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This invention relates to a ceramic (or porce‘la'in) éé’xﬁp‘os:.t:.on
for a thermistor, a thermistor element comprising the ceramic
composition as well as processes for producing the ceramic
composition and the thermistor element.

_ AS. 2, thermistor material which may be employed at
'higher tempere‘tures, (a) ‘2 ma.terial mainly composed of .2
'.corundum type cryetel etructure. as disclosed for example in

JP Patent KOK.KI Publication No. 50-118284 (JP-A-118294/75)
or in "Fine Ceramic Handbook" by K. Yano, published by

ASARKURA SHQTEN in 1884; (b) a material mainly composed of
compound- ha.ving a spinel type cerystal structure, as
dis¢losed for exemple in JP Patent KOKAI Publica.tion Ko, 48~
63995 (JP-A—63995/74), (¢} 2 material mainly composed of
zirconie. 85 dzsclosed in, e.g., "Nainenkikan" .(Infernal
Combustion Ens'i‘ne) val 30, No. 8, pase a8, end (d) a.
material meinly composed of 2 compound having.a perovekite
type cryste.l structure ¢ may be used. '
| However. a,ccording to the ea.ger investigation of the
inventors -of the present invention the following' pro‘olems
have been turned out. ‘With the material (2) mainiy composed
of the 5corundum crystel structure, the res‘istence -
tempereture cheracterlstics can not be adausted to & lerger
extent. If for exemple. the additive is added in.an excess
quentity, the structure ceases. to remain the stable corundim
type, cry*stal structure. resulting in deteriorated :thermal
atability! '
The . material (b) meinly composed of the spinel type
erystal structure has a higher rate of cha.nge of the

" resistance versus temperature (e hlgher temperature gredient
-1-




A co'ns'tant.'-ﬁ.' 5‘.‘ :.so that if: cantot be employed 'o%e_z'-- 2 widér
tempereture rzhge. On the other hand, meteriels_x mainly
eomposed of Ni.&l, 04 or CoAl;0, dre.low in the thermal

B S

resistance end hence cannot - be employed at elevated
temperatures. ; .

The material (c>mein1y composed of zirconia is oxygen
fon conductive and 1s increased in resistance’ in a
tempera.ture re-nze lower than the activation tempereture 50
tha.t it. ca.nnot be employed practically.

The mater:.al (4) mainly composed of the compound hreving the
perovski’ce type crystal structure has such 1nconven1ence
that, if bnly 2 slight amount of La oxides rema.in unreected,
the non*reected; La component reacts with the atmospheric
moisture to form unstable La(OH). with the res’\zlt that the
device composed. of the meterial collapses or exhibits only

unsteble resisstence values.

It is therefore the obJect of the present invention to prov1de an improved
novel ceramic composition and an improved thermistor element comprising the
ceramic composition which avoid the ebove mentioned drawbacks. This object
is solved by the composition according to independent claim 1, the
thermistor element according to independent <c¢laim 10, the process for
producing a ceramic composition according to independent claim 11, and the
proce"e-e for producing a thermistor element according to independent claim
19. 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.

The present invention provides a ceramic thermistor which overcomes the

above problems.

It is a further aspect of the present invention to provide a ceramic

compos:.t:.on espec:.ally useful as a base material for a thermistor which has
" brodd renge -of resistance values by edausting the
eompos1tinn of ithe material. S

It is Stlll a further aspect of the present 1nvention

\
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to provide a ceramic compoeitzon for themistor which can -
be sintered at i tempera.ture ‘not highér than 1800°C to
prevent . electrode deterioretian. which' is free. from
hygroscopic .substa.nces and the rasulting sintered body is
-less suseeptible to deterzoratlon in charecterzetics due to
the a.tmosphenc humidity or heat hysteresis and which cin be
“employed ., over a wide temperature range of from room

tempera,fcn;',e to 1100 C.

According to another aspect, the present invention provides a composition

for a thermistor, which is superior in high temperature stability.

It is a-fx.n:the.r aspect of the present invention to
provide rmt onl;y the eeramic compositions a.forementioned,
but to provide an improved thermstor elements which are-
obtameble by szntenng the aforesaid composihons

. It -is ?ls° an aspect .of . the present invention to
provide .‘::a,'.: .‘pmcess ' for _producing the aforementioned
compoeii:'i':o:is; -end-'_thermistor element 'using the same:

Still further aspects of the invention -will- become
a.ppa.rent from the entzre disclosure.

At least one of the sald aspects 1s a.ccomplished by the
‘following ceramie compositmn ‘and 2 -thermistor element
obtalnehl_.e; :t’r_on;_ this  composition. The present invention
further” -i:i;ovi.c.l:e's & process for -producing & thermister
element..':‘f .

The cerenuc compoeltlon for the thermistor-according to

the present inventlon especially useful for the production
-6f ‘a therm:.stor is represented by the formula

(MLMP O d5os -+ &M AL, ), , where
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M‘ ie one 'or more elements selected from the elements:
l:xelcmgim.F to the group ,3A excluding La, M 'is one or more
elements, selected from the elements belonging to the groups
44, 54, BA. 74 and 8 and 0. 8>x>0

: Part of th.e elements may be inter-diffused with each other,
such .a.s is t@e.-cee._e 'with certeh; element(s) of M' and Al
Defi ’“‘:!‘ o . .'
| The Frups 3A, 4A, 5A, 6A’and 74 berein men 34, 44,
§A, 64 g.ad 7A af the Periodie Table according to the
. agreement in 1&65 of the Committee for the Nomenclature for
. Inorganic Chemistry ot Intermational Unien of BPure and
Applied Cﬁemistry (IUPAC).
Accord’ihg to the process .agpeet of the present

’

Y

-1nvention, there 1s provided a process for produeing 2
compesztion ffor thermistdr compriging:
provading M‘M‘ ‘0, and M .uo, 1 respectively, where M is
one or. m.ore elements selected frcm the elemente belongins to
.. the grou;c 3A exeluding La, W is one-or more. elemente
selected from the elements belonging to the groups 44, 54,
64, TA and a‘, and ‘ S
then \ prqvidlng a mixture compris@’ng-' .:(M‘M’.O..),-
Ca (ulalog), ‘where'0.8>00. | ‘
' PREFER:RBD ENIBGDIMENTS '
Thé - ceremic composition - for a thermistor

represented by (M‘M'Oa Ji-x® (M’AIOa ),, where Mt~ is one or
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more eleﬁégia éﬁlected from the elements Y, Sm, Pr, N4, Dy,
‘Bo, Er, Gd and ¥Yb and/or M°i8 ope or' more elements elected
from the elemenus Cr, Ti, Mn, ?e and Co, where 0.8>x>0, does
not exhibit.hyzrqscopicity, is free from deterigration - in
_strength and superior in thermal resistance. The preferred value of x
ig 0.01 6r more .for an effective roll of x. '
A preferred ceramic compositicn for a thermistor with x being
0.05 to 0.5 alSO does not’ exhibit hygroscopicity and is free from.
deterioratfon in strength’ eand superior in thermal .
) resistance,_ g0’ that it can be adjusted to practically
satisfactory resistance values.The most preferred values of x are 0.1
0.4 ol o .
_ The"ﬁéf;mfc comﬁosiffon for a thermistor ‘mainly
: composed af 8 compositlon comprising (MM )1y .(M‘Alt.), 3
admixed, with a sintering - aid (or aids) for improving
31nterzbzlity qxhzbits high strength and supertor thenmal
' resistance Any sintering aid capable of forminz & liquid'
phase 1n the gra1n boundary for improving sinterability of
the -cer;m;qs. guff1ces. Silica, mullite or the’ 1ike ‘18
preferredv Thé amount "of addition of the sinterlng ald ig
0 5 to 10 wt% and,preferably ranges between 0.8 to § wtX.
" MO if 2 substance exhibiting higher ‘electrical
.'conductivity .ind M‘Alo. is a sﬁbstance exhibiting "lower
electrieal con&uctxvxty A thermistor may be provided in-

'which. by changing the mixing ratio of these two gubstances,
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the .res'r's'-ﬁii;c‘.e' svalues can be e2sily changed and may be
malntelz'xed 's't'a.bly at higher temperatires. The reason why the
thermlstdr exhibits superior' stability at elavated
temperatures is presumehly that such substances as M'M*0, or
M ALD,. eLrs sts‘ele at elavated temperatures, and. that the
melting . points of YCrO, snd YALO, compounds, for example,
are: as hleh ag approxlmately 2300°C and 1900 C, respectively.
] It ha.s been found tha.t 2 mixed system of YCroO, lzaving
high elediricsl -conductivity and YA, having high
electrica.l insulating properties is free from yielding of
subsidls:ry components on sintering and, after sintering, is
mainly composed of YCr0, and YAl0, phases;. i? ‘2. matrix
cemposed of the sintering aids or unavoidable impurities are.
disregarded l‘t has a.lso been found that the mixed. system
exhlblts simple rea.ctlons and hieh sts‘mllty and may be
easily adjusted in resistence, such that it can .be employed
over 2 broed temperature Tange of from $00°C to 1100°C.
Accordmx to the process aspect, each of the calecined
masses - M‘M‘O, . and M‘Alo, is pulverized to form ‘8 fine
'powder, preferg.bly having a mean perticIe size of ehout i
4m or- less The resulting fine powders are mixed together
“in & deslred proportion, without or preferably with: a..
sintering ee.d ' '
. ’I‘he resultant powdery mixture ls formed, ’ e:.g.,‘ 'dy

press-fomlng,. moldms, or other known shaping method

J
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£611owed by slntering

. Eack celnimtion for M‘M‘O, or M'AlO; is carried out by
,pre-firinz eech'of & starting raw material mixture with a
suitame. propdrtion " under the condition that. 'yields
_synthesigéd- wwo, .or MAL0,, namely .at a sufficlent
.temperature for forming celcined/synthesized mass of each
compound.' The c.alcination gserves to a better sinterability
at & rela.tively low temperature resultmg in & homeeeneous
product- witheut hetro'eneous resction grades.

The celcining temperature generally ranges from 1200
to 1400 C so that unreacted residue is minimized and
smtenng does not proceed. in excess so &3 not to offer
‘difﬁculty in pulverization. |

The sinterinz 'is carried out under the conditions that'
will sinter. the mass-to-be gintered to 2 suffzcient relative
density,. e g., 90%. 85% or 98% hieher of the theoreticel
The ain’sering temperature does not much depend on - the
selected elemente for M*, M', and generally lies ‘oetween-
. 1450~ 1600 C. prefera’bly 2bout. 1550°C. . Re’ther the sintering
temperature will ‘be effected by the kind and amount of . the
sintering‘ aida. The gintering temperature is eelected 80 as '
i to zive &high stability in the electric properties and a
: euffzcient density of the sintered products ‘

' Accarding to the preferred embodiments of the pregent
inventi;}ouq ‘it ‘ls eenerally possxble to adjust the resistance
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values within'a desired range according to the proportion of
the ingredients (mixing ratios), yet more, with a reduced,
controlled resistance change rate in a wider temperature
range of 300 to 800°C.

According to the present invention, a ceramic
composition for a thermistor could be produced which is
superior in stability at elevated temperature and mechanical
strength, and which can be used over a broad temperature
range such that it can 'be wused in, for -example, a
overheating detection device for a catalyst used for
cleaniﬁg the éxhaust gases of automotive vehicles, a hot
gas temperature sensor, such as a sensorsfor recirculated
gases in’' an exhaust gas circulating device, a high
temperature measurement device for an area exposed to a
higher temperature or a temperature sensor for a variety of

furnaces.

Fig.1l shows an embodiment of a thermistor of the present invention.
"Explanation of Numerals

1---thermistor element; 2--—electrode.

In the following the present invention will be further
elucidated with reference to the preferred embodiments which
are not restrictive.

Example 1
-
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Example 1 of the present invention is now explained.

Y.0; having a purity of 98.9% or higher and a mean
particle size of 1 «m and Cr;0, having a purity of 98.5% or
higher and a mean particle size of 1 um were weighed to a
molar ratio of 1:1, mixed by a wet mixing method, dried and
calcined (pre-fired) by subsequently maintaining the mixture
1400<C for two hours. 'The resulting calcined YCroO,
exhibiting high electrical conductivity was pulverized to
give powders having a mean particle size of approximately 1
Am. '

On the ;:ther hand, Y,0, having a purity of 99.9% or
higher and a mean particle size of 1 «m and Al; 0. having a
purity of 99.9% or higher and a mean particle size 6f 1 um
were weighted to a molar ratio of 1:1, mixed by a wet mixing
method, dried and calcined. (pre-fired) by subsequently
maintaining the mixture at 1400°C for two hours. The
resulting calcined YAlO; exhibiting high electrical
insulating properties was pulverized to give powders having
'a mean particle size of approximately 1 um.

YCrO; and YAlO, thus produced were weighed from sample
to sample at mixing ratios shown in Table 1 and admixed with
1 wt% of Si0, powders having a mean particle size of 0.6
#m. The resulting mass was mixed together by a wet method
(ball mill) to give a slurry mixture which was then passed

through a through a sieve through which particles up to about 0.25 mm
can pass (200 mesh (JIS)) and subsequently dried. The dried

—
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mass was then admixed with a binder composed of 15 wt% of

PVB,

granulating powders for press molding.

10 wt% of DBP, 50 wt% of MEK and 25 wt% of toluene for

Table 1
Sample|{composition| resistance value 8 resistance
(KQ ) change rate (%)
Nos. (YCrQ, {YAlQ, | 300°C;650°C |900°C [300-650(650-300{ 300°C 90G-C
1% 100 0 0.45; 0.085( 0.06 2520 1510 | 15(-18]| 10[-81]
2 95 51 13.2 | 0.382f 0.130| 5350 4670 | 15[- 81| 10[-27]
3 90 10 | 35.6 | 0.780( 0.240| 5770 5104 | 12(- 61| 8[-23]
4 80 20 1 70.0 | 0.905| 0.285| 6570 5000 8(- 4]| 6[-16];
5 -70 30 | 96.4 | 1.081; 0.327| 6780 ‘5180 7[- 3]){ 5[-13]
6 65 | 35 | 157 1.824] 0.478( 6730 5800 | 10[- 5] 8[-17]
7 60 | 40 | 296 2.836| 0.735| 7020 | 5850 13[- 6]} 7[-16]
8 55 45 | 363 3.591| 0.952] 6980 5750 | 15[- 71| 9[-20]
9 50 | - 50 | 497 5.100] 1.385| 6820 5650 | 15{- 7]| 8[-18]
10+ 20 | 80 [>30000| 57.0°] 1073 - 7408 - -
* marks indicate Comparative Examples

The resulting powders were charged into a metal mold

comprised of two platinum wires,

placed at an interval of 1.2 mm,

pressure of 98 MPa (1000 kg/cm?®),

each 0.4 mm in diameter,

and were pressed under a

for producing a molded

product, 3 mm in diameter and 2 mm in thickness, having two

The

electrode lines of platinum wires, as shown in Fig. 1.

molded product was sintered in ambient air at 1550°C to

—_—
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produce a thermistor element.

On the thermistor element, thus produced,
resistance values in the atmosphere at 300°C, 650°C and
800°C were measured, and values of the temperature gradient
constant & were cal_culated. The results are shown in the
columns of the resistance and £. Next, the samples
were maintained for 300 hours in the atmosphere at 1000°C
and the resistance values thereof at 300°C, 650°C and 900°C
before and after the maintenance at 1000°C were measured in
order to check the durability. The results are shown in the
resistance cﬂange rate column in Table 1. The inventive
article exhibits high strength as lead Wires and can be
easily built into temperature sensors. This may presumably
be ascribablé to the lower siﬁtering temperature.

In Table 1, £ indicates fhe temperature gradient
constant. The temperature gradient constant £, the
resistance change rate and the resistance change rate
calculated as temperature (converted temperature value
‘derived from the resistance change rate) are defined by the
following equations:

B = 1n(R/R, }/(1/Kk— 1/K, )

resistance change rate = (R. — R, )/R. X 100%
where ln indicates common logarithm, and R and R, indicate
resistance values at absolute temperatures K and K.,

respectively. In Table 1, 300-650 and 650 - 900 denote the

-jl- This Sheet Has Been Replaced




‘temperature gradient constants &8 between 300°C, 650°C and |
between 650°C and 900°C, respectively.

R. denotes the resistance value at an absolute
temperature K. (t=300°C or 900°C ) after maintenance at 1000°C
for 300 hours. |

The values in the resistance change rate column, shown
within square brackets [ ], denote resistance changes before
and after the +test on durability, as converted into
temperatures, and are defined by the following equafion:
(Resistance change rate, calculated as temperature) =
B8 XK /(In(R. /R )X K.+ B8 )— K,

It is--seen from Table 1 that, by changing the
YCr0, /YA10, mixing ratio, the resistance value can be
adjusted easily. It is contemplated that no auxiliary
components'are yielded-in'the reaction between YCr0, and
YAlO, and a two-phased mixture is produced after sintering,
with the reaction system being simple, so that the
resistance value can be adjusted very easily.

However, if the YAlO, ratio exceeds 80%, the
sinterability is lowered, while the resistance value at 300
*C exceeds 30 megohms(MQ ) and it becomes difficult to
measure the resistance value at a temperature range below
300°C, such that the thermistor becomes unsuitable for
sensing lower temperatures. Above all, if the resistance

value of the thermistor element is set so as to be higher



than .the insulation resistance between harness lead wires,
the thermister element can hardly be used for detecting the
temperature of the exhaust gases of automotive vehicles or
as an alarm device for preventing overheating of the

catalytic device for cleaning the exhaust gases of the

automotive vehicles. The insulation resistances between the

lead wires is occasionally lowered to a level of tens of
megohms (MQ ). The sample number 10 has an insulating
resistance of 30 megohms or higher and hence becomes
unuséble.

The resiétance change rate bf the fhermistor element,
as measured by the test on durability, was less than 20%,
with an exception of sample number 10. Sample number 1 can
hardly be used as a thermistor element for a detector device
because the value of the constant B thereof is low, and
equal to -81°C in terms of the converted temperature value,
thus éxhibiting poor temperature accuracy.

Sample number 7 was maintained for ten hours in the
'a"c'moéphere at 1100°C and resistance values thereof at 300°C
and 900°C before and after such maintenance were measured in
order to check the resistance change rate. It was found
that the change rate was 7% at 300°C, thus indicating the
change of -3°C in terms of the converted temperature value.
The resistance change rate was 12% at 900°C, thus indicating

the change of -26°C in terms of the converted temperature
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value.
Example 2

Example 2 ié now explained.

Yb.0; having a purity of 99.9% or higher and a mean
particle siie of 1.5Atm and Cr;0; having a purity of 98.5%
or highef and a mean particle size of lum were weighed to a
molar ratio of 1:1, mixed together by a wet mixing method,
dried and subsequently calcined maintaining the mixture at
1400°C for two hours. The resulting calcined YbCro0,,
exhibiting high electrical conductivity, was pulverized to
give powders having a mean particle size of approximately 1

L

Am. | .

On the other hand, Yb,0, having a purity of 99.9% or
higher and a mean particle size of 1.5u4m and Al, 0, having a '
purity of 98.9% or higher and a mean particle size of lum
were weighed to give a molar ratio of 1:1, mixed togethér by
a wet mixing method, dried and subsequently calcined
maintaining the mixture at 1400°C for two hours. The
‘calcined mass was pulverized to give powders having a mean
particle size of approximately lum.

The two kinds of the powders, produced as described
above, were weighed to give the composition shown in Table 2,
and a thermistor element was produced by the same method as
that of Example 1, and the various properties thereof were
measured. The results are shown in Table 2. By the way,
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the respective columns of Tebles 2 to 4 have the same
meaning g’ Teble 1, |

. Sa.mple nuini:er 11. represented ‘by Yb{(Cr,. .,Al. 60 )0y,
. hee the reaista.nce of 150 kiloohms(KQ ) at.300°C, such fhat
'a thermistor element s produced which ig capa.‘ole of being
._employed in ‘a temperature range from lower temperetures up

to higher ‘temperatures

Ta.ble .2
Sample coinpéeitio;. résistance value B resistance
T <D . change’ rate(%)
Nos. |YbCr0: |¥b,0;-AL, 0, |300°C|6504C|800+C|300-650]850-800] 300°C |800°C
11 | 60 [ 4p | 150 [1.467]0.450] 68s0 | st20 {16(- 71|6(-15]

o« *
’ ", L4
. o .

The sa,mple number 11 was maintained for ten hours in
etmosphere a.t 1100'0 and. the resistance values thereof at
300'C and'QOO‘C before and after such maintenancé were
me-asured‘.i-z;.orge-r to check the redistance. change rate. It
wis fou;ic'r' .'tha't the chahge. rate at- 300°Cwas- 11% which

correeponds tq a. change of -5'C in terms' of- the converted

temperature value. The ohange rate at 900°C was 7%. WhJ.Ch :

corresponds to ‘8, change of -17C in terms of the converted
" temperature 5‘«'al#.ue '
. 'Efxel;opie".,alf{ri-ll be now explained. A.thermigtor elément

.. .
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having the composition shown in'Table 3 was produced by the
same method as in Example 1 except using Er,0, having a
purity of 989.9% and a mean particle size of 1um.
Measurements similar to those in Example 1 were made of the
thermistor elements, and the results shown in Table 3 were
obtained.

Table 3

Sample| composition |resistance value B resistance
(KQ ) change rate(¥%)

Nos. |ErCr0, |ErAlQ, |300°C|650°C|{900°C|300-650)650~-300| 300-C |900°C

12 60 40 250 [2.010{0.590| 7288 [ 5308 |12([- 5]|7[-18]

Sample number 12 was maintained for ten hours in the
atmosphere at 1100°C and resistance values at 300°C and 900
°C before and after such maintenance were measured in order
to check the resistance change rate. The change rate at 300
°C was 14% which was the change of -6°C in terms of the
£émperature. The change rate at 900°C was 8% which
corresponded to the change of -20°C in terms of the

temperature.
EXAMPLE g

Example 4 is now explained. Thermistor elements having
the compositions shown in Table 4 were produced by the same
method as in Example 1 except using Gd, 0, having a purity of

99.9% and a mean particle size of lum in place of Y.0,.

_—
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Measurements were made of these elements in the same way as
in Example 1, and the results shown in Table 4 were
obtained. |

~In Table 4, the resistance change rate denotes the
resistance change rate before and after the elements were
maintained for 300 hours at 1000°C and the corresponding
change in terms of the converted temperature values. It is
seen that, by setting X in the composition of (GdCr0,),-
+ - (YAl0, ), so as to be 0.2 to 0.5, thermistor elements
could be produced which exhibited practically optimum
resistance vaiues and which exhibited only small resistance
change rate value and the resistance change value in terms
-of the converted temperature value even when the elements

were maintained at higher temperatures.

Table 4

Sample|composition |resistance value Jéi resistance
(KQ ) change rate (%)

Nos. |GdCrO3|YA10, [300°C;650°C|800°C|300-650|650-300| 300°C 800-C

13 80 20 | 450 |0.530|0.165| 6710 5050 |15.6[- 7](3.8[-10]

14 60 40 | 150 [1.650|0.430| 6820 5820 [18.3[- 8]}4.8[-11]

15 50 50 { 212 [2.950|0.750| 6460 5930 [22.2[-10]}4.0[~ 9]
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Sample num‘oer .14 wo.s maintaiz’zed for ten hours in the
a.tmosphere a.t llﬂO‘C and the.resistance values at 300°C and .
900°C before anh ‘after such maintenance were measured in
" arder to chack the resistance change rate. It was found
that the ohangfe ‘rate at 300°C was 18. ‘4%, which oorresponded-

to the cha.nge o£~ ~8'C in terms .of the converted temperature

.va.,lue. The resistance change rate at :800°C was 44%. which

odrresponded to the change of ~-10C in terms of the
converted- tempenature value. ~ ‘ .

Besides the liquid phase forming materials which are
essential .;t.h gintering alds may further optiona.lly
comprise oﬁo of more of the following maferials Ca.O—SiO, :
type con;pounds, s:-o-sxo. type, cempounds, Mg0-810, type
compounds.o B; 0 7810. ~Al, 0, type compounds and B, 0, -Si0: type

. compounds .

It should be noted that modifications obvious for one

skilled Qn,_th_e:art cex be done.without departing from the

~_ossenti’al ‘gidt’.and .scope. of the present. invention as

_ d.{'solos.ec;‘.ize,;'eiiiabove end claimed hereinbelow.

it
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A ceramic composition <represented by the formula
(M1M203)1_x - (M1Al03)y, where

Ml is one or more elements selected from the elements
belonging to the group 3A excluding La, Mz is one or more
elements selected from the elements belonging to the
groups 4A, 5A, 6A, 7A and 8, and 0.8>x>0, preferably x2
0.01.

The ceramic composition as defined in claim 1 wherein Ml
is one or more elements selected from the group
consisting of Y, Sm, Pr, Nd, Dy, Ho, Er, Gd and Yb,
and/or M2 is one or more elements selected from the group
consisting of Cr, Ti, Mn, V, Fe and Co.

The ceramic composition as defined in claim 1 or 2
wherein x is 0.05 to 0.5, preferably 0.1 to 0.4.

The ceramic composition as defined in claim 1, 2 or 3
wherein M is Y or Gd and M2 is Cr.

The ceramic composition as defined in any one of claims 1
to 4 wherein a sintering aid is added to the composition.

The ceramic composition as defined in claim 5 wherein the
sintering aid is present in an amount of 0.5 to 10 wt%,
preferably 0.8 to 5 wt%.

The ceramic composition as defined in claim 5 or 6
wherein the sintering aid is capable of forming a liquid
phase in the grain boundary.
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The ceramic composition as defined in any one of claims
5-7 wherein the sintering aid comprises silica and/or
mullite.

The ceramic composition as defined in claim 7 or 8
wherein the sintering aid further comprises at least one
selected from the group consisting of Ca0-Si07 type
compounds, Sxr0-8i0y type compounds Mg0-S5iO9p type
compounds, B20-Si02-Al503 type compounds and B03-5Si03
type compounds.

The thermistor element having the ceramic composition as
defined in any one of the claims 1*to 9 as a main
constituent.

A process for producing a ceramic composition especially
for a thermistor comprising:

providing MIM203 and M1A10;, respectively, where Ml is
one or more elements selected from the elements belonging
to the group 3A excluding la, M2 is one or more elements
selected from the elements belonging to the groups 4A,
A, 6A, 7A and 8, and

then providing a mixture comprising (M1M203)1_x
(M1A103)x where 0.8>x>0, preferably x20.01. '
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The process ag& defined in claim 11, wherein each of said
MiM20; and MIAl03 is produced through calcinating a
starting raw material mixture to form a calcined mass.

»
The process as defined in claim 11 or 12 wherein MLl is

one or more elements selected from the group consisting
of Y, Sm, Pr, Nd, Dy, Ho, Er, Gd and Yb and M2 is one or
more elements selected from the group consisting of Cr,
Ti, Mn, V, Fe and Co.

The process as defined in claim 11, 12 or 13 wherein x is
0.05 to 0.5, preferably 0.1 to 0.4.

The process as defined in any one of claims 11-14 wherein
Ml is Y or Gd and M2 is Cr.

The process as defined in any one of claims 11-15 wherein
a sintering aid is added to said mixture.

The process as defined in one of claims 12 to 16, wherein

each of said calcined masses is pulverised to form a fine
powder.

The process as defined in claim one of claims 12 to 17
wherein the calcination is carried out approximately at
1200-1400°C, preferably about 1400°C.
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A process for producing a thermistor element, comprising
the steps of the process as defined in any one of claims
11-18, and further comprising sintering said mixture.

L 4

The process as defined in claim 19, wherein a sintering
aid is admixed to said pulverised powders.

The process as defined in claim 19 or 20 wherein the
sintering is carried out at a temperature approximately
of 1450 to 1600°C, preferably about 1550°C.

The process as defined in one of claims 16 to 18 or 20
and 21 wherein the sintering aid comprises silica and/or
mullite.

The process as defined in one of claims 16 to 18, or 20
to 22 wherein the sintering aid further comprises at
least one compound selected from the group consisting of
Ca0-5i03 type compounds, Sr0-Si0O; type compounds, MgO-
Si0p type compounds, B03-Si03-Al303 type compounds and
B902-5i0y type compounds.
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