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materi al s

d
for thermators which may be enployed at higher tenperatu Pes

t here have so far been enployed (1) [err] nmaterial conposed mainly of

conpounds

of As maseaiadd Ioppdherpindiorst Midicr @avasbei sempdoyetor at

exanple Ln JP Patent

hxgher temperatures, “there have sg far been employed (a) a
materzal composed maznly of compounds of a corundum type
crystal structure, as disclosed for example in JP Patent
KOKAI Publication No. 50-118294 (JP-A-118294/75) or "Fine
Ceramics Handbook” by Kenya HAMANO, published by ASAKURA
SHOTEN in 1984, (b) a material composed mainly of compounds
of a sapinel t&pe crystal st:uctufe, as disclosed for example
in JP Patent KOKAI Publication No., 48-636885 (JP-A~-683985/74),
(c) a material composed mainly of ZrQe, as disclosed in
"Internal Combustion Engine" vol. 30, number 8, page 98, and
(d) & material mainly composed of compounds of a perovskite

type crystal strucluse.

However, with the material (a) composed mainly of the

.ecorundum type érystal structure, it is not possible to

adjust its resistance~temperature characteristics to - a
greater extent, although such characteristics can be changed
Blightly by addition of other elements, On the other hand,
the material ceases to have a stable corundum struciure and
is deteriorated in ‘thermal stability ce addition of an

additive in a larger quantity.

The material (b) composed mainly of compounds having the
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Handbook"- by Kenya *~ HAMANO, . published by - ASAKURA SHOTEN in 1984, (b) a

materi al conPeaPE rREuTIey TER I85AP6ENds CHRTACESITHAIt iophe cr $50El stdacture,

as disclosed for exanple in JP Patent KOKAI Publication No. 49-83985,
(JP-.A- 63995/ tamperatuzengradisntc 6apssadtndi nl push [ Ehat, 4% dessmeded bien

"| nt er nal

Conbusti on Engi ne" vol. 30, nunber 8, page 98, and (d) a materi al

mai nly conpodsgdopvesnpowideTot eBpgsrsusRi rengepe Onyshel osheact band, a

However,

with the materi al

structure, imaterdel pomprsed meindyusft Nidlz=Pesiseancdisedperdtudie JP
characteristics to - a greater extent, although such characteristics can
be changed sPeglentyKbKadd@ubldnasiont Nor 4PeRBAf8. (18740 héTBrAeR94BAKA4)

or a material composed mainly of CoAlzO., as disclosed in JP
Patent KOKAI Pubiication Né. 48-705 (JP-A-T05/73), is low in
thermal reaistance and cannot be used at elevated
temperatures.

The material (c) composed mainly of zireonia has its
resistance increased for a temperature range lower than its
-activation temperature and cannot be praééically employed.

With the material (d) composed mainly 6: compounds
having the perovskite type crystal stru;ture, if only a
small q;antity of oxides of La is left unreacted, such
unreacted c¢omponent is reaéted with the moisture ’ in
atmosphere to yield labile La(OH)a leadipg to destruction ot

the element or to unstable resistance valuss.

It is therefore the object of the present invention to provide a ceramic

composition especially useful as a thermistor base, and a method of
producing same, which avbids the above mentioned drawbacks of known
‘Products. This object is solved by the ceramic composition according to
independent .claim 1, the thermistor element according to independent claim
8 and the process to produce a cerami¢ body according to independent ‘claim
21. Further advantageous features, aspects and details of the invention
are evident from the dependent claims, the description, the examples and
the drawings. The claims are to be understood as a first non-limiting

approach to define the invention in general terms.

It is an aspect of the.present invention Tt0 proviace a
novel ceramic devoid of the above mentioned problems.

It is a specific'aspect of the present invention to
overcome at least-one of those problems and to provide =a

ceramic composition or a ceramic for thermistor in which at
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(a) conposed mai nly of the corundum type crystal



‘the material ceases to have a abl e corundum stryctyre and is

-deteterioratéﬂ‘Fﬁ~°Pﬁerﬁ§F%°§F§B?I“ﬁ} %n * ddﬁﬁﬁgﬁWH@F 4*%%ﬁﬁﬁ%ﬂﬁ§ﬁiﬁﬁa
| arger quantity. The nmateri al ) conposed, mai nly qf connoynds havyj t he
This is the pEl 8&&iSAdeghee &Béaé':» a brog “fs?gé’% rserﬁlrfLe{I‘nthe v@'ﬂ‘s“s‘[‘al
structure has a higher rate of _chance of .tenperature-resistance ‘
chdracteri st mey, be {ghtzineds bY ,addussingr &15 aFORRC SHEFHQ UL er fPe

such that it cannot be used over a w der tepperature égn%ﬁ. t he %}her
hand, a natemaslerdsdposd@afai MiFes [&&Y), & di FAVEEFSH gprom  Dbeing

deteriorated by being sinterable at a temperature not higher
than 1800 C, and it {s free from hygroscopic components and
deterioration in éharacteristic§ due to environmental
humidity or thermal hysteresis and hence may be used over a
wide range of temperatures from room temperature up to 1100

*C .

It is a further aspect of the present invention to

—~~

‘provide a novel thermistor element and a thermistor device

using the game.

gtill further aspects will become apRarent in the entire

diselosure and claims.

This invention specifically relates ;ho a2 ceramic .composition for a
thermistor having & negative temperatu}e coefficient and
exhibiting high.stability at elevated temperature§ an& a

_.thermistor element prepared from the composition.

-“As a result of our eager investigations, the present
mi_nventors have arrived at a ceramic compositipn, especially useful for
thefmistors, to achieve the above object. Namely, there (s

provided a composition represented by the general formula

(M* 15 N*5) (P%21-3-2° N2, Al.)Os wherein M* denotes one or

more elements selected from the elements belonging to the

group 3A of the Periodiec Table excluding La,
N* denotes one or more elements selected from the
elements helongiﬁg to the group 24 of the Periodic Table,

P* denotes one or more elements selected from the
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Pat ent KOKAI Publication No. 49-29499 (1974) (JP-A-29499/74) or a materi al
conposed nainly of [err], as disclosed in JP Patent KOKAl Publication No.
48-705 (JP-A-705/73), is lowin thermal resistance and cannot be '
used at® elevated tenperatures. The material (c) conposed nainly of
zirgonia has .its .resistance increased for a tenperature range |ower than

I t-s activation tenperature and.cannot be practically enployed. Wth the

material (g)egOHPOSER1ORI BLYoRE €OMPRANESoH Ni@ﬂ,tbﬁ,DEA?V?fihﬁdtxp?nét
e a S e

crystal structure, if only a small quantity of oxides o

Fgr:?ﬁ;gd’éhéugfi&9£eéftﬁﬁicﬁogfﬂﬁﬁﬁ$ pleypécaphfdotbibesbpe  noisture
phere to yield labile [err] [eading to destruction of the el ement
or to unstabl ey# €3t f05€ ¥R USSr more elements selected from the
elements which belong to the groups 4A, 5A, 8A, 7TA and 8 of
"the Periodic Table.and the oxides of which exhibit n-type
cha}act;ristics, and
wherein x, y and z are larger than 0 and smaller than
1, and x, v and z are defined to satisfy the following
formula
0.001 £ x/(1=y-z)}< 0.20,
0.05 § y/(i-y-z) S 0.80 and
0< z/ (1-y=-z) £ 0.90.
A them;'_stor e]_emer;t can be Produced using the above-defined
composition.
The groups 2A, 3A, 4A, 5A, 6A and TA herein mean the
groups 2A, 3A, 4A, 5A, 6A and 7A of the Periodic Table for
elements as agreed upon by the Committee {for Noﬁenclature

for Inorganic Chemistry of the International Union of Pure
and.Applied Cheﬁistry (IUPAC) of 1985,
It has now been found that a ‘desirable ceramic
composition especially for thermistors may be provided by a composition
represented by the general ‘formula
(M*1-5¢* N*sc) (P®1-3-2- N2, - Al.)Oa
wherein M! denotes one or more elemenis selected <from

the elements Y, Sm, Pr, Nd, Dy, Er, Gd and Yb, and N*
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It is therefore the object of the present invention to provide a ceramc
- conposition especially useful as-a therm stor base, and a net hod of
produci ng same, which avoi ds the above nentioned drawbacks of known
products. This object is solved by the ceranic conposition according to
i ndependent claim™, the therm stor el ement according to independent claim
8 and the process to produce a ceram c body according to i ndependent claim
21. Furtha@nadwanbaae%@smk%atuu%&enﬁspeqﬁ% ad Q%%ﬁ'kieol1kgﬁntﬂy 5}'0“
are evident fromthe dependent cl ains, 3escr|pt|on t he exa
the draw ngg., sthan@ @las are to be understood as a flrst non- I|n1t|ng

approach to define the i'nvention in general terns. I s an aspect of the
present invent p®N4enb?esPbBY CEr Amaaue! dgyoi fi t bov
ment i oned problensenrtefs a speglfIn asﬁgghagk? géqegt?ese%?°%'nv3ﬁﬁ on

to overcongigheh?3SkrONfmof chNang RIObLGHES and to prOV|de a

NZ denotes one .or more elements selected from the
elements Fe, V and Ti,

wherein x, ¥y and z are larger than 0 and smaller than 1,
and X, v and z are defined so that
0.001 £ x/(l1-y-z)< 0.20, 0.05 £ y /(l1-y-z) S 0.80 and
0 < z/ (1-y=z) £ 0.80,.

It has also been found that =a degirable ceramic

composition espec:.ally for thermistors may be prov1ded by & composition

represented by (Y;-x er)(crl—yfz‘ Fesy, - Alz)Os wﬂerein M*
is yttrium, N* is strontium, P? is chromium and N* is iron,
wherein x, ¥y and z are larger than 0 and smaller than 1, and
X, ¥ and z are defined so that
0.001 £ x/(1-y-z)< 0,20, 0,05 £ y/(1-y-z) £ 0.80, and
0.< z/ (1-y-z) £ 0.80.

It has also been found that a desirable ceraﬁic

composition especially for thermistors may be provided by a composition
represented by’

(Gdy—s - Srsx) (Cri-y-=- Fey, - Alz)Os, wherein M* is gadoliniuq,
N* is strontium, P® is chromium, and N%? is iron, and
wherein x, y and z are larger than 0 and smaller éhan 1,
and X, ¥y and z are defined so that

0.001 £ x/(l-y-z)< 0.20, 0.05 £ y/(l1-y-z) £ 0.80 and
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ceram c conposition or a ceramc for thermstor in which at This is the
repl acenent sheet Date: 1 1 OCT 1996 -3- least one, preferably al

of the following characteristics are satisfied: Nanely, a broad range of
resi stance values may be obtained by adjusting the conposition of
the material, lead. wres may be prevented from Dbeing
deteriorated by being sinterable at a tenperature not higher than [err] C
, and it is9ffeezffo h&g?bséoppegﬁonponents and deterioration in

characteristics_ due to  environnental _
has }150 been found that a desirable ceramic

composit'ion especially for thermistors' may bea provided by a composition
represented by (Smx—x-.er)(Crl_y_z~ Fey - Alz)Os,

- wherein M* is samarium, N? is strontium, P®* g
chromium and N® is iron, with x, y and z being larger than 0
and smaller than 1, wherain X, ¥y and z are defined so that
0.001 s x/(1-y-z)< 0.20, 0.05 £ y/(l-y-z) S 0.80
and 0 < z / (i-y-z) £ 0.90.

If a sintering aid is added to the ceramic composition
especially for thermistors 'for improving itas sinterability, it can be
sintered gt lower temperatures to give hi}h gtrength and
superior ihermal resistance. As the sintering aids, those-
capable of forming a liquid phdse in the grain. boundary to
form a matrix for improving the sinterability of the ceramic
- may be employed. The sintering aid is preferably added 1in
an amount of 0.5 to 10 wtX and, in particular, in an  amount
.?f 0.8 to 5 wt%,' based on the weight of the ceramic

coﬁpoaition for the thermistor. | |
The following functions and/or advantages are achieved

by the present inventien.

The material according to the present invention is of
the perovskite structure and exchange may be made eaxily

between atoms having ion radii close to each other, and thus

the compositions resulting from such atom exchanges exist in

-5~
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humi dity or thermal hysteresis and hence may be used over a wide range of
tenperatures fromroomtenperature up to 1100 It is a further aspect of
the present i nvention to provide a novel therm ator el enent and a
therm stor device using the sane. Still further aspects will becone
apparent in the entire disclosure and clains. This invention specifically
relates to a ceramic conposition for a thermistor having a negative

temper at ur c SReP b REMHF L ofFFBERRE T of BBt SRarF orPdME R ERp oo ¢ Shens o
[eSUIE O Oq FRIEEy , LAVChaBRH B Ron, ABRHRRETETY G THE CHP e L
above obj ect. Afgg?lyincéhgﬂg cégposition is free from La, it 4is not
affected by the environmental humidity and may remain stable
at higher temperatures so that it may be' employed over a
wide temperathre ranﬁe form room temperature up to 1100 <«
or higher, This is thought to be ascribable to the fact
that the compound of the present invention remains stable at
higher temperatures. '

The p—type semiconductor has its resistance dependency
on the oxygen partial pressure which is converse to that of
the n;type semiconductor. That is, the lower. the oxygen
partial pressure, the higher and the lower become the
regsistance of the p-type semiconductor and the n-type
aemiconductor, respectively. The ceramic composition of the
present invention is a mixture of <these two =semiconductor
materials, the characteristics of which with respect to the

_oxygen pvartial pressure cancel each other, 80 that stable
characteristics are exhibibed despite fluctuations in the
oxygen partial pressure. On the other hand, lattice defects
of thermally labile oxygen or metal ions are diminished =o
that resistance values are not changed and remain stable
even after heat hysteresis.

Since the ceramic composition is produced by simple

substitution solid solution, it can be sintered at a

7 This Sheet Has Been Replaced




‘provi ded a conposition represented by the general fornula [err] wherein
[err] denotes one or nore elenents selected fromthe elenents belLonging
~to~the group 3A of the Periodic Table excluding La, [err] denotes one or
nore el ements selected fromthe el enents belonging to the group 2A of the
Periodic Table, [err] denotes one or nore elenents selected from
the This is the replacenent sheet Date: 11 OCT 1996 el enents which
bel ong to the groups 4A, 5A, 8A, 7A and 8 and the oxi des of which exhibit

p-type Ché&%&%@&k&hggsnot higher then 1800 € without producing by~
products, while lead wires may be pfevented from Dbeing
deteriorated. 1In addition, sintered thermistor elements may
be used over a wide temperature range of from roﬁm
temperature to 1100 °C or higher. Furthermore, =x=ince the
resistance values can be changed within a wide range by
adjusting the composition in a wide range, it offers an
advantage such that the resistance value and the thermal
gradient constant (referred to as "g" hgéeinbelow) can be
freely_selected.
Process Aspects

According to the process aspects of the present
invention, the following points are further mentioned which
serve to illustrate the invention in more detaijl.

The calcination aimsa at to achieve a homogeneous
sintered ceramic body with extensively reduced fluctuation
in reaction, i.e., without segregate& distribution of the
phases which constitute the microstructure of the ceramic,
In this regard, the starting materials are, preferably,
selected from certain zalts of the relevant elements, e.g.,
nitrates, sulfates, chlorides etc which are heat-~
decomposable with ease and have high reactivity upon heating
for caleination,

Applying the calcination, particularly followed by

pulverization, the fluctuation in the ultimate sintered

- Q- This Sheet Has Been Replaced |
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[err] denotes one or nore elenents selected from the el enents which
“belong to the groups 4A, 5A, 8A, 7A and 8 of the Periodic Table and the
oxi des of = which exhibit n-type characteristics, and wherein x, y and z
are larger than 0 and snaller than 1, and x, y and z are dafined to
satisfy the following formula 0.001 [err] x/(1-Y-z)< O 20 0.05 [err]

yl €1-y-2) [err] 0.80 and O <z / (1-y-z) [err] 0.90. A thermstor

N PGS i vl b L s S s S R o T

7A of~ the'%%dé“?éﬁué&ﬂﬂﬁ% J(Hinzmum. as compared to the case where a
mixture of the starting materials would be directly press—
molded and sintered.’

Thus, the calcination is carried out preferably within
an approximate range of 1200 to 1450°C, mofe preferably
about 1400°C. Also calcination is conducted until reaching
a state where there is & minimum amount of ﬁonreacted
residues (in other words, reaction products of 6 perovskite
type compounds are easy for pulverizing without having been
sintered with high densification). In th:s regard, the
calcination will be. continued, preferahly. for at least
about one.hour, more preferably abput 2 hours.

As for the sintering aid, there are many alternatives
besides gsilica and/or mullite, such as,
those compounds of types of CaO—SiOz,' Sr0-Si0=, Mg0-SiO=z,

B202-Si02-A120s3, B203—Si0Oz and the like.

The sintering is preferably conducted at a temperature
raﬁging 1450-1800*C, more preferabiy 1450-1550C. The
atmosphere for the sintering is generally preferred to Dbe
the ambient air or a neutral atmosphere (not oxidizing nor
reducing). However, this will depend on the materials
selected. For example, if SiO. is used as a sintering aid,
oxidation of Cr(3+) to Cr(6+),. volatilization and (even

slight) reaction of SiOz with the major ingredients might

-~ q -
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el ements as agreed upon by the Commi tt ee for - Nonenclature for I norgani c
.Chem stry of the International Union of Pure and Applied Chem stry
(1UPAC) of 1965. It has now been found that a desirable ceramic
conposition especially for them stors nmay be provided by a conposition
represented by the generaL formula wherein [err] denotes one or nore
el enents selected fromthe elenents Y, [err], Pr, Nd, Dy, r, G and
Yb, and Eetvk thi Smprovie siaglezatiditysheet Date: 1'1 OCT 1996
denotes one or nore elenment selected fromthe elenents M,
The sintering is carried out, preferably, for about at
least on hour, more preferaﬁly, for about 1-2 hours until a
sufficient density is reached, e.g., & relative density of
80% or more, or preferably 95% or more of the theoretical.
Other Features of the Products
The resulting sintered products consists essentially of
perovskite type compounds, while there are phase(s)
resulting from the sintering aid, usually as a grain
boundary (matrix) phase which surrounds greains of
perovskite.
%
The stable resistance is aimed at a resistance change
rate as calculated as temperature being within plus/minus
15°C after thedurabilitytest under high temperatures (e.g.,
at 350, 600°C, 900°C).
Within the generic compoasitional range, the following
range is preferred, e.g., according to Example 1:
0.00158x(1~y-2)£0.020%
0.05sy/(1-y-2z)£0.80
0.20%z/(1-y-2)50.80
¥ corresponds to the temperature gradient constant
value "B" of 3000 or more.
The following meritorious effects are achieved by the

present invention.

According to the present invention there are provided

-.lD-..
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Ca, Sr and Ba, [err] denotes one ‘or nore elements selected from the
elenents Cr, My, Co and [err], and [err] denotes one or nore elenments
selected from the elenents Fe, V and Ti, wherein x,.y and z are |arger

than 0 and smaller than , and x, y and z are defined so that 0.001 [err] "
x/(ky-z)< 0.20, 0.05 [err] vy /(1-y-z) [err] 0.80 and 0 < z [/ (1-y-2)
. [err] 0.90. It has also been found that a desirable ceramc

COmPCSt L On ERRIBALY g MLALSEe TRk DB BUAE0BY .3, COTPRRLLIO"

;iafrggnlﬁgh%%ge&ﬁéa elganE&OQbagh%B%kE %b Xl%@qczaﬁﬁepkﬁl EL a tg%gb?eand
registance against both: the oxidizing and reducing
atméspheres. Algo there are provided ceramic compositions
for thermistors and thermistor elements which are superior
in the stability at a thigh temperature, can be used within
a broad' temperature range, and have a high mechanical
strength; and thus they can be used as, jfor instance, a
detecting device of _overheating for -the catalysts for
exhaust gas purification in automobiles, measuring apparatus
of high temperature gases such as detecting apparatus of the
recycled gas temperature in the gas—recycling system of
exhaust gas, measuring apparatus gsed at places of =aevere

vibrations, or temperature measuring apparatus for various

kinda of furnaces etc.

Figure 1 shows an embodiment of the present invention.
.Explanation of Symbols
1 ,,. thermistor element
2 ,.. lead wire

EXAMPLES '~

In the following preferred embodiments are disclosed
with reference to specific Examplex which should not be

interpreted as limiting the invention thereto,

Example 1

-1} - This Sheet Has Been Replaced




"'Xx. y and z are defined so that O OCl [err] x/(1-y-z)< .0.20, 0.05
[err] y/(1-y-z) [err] 0.80, and C <=/ (L-y-z)'[err] 0.90. It has also
-~been found that desi rabl e ceram c conposition especially for
therm stors nmay be provided by "a conposition represented by [err]
wherein [err] is [err], [err] is strontium [err] is chronium and [err]
is iron, and wherein x, y and are larger than 0 and snmaller than 1, and
X, y and aEganpientdogothbapreseit [Avehtionxiglnygwzetpl@in@d. 0. 05
[err]. y/(1l-y-z) [err] 0.80 and This is the replacenent sheet Date:
11 OCT 1996 Y20a having a purity of 99.9% or higher and a mean
particle size of 1 um, SrCOs having a purity of 98.5% oi
higher and a mean particle size of 1 .um, FeOs haéing a
purity of 98.5 % or higher and a mean particle size of 1
g m, and Al.0; having a purity of 98.9X or higher and a mean
particlé size of 0.7 um werse weighed to a composition (Y-
»* STa) (Cri-y-=- FeyAl2)Os where x, ¥ and z are set as shown
in Table 1, mixed by a wet mixing method, dried and calcined
(pre—~fired) by subsequently maintaining the mixture 1400°C
for two hours.
To the resulting calecined powders 1 wt¥% of Si0s powder
having a hean particle size of 0.8 £ m is added and mixed by
a wet mixing method. The resulting mass is mixed together
by & wet method to give =& slurry mixture which is then
passad through a 200-mesh sieve and subsequently dried. The
dried mass is then admixed with a binder composed of 15 wtX
of poly vinyl butyral PVB, 10 wt% of di-butyl phthalate DBP,
50 wt% of methyl ethyl ketone MEK and 35 wt% of toluene for

granulating powders for press molding.

This Sheet Has Been RT
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-6 - 0< z /(l-y-z) [err] 0.90. It has -also been found that a
desirabl e ceram c conposition especially for thermstors my be provided
by a conposition represented by [err] wherein [err] is samarium [err]

i's strontium [err] is chromumand [err] is iron, with x, y and z
beinglf%ﬁégﬁ ythan O and smaller than 1, wherein x, y and z are defined so

t hat [err] x/(I z)< 0 20, o 05 [err] y/(I y-z) [err] 0.80 and
0 < z+—(iyrzr—terr+—6—86—tf—a—siptertrgea-ad—is—added—to—the—eeranm-<
conpord dmmle especi a¢dmpdoitidrer mi st o*s réotstameoikng Jts sinteraility, il
can pe-
No. |(x/i-y-z|z/1-y-z|y/l-y-2| 350+C | 800°C| 900+C|300-500]800~900
1 | 0.000 0.20 0.20 {135 2.08 | 0.107{ 8060 { 10100
2 0.000 0.80 0.20 173 6.64 | 0.496| 7400 8860
3 0.0015] 0.20 0.05 | 20.0 0.820} 0.120f 6700 7000
4 0.0015; 0.20 0.10 | 19.0 0.880) 0.108| 6500 7460
8 0.0015] 0.20 0.20 | 22.6 1.000] 0.084| 6680 8490
6 0.0015, 0.20 0.25 | 26.7 1.06 | 0,089 6770 8450
7 0.0015, 0.20 0.30 | 21.5 0.956] 0.004| 6840 7930
8 0.0015| 0.20 0.50 | 15.0 0.820.‘01091 8320 7500
9 0.0015| 0.20 0.80 8.0 0.550| 0.080] 5800 §500
10 0.0015| 0.30 0.20 | 87.7 1.84 | 0,121 7600 9280
11 0.0018{ 0.30 0.25 | 82.6 1.69 | 0.120 7720 8020
12 0.00158] 0.30 0.30 | 50.8 1.856 | 0.125] 7410 8580
13 0.0015] 0.40 0.20 {141 '2.03 0.130] 8880 8340
14 0.0015| 0.40 0.25 (107 1.51 | 0.111 8040 8800
15 0.0015| 0.40 0.30 | 42.3 0.874] 0.091] 8160 7700
186 0.0015; Q.55 0.20 8.66 | 1.03 | 0.144| 4880 6700
17 0.0015} 0.55 0,25 | 31.6 2.20 | 0.188] 5800 8220
138 0.0015| 0.55 0.30 | 18.1 0.910f 0.108| 8500 7300
19 | 0.0015| 0.80 | 0.20 | 31.1 | 2.50 | 0.327| 5320 | 6890
20 0.0015( 0.90 0.20 | 51.2 4.12 | 0.421| 5480 7780
21 0.0020f 0.80 0.20 6.24 | 1.26 | 0.258| 3300 5400
22 | 0.0150| 0.20 | 0.20 | 0.298| 0.137| 0.058 1870 | 3080
23 0.0200( 0.80 0.20 0.394) 0.174} 0.088] 1830 23840
2 4 0.200 0.80 0.20 0.122} 0.032| 0.014 880 2800
25 0.250 0.20 0.20 0.010| 0.008] 0.005} 1280 610

_ib-
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sintered at lower tenperatures to give high strength and superior
‘thermal resistance. As the sintering aids, those capable of formng a

liquid phase in the grain boundary to forma matrix for

| mpr ovi ng

t he

sinterability of the ceramc may be enployed. "The sintering aid is
preferably added in an amount of 0.5 to 10 wt% and, in particular, in an

ampunt of 0.8 to 5 W% based an the weight of the

ceram c

conmposition for the thermstor. The follow ng functions and/cr advant ages
are _achi eved byThBe Tgraddins RO¥HETEn 2TPhEDARERL AntacomEittd MP kdhe in
present invention is_ of the perevskite structure and exchange
made easi 1yhbebwE¥a BLSFEHAYi HETeSn 2aEi | ddS8s6edo c&dfTot Kerd MW timus
the conpositions resulting fromsuch atom exchanges exists in
diameter, at an interval of 1.2 mm, and are pressed under a

may be

pressure of 98 MPa (1000 kg/cm®), for producing a molded

product, 3 mm in diameter and 2 mm in thickness, having two
lead lines of platinum wires, as shown in PFig. 1. The
molded products are sintered in ambient air at 1550°C to
produce thermistor elements.

On the thermistor elemeﬁt, thus produced,

resistance values in the atmosphere at 300°C,

350°C, 600°C

and 900°C and values of the temperature gradient constant 8

were measured. The results are shown in the columns of

"resistance” and "8 " in Table 1.

the

Next, the samples were maintained for 300 hours in the

atmosphere at 1000°C and the resistance values

thereof at

350°C, 600°C and 900°C before and after the maintenance at

1000°*C were measursd in order to check. the

..investigating the resistance change rate (referred

"AR rate" hereinafter). The results are

shown at

"AR rate (%)" column in Table 2. Also, environmental

was conducted by maintaining each sample at 800°C

chamber of & reduced oxygen pressure at an oxXxygen

durability by

to as

the

test

in a

partial

pressure of 0.01 Pa (10~7 atm) followed by measuring the

resistance values thereby checking the stability of

the

resistance values. The results are also shown at the column

-
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t he repl acenment sheet Date:

possi bl e

“-a wirde range.
affected by the environnental
tenperaturas so that it my be
formroomtenperature up to 1100 [err] or higher.
ascri babl eot 0" 4H61FafehBall tBaLCAMROKRELOfxY RS present invention renains
stabl e at

Al.so,

to

enpl oyed

-7- a stable state.

change and adjust the conposition continuously over
it is not

over

since the .conposition is free fromlLa,
hum dity and nay remai n stabl e at higher

w de tenperature range
This is thought to be

a

Table 2
Sample AR rate (%) environmental
- test
No. 350°C 600°C 800°C AR rate (%)
1 | -30( 10] ~-18[ 15] -10{ 121 12[-15]
2 22[-13] -11{ 10] - 70 12] 16[-18]
3 17{~ 9] 9[=-10] 6(-12] 4(- 8]
4 9[- 5] 11[-12] 8{~15) 4(~ 7]
5 6(- 4] 8(~ 8] 5(- 8] 2(- 3]
6 | - 4[ 3] ~-8[ 6] | -6[ 9] 2[- 3]
7 | - 8[ 51 - 8 10] - 2[ 4] - 2[ 4]
8 | -8 58] | ~-70 91 | -8 5] - 3[ 5]
g | -10[ 7] - 70 10] - 5[ 10] - 5[ 10]
10 12(- 5] 9[- 7] §(-10] 2[- 2]
11 8[— 4] 15(-12] 8(-13] - 2[ 3]
12 | -14[ 71 | -9[ 71 | -6l 3] - 3[ 4]
13 10(- 3]} 7(- 5] o[-12] 3{~ 4]
14 (- 2] 1= 1) | 1l[- 2] - 2[ 4]
1.5 | -20[ 8] ~11( 9] - 6[ 10] - 1{ 2]
16 3[- 2] 3{- 4] 3[- 8] - 1[ 2]
17 10(~ 6] a[- 2] 5[- 81" a[~ 5]
18 | -10[ 6) - 70 8] - 3[ 5] 1(- 2]
18 10(- 8] 2[- 3] 4[- 8] 1[- 2]
20 11{~ 9] 10[-13] 8[-11] - 2[ 4]
21 4[- 5] 3[= 4] 5[-121 3[- 7]
2 2 §[~ 8] 2[- 8] 5(=151] of o0l
2 3 5(=10] 3[-10]) 3(-151 2{-10]
2 4 | - 8( 10] 7[(-16] 3(-151 o[ 0]
2 5 | -14[ 48] - 4[ 38] - 5[110] of( o]
-15 =
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“hi gher tenperatures. The p-type semiconductor hcs its resistance dependency
on the oxygen partial pressure which is converse to that of the n-type

sem conductor. That is, the | ower, the oxygen partial pressure, the higher
and the | ower becone the resistance of the p-type sem conductor. and the
n-type sem conductor, respectively. The ceram c conposition of the present
invention'is a mxture of these two semiconductor materials, the

characteristics mafe Wnfe M tdrd e5a0e 0 gm%e par'zﬁ,gd plr.te’sisw e cancel
e

each other, so that stable characteristics are exh i'te sp

flucttati onharge (AR)0esan hAf WAl WiERe Thadle PN AL 1A CC

defects of thermally labile oxygen or netal 1ons ar nlnls

resi stance gealtiapedat utdl (IR Ahp TR VIR Yerived from the

resistance change rate) are defined by the following
equationsa: '
8 = 1n(R/Ro)/(1/K— 1/Ko)
AR rﬁte = (Re— Ro)/RoX 106%
(AR rate, calculated as temperature)
= 8 X Ko/ (1ln(Rc/Ra)X Ko+ 8 )— Ko
where ln indicates common logarithm, and R and Re indicate
resistan;e values at absolute temperatuﬁes K and Ko,
respectively in the atmosphere. "300-600" and "800 "~ 800"
denote thg.temperature gradient coqstants -4 between 300°C
and 800°C and between 800°C and 900‘C , respsctively.

For the durability test, . R« denotes the resistance
values at a temperature t (t=300C or 900C ) in the
atmosphere after the durability test, ~For the environmental
#fst, Rt denotes the resistance values at a temperature t
(t=800°C) in an oxygen-reduced chamber.: AR rate calculatad
as temperature is shown in the square blackets [] at the
column of "environmental test A R rate” in Table 2.

As apparent from Table 1, the resistance value can be
adjusted easily by varying the mixing ratios of x/(l-y~z),
y/(i=y~z) and z/(1-y~-2) in the composition repressnted .by

the formula (Y,..- Srx) (Cri-y-x- Fey: Alz)Oa.

_—'._’_____—/
heet Has Been Replaced

T

-~ le...



even after heat hysteresis. Since the ceram c corposition is produced by
 s|ane substitution solid solution, it can be sintered at a This is the
repl acenent sheet Date: 11 OCT 1996 t enperature not hi gher than 1800
[err] . without producing by- products, while lead wres nmay be
prevented from.being deteriorated. |In addition, sintered therm stor
elements may be used over a wde tenperature range of from room
tenperature to IX0Masertnirned Wiutherhat the tdewimtrance siamk A he da@si HYeance
val ues can be changed within a w de range by
increased by substituting Fe and Al for the Cr =sites in the
compoaition (Yi-sx- Srx) (Cri-y-=z°+ Fey- Alz)Oa. Therefore,
there can easily be provided thermistor elements having required
‘resistance values and £ 's. This reaction systenm is
substitution solid " solution offering no yield of by
products, and thus the resgistance value can be adjusted
easily, which is drawn to the advantage. A& shown by the
durability test and the environmental test, +the products
exhibit very- stable characteristics <against éhe heat

hysteresis and oxygen partial presaure in the ambient
A Y .

stmosphere.

The Qmaller the more preferable is the changing ratesz
of resistance in the durability te;t and the environmental
test. However, it is preferred to be within 15*C
(plus/minug) for the AR rata: calculated as  temperature,
which corresponds to Sample Nos. 3 t&,zs in Table 2.

The reason for the above is thought ag follows. On the
on; hand, it is ascribable to the decfease in the amount . of
unstable metal ion defects and oxygen ion defects against
the heat hysteresis owing to mixing YCrOs az a p-type
semiconductor and Fez03 as an n-~type asemiconductor. On the
other hand, it is ascribvable to the compensation or
cancellation of the dependency on the oxygen partial

pressure through mixing of the p—and n—type semiconductors.

~F-
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- adjusting the conpositlion i.n a - wde range, it offers an advantage such
that the resistance value and the thermal gradient constant (referred to as
“"[err]" hereinbelow) can be freely selected. [err] According to the .
process aspects of the present invention, the follow ng points are
further nentioned which serve to illustrate the invention in nore detail.

The calcinationméfFadé 1R €58 evebal hopDgEREOHEsShOhAER] QM aBbGekrQdy W th
extensively reduced fluctuation in reaction, i.e., w thout segregated

di strj butionsdfey heupbesest 1R CHr COSSI YL Ut BoivBoe i, CERRL BUClULR LAk uliRG

cerantc. In this regard, the starting materials are, preferably,

sel ected fyUurerddi nas@ét swotnife iRl e¥aPbne! e9BBRS tRa¥ - it can be
practfcally usad, ile., within the range 0.1%=2 x/ (1-y-
z)< 20% because an excess Sr substitution causes remarkable
lowering in the resistance and B resulting | in a
detsrionated temperature dependent accuracy.

Next, the ‘'resistance ehang? rate (AR rats) was
investigated by keeping samples Nos. §, 11, 14 and 17 at
1100°C in the ambient air for 20 hours, The results are
shown in Table-a, which demonstrates that the inventive
products do not suffer significant change in‘the resistance
even after .exposure to a high temperature of 1100°C. Also,
a thermistor element having a high strength and a reduced

deterioration of lead wires can be obtained since the

sintering temperature is 1550°C,

Table 3
Sample AR rate (%),

No. 350+C §00<C 800C

5 6[- 4] 8[- 8] B[~ 9]

11 - 9[ 5] - 2[ 2] 2[- 3]

1 4 - 2( 1] (- 3] 5[~ 7]

' 17 7{~ 4] 2[- 21 | 4~ 7]

-— ~18-
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nitrates, sulfates, chl ori des etc whi ch are heat - - deconposabl e
with ease and have high reactivity upon heating for cal cination. Applying
the” calcination, particularly followed by putverization, the

'fluctuatiog%éﬁgigezultlnate sintered This is the replacenent sheet Date:
11CCT1 products is believed to be significantly and wth

greater ease 1 odpoghdand S £F COBPOEE] L8 LDENEASS WERLEnTaRbYI T

of the startlng mat er | directly
g elements are produced according to the raw materxals' and

method of Example 1 except for the following points,
namely Gd=0z; having & purity of 99.9X or higher and & mean
particlg size of 1 um is used instead’'of Y203, and the raw
materials are weighed and mixed so as to provide
compositions of Sample Nos. 26 and 27 of Table 4 by satting
'y and z in the formula (de-x- Sry) (Cri-y—=z- Fey+ Al2)Os.

The temperature-resistance characteristics of the

resulting thegmistor elements are additicnally shown at

columns "resistance” and "4 ".

Table 4

Sample composition resistance(k Q) 8

No. |x/1-y-z|z/1-y-2z|y/1-y~z| 350-C| 600*C| $800+C|300-600]|800-300
28 0.0015| 0.40 0.25 | 59,2 | 1.773]| 0.126] 68410 7753
27 0.0015] 0.40 0.25 | 17.8 | 0.670| 0.092] 5468 8770
2 Q_ 0.0015| 0.40 0.25 | 2.19 | 0.300] 0.066| 4402 5168

The durability test and the environmental test were
carried out in the same .manner as in Example 1, and the

results are also shown in Table §.

U
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nol ded and sintered. Thus, the calcination is. carried out preferably wthin
an approxi mate range of 1200 to 1450 [err], nore preferably about [err].
Al'sd calcination is conducted until reaching a state where there is a
m ni rum anount of nonreacted residues (in other words, reaction products
of perovskite type conpounds are easy for pulverizing w thout having been

S|ntered 2ﬁ fi hi h densification). In this regard, the calcination
wil | preferably, for at |east about one hour, nore

preferabl about 2 hours. As for the S|nter|ng aid, there are nany

Ll t o

al t er natji ves berldes ST Ca a.d/u. e —-t-e- such
u

as, thodd& nds of typed Bf riter{%)[err] and thespvKfonmental

~ test
No. 350°C ~ 600°C 900°C AR rate (%)

2 6 6.10- 3) | 6.8(- 5] | 1.7(- 3] -2.8( 5]
27 | 10.60- 6] | 8.3(-71 | 4.0[-8] | -1.5[ 3]
28 | 10.00-71 | 7.2(-8] | 3.1(- 8] ~1.1[ 3]

As apparent from Table 3, the resistance amounts to an
order of 10 kQ at 350°C and around 100 R at 900°C,
respectively, which are suitable resistance ‘values in the
practice, while § assumes 5000 to 8000.

Accordingly, these samples are'qualified as thermistor
elements which are suitable for wuse in @ - temperature
detecting apparatus, since they exhibit little change in the
resistance value even after the durability test and the
environmental test.

EXAMPLE 3 -

Next, the third E;ample will be explained.

Thermistor elements are produced according to the raw
materials and method of Example 1 sxcept for. the following
points, namely SmeOa having & purity of 99.9% or higher and
& particle size of 1 um is used instead of ¥20a, and the

raw materials are weighed and mixed 80 as to provide

compositions of Sample No. 28 of Table 4 by setting x, vy and

This Sheet Has Been RT ~%o-
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.The sintering is preferably conducted at a tenperature ranging [erf],

nore preferably [err]. The at nosphere for the sintering is generally.
preferred to be the anbient air or a neutral atnosphere (not oxidizing
nor reducing . However, this wll depend on the materials selected.
For exanple, if [err] 1is used as a sintering aid, oxidation of Cr(3+) to
[err] , volatilization and (even slight) reaction of [err] with the
maj or i n&ré8i &hesIoFMYAL This is the repl acenent sheet Date: 11 CCT

1996. -10-
T (.Sml—x' er) (C-I'L-y—z' Fey Alz)OS

The temeprature—-regsistance charactaristics of | the
resulting thermistorl elements are additionally shown at
columns "resistance" and "g ".
Also, the durability test ;nd thé environmental test
were carried out in the same manner as Example 1 and the
results are also shown in Table 5.
As apparent from Table 5, the samples are qualified as-
thermistor elements which are suitable for use in a
temperature detecting apperatus, since they exhibit Ilittle
change in the resistance value even after.‘the .durability
test and tﬂe environmental test.
Samples Nos. 28 and 28 were suﬁjected to a test at an
extremely high temperature in which they were kept in the
ambient air at 1100°C for 2 hours. The'resulting resistance
change rates exhibited within 10X at 350°C and within 5% at
'SOO'C for each sample. |

It should be noted that modification which is obvious to
a person akilled in the art may be done without departing
from the gist and scope as disclosed and claimed herain.
particularly the disclosed embodiments should not be
construad narrowly such that they would serve to restrict

the invention thereto,

This Sheet Has Been Replaced
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serve to inprove sinterability. The sintering is carried out, preferably,
for about at |east on hour, nore preferably, for about—I=2 hours until a

‘sufficient density is reached,” e.g., a relative densit ;s 8fceIRYBEN RERACE
or preferably 95% or nore of the theoretical. Oher Feat
Products The resulting sintered products consists essent mmw gmklte
type conpounds, while .there are phase(s) resultin
sintering aid, wusually as a grain boundary (matrix) phase  which
surrounds grains of perovskite. TOkasmgble resistance is ained at a
resi stance change rate as calculated as tenperature being w thin plus/mnus
[err] after the durability test under high tenperatures (e.g.

1 A ceramic composition reprsented by the formula

(Mby_xNly) (P2 1-y-z-N2y- Al3)03

5
where M! is one or more elements selected from the group
of the elements belonging to the group 3A of the Periodic
Table excluding La, Nl is one or more elements selected
from the group of the elements belonging to the group 2A
10 of the Periodic Table, P2 is one or more elements
selected from the group of the elements of the groups 4n,
SA, 6A, 7A and 8 of the Periodic Table whose oxides
exhibit p-type characteristics, and N2 is one or more
elements selected from the group of the elements of the
15 groups 4A, S5A, 6A, 7A and 8 whose oxides exhiblt n-type
characteristics,
wherein x, y and z are larger than 0 and smaller than 1
and satisfy the following formulas |
20 |
0.001 £ x/(1-y-z)< 0.20
0.05 < y/(1-y-z) < 0.80
25 ... 0 < z/(l-y-2) £ 0.90.

2. The ceramic composition as defined in claim 1.

wherein Ml is one or mbre elements selected from the
30 group of Y, Sm, Pr, Nd, Ho, Dy, Er, Gd and Yb, Nl is one
or more elements selected from the group of Mg, Ca, Sr
and Ba, P2 is one or more elements selected from the
group of Cr, Mn, Co and Ni and N2 is one or more elements
selected from the group of Fe, Y and Ti.
35
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‘at 350, [err]). Wthin the generic conpositional raﬁge—-fhe- fot+owng

range is preferred, e.g., according to Exanple 1: O Lwﬁ
[eFr]o.020* O . O55[err]y/l-y-z)[err][err]0.80 0. ZO 0.90
* corresponds to the tenperature gradient constfg ﬁﬂ of 3000
or nore. The following neritoricus effects are achiev sent
i nvention. According to the present invention there are prOV|ded ThIS S
t he repl acenment sheet Date: 11 OCT 1996

3. The ceramic composition as defined in claim 2, wherein M1

is Y, N1 is Sr, P2 is Cr and N2 is Fe.

4., The ceramic composition as defined in claim 2, wherein Ml
5 is Gd, N1 is Sr, P2 is Cr and N2 is Fe.

5 The ceramic composition as defined in claim 2 wherein MI
is Sm,'Nl is Sr, P2 is Cr, and N2 is Fe.

10 6. The ceramic composition as defined in any one of claims 1
to 5 wherein the composition further comprises a
sintering aid.

7. Use of the ceramic composition of one of the preceding

15 claims for the production of a thermistox.

8. A thermistor element produced from the composition as
defined in any one of claims 1 to 6.

20 9. The thermistor element produced from the composition as
defined in claim 8 wherein the sintering aid is such that
provides a 1liquid phase at grain boundary to form a
matrix.

25 10. The thermistor element as defined in one of claims 8 or 9
wherein the sintering aid is present in an amount of 0.5
to 10 wt%, preferably 0.8 to 5 wt%.

11. The thermistor element as defined in one of claims 8 to

30 10 wherein the sintering aid is silica and/or mullite.
12. The thermistor element as defined in any one of claims 8
to 11 wherein the composition present is substantially of

the perovskite structure.
-

U
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“thermistor elements which can be used within_a broad t enperat ure
range from/[err] to [err] and possess a stable resistance against

botth the oxidizing and reduci ng at nospher éis Spge plaged =
provi ded ceram c conpositions for thermstors and t H nts which
are superior in the stability at a thigh tenperatur within a

brdad tenperature range, and have a hi gh nechanical strength, and thus they
can be wused as, for instance, a detecting device of overheating for

the catal yat schar theiastodaeiMdrd Ca4 i ABfiReAULYTINd e8f BRAINEI MY to
apparatus of high tenperature gases such as detecting %gfaratus of  the

recycl ed gas ténp@ishuhas PR BRRINERY cPYn§ iffardMdrsal

id composition
at a temperature not exceeding 1600°C.

5 14, The thermistor element as defined in one of claims 8 to
| 13 wherein said composition has been calcined at a
temperature not exceeding about 1400°C, preferably at

about 1400°C, before sintering.

10 15. The thermistor element as defined in one of claims 8 to
14 which has a resistance change rate, calculated as
temperature, lying within +/-15°C.

16. The thermistor element as defined in one of claims 8 to

15 15 which has a temperature gradient constant B of 5000 to
8000. '

17. The thermistor element as defined in one of claims 8 to
15 which has a temperature gradient constant B of at
20 least 3000. '

18. The thermistor element as defined in one of claims 8 to
17 wherein 0.0015 < x/(l-y-z) £ 0.020,
and 0.20 < z/(l-y-z) < 0.90.
25
19. The thermistor element as defined in any one of claims 8-
18 wherein the composition has been calcined at 1200-
1400°cC.

30 20. The thermistor element as defined in one of claims 7 to
19 wherein the sintering aid is at least one selected
from the group of silica, mullite, and materials of the-
types of Ca0-Si0j, Sr0-SiO3, Mg0O-SiOj, B203-5i03-Al;03
and B703-5i03. )

35
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- exhaust gas, neasuring apparatus used at places of _juﬂuu4;4A4ﬂ%ﬁ4ﬂﬁﬁr—'

or tenperature measuring apparatus for various kinds of furnac s qud
Figure 1 shows an enbodi nent of the present invention.

Symbols 1 ... thermstor elenent 2 ... lead wire [err] I

preferred enbodinents are disclosed with reference to Ies

whi'ch should not be interpreted as limting the invention thereto Thi s
is the replacenent sheet Date: 1 1 OCT 1996

21. The process for producing a sintered ceramic body
comprising:

(a) providing a ceramic composition represented by the
5 formula (Mli_y Nly)(P2;_y_;n2yAly)03

- where Ml is one or more elements selected from the
group of the elements belonging to the group 3A of
the Periodic Table excluding La, Nl is one or more

10 elements selected from the group of the elements
belonging to the group 2A of the Periodic Table, P2
is one or more elements selected: from the group of
the elements of the groups 4A, 5A, 6A, 7A and 8 of
the Periodic Table whose oxides exhibit p-type

15 characteristics, and N2 is one r more elements
selected from the group of the elements of the groups
4A; 5A, 6A, 7A and B8 whose oxides exhibit n-type
characteristics,

20 wherein x, y and z are larger than 0 and smaller than |
1 and satisfy the following formulas

0.001 < x/(1-y-z) < 0.20
25 ... 0.05 < y/(l-y-z) < 0.80
0 < z/(l-y-z) < 0.90, and

T~

b) sintering said composition, to a sintered body.

30
22. The process as defined in claim 21 wherein the
composition further comprises an sintering aid.
23. The process as defined in claim 21 or 22 which further
35 comprises a step of calcining a raw material mixture

before sintering.

) D -25
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'-12-'Exanple 1 of the present invention is now explained. [err] having
purity of 99.9% or higher and a nean particle size of 1 m [err]

m: [err]

‘having a purity of 98.5% or higher and a nmean parti cl dthhetIdn‘sBeéhRe laded |
: having a purity of 98.5 %or higher and a nea
of . 1 m and [err] having a purity of 99.9% or higher and
wee

siZze of 0.7 [err] m were weighed to a conposition [err] |

a

IZE

and z are set as shown in Table 1, m xed by a wet m xi ng net hod, drled and
calcined (pre-fired) by subsequently maintaining the m xture [err] for two

hour s.

10

15

20

24.

25.

26.

27,

28.

The process as defined in claim 23 wherein the
calcination is carried out about at 1200-1400°C,
preferably about 1400°C.

The process a defined in claim 23 or 24 which further
comprises, after the calcination, a step of pulverization-
before sintering.

The process as defined in any one of claims 21-25 wherein
the sintering is carried out in a temperature range not
exceeding 1600°C, preferably of -1450-1600°C,  more
preferably of 1450 to 1550°C.

The process as defined in claim 23 or 34 wherein the raw
material mixture comprises at least one of salts of said
elements.

The process as defined in one of claims 21 to 27, wherein
the sintered ceramic body is a thermistor element.

T
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¢«  DNGK Spark riug Lo Ltu

To ft@@e@gﬁbé@_oﬁal ci ned powder s 1"W % of [err] powder havi ng a nean
particle stze of 0.8 [err] mis added and m xed by a wet mxing method. T
r esuft FAde fa¥83375ERi xed together by a wet method to give a slurry nixture
whizch i's then passed through a 200-nesh sieve and subsequently.dried. The
drieed mass is then adm xed with a bi nder conposed of 15 wt % of poly vinyl
butyral PV3, 10 wt % of di-butyl phthal ate DBP, 50 wt % of nethyl ethyl

ket one MEK and 25 wt % of toluens for granulating powders for press

mol ding. This is the replacenent sheet Date: 1 1 OCT 1996

FIG. 1
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- 713 : Tabl e 1 Sanpl e conposition ' resi stance(k Q)

[err] No.
300=600
0. x07
74Q0
7000 4
0. 0015
0. 20 .

x/1l-y-z z/1-y-z 350C [err] [err]
800-900 1 0. 000 0. 20 0.20 135 2.08
9060 10100 2 0. 000 0. 80 0.20 173 ' 6.64 0.496

8860 3 ~ 0.0015 0.20 0.05 20.0 0.920 0.120 6700

0. 0015 0. 20 0.10 19.0 0.950 0.108 6500 7460 o

0. 20 0. 20 22.8 1. 00ABSTRAGE 6680 8490 6 0. 0015
0.. 2 26. 7 1. 06 0. 089 6770 8450 7 0. 0015 0. 20

0.30 ~ 21.5 0.956 0.094 8840 7930 8 0.0015 0.20 0. 50

15.0

0.820 0.091 6320 7500 9 0. 0015 0. 20 0. 80 8.0

0.550 0.080 Desggdbed d50@ regamic)compssitdosoof the2Form@ida7 1.84

0.4121

7600 9280

(Mfl—x' N*2) (P®1-3»-z- N?,: Al.)Os where M* is one or more

selected from the group 3A elements of the Periodic Table
excludiﬁg La, N* 1is .one or more selected from the group 2A
elements ;f the Periodic Table, P*® is one or more selected
from the elements of the groups 4A, 5A, 8A, 7A and 8 of the
Periodic Table whose oxides exhibit p-type characteristics,
and N2 is one or more selected from the elements of the

groups 4A, 5A, 6A, 7A and 8 whose oxides exhibit n-type
L

characteristics,
wherein x, ¥ and z are larger than 0 and smaller than 1

and 0.001 £ x/(1-y-z)< 0.20, 0.05 £ y/(l-y-z) £ 0.80 and

0 < z/ (l-y-z) & 0.80. Thermistor elements (1) made from the

above ceramic composition are usable
within a broad temperature range of 300-1100°C have a stable

‘resistance in oxidizing and reducing ~atmospheres, can

prevent deterioration of lead wires, and have superior stability

at high temperatures. *?f L
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The present invention relates to a ceramic composition, a

a4

thermistor element and a process for producing a ceramic body.

As materials Zor thrermiators which may be eaployed at
h-gne- temperztu*es, there have 20 far peen ezployed (a) a
ma‘er;;l compased mainly of compounds of a corundum type
erystal siructure, a3 disclosed for example in JP Patent

- KOKAI Publication No. 50-1182894 (fé—A-118294/75) or “Flne
Ceramics Handbook” by Xenva HAMANC. published by ASAKURA
SHOTEN in 1984, (B) a material composed mainly of compounds
of & spinel t}pe crystal struciture, as &isclosed for example
in J? Patent KOKAI Publication No. 49-63995,(J?-4-63995/74).
(¢) a material compased mainly of Z2rQe, =as diszclosed in
"Intaernal Cembusiion Engine” wval. 30, number 8, page 98, and
(d) & material mainly composed of compaunds of a pefavskite“
type cryssal ;trucﬁuse.

However, with the material (a) compcsed mainly of the

corundum type crystal structure, it is nat passible tao
~adjust its Tresistance-temperature characteristics to . 2
greater axtent, although such cnar&c*er-s..cs can he changed
glightly by additicn o7 other elamenis. On the other hand,
the material ceases to have a stable'corundum structure and
ia deterizrated in thermal stability 05 addition cf an
addizive in a larger guantity.

The mazerial {(5) composed mainly c¢f compounds having the
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powders are charged into a nmetal mold in which two platinum wres
each 0.4 mm in dianeter, at an interval of 1.2 mm and are
producing a nolded

di sposed,

pressed under a pressure of 98 MPa (10P0 [err], for
3 mmin dianeter and 2 mmin thickness, having two | ead |ines
The nol ded products are sintered

pr oduct ,

platinumwres, as shown in Fig. 1

0. 20 0 .20 O .010 0.008 0.005 1260 810 This

in anbient air at Lerr to .
splnal iype cTystal atructure has a higher rate of change of

temperature-resistance charaéterlstics, that ia a
tampe:a;uru gradient constant 8 , such that it cannct be
used over & wider temperaturas range. On the other hand, a
matarial compased mainly of NiAlaO., as disélased in J3
Patent KOKAI Publication No. 48-29499 (1974) (JP-A-29499/74)
or a material camﬁasnd mainly af CQAL;O.. as disclosed in Jp
Patent KOKAI Publication No. 48-705 (IP~-A-705/73), is low in
thermal resistance and cannet ba used at slevated
temperatures,.

The material (c) composed mainly of 2zireconia has its
resistancs increased for a tamperature range lower than its
-activation temperature and cannot be-prs;éically employed.

With the mataezial (d) compoaed mainly ;3 compounds
having the perovskite type crystal st:uéture. if only o
small qésa:tty of oxides of La is left unreacted, such
unreacted companent is reacted with the moisture in

atmosphere to yield labile La(OH)s leading to destructian of

the element or to unstable resistance values.

It is therefore the object of the present invention to provide a cer;hic'

composition especially useful as a thermistor base, and a method of
producing same, which avoids the above mentioned drawbacks of known
products. This object is solved by the ceramic composition according to
independent claim 1, the thermistor element according to independent claim
8 and the process to produce a ceramic body according ta independent claim
21. Further advantageous features, aspects and details of the invention
ace evident from the dependent claims, the description, che examples and
the drawiags. The claims are to be underscaod as a Ffirst non-limicing

approach to define che invention in general tecms.

[t s an aspect of the present tavension TO proviae a
novel ceramic devaid of the above mentioned problenms.

t is a4 specific aspect of the presea: invention to

avercole at least one of those problems and to pravide =a

¢eramic compasitioa or a ceramic for tharmistor in which at

-14 - The resulting

ar e

i's

of
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produce therm stor elements. On t he t herm stor el enent t hus
pr.oduced, resistance values in the atnosphere at [err] and [err] and val ues
of the tenperature gradient constant [err] were measured. The results are
shown in the colums of the "resistances” and "[err]"” in Table 1. Next,
the sanples were nmaintained for 300 hpurs in the atnosphere at [err] and
the resistance values thereof at [err] before and after the naintenance
at 1000' C were neasured in order to check the durability by

-investigating the reS|st £, £hang rate. (re{ 480, t0.a8.Le0{d:.fate”
hereinafter). TR&**r¥sul ?QQ ar‘g ) EB{'Anoalat “the” 12’rr] Fate (%" co {J' in

Table 2. Also, ‘epvuqryrqgaal NalR3Y , WB S ro@@NEMEE £ 2 bYes I@aRkai NV dGeseaCh
sanple at [err]
nay be gbtained by adjus.xnz thae <compositleon o? the
material, lsad wiras may te preveated Zrom being
davaricrated By being sinterable at a temperature not higher
than 1800 'C, and it i3 free from= hygroscspic ccmponents and
datasicration in characteristica due ta enyironmeatal

humidity or thermal hysterssis aad hence may be used over a

wide rangs of tamperatures from rocm temperature up to 1104

It is a further aspect - of the present inventica to
pravide a novel thermiastor element &né e thermistar davice
uging the same..

Still further aspects will become apparent in the entire

disclosure and ¢laims,

rhis_invention specifically relates to a caeramic composition for a
thermistor having a negative temperature ccefficient and:
exhibiting high.stahility at elavated temperatures and a
thermistor alement prepared from the composition.

As & resu1§ of our eager investigations, the presgent
_.}nventors have arrived at a ceramic composition, especially useful Sor
thefmistors, to achievg the above object. Namely, thare s

provided a composition repregsented by tha general formuls

(M* 2 e - N‘x)(?zx-r—z' N%, - Alz)Oa wherein M* denotes one or

ma-e elementis selacted frecm the elemenis belonging to the
group 3A o? tﬁe_?ericdic Table exzsluding La,

N* denotss one or mere elements selecied Zrom the

elements balonging to the group 2A of the Periodic Table,

P* denotes one or more elements selected from the

This is ihe tepiacement sheel
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chanber of a reduced oxygen pressure at an .oxygen partial pressure of
0..0L Pa [err] atm) followed by neasuring the resistance values thereby
checking the stability of the resistance values. The results are also
shown at the colum This is the replacenent sheet Date: 1 1 CCT 1996
- 15 - of "environnental test [err] raie (A9". Table 2 Sanple -
AR rate (% envi ronnmetal Na q{err] [err] [err]
[err] rate (99

elements which belogi ta the groups 4A, 5A, BA, 7A and 8 and
éhe cxides of which exhibit p-type characteristics,

N* denotes one aor more elements selected fram the
elements which belang to the groups 4A, 3A, 8A, 7A aad 8 o

‘the Beriodic Table and the oxides of which exhibit n-type
cha;ac:;:is:ics, and

wherein x, v and 2 are larger than G and smaller than
1, and x, ¥y and z are dafined to satisfy the <following

. 2ormula
0.00r £ x/(i=y-z)< 0.20,
.05 & y/(i-y-z) S 0.80 and
@ < z/ (l-y-z) 3 0.9C.

A r.h.e:m:;s:a: elemeﬁc can he produced using the above-defined
cecmpaositian.,

The groups 2A, 3A, 4A, 3A, 8A and TA herein mean the
groupS 2A, 3A, 44, 5A, 6A and 7A of the Periodic Table for
elemants as agreed u;ad by the Committee Zor Nomenclature
for Inorganic Chemistry of the International Union oI Fure
and.Ap;lied Chenistry (LUPAC) of 1865,

It %23 now basen faound that e desiradble ceramic

composition especially Zor thermistors pmay be pravided by & compositicn

rearesenctad By the genaral formula

whereia M* dencies one ar mere elements sgalected from

the elements ¥, Sm, Br, Nd, Dy, =r, Gd and ¥Yb, and N*

This is the replacemént sheet
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1. -30[10] -18[ 151 -10[-12] , 12[ - 15] 2 22[ - 13]
-11[ 10 - 7 12] © 18[-18] 3 17[- 91 - 9(-10]

6 - 12] 4[- 8] 4 9] - 5] 11[ - 12] 9[ - 15]

4[-° 7] 5 6[- 4] 8[- 8] 5[- 8 2[- 3] 6 -
4F 3] -8[ 6] - 6[ 95 2[- 3] 7 - 8 5]

-9 10] -2 4] 2 T4 8 -8 5 ] -7C 9)

-3 51 -3 519  -10[ 7] - 7[ 10] - 5[ 10]

- 5[ 10] 1 © 12[- 5] o[- 7] 8[ - 10] 2[- 2] 1
1 8[- 4] -~ 15[-12] o[ - 13] T2 3] 12 - 14]
7] -3 7] -8 9 -3 [4] 13 |- 3] 7l -
5] o[ - 12] 3[ 4] 14 6[- 2] 1[ - 1]

1[- 2] 2 4]

denctes ane ¢ more elements galacted from the elements Mg,
Ca, Sr and Be,
. B®* dencies one oOr mors =slaments selected <Zrzm tha
elements Cr, Mn, Co and Ni, and
N2 dehota§ ane .or mcre eiemen:s selected from the
elenents Fe, V and Ti,
wherein x, ¥ and z are larger than 0 aad sm#ller than 1,
and x, vy and z are de!ined g3 that
0.001 § x/(1-y-z)< 0.20, 0.05 5 y /(l-y-z) S 0.80 aad
0 < z/ (1-y=z) £ 0.80.
It hag alsc beean found that a defirable ceramic
compesitian espacially for thermistors may be praovided by a camposition
sepresented by (Yiosw: =) (C?’..—y-z’ Fey - 'Alz)Os wherein M*
is yiirium, N* is streatium, P2 ig chromium and N® is iren,
wherein x, ¥y and z are larger than 0 and smeller cthan !, and
X, ¥ and z are defined so that

0.0 £ x/(l-y=-z)< 0.29, 0.05 £ ¥/(i-y—-2z) £ 0.80, and

C < =2/ (L-y-2z) £ 0.90,

‘It hnas alsa Dbeen Zound tha: & dasirable ceramic
ccmpesisicn especially far chesmissoss may be provided by 2 composizion

- AL2)0a, wharein M* is gadsiinium,
N* ig sisanztium, P is eurczium, aad N? s irzn, end

wierain x, ¥y and 2 are iargsr than C and saallar éhan i,
end X, ¥ and = are definad s:':haﬁ

9.331 5 x/(i-y-3)< €.223, ¢.23 § y/{i-y-2) 3 .80 and
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-5 -20 [ 8] -11] 9] - - 6] 10] - 1 2] 16

3[- 2] 3[- 4] 3[- 6] - 1 2] 17 | O[ - 6]
2[-.2] 5[- 8] 3[- 5] 18 -10 [ 6] - 7[ 8]

-3 [ 5] 1[-2] 19 10[ - 8] 2[- 3] 4[- 8]
17 - 2] 2 0 11[- 9] 10 J¢ 13] 8[-11 ] - 2[ 4]
2 1 4 - 5] 3[- 41 5[-12] 3[- 7] 2 2 5[- 8]
2[- 9] 5[ -15] O[ a] 23 5[ - 10] 3[-15]

2[-10] 2 3 5[ - 10] 3[-10] 3[-15] 2[-10] 24

- 3[ 10] 7[-16] 3[-15] 0 0] 25 -14[.48] -4[39]
- 5[110] - a 0] This.is the replacenent sheet Date:

11 OCT 1996

0 < z 7/ (l=-y=-2) 8 0.90,.
: It has alsec been found =zhat a desirable ceramic
compesition especially for thermiscors' may be provided By a compasition

-
)
-

cepresented BY (SMi-»' STa) (Crui-y-z- FTay: Al.)0,,
wherain M* is samarium, N*® is strontium, 2P* is
chromium and N* is iron, with X, v and z being larger than 0
and smaller than 1, wherein x, y and z are detined so that

0.00r § x/(i1-y-z)< 0.20, 0.05 3 y/(l-y-z) § 0.80

and 0 < z / (lL-y-z) § 0.50.

? a sintering aid is added ﬁo the ceramic composition
especially foE thermistors Zor improving its sinterablility, it can be-
sintered ;t lower temperatures to give .hi;h gstreangth and

superior thermal resistance. As the sintering aids, those

cepable of Zorming & liquid phase in the grain boundary to

|

. Torm a mairix for improving the sinterability of tha ceramic

may ba emplcyed. The gintering &id is preferably added {n

an amount cf 0.5 to 10 wtX and, in particular, in an amcunt

0.8 to 3 wt¥%, based on the welzh:t of tha caramic

conpeaition for the thermistor.
The fgllawing Junctions and/cr advaniages =are

by the present invention.

The material accarding to the present iavention iz of

the persvalkise siructure and exchangse may be made easily

betwsen azoms having lon radii close to each cther, and thus

the zampoesizicns resulfing from such atem axchanges exls:c in

Tiis is the repiacement sheet
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.16- The tenperature gradient constant [err] , the resistance change
[err] rate and the resistance change rate calculated as tenperature
(converted tenperature value derived fromthe resistantce change rate)
are defined by the followi ng equations: [err] [err] Rrate ~[err] X
100% [err] rate, calculated as tenpegg[ure) [err] where in indicates common
| ogarithm and R and [err] indicate '

2 z2abie state. There!cré, it tecomes paossible to change.
and adjust the composition continuously over a widc range.

Also, since the composition fs free from La, it i3 not
aflectad by the environmenta! humidity and may remain stable
at higher temperatures so that i¢t may be employed oaver a
wide temperature range form room temperature up to 1100 °C
or higher. This is thought to be ascrihable to the fact
that the compound of the present invention resmains stabhle at
higher temperaturas. .

The p-tyjpe semicohductcr has its resistance dependency

on the oxyzen partial pressure which is converse to that of

r

the n-iype semiconductor. That is, the lower. the oxygen

partial pressure, the higher and the lower become the
resistance qof the p-type semiconductor and the n;tVEe
semiconductor, respectively. The ceramic composition of the
presant ;nvention is a mixture of these two semiconductar
materlals, the characteristics c¢f which with respect to the
oxygen partial pressure cancel each other, s8¢ that stable
characzteristics are exnhibited despite fluctuaticns (n the
oxygen partial pressure, On ths cther hand, lattice defects
0f thermally labile oxygen or metal lons are diminished so
that resistance values are nst changed and remain stabdle
even ailer heat nhysteresis,

Since the ceramic compositicn .ia preduced by simple

substitusion solid solution, !2 can Dbe sintared at &

This is the replacement sheet
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resi stance- values at absolute tenperatures K and [err],

respectively in the atnosphere. "300-600" and "800 - 900 " denote
the tenperature gradient constants [err] between [err] and [err] and
bet ween [err] and [err] , respectively. For the durability test, [err]
denotes the resistance values at g _tenperature t [err] in the

at mosphere after the durability test.”” For the environmental test, Rt
denotes the resistance values at a tenperature t [err] In an
oxygen-reduced chanber.. A Rrate calculated as tenperature is shown in
the square bl ackets El at the colum of "envirnrnental test [err] Rrate"
in Table 2. As apparerent from Table 1 , the resistance value can be

adj usted easily by varying the mxing ratios of x/(1-y-z), y/(l-y-z) and
z/ (1-y-2z) in $diderGAUPOShIt HigHPRASRNLES VY without produciag by-

producta, while lead wires may be revented from being
deteriorated. In addition, sinterad thernistor elements may
te used over a wide temperature range of from rocm
temperatuyre to 1100 ‘C or higher. Furthermore, =z2ince tha
resistance values can be changed within & wide raange by
adjusting the cémposition in a wide range, it offers an
advantage such that the resistance value and the <thermal
gradient constant (referred to ag "38" heéelnbelow) can be
freely selactad.

-?rocgss Aspects

Accarding to the process aspects of the present
invention, the followingz points are further mentiongd which
serve to illustrate the invention in more detail.

The calcination aims at to achiasve =a hamogeneoﬁs
sintered ceraﬁic body with-extensively reduced {fluctuation
in reaction, {.e.,, without gegregatead distriduticn of the
phases which constitute the microstructure of the ceramlc.
In this regard, the starting materials are, preferably,
selacted from certain salts o0f the relevant elements, e.g.,
nitrates, sullazes, chlorides etc which are heat-
decamposable with ease and have high reactivity upﬁn heating
Zor caleinatian.,

Applying the calcination, particularly followed by

oulverization, the fluctuation in =he ultimate sintered

This is ihe replacement sheet
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the fornmula This is the repl acenent sheet Dat.e:
-17- It has turned out that the resistance and [err] can be increased

by substituting [err] and Al for the O sites in the conposition [err].

11 QCCT 1996

Therefore, there can easily be provided therm stor elenents having

required resistance values and

substitution

[erpl. 's. This reaction system
solid solution offering no vyield of by products,

thus the resistance value can be adjusted

praducts s believed to be significantly and wish greater
ease reduced to a minimum, as compared to the case where a
mixtures o the starting materials would be directly press-
molded and sintered.’

Thusa, the calcination is carried ocut preferably within
an appraxXimate rahge of 1200 ¢to 1455‘0, maore preferably
asout 1400°C. Also calcination ias conducted until éeaching
a gtate where there is a minimum .amqunt of nonreacted
residues (in other wards, reaction products of perovskite
type compounds are easy for pulverizing without having beaen
aintersd with high densification), In this " regard, the
calcircation will be continued, preferably, for at least
about one Lour, mare prefaerably about 2 hours.

here are many alternatives

ct

As fcr the sintering aid,
basides silica and/or mullite, such as,

thaose :ompounds a?t types Of CaO—SiOz s Sr0-Si0=2 » MgO—S 7'.02 »

B203-5i02-1120a, B20:-SiOz and the like.

The siatering is praferably conducfed at a temperaturs
C-18C0°'C, mcr2 preferably 1430-1550°C. The
atnosghere Zor the sintering is generally preferred tc Dbe

i w4

atmospghere (not oxidizing nor

reducing)., However, this will dJdepend on the materials
salecta2d. Tcr example, 1f SiC., is usad as a sintering  aid,
cxidazicn ¢2 Cr(3+) o Co(5+), walazilization and (evan

siight) reazticn of SiCa with the major ingredien

This is the replacement shest
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easily, which is drawn to the advantage. As shown by the durability
test and the environnental test, the products exhibit very stable
characteristics against t he heat hysteresis and oxygen partial
pressure in the anbient atnosphere. The smaller the nore preferable is

t he changing rates of resistan ce in @pe durability test and the

envi ronnent al test. However, it 1% “preferred to be W thin [err]
(plus/mnus) for the [err] rate, calculated as tenperature, which
corresponds to Sanple Nos. 3 to 23 in Table 2. The reason for the above is
t hought as follows. On the one hand, it is ascribable to the decrease in
the anount of unstable netal ion defects and oxygen ion defects

agai nst the heat hysteresis owing to nixing [err] a a p-type

sezva tao improve sinterabilizy.

The sintering is carriad gut, preferably, for abou: at
least on hour, more preferaély, for about 1-2 hours until a
suffici;n: density Ls reached, e.g., a_relative density af
90% or more, or preferahly 85% or more of the thecretical.
Qther TFeatures of the Products

The resulting sintered products consiszs essentially of
peravskite {type compounds, while there ;re phase(s)
resulting <from the sintering aid, usually as a .srain

boundary (matrix) phase which  surrounds graing of

parovskite.

The stable resistancs is aimed at 2 r;sistance change
rate as cglculated as tsaperature being within plus/minus
15°C aster thedurabilitytest under high temperatures (e.g.;
at 3350, §00°C, 800°C). :

wWithin the genaric composaitional range, +the <following

s preferred, e.g2., according to Example 1:

k]
A
aq
[ ]
| o]

0.00158x(1-y-2)$0.020%
0.05s8y/(1-y~2)£0.80
0.20sz/(1~-y-z)50.90
* .corresponds to the ‘temperature gradient constant
value "3" of 3000 ¢r more,.
Lthe

The following meritoricus effects are achieved by

present iavention.

Acccrding to the present ianvention there are provided

Tine .. we ropracement sheet
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sem conductor and [err] as an n-type sem conductor. O . the other hand,
it 1s ascribable to the conpensation or cancellation of the
dependency on the cxygen partial pressure through m xi ng of the p-and

n-type sem conductors. This is the replacenent sheet Date: 11 QOCT
1996 - 18- Increase in the stabihity of resistance is observed
al so by substituting [err] for Y. wever, the substitution should be
done within an extent such that it can be practically used, i.e.,

within the range [err]

thermistar elements which can be used within a Broad
temperaturs range from 300°C o 1100°C and possess a stadle
éesistag;e againgt both:- the axidizling and reducing
atméspheres. Also there are provided ceramic compositions
for the:mis:cgs and thermistor elamants which are :uperi&r
in the stability at a thigﬁ temperature, can be used within
a hro&i temperature range, and have a high mechanical
gtrength, and thﬁs they can be used as, for instance, a
detecting device of éverhaatins for the catalysts f{for
exhaust gas ﬁurificatioﬁ in automocbiles, measuring apparatus
'cf.high temper&tuﬁe gaseg such as detectin5 gppar:tus of the
recycled .gas temperature in the gas—-recycling system o?
axhaust gas, measuring apparatus-uaed at places of severe
vibratiaons, or temperature measuring apparatus for various

inds of furnaces atec.

Figure 1 shows an embaodiment of :the present invention.
.Explanation of Symbels
1 ... thermistor elemant

2 ... lead wire

In the ?ollowing preferred emdodiments are disclosed

with reference ¢ specific Examples which should =not De

intaerpreted as limiting the {nvention therstc.

Le)

Xamnle 1°
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z}3< 20 % because an excess Sr substitution causes remrkable lowering in
the resistance and [err] resul ting I n a deterioriated

t enpereture dependent accuracy. Next, the resistance. change rate
([err] R rate) was i nvesi gated by keeping sanples. Nos. 5, 11 , 14 and
17 at [err] in the anbient air for 20, _hours. The results are shown in
Table 3, which denonstrates that the inventive products do not suffer
significant change in the resistance even after exposure to a high

tenperature of [err]. Al so, a therm stor elenent having a high strength
and a reduced daterioration of l|ead wres can be obtained since
the sintering tenperature is [err]. Table 3 Sanpl e [er] rate
( X) . . .

[o]

Zxample 1 ¢ the p:;sent invention is_now sexplained.
Y2Q0a having a puritly of 99.9% or higher and a mean
particle slze of 1 £ m, SrCO5; having & purity o2 88.5X or
higher and a mean particle size of L' .zm, FeQOa having a
puriiy ;f 88.5 X or higher and a mean particle size cf
g @, aad Al1,0; having a purity'of 99,9%X or higher ;nd a mean
particl; size af 0.7 um wers weighed ta 2 composition (Yai-
x* STx)(Cri-y-=z* FeyAl2)O: where x, ¥ and z are sei as showﬁ
in Takle 1, mixed.by 2 wet mixing method, dried and calcined
{pre-=fired) by subsequently maintaining the mixture 1400°C

for 4ws hours.

Ta tbe resulting calcined powders 1 wt; of 8iQe pcwdgr
having a mean particle size of 0.8 um iz sadded and mixed by
a web mixiﬁg methed. The resulting mass is mixad togethe}
by a wat method to giva a siurry mixsure which {s then
passsd through a 200-mesh sieye_and subsequently dried. The
dried mass is then admixed with a bBinder compased of L5 wiX

of pcly vinyl-butyral PV3, 10 wi% ¢? di-butyl phthalate D3P,

e

5C wiX¥ of methyl ethyl kstcne MTX and 33 wtX o? toluens cr

granuliasing peowdars for press molding.

This is the replacement 3hest
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No. [err] 6 [- 4] 8 [- 8] 11 - 9] 6] -2 21 2 [
-.3] - 2[ 1] 3[- 3] 5[- 7] 17 7[ - 4] 2[-2 ] 4] -
21 ] This is the replacenment sheet Date: 11 OCT 1996 -19- [err] The
second exanple will now be explained . Therm stor elenents are produced

according to the raw materials ang_

Table 1
Sample compasition resigtance(k Q) B
No. |x/l~-y-z|z/l-y-z|y/l-y=-2| 350°C | 600°C| 900-C{300-600]800-800
1 | 0.000 | 0.20] 0.20 [135 2.08 | 0.107| 8080 | 10100
2 | 0.000 | 0.80 | 0.20 [173 §.84 | 0.436] 7400 | 8880
3 | 0.0015] 0.20 | o.05 | 20.0 | 0.920] 0.120] &700 | 7000
4 | 0.0015] o0.20 | 0.10 | 19.0 | 0.960] 0.108| 6500 | 7460
5 | 0.0015( 0.30 | 0.20 | 22.6 | 1.000| 0.084] 6680 | 8490
6 | 0.0015| 0.20 | 0.25 | 26.7 | 1.06 | 0.089] 6770 | 8450
7 | 0.0015/ o0.20 | 0.30 | 21.5 | 0.856| 0.084| 6840 | 7930
8 | 0.0015{ o0.20 | o.50 [ 15.0 | o0.820f 0.081| @320 | 7500
9 | 0.0015| o0.20 | o0.80( 8.0 | 0.s50] 0.080[ 5800 [ 6500
10 | 0.0015/ 0.30 | 0.20 ) 7.7 | 1.84 | Ov121] 7600 | 9380
11 | o0.0045} o0.30 | 0.25 | 2.6 | L.88 | 0.120| 7720 | 8020
12 | 0.0015| ¢.30 | 0.30 | 50.8 | 1.55 | 0.125[ 7410 | 8580
13 | 0.0015] 0.40 | 0.30 |141 '2.03 | 0.130{ 8880 | 9340
14 | 0.0015] 0.40 | 0.25 j107 1.51 | 0.111] 8040 | 8300
| 15 | o.0015 o.40 | 0.30 | 42.3 | 0.874| 0.091| 8160 | 7700
16 | 0.00135| 0.55 | 0.20 | 9.66 | 1.03 | 0.144| 4830 | 6700
17 | 0.0015| 0.55 | 0.25 | 31.6 | 2.20 [ 0.138] 5800 | 8220
18 | o0.,0015( o0.55| o0.30 | 18.1 | 0.910] 0.108| 8500 | 7300
19 | 0.0015| 0.80 | 0.20 | 3t.1 | 2.50 | 0.327 5320 | 6830
20 | g.00t5] o0.90{ o0.20 | 51.2 | 4.12 | 0.421] 5480 [ 7790
21 | 0.0020] o0.80 | 0.20 | 6.24 | 1.26 | 0.258] 3300 | §400
22 | 0.0050| 0.20 | 0.20 | 0.298] 0.137| 0.058] 1870 | 3080
23 | 0.0200] o0.80 | 0.20 | 0.394| 0.174| 0.086 1830 | 2380
24 | 0.200| o0.80 ] o0.20| o0.122] 0.032| 0.014] 990 | 2800
.25 | 0.250 | 0.20| 0.20 | 0.0L0f{ 0.008 0.005] 1260 810
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net hod af

is used instead of [err],

Exanple 1 except for. the fqllowing points, nanely [err]
having a purity of 99.5% or higher and a nean particle size of 1 [err] m

and the.raw naterials are weighed and m xed

SO as to provi de conpositions of Sanple Nos. 25 and 27 of Table 4 by
seétting x, y and z in the fornula [qgr] The tenperature-resistance
charicteristics of the resulting thermstor elenents are

additional ly
conposition

[err]

2

7

26

shown at col umms "resi stance" and "[err]" . Table 4 Sanple

resistance(k Q) NO x/l-y-z z/l-y-z yll-y-z
0. 0015  o0.40 0.25 59.2 1.773 0.126 6410

0. 0015 0. 40 .25 17.8 0.670 0.092 5488 8770

Tha resulzing powders ara charged into & metal mold in
which two platinum wires are disposed, each 0.4 aom in
diameter, at an interval of 1.2 mm, and are pressad unde> a
pressure of 88 MPa (1000 kg/cm®*), far producinz a mgclded
product, 3 mm in diameter and 2 mm in thickness, having two
lead lines of platinum wires, as shown ian Fig. 1. fhe
molded products are sintered in ambieat air at 1550°C teo
produce thermistor elements.

On the therﬁistor element, thus produced,

resistance values in the atmosphere at 300°C, 350°C, 600°C

and 900°C and values of the temperature gradient constant 8
were meaguréd. The results are shown in the columis of the
"resistance” and "§ " in Table 1.

Next, the lsamples were maintained for 300 hours in the
atmosphere at 1000°C and the resistance values thereof at
350°C, 600°C and 900°C before and after the maintenance at

1000*'C were measured in order to check the durability by

..investigating the resistance change rate (referred to as

“"A R rate" hereinafter). Tha results are shown at the
"A R rate (%)" column in Table 2. Also, enVifqnmen:&l tast
was conducted by wmaintaining each sampie at 900°C ‘in a
chamber of a reduced oxygen pressure at an oxygen _partial
pressure of C€.0f Pa (10-7 atm) followed by meaguring the
resistance values theraby checking the stability of £he

resistance values. The results are also shown at the column

7753

This is the replacement 3heet
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X8 0. 0015 0. 40 0. 25 2.19 - . 0.300. 0.066 4402 51 68 The
durability test and the environnental test were carried out in the sane
manrner as in Exanple 1, and the results are also shown in Table 5.

This is the replacenent sheet Date: 11 OCT 1996 -20 - Sanple
R rate (% environenkal test No . [err]

[err] R rate (% 2 6 6.1[- 3] 6. 8[- 5] 1.7[- 3]
-2.8[ 5] . . '

o? "eanvironmenzal tast A 2 rate (%)".

Tabie 2
Sample AR rate (%) eavironmental
tast
Na. 330°C §00°C 800°C AR rate (%)

1 | =-30( 0] -18( 15} -10( 12] 12(-15]

2 22(-13] -11( 10] - 70 12] 18(~18]

3 17(- 9] g{-10] §(-12] 4(- 8]

4 9[- 5] 11(-12] 8(-15) 4{- 7]

5 6(- 4] | 8[- 8] " 5[~ 8] - 2{=- 8]

§ | -4 3] - 8( §] - 6{ 9} 2[- 31

7 - 8 31 - §[ 10] - 2[ 4] -2{ 4]

8 | -8 3] - 70 9] - 8( 5] - 3 5]

8 | =i0{ 7] - 7( 10] - 5[ 10] - 50 191 .
10 12(- 51 9(- 71 8(-10] 2(- 2]
1L 8- 4] 15{-12] 9(-13] -2{ 3]
12 |.-14f 7] | -8l 7) | -6 9] - 30 4]
13 100~ 3] 7(- 5§} a(-12] (- 4]
14 8(- 2] 1{=~ 1] (- 2] - 2( 4]

15 | -20[ 8] -11{ 9] - 8[ 10] -1( 2]
16 3(- 2] 3~ 4] a[- 6] -1( 2]
17 | 10(- 8] a(- 2] | s~ 8] (- 5]

i 18 | -100 €) | -7( 8 | -3 3 (- 2]

b 19 10f~ 8] o[- 3] 4~ 8] 1= 2]
2 0 t1(~ 9] 10{-13] §{-11] - 2[ 4]
21 4~ 3] a(=- 4] §(-12] 3(- 71
22 ${~ 3] 2(- ¢] 5(-15] of al
2 3 5{~10] 3[-10] a[(-13] 2(-10]
24 | -3 10] 7{-15] 3{-151 ¢l 0]
23 | -t4] 48] - 4( 29] - 3(110] ¢l ol

This ig the replacement sheet
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2.7  10.6(- 6] 8.3[- 7] .4.0[- 8] -1.5] 3128  10.0[-
1[ -

7]. 7.2[- 8] 3. 8] -1.1[ 3] As apparent from Table 5,
the resi stance anmounts to an order of 10 kQ at [err] and around 100
[err] at [err], respectively, which are suitable resistance values

in the practice, while [err] ~ assungg.5000 to 8000. Accordingly, these
sanples are qualified as therm stor elenents which are suitable for

use in a tenperature detecting apparatus, since they exhibit little
change in the resistance value even after  the durability test and the
environmental test. Next, the third Exanple will be explained. Therm stor

el ements are produced according to the raw materials and nethod of

Exanpl e | except for the fol |l owi ng
The temperalure gradient constant 4, the resisSance
- changs (A R) rate an& the resiglance change rate calculated
as temperature (converted temperature valua derived from the
resistance change rate) are de?ined by the following
equat;ona: .
£ = 1n(R/Ra)/(1/K~ 1/Ko)
AR rate = (Re<— Ro)/RoXx 100%

(A R rate, caiculated as temperature)
= f X Ko/ (1n(R=/Ra)X Ko+ £ )~ Ko
where ln indicates common logarithm, and R and Ra indicate
resistance values at adsglule temperatures X and Ko,
respectively in the atmosphere. "300-600" and "800 - 90Q"
dangta the'temperaturé gradiant constants £  batween 300°¢C

and 8C0C and beiween 800 and 900C , respasctively.

Feo the durability <test, BR. denotes the resistance
values at .a temperature ¢t (t=300C or 900€C ) in the
atmosphere a(te: the durability test, For the environmental
:gst, R& denote{ the resigtance values at a temperatures ¢
(£=800°'C) in an oxygen-raduced chamber.. AR ralte calculated
as :emperatﬁre is shown in the squars blackets [] at <he

'celumn 62 "anviraonmantel tesz A R rate” in Table 2.

As apparent “rom Table 1, the resistance value can De

adiugtad eaéily sy varylng :ths aixing ratios of x/(l-y-z),

y/{Ll=y~2) and z/{l-y=2) in the compasition ~repressntad DBy

This is the replacement sheet
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hi gher and a particle

pei nts, nanely [err] having a purity of 93..9% or
si-ze of 1 [err] mis used instead of- [err,] and the raw materials are
weighed and mixed so as to provide conpositions of Sanple No. 28 of
Table 4 by setting x, y and This is the replacenment sheet Date: 11
OCT 1996 -21 - z in the fornula.[511] The temeprature-resistance
characteristics of the resulting thermstor elenents are
additionally shown at
It has turned aut thas the resistance and A can he
increased by substituling Te and Al far the Cr =ziies in the
compgogition (Yiosx: Sra) (Criey-z* Fey+ Alz)Os. Therefore
there can easily be provided thermistar elements having regquired
resistance values and 8 's. This reaction system is
substitution solid ~ sclution offering no yield of &by

praducta, and thus the resistance wvalue caz bBe adjusted

easily, which is drawn tg the advantaga.

- durability test and the

exhibit wvery- stable

and oaxygen

hysteresis
atmosphare.

The smaller

savirenmantal
characztaristics

pa-tial

the more preferable is the

As shewn by the

the products

tast,

against the heat

<
-

presaure n the amhbhient

L]

changing rates

lity test and ths

o? resistance in the durabi environmental
test. Howavar, it . is preferred to be within i5°C
(plus/minus) for the AR rate, ~calculated as temperature,

which corresponds to

The reaagsn Zor the above is thought a3z follows.

¢ne hand, it is ascribable

unatahble metal icn dafac

Sample Nes. 3 to 23 in Table 2.

On the
%9 the dacrease in the amount .gf
and oxygen ion defscts against

the heat hysteresis owing to aixin VCrOa as a p-type
seniconductar and Fezx0s &3 an n~type ss=miconductar, On the
.Qether hand, i {3 ascricanle to the coapensatian or
canceilaticon ¢? <:ne de:e:de:c} cn the cgxyzaen partial

pressure fthrsugh mixing ot

tha p~and n-iype ssmiconductors.

This is the replacement sheet
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colums "resistance" and "[err] ". Also, the.durability test and the
environnental teot were carried aut in the sanme manner as Exanple 1 and
the results are also shown in Table 5. As apparent from Table 5, the
sanples are qualified as therm stor elements which are suitable for
use in a tenperature detecting @ﬁ?aratus, since they exhibit little
change in the resistance value even after the durability test and the
environnmental test. Sanples Nos. 28 and 28 were subjected to a test at an
extrenely high tenperature in which they were kept in the anbient air at
[err] or 2 hours. The resulting resistance change rates exhibited within
10% at [err] and within 5% at [err] for each sanple.

Increase in the 3320lllty of resistance is agbserved
alsc By subs-itusing S» 200 Y. Howeve:r, the Sr substitutian
should be dane within an extent such that i% can he
pra:igcally used, {.sn within the range 0.1%S x/ (i-y-
z) < 20% becauses an excess S» substitutign causes remarkable
lowesing ia  the resistance and 8 resulting in a

daterionated tamperature dependent accuracy.

the ‘resistaace change rate (AR rats) was

-
., -4

o
"

e
investigataead by kseping zamples Nos. 3, 11, 14 and 17 at
110G°C in the ambient alr for 20 hours. ~ The results are

“shown in Table 3, which demonstrates that the inveative
sroducts do not suffer significant change in'the raq;:tance
even after . exposure to a high temperature of 1100°C.  Also,
a thermigtor elenent having e high sirength -and & reducad

rigration of lead wires can be obtained since iLhe.

date
sintering tamperature is 1550'c.
Table 3
Sample AR rats (%)
No.. 330+C g00°C 800°C
i ) |
3 §(~ 4] §(- 8] 8- 9]
11 -8( 3] - 20 2] 27- 3]
14 | =20 1] (- 3] §(- 7]
17 7(- 4] 2{- 2] a(~ 7]
| \

This is the replacement sheet
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|+ should be noted that nodification which is obvious to a person skilled
in the art may be done wthout departing fromthe gist and scope as

di sclosed and clained herein. particurly the disclosed enbodinents .
shoul d not be construed narrowy such that they would serve to
restrict the invention thereto. This, jg.the replacement sheet Date

11 OCT 1996 Substitute sheet - 21 August 1998 - 22 - [err]:

EXAMPLE 2
. The secand example will oW be axplainéd. Thernistar
elamants are prcduced accarding o the raw nmaterials and
mathod ¢f Zxample L excep: for the fallowing points,
namely GdzOs having a purity of 99.9% or higher aad 4 mean
garticle size 0f 1 um i3 used instead ' of Y203, and the raw
zaterlials are weigzhed 'gnd- mixed 39 as ts pravide
compositions of Sample Nos. 235 and 27 of Tatle 4 by satting
x, vy and z {n the formula (Gdi-x* Sriw)(Crz-»-z- Fey,: Al:)0;.
The tamperaturs-resistance charscteristics of the

resulting thermlistor elements are additicenally shown &t

columng “resistance” and “g .
Table 4 *
Sample compogition resistance(k Q) B

No. |%/l-y=z|2/1-y=2}y/1l-y~2z| 330-C| 600°C| 900°C|300~-5800/800-900

2 6 0.0C613] 0.40 0.23 | 59.2 | L.773] 0.126| 6410 7733
27 0.001%] 0.40 0.25 | 17.8 | 0.670| 0.092] 35483 8770
2 8- 0.60135! 0.40 0.25 | 2.19 | 0.300( 0.086]| 4402 5168

Ths durability tast and the wenaviroamantal
carriad ous Ln the same.mainer ag {n Zxemzle L, and

casulss are alsc shewn In Tabvle §.

This is the replacement sheet
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1~ A ceramic conposition repreented by the farnmula [err] where [err] is one
or- nore elenents selected fromthe group of the elenents belonging to the
group 3A of the Periodic Table excluding La, [err] is one or nore el enents
selected fromthe group of the elenents belonging to the group 2A of the
Peri odic Table excluding My, [err] isgne or nore el ements selected from
the group of the elenents Cr, Mh, Co and [err] is one or nore elenents
selected fromthe group of the elenents Fe, V and Ti, wherein x, y and z
are larger than 0 and smaller than 1 and satisfy the follow ng fornmul as
0.001 [err] x/(l-y-z)< 0.20 0.05 [err] y/(l-y-z) [err] 0.80

Tagle 3
Sample AR rate (%) environmental'
tagt

Na. 350°C §00C 800+C AR rate (%)

2 8 §.10-3) | 6.8(~ 5] | 1.7(-31 ] -2.8( 5]
27 10.6(~ 6] 8.3(- 7] 4.0[-8] | ~-1.5( 1]
28 | 10.0(-7) | 7.2(-8] | 3.1(- 8] ~1.1[ 3]

As apparent from Table 3, the resistance #mounts te an
order of 10 k@ at 350°C and around 100 Q st 800°C,
respectivaly, which are sujitable resistance ‘values in ‘the
practice, while 4 assumes 5000 to 8400.

Accordingzly, these samples are qualified as <thermisicr
elements which arsa suitable far. use in @& temparature
datacting apparatus, siace they exhibit littie change in the
resistance value even after the durabili:y' test and the
envircamental test.

EXAMPLE 3

Next, the third EZxample will be axplained.

Thermistor elements are produced acccrding to the raw
materlials and methsd of Example 1 except fqr the Zfollewing
points, namely SmeOa having & purity of 93.9%X or higher and
& particle size 0f L um is used instead of Y203, and the
raw matecials are welzhad and wmixed 83 as 40 pravide

compositions of Saanle Nc. 28 of Takle 4 by sestling x, y aad

This is the replacemerit sheet
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0.90. 2. The ceram c conposition as defined in claim
1.. wherein [err] is one or nore elenents selected fromthe group of Y, Sm
Pr, Nd, Ho, Dy, Er, Gd and Yb, [err] is one or nore elenents selected from
the group of Ca, Sr and Ba: REPLACEMENT SHEETS SG [err] Description

O.< z/(1l-y-z) [err]

- paged [err] paged [err] [err]

:paged . ..... to paged..... [err] C aipf(s)
Draw ng(s) :paged..... to paged ........ [err] Abstract paged ..... to
paged. ...... DATE OF RECEIPT [err] .
z in the farmula
) (Sm-.-x° Sl'x) (C?'--y-z' Fes Alz)O:
Tha temaprature-ragistance characteristics at the
shown at

rasuliing thermistor elements are additionally

columns "resistance” and "S5 ".
Al;o. the durability test and tha envircnmental tas:

were carvried out in the same manner ags EZxample 1 and the

results are also shown in Table 5.

As apparent from Table 5, the samples are qualified as

for use

suitable in a

~ thermistor elementa which are

temperature detecting apparatus, since they exhidbit Llittle

v
change in the resistance value even after the durability

test and the environmental test,

Samples Nos., 28 and 28 were subjected to 2 test ‘at an

extreanaly high temperature in which they were kept in the

ambient air at 1100°C Zo0r 2 haours. The resulting resistanca

change rates exhibited within 10% at 350°C and witain 5X a:

800°C f¢r each sample.

I% should be noted that modificatiozn which is obvioua to

a2 persan skilled in the art may be done without departing
from the gist and scope as disclozad and claimed herein.
particuiarly the disclosed embodiments should nat be
canstruad nasrowly such that they would serve tag restrict

This is the replacemerit sheet
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Substitute sheet - 21 August 1998 - 23 - 3. . The ceram c conposition as
defined in claim2, wherein [err] is Y, [err] is Sr, p2is C and [err] is
Fe. 4. The ceramic conposition as defined in claim2—wherein [err] is Gd,
[err] is Sr, [err] is C and N2 is Fe. 5 The ceram c co osition as

defined in claim2 wherein [err] is_gm [err] is Sr, P-tl iE*h1r
Fe. 6. The ceram c conposition as defined in any one of
wherein the conposition further conprises a sinteri ﬂrﬂ n of
the cerami c conposition of one of the preceding clains for the production
of a thermstor. 8 A thermstor elenent produced fromthe -conposition
as :

Claims

1. A ceramic composition reprsented by the formula
(1) x8Ly) (P2 2 N2y AL3)03

where M! is one or more elements selected from the group
of the elements belonging to the group 3A of the Periodic
Table excluding La, Nl is one or more elements selected
from the group of the elements belonging to the group 2a
of the Periodic Table, P2 is one or more elements
selected from the group of the elements of the groups 4A,
SA, 6A, 7A and 8 of the Periodic Table whose oxides
exhibit p-type characteristics, and N2 is one or more
elements selected from the group of the elements of the
groups 4A, 5A, 6A, 7A and B.whose oxides exhiblt n-type
characteristics, ' '

wherein x, y and z are larger than 0 and smaller than 1
and satisfy the following formulas.

0.001 € x/(1-y-2)< 0.20
0.05 £ y/(1-y-z) < 0.80
0 < z/{l-y-z) < 0.90.

2. The ceramic composition as defined in claim 1.
wherein M} is oné or more elements selected from the
group of ¥, Sm, Pr, Nd, Ho, Dy, Er, Gd and Yb, Nl is one
or more elements selected from the group of Mg, Ca, Sr
and Ba, P2 is one or morz elements selected from the

group of Cr, Mn, Co and Ni and N2 is one or more elements

selected from the group of Fe, Y and Ti.

This is the replac'e’meht sheet
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defined in any one of clains 1 to 6..9. The therm stor el enment produced
fromthe conposition as defined in claim8 wherein the sintering aid is
such that provides a |iquid phase at grain boundary —to —form—a matriXx.

| O The thermistor elenment as defined in one of cl aiBgBe:Phs BelRELELN t he
sintering aid is present in an amoungsof O . 5 to 10 y 0.8 to
5 WM%. 11. The therm stor elenent as defined in onejmmwl l{ 10
wherein the sintering aid is silica and/or mullite. . t tor

el ement as defined in any one of clains 8 to 11 wherein the conposition
present is substantially of the perovskite structure. [err]

3. The ceramic composition as defined in claim 2, wherein ml
is ¥, Nl is Sr, P2 is Cr and N2 is Fe.

The ceramic composition as defined in claim 2, wherein M1
is Gd, N1 is Sr, P2 is Cr and N2 is Fe.

>

5 The ceramic composition as defined in claim 2 wherein Ml
is sm, N! is Sr, P2 is Cr, and N2 is Fe. .

6. The ceramic composition as defined in any one of claims 1
to S5 wherein the composition further comprises a
sintering aid. '

7. Use of the ceramic composition of one of the preceding
claims for the production of a thermistor.

8. A thermistor element produced from the composition as
defined in any one of claims 1 to 6.

9. The thermistor element produced from the composition as
defined in claim 8 wherein the sintering aid is such that
provides a liquid phase at grain boundary to form a
matrix.

10. The thermistor element as defined in one of claims 8 or 9
wherein the sintering aid is present in an amount of 0.5
to 10 wt3%, preferably 0.8 to 5 wt$.

11. The thermistor element as defined in one of claims 8 to
10 wherein the sintering aid is silica and/or mullite.

"12. The thermistor element as defined in any one of claims 8
to 11 wherein the composition present is substantially of

the perovskite structure.

This is the replacement sheet
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-24- 13. The therm stor elenent as defined in one of clains 8 to 12 which
has been produced by sintering said conposition at a tenperature not
exceeding [err] 14. The therm stor elenent as defined in one of clains 8 to
13 wherein said conposition has been calcined at a tenperature not

exceeding about [err], preferably 42t about [err], before sintering. 15.
The-therm stor elenent as defined in"one of clains 8 to 14 which has a
resi stance change rate., <calculated as tenperature, lying within [err].

13. The thermistor element as defined in one of claims 8 to
12 which has been produced by sintering said composition
at a temperature not exceeding 1600°C.

14. The thermistor element as defined in one of claims 8 to
13 wherein said composition has been calcined at a
temperature not exceeding about 1400°C, preferably at
about 1400°C, before sintering. |

15. The thermistor element as defined in one of claims 8 to
14 which has a resistance change rate, calculated as
temperature, lying within +/-15°C.

16. The thermistor element as defined in one of claims 8 to
15 which has a temperature gradient constant § of 5000 to
8000.

17. The thermistor element as defined in one of claims 8§ to
15 which has a temperature gradient constant B of at
least 3000.

18. The thermistor element as defined in one of claims 8 to
17 wherein 0.0015 < x/(1-y-z) £ 0.020,
and 0.20 £ z/(l-y-z) < 0.90.

19. The thermistor element as defined in any one of claims 8-
18 wherein the composition has been calcined at 1200-
1400°C.

20. The thermistor element as defined in one of claims 7 to
19 wherein the sintering aid is at least one selected
from the group of silica, mullice, and materials of the
types of Cald-Si0;, Sr0-Si0,, Mg0-Si03, B03-Si07-Al;03
and B303-5103.
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16. The therm stor elenment as defined in one of clains 8 to 15 which has a
Tenperature gradient constant J[err] of 5000 to 8000. 17. The therm stor

¢l enent as defined in one of clains 8 to 15 whi ch—has a tenperature

gradi ent constant [err] of at |east 3000. -18. TheT%Q {41 15k BhenReMsBNL  AS

defined in one of clains 8 to 17 wherein 0.0015 [er - err]
0.020, and 0.20 [err] z/(l-y-z) [errT 0.90. 19. Th'eUW RN&E‘Memnt as
defined in any one of clainms 8- 18 wherein the conp i en

cal cined at 1200- [err]. 20. The therm stor elenment as defined in one of

clainms 7 to 19 wherein the sintering aid is at |east one selected

21l. The process for producing a sintered ceramic body
comprising: '

(a) providing a ceramic composition represented by the
formula (M*j_y Nly)(P21_y_zn%yAlz)03

where M! is one or more elements selected from the
group of the elements belonging to the group 3A of
the Periodic Table excluding La, Nl is one or more
elements selected from the group of the elements
belonging to the group 2A of the Periodic Table, P2
is one or more elements selected  from the group of
the elements of the groups 4A, SA, 6A, 7A and 8 of
the Periodic Table whose oxides exhibit p-type
characteristics, and N2 is one wr more elements
selected from the group of the elements of the groups
45; SA, 6A, 7A and 8 whose oxides exhibit n-type
characteristics,

wherein x, y and z are larger than 0 and smaller thag_
1 and satisfy ‘the following formulas

0.001 s x/(l-y-2) < 0.20
0.05 € y/(l-y-z) < 0.80
0 < z/(l-y-2) £ 0.90, and
b) sintering said composition, to a sintered body.

22. The process as defined in claim 21 wherein the
composition further comprises an sintering aid.

23. The process as defined in claim 21 or 22 which further
comprises a step of calcining a raw material mikture
before sintering. .
This is the raplnpément sheeot
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fromthe group of silica, nullite, and materials of the types of [err]
This is the replacenment sheet [err] Substitute sheet - 21 August 1998 -
25 - 21. The process for producing a sintered ceramc body
conprising: (a) providing a ceram c conposition represented by the formula
[érr] where [err]one or nore el enent.ggsel ected fromthe

24. The process as defined in <claim 23 wherein the
calcination is carried out about at 1200-1400°C,
preferably about 1400°C.

25. The process a defined in claim 23 or 24 which further
comprises, after the calcination, a step of pulverization
before sintering.

26. The process as defined in any one of claims 21-25 wherein
the sintering is carried out in a temperature range not
exceeding 1600°C, preferably of -L4SO-1€OO°C, more
preferably of 1450 to 1550°C.

27. The process as defined in claim 23 or 34 wherein the raw
material mixture comprises at least one of salts of said
elements.

28. The process as defined in one of claims 21 to 27, wherein
the sintered ceramic body is a thermistor element.

This is the réplacement sheet
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group of the elenments belonging to the group .3A of the Periodic Table
exgluding La, [err] one or nore elenents selected fromthe group of the
el enents belonging to the group 2A of the Periodic Table excluding M,
[exr] is one or nore elenments selected fromthe group of the elenents Cr,
Mh, Co and Ni, and [err] is one or nore elenments selected fromthe group
of the elenents Fe, V and Ti, whereinlz y and z are larger than 0 and
smaller than 1 and satisfy the fol | ow b formulas 0.001 < x/(l-y-z) < 0.20
[err] O < z/(1l-y-z) [err] 0.90, and b) sintering said conposition, to a
si ntered body. :

This is the replacement sheet
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22. The process as defined in elaim 21 wherein the conposition
further conprises an sintering aid. 23. The process as defined in claim 21

or 22 which further conprises a step of calcining a raw nateri al
m xture before sintering. [err] -26- 24. The process as defined in

claim 23 wherein the calcination is carried out about at [err]
preferably about [err] 25. The proABSTRACGESfined in claim23 or 24 which

further

“CERAMIC COMPOSITION, THERMISTOR ELEMENT, AND PROCESS FOR
PRODUCING A CERAMIC BODY

' Described is a ceramic compositioﬁ of the formula
(M>2ase - fo)(Pz;-y-z' N2, - Alz)Oa, where M* is ane or mese
galected fram the group 3A elaments of the Pariocdiec Table
'excludiﬁg La, N* is one or more selected fraom the group 24
2laments gf the Periodic Table, 2* is one or mare salectad
fram the elementi af tha griups 4A, 5A, 8A, 7A and 8 of the
Periodic Table whose oxides exhibit p-type characteristics,

and N2 is one or more selected from the elements of <*he

groups 44, 5A, GA, TA and 8 whose oxides exhibit n-type

L)

characteristics, “

whereiﬁ X, ¥ and z are larger than 0 and smaller than 1

aad 0.001 § x/(l-y-z)< 0.20, 0.05 § y/(l-y-z) S 0.80 and

0 < z/ (1-y-z) S 0.90. Thermistor elements (1) made from the
abova ceramic composition are usable

within & broad temperature range of 300-1100°C have a2 stable.
resistance in oxidizing and reducing atmosphereas, can

prevent deterioration aof lead wires, and have superior stability

. a2t high temperatures.
. (Fig. 1)
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conprises, after the calcination, a step of pulverization before "s‘f’m@r’ﬁ”ﬁg.
26. The process as defined in any one of clains 21-25 wherein the sintering
is carried out in a tenperature. range not exceedi ng [err] preferably
of J[err] nore preferably of 1450 to [err] _.ahe process as_defined in
¢laim 23 or 24 wherein the raw material mi xtu%"«i’sﬁﬂiﬂ%?i sheet 7 pﬁ‘&qus?}n%%@f
salts of said elenents. 28. The process-&2 defined in one of clains 21 to
27, wherein the sintered ceram c body '!:s a thermstor elenent. This is the
repl acenent sheet [err]

1. A ceramic composition reprsented by the formula
(Mll-x-le) (?zl-y-z.Nzy. Al )03

where M is one or more elements selected from the group
of the elements belonging to the group 3A of the Periodic
Table excluding Lea, N! is one or more elements selected
from the group of the elements belonging to the group 23
of the Periodic Table excluding Mg, P’ is ore or more
elements selected from the group of the elements Cr, Mn, Co
and Ni, and N° is one or more elaments selected from the
group of the elements Fe, V and Ti,

wherein x, y and z are larger than 0 and smaller than 1
and satisfy the following formulas

0.001 £ x/(1l-y=-2)< 0.20
0.05 < y/(1-y-z) < 0.80
0 < z/(l-y-2) £ 0.30.
2. The ceramic composition as defined in claim 1.
wherein X! is one or more elements selected from the -

group of ¥, Sm, Pr, Nd, Ho, Dy, Er, Gd and ¥, ¥l is cne
or mere elements selected from the group ofCa, Sr and Ba.

0 Description : paged ..... t0 paged .....
B Claim(s) :paged =7 tG paged .=

1 Drawing(s) : paged ..... tO paged .....
e O Abstract  : paged ... to paged ...

TR | s oF recewr. 2.




19.

1.

12.
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The ceramic composition as defined ir claim 2, wherein M1
is Y, ¥ is Sx, P2 is Cr and N? is Fe.

The ceramic compcsition as defined in claim 2, wherein Ml
is Gd, p' is Sr, P2 is Cr and N2 is Fe,.

The ceramic composition as defined in claim 2 wherein M2
is Sm, N! is Sr, P2 is Cr, and N2 is Fe.

The ceramic composition as defined in any one of claims 1
to § wherein the composition further comprises a

sintering aid.

Use of the ceramic composition of cne of the preceding

" elaims foxr the production of a thermistor.

A thermistor element produced from the composition as
dafined in any one of claims 1 to §.

The thermistor element produced from the composition as
defined in claim 8 wherein the sintering aid is such that
provides a liquid phase at grain boundary to form a

matrix.

The thermistor element as defined in one of claims 8 or 9
wherein the sintering aid is present in an amount of 0.5
to 10 wts, preferably 0.8 to 5 wtk.

The thermistor element as defined in one of claims 8 to
10 wherein the sintering ald is silica and/or mullite.

The thermistor element as defined in any one of claims 8
to 11 vherxein the composition present is substantially of
the perovskite structure.

Ry
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. The process for preducing a siatered ceramic body
comprising:

(a) providing a ceramic composition represented by the
formula (M23.y. N1y) (P21 _y ;n?yAlz)03

where M1 is one or more elements selected from the
grovp ©of the elements belcnging to tThe group 3A of
the Periodic Table excluding La, N! is one or more

elements selectad from the group of the elements
belonging to the group 2A of the Periodic Table

excluding Mg, P? is one or more elements selected from
the group of the elements Cr, Mn, Co and Ni, and N* is
one or more elements selected from the group of the
elements Fe, V and Ti,

wherein x, y and z are larger than 0 and smaller than
1 and satisfy the following formulas

0.001 £ x/(l-y-2) < 0.20
0.05 < y/(l-y-2) s 0.80
0 < 2/({l-y-2) £ 0.90, and
b) sintering said composition, to & sintered bcd}.

. The process as defined in claim 21 wherein the
composition further comprises an sintering aid.

. The process as defined in claim 21 or 22 which further

comprises a step of calcining a raw material mixture
before sintering.
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