fully meets the current
demand for enhancing withstand voltage.

30 SUMMARY OF THE INVENTION
The pregent inventors have conducted earnest
studies to attain the above object, and have found that a
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‘Japanesé?%gtent ApplTca (kokai) No. "4-261 I scl*

a cerami c having a ceranmic grain size of 6-15 pm | ow specific

resi stance at roomtenperature and high 5 wi t hstand vol t age obt ai ned
by adding Dy and Sb to a sem comtiutti ve ceram ¢ conpri sing
BaTiJerr] and SrTi O3 I ncorporated with Tigerr], Siderr],
Al[err])[err], and MnQ2. Japanese Pat ent Publication (kokoku) No.
60- 25004 di scl oses t hat when a powder which is obtained by crushing,

mxing and 10 pagfheidiitiGatebabhiBdididiliveMceuROY NELH AF drdtfredadgean SH
oxide (serving aée?an?fcmg%%r:}.%u%tiizggsggffetg t'.ll'xsau':]c ' 8gr€£in value has low
specific resigtance at room temperature and excellent
withstand voltage. The present invention was
5 accomplished based on this finding.

Accordingly, the present invention provides a
barium titanate semiconductive ceramic having an average
ceramic grain size of about 0.9 um or less.

The barium titanate semiconductive ceramic of

10 the present invention is preferably obtained from a
barium titanate powder or a calcined barium titanate
powder having strictly limited physical properties, i.e.,
a grain size of about 0.1 um or less, a cubic system
crystal structure and a lattice constant of 4.02

13 angstroms or more, and containing a micro-quantity of a
semiconducting agent in the form of solid solution.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
The barium titanate semiconductive ceramic of
20 the present invention has an average ceramic grain size
of about 0.9 um or less. The average grain size may be
obtained by observing the surface of the ceramic by use
of, for example, an SEM (scanning electron microscope) .
In manufacture of the barium titanate
25 semiconductive ceramic of the present invention, the
generally known methods may be used so long as they
provide an average ceramic grain size of about 0.9 um or
lesg. For example, a sequential process of granulating
the raw material powder with a binder, shaping, and
30 firing may be performed.
Preferably, the raw material powder is a barium
titanate powder or a calcined barium titanate powder
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‘are controll ere is obtained ceram c having ramc grain

size of 1-5 [err]mand high w thstand 15 vol t age.

However, the sem conductive ceramc deicrl bed i n Japanese Patent
Appl i cation Lai d- Open (kokai) No. 4- 26101 has a specific resistance
of about 50 [err]cm and a wi t hst and vol tage of about 200 V/ nm and
such withstand 20 voltage is still unsatisfactory. A so, the

sem conduct or mat eri al described in Japanese Patent Publication

(kokoku) No. 6012¥30g EEsiethwdimines ohysinel mtopapsists, i.e., about 500

V/ mm whi gh df)es gralinf Biky SEeibdie oc%]quﬁmbr leas, Qeﬂmlt% s?@cﬁn\hanci ngt
wi t hstand volta refore, an obj.ec e presen
i nvention % ? BrERTEE S AAUA ?ngﬁﬁ?e CABH (?Lfctl ceram c
havi ng | ow specﬁﬂﬂétF@@ﬁs@aﬂW%t argogPntabRing (F auignpb-quantityi gh a

wi t hst and s/0l t agemiwbhafict ihg Yagfgiﬁ'.t $nf BBeCBELRME solld s@@.ﬁ%'ﬂgnf Ol'then
enhanci ng mnthstang vol

NTI
The present invENE r§°ﬁé$g %ﬁnﬂﬁﬁgtﬁﬁ 8aFﬁ¥s?aterl;i §Fﬁ&| gh%aﬁ?Fﬁln t he
above object, amemhgondficuine tdextamdic having high withstand voltage is

ocbtained.
No particular limitation is imposed on the

10 methods for manufacturing the barium titanate powder so
long as the ceramic having the above-described physical
properties can be obtained. Examples include the
hydrolysis method, sol-gel method, hydrothermal method,
coprecipitation method, and solid phase method. Of

is these, the hydrolysis method is preferred. In order to
obtain the barium titanate powder through the hydrolysis
nethod, the following steps may be performed: preparing a
solution containing a salt or an alkoxide of barium and a
solution containing a salt or an alkoxide of titanium;

20 wixing the golutions at a ratio where the desirable
stoichiometry of barium and titanium is realized and
causing reaction to form a slurry; aging the slurry;
dehydrating; washing with water; drying; and crushing.

During manufacture, a micro-quantity of a

25 semiconducting agent is incorporated into the barium
titanate powder to be obtained, so as to form a solid
solution. The term "micro-quantity" means an amount
sufficient to provide semiconductive properties without
significantly otherwise affecting the characteristics of

30 the titanate. This amount is frequently less than about
0.5 m% based on Ti. Examples of the semiconducting
agent which may be used include rare earth metal elements
such as DLa, Y, Sm, Ce, Dy, or Ga; and transition elements
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‘ceran1c graln size smaller than a certain val ue has speci I

resi stance at roomtenperature and excell ent wnthstand vol tage. The
present invention was 5 acconplishg? based on this finding.
Accordingly, the present invention provides a bariumtitanate

sem conductive ceram ¢ having an average ceram c grain size of about
0.9 [err]mor |ess. The bariumtitanate sem conductive
ceram c of 10 the present invention is preferably obtained froma

bariumtitanate sumiders db,aTapalBinesbbax Um t Ofathése, La is paxwderabayi ng
strictly 1imtedyplysi aagompséiﬁ@fon o semicondfodfa hatre witnahout

0.1 pmor less, .a cubic .
barium tltanate powder is formed by, for example, adding

a solution containing a salt of the semiconducting agent

5 to either of the barium-containing solution or titanium-
containing solution in advance and making a powder with
the barium component and the titanium component.

The thus-obtained barium titanate powder may be
used as is as a raw material powder or calcined to

10 provide the raw material powder. The calcination is
pexrformed, for example, at about 800 to about 1000°C for
about 1 to about 3 hours with optional pre-heating.

The resultant barium titanate raw material
powder is then granulated by use of a known binder such

i5 as vinyl acetate. The obtained granulated powder ie
shaped through a known method such as uniaxial pressing
to form a compact, which is fired to thereby obtain the
barium titanate semiconductive ceramic of the present
invention. The c¢ompact is fired under the conditions,

20 e.g., of about 1200 to about 13006°C for about 1 to about
3 hours in air.

The barium titanate semiconductive ceramic
having an average ceramic grain size of about 0.9 um or
less which may be manufactured through the above wethod

25 has low specific resistance at room temperature and high
withstand voltage fully satisfying the demand for
enhancing withstand voltage and is suitable for
applications such as controiling temperature and limicing
current, or for use in exothermic devices for constant

30 temperature. The barium titanate semiconductive ceramic
enables an apparatus using the same to have enhanced
performance and reduced siza.
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‘and containing a mcro- quantlty 0 sen1c nduct
formof solid solution. DETAILED DESCRI PTI ON OF THE | NVENTI ON

AND PREFERRED EMBODI MENTS The bariumtitanate

sem conductive ceramc of 20 t he préesent invention has an average
ceramc grain size of about 0.9 [err]mor less. The average grain
size may be obt ai ned by observing the surface of the ceram c by use
of, for exanple, an SEM (scanning el ectron m croscope). In
manuf acture of the bariumtitanate 25 iconducti ve ceramc of the

present invention, the eneral nown be used so | ong
as they provi de anrgee?g eé‘tb?ﬁl Yﬁlifz‘ée’fﬁ%&?tscé"ge ferr]m or
| ess. For exarrplr@,r@ass:eqmémcahly rb)ocmeps off egaaplést i ng. the raw
materi al powder with a binder, shaping, and 30 firing may be perforned.

Preferably, the Eam/ﬂgterial powder is a barium titanate powder or a
cal cined bariu ' powder
5 A 0.2 mol/l agueous solution of barium

hydroxide (15.40 1; containing 3.079% mol barium) and a
0.35 mol/l solution of a titanium alkoxide (7.58 1;
containing 2.655 mol titanium) were individually prepared
in separate tanks, The solution of a titanium alkoxide

10 was formed by dissolving Ti(0-iPr), (titanium
tetraisopropoxide) in IPA (isopropyl alcohol). During
the preparation process, an ethanol solution of lanthanum
chloride (LaCl;-6.3H,0) (100 ml, containing 0.00664 mol
lanthanum) was added to the solution of the titanium

15 alkoxide and the mixture was homogenized in ordex to form
a solid golution containing lanthanum serving as a
semiconducting agent.

Subgequently, each of the solutions was pumped
from its respective tank by use of a gear pump for

20 feeding liquid, and the solutionz were mixed by use of a
static mixer to cause a reaction to occur. The resultant
slurry was introduced to a tank for aging, and was
circulated through the static mixer to thereby allow the
slurry to age for three hours.

25 After aging, the slurry was dehydrated by use
of a centrifugal separator and the resultant cake was
washed by stirring in hot water at 80-90°C for 15 minutes
by use of a homogenization mixer. Subsequently, the
slurry was dehydrated by use of a centrifugal machine and

30 the resultant cake was further washed by stirring in
ethanol for 30 minutes by use of a homogenization mixer.
The washed slurry was dehydrated again by use of a
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strictly limted physical properties, i.e., a grain size of aboyt
0.1 [err]mor |ess, a cubic system crystal structure and a lattice
constant of 4.02 angstroms or nore, and containing a mcro-quantity
of a 5 sem conducting agent in the formof solid solution. Wen

such powder is used as a raw material, bariumtitanate _

sem conductive ceram ¢ having high withstand voltage is obt ai ned.

centrifugal separator, and the resultant cake was dried
in an oven at 110°C for three hours. After drying, the
cake was crushed to obtain a powder of a La-containing
barium titanate solid solution. The powder has a grain

5 size of 0.05 um and a lattice constant of the cubic
erystal of 4.032 angstroms, as confirmed through SEM and
powder X~ray diffraction, respectively. The Ba/Ti and
La/Ti ratios were 0.991 and 0.0021, respectively,
according to fluorescent X-ray analysis.

10 The thus-obtained powder of a La-containing
barium titanate solid solution was calcined at 1000°C for
two hours. The thus-cbtained calcined powder was mixed
with a binder such as vinyl acetate, to thereby
manufacture a granulated powder, which was subjected to

1s uniaxial pressing to form a disk-like compact having a
diameter of 10 mm and a thickness of 1 mm. The compact
was fired at 1250°C for two hours in air, to thereby
obtain a barium titanate semiconductive ceramic piece.

The ceramic grain size, specific resistance at

20 room temperature, and withstand voltage of the obtained
barium titanate semiconductive ceramic piece were
obtained. With regard to the ceramic grain size, there
was determined an average ceramic grain size obtained by
taking an SEM photograph of the surface of the ceramic

25 piece and calculating based on image analysis of the
photograph. With regard to the specific resistance at
room temperature, there was determined a value of the
surface of the ceramic piece coated with In-Ga that was
measured throush a four-probe method by use of a digital

30 electronic voltage meter at 25°C. With regard to the
withstand voltage, there was determined a value obtained
by measuring a maximum applied voltage immediately before
the breakage of the sample and dividing the measured
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't he' bar|Un1t|tanate po | ong as the cCeram

above-descri bed physi cal properties can be obtai ned. Exanples

i ncl ude the hydr ol ysi s net hod, sol-gel nethod, hydrothernmal method,
coprecipitation nethod, and solid phase nethod. O 15 t hese, the
hydrol ysis nmethod is preferred. In order to obtain the barium
titanate powder through the hydrolysis nmet hod, the follow ng steps
may be perforned: preparing a sol ution containing a salt or an

al koxi de of bar ixmtaRek gy the 15028 1 Q0 SRt 95.9)‘;9 a éﬁl%]heocfgs 1@l koxi de of

titanium 20 m xin ol utions at a ratlo rable
stoi chi ometry of*ak %l ffd® f‘?‘f’aﬁi‘%ﬁnql? Fé&Pf“&‘édPh‘FﬁF has a ExAsTAg

reaction to forereigsl gizg, c8gd ng e sloperyfic resistoalyedreat Ixﬁ@m washi ng

with water; dryWﬂthé%@@uQE“éP'@@ Gem and a w1thstand[%glﬂ%? % pture, a
n1cro-quaq§|ty 25 sem conducting agent is incor into the

barium tltgwbte powder to be obtained, so as to forn1a solid
solution. The term "mcro-quantity" neans an anmount sufficient to
provi de sem con roperties wthout significantly otherw se
affecting the characteristics of 30 the titanate. This anmount is
frequently |ess than aboutfe proceduue pf Exagplet mas perisgmed, of the
sem conducti ng except &behtamhéthumsly shdubsed & claiharie cBabkhaget al

el enent s containing 0.00531 mol lanthanum was used, to thereby

10 obtain a powder of a La-containing barium titanate solid
solution. The obtained powder of a La-containing barium
titanate solid solution has a grain size of 0.05 pgm, a
lattice constant of the cubic crystal of 4.029 angstroms,
and Ba/Ti and La/Ti ratios of 0.998 and 0.0018,

15 respectively.

The procedure of Example 1 was performed by use
of the powder --without calcination-- as a raw powder, to
thereby cbtain a barium titanate semiconductive ceramic
piece. ..

20 The obtained barium titanate semiconductive
ceramic piece has a ceramic grain size of 0.8 um, a
specific resistance at room temperature of 78 Qcm and a
withstand voltage of 1250 V/mm.

Example 3

25 The procedure of Example 2 was performed,
except that the powder of a La-containing barium titanate
solid solution obtained in Example 2 was calcined at
800°C for two hours to serve as a raw powder, to thereby
obtain a barium titanate semiconductive ceramic piece.

30 The obtained barium titanate semiconductive
ceramic piece has a ceramic grain size of 0.9 gm, a
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solid solution of a sem conducting agent with a barlun1t|tanate
powder is fornmed by, for exanple, adding . a solution containing a
salt of the sem conducting agent 5 to either of the bari um cont ai ni ng
solution or titanium contai ning solution in advance and naki ng a
powder wth t he bari um conponent and the titanium conmponent.

The thus-obtained bariumtitanate powder nay be used as is as a raw
mat eri al powder speciflid megispanfe at prapm demphyaruvenef ¢ Hcpamfer. The

calcination i s ywithstand voltage of 1120 V/mm.

Example 4
The procedure of Example 1 was performed,
5 except that an ethanol solution of lanthanum chloride

containing 0.00398 mol lanthanum was used, to thereby
obtain a powder of La-containing barium titanate solid
solution. The obtalned powder of a La-c¢ontaining barium
titanate solid solution has a grain size of 0.05 um, a

10 lattice constant of the cubic crystal of 4.027 angstroms,
and Ba/Ti and La/Ti ratios of 0.996 and 0.0013,
respectively.

The procedure of Example 1 was performed by

calcining the powder of a La-containing barium titanate

15 solid solution under the same conditions as those of
Example 1 to serve as a raw calcined powder, to thereby
obtain a barium titanate semiconductive ceramic piece.
The obtained barium titanate semiconductive ceramic piece
has a ceramic grain size of 0.8 um, a specific resistance

20 at room temperature of 84 Qcm and a withstand voltage of
1300 V/mm.

Example 5
The powder of a La-containing barium titanate

s0lid solution obtained in Example 1 was heat-treated at

as 600°C for two hours. The heat-treated powder has a grain
size of 0.1 um and a lattice constant of the cubic
crystal of 4.020 angstroms. The procedure of Example 1
was performed by calcining the heat-treated powder under
the same conditions as those of Example 1 to serve as a

30 raw calcined powder, to thereby obtain a barium titanate
semiconductive ceramic piece.
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‘to about™ 3 hours Wt pre-heating.

bariumtitanate raw nmateri al powder is then granul ated by use of a
known bi nder such 15 as vinyl acetate. The obtained granul ated powder
S shaped through a known met hod®such as uni axi al pressing to
forma conpact, which is fired to thereby obtain the bariumtitanate
sem conductive ceram c of the present i nvention. The conpact is
fired under the conditions, 20 e.g., of about 1200 to about 1300[err]C

for about 1 to about The3oB@ﬂ£§edrbé¥ﬂbm tltanate semxconddBﬁivhﬁrlUﬁ]
titanate seniconductive gera ving.an av ram ¢ grain size

C
of about 0.9 [erﬁ’?ﬁ“&rc plecen}‘f‘asg PR EH 6n Raf t%?%dmf'hrough t he .
above net hod 25 specifis lrewispauncé izt rmnsttsnlperatureoﬂft@rﬁmﬂatame aand

hi gh W t heiand: %%9@a%&'$f $@d pime_.ng the demand for

enhanci ng wi thstand voltage and is suitable for applications such as
controlling tenperature and limting current, or for use in
exot her m cSdevi cisanme_@gonst ant 30 tenperature. The bariumtitanate

sem conductive ceram c The gg@gﬁgggayf FRIALUS y@grgbffginggne to have
enhanced Gﬁﬁéﬁgn% %EngnganELﬁé% s&iutlon of lanthanum chloride
{LaCl;-6.3H,0) to the solution of the titanium alkoxide,
to thereby obtain a powder of a La-free barium titanate
10 non-s0lid solution. The obtained barium titanate powder
has a grain size of 0.05 um, a lattice constant of the
cubic crystal of 4.028 angstroms, and a Ba/Ti ratio of
0.998.
: To the barium titanate powder, La was then
15 added in the form of a solution of lanthanum nitrate in
an amount of 0.15 mol%, and the mixture was calcined at
1000°C for two hours. The procedure of Example 1 was
performed by use of the thus-obtained calcined powder as
a raw powder, to thereby obtain a barium titanate
20 semiconductive ceramic piece. The firing was performed
at 1200°C for two hours. The obtained barium titanate
semiconductive ceramic piece has a ceramic grain size of
0.8 um, 2 specific resistance at room temperature of 90
Qcm, and a withstand veltage of 720 V/mm.

25 tive Exa e 1
The powder of a La-containing barium titanate
solid sclution obtained in Example 1 was heat-treated at
800¢C for two hours. The heat-treated powder has a grain
size of 0.17 pm and a lattice constant of the cubic
30 crystal of 4.005 angstroms. The vrocedure of Examole 1
was performed by calcining the heat-treated powder under
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nore specitically by

way of eXanpl €s. Exanpl e o
0.2 nol /| aqueous solution of barium hydr oxi de (15.40 1; containing
3.079 nmol barium and a 0. 35 ngl/} solution of a titanium al koxi de
(7.58 1; cont ai ni ng 2. 655 nnl"t'?aniun) were individually prepared

I n separate tanks. The solution of a titanium al koxi de 10 was fornmed
by dissolving Ti (0-iPr)4 (titanium
the same conditions as those of Example 1 to serve as a
raw calcined powder, to thereby obtain a barium titanate
semiconductive ceramic piece.
The obtained barium titanate semiconductive
5 ceramic piece has a ceramic grain size of 1-3 um, a
specific resistance at room temperature of 30 Qom and a
withstand voltage of 400 V/mm.

Comparative Example 2

The slurry containing titanium, barium, and
10 lanthanum obtained in Example 1 was introduced into an
agitated autoclave and allowed to hydrothermally react at
200°C for eight hours. The procedure of Example 1 was
performed to thereby obtain a powder of a La-containing
barium titanate solid solution. The cobtained powder of a
15 La-containing barium titanate solid solution has a grain
size of 0.1 um, a lattice constant of the cubic crystal
of 4.010 angstroms, and Ba/Ti and La/Ti ratios of 0.998
and 0.0020, respectively.
The procedure of Example 1 was performed by
20 calcining the powder of a La-containing barium titanate
solid solution under the same conditions as those of
Example 1 to serve as a raw calcined powder, to thereby
obtain a barium titanate semiconductive ceramic piece.
The obtained barium titanate semiconductive
25 ceramic piece has a ceramic grain size of 1-20 am, a
specific resistance at room temperature of 40 Qcm and a
withstand voltage of 300 V/mm.
The results of the thus-described Examples and
Comparative Examples axre shown in Table 1.

SPEC\266084 . . -

This Sheet Has Been Reﬂlaced

AR




t ef rErSBRERER L) )P0 PRt | TRRIORE Cali S OPRINED PRHIRG Y NeiiResm P 1337

preparation process, an et solution of |anth%hum

(LaCl[err] 6.3Herr]O (100 m, containing 0.00664 nol | ant hanum)
was added to the solution of the titanium 15 al koxi de and the mxture
was honogeni zed in order to form - 123 -s0lid sol ution containing
| ant hanum serving as a sem conducti ng agent.
Subsequently, each of the solutions was punped fromits respective
tank by use of a gear punp for 20 feeding liquid, and the solutions
were m xed by usp=efF——————="Stwre—m Rt Cioiieaaa.emnioia e FOTT—t¢ :
The resul tant slurry was introduced®ed a tank for aging. _and wa
circulated throufgh the stptic mxer to thereby allpwlfs s of BS kel Vit O
propertics o

age for three hofirs. 25 Physical propertiesof R POVAEY g | t he sepdicoridiicyive\eRdsnic
dehydrat ed by usg Of —a[centrprugal sefdaratof and fhe resprtant ake
was washefl by stirkgpglin hotLages brat] 80- IPLGlnlic Fedkitineel]P withs@hdl $S
by use of a honojjeni zati oh sgs F&du _qJéﬁglyt“Phe grain | ar fobdil | Yvoligs
dehydrated by usp of a cehtus f|JgET | fgiqé” d ™D | sizet hp mesul § aMmmd afie
was further washigd by stiyring in ethdnol fhr®®) hi fdPles| by uselfof a
hormogeni zation niXefmple1 | 0.0s Theuwwdshed 5boeirjye.cms| dehydl at gd aigooby*use
of a Example2 | 0.05 | Cubic | 4.029 [ 0998 | 0.00i8 | 0.8 78 1250

Example3 | 005 | Cubic | 4.032 [ 0998 [ 000181 095 | 60 1120

5 Example 4 0.05 | Cubic | 4.027 [ 0.996 [ 0.0013 08 84 1300

Examples | 0.1 | Cubic | 4.020 | 0.991 | 0.0021 0.8 40 800

Examplc6 | 005 | Cubic | 4.028 | 0.998 . 0.8 50 20 |

Comparative . _

Bxample 1 | 017 Cubic | 4005 | 0991 | 00021 | 1~3 30 400 'I

10 Comparatve | ) | cunic | 4010 | 0.998 | 0.0020 | 1~20 40 300 l
& m#

As is apparent from Table 1, all of the ceramic

pieces having a ceramic grain size of about 0.9 um or
less exhibit excellent withstand voltage ag high as 720

15 V/mm or more. When the ceramic grain size is 1 um or
more, the specific resistance at room temperature
decreases and withstand voltage decreases simultaneously.
When the grain size of the raw powders is in excess of
about 0.1 um, the ceramic grain size increases to 1 um or

20 more to result in lowering withstand voltage.
Furthermore, when the lattice constant of the raw powders
is 4.02 angstrom or less, the ceramic structure becomes
heterogeneocus, i.e., a mixture of micrograins (1 um
grains) and coarse grains {10-20 um}, to result in

25 lowering withstand voltage. When the raw powder is
obtained by forming a soclid solution from titanium,
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-7L RECEIVED B3/2% 1H8h Aligal s $OPABE a il (RRIGET e8| 1'ant cake was drie
in an oven at- 10F?:f%] Cr Eﬁr%ewours. After dr¥ing, F%’NQP’ER(SG alfe‘ﬁ@g

crushed to obtain a pomder of a La-containing bariumtitanate solid
solution. The powder has a grain 5 size of 0.05 [errlmand a lattice
constant of the cubic crystal "o of347032 angstrons, as confirmed

t hrough SEM and powder X-ray diffraction, respectively. The Ba/Ti
and ' La/Ti ratios were 0.991 and 0.00Zl,'respectiver, _
according to fluorescent X-ray analysis. 10 The t hus-obtai ned
powder of a La- detiainni R@d pre-doped indNwhikhngbeves! ad $oddtihaReing

us btalned cal ci ned
ggl/\glepe\?vagt mlgggigeér{d oo 8 ery ROSt ad%ﬂ% S%EL%aST{\}lgﬁtlﬁqmace rttate 6% ?{%& eby
withstand voltage slightly decreases in the case of the
latter method. The reason for this may be considered
5 that withstand voltage of the ceramic is affected by
compositional homogeneity of grains forming the ceramic
as well as ceramic grains themselves.
As described hereinabove, the barium titanate
semiconductive ceramic having an average ceramic grain
10 - size of about 0.9 gm or less according to the present
invention has low specific resistance at room temperature
and high withstand voltage fully satisfying the demand
for enhancing withstand voltage and is suitable for
applications such as controlling temperature, limiting
15 current, or heating at constant temperature. The barium
titanate semiconductive ceramic enables an apparatus
using the same to have enhanced performance and reduced
size,
Furthermore, in the present invention, a
20 ceramic endowed with particularly high withstand voltage
is obtained by firing a barium titanate powder or a
calcined barium titanate powder having strietly limited
physical properties, i.e., a grain size of about 0.1 um
or less, a crystal structure of the cubic system, and a
25 lattice constant of 4.02 angstroms or more, and
containing a microquanity of a gsemiconducting agent
forming a solid solution.
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mefn BAEBIVEL BEH L Py RO a634\PASE h1SveP81NsEnbfreE t B0l 1 O uni a
‘pr essi ng%:%a? o?m ggfgl skgﬁ | k\sﬁ%{)rrp t having a ™ i B’FFé’t'éﬁPI%?cscl’O rﬁﬁ%(ﬁ'a

a thickness of "I wm "The Tonpact was fired at 1250[err]C for two
hours in obtain a bariumtitanate sem conductive
ceramc pTH'"" "Mﬂﬂlﬂf uy The eeilén¥c grain size, specific resistance
at 20 =00 ‘and withstand vol tage of the obtained

bariumtitanate sem conductive ceram c piece were obtained. Wth
regard to the ceramc grain size, there was determ ned an average

ceramc grain si . t aki ng an SEM phot ograph of the
surface of the g§g§%$§igggimgﬁp$%be and cal cul ati ng based on i mage anal ysi s
of the phot ograph. Wth regard to the specific resistance at
roomtenperature, there was dehebatied tdtaaboe @émi&&nductlve &u&ﬁaﬁe of the

ceram c piece c hal, %§§
f our - pr obe nethq%kéggﬁ%g'ngggg?glteﬁ 0graln fectronlc lIt:Ihtag ne?gr at

25[err]C. Wth rd to the wi thstand vol tage, there was
deternined a val ue obtai ned by neasuring a maxi num applied voltage
i medi at el y before 2t he PLEURAGOL s E0Rac2 PLG Akt 08 LREC

according to Claim 1, containing at least one a
semiconducting agent selected from the group congisting
of rare earth metal elements and transition elements.

3. The barium titanate semiconductive ceramic
according to Claim 1, containing La.

4. A powder for producing the barium titanate
semiconductive ceramic according to Claim 1, compris=ing a
barium titanate powder having a grain size of about 0.1
pm or less, a cubic system crystal structure and a
lactice constant of 4.02 angstroms or more, and
containing at least one semiconducting agent in the form
of solid solution.

£, The powder according te claim 4, wherein
the semiconducting agent is selected from the group

consisting of rare earth metal elements and transition
elements.

6. The powder according to claim 5, wherein
the semiconducting agent is La.

7. The powder according to c¢laim 4, wherein
the barium titanate powder is a calcined power.
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'show that the ceranic piece has a ceranic grain S|ze of

a specific resistance-at- reem tenperature of 50 [errJcmand a

wi t hstand vol tage of 900 5 Exampl e 2

The proceﬂ mw ﬁl was perfornea except that an ethanol

sol ution of | de contai ni ng 0.00531 nol | ant hanum was
used, to thereby 10 obtain a powder of a La-containing bariumtitanate
solid solution. The obtained powder of a La-containing barium

titanate solid solution h#s aTheapewder caqsorging fer flaima7., wheredmitice
constant of the gndigemildsr@ictohgdafed angar.ons,

9. The powder according to claim 4, whereir
the barium titanate powder is an uncalcined power.

10. The powder according to claim 9, wherein
the semiconducting agent is La.

11. A process for producing the barium
titanate semiconductive ceramic according to Claim 1,
comprising firing a barium titanate powder having a grain
size of about 0.1 um or less, a cubic system crystal
structure and a lattice constant of 4.02 angstroms or
more, and a semiconducting agent in the form of solid
solution, for a time and at a temperature such that the
average grain size of the resulting titanate is about 0.9
pm or less.

12. The process according to claim 11, wherein
the semiconducting agent is selected from the group
consisting of rare earth metal elements and transition
elements.

13. The process according to claim 12, wherein
the semiconducting agent is La.

1l4. The process according to claim 11, wherein
the barium titanate powder is a calcined power.

15, The procesg according. to claim 14, wherein
the semiconducting agent is La.
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arts"SS TLESLLE T o GIRMANONTRAY GTOBEMAGIT) 1 ganect)
The procedure of Exanple 1 was Ser ormed by use Erﬁ g@te%glpo%jer P.17/37
--wi'thout calcination-- as a raw powder, to t hereby obtain a barium

ti tanﬂm,mmufmmm, ceram c - 1piece. 20 The obt ai ned
bariu Hmducti ve ceram c piece has a ceramc grain
size of *0.8 ['erM m’ a* specific resistance at roomtenperature of 78
[err]cm and a wi t hstand vol tage of 1250 V/ mm Exanple 3 25
The procedure of Exanple 2 was perforned, except that the powder of
a La-containing bariumti#fnatEhe processolaicgordingi om olrim Mad whelbsdnpl e 2
was cal cined at the bari@@0tetahitd Qiowddd HAURR LRCEFTEMER Fowrd AW ponder,
to t hereby obtain a bariumtitanate sem conductive ceram c piece. 30
The obtai ned bariumtitanate sem conductive ceram c piece has a
ceramc grain size of O. 91[7€r r}'lﬁﬁ Rrocess according to claim 17, wherein

the semiconducting agent is La.
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procedure of Exanple 1 was perfornmed, 5 except that an ethanol
solution of |anthanum chloride contai ning 0.00398 nol | ant hanum was
used, to thereby obtain a powder of La-containing bariRARATL-&7Tt €
solid solution. The obtained powder of a La-containing barium
titanate solid solution has a grain size of 0.05 [err]m a 10 | attice
constant of the cubic crystal of 4. 027 angstrons and Ba/Ti and
La/Ti ratios of 0.996 and2&eU813 E SEMECOND ¢ The

procedure of Exanple 1 was perforned by

ABSTRACT OF THE DISCLOSURE

The present invention provides barium titanate
semiconductive ceramic having low specific resistance at
room temperature and high withstand voltage, which fully
satisfies the demand for enhancing withstand voltage.
The average ceramic grain size of the barium titanate
semiconductive ceramic is controlled to about ¢.9 um or
less. By this control, the ceramic possesses low
specific resistance at room temperature and high
withstand voltage fully satisfying a recent demand for
enhancing withstand voltage and may suitably used for
applications such az controlling temperature and limiting
current, or in exothermic devices for constant
temperature. Accordingly, the barium titanate
semiconductive ceramic enables an apparatus using the
same to have enhanced performance and reduced size.
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c calcining the powder of a La-containing bariumtitanate 15 solid

» solution under the sane conditions as those of Exan@%s @{so,%erve as
a raw cal ci ned powder, to thereby obtain a bariumtirtanatée
semi conductive cerami c pi ece. The obtained bariumtit&Pe&’e é
sem conductive ceram c piece has a ceram c grain size of 0.§?F relm
a specific resistance 20 at roomtenperature of 84 [err]cmand a
wi t hstand vol t age of 1300 V/ nm " Exanple 5
The powder of a La-containing bariumtitanate solid solution
obtained in Exanple 1 was heat-treated at 25 600[ err] C for two hours.
The heat-treated powder has a grain size of 0.1 [errlmand a lattice
constant of the cubic crystal of 4.020 angstrons. The procedure of
Exanmple 1 was performed by calTitni'ng the heat-treated powder under
the sane conditions as those of Exanple 1 to serve as a 30 raw cal ci ned
powder, to thereby obgahfind PiranaFe! EERPELE wsenducti ve ceram c
pi ece.

IVE_CERAMS

BACKGROUND OF THE INVENTION
rield of the Invention

The present invention relates to a barium
5 titanate semiconductive ceramic which has positive
resistance-temperature characteristics and is suitable
for applications such as controlling temperature and
limiting current, or exothermic devices for constant
temperature.

1¢ Background art

A barium titanate semiconductive ceramic has
positive resistance-temperature characteristics (PTC
characteristics). It has low specific resistance at room
temperature and its electric resistance suddenly rises

15 when a particular temperature (the Curie temperature) is
surpassed. Thus, the ceramic is widely used in a broad
range of applications such asg controlling temperature and
limiting current, or in exothermic devices for constant
temperature.

20 These applications require that titanate
semiconductive ceramic have not only PTC characteristics,
but also sufficiently withstand voltage to permit use
under high wvoltage. Therefore, there is need for a
semiconductive ceramic having PTC as well as high

25 withstand voltage characteristics. Particularly.
overcurrent-protection devices for circuits demand thaz
higher withstand voltage be realized.

' To thig end, a variety of proposals have
hitherto been made in order to enhance withstand voltage
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' -‘10 - The obtained bariumtitanate sem conducti ve

- ceramc piece has a ceramc grain size of 0.9 [err]m a specific
resi stance at roomtenperature of 40 [err]Jcm and a wi t hstand vol t age
of 800 V/ mm 5 Exampl e 6 - The procedure of Exanple 1
was performnmed wi t hout addi-ng an et hanol solution of |anthanum
chl ori de (LaCl3 6.3H err]O to the solution of the titanium
al koxi de, to thereby obtain a powder of a La-free bariumtitanate 10
non-solid solution. The obtained bariun1titanate powder has a grain

size of O. 055[ rgg |attice canstant of th b|c crgftal of

4.028 angst R gb §1E%?ﬁ§ ® [ SfARFogpuctive C?F%ﬂk?s' ¥oz' éxa
Japanese Patent Application Laid-Open (kokai) No. 4-26101
discloses a ceramic having a ceramic grain size of 6-15
urn, low specific resistance at room temperature and high

5 withstand voltage obtained by adding Dy and Sb to a

semiconductive ceramic comprising BaTiQ; and SrTiQ,
incorporated with Tio,, Si0,, Al,0;, and MnO,. Japanese
Patent Publication (kokoku) No. 60-25004 discloses that
when a powder which is obtained by crushing, mixing and

10 calcining a barium-titanium compounded oxalate and an Sb
oxide (serving as a semiconducting agent) is fired at
1350°C while the calcining conditions and compacting
pressure are cantrolled, there is obtained ceramic having
a ceramic grain size of 1-5 um and high withstand

1is voltage.

However, the semiconductive ceramic described
in Japanese Patent Application Laid-Open {(kokai) No. 4-
26101 has a specific resistance of about 50 Qcm and a
withstand voltage of about 200 V/mm and such withstand

20 voltage is still unsatisfactory. Also, the semiconductor
material described in Japanese Patent Publication
(kokoku)} No. 60-25004 has a maximum withstand voltage of
about 500 V/mm, which does not fully meet the current
demand for enhancing withstand voltage.

25 Thexrefore, an object of the present invention
is to provide barium titanate semiconductive ceramicg
naving low specific resistance at room temperature and
high withstand voltage, which fully meets the current
demand for enhancing withstand voltage.

30 UMMARY O I o _
The present inventorg have conducted earnest
studies to attain the above object, and have found that a
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. To the bariumtitanate powder, La was then 15 added in the formof a
 solution of lanthanumnitrate in an anount of 0.15 nol% and the

m xture was cal ci ned at 1000[err] C for two hours. The procedure of
Exanple 1 was perfornmed by use of the thus-obtained cal ci ned powder
as a raw powder, to thereby3obtain a bariumtitanate 20

sem conducti ve ceram c piece. The firing was perforned at 1200[err]C
for two hours. The obtained bariumtitanate sem conductive ceram c
pi ece has a cerami c grain size of 0.8 [err]m a specific resistance

2t 100 L eMRELAUN &18620 aemt cordilokh 64 @00t A ASAAS KOk W%ags of 720

V/ nm
La- contaln|rﬁfqﬁﬂﬁcuﬁFFFFaﬁhf%aSmaller §5RRJ SBFERI gh VTS ﬁé& ﬁWExaane 1

was heat -t r el file registafd) G @oohiveehpetatudd P aixdeneahed powder has
a grain y%@éﬁdo%gt&ge[erf %@g gtl \t?é loctpr{?at ant of the cubic 30
of 0

crystal oce ure was
per f or fred b;ﬁ-cmnmlﬁﬁhgdth@s%eqn ttrhéét dngdu@er under
Accordxngly, the present invention provides a

barium titanate senmiconductive ceramic¢ having an average
ceramic grain size of about 0.9 um or less.
The barium titanate semiconductive ceramic of
10 the present invention is preferably obtained from a
barium titanate powder or a calcined barium titanate
powder having strictly limited physical properties, i.e.,
a grain size of about ¢.1 um or less, a cubic system
cxrystal structure and a lattice constant of 4.02
15 angstroms or more, and containing a micro-quantity of a
semiconducting agent in the form of solid solution.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
The barium titanate semiconductive ceramic of
20 the present invention has an average ceramic grain size
of about 0.9 um or less. The average grain size may be
obtained by obgerving the surface of the ceramic by use
of, for exawmple, an SEM (scanning electron migroscope) .
In manufacture of the barium titanate
25 semiconductive ceramic of the present invention, the

generally known methods may be used so long as they
provide an average ceramic grain size of about 0.8% um ox
less. For example, a sequential process of granulating
the raw material powder with a binder, shaping, and
30 firing may be performed.
Preferably, the raw material powder is a barium
titanate powder or a calcined barium titanate powder
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' REPLACEMENT SHEET t he sane conditions as those of
Exanple 1 to serve as a raw cal ci ned powder, to thereby obtain a
bariumtitanate sem conducti ve ceram c piece. The
obtained bariumtitanate sem conductive 5 ceram c piece has a ceramc
grain size of 1-3 [err]m a - 4specific resistance at roomtenperature
of 30 [err]cmand a wi t hst and vol tage of 400 V/ nm

Conpar ati ve Exanple 2

having strictly limited physical properties, i.e., a
grain size of about 0.1 pm or lesa, a cubic system
crystal structure and a lattice constant of 4.02
angstroms or more, and containing a micro-quantity of a
5 semiconducting agent in the form of solid solution. When

such powder is used as a raw material, barium titanate
semiconductive ceramic having high withstand voltage is
obtained.

No particular limitation is imposed on the

10 methods for manufacturing the barium titanate powder so
long as the ceramic having the above-described physical
properties can be obtained. Examples include the
hydrolysis method, sol-gel method, hydrothermal method,
coprecipitation method, and solid phase methed. Of

15 these, the hydrolysis method is preferred. 1In order to
-obtain the barium titanate powder through the hydrolysis
method, the following steps may be performed: preparing a
solution containing a salt or an alkoxide of barium and a
solution containing a salt or an alkoxide of titanium;

20 mixing the solutions at a ratio where the desirable
stoichiometry of barium and titanium is realized and
causing'reaction to form a slurry; aging the slurry;
dehydrating; washing with water; drying; and crushing.

During manufacture, a micro-guantity of a

25 semiconducting agent is incorporated into the barium
titanate powder to be obtained, so as to form a solid
solution. The term "micro-guartity" means an amount
sufficient to provide semiconductive prcoperties without
significantly otherwise affecting the characteristics of

30 the titanate. This amount is frequently less than about
0.5 m& based on Ti. Examples of the semiconducting
agent which may be used include rare earth metal elements
such as La, ¥, Sm, Ce, Dy, or Ga; and transition elements
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. The slurry containing titanium barium and 10 | ant hanum obt ai ned in

*Exanple 1 was introduced into an agi tated autoclave and allowed to
hydrot hermal | y react at 200[ err] C for eight hours. The procedure of
Exanple 1 was perfornmed to thereby obtain a powder of a
La- cont ai ni ng bariumtitanat® solid solution. The obtai ned powder of
a 15 La-containing bariumtitanate solid solution has a grain
size of 0.1 [err]m a lattice constant of the cubic crystal of 4.010
angstronms, and Ba/Ti and La/Ti ratios of 0.998 and 0. 0020,
respectively. e edute I B R orned by
20 - caIC|?ﬁ?P ail mﬁ%rsl g@Léﬂégﬁtapﬁlﬁggggxaﬂy ?ﬁ%natzg% 9 olid

sol uti on undé®efhe %zﬂ@-’-@oﬁﬂh‘?m of & |fgvdcgpducting agappMEth fo serve as
a.raw cal ci nesicpendeitanatet pewedy is formedbbgi nfar bexampld, taadang

Sem oonduot| YEa SRR JkfASning o sait of he sChEcOMALAGE Dam Ui tanate

seni conduct i ve as a ceram c grain
[err]nf to eitdrriaf @hﬁe§?§¥%WnR9Q%§1PééﬁlF@h%%%%ﬁLﬁ%}Qﬁt4ﬂ3uﬁerr]cn1and

W t dehtaichivg) s20et2bn300) adviifice and making a powddie wiktul ts of the
tlhus descri bgge BAMRIS tiBdnent and QIPR13bLY Em RAPIESAr € shown in Tabl e

The thus-obtained barium titanate powder may be

used as is as a raw material powder or calcined to

10 praovide the raw material powder. The calc¢ination is
perfaormed, for example, at about 800 tao about 1000°C for
about 1 to about 3 hours with optiocnal pre-heating.

The resultant barium titanate raw material
powder is then granulated by use of a known binder such

is as vinyl acetate. The obtained granulated powder ie
shaped through a known method such as uniaxial pressing
to form a compact, which is fired to thereby obtain the
barium titanate semiconductive ceramic of the present
invention. The compact is fired under the conditions,

20 e.g., of about 1200 to about 1300°C for about 1 to about
3 hours in air.

The barium titaznate semiconductive ceramic
having an average ceramic grain size of about 0.9 um or
less which may be manufactured through the above method

25 has low specific resistance at room temperature and high
withstand voltage fully satisfying the demand for
enhancing withstand voltage and is suitable for
applications such as controliing temperature and limicing
current, or for use in exothermic devices for constant

30 temperature. The barium titanate semiconductive ceramic
enables an apparatus using the same to have enhanced
performance and reduced siza.
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* Table 1

EXAMPLES

The present invention will next be described
more specifically by way of examples.

Example .

5 A 0.2 mol/l aqueous sclution of barium
hydroxide (15.40 1; containing 3.079 mel barium) and a
0.35 mol/l solution of a titanium alkoxide (7.58 1;
containing 2.655 mol titanium) were individually prepared
in separate tanks. The solution ¢f a titanium alkoxide

10 was formed by dissolving Ti(0-iPr), (titanium
tetraisopropoxide) in IPA (isopropyl alcohol). During
the preparation process, an ethanol solution of lanthanum
chloride (LaCl;-6.3H,0) (100 ml, containing 0.00664 mol
lanthanum) was added to the solution of the titanium

is alkoxide and the mixture was homogenized in order to form
a s0lid golution containing lanthanum serving as a
semiconducting agent.

Subsequently, each of the sclutions was pumped
from its respective tank by use of a gear pump for

20 feeding liquid, and the solutions were mixed by use of a
static mixer to cause a reaction to occur. The resultant
slurry was introduced to a tank for aging, and was
circulated through the static mixer to thereby allow the
slurry to age for three hours.

25 After aging, the slurry was dehydrated by use
of a centrifugal separator and the resultant cake was
washed by stirring in hot water at 80-9%90°C for 15 minutes
by use of a homogenization mixer. Subsequently, the
slurry wag dehydrated by use of a centrifugal machine and

30 the resultant cake was further washed by stirring in
ethanol for 30 minutes by use of a homogenization mixer.
The washed slurry was dehydrated again by use of a
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Jlerr] As is apparent from Table 1, all of the ceramc

- pi eces having a ceramc grain size of about 0.9 [err] or | ess exhi bit
excel l ent withstand voltage as high as 720 15 V/ mm or nore. When
the ceramic grain size is 1 [err]mor nore, the specific resistance
at room tenperature decreases? and wi t hstand vol t age decreases

si mul t aneousl vy. When the grain size of the raw powders is in excess
of about 0.1 [err]m the ceramic grain size increases to 1 [err]mor
20 nore to result in lowering wthstand voltage. Furt her nore,

wnen the 'atéézfi:‘i‘:i‘i“&%%&a%a%a% rafﬁﬁ F?:‘i’i\@d% ultant éaﬁce“x&% gg.ggarom or

less, the ceramc Structtre. er ogeneous a nixture
of ni crogran"é1 @R P¥PR A 110 cgf%ﬁ W‘&n&"ﬁﬁ%rs % r?sry(ingZth’err] m, to
result in 25ake wasl ewashed v tdist=ing avpbivdge. of Vihcm {domtradwipgwder i s

barium titanate solid solution. The powder has a grain

5 size of 0.05 um and a lattice constant of the cubic
erystal of 4.032 angstroms, as confirmed through SEM and
powder X-ray diffraction, respectively. The Ba/Ti and
La/Ti ratiocs were 0.991 and 0.0021, respectively,
according to fluorescent X-ray analysis.

10 The thus-cbtained po&der of a La-containing
barium titanate solid solution was calcined at 1000°C for
two hours. The thus-cbtained calcined powder was mixed
with a binder such as vinyl acetate, to thereby
manufacture a granulated powder, which was subjected to

is uniaxial pressing to form a disk-like compact having a
diameter of 1C mm and a thickness of 1 mm. The compact
was fired at 1250°C for two hours in air, to thereby
obtain a barium titanate semiconductive ceramic piece.

The ceramic grain size, gpecific resistance at

20 room temperature, and withstand voltage of the obtained
barium titanate semiconductive ceramic piece were
obtained, With regard to the ceramic grain size, theras
was determined an average ceramic grain size obtained by
taking an SEM photograph of the surface of the ceramic

25 piece and calculating based on image analysis of the
photograph. With regard to the specific resistance at
room temperature, there was decermined a value of the
surface of the ceramic piece coated with In-Ga that was
measured through a four-probe method by use of a digital

30 electroniec voltage meter at 25°C. With regard to the
withstand voltage, there was determined a value cbtained
by measuring a maximum applied voltage immediately before
the breakage of the sample and dividing the measured
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* obt ai ned by formng a solid solution fromtitanium

. REPLACEMENT SHEET barium and pre-doped La which serves
as a sem conducti ng agent or by post-adding La to a bariumtitanate
powder , wi t hstand voltage slightly decreases in the case of the

| atter nethod. The reason for this gmy be considered

voltage by the interelectrode distance of the sample.

The results show that the ceramic piece has a ceramic

grain size of 0.9 pm, a specific resistance-at room

temperature of 50 Qecm and a withstand voltage of 900
5 V/mm.

Example 2

The procedure of Example 1 was performed,
except that an ethanol solution of lanthanum chloride
containing 0.00531 mol lanthanum was used, to thereby

10 cbtain a powder of a La-containing barium titanate solid
golution. The obtained powder of a La-containing barium
titanate solid solution has a grain size of 0.05 um, a
lattice constant of the cubic crystal of 4.029 angstrowms,
and Ba/Ti and La/Ti ratios of 0.598 and 0.0018,

15 regpectively.

The procedure of Example 1 was performed by use
of the powder --without calcination-- as a raw powder, to
thereby obtain a barium titanate semiconductive ceramic
pilece.

20 . The obtained barium titanate semiconductive
ceramic piece has a ceramic grain size of 0.8 um, a
apecific resistance at room temperature of 78 Qcm and a
withstand voltage of 1250 V/mm.

Example 3

25 The procedure of Example 2 was performed,
except that the powder of a La-containing barium titanate
solid solution obtained in Example 2 wae calcined at
800°C for two hours to serve as a raw powder, to thereby
obtain a barium titanate semiconductive ceramic piece.

30 The obtained barium titanate semiconductive
ceramic piece has a ceramic grain size of 0.9 gm, a
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.5 that withstand voltage of the ceramc is affected by

‘conposi tional honbgeneity of grains forming the ceranic as well as
ceram c grains thensel ves. As descri bed herei nabove, the
bariumtitanate sem conductive ceram c having an average ceranic
grain 10 size of about 0.9 [errPnror |ess according to the present

I nvention has | ow specific resistance at roomtenperature and hi gh
wi t hstand voltage fully satisfying the demand for enhanci ng

wi t hstand voltage and is suitable for applications such as

control ling t@aReratUteeisididd Mt Toom tefpdiftiire ¥z BOALLRAYaAl £ONStant

t enper at ure. ing barlun¥ titanate sem conductive ceram c enabl es an
apparatus  withagapd.veitage of 1320,¥™8nhanced perfor mance and reduced

si.ze. Furthernore, in the present invention, a 20

ceramc endoEggmﬂggniparticuIarIy hi gh wi thstand vol t age I s obtained
by firing a bartrumtitgnate OQPer or cal ci ned bariumtitanate
powder having strictly® ?rﬁ?é&f ure of gﬁ?@?%ﬁulgﬁﬁﬁpgﬁf'8§We?fe., a grain

si ze of5 aboux@ept| that nan ethancdr sbéssion ef strahagwmuchliveide t he cubic
system and gofRaininkh!é6fod A AdheBhndn Whaf Vb, OFB LhefBEP, and

contai ning a mcroqua a sen1condugt|qg agent . f0£§1ng a solid
obtain a powder of La-containing Barilm titanate solid

solution. solution. The obtained powder of a La-containing barium
titanate golid solution has a grain size of 0.05 um, &
10 lattice constant of the cubic crystal of 4.027 angstroms,
and Ba/Ti and La/Ti ratios of 0.996 and 0.0013,
respectively. '

The procedure of Example 1 was performed by

calcining the powder of a La-containing barium titanate

1s solid solution under the same conditions as those of
Example 1 to serve as a raw calcined powder, to theréby
obtain a barium titanate semiconductive ceramic piece.
The obtained barium titanate semiconductive ceramic piece
has a ceramic grain size of 0.8 um, a specific resistance

20 at room temperature of 84 Qcm and a withstand voltage of
1300 V/mm.

Example §
The powder of a La-containing barium titanate
solid golution obtained in Example 1 was heat-treated at
25 600°C for two hours. The heat-treated powder has a grain
size of 0.1 um and a lattice constant of the cubic
crystal of 4.020 angstroms. The procedure of Example 1
was performed by calcining the heat-treated powder under
the same conditions as those of Example 1 to serve as a
30 raw calcined powder, to thereby obtain a barium titanate
semiconductive ceramic piece.
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- 14- WHAT | S CLAIMED | S: 1. A bariumtitanate

*sem conductive ceram ¢ having an average ceram c grain size of about 0.9
[err]mor |ess. 2. The bariumtitanate sem conductive ceranic
according to Caim1, containing at | east one a sem conducti ng agent
selected fromthe group consistingic -

The obtained barium titanate semiconductive
ceramic piece has a ceramic grain size of 0.% um, a
specific resistance at room temperature of 40 Qcm and a
withstand voltage of 800 V/mm. '

5 Example §
The procedure of Example 1 was performed

without adding an ethanol solution of lanthanum chloride
(LaCl;-6.3H,0) to the solution of the titanium alkoxide,
to thereby obtain a powdsy of a La-free barium titanate

10 rnion-solid solution. The obtained barium titanate powder
has a grain size of 0.05 um, a lattice constant of the
cubic crystal of 4.028 angstroms, and a Ba/Ti ratio of
0.998.

_ To the barium titanate powder, La was then

15 added in the form of a solution of lanthanum nitrate in
an amount of 0.15 mol%, and the mixture was calcined at
1000°C for two hours. The procedure of Example 1L was
performed by use of the thus-obtained calcined powder as
a raw powder, to thereby cbtain a barium titanate

20 semiconductive ceramic piece. The firing was performed
at 1200°C for two hours. The obtained barium titanate
semiconductive ceramic piece has a ceramic grain size of
0.8 um, a specific resistance at room temperature of 90
Qcm, and a withstand voltage of 720 V/mm.

25 Comparxative Example 1
The powder of a La-containing barium titanate
solid solution obtained in Example 1 was heat-treated at
800°C for two hours. The heat-treated powder has a grain
size of 0.17 um and a lattice constant of the cubic
30 crystal of 4.005 angstroms. The procedure of Example 1
was performed by calcining the heat-treated powder under
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cof rare earth netal elenents and transition el enents. 3. The

. bariumtitanate sem conductive ceram c according to Caim1l, containing La.
4. A powder for producing the bariumtitanate sem conductive ceranc
according to Claim1, conprising a bariumtitanate powder having a grain
size of about 0.1 [err]mor |lessy BLcubic systemcrystal structure and a

| attice constant of 4.02 angstronms or nore, and containing at |east one
sem conducting agent in the formof solid solution. 5. The
powder according to claim4, wherein the seniconducting agent is selected

fromthe or Q4R ae! Sbhfflnd U cERELNFEkRAnA & T'He? B80! 48181 L1 01

el ements accor , Wherein the
Sen‘conductgﬁg'gggﬁgnpg ngder, to thereby obtain a barium titanate

semiconductive ceramic piece.
The obtained barium titanate semiconductive
5 ceramic piece has a ceramic grain size ¢f 1-3 um, a
specific resistance at room temperature of 30 Qcm and a
withstand voltage of 400 V/mm.

Cowparative Example 2
The slurry containing titanium, barium, and
10 lanthanum obtained in Example 1 was introduced into an
agitated autoclave and allowed to hydrothermally react at
200°C for eight hours. Tha procedure of Example 1 was
performed to thereby obtain a powder of a La-containing
barium titanate solid solution. The obtained powder of a
15 La-containing barium titanate solid solution has a grain
size of ¢.1 um, a lattice constant of the cubic crystal
of 4.010 angstroms, and Ba/Ti and La/Ti ratios of 0.998
and 0.0020, respectively.
The procedure of Example 1 was performed by
20 calcining the powder of a La-containing barium titanate
solid scelution under the same conditions as those of
Example 1 to serve as a raw calcined powder, to thereby
obtain a barium titanate semiconductive ceramic piece.
The obtained barium titanate semiconductive
25 ceramic piece has a ceramic grain size of 1-20 um, a
specific resistance at room temperature of 40 Qcm and a
withstand voltage of 300 V/mm.
The results of the thus-described Examples and
Comparative Examples are shown in Table 1.
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7. The powder according to claim4, wherein the bariumtitanate powler is a

‘cal ci ned power. - 15- 8. The powder according to
claim?7, wherein t he sem conducting agent is La. 9. The
powder according to claim4, wherein the bariumtitanate powder is an
uncal ci ned power . - 1z -

Table 1

s Physical properties of Ba titanate “
Physical properties of raw powders semicanductive caramic
. Av, Specific
. Lattice . . N
Grain Crystal | const. | BwTi| La/Ti csm:mc resistance | Withstand
size . (ang- ratlo ratio grain at room voltage
(pem) ysm strom) size w©mp. (V/mm)
(o)) (fcm)
Example 1 0.03 Cubic | 4.032 | 0.991 | 0.0021 0.9 50 900
Example 2 0.03 Cubic | 4.029 | 0.998 | 0.0018 0.3 78 1250
Example 3 0.05 Cubic 4032 | 0.998 | 0.0018 0.9 60 1120
5 Example 4 .05 Cubic 4.027 | 0.996 | 0.0013 0.8 84 1300
Example 3 0.t Cubic | 4.020 | 0951 | 0.,0021 0.9 40 800
Exampic § 0.05 Cubic | 4.028 | 0.998 - 0.8 50 720
Comparative . -
|| Example t 0.17 | Cubic 4005 | 0.991 | 0.0021 1~3 30 400
10 Comparadve | o1 | cunie | 4.010 | 0.908 | 0.0020 | 1~20 4 300
Example 2
— — _ — T —

As is apparent from Table 1, all of the ceramic

pieces having a ceramic grain size of about 0.9 um or
less exhibit excellent withstand voltage as high as 720

15 V/mm or more. When the ceramic grain size is 1 um or
more, the specific resistance at room temperature
decreases and withstand voltage decreases simultaneously.
when the grain size of the raw powders is in excess of
about 0.1 um, the ceramic grain gsize inc¢reasas to 1 um or

20 more to result in lowering withstand voltage.
Furthexmore, when the lattice constant of the raw powders
is 4.02 angstyom or less, the ceramic structure becomes
heterogeneous, i.e., a mixture of micrograins {1 um
grains) and coarse grains {10-20 um), to result in

25 lowering withstand voltage. When the raw powder is
obtained by forming a solid solution from titanium,
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. 10. The powder according to claim9, wherein t he sem conducti ng agent
“is La. 11. A process for producing the barium titanate
sem conductive ceram c according to Claiml1, conprising firing a barium
titanate powder having a grain size of about 0.1 [err]mor less, a
cubi c system crystal structurd3and a lattice constant of 4.02 angstrons
or nore, and a sem conducting agent in the formof solid sol ution,
for atine and at a tenperature such that the average grain size of the
resulting titanate is about 0.9 [err]mor |ess. 12. The

process accgadiad, {gnd|dlabbed 8! @hikh. ad:i2s5 88! ROBGMELIATAARY | ©

sel-ect ed fronlt rou nsi stin rare earth nmetal el enent’s and

transition *9eBf e rﬁ“é post-adding La to @3 &H%'é‘“‘pFEJEégi‘t%c%‘?‘?ﬁ’?Tg to claim
12, wher ei nwithstand ermloageusiight hgaddcrenses in the case of the

latter method. The reason for this may be considered
s that withstand voltage of the ceramic is affected by
compositional homogeneity of grains forming the ceramic
as well as ceramic grains themselves.
As described hereinabove, the barium titanate
semiconductive ceramic having an average ceramic grain
10 - gize of about 0.9 um or less according to the present
invention has low specific resistance at room temperature
and high withstand voltage fully satigsfying the demand
for enhancing withstand voltage and is suitable for
applications such as controlling temperature, limiting
15 current, or heating at constant temperature. The barium
titanate semiconductive ceramic enables an apparatus
using the same to have enhanced performance and reduced
size.
Furthermore, in the present invention, a
20 ceramic endowed with particularly high withstand voltage
is obtained by firing a barium titanate powder or a
calcined barium titanate powder having strictly limited
physical properties, i.e., a grain size of about 0.1 um
or less, a crystal structure of the cubic system, and a
25 lattice constant of 4.02 angstroms or more, and
containing a microquanity of a semiconducting agent
forming a solid solurion.

REPLACEMENT SHEET

14 JAN 1999




."14. The process -according to claim 11, wherein’ the bariumtitanate

© powder | wer . 15. The process according to
cl ai mAg' l@t‘ ﬂﬂi l!!Fe sem conducti ng agent is La.
16. T C M ng to claim 11, wherein the bariumtitanate powder

I s an uncal ci ned power. - 14 -

WHAT IS CLAIMED IS:

1. A barium titanate semiconductive ceramic
having an average ceramic grain size of about 0.3 um or
less.

2. The barium titanate semiconductive ceramic
according to Claim 1, containing at least one a
semiconducting agent selected from the group consisting
of rare earth metal elements and transition elements.

3. The barium titanate semiconductive ceramic
according to Claim 1, containing La.

4. A powder for producing the barium titanate
semiconductive ceramic according to Claim 1, comprising a
barium titanate powder having a grain size of about 0.1
gm or less, a cubic system crystal structure and a
lactice constant of 4.02 angstroms or more, and
containing at least one semiconducting agent in the form
of sclid solution.

5. The powder according to claim 4, wherein
the semiconducting agent is selected from the group
consisting of rare earth metal elaments and transition
elements:

6. The powder according to ¢laim §, wherein
the semiconducting agent is La.

7. The powder according to claim 4, wherein
the barium titanate powder is a calcined power.
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17. The process. according.to claim17, wherein the sem conducting agent is

- RN DR A

- 15 -

8. The powder according to claim 7, whereir
the semiconducting agent is La.

9. The powder according to claim 4, whereir
the barium titanate powder is an uncalcined power.

10. The powder according to claim 9, wherein
the semiconducting agent is La.

1l. A process for producing the barium
titanate semiconductive ceramic according to Claim 1,
comprising firxing a barium titanate powder having a grain
size of about 0.1 zm or less, a cubic svstem crystal
structure and a lattice constant of 4.02 angstroms or
more, and a semiconducting agent in the form of solid
solution, for a time and at a temperature such that the
average grain size of the resulting titanate is about 0.9
am or less.

12. The process accorxding to claim 11, wherein
the semiconducting agent is selected from the group
consisting of rara earth metal elements and transition
elements.

13. The process according to claim 12, wherein
the semiconducting agent is La.

14. The process according to claim 11, wherein
the barium titanate powder is a calcined power.

15. The process according to claim 14, wherein
the semiconducting agent is La.
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16. The proclis# a8duPding to claim 11, wherein
the barium titanate powder is arn uncalcined power.

17. The process according to claim 17, wherein
the semiconducting agent is La.
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ABST F_THE

The present invention provides barium titanate
semiconductive ceramic having low specific resistance at
room temperature and high withstand wvoltage, which fully
satigfies the demand for enhancing withstand wvoltage.
The average ceramic grain size of the barium titanate
semiconductive ceramic is controlled to about 0.9 um or
less. By this control, the ceramic possesses low
specific resistance at room temperature and high
withstand voltage fully satisfying a recent demand for
enhancing withstand voltage and may suitably used for
applications such ag controlling temperature and limiting
current, or in exothermic devices for constant
temperature. Accordingly, the barium titanate o
gemiconductive ceramic enables an apparatus using the
same to have enhanced performance and reduced size.
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