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CERAMIC COMPOSTITION AND THERMISTOR
COMPRISING SUCH CERAMIC COMPOSITION

The present invention relates to a ceramic composition which is
especially useful as a component of a thermistor.
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CERANIC COVPOSI TI ON AND THERM STOR .COMPRI SI NG SUCH CERAM C
COVPCOSI TION  The present invention relates to a ceram c conposition whic
is especially useful as a conmponent of a therm stor.

Among the materials for thermistor usable at elevated
témpgrgtures, there have hitherto been employed (a) a
material based on a corundum type crystal structure, mainly
composed of Alz0z and Crzbs, as disclosed for example in JP
Patent Kokai Publication JP-A 50-118294, (b) a material
based.on a spinel type crystal structure, mainly composed of
MgAl204, MgCrz0s and MgFez0a, a; disclosed for example in JP
Patent Kokai Publication JP-A 49-83995, (c) a material
mainly composed of ZrOz, stabilized .mainly with Yz20as etc.,
as disclosed for example .in "Nainen Kikan" (Internal
Combustion Engine), vol. 30, No. 8, page 98, and (d) a
material mainly composed of a compound having a perovskite
type crystal structure, exhibiting a high melting point and
electrical con?uctivity, such as a material having a La(Ali-
xCrx)0s based composition, as ‘disclosed in, for example, JP
Patent Kokai Publication JP—-A 51-108298, a material having a

- thin film of LaCrOs on an insulating.subétrate, as disclosed
for example in JP Patent Kokai Publication JP~-A 61-161701,
or a material cdmprising a mixture of LaCrOsz and MgAlzQOa, as
disclosed for example in JP Patent Kokai Publications JP-A

51-95297 and JP-A 51-23691.

Based on eager investigation by the applicant the

following has turned out.
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t errper atures,

Anong the materials for therm stor usable at eievat ed

‘and Cr[err]Qerr] as di sclosed for exarrple in JP Patent Kok

based on a corundumtype crystal structure, mainly conposed of iml m

Publication JP- 50-118 mat erial  based on a spl
enfP S enrstih

crystal

EW

structur

there have hitherto been enployed (a) a gtll.ﬁggeenge‘ilaced

AFFEF‘F Fererbasedy Clerr](err] and

MyFe[err]Qerr], as discl osed for exanple in JP Patent Kokai Publication
JP-A. 49- 639@5‘,eri(ad) 6a) mat whiah maiynl yexhitpisedvefi&p BB er resistabickized
mainly with Yferr](JQerr] etc., as disclosed for exanple in "Nainen

Ki kan"

(I nttegmipdrature characteristics by addition of some other
element(s), suffers from deterioration in thermal stability
etc. on addition of a larger quantity of an additive(s).

The material consisting mainly of the spinel type
crystai s;ructure compound (b) has a larger temperature
gradient constant (£ ) so that it cannot be used over a wide
temperature range. The NiAlz20. based material (JP Patent
Kokai Publication JP-A 49-29493) and-.CoAl:0. based material
(JP Patent Kokai Pubiication'JP—A-48—705.and so forth) are
low in thermal resistance and cannot be used at elevated
temperatures.

The zirconia—-based material (c¢) is unstable in its

resistance value under a reducing atmosphere and cannot be
A .

put to practical use. On the other hand, the perovskite
type crystal structure compound based material (d) suffers
" from a drawback that, if oxides of-La are left in a non-
reacted state, non-reacted components tend to be reacted
with water contained in atmospherjc air to vyield 1labile
La(OH)z to cause the device to collapse or cause unstable

resistance values.

It is therefore the object of the present invention to provide a ceramic
composition especially useful as thermistor component which avoids the
above mentioned drawbacks. This object is solved by the ceramic
composition according to independent claim 1, the thermistor element of
independent claim 21, use of the ceramic composition according to
independent claim 22 and the apparatus for measuring temperature according
to independent claim 23. Further advantageous features, aspects and

details "of the ‘invention are evident from the dependent claims, the
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" description, the examplés and the arawlllgs. -4l Caallls <ailtc
4

.Conbuﬁddr@ﬂocEngisnes) ,firet . n@OliMbtirg apageadds toag¢fing the faventigh dminly
corrposeda?_ft orrpound having a perovskite ‘type crystal structure,
. exhi BFTSH ng a hi gh melting point and electrical conductivity, such as a

'rra (ial_havin Al fLerr bagQdy CRUPOSL!L i cdi’'scl osed
trvfg;’ﬁ)r IRRERD ‘g ?ﬂLﬁg a%tgnta] Koka r)ggrl %?%Eajtﬂon ?’ghAqg% %882‘%%‘1 g%materl al

ha\thélguatot lpirpducition of Tllta@re@nm maheqlﬁéuli%& hagh spbilisy eat gdevated| osed for
ex%nyqeei\:a%\?re‘]sp E@é ent %QE@El@Ubkéﬁﬁtrh%ejpcéeﬁécl%JO]so RE adrateri al

a m xture of and MpAl[err]Jerr], as disclosed for
exa#p*retagvpu}ﬂ?y%émt RBRA |t°Ph7rﬂ°| Eations JP-A 51-95297 and JP-A 51-23691.

Based on eagerp,}pyesihoRyi Ofcby st he ARRlIFANt adftt of the present

invention to provide a ceramic composition for thermistor in
which resistance values over a wide range may be provided 5y
adjusting the composition of material.

It is a still further  aspect to provide a ceramic
composition free from hygroscopic substances and being less
susceptible .to deterioration in characteristics due to
environmental hﬁhidity or thermal h&steresis.

It 4is a further aspect to provide a ceramic
composition which can be used ovér-a.wide temperature range
from ambient temperature up to 1100°C, preferably, with high
stability. |

Still further aspects of the present invention will
become apparent in the entire disclosure.

As a result of our eager researches, it has been
foﬁgd that the above problems can be overcome and a
satisfactory thermistor may preferably be provided by a ceramic
composition for thermistor characterized by a compound

represented by a formula (Yi-xSrx)(Cri-v-zFexTiz)Os (I)

where x, v and z are 0.3512 x2 0.01
This Sheet Has Been Reilaced
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Also, it has been found that the above problems can

0.35.2 z2 0.025.

be overcome and a satisfactory thermistor may be provided by

a ceramic composition for thermistor characterized by



fbhfomﬁng has turned out. The corundum type crystal

structure based - material (a), which nmay exhibit variable resistance-
.tenperature characteristics by addition of some other el ement (s),
tsuffers fromdeterioration in thermal stability etc. on addition of a

| arger quantity of an additive(s). . The material consisting

mai nly of theomgiureds tygqpresented by a chemical formula

(Y2-xSrx) (Cra-y-zFexTiz)Os (II)

.where X, ¥y and z are the same as in formula (I)

wherein Y (yttrium) may be partly or completely
substituted with Sm.

Generally, substitution occurs based on the basic
perovskite YCrOa compound as follows:

(1) Far the Y siteé of YCrOa, the 3A and 3B subgroup
elements and 2A subgroup elements are capable of
substi;utioﬁ to form a solid solutién;-ZA or 3ﬁ subgroup
elements being within the solﬁbility limits.
(2) Fo; the Cr sites of YCrOas, elements of 4A, 5A, 6A, TA
and 8 subgroups are capable of substitution.

In order to give a h—type component Ti and/or Fe
should be preignt, while Cr, Mn, Co and/or Ni serves to give
a p-type component. The proportion between the n—-type
component and p—-type component can be varied in a wide

“range. Accordingly, it is generally expressed by .a formula:

AMOs (III)

where A represents at least one of 2A, 3A and 3B
subgroup elements, and M at least one of subgroups 4A, 5A,
6A, 7A and 8.

Typically, Y (yttrium) represents the "A" sites and
any one of other elements of 3A or 3B suﬁgroup elements can

be substituted for Y, partially or entirely.
-_—
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crystal structure conpound (b) has a larger tenperature gr adi ent
constant ([err]) so that it cannot be used over a w de t enperat ure

_range. The NiAl[err](Jerr] based material (JP Patent
‘Publ i cation JP-A 49-29493) and-CoAl[err]Jerr] based materi al

Kokai
(JP

Pat ent Kokai Publiecation JP-A 48-705 and so forth) are | ow i.n thernal
resi stance’ and cannb¥Pheati®d £ el BVat E§PTesepiapéyat ulss. an  elementypg
zirconi a-based material (c) is unstable inits resi stance val ue under
reduci ng at nbephegéngndocameotZAesubgsrqin ¢ bemanlt iwaich yaee capabiige aft her
hand, the perovskite type crystal structure conpound based materi al
(d) suffers assuhiog atlle awback ttelsgt , i.ief. ,oxi(debsvitihimge f@ft Y) n emlnon-

reacted state, non-reacted conponents tend to be reacted
partially, i.e., within the solubility limits.

It is significant that, e.g., the group of Fe®",

Cr®*, Mn®* and the 3A subgroup elements are mutually solid-

soluble in the AMOs (YCrOaz) system. The same applies for

the group of Ti®*" and the 2A subgroup elements.

Note that, in ~ this application the

subgroup

nomination a, b is based on the international periodic table

defined by IUPAC, 1970.
The temperature property (stability

increasing temperatures) varies depending on the

against

proportion

between the p-type and n—-type components in the AMOs system,

'and can be adjusted upon necessity.
%,

Particular stability is observed in the

Y(Cr,Fe)Oa

system or generally A(Cr,Fe)Os system (IV) within a Fe/Cr

- ratio of 0.05 to 0.4. In this system, Cr may be replaced by

Mn, Co and/or Ni, whereas Fe may be partially or entirely

replaced by Ti for giving the n-type component.

Among the lanthanoid series elements (atomic number

57La to 71Lu) which belong to the 3A subgroup, La is apt to

yield 1labile lanthanum hydroxyde through reaction of

nonreacted La components with water, e.g., in the ambient

air. Therefore, care should be taken if La is present so as

" This Sheet Has Been Rep

.

i

a



W th water contained in atnospheric air to yield labile La(OH)3 to

cause the device to collapse or cause unstable resistance values. It

. Is therefore the object of the present invention to provide a ceramc

} conposition especially useful as therm stor conmponent which avoids the
above nentioned drawbacks. This_ object is solved by, the am c

conposi ti on McobRli A§2ve Pﬁ&éﬁéﬁﬁ@n?ael&lﬁll ﬁqﬂ?%Wﬁﬁrﬁ%Hkﬂ 5$%n§ﬁ§

i ndependent claim 21. use of the ceranic conposition according to

i ndependent slaith@p chdthticbaphbardiQs svftemasufYeRy wedder kRer Brageseai ng

to i ndependent cl aim 23. Furt her advantageous features, aspects and
details cf tdﬁaLdrnmyudfnbnﬁainiNSd@MBSEEQNﬁmheAd@peﬁdenemcbahnbe stable
-4- understood as a first non-limting approach to define the

invention i lgainst the temperature change for giving desired values of
resistance etc. based on the basic mechanism of the p—ty?e
and n—typé combination ocﬁurring in the sole solid-solution
phase (matrix). However, nonpresence of La would be
preferred in view of éxcluding the deterioration.
The inventive ceramic composition consists
esseﬁtially of the sole solidésolutidn matrix phase of the
AMOs system, and optionally a minor grain boundary
phase(s) olriginatilng from @ sintering aid may also be present. )
If the solubility limits are exceeded for certain

substitution elements,

a further phase or phases may occur, which is not preferred.
.,

Such further phase(s) would be allowed to be present. only
within a limited extent such that | the
essential ﬁroperty of the basic AMO; system is not adversely affected.

More particularly, there 1is prdvided a ceramic
composition for thermistor characterized by a compound
represented by a chemical formula

(Yi-xQx) (Cri-v-zFexTiz)Oa (V)

where Q is at least one selected from 2A, 3A and 3B
subgroup elements according to the international periodic

table of IUPAC, and

P
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gerieral terns. This invention relates to a ceramc material which
can be used for therm stor production. The ceram c- material has high
ystability at elevated tenperatures and a negative tenperature
‘coefficient so as to be advant ageously used at 300 to

1100[err] C ' Particularly, it . is a specific _aspect of
the.})res!ant ) where ’f'n\?'enatr}cgné ta‘oreprov%/de a ceram cpcorrposi ti olr[: for
therm stor in ' which resistance val ues over a wi de range may be
provided by = 0-351 R§jXisFi rdjq e conposition of material.

It is astill further aspect to provide a ceramc

conmposi tion free from BgrvsCopitkwdsthitfednthd being | ess
susceptible to deterioration in characteristics due to

envi ronmental hum di 135 o2 thexndl .85t eresis.
further aspect to provide a ceramc

It

S

conposition Wich can

be used over a w deatsgpanairgr eisangsovided a ceramic composition for

thermistor characterized by a compound represented by a

chemical formula

{(Y1-wREw) 1-xQx}{Cri-v-zFexTiz}0a _ (VI)

where Q is at least one selected from the 2A subgroup

. elements and RE is at least are selected:from the lanthanoid

series elements, and
where w, X, ¥ and z are
1.0 2 w> 0,
0.351 2 x 2 0.01,
L

0.4 =z y/(l-y—-z) 2 0.05, and

0.35 2 z 2 0.025.

In the lanthanoid series elements, lanthanide (i.e.,

- except La) elements are preferred. However,
present, if the thermistor element is used

under water-free conditions.

La may

be

As the @ elements, 3A, 3B and 2A subgroup elements

are counted.

As the 3A elements, Sm, Pr, Nd, Mo, Dy,

Er,

Gd, Yb,

etc. (particularly Sm), generally rare earth elements or

lanthanoid series elements of atomic number

57-71,

are

-
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from anbi ent tenperature up to 1100[err]C, preferably, with high

stability. Still further aspects of the present
bnvention wl | _ becone apparent in the entire disclosure.

‘As a result of our eager researches, it has been found that

t he above probl ens can be overcone an satisfactory

therm stor na9upteder ahfy the ﬁpoﬂltfétfqifys aAEerSFch are counted.’ cdifpolshei on
for thermistor characterized by a conmpound represented by a
fornmul a (Y[ eRA] Suk¥tonpeetdnadts Mg, G4, Sr, Ba, etovhelrant iqulanly, &r)
0.351> x > 0.01 o.4> y/ (I -y-z)> 0.05 and 0.35 > Z >
0. 025. are counted. Aoy, thé Rastheepibouwwr idwatelémenbsye Lar odkd ens
can :

not preferred where stability against Hz0 is required.

Above all, or ﬁore preferably, @ thermistor element -
having high strength and capable of being sintered at lower teﬁperatures
can be provided by adding sintering aids to the above
ceramic composition for thermistor to impfove its
sinterability. : c-

As sintering aids, those capable of producing a
liquidus phase in the grain boundary to form a matrix for
improving sinterability of the qeramics are employable, and
silica, mullité, calcium silicate (CaSiQa), strontium
silicate (SrSiOa), etc. are preferred. The sintering aids
are preferably used in an amount of 0.5 to 10 % by weight,
most preferably 0.8 to 5 % by weight, usually resulting in a
-- boundary phase (e.g., glass phase) of the perovskite grains

as a matrix phase.

Further, it.is preferred to apply aging to furthef
stabilize the resistance value, wherein the aging is done
preferably at 1000 to 1200°C fer 100 to 300 hours in ambient
air.

The material for the thermistor according to the

present invention is of the perovskite structure and hence

This Sheet Has Been Reilaced
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be overcone

and a satisfactory therm stor may be provided by

ceram c _conposition for therm stor characterised

.conpounds represented by a chem cal fornula (Y[err]Srx)
Xderr])derr] (II) where x, y and z are the sane as in fornula
() mher r ely .
substituted &AtHsSﬁ°SSIble {%%n%ﬁ%WTyha¥68§tFPBF%ﬁhmBEEU ngﬂés éﬁﬁft?@

basi c

substitute with each other -easily. Consequenti&, the
resistance values or temperature. coefficients . (f ) of
resistance - values can be adjusted over a lwide range by
adjusting ;he compo;itional ratio continuously over a wide
range.

So long as the composition is free of La, there is no
such adverse effect as deterioration due to ﬁoisture
absorption etc. -The composition is also superiof in high
temberature—stability and can be stably used for a prolonged
period of time at temperatureé of 300°C or higher.

The ceramic composition for the thermistor according-

to the present invention especially useful for the production
of a thermistor element comprises a mixture of a p-type

semiconductor and an n—~type semiconductor, such that lattice
defects of oxygen or metal ions which are labile against
., .

heat are reduced, and hence a thermistor element can be

provided which undergoes 1little change in the resistance

- when subjected to the heat hysteresis.

On the other hand, since the oxygen partial pressure

dependency of the p-fype semiconductor is reversed from that

0f the n—-type semiconductor, mixing the two results in their

characteristics cancelling each other to provide
characteristics stable against the oxygen partial pressure.
Consequently, any adverse effect caused by the oxygen

partial pressure in atmospheric'air-is reduced and hence the

10 This Sheet Has Been RTlaced
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perovskite YCrO3 conpound as follows: (1) For the Y sites of YO GB,
the 3A and 3B subgroup elenents and 2A  subgroup el enent s are
gapabl e of substitution to form a solid solution, 2A or 3B subgroup
el ements being within the wsolubility limts. (2) For the O sites of

YOrCB, el emenhinghesh oPneht af unalft InBbDOEOUNS: iR f WA s Dely b

substitution n order to give a n-type conponent Ti and/or
shoul d be presgnt hkLgsh £ Bb. cgpsaﬂgfealyg é@{yeslﬁpoga .fet& P %
conponent . ropor I an et hponen and ype.

conponent can be ried a cc d|n . enera |y
expressed by a forxglé? pre?erri&(fﬁ??fgg?$I¢ 9£ edent | 1"92 8%

have a' ceramic .composition: which can detect a wide
temperatﬂre range, particularly breférred are those having a
resistance value of 1 Mohm or less within a .range of 300~
800°C. |
As for the composition, it is generally preferfed to
have those whiéh yield asllitfle as an amount of by;prhduct
phases other than the aimed single phasgd.solid’spldtion.
The compasiticnal range of 0.42 y/(1-y-z)2 0.05 is selected
in view of : thé .tgmperature resistant property. A
compositional range of 0.12 zZ 0.05 is preferred in view of
reduced yleldlng of by-products. A compositionai raAge of
0.152 x= 0. 01 is further preferred in order to achieve a
reduced d&ffe%}nce in the resistance value afte; ‘thermal
hysteresis. It is assumed that outside the above réngq for z, it
.“might happen to exceed =a solubility limit 'jor ;olid
solution, which might result ‘in a tﬁo—phﬁses.sysﬁem giving,
rise to a tendgncy of certain reduction in the stability.
As for the substitution for Y (}ttrium) ba§e¢ on the
YCrOa, generir&y speaking, the Y site can be substituted
with 3A #ubgro;p elements (Sc and lanthancid series elements
of atomic'numb;r_of-57 to 71, e.g., La, Pr, Nd.'ém, Bo, Dy,
ﬁf, Gd, Yb, qic.), 3B subgroup elements (Al, ete.) or 24

N
: Il
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V\/nere A represents at | east one of 2A, 3A and 3B subgroup elenents, and M
at | east one of subgroups 4A, 5A, 6A, 7A and 8. Typically, Y
.(yttrium represents the "A" sites and any one of other elements of 3A or
l‘BB‘subgroup el enments can be substituted for Y, partially or entirely.
Typically Sr is representative as an elenment belonging to
the 2A subgrswbgebepe(Ms, wAachSars eBeapaltice Jofor asistivireg ttihergodi.t edAmdng. |
(substituting for Y) only
the lanthanoid series, La is not preferred for the reason of

yielding labile hydroxide, as explained at the introducting

part.- The. solubility limit depends on the ionic radius.

.Those having a stable balance number are preferred for '
better stabiiity. Y has an ion radius of 0.08 nm, whereas

the ion radius of other elements ranges from 0.072 nm (Mg)

to 0.135 nm (Ba). |

The Cr site in the perovskite YCrOs system can be
substituted with at least any one bi'elements of subgroups
4A (Ti, Zr, Hf), 5A (V, Nb; Ta), 6A (Cr, Mo, W); TA (Mn,
etc.) 'and 8 (Fe, Co, Ni, etc.), preferably at least one
element selected from Mn, Co, Ni, Fe and Ti provided that:
the amount is within the solubility limit. Therefore, any
one of elemenEs of the subgroups 44, SA; 6A, TA gnd 8 other
than Fe and Ti can be further present within the solubility
limit replacing the elements Fe and/or Ti, for substituting
the Cr site in the YCrOz system.

According to the present invention, generally, it is
aimed at a combination of the p-type and n-type components.
For the p-type components (compounds) based on the YCrOs
system those elements Cr, Mn, Co and Ni are preferred,
whereas for the n—type.components {compounds) the elements
Ti and_Fe are preferably used.

This fact provides a further possibility of

12 This Sheet Has Been Re laced




partially, i.e., within the solubility limts. It is significant

that, e.g., the group of Fe[err], Cr[err], MJ[err] and the 3A subgroup

el enents are nutually solid- soluble in the AMB (YCOrG8) system The-
sane applies for the group of Ti[err] and the 2A subgroup el enents.

Note that, in this application the subgroup nomnation a, b is
based on theSPRe&ihutionapspéelibeve:table defined by | UPAC, 1970.
The t enperature property (stability agai nst i ncreasing

tenper atures) .vari e¢ldlepehef hg ddrihe Mroporteten katweenet h®a P-dumEr AR

n-type conponents in the AMB system and can be adjusted upon necessity.

Particular eslahlkhtty areS sy Medok N fidteni¥gCra E81{d @bIdtion with each other
based on‘YCrOS, and Cr, Ti*™ and ZA subgroup elements are
likewise capable of forming a solid solution with each other within
the solubility limits.

The . temperature property (stability l agaiﬂst
increasing temperatﬁré) depends on the ratio befween the p-
typé and n-type. Particularly, a ratio of 0.05% fe/Cré 0.4
in the Y(Cr,Fe)Os system or .A(Cr,Fe)baF'or generally AMOs
system provides a high stability against heat, thus this
ratib is .preferred.

Generally, the ceramic composition for thermistor and
the thermistor elements according to the invention may be
produced by pseparing a starting material mixture, molding
and sintering. The preparation of the starting material
mixture preferably comprises calcination and/or granulation.

The preparation of the starting material mixture may-
b? carried out, e.g., weighing and mixing raw materials,
drying the resulting slurry, calcining the dried mass
followed by granulgtion. The granulation may be carried out
by pulverizing the calcined mass, preferably to a. . grain size
of about one micrometer optionally added with a. binder

(usually organic) for subsequent granulation and molding,

the resulting slurry is dried and followed by granulating,

—_—
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systemor generally A(Cr,Fe)Jerr] system(IV) within a Fe/Cr ratio of
0.05to 0.4. In this system C may be replaced by M), Co and/or N,
-Whereas Fe may be partially or entirely replaced by Ti for giving the

“n-type conponent. Anong the | anthanoid series elenents (atomc
nunber 57La to 71Lu mhlch belong to the 3 Sub rou is a t to yield
labile | ant¥aheM d§°“?hr g PH%ac -rgﬁn of © ogr]“ lpg “to
components with mater e g., 1in the anbient air. Therefore, care shoul d

be taken if napvgd@r@sgﬁgngéaasstartlng material mixture for sintering.
The starting material mixture is molded and sintered to
produce a . dense sintered ceramic body, typically about
1550°C for one hour -in ambient 'air.

The calcination is carried out at a temperafure
sufficient to produce a desifed inte;mediate domponent.
(i.e., solid solutian) at a temperature such that would not
cause excess densification éo as to provide no difficulty in
subsequent -pulverization. Preferably the calcination is
carried oqt at about 1400°C for about 2 hours, e.g., in‘a
crucible of alumina.

fhe molding may be carrigd out using a die or mold
usually by cold pressing, however, any other molding methods
can be applie%.

The sigtering can be carried out typically (as a
standard) at 1550°C for one hour in ambient air, the

-- sintering temperature ranging from 1400 to 1600°C, preferably
1500 to 1570°C, for a period of time to become sufficiently
a;nse. The sintering time depends on the shape and size of
desired products, and a half hour to 4 hours, preferably up
to 2 hours, would be preferred for a size as exemplified
herein. |

The sintering can be made in the ambient air,

however, a further reduction in variation of the resistance

14 This Sheet Has Been Reﬂlaced
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-7-- not to leave unreacted La, i.e., unsolved La in the solid- sol ution
of the basic AMJerr] system Even under the presence of La or

:La cont ai ni ng phases, the AMOB system can be stable agai nst the

‘t enperature change for giving desired values of resi stance etc. based on

t he basic nechani smof the p ﬁg &ge conblnatlon oggygéing %p t he
sol e solid- sB?h??%ncaan§§eac% ?FFX)y SFB G&PE 1t oHpr Esefite bLg

woul d be preferred in view of excluding the deterloratlon
inventive Eergmic alumd@eposPTRBAC OLoMeEdLEia L&RARLS) | yPoftRfe °§(§Iee
solid-solution matri x phase of the AMX system and optionally a m nor

grai n boundawltere phhsegskhpori fjinat cAgPrisasa thioseerilagents ay sabssance
present.

which are apt to vaporize at a high temperature during the
sintering, e.g., Cr. etc. This is because an atmosphere of
a volatile substaﬁce is produced in the box, i.e.,
surrounding the mass to be sintered, which would suppress
the vaporization. Also, the inner wall of the box may be
coated with the suﬁstance per se which are apt to vaporize.
Alternatively, a non sintered green-prbduct may be placed in
a box beforehand and preheated to provide deposition of
easily vaporized component in the raw materials for the
thermis£or composition on the inner wall of the box, which
box is used for further sintering.

In the following, certain preferred conditions for

. .

production will be mentioned.

The raw matérials are m;xed preferably using a ball

--mill, for a suffiﬁient period of time, e.g., 15 hours for

uniform mixing. It is preferred to use balls and/or a pot of
-(;) ZrO=z or silicon nifride, or (b) PTFE
(polytetrafluoroethylene) or polyamide type resine (e.g.,
Nylon, trade name), in order to avoid contamination.

Drying of the slurry should be cafried out without
separation of ingredients caused by the difference in the

specific gravity, and thus spray drying or freeze drying is
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N
If fhe solubility linmts are exceeded for certain substitution el enents,
a further phase or phases may occur, which is not preferred. Such further
phase(s) would be allowed to be present only within a linmted extent such

't hat _ the essential property of the basic AMJerr]
systemis not %?%%@%gly af f ect ed. More particularly, .there 1is
provided a PESFERTCY conposition for therm stor characterized by a

conpound represented by .a chenical fornula (\%eréﬁgﬁé )
(Olerr]Fe[err] Tiz) OP&rrFiAYPTing  1s \GARTid i oult |Reste el &8t e8P
from 2A, 3A and 3B subgroup elenents according to the internationa
periodic ta6lecéricubncnagpgd however, other furnaces may be used.

The pulverization following to the.calcination may be
carried out substantially in the same manner as the mixing
of the raw materials, whereas drying of the resulting slurry
may be carfied out in the ;a.me manner as that “ following the
mixing of the raw materials, provided that a binder
(organic, PVA, etc.) and a dispersing agent may be admixed
before spraying. : c

The granulation may be carried out by spray drying
added with a binder and a dispersing agent to make granules
having .a good flowability. The granulation may be also
carried out by freeze drying.

The mixing conditions hereinabove mentioned generally

.,
relate to the caée where powdery raw materials are used.
Instead, aqueous solutions of metal elements which form
..-the oxides concerned , respectively, may be partly or entirely
used as the raw materials. In such a case, aqgueous
sglutions may be, e.g.,, nitrate solutions, e.g., Fe(NO3)-=,
Cr(NOz)z, Sr(NOs)s, etc., wherein e.g., précipitation or co-
precipitation, thermal decomposition and the sol-gel method etc.
may be employed.

In summary the following meritorious effects are

achieved by the present invention.

This Sheet Has Been Replaced




1 5 OCT 1996 - 8- where x, y and
zZ are 0.351 > x > 0.01, 0.4 > y/(l-y-z) > 0.05 and
+0.35 > z > 0.025. Al so there is provided a ceram c conposition
forr therm stor characterized by a conpound represented by a chem cal

formul a
Thermistor elements could be provided which are to a

\ leés extent susceptible to changes in the temperature and
resisfance characteristics when used in a wider temperature
rAngé and which méy be practically used with a stable
resistance- value against the thermal hysteresis.
Consequently, a ce;amic composition for thermistor could be
provided which is superior in mechanical strength'and hence
is wusable as a measurement ;nit for measuring the
temperature of hot gases such as, e.g., an overheat sénsor
of catalysts for purifying automotivg‘éﬁgine exhaust gases,
a gas temperature of recircuiated gases from an exhaust gas

' recirculation system etc., a measurement unit mounted at a
positioﬁ susceptible to severe yibrations, or a témperature
sensor for various furnaces.

In the following, the present invention will be
A

described in more detail with reference to the drawings and

example.

_Fig. 1 shows an embodiment of the present invention.
Explanation of Numerals

1 ... thermistor element;

2 ... lea&

EXAMPLES

Example 1

A first embodiment of the present invention is now
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{(Y[err] where Qis at |east one selected fromthe 2A subgroup
elenents and RE is at least are selected: fromthe | anthanoid series

el enents, and where w, x, y and z are : 1.0-> w> 0,

0.351 > x > 0.01, 0.4 > y/(1l-y-z) > 0.05, and 0.35 > z >
0. 025. ebeaEQ | ant hanoi d series elenents, lanthanide (i.e., except
La) elenents."are preferred . However, La may be present, if the

thernrstor el erent flrs of aTger mﬁterBLQ?Sg°8“8b£i995of not lower than

99.9% and a mean particle size of 1 um, SrCOs having a
purity of not lower than 98.5% and a mean particle size of
not more than 1 u# m, Crz20s having a purity of not lower than
98.5% and a mean particle size of not more than 1 u m, Fez20a
heving.a purity of ﬁot lower than 88.5% and a mean particle
size of noe more'than.l # m, and TiOz having a purity of not
lower than 98.5% and a mean particle size of not more than 1
M om, wefe weighed so as to give ratios of x, y, and z shown
at the column of "composieioe" in Table 1 under the formula
(YQ_ySr¥)(Crl-y_zFeyTiz)Oa, wet mixed in a PTFE pot with
steel balls coated with PTFE . . ) for 15 hours using
ion—-exchanged water, dried by freeze-drying at -40°C
followed by evacuation to 13.3 - 26.6_Pa ( 0.1-0.2 Torr) and
subsequent suglimation at 30°C, and subsequently calcined at
1400°C for two hours in an Alz0a crucible. The calcined
powders were admixed with 1 wt% of SiO= powdere having a
mean particle size of 0.6 £ m, and wet mixed together using
ien—exchanged water in a PTFE pot with SisNg balls for 15
hours. The resulting slurry was passed through a sieve having apertures of
74pm (200 mesh sieve)and dried by freeze-drying as mentioned above. After
drying, a binder composed of 15 wt% of PVB, 10 wt% of DBP,
50 wt% of MEK and.25 wt% of toluene was dispersed in aceton

and added to the dried product and the resulting mixture was
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As the Q elements, 3A, 3B and 2A subgroup el enents are counted. As
the 3A elenents, Sm Pr, Nd, Mo, Dy, Er, Gd, Yb, etc. (particularly Sm,
generally rare earth elements orr lanthanoid series elenents of atonmic
nurber 57-71, are -O-

granulated followed by drying to produce powders for preés
molding having a grain size of 100 to 355 micrometeré.

In Table 1, Sample numbers 1, 3, 17 and 33 stand for
Comparative Examples.

The powders were charged into a metal die in which
two platinum wires of 0.4 mm in diameter were disposed
parallel to each othgr at equal distances from the center of
the die with a distanée of 1.2 mm from each other, as leads,
and pressed under a pressure of 98MPa (1000 kg/cm?®), to
produce molded compacts having a diameter of 3 mm and a
thickness of 2.mm and haviﬁg two leads embedded therein.
The mo;ded compacts were sintered in atmospheric air at
1550°C 'for one hour to prqduce thermistor elements.
Further, aging was applied to Samples Nos. 2, 4, 5 and 6 by
retaining them at 1100°C in ambient air for 200 hours.

*

Of the thermistor elements, thus produced, resistance
values at 300°C, 350°C, 500°C and 900°C in the atmospheric
air were measured. The results are also shown in_Table 1.

The samples were then held at 1000°C for 300 hours in
atmospheric air and resistance values thereof were measured
at 300°C, 350°C, 500°C and 900°C before and after holding at
1000°C in order to scrutinize durability characteristics
thereof. The results are shown in Table 2.

In Table 1, £ indicates the temperature coefficient

of the resistance value represented by
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counted. As the 3B el enents Al, etc. are counted. As the 2A

subgroup elenents My, Ca, Sr, Ba, etc. (particularly, Sr) are _
-Counted. Anong the |anthanoid series elenents, Lais not preferred
vher e stability agalnst Herr]Ois required.

havi ng I [ exPiekgyably, a therm stor el-ement high
strength and capabﬁ?o géf%/ﬁa Z?e?ed gt fomer t enper at ures can be

prdvided by g%g%ngFS|pﬁerlngvgld§%to theTgQQ¥erablPd?g£@g§ctjﬁpnpg§|tlgp

for t herm

sintering aids, those capable of produ0|ng qﬁldus phase in the
grain boundaF@apéefGﬁnﬂaenﬁﬁﬁﬂitFBFe valu nﬁ?BQ??ﬁPEﬁ ¥ ability of the

ceram cs are enployabl e, and
AR ratio = (Rt—Ro)/ Ro X 100%

wherein 1ln denotes .common logarithm, R and Ro represent
resistance values in atmospheric air at absolute
tempefatures K and Ko, respectively, Rt represents a
resistance value at An absolute temperature Ktl (t=300°C,
350°C, 500°C or'900°C) following a durability test. In
Table 1, 300-500 and'500—900 denote- the values for £ for
temperature ranges of 300°C. to 500°C and 500° to 9800°C,
respect%vely.

Table 2 shows the values of the AR ratio, calculated
as temperature. These values are defined by the equation:
(value of AR ratio calculated as temperature)
= 8 X Ko/’[lg(Rt/Ro) X Ko + B8 ]-Ko

Also sample Nos. 7, 8, 12, 23, 24, 25 and 27 were
allowed to stand in atmospheric air at 1100°C for two hours,
and the resistance values before and after allowing to stand
in atmospheric air were measured for conducting a high
temper;ture durability test. Favorable results could be
obtained for these samples as the value of AR ratio
calculated as temperature remained within 15°C.

It is evident from Table 1 that the resistance value

can be adjusted to a great extent Dy selecting mixing

_____.___—————————"
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siltca, mullite, calcium silicate (CaSiCa), strontium silicate

(SrSiderr]), etc are preferred. The sintering aids are preferably
:used in an anpunt of 0.5 to 10 % by wei ght; nost preferably 0.8 to 5 %
by wei ght, usually resulting in a boundary phase (e.g., glass phase)

f th j ' i i ion
o Lre e OB o | A, I ORI  ip e, SHIE

. . of h
Is preferre 0 apply agi ng I ze the resistance val ue,

wherein the aging i s, done referab at._ 1 to 1200[.err for 100 to
300 hours inf Hﬁgiﬁ?tegnbya??? £6 rmil4 JQ&' %‘gg e zgé%faﬁﬂé%

Loy oz .
! ! ertal f her mi st or
according to the resent invention is of the r Qv
hence g Alsg, a little amount of by—pro%%c%ssgrtee psrtord"{\ccteud’ ea.s?nd

the inventive ceramic composition is essentially composed of
a substance result;ng from a simple substitution solid
solution reaction. Parficularly, the by-products are not
observed at an amount of Sr substitution of 30 % or less as
the ceramic composition results only from the simple
substitution solid solution reaction. Thé latter
Composition_can be sintered at a temperature of 1600°C or
less thereby avoiding deteriofation of leads embedded in the
thermiétor elements as well as providing a high mechanical
strengtﬁ.

It is also seen from Table 1 that the samples having
compositions in which the amount of Y substitution relative
to Sr is 1 ;o 35.1 mol%, the ratio of Fe substitution
rel&tive to Cr (Fe/Cr) is 0.05 to 0.40 and the amount of Ti

_ substitution is 2.5 to 35 mol% has the resistance values
falling in a practically acceptable range for a temperature
r;nge of ?00° to 900°C. Besidés, as for the durability, the
AR ratio is small and the AR ratio calculated as
temperature is also small, so that the samples represent a
thermistor material advantageously employed in a temperature
range of 300° to 1000°C.

If the amount of substitution of any one of Sr, Fe
/
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-10- It s possible for atons having approximate ionic radii to

substitute with each other easily. Consequently, the resi stance
values or tenperature coefficients ([err]) of - resi stance val ues -
can”be adjusted over a w de range by adj usting the conpositional ratio

FONLITHOLS! VaRieR R ) a1, (AR oo 1,7 SH00900 R EOTRIGHE 00 1S

moi sture  abeorRLL R0t S SIS CHPAY Hadkd S ASHIVRR ! %af M PhA &
ratio-calculated as.temperature is changed by a temperature
exceeding 15°C. Thus, these samples may be said unsuitable
for the use at a temperature higher than 506‘0 in view of
the durability.

The results of the durability test indicate that the
ceramic composition fdr thermistor according to the present
invention shows extremely stable properties with respect to
the thermal_hysteresis. e

This is presumed to bé ascribable to the fact that,
since tpe ceramic composition of the present invention is a
mixture of YCrOs, a p—-type semiconductbr, and Fez0z, an n-
type semiconductor, oxygen ion defects or metal ion defects
which are labile against thermal hysteresis are reduced in

.

their quantities.

if the amount of Ti substitution is reduced to less

. than 2.5%, the resulting composition become; slightly

inferior in sinterability.
Example 2

The same starting m#terials as those used in Example
1 and Sm;Os having a purity not lower than 99.9% and a mean
particle size of not more than 1 u m were weighed to give
compos;tions éhown in Table 3. Samples were prepared by a

method similar to that of Example 1, and the resistance

i
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te&perature-stability and can be stably used for a prol onged

time at tenperatures of 300[err]C or higher. The ceram c
~conposition for the therm stor according to the present invention

especi al ly usef ul

period of

for the production of a therm stor el enent conprises a

m xture of a p-type sem conductor and an n-type sem conductor, such that

| attice

defects of oxygen or netal ions which are |abile against

are reducedluesd denveld tderducedilétement -the mesulting/i thermhséhr

undergoes little change in the resistance

when subjected to the heat

heat

hyst eresi ®lements werdOméddmumdcher Tlaedresiuhte tlre ahpgan imarTaklesr @ssure
dependency of the p-type sem conductor is reversed fromthat of the
n-type seripgonductor, mxing the two results in their characteristics
cancel | i ng each ot her to provi de

It is seen from Tables 3 and 4 that a composition
produced by substituting Sm for Y in the cdmposition
represented by the chemical formula {(Yi-wSmw)i-xSrx}{Cra-v-
zFevTiz}0a has a reduced resistance value and represents a
material for thermistor element which is suitable for the
use at lower temperatures and has a superior durability.
Further, high teéperature durability_.tests were conducted on
Samples Nos. 42 and 43 by measuring resistance before and
after holéing the Samples in ambient air at 1100°C for 2
hours. The resﬁlts demonstrated -good values of the A.R.
ratio calculated as temperature all falling within 15°C.

Based on this Example, it turned out that the present
invention cén provide thermistor elements which suffer
little changes in the temperature and resistance
;haracteristics even when used in a teméerature rangé of 300
to 1100°C and thus which may be practically used with a

stable resistance value against the thermal hysteresis.
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characteristics stable against the oxygeh partial pressure.

Consequently, any adverse effect caused by the oxygen partial pressure
3N atmospheric air is reduced and hence the '
“therm stor element as an ultinmate product may extensively be used as

a sensor for cars by being built into a nmetal tube. . . .
The ceramic ~composition of the present invention for a

thermistor for detecting elevated temperatures exhibits
stable properties at elevated temperatures for permitting use
in both oxidizing and reducing atmospheres. - In a YCrO3 based
material, Sr or Sm is partly or completely substituted for Y,
and Fe and Ti are substituted for part of Cr. Such material
enables the production of a thermistor element exhibiting
practical, low resistance values at 300° to 1100°C and also
exhibiting stability against changes in the environmental
conditions or thermal hysteresis. Generally AMOj3 perbvskite
structure (A=2A,3A,3B subgroup elements, M=4A,5A,6A,8 subgroup
elements) having a combination of n-type and p-type components
provides the same property, the subgroup being of IUPAC
international periodic table. La-free - is preferred and
sintering aid may be used.

It should be_notdﬁthat modification obvious in the
art can be made without departing from the gist and scope of
the present invention as herein disclosed and claimed in the

appended claims.
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It i's preferred according to the present invention to have a

ceram c conposition which can detect a wde t enperature range,
particularly preferred are those having a resi stance value of 1 Mohm:
or 'ess within a range of 300- 900[ err] C. As for the
Icprrposition, It i§#9ﬁ1gral ly preferred to have those which yield as
Ittle as an anmount o by- pr oduct phasei ot her than the zﬂmed Si ngl e
ey s ol daRBae] O composigidt LUl PERistanp waipdle Ok &) o 1LV )
property. Ko. xcofpogi t| onal |r afeECdf TEOWS| z 580C.|05900C P3AD-607 |500+900
TN Vi A B R W T A R SRR E A
2 | 0.01 ] 0.19 ] 0.05 | 42.5 | 21.6 | 4.70 | 0.436 | 4872 | 5395
3 | 0.011] 0.198] 0.01 | 11436 | 3084 | 119 0.380 | 10109 | 13029
4 | 0.011| 0.219] 0.05 5.74| 3.271] 0.926| 0.140 | 4390 | 4283
5 | 0.014] 0.271] 0.05 | 14.5 | 7.989| =2.052| 0.254 | 4324 | 4736
6 | 0.018] 0.19 | 0.05 | 95.3 | 45.4 | 8.29 | 0.480 | 35410 | s408
7 | 0.026| 0.195] 0.025| 13633 | 2965 | 67.1 | 0.225 | 11769 | 12916
8 | 0.028f 0.19 | 0.05 | 2914 812 | 47.2 | 0.630 | 9131 | 9785
9 | 0.037{ 0.19 | 0.05 | 17223 | 7278 | 147 0.527 | 10551 | 12763
10 | 0.046| 0.18 | 0.05 | 18546 | 6436 | 104 0.348 | 11482 | 12918
11 | 0.049] 0.19 | 0.05 | 13435 | 4417°[-68.0 | 0.263 | 11706 | 12593
12 | 0.05 | 0.19 | 0.05 | 10660 | 2160 | 49.2 | 0.208 | 11811 | 12391
13 | 0.051| 0.19 | 0.05 | 10450 | 2333 | 60.2 | 0.235 | 11420 | 12571
14 | 0.051| 6.158{ 0.05 | 10670 | 2216 | 51.2 | 0.198 ( 11825 | 12593
15 | 0.051f 0.124] 0.05 | 8144 | 1735 | 41.8 | 0.179 | 11676 | 12374
16 | 0.051{ 0.045| 0.05 | 1845 440 | 14.4 | 0.132 | 10746 | 10639
17 | 0.051| 0.00 | 0.05 5.28/ 2.48| 0.485| 0.065 | 5288 | 4549
18 | 0.052f 0.19 | 0.05 | 12007 | 2587 | 62.3 | 0.234 | 11652 | 12659
19 | 0.054] 0.19 | 0.05 | 9641 | 2144 | 54.9 | 0.219 | 11446 | 12522
20 | 0.059} 0.18 | 0.05 | 3535 874 | 27.8 | 0.155 | 10731 | 11763
21 | 0.063| 0.19 | 0.05 723 221 | 11.4 | 0.102 | 9190 | 10691
22 | 0.067| 0.19 | 0.05 226 78 | 5.43 | 0.076 | 8259 | 9675
23 | 0.069| 0.271] 0.05 439 136 | 7.702] 0.095 | 8952 | 9963
24 | 0.07 | 0.219] 0.05 [ 52.9 | 21.9 | 2.274] 0.061 [ 6972 | 8202
25 | 0.071] 0.19 | 0.05 | 19.5 9.64| 1.55 | 0.055 | 5604 | 7538
26 | 0.101] 0.18 | 0.10 | 1593 421 | 16.3 | 0.135 | 10148 | 10866
27 | 0.151] 0.17 | 0.15 | 2252 | 522 | 16.9 | 0.137 | 10832 | 10918
28 | 0.154] 0.111] 0.15 706 174 | 7.24 | 0.102 | 10144 | 9661
29 | 0.201] 0.16 : 0.20 | 1243 | 324 | 12.8 | 0.131 | 10134 | 10387
30 | 0.251; 0.15 ; 0.25 832 | 240 ; 11.2 | 0.129 | 9541 | 10119
31 | 0.301] 0.14 i 0.30 319 117 | 8.08 | 0.130 | 8141 | 9361
32 | 0.351} 0.13 | 0.35 138 | 59. 1 5.96 | 0.126 | 6957 | 8744
33 | 0.401! 0.12 | 0.40 | 52.8 25. | 3.69 | 0.115 | 5881 | 7860
11}




reduced difference

I S assuned that outside the above range for. z,
sol ution,

in the

resi stance val ue after
it

exceed a solubility limt for solid
rise to a tendency of certain reduction in

t wo- phases.

the stability.
YCr C[ er r TABLEg2ner | | y speaki ng,

t he -

system gi vi ng

t her nal

whi ch m ght

hyst eresi s.

m ght happen to

resul t

‘As for the substitution for Y (yttrium based on
the Y site can be
with 3A subgroup elenents (Sc and | anthanoid serjes elenents

substi t ut ed
of

It

in.a

atomi ¢ nunbeq of 5

etc.).

7 to 71, e.myR,rdtdp Pr, Nd, Sm| Healddypf AR ratiio, calGd}aida,
3B suyibgmedap el ement s ((¥,) etc.) or 2A as temperature (°C)
No. 300C | 350C | 5000C | 900°C | 300C | 350°C | 500°C | 900°C
1 19.6 15.9 18.7 | 8.0 -12 -12 | -19 -20
2 15.0 12.5 10.8 | 4.8 -9 -9 -11 -11
3 45.0 30.5 26.3 16.8 -12 -10 -11 -16
4 12.5 5.5 5.7 3.0 -9 -5 -8 -9
5 13.0 11.3 7.5 3.0 -9 ~9 -9 -3
6 10.0 12.3 14.5 5.5 -6 -8 -12 -11
7 2.9 4.5 5.0 3.5 -1 -1 -2 -4
8 15.6 13.6 13.2 5.6 -5 -5 -7 -8
g -3.6 -4.7 -2.4 -1.4 1 2 1 2
10 9.0 6.0 -2.7 -2.7 -2 -2 1 3
11 3.9 4.0 -2.1 -3.8 |7 -1 -1 1 4
12 0.6 0.2 -2.5 -2.0 0 0 1 2
13 1.8 1.6 0.3 1.8 -1 % -1 0 -2
14 4.4 0.5 -0.6 -0.5 -1 0 1
15 5.3 0.8 -0.8 -2.2 -1 0 2
16 -9.1 | -11.0 -9.1 -7.8 3 4 5 11
17 | -29.8 | -20.3 | -32.1 -9.5 23 27 54 31
18 0.9 1.3 0.5 . 1.3 0 0 0 -1
19 8.7 5.1 3.7 4.7 -2 -2 ) -5
20 5.9 5.1 6.6 4.6 -2 -2 -3 -5
21 2.3 5.4 7.7 -1.0 -1 -2 -4
22 2.1 2.5 5.8 0.0 <1 -1 -3 0
23 9.5 9.6 8.2 4.5 -3 -4 -5 -6
24 2.6 2.6 3.5 5.7 -1 -1 -2 -9
.25 ~9.0 ~8.5 -4.17 5.0 6 6 4 -9
26 | ~1.6 7.2 6.4 5.7 1 -3 -3 -7
27 | -10.2 1.3 0.8 2.3 3 0 0 -3
28 | -10.3 2.2 2.5 | 2.4 4 -1 -2 -3
28 | -14.6 | -10.4 -7.0 | -0.8 5 1
30 | -19.8 | -17.7 | -11.4 | =-3.3. 8 5
31 | -25.2 | -22.9 | -14.7 | -5.1 12 13 10 8
32 | -20.5 | -22.0 | -12.1 | -6.0 11 | 14 g 10
33 | -30.0 | -25.2 | -20.0 | -12.0 21 20 | 17 23
25
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-12- subgroup (My, Ca, Sr, Ba, etc.) or mxtures thereof. Anmong the

| ant hanoi d series, La is not preferred for the reason of "yielding labile
hydr oxi de, as explained at the introducting part. The solubility [limt:
depends on the ionic radius. Those having a stable bal ance nunber are
preferred for better stability. Y has an ion radius of 0.09 nm whereas
the ion radius of TeBkEeB el enents ranges from0.072 nm(My) to 0.135 nm.

(Ba). Thp Cr site in_-the pDrO\l"lllfn me cvcot Amm oan e

7y gC ol UAUrl

substitut ed |ehikfledt | casémpmnytione of e| ewsnstzngd vsadbgﬁ olEsQ Jap (Ti, 2r,

HE) L SA (VI T O TG TV TV, T e | 3s0c | soo'c | soo'c |300-500] 500-900

41 1.0 | 0.051} 0.18} 0.05| 12.7 3.74| 0.299| 0.023| 8303 5814

42 1.0 | 0.054| 0.18| 0.05| 21.8 6.41| 0.471f 0.026| 8503 6566

43 0.50! 0.054! 0.19| 0.05| 188 | 50.8 | 2.331} 0.046) 9723 8898

44 0.20| 0.054{ 0.19} 0.05| 1341 | 301 8.173| 0.082| 11041 | 10693

45 | 0.10| 0.054| 0.19} 0.05| 3519 | 752 19.8 | 0.121] 11472 | 11555

This Sheet Has Been Repi

26



etc.) and 8 (Fe, Co, N, etc.), preferably at |east one elenent ' selected
~from M, Co, NI, Fe and Ti provided that the anmount is within the
solubility linmt. Therefore, any one of elenents of the subgroups 4A,. 5A,
6A, "7A and 8 other than Fe and Ti 'can be further present within the

solubility |imt replacing the elenents Fe and/or Ti, for substituting
the C site in thelTABCEGB system According to the present
invention, geperally, it is aimed at a conhination of the p-type and
n-type conpopents.| For the pRypgisonponents (donmaausdss MdRsadiendlkelated
YCr 8 systekddpesp el enents Cr(,%IVh, Co and N 4dre preéetrameel:atumbmer(e(ais for
the n-type cpnpone Itaé\,UI puunua) theetement s T anmdr Fe T prefer dUI
used. o. 300°C 350°C 500°C 900°C 300°C BSOCE] 500°C 00°C
4] -11.8 ~-13.8 ~9.0 ~-3.2 5 7 10 8
42 -8.9 -2.9 -3.0 0 4 1 3 0
43 4.8 6.0 2.9 0 -2 -2 -2 0
44 -4.7 -2.4 0.5 -3.0 1 . 1 0 4
45 6.1 8.3 7.5 3.8 -2 -3 -4 -4

-
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Thi's fact provides a further possibility of
=13 - substitution as foll ows: (1) Fe[err], Cr[err], N3
etc. and the 3A subgroup el enents are capable ©

—_—T_TTW7H7KT1%—SGFFd

sokution with each other based on YCr(O3, and Cr, T r 2A subgroup

elements are |ikew se capable of fornming a solid iu!ljﬂ"miﬂfﬂm)ﬁa h ot her

W thin the solubility limts. The tenp

(stability agai nst
_ Claims

1. A ceramic composition comprising a compound having a
perovskite structure represented by the formula
5 AMO3

where A is at least one element selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC, -

10
where M is at least one element selected from the group
consisting of 4A, 5A, 6A, 7A and 8 subgroup elements of
the international periodic table of IUPAC, and

15 wherein said perovskite compound is made up of p-type and
n-type componehts and the elements are present

essentially within solubility limits in the perovskite
structure.

20 2. The ceramic composition as  defined in claim 1,
characterized in that M is a combination of at least any
one of a first group consisting of Fe and Ti and at least
any one of a second group consisting of Cr, Mn, Co and
Ni.

25 :

3. The ceramic composition as defined in <claim 2,
characterized in that the first group is Fe and Ti and
the second group is Cr and at least one of Mn, Co and Ni.

30 4. The ceramic composition as defined in any one of claims
1-3, characterized in that said M 1is represented by
(Cr,Mn,Co,Ni)j.y_zFeyT, where y/(l-y-z) is 0.05 to 0.4
and z is 0.025 to 0.35.

This Sheet Has Been Replac
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i ncreasi ng tenperature) depends on the ratioﬂ%\/\ﬂw% and
n-type. Particularly, a ratio of 0.05< Fe/CO< in the Y(C, Fe)03
systemor A(Cr,Fe)(Jerr] or generally AMX® S£ B

e Ll
stability against heat, thus this ratio is.pr m‘m Generally,
rn

the ceramic conposition for therm stor and th e str Sel énent s
according to the invention may be produced by preparing a starting
material mxture, nmolding and sintering. The preparation of the starting
mat eri al i xtThe geskaighbl govpapitien cas cidefiined and/ oelgimnul atdmon 4,

The prepar at'%ﬁaé&&ﬁtﬁtiﬂgtm@jﬂd “&X%Er% nd PgtCardd£d BH% ot Y-

wei ghing and mxing raw materials r |ng the resulting slurry, ci ning
the dri ed massthe group consisting of Co and Ni.

5 6. The ceramic composition as defined in c¢laim 1 or 4,
characterized in that said M is Cr.

7. The ceramic composition as defined in any one of claims 1

to 6, characterized in that said A is at least one

10 selected from the group consisting of Y, lanthanoid
series elements and Ga.

8. The ceramic composition as defined in - claim 7,
characterized in that said 1anthanoid series elements are
15 those other than La. .

9. The ceramic composition as defined in claim 7 or 8,
characterized in that A is Y, Sm or a mixture thereof.

20 10. The ceramic composition as defined in any one of claims. 1
to 9, characterized in that a phase resulting from a
sintering aid is present in the composition.

11. The ceramic composition as defined in claim 10,

25 -- characterized in that the phase resulting from the

sintering aid is present in an amount of 0.5 to 10 % by

weight, preferably, 0.8% to 5% by weight, of the entire
composition.

30 12. The ceramic composition as defined in claim 10 or 11,

characterized in that said sintering aid is selected from

. the group consisting of silica, mullite, calcium silicate
and strontium silicate.

This Sheet Has Been RTlaced
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fol l owed by granul ation. The granul ati on nmay be carried out by pulverizing

the calcined mass, preferably to a grain size about one mcroneter
- optionally added wth a binder (usually organl c? mm“mmﬂm

granul ation and nolding, the resulting slurry is d “H by

granul ati ng, - 14- cwhtcH ndy bBe done

by .spray drying or freeze-drying to provide a granular starting material
m xture for sintering. The starting material mxture is nolded and
sintered t3d3. The ceramic composition as defined in any one. of claims

10 to 12, characterized in that said sintering aid is
silica.

5 14. The ceramic composition as defined in one of claims 1 or

10 to 12 comprising a compound represented by a chemical
formula

(Y1-xQy) (Cri_y_zFeyTiz) O3

10
where Q is at least one selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC,
15 where x, y and z are )
0.351 2 x 2 0.01,
0.4 2 y/(1-y-z) 2 0.05 and
0.35 2 z 2 0.025.
20 _
15. The ceramic composition as defined claim 14,
characterized in that Q is Sr.
16. The ceramic composition as defined claim 14,
25 ----  characterized in that Q is at least one element, present
within a solubility 1limit, selected from the group
consisting of lanthanoid series elements other than La.
17. The ceramic composition as defined in any one of claims 1
30 to 16, characterized in that said ceramic composition
consists essentially of n-type and p-type components.
18. The ceramic composition as defined in any one of claims
14 to 17 characterized by a compound represented by a

35 formula
‘ ' This Sheet Has Been R
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produce a dense sintered ceram c body, typicallv about  1550[err}C for one
hour in anbient air. The cal cination carried out at .a
tenperature sufficient to produce a de5|red “In“fmnmllﬂ‘mmnponent.
(i ~e., solid solution) at a tenperature such that excess
den5|f|cat|on so as to provide no difficulty in subs%quent -pulverlzatlon
Preferably :the calcination is carried out at about 1400[err]C for about
2 hours, e.g., in a crucible of alunna. The nol di ng nmay be
carried out using a d|e{qwlnghgw)ﬁsggk}y{mylgyl é&?ﬁé} however, any

| ed.

ot her "nol di ng net hods can be app he” sintering can be carried
out typically (as a

where Q is at least one selected from the group

consisting of 2A subgroup elements and RE is at least one
5 selected from the group consisting of 3A subgroup
elements, and

where w,x,y and z are
1.0 2w >0,
10 0. 351 2 x20.01,
0.4 > y/(1-y-z) 2 0.05, and
0.35 2 z 2 0.025.

19. The ceramic composition "as defined in claim 18,
15 characterized in that Q is Sr and said RE is Sm.

20. The ceramic composition as defined in claim 18,
characterized in that said RE is at least one of ‘the
lanthanoid series elements other than La.

20
21. A thermistor (1) element comprising the ceramic
composition as defined by any one of claims 1-20.
22. Use of the ceramic composition of one of claims 1 to 20
25 -~ as thermistor.

23. An apparatus for measuring temperature which comprises
the thermistor element as defined in claim 21.

-
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| N K DPHRK SI‘LUQ Cof LTy o o b _ o
Rdar or _ one hour in anbient air, the |
éVﬁ@@rr&%F>té%%bLiCLﬁ-th&hgrng from 1400 to 1600[err]C, preferably 1500 //
S570fecr] G0 erigd of tinme to becone sufficiently dense. The
¥ nikerrphg"tr rcﬁé’kdbpg;g ﬁ%ﬁ t he shape and size of desired products, and a
hal  hour to 4 hours, preferably up to 2 hours, would be preferred for a

sizes as exenplified herein. The sintering can be made in_the
anbient air, however, a further reduction in variation of the resistance

FIG. 1

4 This Sheet Has Been Rerlaced
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-15- = val ues can be achieVed by sintering it in a ceramc box (e.g.,

al um na

ceramc or magnesia ceramc) 1in the case where the

conp05|t|on conprises those el enents or substance which are apt to .
vaperize at a high tenperature during the sintering, e.g., O. etc. This

i s ‘because an at nosphere of a volatile substance is produced in the box,

| .e., surrounding the mass to be sintered, which would suppress -the
vapori zation. Also, the inner wall of the box nmay be coated with the
‘substance per se which are apt to vapogbée;aﬁﬁlternatively, a non sintered
green product may be placed in a box beforehand and preheated to provide
deposition of easily vaporized conmponent in the raw materials for the

10

15

Described is a ceramic composition comprising a compound
having a perovskite structure represented by the formula
AMO3

where A 1is at least one element selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC, where M is at least
one element selected from the group consisting of 4A, 5aA, 6A,
7A and 8 subgroup elements of the international periodic
table of IUPAC, and wherein said perovskite compound is made
up of p-type and n-type. components and the elements are
present' essentially within solubility 1limits in the
perovskite structure. This ceramic composition is especially
useful as a main component for a thermistor element (1)
exhibiting stable properties at elevated temperatures up to

1100°c. | —&Ajuu

- This Sheet Has Been Replaced




~thermistor conposition on the inner wall of the box, which box isgaupps 5

further sintering. In the followi ng, certain preferred conditions
for production will be nentioned. The raw materials are m xed
preferably using a ball mll, for a sufficient period of time, e.g., 15
hours for uniformmxing. It is preferred to use balls and/or a pot of
(a) Zr Oz or silicon nitride, or (b) PTFE

(pol ytetrafl uoroethylene) or polyamide type resine (e.g., Nylon,
trade nane), in order to avoid contam nation. Drying of the slurry

shoul d be carried out wthout separation of ingredients caused by the
difference in the specific gravity, and thus spray drying or freeze
drying is ' :
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-16- preferred. The sintering is carried out preferably in
an  electric furnace, however, other furnaces nmay be used. The
pul verization following to the cal cination my be carried out
substantially in the same manner as the m xing of the raw materials,
whereas drying of the resulting slurrys. may be carried out in the sane
manner- as that follow ng the mxing of the raw materials, provided
that a binder '

Among the materials for thermistor usable at elevated
tempergtures, there have hitherto been employed (a) a
material based on a corundum type crystal structure, mainly
composed of Alz0z and szOa, as disclosed for example in.JP
Patent Kokai Publication JP-A 50-118294, (b) a material
based.on a spinel type crystal structure, mainly composed of
MgAl20., MgCrz0. and MgFe£O4, a; disclosed for example in JP
Patent Kokai Publication JP-A 49-63995, (c) a matefial
mainly composed of ZrOz, stabilized -maialy with Yz0a etc.,
as disclosed for example. in "Nainen Kikan" (Internal
éombustipn Engine), vol. 30, No. ‘8, page 98, and (d) 2
material mainly composed of a compound having a perovskite
type crystal structure, exhibiting a2 high melting point and
electrical con?uctivity, such as a material.having a La(Al;_
xCrx)0a based.composition, as disclosed in, for example, JP
Patent Kokai Publication JP-A 51-108288, a'matérial having a

*thin film of LaCrOs on an insulating subétrate, as disclosed
for example in JP Patent Kokai Publication JP-A 61-161701,
or a material comprising a2 mixture of LaCrOs and MgAlz0a4, as
disclosed for exahple in JP Patent Kokai Publications JP-A

51-95297 and JP-A 51-23691.

Based on eager investigation by the applicant the

following has turned out.  REP] ACEMENT SHERT
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------

(erganic, PVA, etc.) and a dispersing agent nmay be adm
sprayi ng. The granul ation may be carried out
added with a binder and a dispersing agent to make-granplE
good flowability. The granulation may be also cafrlied sCHPMr ez
dr yi ng. The m xi ng condi ti ons_serei nabove nenti{ohed general
relate to the case where powdery raw naterials are used. St ead,
solutions of netal elenents which form the oxides concdrned_,
respectively, nay BBeEATINUR t¥RA iGTyEyal jsuyctuse kased Taw naterial s.
In such a case, aqueous solutions may be, e.g.,, nitrate_ solutions,
e.g., Fe(NO ermpyorialcy ((43) [ BRigh PAINOPYEPEY, BrTi2dliherBFf hSE2Afe

precipitation or co- L . )
temperature characteristics by addition of some other

aqueoys

element(s), suffers from deterioration in thermal stab;lity
etc. on addition of a larger quantity of an additive(s).

The material consisting mainly of the spinel type
crystai structure compound (b) has a larger temperature
gradient co;stant (8 ) so that it cannot be used over a wide
tempefature raﬁge. The NiA1z0¢ based mgferial (JP Patent
Kokai Publidation JP-A 49-29493) and- CoAl:0. based material
(JP Patent Kokai Publication JP-A 48-705land so forth) are
low in thermal re;iétance and cannot be used at elevated
temperatures.

The zirconia-based material (¢) is unstable in its
resistance va{ue under a reducing atmosphere and cannot be
put to practical use. On the other hand, the perovskite
type crystal structure compound based material (d) suffers

" from a drawback that, if oxides of Lz are left in 2 non-
rea;ted state, non-reacted components tend to be reacted
with water contained in atmospheric air to yield labile
La(OH)a to cause the device to collapse or cause unstable

resistance wvealues.

It is therefore the object of the present invention to provide a ceramic
composition especially wuseful as thermistor component which avoids the
above mentioned drawbacks. This object is solved by the ceramic
composition according to iﬁdependeﬁ: claim 1, the thermistor element of
independent c¢laim 21, use of the ceramic compesition according to
independent claim 22 and the apparatus for measuring temperature according
t¢ independen:t claim 23. Further advantageous £eatures, aspects and

dezzils ¢f <the iaveniion are evicden:t from the dependent clazims, the



preci pitation, thermal deconposition and the.sol-gel nethod etc. my be
enpl.oyed. In summary the followng neritorious effects are

achi eved by the present invention. -17-
Therm stor el enments could be provided which are to a |ess extent
susceptible to changes in the tenperature and resistance characteristics
when used in a w der tenperature rangé?and whi ch may be practically used
with a st abl,eunderstood as a first non-limiting approach to define the invention in

general terms.

This invention relates to a ceramic material which can be used for

* thermistor production. The ceramic material has high stability at elevated
temperatures and a negative temperatufe coefficient so as to be
advantageously used at 300°* to 1100°C.

Particularly, it is a specific aspect of the present.
invention to provide a ceramic coméosition for thermistor in
which resistance values over a wide range may be ﬁrovided by
adjusting the composition of material.

Tt is a still further aspect to provide a 'ceramic
composition free from hygroscopic substances and being less
susceptible to deterioration in characteristics due to
environmental hdﬁidity or thermal hysteresis.

It is a further éspect to provide a ceramic
composition Wwhich can be used over-.-a wide temperature range
from ambient temper;ture up te 1100°C, preferably, with high
stability.

sStill furtﬁer aspects of the present invention will
beéome apparent in the entire disclosure.

As & result of our eazger researches, it has been
'found that the above problems can bg-overcﬁme and a

satisfactory themmistor may preferably be provided by a ceramic
composition for thermistor characterized by a compound
sepresented by a formula (Y;—xsrx)(Cr:-v-z?evTiz)da (1)

1)) if T T O :
REPLACEMENT SHEET where X, y and z are 0.3512 x2 0.C

1 50CT 1996 0.42 v/(l-y-2)2 0.05 and

4=

Alsg, it has been found that the ahove problems can
De overcome and a satisfactory thermisicr may be provicded by

a cerami:z ccmpessitizn fsr  thermistizr shicazterized



resi stance val ue agai nst the thermal hysteresis
Consequently, a ceram c conposition for thernlstor coulgt ov-eed—whi ch
i s superior in nmechanical strength and hence usabl §E¥§A€ﬁMENT SHEET
measurenent unit- for neasuring the tenperature of {hdt gases such as
e.g., an overheat sensor of catalysts or purifying aytgnoyi chj@;ﬁr]e
exhaust gases, a gas tenperature of reC|rcuIated gase Tron1a jas
recircul ati on systemetc., a neasurene uni t unt ed &t POSHt+-6+
suscept i bl E3RP eF R BTN Yor® & eé?ﬁfearlat ré"“i§e sor for various
furnaces. In the follomnng, t he resent. i nVentionm —WTT “oe
described in nore Qet-m3$rw t i Fereraditod k) Qhe drlawi ngs and  exanpl e.

where x, y and z are the same as in formula (I)

wherein Y (yttrium) may be partly or completely

substituted with Sm.

Generally, substitution occurs based on the basic

perovskite YCrOs compound as follows:

(1) For the Y sites of YCrOs, the 3A and 3B subgroup

elements and 2A subgroup elements are capable of

substitution to form a solid solution,” 2A or 3B subgroup

elements being within the solubility limits.

(2) For the Cr sites of YCrOa, elements of -4A, S5A, BA, TA
and 8 subgroups are capable of substitution.
In order to give a n-type component Ti and/or Fe

should be preient, while Cr, Mn, Co and/or Ni serves to give

a p-type component. The proportion between the n-type

component and p-type component' can be varied in a wide

Accordingly,

" range. it is generally expressed by a formula:
AMOa (III)
~where A represents at least one of 2A, 3A and 3B
subgroup elements, and M at least one of subgroups 4A, 354,
6A, T7A and 8.
Typically, Y (yttrium) represents the "A" sites and
elements of 3 or 3B subgroup elements can

any one of other

Y entirel

e |

be substituted for partially or v,

2



Fig. 1 shows an enbodi nent of the present inve”tzﬁﬁﬁgAGEkﬁﬁﬁ. 34“Tation of
a¥nt
W :

Nunerals 1 thermstor elenment; 2 ... lead Kk |
A first enbodi ment of the present invention isj}|nd
- 18- 150CT 199

. -6-' .

'Typically Sr is representative T aITTAN Tement
belonging to the 2A subgroup elements which are capadle of
assuming the A sites, 1i.e., (substituting for Y) only
partially, i.e., within the solubility limits.

It is significant that, e.g., the group of Fe3-,
Cr?®*, Mn®~ and the 3A subgréup.elements are mutually solid-
soluble in the AMOs (YCrO:) system. The same aphlies for
the group of Ti*” and the 2A subgroup elements.

Note that, in this application' the subgroup
nomination a, b i§ based on the international periodic table
defined by IUPAC, 1970.

The temperature property (stability against
increasing temperatures) varies depending on the proportion
between the p-type and n~type components in the AMOs system,

and can be adjusted'upon necessity.

.

Particular stability is observed in the Y(Cr,Fe)Os

system or generally A(Cr,Fe)Os system (IV) within a Fe/Cr

- ratio of 0.05 to 0.4. In this system, Cr may be replaced by

Mn, Co and/or Ni, whereas Fe may be partially or entirely
réplaced by Ti for giving the n-type component. '

Among fhe lanthanoid series elements (atomic number

57La to T1lLu) which belong to the 3A subgroup, La is épt to

.yield labile lanthanum hydroxyde through reaction of

nonreacted La COmponents wi:h.water, e.g.,‘in the ambient

air. Therefore, care should be taken if La is present .so as



expl ai ned. First of all, -Y[err](err], having a purity of not
| ower than 99.9% and a nean particle size of 1 p m SrCC3 having
a purity of not |ower than 98.5% and a nmean particle size of not
nore than 1 pm Crzgerr] having a purity of not |ower than 98. 5% and
a rnean particle size of not more than k p m Fe[err](err] havi ng a
purity of not |ower than 98.5% and a nean particle size of not nore
than 1 p m and Tierr] havi ng a purity of not | ower than 98.5% and a
nmean parti 1% stoelervhounfretefakal i-e.,p ypsqisred det gifedtd® &9 lid—gi ve
ratios of x, y, and z showmn . at the columm of "conposition" in Table 1
under the fsorlatlimn of the basic AMOs system. Even under the presence
of La or La-containing phases, the AMOs; system can be stable
against the temperature change for giving desired values of
resistance etc. based on the basic mechanism of the p-type
and n-type combinafion'occurring in the sole solid-solution
‘phase (matrix). However, nonpresence of La would be
preferred in view of excluding the deterioration.
The inventive ceramic composition consists
essentially of the sole solid-solution matrix phase of the

AMOs system, and optionally a minor grain boundary

phase(s) originating from @& sintering aid may also be present.

If the solubility limits are exceeded for certain

substitution elements,

a further phase or phases may occur, which is not preferred.
L]

Such further phase(s) would be allowed to be present only
within a limited extent such that the
essential ﬁrOperty of the basic AMO; system is not adversely affected.

More particularly, there is pro?ided a ceramic
composition for thermistor characterized by' a compcund
represented by a2 chemical formula

V,-x@x) (Cri-v-zFeyTiz)0a (V)

where Q is at least one selected from 2A, 3A and 3B

subgroup elements according to the international pericdic

table of IUPAC, and REPLACEMENT SHEET
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(Y[err]Sr[err])(Cr[err]Fe[err]Ti[err])err],. wet mxed in a PTFE pot
with steel balls coated with PTFE for 15 hours u3|ng

i on-exchanged water, dried by freeze-drying -40[err]C

fol |l oned by evacuatlon to 13.3 - 26.6 Pa ( 0.1-0. 2 Rip &C SHEET
subsequent sublimation at 30[err]C, ande subsequent] y€ Eihrorie v Y _
1400[err] C for two hours in an Al[err]Jerr] cruciple The cal cijngd
powders were adnmi X %drvgnth 1 vvténgf S, err] powderk ha%ﬁ@q 996 [ndan
particle size of d. fy End"Reft it xed together lsiLng i_on- éxg¢hanged
water in a PTFE p&a %nth Si [ h éﬁrr] balls for |15 hours. Thé¢
resulting slurry 3 ﬁasseﬂ hr a sieve havin "pertares,cf £4pm
(200 nesh sieve)and dried freeze-drying as nentioned abcv After

dryi ng, a binder Qoﬁpé%ed/&¥ -y18) W% BF OPVBnd10 wt % of DEP, 50 wt% of

MEK and 25 wt % of tol uene was di spersed in aceton
0.35 2 z 2 0.025.

Also there is provided a ceramic composition f

or

thermistor characterized by a compound repreSented by a
chemical formula
{(Y:.-wRE‘w):.-xQx}{Cr:.-Y-zFEYTiz}Oa (V1)

where Q is at least one selected frbm the 2A subgroup

elements and RE is at least are selected:from the lanthanoid

;eries elements, and
where w, x, v and z are
1.02 w > 0,
0.351 2 x 2z 0.01,
0.4 2 ‘y/(l—y-z) 2 0.03, and

0.35 2 z 2 0.025.

In the lanthanoid series elements, lanthanide (i.e.,

except La) elements are preferred. However, La may be

present, if the thermistor element is used

under water-free conditions.

As the Q elements, 3A, 3B and 2A subgroup elements

are counted.

As the 3A elements, Sm, Pr, N&, Mo, Dv, Er, Gd&, Yb,
etc. (particularly Sm), generalily rare earth elements or
lanthanoid series elements oI atomic number 57- 71, are



and addéd to the dried product and the result.ing m xture was

- 19- granul ated foll owed by drying to produce powdets-forp PF-888- nol-di ng
having a grain size of 100 to 355 microneters. .REPLACLMHﬁ¢FéE&§}ﬁ, Sanpl e
nunbers 1, 3, 17 and 33 stand for Conpar ative TpiesT _ The
powders were charged into a netal die ig_which t 13%@Egnég¢mnres of 0.4
mmin dianeter were di sposed paral l el "to each jother q di 4t ances -
fromthe center of

counted. As the 3B elements Al, etc. are counted.' As the

2A subgroup elements Mg, Ca, Sr, Ba, etc. (particularly, Sr)

are counted. Amcng the lanthanoid series elements, La is

not preferred where gstability against H20 is reguired.

having

high

Above 2all, or more pre;e*ab‘y,a thermistor element _
strength and capable of being sintered at lower teﬁperatufes
can be provided by adding sintering 2ids to the above
ceramic composition for thermistor to impéove' its
sintérability. | -

As sintering aids, those capable of producing a
liquidus phase in the grain bound&r& to form a matrix for
improving sintérability of the ceramics are employable, and
silié#, mullite, calcium silicate (CaSi0Oa), strontium
silicate (SrSEOa).'etcl are preferred. The sintering aids
are preferably used in an zmount of 0.5 to 10 % by weight,

most preferably 0.8 to 5 ¥ by weight, usually resulting in a

* boundary phase (e.g., glass phase) of the perovskite grains

#s 2 matrix phase.

Further, it is preierred o apply aging.to further
stabilize the resistance value, wherein txe aging is cdone
sreferably 23t 1000 to 1200°C for 100 :o 200 hours in ambient
air.

The material {for the thermistor acscording to the

the perovskite structure and hence

ct
N
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o
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w
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st ety e s 8B

the die with a distance of 1.2.-nm from each oth&f?LAEﬁEﬁﬁﬁbgﬁﬁﬂamd pressed
under. a pressure of 98MPa (1000 kg/cnferr]),} ito produce i ded
conpacts having a dianmeter of 3 mMmand a thicknqusebT% ggn qn havi ng
two | eads enbedded t herein. The nol ded conpadt § wer'e sin?ere ifn

at nospheric air at 1550[err] C for ongghour td p =St r

el enent s. Further, aging was applied to Sanplles Nos. 2, 4, 5 afd 6 by

r et ai ni ng thgnLat 1100[err]C in ambient air for 200 hours. O the
thermstor éFed@ntR®SHHRAL FAuBEAmS r BaVIRgnEPPIPHIMEL Catl ofi(] eF34 &L to
350[err]C, 500[err]C and 900[err]C in the atnmospheric air were measured.
The resul t sSHPELAFEEesh¥liDi neRgb e ofher easilfhe sffgReEsayRtelyhenthel d
at 1000C for 300 hours in atnospheric air and resistance val ues thereof
were neasuredsistance values or temperature coefficients (8) of

resistance values can be adjusted over a wide range by
adjusting the compositional ratio continuously over a wide
range.

So long as the composition is free of La, there is no
such adverse effect as deterioration due to moisture
absorption etc. Thé composition is also superiof in high
temperature-stabélity and can be stahly used for a prolonged
period of time at temperatureé of 300;C or higher.

The ceramic composition for the thermistor according
to the present invention especially useful for the production

of a thermistor element comprises a mixture of a p-type

semiconductor and an n—-type semiconductor, such that lattice
defects of oxygen or metal ions thch are labile against
A3 ' .
heat are reduced, and hence a thermistor element can be
provided which Qndefgoés little change in the resistance
- when subjected tb_the heat hysteresis.

On the other hand, since the oxyvgen partial pressure
dépendency of the p—-type semiconductor is reversed from that
of the n-type semiconductor, mixing the two results in their
characteristics bancelling each other to provide
chafécteristics stable against the oxyvgen partial pressure.
Consequently, any adverse effect <caused by the oxygen

partial pressure in atmospheric air is reduced and hence the



at 300[err]C, 350[err]C, 500[err]C and 900[err] C before and after hol di ng
at . 1000[err]C in order to scrutinize durability characteristics .

t hereof. The results are shown in Table 2. Lt Tamlaxsl, [err]

i ndicates the tenperature coefficient of the RMM@E‘\%’ det ir epr esent ed
by - o1l 15 OCT 199
-20- - [err] = In(R'Ro)/(I/K-1/Ko) whereasqggct el RYatio in
Table 2 indicates the rat.e of

thermistdr_elémént s an ultimate product may extensively be
used as a sensor for cars by being built into 2 metal tube.

It is p{eierred according to the present invention to
haye a’ ceram;c composition - which can detect a wide
:emperat;re range, particularly preferred are those having a
'resistgndé value of 1 Mohm or less Within a-rané} of 300-
900°C. '

As fcr the composition; it is generally preferred to-
have those whiéh yield as‘litile as an amcunt of by;product
pPhases other than the aimed single phased solid‘spldtion.
The compasitidnal range of 0.42 y/(i-y-z)Z 0.05 is ;elected
in wview of :the temperature resistant property. A
compositional range §f 0.12 zZ 0.05 is preferred in view of
reduced yielding of by-prcducts.. A compositicnai raAge of
0.152 x2 0.'.01 ;Zs f.ur'ther preferred in order to achieve =
reduced diffe{;nce ;n the resistance value after thermal

hysteresis. It is assumed that outside the zbove range for.z, it
.might happen to exceed e solubility limit 'ﬁor solid
solutison, which might result 'in a twp-phases.sysﬁem giving,

rise to a tend?ncy of certain reductica in the'&tability.

As for the substifu:ion for ¥ (yittrium) based cn the
¥CrCa, generériy speaking, the Y site can be substituted
with 3A subgro;p elements (8¢ a2nd lanthanoid series elements
of atcmic'nqmb;r_of-ST to 71,'éfg., Lz, ?r, Nd, Sm, Ho, Dy,

é&, Gd, Yb, eﬁc.). 32 subgroup elements (Al, etc.) or 24



change of the resistance val ue represented by ww-***”;,’,’* 5:,

(Rt-Ro)/ Ro x 100% wherein in denotes comdKEF

represent resistance val ues in at nosphdrifc - al r at

tenperatures K and Ko, respectively, R reprgs;ogs'}g%
value at an absolute tenperature Kt_141=300[jerr]C,~ 350C,

I

:

kS

900[err]C followng a durability test. I
500-900 denote the values for [err] for tenp

rature ran

Fatrte—17""300-

egi st ance
OQ[err] C or
0 and
300[err]C

to 500C ansuB@opepr[Mgo 980[ §rr] Ba. redspekctan ures therpgfl.e 2Amdrmas t he
val ues of the A Rratio, calculated as terrperature These val ues are
defi ned bythbeleqguaknond sevrdlese dfa [E¢r hoRprafdmredafocutind edasm of

t enper at ur e)

yielding labile hydroxide, as explained at the introducting

part. The. solubility 1limit depends on the ionic radius.

Those having a stable balance number are preferred for

better stability. Y has an ion radius of 0.0Q-nm,

whereas

the ion radius of other elements ranges from 0.072 nm (Mg)

to 0.135 nm (Ba).

The Cr site in the perovskite YCrOsz system can be

substituted with at least any one of elements of subgroups

_4A (Ti, Zr, Hf), 5A (V, Nb, Ta), 6A (Cr, Mo, W);

7TA (Mn,

etc.) 'and 8 (Fe, Co, Ni, etc.), preferably at least one

element selected from Mn, Co, Ni, Fe and Ti provided that:

the amount is within the solubility limit. Therefore, any

one of elements of the subgroups 45, SA, B6A, TA and 8 other
. .

than Fe and Ti can be further present within the solubility

limit replacing the elements Fe and/or Ti, for substituting

the Cr site .in the YCrOs system.

According to the present invention, generally, it is

aimed at a2 combination o0f the p-type and n—-type components.

For the p-type components (compounds) based on the YCrOai

system those elements Cr, Mn, Co and Ni are preferred,

whereas for the n-type components (compognds) the elements

Ti and Fe are preferably used.

This fact provides a further possibility c



=-[err] x Ko/ [In(Ri/Ro) x Ko [err]]-Ko .
12, .23, 24, 25 and 27 were allowed to stand in
1100[err] C for two hours, and the resistance v

obt ai ned

cal cul ated as te rature remained within 15[ er

from Tabl e Sntsﬁ' rI"p"’t gﬂ

extent b selectin m xin
X a (1)? Fed- 9

allowing to stand in atnospheric air were fepsuy8QCT @5 conductin
tenperature durability test. _Flgv_orabl el fesults coul be
for these sanples as the “value pf = [err R—Tati

-

sp & &5 SPA1O¥S/al ue can be  adjusted o & great
Cr®~, Mn®" etc. and the 3A subgroup
elements are capable of forming a solid solution with each other

based on YCrOs, and Cr, Ti*~ and 2A subgroup elements are

g a

It id evident

likewise capable of forming a solid solution with each_.other within

the solubility limits.

The. temperature property (stability. against
increasing temperatﬁre) depends on the ratio between the p-
type and n-type. Particularly, a ratio of 0.05% Fe/Crs 0.4
in the Y(Cr,Fe)Oz system or A(Cr,Fe)b;F or generally AMOs;
;ystem provides a high stability against heat, thus this
ratib is .preferred.

Generally, the ceramic composition for thermistor and
tge thermistor elements according to the invention may be
produced by pfeparing a2 starting material mixture, molding
and sintering. The preparation of the starting material
mixture preferably eomprises calcination and/or granulation.

The preparation of the starting material mixture may
be carried out, e.g., weighing and mixing raw materials,
drying the resulting slurry, calcining the <dried mass
followed by granulation. The granulation may be carried out

by pulverizing the calcined mass, preferably to a grain size

F

o about one micrometer o¢ptionally added with a binder
(usually organic) for subsequent granulation and molding,

the resulting slurry is driec¢ and followed by granulating,



TINT AMR sy bn o i
-21- proportions of each of elenents in § PLAL &N 'E[
represented by the forrmula (Y[err]Sr[err])(C[err]Fe[err]Ti[err])djerr].
Also, a littl'e amount of by-products are produced as 15 0CT 1¥9be
i nventive ceram c conposition is essentially conposgd of a
substance resulting from a sinple_jgubstitution solid '
solution reaction. Particularly, the by-products re nof

observed at an anount of Sr substitution of 30 %or |ess as ) t he
ceram c conpdsFRi AR 861 t4OR%I PF r SRTEe SFiprg or freezesdRyingititvh
solid sol ution reaction. The | atter conposi tion can

be sinteredorevide ep&Faduter oftapborsr peegial mixture for sintering.

The starting material mixture 1is molded and sintered to
produce a dense sintered ceramic body, typically about
1550°C for one hour -in ambient air.

The calcination is carried out at a temperature
sufficient to produce a desired intermediate component .
(i.e., solid solution) at a temperature sﬁch that would not
cause excess densification so as to provi&e no difficulty in
subsequent -pulverization. Preferably ‘the calcination is
carried out at about 1400°C for about 2 hours, e.g., in a
crucible of alumina.

fhe molding may be carried out using & die or mold
usually by cold pressing, however, any other molding methods
can be applied.

.,

The sintering can be carried out typically (as a
standard) at 1550°C for one hour in ambient air, the
sintering temperature ranging from 1406 to 1600°C, preferably
1500 to 1570°C, for a period of time to become sufficiently
dense. The sintering time depends on the shape and size of
desired products, and a half hour to 4 hours, preferably up

to 2 hours, would be prefsrred for a size as exemplified

The sintering can be made in the ambient air,

however, a further reduction in variation of the resistance



S ENT 55T |
Tabl e 1 that jtHe sanpl es
unt 1050€Tsﬁ96ti tytion

| ess thereby avoiding deterioration of |eads .
therm stor elenents as well as providing a hi
strength.. It is also seen fr
havi ng -~ conpositions in which the a

rel ative to Sr is 1to 35.1 | % th atio of Fe quistitution
-relative to Cr (Fe/Cr) is 0.05.to 0.40 and tHhe anount of Ti

substitution is 2.5 to 35 nol % has the resi st'anee—values faIIlng

in a pract VRARP§ H£akpP8blachigygd fBY & indAFdng ute iR 2 CeTamigycbox

300[err] to 900[err]C. Besides, as for the durablllty t he [err]

R ratio ie-gsnalalumink tcﬁéam[lérr?R megnesiacafeamiel ids the case

tenperature is also snall, so that the sanpl es represent a

t her ni st or whater itale axzb\nmmtsageous leypmpnyils@sedt Hasea e lemeertst o substance
which are apt_to vaporize at a high temperature during the
sintering, e.g., Cr. etc. This is because an atmosphere of
a volatile substaﬁce is produced in the box, i.e.,
surrounding the mass to be sintered, which would suppress
the vaporization. Also, the inner wall of the box may be
coated with the substance per se which afe apt to vaporize.
Alternatively, a non sintered green-product may be placed in
a box beforeh#nd and preheated to provide deposition of
easily .va.pori.zed component in the raw materials for the
thermis£or composition on the inner wall of the box, which
box is used for further sintering.

In the following, certain preferred conditions for
.
production will be mentioned.
The raw materials are mixed preferably using a ball
mill, for a sufficient period of time, e.g., 15 hours for

uniform mixing. It is preferred to use balls and/or a pot of

()

(a) ZrOz or silicon  nitride, or ° (b) PTF
(polytetraflucoroethylene) or polyamide type resine (e.g.,
Nylon, trade name), in order to avoid contamination.

Drving of the slurry should be carried out without

-

separation of ingredients caused by the difference in the

specific gravity, and thus spray drying or freeze drying is



range of 300[err] to 1000[err]C. the amount of substitution of any one of

Sr, . Fe and Ti is small (sanple Nos. 1 ! e anount
of substitution of Sr or Ti is larger (sanple-l\ -ﬁ%ﬁﬁﬁﬁfgﬁhFR ratio
calcul ated as tenperature is changed by a tenperftjure exceeding 35/ err]C
Thus, these sanples may be said unsuit for t Ys® 0aT ‘@og erfpgrature

hi gher than 500[err]C in view of the aurabl lity]

preferred.

The sintering is carried out preferably ;n an
electric furnace, however, other furnaces may be used.

The pulverization following to the calcination may'Be
carried out substantially in the same manner as the mixing
of the raw méterials, whereas drying of the reéulting slurry
may be ca.rfied out in the ';ame xﬁanner as that following the
mixing of the raw materials, pfovided that a Dbinder
(qrganic, PVA, etc.) and a dispersing agent may be admixed
before spraying. - N

The granulation may be carried ouf'by spra} drying
added w;th a binder and a dispersing agent to make granules
having 'a good flowability. The granulation may be also

carried out by freeze drying.

The mixing conditions hereinabove mentioned generally

relate to the case where powdery raw materials are used.

Instead, aqueous solutions of metal elements which form

--the oxides concerned , respectively, may be partly or entirely
used as the raw materials. In such a case, aqueous
solutions may be, e.g.,, nitrate solutions, e.g., Fe(NOa)z,

Cr(NOs)z, Sr(NOs)a, etc., wherein e.g., precipitation or co-

precipitation, thermal decomposition and the sol-gel method etc.

may be employed.

In summary the following meritorious effects are

achieved by the present invention.



The results of the durability test indicate that the ceram c conposition
for, therm stor according to the present invention shows extrenely stable
properties with respect to the thermal hysteresis. This is
presuned to be ascribable to the fact that, since the ceram c conposition
of ‘the present invention is a mixturgpf YOO8, a p-type seniconductor,
and Fe[err](err], an n- type sem conductor, oxygen ion defects or netal

ion defects which are [abile against thernmal hysteresis are reduced in
their quantities.Thermistoqte}ements fpudfl P Spyidedt #84 cibs autd2t o

less than 2.5% the resulting conposition becomes slightly inferior
in sinterak#$§§tgxtent susceptible to changes in the temperature and

resistance characteristics when used in a wider temperature
rénge and which may be practically used with a stable
resistance value against the thermal hysteresis.
Consequently, a ceramic composition for thermistor could be
provided which is superior in mechanical strength and hence
is usable as a measurement unit for measuring the
temperature of hot gases such as, e.g., an overheat sensor
of catalysts for purifying automotive engine exhaust gases,
a gas temperature of recircuiated gases from an exhaust gas
' recirculation system etc., a geasurement unit mounted at a
position susceptiblé to severe yibrations, or a temperature

sensor for various furnacgs. |
In the following, the present invention will - be

L 3 . ’

described in more detail with reference to the drawings and

example.

Fig. 1 shows an embodiment of the present invention.

Explanation of Numerals

1 ... thermistor element,; REPLAEEEE@H;SHEEE

Sop ey Stk

2 ... léad 150CT %24

EXAMPLES

A firs: embodiment ©f the present inventicn is now



Exanpl e 2 The sane starting materials. as those used in Exanple 1

and.Snferr] G having a purity not |ower than 99.9% and a nmean particle

=5

150CT 996

-23

size of not nore than 1 p mwere wei ghed to gi vepyg g O
Table 3. Sanples were prepared by a nethod si#ﬂﬁ%ﬂﬁﬂﬁékﬁhw
1, and the resistance -18 -

explained.

First of all, ¥20a, having a purit

99.9% and a mean particle size e¢f 1 o m,

not lower than

SrCCa heving a

purity of not lewer than 98.5% and 2 mean particle size of

not more than 1 um, Crz20a having a2 purity of not lower than

98.5% and 2 mean particle size of not more than 1 um, Fez20s

having.a purity of not lower than 88.3% and

& mean particle

size of not more than 1 um, and TiOz having a purity of not

lower than 98.5% and 2 mean particle size of
4 m, were weighed so a2s to give ratios of
at the column of "composition" in Table 1

YVieySr)(Craicy-=zFey,Ti=)0a, wet mixed in

not more than 1
x, ¥, and z shown

uncder the formula

steel balls coated with PTFE . . for 15 hours u_s:’.ng

ion-exchanged water, dried by freeze-drying at =-40°C

followed by evacuation-to 13.3 - 26.6 Pa ( 0.1-0.2 Torr) and

subsequent sublimation at 30°C, and subsequently calcined at

1400°C for two hours in an Alz0a crucible.

The calcined

powcers were admixed with 1 witX of SiO: powders having a

mean

Lv )

t

ion—-exchanged water in a PTF

hours. The resulting slurry was passed through a sieve having apertures o

74pum (200 mesh sieve)and dried by freeze-dryin

After
- drying, a binder composed of 13 wi% of T
50 wi% of MIXE and 25 wt% of tcluens was

article size ¢f C.6 um, and wet mix

pot with SiagNe Dalls ¢

Q
4]
. .
(U]

h

and acdded o the dried procduct and the resulting mixiure was



values as well as durability of the resulting thermstor elenents were
-measured. The results are shown in Tables 3 and .4. It is seen
from Tables 3 and 4 that a conposition produced by substituting Smfor Y
in the conposition represented by the chem cal formula
{(Y[err]Smerr])[err]Sr[err]}{Cr[err] _jgke[err]Tiz}Jerr] has a reduced
resi stance value and represents a material for therm stor elenent which
is suitable for the wuse at |ower tenperatures and has a superior
durability. 8TERFLaERd APdAovempdrvat &reingr 4bi Ipirojucesrowders chncuptedson

Sampl es Nos. 42 and 43 by neasuring resistance before and
molding having a2 grain size of 100 to 355 micrometers.

In T;ble 1, Sample numbers 1; 3, 17.;pd 33 stand for
Comparative Examples.

The powders Qere charged into a metal die in which
two platinum wires of 0.4 mm in diamefer were disposed
parallel to each'othgr at equal distances from the center of
the qie with.a distance of 1.2 mm from each other, as leads,
and presséd under a pressure of 98MPa (1000 kg/;mz), to

.produce molded compacts having a diameter of 3 mm and a
thickness of 2.1mn and haviﬁg two leads embedded therein.
The mo%ded compacts were sintered in atmospheric air at
1550°C for one hour to prqduce thermistor elements.
Further, aging was #pplied'to Samples Nos. 2, 4, 5 and 6 by
retaining them at 1100°C in ambient air for 200 hours.

. .

Of the thermistor elements,.thus produced, resistance
values at 300°C, 350°C, 500°C and 900°C in the atmospheric
air were measured. The results are also shown in Table 1.

The samples were then held at 1006°C for 300 hours in
atmospheric air and resistance values thereof Qere measured
at 300°C, 350°C, 3500°C and 900°C before and after holding at
1000°C in order to scrutinize durability characteristics
theredof. The results are shown in Table 2.

£ - S -
tficient

m
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In Table 1, § indicates the tem

ol the resistance value represented by




after holding the Sanples in anbient air at 1100C for 2 hours. The
results denonstrated good values of the [e R '
tenperature all falling within 15[err]C. :
turned out that the present invention can provjd il gent s
whi-ch suffer little changes in the tenp rgsi st ance
characteristics even when used in a tenperaturg 0{1100[err]C
and thus which may be practically used with a standée{val ue

agai nst the therngl HysdE@RAD). (1/K-1/Ko)

prr——

A s, ca

whereas the AR ratio in Table 2 indicates the rate of
change of the resistance value represented by

AR ratio = (Rt-Ro)/ Ro X 100%
wherein 1ln denotes .common logarithm, R and Ro repfesent
resistance -values in afmospheric air at absolute
temperatures K and Ko, respectively, Rt represents a
resistance value at én absolute temperature Kt (t=300°C,
350°C, 500°C or-900°C) following.a. durability test. In
Table 1, 300-500 and 500-900 denote- the values for § for
temperature ranges of 300°C. to 500°C and 500° to QOO‘C,_
.respectively. |

Table 2 shows the values of the AR ratio, calculated
as temperature. These values are defined by the equation:
(value of AR fatio calculated as temperature)
= g8 X Ko/’[lg(Rt/Ro) x Ko + S ]-Ko

Also sample Nos. 7, 8, 12, 23, 24, 25 and 27 were
allowed to stand in atmospheric air at 1100°C for two hours,
and the resistance values bef&re and after allowing to stand
in atmospheric air were measured for conduc%ing a high
temperature durability test. Favorable results could be
obtained for these samples as the value of AR ratio
calculated as temperature remained within 15°C.

It is evident from Table 1 that the resistance value

can be adjusted to a great extent by selecting mixing



- 24- The ceramc conposition of the present invention

for. a thermistor for detecting el evated tenperatures exhibits
stabl e properties at el evated tenperatures for permtting use in both
oxi di zing and reduci ng at nospher es. In a YCrO38 based material, Sr or Sm

is partly or conpletely substituted forp;Y, and Fe and Ti are substituted
for part of C. Such material enables the production of a therm stor

el enent exhibiting practical, |ow resistance values at 300[err] to

| 1 O0[ err] Cpzngoaltsonsexhidfi t i eigcist abifl | tyl egeatst ¢hangd= | ncédposition
environnmental conditions or thermal hysteresis. Generally AMJerr]
perovskiterepresented by the formula (Yi-xSrsx)(Cri-y-zFe,Tiz)Oa.

Aiso, a little amount of by-products are produced as
the inventive ceramic composition is essentially composed of
2 SQbstance result;ﬁg from a simpie substitution solid
solution reaction. Particularly, the by-products are not
observed at an amount of Sr substitution of 30 % or less as
the ceramic composition results- only from the simple
substitution solid = solution reaction. Thé latter
composition_can be sintered at a temperature of 1600°C or
less thereby avoiding deterioration of leads embedded in the
thermistor elements as well as.prOQiding a high mechanical
strengtﬁ.

It is also seed from Table 1 that the samples having
compositions in which'the amount of Y substitution relative
to Sr is 1 ;o 35.1 mol%, the ratio of Fe substitﬁtion
relative to Cr (Fe/Cr) is 0.05 to 0.40 and the amount of Ti

. substitution is 2.5 to 35 mol% has the resistance wvalues
falling in a practipally acceptable range for a temperature
r;nge of 300° to 900°C. Besides, as for the dufability, the
AR ratio is small and the AR ratio calculated as
temperature is also small, so that the samples represent a

thermistor material advantageously employed in a temperature

£ 300° to 1000°C.

: range o
REPLACEMENT SHEET
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[{ the amount of substitution of anyv one of Sr, Te.




structure (A=2A, 3A 3B subgroup el enents, M4 up..el ement s)

havi ng a conbi nation of n-type and p-type co ﬂ&dﬁ&%ﬁﬂﬁpﬂﬁggﬁhe same
property, the subgroup being of IUPAC intern ona tabl e.
La-free is preferred and sintering aid may] Qe It should
be noted that nodification obvious in_b%@ arjt caﬁﬁiécﬁéﬁzbmg out
departing fromthe gist and scope of the prgsemt—hvention..as;herein

di scl osed and clained in the appended cl ai
and Ti is small (sample Nos. 1,

3k -ﬁﬁnthenamount of
substitution of Sr or Ti is larger (sample No. 33), the A;R
ratio calculated as temperature is changed by a temperature
exceeding 15°C. Thus, these samples may be said unsuitable
for the use at a temperature higher thén 506°C in view of
the durability.

The results of the durability test indicate that the
ceramic composition for thermistor according to the present
invention shows extremely stable properties with respect to
the thermal.hysteresis. -

This is presumed to bé ascribable to the fact_tha;,
since the ceramic composition of the present invention is a
mixture of YCrOs, a p—type semiconductor, and Fez0s, an n-
type semiconductor, oxygen ion defects or metal ion defects
which are labile against thermal ﬁysteresis afe reduced in

. .
their quantities.

If the améunt of Ti substitution is reduced to less
.than 2.5%, the resﬁiting composition become; slightly
inferior in sinterability.

Example 2

The same starting materials as those used in Example
1 and Smz20a having a éurity not lower than 99.9% and a mean
particle size ¢f not more than 1 um were weighed to give

compositions shown in Table 3. Samples were prepared by a

method similar to that of Example 1, and the resistance



TABLE 1 sanple conposition ‘resi stance val ues (K[err] ) No.
X

300[err]C 350[err]C  300-500 500-900 1 o 0 0.19 0.05 37.0

18.7 4.14 0.398 4851 5312 0.01 0.19 0.05 42.5
21.6 4.71 0.436 4872 5395 2% o 0111 0.198 0.01 11436 3084
119 - 0.380 10109 13029 11 524 3.271
0.926 0.140 4390 4283 : HACEMENT SHEmp)4 0. 271
0.05 14.5 7.989 2.052 0.254 4324 4 ] ey 0.19

0. 05 95. 3 45.4 8.29 0.490 5410 0%6{ 0.195
0.025 13633 2965 67.1 0.225 11769 {1 9 0.19
0.05 2914 812 47.2 0. 630 9131-. 978 D.19 0.05
17223 7279 147 0.527 10551 12763 | 19 0.05
18546 6436 104 - 0.348 11482 12919 11 0. 05 13435
4417 68 0 0.263 11706 12593 12 o 05 0.19 0.05 10660
2160 208 211 .. 12391 051 0.19 0.05 10450
2333 60 %a}“eﬁ 385 We§§426 ‘%ﬂ%#illltylﬂf bheosfsuétigg othermbsver
2216 51.2 0.198 11825 12593 ~ 15 0.0511 0.124 0.05 8144 1735
41.8 0.9Yementggygre meapyred. jFhe oresylty one shown ipgMRpblesiyd
14.4 0.132 10746 10639 17 0.051 0.00 0.05  5.28 2. 48

0. 485 0. 06%nd 4288 4549 18 0.0521 0.19 0.05 12007 2567 62.3

0.234 11652 12659 . _
It is seen from Tables 3 and 4 that a composition

produced by substituting Sm for Y in the composition
répresented by the chemical formula {(Yi-wSmw)1-%Srx}{Cri-v-
_zFeyTiz}Os has a reduced resistance value and represents a
ﬁaterial for thermistor element which is suitable for the
use at lower temperatures and has a superior durability.

Further, high temperature durability.tests were conducted on
Samples Nos. 42 and ;§IS§ ﬁeas;;i;gwfésistance before and
after holéing the Samples in ambient air at 1100°C for 2
hours. The results demonstrated -gcod values of the AR
ratio calculated as temperature all'falling wifhin 15°C.
Based on this Example, it turned out that the present
invention c¢an provide thermistor elements which suffer
little changes in the temperature and resistance
characteristics even when used in a temperatufe range of 300

to 1100°C and thus which may' be practically used with a

stable resistance value against the thermal hyvsteresis.



19 0.054 0.19 0. 05 9641 2144 54.9 0. 219 11446 12522

20 ., 0.059 0.19 0.05 3535 874 27.8 0.155 10731 11763 21
0.0631 0.19 0.05 723 221 11.4 0.102 9190 10691 22  0.067
0.19 0.05 226 78  5.43 0.076 8259 ___ 9675 0. 069
0.271 0.05 439 136  7.702 zg 095 ﬁyﬁmﬁgjﬁqﬁﬂT SHEET 0.07
0.219 0.05 52.9 21.9  2.274 0°081 6972 285 D71 0.19
0.05  19.5 9.64 1.55 0.055 5604 2% | O 10é qT#§ h. 10 1
1593 421 16. 3 0.135 10148 10866 27 Ch 0]15 2252
522 16.9  0.137 10832 10918 28 0.154 Q. 1110 15 toe 174
7.24 0.102 10144 9561 29 0.201 0.16 lo. 20 1243 | 324
12.8  0.131 10134 10387 30 0.251 0.15 LO-25 837 240

11.2  0.129 9541 10119 31 0.301 0.14 0.30 319

117 8.08 0.130 8 41 9361 32 0.351 0.13 0.35  :38

59. 5.95 0.126 6957 8744 33 0.401 0.12 0.4 52.8 - 25,

3. 69 5881 7860 [err]

The ceramic composition of the present invention for a
thermistor for detecting elevated temperatures exhibits
stable properties at elevated temperatures for permitting use
in both oxidizing and reducing atmospheres. In a YCrO3 based
material, Sr or Sm is partly or completely substituted for Y,
and Fe and Ti are substituted for part of Cr. Such material
enables the production of a thermistor element exhibiting
practical, low resistance values at 300° to 1100°C and also
exhibiting stability against changes in the environmentél
conditions or thermal hysteresis. Generally AMO3 perovskite
structure (A=2A,3A,3B subgroup elements, M=4A,5A,6A,8 subgroup
elements) having a combination of n-type and p-type components
provides the same property, the subgroup being of IUPAC
international = periodic table. La-free 1is preferred and
sintering aid may be used. '

It should be_notdithat modification- obvious in the
art can be made without departing from the gist and scope of
the present invention as herein disclosed and claimed in the

appended claims;
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TABLE 3
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TABLE 1
sample composition resistance values (K Q) 8

No. x | oy i oz 300°C | 350°Ci 300C: $00°C|300-500)300-300

1 0.0 { 0.15:0.05 | 37.0 | 18.7 i 4.14 { 0.358 | 4851 | 3312

2 | 0.01{0.19:0.05| 42.5 | 21.8 1 4.71{ 0.436 | 4872 i 3393

3 | 0.011f 0.198! 0.01 | 11435 | 3084 | 119 | 0.380 | 10109 | 13029
4 | 0.011] 0.219; 0.05 5.74] 3.271) o0.925] 0.140 | 4390 | 4283

5 | 0.014] 0.271! 0.05 | 14.5 | 7.089] 2.052] 0.254 | 432¢ | 4738

6 | 0.018f 0.19 ; 0.05 | 95.3 | 45:4 | 8.20 | 0.490 | 5410 | 6408
7 | 0.026| 0.195; 0.025| 13633 | 2065 | 67.1 | 0.225 | 11769 | 12918

8 | 0.029] 0.19 | 0.05 | 2914 812 | 47.2 | 0.630 | 9131 | 9785

9 | 0.037| 0.19 | 0.05 | 17223 | 7279 | 147 0.527 | 10551 | 12763
10 | 0.046| 0.19 | 0.05 | 18546 | 6436 | 104 0.348 | 11482 | 12919
11 | 0.049] 0.19 | 0.05 | 13435 | 4417°]-68.0 | 0.263 | 11706 | 12593
12 | 0.05 | 0.19 | 0.05 | 10660 | 2160 | 49.2 | 0.208 | 11811 | 12391
13 | 0.051| 0.18 | 0.05 | 10450 | 2333 | 60.2 | 0.235 | 11420 | 12571
14 | 0.051] 0.158] 0.05 | 10870 | 2216 | 51.2 | 0.198 | 11825 | 12583
15 | 0.051] 0.124] 0.05 | 8144 | 1735 | 41.8 | 0.179 | 11676 | 12374
16 | 0.051) 0.045| 0.05 | 1846 440 | 14.4 | 0.132 | 10746 | 10639
17 | 0.051{ 0.00 | 0.05 5.28| 2.48] 0.485| 0.065 | 5288 | 4549
18 | 0.052] 0.19 | 0.05 | 12007 | 2567 | 62.3 | 0.234 | 11852 | 12659
1 0.054] 0.19 .| 0.05 | 9641 | 2144 | 54.9 | 0.219 | 11448 | 12522
20 | 0.058) 0.19 } 0.05 | 3535 874 | 27.8 | 0.155 | 10731 | 11763
21 | 0.063} 0.19 | 0.05 723 221 | 11.4 | 0.102 | 6190 | 10691
22 | o.067| 0.19 | 0.05 226 78 | 5.43 1 0.076 8253 | 9675
23 | 0.068} 0.271! 0.05 439 | 138 i 7.702f 0.085 | 8952 | 9963
24 0.07 | 0.21¢; 0.05 52.9 ! 21.9 | 2.274! 0.081 8972 | 8202
25 | 0.071! 0.1 . 0.05 | 1.5 i 2.64 1.55} 0.055 | 3804 i 73538
25 | 0.101! 0.18 i 0.10 | 1393 { 421 15.3 - 0.133 |.10:48 | 10855
27 | 0.151% 0.17  6.13 | 2252 : 322 18.9 : 0.137 | 10832 i 10918
28 | 0.134% 0.111 0.13 708 174 . 7.24 : 0.102 | 10144 © 8881
2¢ | 0.201, 0.16 0.20 | 1243 ! 324  12.8 . 0.12: | 16134 ! 10387
30 | 0.251: €.15  0.25 €32 i 240 1.2 C.128 | €341 : 10119
3: | 0.301° 0.14 . 0.30 319 117 8.08 . 0.:30 | ei41 i g38:
32 | 0.351 0.13 ~ ©.33 138 59 5,96 C.iz8 | €837 8744
32 | 0.401- 0.12 ~ 5.40 | 352.5 23 .89 5.:i:3 | zeer  Tssc
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TABLE 2
A2 razia value ¢f AR razio calcuiated
sample (%) as temperaturse (°C)

No 300°C @ 350C : 300°C ; 900°C | 300°C | 350°C | 500°C : 930°¢C
1 1§.6 i 13.8 i 18.7 ;i 8.0 12 | =12 | -18 | =20
2 13.0 | 12.5 | 10.8 ; 4.8 - | -8 | -1 ! -p1
3 45.0 | 30.5 | 25.3 | 15.8 -12 -10 : =11 | -1§
4 12.5 | 5.3 5.7 | 3.0 -9 -5 | -8 -9
5 13.0 | 11.3 7.5 | 3.0 -9 -9 -9 -3
6 10.0 | 12.3 | 14.5 | 5.5 -6 -8 -12 | -11
7 2.9 | 45 | s.0 3.5 -1 -1 | -2} -4
8 15.6 | 13.6 | 13.2 5.5 -5 -3 -7 | -8
9 -3.6 -4.7 | -2.4 -1.4 1 2 1. 2

10 9.0 §.0 -2.17 -2.7 -2 -2 1|

11 3.9 | 4.0 -2.1 -3.8 [~ -1 S

12 0.8 0.2 | -2.5 | -2.0 0 0 1|
13 1.8 1.6 0.3 1.8 -1 Y -1 0 -2

14 4.4 0.5 -0.8 -0.5 -1 0 0
15 5.3 0.8 -0.8 -2.2 -1 0

16 -9.1 | -11.0 -9.1 -7.8 3 4 5 11
17 | -20.8 | -29.3 | -32.1 -9.5 23 27 54 31
18 0.9 1.3 0.5. 1.3 0 0 0 -1
19 8.7 5.1 3.7 4.7 -2 -2 -2 -5
20 5.9 5.1 | 6.5 4.6 -2 -2 -3 -5
21 2.3 5.4 7.7 -i.0 -1 -2 | -4 1
) 22 2.1 | as 5.8 0.0 -1 -1 | -3 0
23 9.5 | 9.8 1 8.2 | 4.5 -3 -4 |. -3 -6
24 2.6 | 2.5 i 3.5 | 5.7 -1 -1 -2 -9
.25 -5.0 | -8.5 i -4.7 | 3.0 5 | g | 4 | -9
26 -1.6 1 7.2 §.4 ; 5.7 O R N I T
27 | -10.2 1.3 ; 0.8 1 2.3 3 0 i o | -3
28 -10.3 2.2 2.5 2.4 4 ] -1 i -2 i -3
29 | -14.8 : -10.4 ¢ -7.0 -0.8 5 4 i 4 1
20 -18.8  -17.7 i -11.4 -3.3 s | 8 | 7 5
31 -25.2 i =22.9 | -14.7 -5.1° 12 i 13} w00 8
32 | -20.5 . -22.0 ! -12.1 -6.0 1o 14 g i 10
33 | -30. -25.2 -20.0  -12.0 20004 20 ¢ 17T 23




TABLE 4 [err] Rratio value of [err]R
ratio cal culated sanple ' as
tenperature ([err]C
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TABLE 3

sample c'ompositf.on resistance values (KQ) B

No. w loox by | oz 300‘0[ 350°C | 500°C | 900°C |300-500]500-300
a1 | 1.0 | 0.051 0.19) 0.05| 12.7 | 3.74] 0.209] 0.023| 8303 { 3814
42 | 1.0 | c.054' 0.18} 0.05] 21.9 | 6.41] 0.471] 0.026] 8503 | 6568
43 | 0.50] ¢.054 0.18] 0.05| 188 | 50.8 | 2.331] 0.046| 9723 | 8898
a4 | 0.20] 0.054) 0.18) 0.05| 1341 | 301 | 9.173] 0.082| 11041 | 10693
45 | 0.10] 0.054] 0.18f 0.05| 3519 | 752 | 19.8 | 0.121] 11472 | 11555
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No 300 C 350[errr]C 500[err] C . 900 C 300[err]C

.35Q[err]C 500[err] C 900[err]C 41 -13.8 -9.0
-3.2 5 7 10 8 42 -8.9 -2.9
-3.0 0 4 1 3 0 43 4.8 6.0
2.9 0 -2 -2 g2 44 -4.7 -2.4 0.5-3.0
1 : : %? 4 45 6.1 8.3
7.5 3.8 -2 -3 -4 -4 1. Aceramc
conposition conprising a conpound having a perovskite structure '
represented by the fornul a AMX3

TASLE 4
AR ratio valug ¢f AR ratio calculated
|sample (%) 2as temperature (°C)
No. 300°C | 350°C | 500°C | 9000C | 300°C | 330°C ; 500C | 900
41 | -11.8 i-13.8 | -9.0 | -3.2 | 5] 71 10| 8
a2 -8.9 | -2.% -3.0 | 0 & ] 1 3 0
43 4.8 | 8.0 2.9 0 2 1 21 -2 0
44 | -4.7 | -2.4 0.5 | -3.0 110 o 4
45 6.1 | 8.3 | 7.3 3.8 -2 b -3 - -4
REPLACEMENT SHEET

15 0CT 1995




where A is at | east one elenment selected fromthe group consi sting of

2A,. 3A and 3B subgroup el enents of the I nternational periodic table of
| UPAC, where Mis a conbination of at |east any one of a first group
consi sting of Fe and Ti and at |east any one of [“Iﬂmml
consisting of Cr, M, Co and Ni, ang_ where““‘m“m

conpound is made up of p-type and n-type conponents t t'he

el enent s are pr esent essentially within solubility I|n1ts in the
perovskite structure. 2 . The ceramc conposition as defined
in claim 1, characterized in that the first group is Fe and Ti and
the second group is Cr and at |east one of M, Co and Ni. 3. The ceramc
conposition as defined in any one of . 1-2, <characterized in
that said M is represented by , vh, Co, N|)[err]Fe[err]Tz wher e

y/(l-y-z) is 0.05 to 0.4
1. A ceramic composition comprising a compound having a
perovskite structure represented by the formula
AMO3

where A 1s at least one element selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC,

where M is at least one element selected from the group
consisting of 4A, 5A, 6A, 7A and 8 subgroup elements of
the international periodic table of IUPAC, and

wherein éaid perovskite compound is made up of p-type and
n-type components “and the elements are present
essentially within solubility limits in the perovskite
structure.

2. The ceramic composition as defined in <claim 1,
characterized in that M is a combination of at least any
one of a first group consisting of Fe and Ti and at least
any one of a second group consisting of Cr, Mn, Co and
Ni.

3. The ceramic composition as defined in claim 2,
characterized in that the first group is Fe and Ti and .
the second group is Cr and at least one of Mn, Co and Ni.

4. The ceramic composition as defined in any one of claims
1-3, characterized in that said M is represented by
(Cr,Mn,Co,Ni))_y_zFeyT, where y/(l y-z) is 0.05 to 0.4

and z is 07025 to 0.35. REBIACEMENY sﬂﬁﬁi
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and z is 0.025 to 0. 35. - 4. The ceram c conposition as defined
in.claiml or 3 characterized in that said Mis_C_and at Iga;t one of
the group consisting of Mh, Co and N . 5. The ceram c conposition as
defined in claim1 or 3 , characterized in that”mm"mmkm””"lG The
ceram c conposition as defined in any ne of clains

characterized in that said Ais at |east one select%d frdm the*group
consi sting of Y, |anthanoid

5. The ceramic composition as defined in claim 1 or 4,
characterized in that said M is Cr and at least one of
‘the group consisting of Mn, Co and Ni.

6. The ceramic composition as defined in claim 1 or 4,
characterized in that said M is Cr.

7. The ceramic composition as defined in any one of claims 1
to 6, characterized in that said A is at least one
selected from the group consisting of Y, lanthanoid
series elements and Ga.

8. The ceramic composition as defined in claim 7,
characterized in that said lanthanoid series elements are
those other than La. .

9. The ceramic composition as defined in claim 7 or 8,
characterized in that A is Y, Sm or a mixture thereof.

10. The ceramic composition as defined in any one of claims 1
to 9, characterized in that a phase resulting from a
sintering aid is present in the composition.

11. The ceramic composition as defined in claim 10,
characterized in that the phase resulting from the
sintering aid is present in an amount of 0.5 to 10 % by
weight, preferébly, 0.8% to 5% by weight, of the entire

composition.

12. The ceramic composition as defined in claim 10 or 11,
characterized in that said sintering aid is selected from
the group consisting of silica, mullite, calcium silicate

and strontium silicate. REPLACEMENT SHEET
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series elenments and Ga. 7. The <ceramc conposition as defined in

claim 6 , characterized in that said | anthanoid series elenents are

t hose ot her than La. 8. The ceram c conposition as defined in claim6 or
7, characterized in that Ais Y, Smor a mxturlﬂl‘"ﬁ“mj“ﬂlllllmlll The
ceram c conposition as defined in any gpe of clains , j
characterized in that a phase resulting froma "sihtérifg &id®is present
in the conposition. 10. The <ceramc conposition as defined in

claim 9 , . characterized in that the phase resulting fromthe
sintering aid is present in an anount of 0.5 to 10 % by wei ght,

pref erabl yt3 0. B 625305 GRMBAELtEPNt @6 drfired incaMyosoRe oRI clmimsThe

ceram ¢ conposigies as2 dekhAgdctlrekalimith Okhd@ .said SHAtagliey zgdyi 4 hat
said sinteri ngsial'idca' s selected from

14. The ceramic composition as defined in one of claims 1 or
10 to 12 comprising a compound represented by a chemical
formula '

(Y1-xQy) (Cri_y-zFeyTiz) O3

where Q 1is at 1least one selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC,

where x, y and z are : "

0.351 2 x 2 0.01,
0.4 2 y/(l-y-z) 2 0.05 and
0.35 2z 2 0.025.
15. The ceramic composition as defined claim 14,
characterized in that Q is Sr. '

16. The ceramic composition as defined claim 14,
‘characterized in that Q is at least one element, present
within a solubility 1limit, selected from the group
consisting of lanthanoid series elements othgr than La.

17. The ceramic composition as defined in any one of claims 1
to 16, characterized in that said ceramic composition

consists essentially of n-type and p-type components.

18. The ceramic composition as defined in any one of claims

14 to 17 characterized by a compound represented by a
heet Has Been Reilaced

’ T
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t he group -consisting of silica, nullite, calciumsilicate and strontium

silicate. REPLACENMENT _SHEET 12.
The ceranic conposition as defined in any one of clains 9 to 11 ,
characterized in that said sintering aid is SI | i ﬁw“lmnﬂ“ummﬁram C
conposition as defined in one of claing,l or RRRY R

conpound represented by a chem cal ornmul a

{({Y1-wREy) 1-xQx} {Cri-y-zFeyTiz} O3

where Q is at least one selected from the group
consisting of 2A subgroup elements and RE is at least one
selected from the group consisting of 3A subgroup
elements, and s

where w,x,y and z are
1.ozw>o',

0.351 2 z 0.01,

0.4 2 y/(l—y-z) 0.05, and
0.35 2 z =2 0.025.

19. The ceramic composition as defined in claim 18,
characterized in that Q is Sr and said RE is Sm.

20. The ceramic composition as defined in claim 18,
characterized in that said RE is at least one of the
"~ lanthanoid series elements other than La.

21. A thermistor (1) element comprising the ceramic
composition as defined by any one of claims 1-20.

22. Use of the ceramic composition of one of claims 1 to 20
as thermistor.

23. An apparatus for measuring temperature which comprises
' the thermistor element as defined in claim 21.

REPLACEMENT SHEET
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(Y[err]-xQ) (Cr[err]Fe[err]Ti[err]) C{ef}il - where Qis at |east one

sel ected fromthe group consisting of 2A, 3A and 3B subgroup el enents
of the i nternational periodic table of TURAC, where x, y and z
are. 0.351 > x > 0.01, 0.4 >y/(l-y-z) > 0.05 and 0.35 >z >
0. 025. 14 . The ceramc conposition as defined claim 13 ,

. characterized in that Qis Sr. 15. TEF ceram c conposition as
defi ned claim 13 , characterize 41n that Qis at | east one el enent,

pr esent within a solubility limt, selected fromthe group
consisting of |anthanoid series elenents other than La.

REPLACEMENT SHEET/
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16. The ceram c conposition as defined in any one of clains 1 to 15 ,

characterized in that said ceramc conposition consists essentially of
n-type and p-type components. 17 The ceram c conposition as defined in
any one of clains 13 to 16 characterized a conpound represented by a
formul a Substitute sheet - 6

August 1998 ABSTRACT
{(Y[err]RE[err])[err]CIerr]) (Cr[err]FeyTi[err]) 03

CERAMIC COMPOSITION AND THERMISTOR
COMPRISING SUCH CERAMIC COMPOSITION

- Described is a ceramic composition comprising a compound

havz.ng a perovskite structure represented by the formula
. AMOj3 '

where A is at Jleast one element selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
‘international periodic table of IUPAC, where M is -at least
one element selected from. the gfoup consisting of 4A, SA,.-63,
7A and 8 subgroup elements of the international periodic
table of IUPAC, and wherein said perovskite compound is made
up of p-type and n-type components and the elements are
present essentially within solubility limits in the
perovskite structure. This ceramic composition is especially
useful as a main component for a thermistor element (1)
exhibiting_stable properties at elevated temperatures up to
1100°C.

(Flgure 1)
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“\Wher e Q is at least one selected from the group consistff"ﬁ‘@"dfws

2A subgroup elenents and RE is at | east one sel ected fromthe group
conM&iW@AMgLoupm_, el enents, and where w, X,y and z are
1.-0f > CEMENT 3HIFEISx  >8G. 01 0.4 > yl(l-ylz) > 0.05, and 0.35 >

z > g%ﬂg‘d@&p@mﬂ...mmﬁm& ..... conposition as defined in claim 17
chay d€taeik -isrpagdthed. @ ipagdd.aang said REis Sm. 19, The _ceram.c
conpds irivwimg(As pageaf ..nesl pagtﬂi“,gl him 17 | HW?WEE ﬁj\}%ﬁt %ge?ad RE

i s @At emstetone paged Neto pagddNt hpnoi d_sgy Les el erents—ether—than La. 20.

A thermistor (1) element ~cpnprising the ”clle ani conpgsi ti on

r c
s HesnecopRACKIANS igC 2 ™ |- 20 1 A
_ ) " S *
1. A ceramic composition comprising a compound having a

[ L
perovskite structure represented by the formula
AMO3

Claims

where A is at least one element selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periodic table of IUPAC,

where M is a combination of at least any one of a first group consisting
of Fe and Ti and at least any one of a second group consisting of Cr, Mn,
Co and Ni, and

wherein said perovskite compound is made up of p-type and
n-type components and the elements are present
essentially within solubility limits in the perovskite
structure. . '

2. The ceramic composition as defined in «claim 1,
characterized in that the first group is Fe and Ti and
the second group is Cr and at least one of Mn, Co and Ni.

3. The ceramic composition as defined in any one of claims
1-2, characterized in that said M is represented by
(Cr,Mn,Co,Ni)j.y_zFeyT,; where y/(l-y-z) is 0.05 to 0.4
and z is 0.025 to 0.35.
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- ‘21. Use of the ceram c conposition of one of clains 1 to 19 as

therm stor. 22. An apparatus for neasuring tenperature which conprises
the thermstor—eterent—as defined in claim20

RN 0 o

Substitute sheet — 6 August 1998
4. The ceramic composition as defined in claim 1 or 3,

characterized in that said M is Cr and at least one of
the group consisting of Mn, Co and Ni.

5. The ceramic composition as definéd in claim 1 or 3,
characterized in that said M is Cr.

6 . The ceramic composition as defined in any one of claims 1
to 5, characterized in that said A is at least one

selected from the group consisting of ¥, lanthanoid
series elements and Ga.

7. The ceramic composition as defined in - claim 6,

characterized in that said lanthanoid series elements are
those other than La.

8. The ceramic composition as defined in claim 6 or 7,
characterized in that A is ¥, Sm or a mixture thereof.

9 . The ceramic composition as defined in'any one of claims 1
to 8, characterized in that a phase resulting from a
sintering aid is present in the composition.

10.. The ceramic composition as defined in . claim 9 ,
characterized in that the phase resulting from the
sintering aid is present in an amount of 0.5 to 10 $ by

weight, preferably, 0.8% to 5% by weight, of the entire
composition.

1l1. The ceramic composition as defined in claim 9 or 10,
characterized in that said sintering aid is selected from
the group consisting of silica, mullite, calcium silicate
and strontium silicate.
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13 .

14 .

15 .

16 -

17 -
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The ceramic composition as defined in any one of claims

9 to 11, characterized in that said sintering aid is
silica.

The ceramic composition as defined in one of claims 1 or

9 to 11 comprising a compound represented by a chemical
formula

where Q is at least one selected from the group
consisting of 2A, 3A and 3B subgroup elements of the
international periocdic table of IUPAC,

where x, y and z are
0.351 2 x 2 0.01,

0.4 2 y/(l-y-z) 2 0.05 and
0.35 2 z 2 0.025."

The ceramic composition as defined claim 13
characterized in that Q is Sr.

’

The ceramic composition as defined claim 13,
characterized in that Q is at least one element, present
within a solubility 1limit, selected from the group

consisting of lanthanoid series elements other than La.

The ceramic composition as defined in any one of claims 1
to 15, characterized in that said ceramic composition
consists essentially of n-type and p-type components.

The ceramic composition as defined in any one of claims
13 to 16

characterized by
formula  |REPLACEMENT SHEET

0 7 AUG 1002

a compound represented by a




i
* c L M H *

18.

19.

20.

21,

22.

Substitute sheet - 6 August 1998

{{¥1-wREw) 1-xQx} {Cri-y-zFeyTiz} O3

where Q is at least one selected from the group
consisting of 2A subgroup elements and RE is at least one

selected from the group consisting of 3A subgroup
elements, and

where w,x,y and z are
1.02w >0,

0.351 2 x 2 0.01,

0.4 = y/(l-ylz) 2 0.05, and
0.35 2 z 2 0.025.

The ceramic composition as defined in «claim 17,
characterized in that Q is Sr and said RE is Sm.

The ceramic composition as defined in «claim 17 ,
characterized in that said RE is at least one of the
lanthanoid series elements other than La.

A  thermistor (1) element comprising the ceramic
composition as defined by any one of claims 1-20.

Use of the ceramic composition of one of claims 1 to 19
as thermistor. -

An apparatus for measuring temperature which comprises
the thermistor element as defined in claim 20 .
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