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a materi abofBbBi¥i6RMASeHe®l %s processes for producing the ceramic

composition and the thermistor element.

AS. 2, thermistor material which may be employed at

'higher temperetures, (a) ‘2 ma.terial mainly composed of .2

'.corundum type crystel 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 2 spinel type crystal “$tructure, as
dis¢losed for exemple in JP Patent KOKAI Publication No. 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 88, end (d) a.

material meinly composed of & 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 resistence -
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

stabilityf '
The . material (b) mainly composed of the spinel type

erystal structure has =2 higher rate of cha.nge of the

" resistance versus temperature (e hlgher temperature gredient
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conpound having . a, spinal type crystal structure,, as disclosed for-
exanpl eomt&BtPaBem HOKAhdtub] £:C aleintid tNbe 48mpl 63885 o(wbl% Pe. 63AFRT74) |
a material” narnly conposed of zirconia, as disclosed in ‘e.g.,

" Nai neltlempe atulent pengb Oomrbusuhe)nthernehandpl niteralsS, madady 98,

(d)=

crystakamnwmmhr@ﬂ WN§

‘mat eri al y conposed o conmpound havi'ng .a perovskite
iﬂeouseﬂl' Cod I-&wa\ﬁé}e devorimngdhe tthermader

ty

i nvestigation of sthé . sinventdrs of the present i nvention the foll ow ng

pr obl ertr;esi&tameaee&ndur heaceut cannat nee npewployed o) akni @levadad

t he

characttﬁmpﬁnaﬁnxnim not be adjusted to a | arger

The material (c>mcin1y composed of zirconia is oxygen
fon conductive and 1s increased in resistance’ in a
tempera.ture re-nze lcwer than the activation tempereture 50
tha.t it. ca.nnot be employed practically.

The mater:.al (4) mainly composed of the compound hrhving the
perovskite type crystal structure has such 1nconvemence
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 material collapses or exhibits only

unstcble 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 claim 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 rcnge -of resistance values by adausting the
compos1tinn of ithe material. S :

It is Stlll a further aspect of the present 1nvention

\

sed
corundum crystal -structure, the resistance - tenpérature
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extent.

" structur

I f,-for exanple,.the additive is added in an excess quantlty,
t he structurgrmw aocaeaniln clompisdit iorc dfomdtve rmi gbercr wadah can -

e, resulting.in "deteriorated thernal stabi'lity. The

mat eri al bh) mmyedcmmoiedtempenetupenenot ybd ghérysthan st80@tCr eto has

a hi gher
hi gher t

rate of ghange of the resistance versus tenperature (a

eppevensdr ¢ q‘lenltmde deterioration. which' is free. from 2

hygroscopic .substa.nces and the resulting sintered body is
-less suseeptible to deterzoratlon in charecterzstics due to

the etmosphenc humidity or heat hysteresis and which cin be

“employed ., over e 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 net onl;y the eeramic compositions a.forementioned,
but to provide an improved thermstor elements which are-
obtama,ble 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 end a -thermistor element

obtalnahle i’rom this composition. The present  invention

further- .-pxjovu.l_es & process for -producing & thermister

element..': .

R

The ceramxc compoeltlon for the thermistor. a.ceording' to.

-of ‘a thermlstor is represented by the formula

(MLMP O d5os -+ &M AL, ), , where

the present inventlon especially useful for the production

Ik
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constant [err] 3, so that |t cannot be enpl oyed over a wi.der .

t enper at ur e+ ‘range.. . - ‘the ot her hand, . materials nainly conposed
of NiA[err]Jerr] on COAI[err]C{err] are lowin the thermal  resistance
and  hence cannot *." be * enployed at el evat ed tenperatures

The “material (c).MHails: wwwpnsm@ref eliemeantisa selected fromsthesyedementy:

conductive and ":is? i'ncr,eased in resi st ance in., a tenperature
range | over bellangings wttlwt gwoupt Sipaaxd ludingsLa Mt ifls comeobrbmore
enpl oyed practically. - * The material (d) mainly conposed of the

oD hoonoLiaents, solebingtson s letebes mekoneing to, the proubac
unreacted, 44, BA, BA. 7A and 8 and 0. 8>x>0.
: Part of th.e elements may be inter-diffused with each other,
such .a.s is tne.-cee.e 'with certein element(s) of M' and Al
Definiuién: - '
' The grpups 34, 44, 5A 64and 7A herein mean 34, 4A,
§A, 64 g.ad 7A af the Periodic Table aceordlng to the
N agreement in 1&65 of the Commlttee for the Nomenclature for
. Inorganic Chemistry ot Intermational Unien of BPure and
Applied Cﬁemlstry (IUPAC). .

Accord’ing to the process .agpeet of the present

’

-1nventlon, there ls provlded a process for produelng 2
compasztion ffor thermlstdr compriging:
provading M‘M‘ ‘0, and M .uo, 1 respectively, where M is
one or. m.nre elements selected frcm the elements belonglns to
.. the groun 3A excluding La, W is one-or more. elements
selected from the elements belonging to the groups 44, 54,
64, TA and a, and ‘ S
then \ prqvidlng a mixture comprisl'ng-' .:(M‘M’.O..),-
Lo (M1A103)x where 0.8>x>0. | ‘
' PREFER:RBD ENIBGDIMENTS '
Thé - ceramic composition - for a thermlstor

represented by (M‘M'Oa Ji-x® (M’AIOa ),, where Mt~ is one or
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the non-reacted -La..cobnpordent reacts with the atnospheric. noisture
to “form ,unstable . Laf©H),- with the result that the = device conposed of .,
the material collapsés-or. exhibits only unst abl e, resi stance values. It
is therefore the obj'ect® of the present invention to provide an inproved

novél ceram ¢ conpositticon +ail[d gn j nproved theym stor el epent _conprising the
cerani ¢ conP@Zet edensRiten @(ﬁ&qdn?%v %%im dfav@&ckg.r-T s Ojiect
is solved bﬁ t he compgsi t.i op_ accor di to independent claiml, the
therm stor 8PemER, gd:'o}@dn' waﬁéeggﬁéer&ne N droweoelemenpsodedecied
produci ng a ceranic.conpositiaon according to independent claim11l, and the
process for fpoBdtbenglemendsnesolial MianFeadddr Gpngwherenlepenadnt doesi m
19. Further advant ageofj's-f'eatures, aspects and details of the invention
are evi dent nbtoexhihbitehrenoscopiainy, the iscfzerpirom, deteréozagion "dnd
t he draw ngs. The clajnms ;are.to be understood as a first non-limting
approach tosdrépgeht and: guperion. in ghesmal resistancdhe Theepnefanneshiviadme of
provi des .a ceram ¢ therm-st.or whi th ovefcones the above problems. It is a
further aspést0o0lt bemoapaﬂori an epffentiveprovl def axceranic
A preferred cgfaqié composition for a thermistor with x being
0.05 to 0.5 a{sé'ngé not’ exhibit hygroscopicity and i's free from
deterior%tfon.'sin strength’ apd superior in  thermal -
resistance, _ g0 that it can be adjusted to practically
satisfaqﬁgiy-ﬁééiéthnce values. The most preferred values of x are 0.
0.4, o h T o .

The;gééfaﬁic composition for a  thermistor mainly
composed "a_f."a': tomposition comprising (MM'Q;).., - (M AlO: ).
admized_ngitﬁ' ; sintering aid (or aids) for improving
sintefzbiii%yféxhibits high streng@h and superior thermal

' r;sihtaﬁpég' Any gfntering aid céapable of forminé & liquid
phase in the grain boundary for improving sinterability el
the .cergﬁ;qﬁ’ guffices. .Silica, mullite or the ‘like is
preferr¢d: The amount of addition of the -sintering aid ig
0.5 tO'EQ'wiqund,preferably ranges between 0.8 to § wti.

| MM 1F 2 substance exhibiting higher ‘electrical

'conduct;?g;j and M'AL0, is & substance exhibiting "lower

electricil iconductivity.. A thermistor may be provided in-

"which, Sy;chanélhg-the mixing ratio of these twe substances,
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conposi tion especi-al | y useful as a base naterial for a therm stor, which has -
a broad range: of " resistance val ues by adjusting . the

conposition of the m:-@terlalq It is still a further aspect of the
present invention - to provide a ceranic conposition

260t o1 S “*Sééﬂfe@?ce@iﬁe? “bgH, e SeRBIBR Uhifent’ e s oo

malntelned s'ta.bly et 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, lzavi-ng
¢ 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 ' C
. ’I‘he resultant powdery mixture ls formed, ’ e:.g.,‘ 'dy

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

J

r

. ™6 = is Sheet Has Been Replaced

: llllllllllllllﬂlllIHIII



hygroscop| o substances a.nd ihe result| ng sintered body is | ess
susCeptible to deteti gratiton in characteri stics due to t he at nospheric
hum dity or heat hystere5| s and which can be enpl oyed over a wide _
temperature range of - from koom tenperature to 1100[err]C. According to
another aspect, the present |nvent|on provides a conposition for a

t herni st or , £ Qhl ewe dsbﬁuﬁﬂeﬂ;%? R&-high tenperature stability. It is

a further aspect of The present inventjon to provi de not on t he
ceram c conposi thash eabe Eﬁﬂbﬁi@%n@@lr M M6 t@rpM‘oMQhe 18 ¢&b¥'b&%dou‘ﬁ by
therm stor el ements whi- ch are obt ai.nabl e by sintering the aforesaid
conposi ti orm'e-firinz ear:h Al 4 a&sGt&ﬁtiﬁﬂe&&%fmlmb&bs§dxtHMerWilfdh &to
provide a  process,- ~for . “sproduci ng the af orenenti oned conpositions and

t hermi st or guktablke usupgopaetiane under sithel foondidd amspethat. oyiehés
O athest fad- ufﬁf‘éf”t or ‘W 410, namely et s suttictent
.temper.atuz,'e --,for,: forming celcined/synthesié"ed mass of each
compound..".-ﬂie caleination serves to a better sinterability
at & rela.tively low temperature resultmg in & homegeneous
¢ product- withaut hetro'eneous reaction 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 pulverizetion. |

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 theoretical
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. . Ra’ther the sintering
temperature will ‘be effected by the kind and amount of . the
sintering‘ eida. The gintering temperature is selected 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 generally possxble to adjust the resistance
RETLL | —
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At | east one of the said aspects is acconplished by the following ceramc
conposition and a thernmistor elenment obtainable from this

conposi tion. The present invention further provides a process for
producing a thermtor el enent The ceram c conposition for t he

the productipiFomithih i it Thneq ”%f%i%@ﬁﬂa% o Badnor St 1"

Z{err] q}ﬂrﬁg[erg%edlég@s (LlegEergglos) y@@eﬁgre, 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.

\\\\\\\\\\\\\’ff\ii\’ifﬁii“



Merr] is one or nore elenents selected fromthe el enments bel onging to
the group 8A excluding La, Merr] is one or nore el ements selected from
the elenents belonging to the groups 4A, 5A, 6A. 7A and 8 and 0. 8>x>0.
Part of the elenments may be inter-diffused with each other, such as is the

case with certain el ement(s), of err] and Al. Definition . JThe
groups 3A, 4A, S%Fa@ﬁqezﬁml 7‘3&( r&s}%\f Javeption issnoyh explRinedy the
Peri odic Table according to the agreement in 1985 of the Conmittee for
the Nomencl ature Ye&: havaBEgehi BUThEH L y985 3% ntody nhigbasl and od deamre
and. Applied Chem stry (1 UPAC). According to t herqurocess
aspect of pardicdeesdge of ihwém iald Ghdhe hagingodi T it prode dfs Foror
producing a _ .conposition for therm stor conprising: _providing
Merr] M ertjighear rdndanal mpenr pantdeder jsizeendect i sah yweneeweiphedr toi a
one or nore elenents selected fromthe el enments bel onging to the group
8A excl udi mpllaa, rdtdra Jof sl ohe mixedrbyekewent mixingemetched,f davbedhend
el enents bel onging to the groups 4A, 5A, 6A, 7A and 8, 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
A, '
On the other 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 of 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 YAlOQ, 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 SiQ0; 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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-then providing
[ err]
The ceram c

(Merr] Merr]
5 =

a mxture
(I\/[err]AICIerr])[err] where 0
conposition.

err])[err]

conpri sing
8)x>0
for

(I\/[err]AIQerr])[err]

t her m st or
where Merr]

(Merr]

Merr]

derr])[err]

PREFERRED ENMBODI MENTS

represented by .
is one or -

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, each 0.4 mm in diameter,

placed at an interval of 1.2 mm, and were pressed under a

pressure of 98 MPa (1000 kg/em®), 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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mor e el ements selected fromthe elements Y, Sm Pr, Nd, Dy, Ho, Er, &d

and Yo and/or Mis one or nore elenents sel ected fromthe el enents Cr,
Ti', M1, Fe ad Co, where 0.8>x>0, does not exhibit hygroscoicity,

is free fromdeterioration in strength and superior in therna

resi stance. The, preferred val ue of, x is 0.01. or nore for an effective

rol1 of x. PIR & the AL @R ton for a thermistor with x being
0.05 to 0.5 al so does not exhibit hy%gorscop|0|ty and is free from
deterioration (08 sithéngt hthezmdSToZuper ebement, tHediwh  produced,

resi stance, so that it can be adjusted to practically satlsfactory
resi stance \efsigtanmee waduesprilertt®d aimgsshere x&taréo@ °C, 650°C and The
ceram c conposition for a thermstor mainl conposed of a

conposi t i on 44 iveney fedeured M and] values] pfethe tempematumedgmadigntr],
admxed wth a sintering aid (or aids) for inproving
si nt er abi | i toonstanti t8 hwghestadoyllatadd sdiw imgsults nare shownednstthee.

Any sinterirng aid capable of formng a liquid phase in the grain
boundary f @oliumasoviofy sthé erpdsistanocé and tie. celNemitGs theuf fSammeles
Silica, mullite or the Ilike is preferred. The anount of addition

of the sintefdried wdithtsined 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




0.5 to’10 wm % and preferably, ranges between 0.8 to 5 W%

Merr] Merr] Jerr] is a substance exhibiting higher electrical.
conductivity and Merr] Al(err]” is a substance exhibiting |ower
electrical conductivity. A therm stor nmay be provided in whi ch, by

changing the mxing ratio of these two substapces, :
6 - the rdempemadarevalgradienin asmsdantlsy Zhanbedieennipoify 856°C and |
mai nt ai ned stably at hiaher temperatures. The reason why the therm stor
exhibits siedmeen 658f@bianid: P00°Qt, respecdtid@ly.tenperatures in presumably
that such substances as Merr] Merr] Jerr] or Merr] AlJerr] are stable
at el evated tenp®;at ”lersotesd that mesistanicieng adiuet s af Yan( ebsplate
YAl J err] conpounds, for exanple,

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 equation:
(Resistance change rate, calculated as temperature) =
B XK /(In(R. /R )XK. + B8 )—-K,

It is =seen from Table 1 that, by changing the
YCrO, /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



afe as’ hi gh as approxi mately 2300[err]C and 1900[err]C, respectively.
It.has been found that a mxed systemof YCrJerr] having high electri cal
conductivity and YAl Jerr] having high electrical insulating
properties is free fromyielding of subsidiary conponents on sintering and
after sintering, is nai nIy gonposed of YOrJerr] and YAlJerr] phases. If a
matrix conpdd bhet ABRSY ﬁltéppnd'%lcﬁa&c%%ﬁlw I]éaﬂﬁﬁcél dead figes,
di sregarded.. It has al so been found that the m xed systemexhibits sinple
reacti ons W Hhemmkiter | elemenhdcanyhpedbishbeyugafudosd detecdding ditve,
such that it can be enpl oyed over a broad th‘g%)erature range of from
800[ err] C ttempeIftaing 0f the Azbsugitngases el pretemetivpeyehicdes axf the
cal cined nasses Merr] Merr] (Qerr] and Merr] AlJerr] is pulverized to
form a fires pamersl amef gdetiloe hd\dg preveat img t ioslecheiatd ngf afoutthle
[err]mor less. The resulting fine powlers are m xed together in a
desired praabvalybic devicet for prbéazmimdy the tbxhaust gasdbe of esilid ant
powdery mxture is fornmed, e.g., by press-formng, nolding, or
ot her  knovgutoatvatdiveg vemtdied. 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
unusable.
The resistance change rate of the thermistor element,
as measured by the test on durability, wa® 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 exhibiting 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

= T




7 - followed by sintering. Each calcination for Merr] Merr] CIerr]
or.Merr] Alerr] is carried out by pre-firing each of a starting raw

material mxture with a suitable proportion under the condition that
yields snthesized Merr] Merr] Qerr] or Merr] AAJerr], nanely at a

sufkficient tenperature for form ng cal ci ned/ synthesized mass of each
conpound. Vh&ueal ci nati on serves to a better sinterability at a relatively
| ow tenperature resulting in a honbgenous .product w thout hatrogeneous
reaction grBeemple 2 The calcining tenperature generally ranges from 1200
to 1400[err]C so that unreacted residue is mnimzed and sintering does
not proceed in eEgemplso2adsnnowt explaénedifficulty in pulverization.
The sintering is carried out under the conditions that
Yb.0; having a purity of 99.9% or higher and a mean
particle size of 1.5Atm and Cr;0; having a purity of 98.5%
or higher 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 YbCro,,
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,

IIIIIIIIIHIIHIIHIH"I



will S|nter t he mass to - be smtered to a sufficient relative density, e.g.,
90% 95% or ‘88% hi gher “of. 't he theoreti-cal . The sintering tenpérature does
‘not nmuch depend of.:.the gebected ‘el enents for Merr], Merr], and
generally li-es. betvveen 14-59 1600[err]C preferably about 1550[err]C

Rat her the ntering: tzrrperature will be affected by the kind and amount of
t he si nterlbz)g aF 68PECYAROSGQ LUNRg tﬁdrrp"e‘#hiéﬂez s tel ekt baveo thet sgmae

high stability+in the ‘el'ectric praperties. ‘and a sufficient density of the
si nt ered pﬂ@d@éﬂzﬁ a8 Tﬂ&ﬁpr]d-l ng to the preferred enbodi nents of the

present invention, it gggneral 1y .possible to adjust the resistance
8 val ues Wit hi Sampdesm ﬁanglel acrepaiesentedt oy pi¥od Gt i, Qraﬁdf. ot )G,

i ngr edi ents (m xing ratiros); yet nore, with a reduced,
.'hee the reeieta.nce oi‘ 150 kiloohms(XQ ) at. 300°C, such .that
2 thermistor element s produced which ig capa.‘ole of bdeing
._employed in ‘a temperature range from lower temperatures up
to higher ‘temperatures.

Ta.ble .2

-

Sample coinpé.eitio;. .. résistance value B . resistance
' Cast 0 (xQ) . : change rate(X%)

Nos. |YbCr0: |¥b,0;-AL, 0, |300°C|6504C|800+C|300-650]850-800] 300°C |800°C

11 | 60 -fr- .4p | 150 [1.467/0.450| 6390 | s120 [18(- 7]|6C-15)

.0 .
’ i ¢
. " :

The sa,mple number 11 was maintained for ten hours in
atmosphere et 1100'0 and. the resistance values thereof at
300'C a.nd QOO‘C before and after such maintenancé were
meesured in order to check the redistance, chenge rate. It
wis founc'r thet the change rate at- 300°Cwas- 11% which
corresponds tq a. change of -5°C in terms' of: the converted
temperature value. The change rate at 900°C was 7%, whrch .
corresponds to ‘8, change of -17C in terms of the converted
" temperature 5‘«'al#.ue '

: 'Efxal'ropie".,alf{ri-ll be now explained. A.thermistor elémeat

L
.
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‘contrdll ed resistance change rate in a wi der tenperature range of 300 to

9Q0[err]C. . According to the present  invention, a ceramc
conposition for a therm stor could be produced which is superior in :
stability at el evated tenperature and nechani cal strength, and which can

be-used over a broad tenperature range . such that it can be wused
in; for heximgpkiss @ompoykthent shownddirecTabhe Bewase pfoduced byt ahest
used for cl eani ng the exhaust gases of aut onoti ve vehicles, a hot
gas tenper glanee metlsed , asucin aBxampdesol eacepeciusinat &, 0,gakg8ingn a an

exhaust gas circulating device, a high t enper at ure nmeasur enent

device for parigyea EXpopedM% 0 #nd 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,.

<jp - This Sheet Has Been R ﬂ
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higher tenperature or a tenperature sensor for a variety of f urnaces.

"Fig.1 shows an enbodi ment of a therm stor of the present invention.

Expl anation of Numerals =~ 1---thermistor elenment; 2---electrode.
In the follow ng the present invention wll be furt her elucidated with

1

reterence to . the

easuPements 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 values 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.

referred enbodi ments which _are not restrictive. Exanple

Table 4
Sample|composition |resistance value Jéi resistance
(KQ ) change rate (%)
Nos. |GdCrO3|YAlQ, |300°Ci{650°C|900°C|300-650|650-800| 300°C 900°C
13 80 20 | 450 10.530]|0.165| 6710 5050 |15.6[- 7]1|/3.8[-10]
14 60, 40 | 150 11.650|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]
This Sheet Has Been Re
A




9 Exarrpl e 1 of the pre-sent I nvention is now expl ai ned. _
Y[ett]O[err] having.a purity of 99. 9% or higher and a mean particle size
of 1 [err] .mand C[érr]Oérr] having a purity of 98.5%or higher and a
mean partlcle size of 1. [err] mwere weighed to a molar ratio of 1:1,
m x&d by a wet m xi.ng rethod, «dried and calcined (pre-fired) by .
subsequent |y malsmmlm hnumberrrdxt was nadnfelindd foor temohouvsrdn thae
resul ting cal ci ned:- YGgrd err] exhibjiting high electrical conductivity
was pul verlamuphezgovetpbmm andi thea resdmtancei vadueiszatpf300°C and .
approxi mately .1
900°C before and ‘after such maintenance were measured in
" arder to check the resistance change rate. It was found
that the chenge‘rate at 300°C was 18 ‘4%, which corresponded
to the change o$ ~8'C in terms -of the converted temperature
‘ya;ue. The resistanoe change rate at :800°C was 44%. which
co'r,responded, 1’;o. the change of ~-10'C in terms of the
oonVerted:tempeneture value. ’ ‘ -
Besides the liquid phase forming materials which are
essential xh - gintering 2ids may further optionally
comprise oﬁo of more of the following maferisls Ca.O—SiO, .
type compounds, SrO—Sio. type cempounds, Mg0-810, type
compounds.oB;0.7810.~A110; type compounds and B, 0, -Si0: type
. compounds. _: ]
It should be noted that modifications obvious for one
skilled in“toe:ert cex be done.without departing from the
. essent{al gigt' and .scope. of the present. invention as

_ d.{'sclos.ed‘.ize,.r'eiiiabove end claimed hereinbelow.

it

—_—

- . I
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[err] 'm .- On the other-hand, Y[err]O[err] havi ng a purlty of 99 9%or
hi_gher and a nmean particle size of 1 [err]mand A [err—6&erri—having—a

purity of 99.9% or higher and a nmean particle size jof
wei ghted to a nolar ratio of 1:1, m xed RX a wet mx“ﬂl“lil’lﬂhw7 Imﬂjﬁp and
cakcined. (pre-fired) by subsequently nar nt ai ni ng 1400C

for two hours. The resulting cal ci ned YAl J err] exhi biting
hi gh electrical insulating properties was pulverized to give powders
having a nean particle size of approxcmar®ky 1 [err] m YCrd err]

and YAl err] thus produced were wei ghed fromsanple to sanple at m xing
rati os shown in Table 1 and adm xed with

1. 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
10 0.01.

2. 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,

15 and/or M2 is one or more elements selected from the group
consisting of Cr, Ti, Mn, V, Fe and Co.

3. The ceramic composition as defined in claim 1 or 2
wherein x is 0.05 to 0.5, preferably 0.1 to 0.4.
20
4. The ceramic composition as defined in claim 1, 2 or 3
wherein M is Y or Gd and M2 is Cr.

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

6. 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%.

30

7. 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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1vw%pfSHIar]pmﬂasrmanarmm1pthﬂesiuam.Q6 [ar]n1 ﬂﬁ
resulting mass was m xed together by a wet nethod (hﬂII A-H-—togrve a

slurry mixture which was then passed through a throu
whi ch particles up to about 0.25 nm can pass (200 mas% “ﬁ'ﬁ“ﬁl mﬂ‘“m T
subsequently dried. The dried

mass was then adm xed with a binder conposed of 15 mi@bof

‘8. The ceramic composition as defined in any one of claims
5-7 wherein the sintering aid comprises silica and/or
mullite.

5 9. 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

10 type compounds.

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

15

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

providing MIM203 and M1A10;, respectively, where Ml is

20 ... 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

25 then providing a mixture comprising (M1M203)1_x
(M1A103)x where 0.8>x>0, preferably x20.01. '

is Sheet Has Been RTlaced
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PVB, 10 wt % of DBP, 50 wt % of MEK and 25 wt % of tol uene for
granul ating powders for press nol ding. Table 1 Sahple conposition

(err]) - e e hange. tate (% Nos. HIIIIIIJI{I!IIII‘IIIIIIIHIIL”]

30Q[err] C 650[err]C 900[err]C 300-650 2650-900 300[erT]E& Yooferi]c
1% 1.00 O 0.45 0.085 0.06 2520 1510 15[-18] 10[-81] 2
95 5 13.2 0.382 0.130 5350 4670 15[- 8] 10[-27] .3 90

10 -~ 35.6 170.4RQ ng%éQs 286’ Yefrimdd4in é2himbh1, Yhetrdin edch o080said?0
0. 905 6570 5000 8[- 4 {

70.0 0.2 : 5 .7 .30
96.4 - 1.081 H?ggﬁs gndo M13igg is;[prg uceg%-ig¥°“9h6 Calﬁgnatl§§ 357

1.824 0.478 6¥30ting588R} matllial] mix8hré7ko fofm a GAlcinéd mazdG
2.836 0.735 7020 5850 13[- 6] 7[-16] 8 55 45 363

3.591 0.952 6980 5750 15[- 7] 9[- 20] 9 50 50 497
5.100 1.385 6920 5650 15[- 7] 8[-18] 10 * 20 80 >30000

57.0 10 1.3 - 7409 - * ffarks indicate Cbnﬁgrative
Exanpl®s 13. The process as defined in claim 11 or 12 wherein - 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.

- 10

14. The process as defined in claim 11, 12 or 13 wherein x is
0.05 to 0.5, preferably 0.1 to 0.4. )
15. The process as defined in any one of claims 11-14 wherein

15 Ml is Y or Gd and M2 is Cr.

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

20 17. The process as defined in one of claims 12 to 16, wherein
each of said calcined masses is pulverised to form a fine
powder.

18. The process as defined in claim one of claims 12 to 17

25 *  wherein the calcination is carried out approximately at

1200-1400°C, preferably about 1400°C.

This Sheet Has Been Replaced
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The resulting powders were charged into a netal nold conprised of two
platinumwres, each 0.4 mmin dianeter, pl aced at—an—interval—of—12

nm_ and were pressed under a pressure of 98 NPa hh
f of produci ng a nol ded product, 3 mm_in dianeter ﬂl ess
hawi ng two el ectrode |ines of platln@ﬁ\m res, as- s

nol.-ded product was sintered in anbient air at 1550[err]C to
11

19. 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.

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

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

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

15

23. 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-

20 h Si0p type compounds, B03-Si03-Al303 type compounds and
B902-5i0y type compounds.
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pr%@é’%l‘t H&HUf stor el ement . On t he t her mi.st or el ement, )/'
t hus™ %ce resistance values in the atnosphere at 300[err]C,
GE}‘Eﬁ erFTP]@ %01(5-‘[ ®rr] C were measured, and val ues of the tenperature

grews dritle caifst4dtEf err]  were calculated. The results are shown in the
colurms of the resistance and J[err] . Next, the sanples were

mai nt ai ned for 300 hours in the atnosphere at 1000[err]C and the

resi stance val ues thereof at 300[err]C, 650[err]C and 900[err]C before and
after the mai ntenance at 1000[err] C were neasured in order to check the
durability. The results are shown in the resistance change rate colum in
Table 1. The inventive__article exhibits high strength as |ead wires and
can be ' .
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easi | y built into t.e,n’pe'r.at ure sensors. This may presunably be ascribable

to-t he | ower sintering tenperature. - ~ In-Table ‘1, T[err] indicates

t he tenperature gradient oconstant..- The tenperature gradient

const ant [err], the ‘resistance change rate and the resistance
~change rate calculated as tenperat %émngerted tenperature val ue

derived fromthe resistance change rat# efined by the follow ng

equat i ons: [err] = L.n(RIRerr])/(1/K-1/Klerr]) resi stance change rate

= (Rlerr] - Rerr])/-Rerr] X 100% where In indicates comon |ogarithm and

R and R[err]‘Alégiﬁﬁfu:%omPOSLtlon especially useful for a thermistor exhibiting stable
resistence.velues over a wide temperature range and capable
. of being ueed for a prolonged time is described. The composition is
represented by the-fon.nul-a (Mlnzoz)l —x - (MlAl0g),, wﬁerein Ml is an
element selected from the elements of the group 3A excluding
La and bP 1s an element of the groups 4A. 54, 64, TA and 8,
and wherein .the mixing ratio between an electrically
conductive snbstance stable it elevated temperatures and an
1nsu1ating substance stable at eleveted temperatures, may be
adjusted.. A .the;mlstor formed of the composition - is

- superior in high—temperature stability and can be used over
a hroad temperature range because its resistance value can

be selected to an optimum value. .
Furthermore described is a process for producing a ceramic composition and

. a process for producing a thermistor element (1).
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a.nc:ﬁ..vad Ues 1atr.. _ab‘sod tact @ag@hwerat ures K and Kl[err],
[err] bétvveen 300[err]C, 650[err]C

and bet \Aeen~.=_.650?er Fok: Qfﬁf’dtwﬁﬁﬁf ].C1, gyﬁﬁﬁt\ift}eyﬁmekr 8 NBL/%HAQ{(;I

resi stance val‘ué an absolute
or 900[erL]C) aft,erwma.r ntm. pnce at OOO[err]C

respectively.

radr e % . coRs am-s

for 300 hours

This Lnvention relates to a ceramic (or porcelain) composicion
for a thermistor, a thermistor element comprising the ceramic
ccmpos:.t:.on as well as processes for producing the ceramic
composition and the thermistar element. '

As a thermistor mesterial which may be employed at
" higher tem_péra.tures. (o) o material mainly compoged of a
corundum type crystal atructurs, 2g digsclosed for example in -

J? Patant EOKLI Bublication No. 50-118284 (JP-A-118294/73) -
er in "’F-Lne~Ce_ra.mic Handbook" by X. Yanas, published by

ASARURA SHOTEN 4n 1884; (b) a material mainly compesed of 2
compound- having 2 spimel type crystal structure, 2a
disclosed for example in JP Patent EOKAI Publication No. 43-
63395 (JP-A-63995/74), (¢} & materiel malnly composed of
zircanié., as a’.-isciosgd in, e.g., "Nainenkikan" (Internal
Combustion Engine.) val 30, No. 8, page 93, and (4) a.
material mainly compossd of 2 campound having a2 perovskite
type crystal structure , may be used. '
| Haweger. sccording tc the eager investiza.tian of the
inventors: of tke present Invention the fallowi{ag problems
have bean quﬁed sut. With the material (2) mainly compesed
o? the corun&tm. crystal agtructure, the resgistance -
_temperature’ characterigtics can not se adjusted to & larger
extent. If, for example, the a2dditive is added in an excess
quantity. the structure ceases ta remain the stable carundim
type crygtal s.tructure. resulting f{n deteriorated thermal
stability:
The material (b) min.ly' composed of the spinel type
crystal agtructure has a higher fa.t:e of change of the

resistance versus temperature (2 higher tempera.tuz:e gradient

_.“...-.a—v s
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w thin square bracmwmsm esi stance changes before and after
the test on duradiTity, as cenyerted into tenperatures, and are
defined by the fol]l qw g% Wﬁ%ﬁé)n (Resistance change rate, calculated
as tenperature) I=| [erT erq] |/ (I?( srti]tl.lx Q{Jét)-ﬁ(l\‘g\fernﬁ r+1§§ér])'
Klerr] It s ‘seer—Fom 'aﬁle ;

YCrJerr]/YAIJerr]] mxing ratio,.-the resistance value can be adjusted

easily. It is

contenprated” That

no

auxiliary

conponents are yi el ded

in the reactdostaat wéeh, Y& CLk2t | i indanngy Gherenplayeda ov@s- shasldemi xt ure

I's produced after sinter

. S
tt%mpFééF'%’f’ahEIEQ&a‘l u\é\b'?:ar?hﬂe %?ﬁetfst%’d"dvner 3

so that

the .reactio

Syt
campased of Ni£1.0, or CoAl;Q0, are low in the thermal

resistance and hence cannot be employed at elevated
temperaturag.
The macerial (c) Mainly compesed af zirconia is oxygan

and is lncreased in resistance in a

temperature range lower than the a.cti*ntion tamperature so

fon canductive

that it camnot be amployed practically.
' The material (d) malnly compased of the compound baving the
perovskite type erystal structure  hizg guch inconvemience

that, if aaly 2 slight amount of La oxides remain unreacted,

‘the ngn*fea_.cted.; La component reacts with the afmospheric

moigture to forh unstable La(OH), with the resktlt that the
device composed. of the matarial ccllapses or exhibits anly

unstable ragigtance values.

It is uhetafc:el _chle object of the present i.nveﬁ:iun ta provide an improved
noevel ceramic composition and an improved thermistor element cgmprising the-
ceramic compasition which aveid the above mentioned drawbacks. This object
solved by the composition according to independent claim 1, the
claim 10, the proceltss for

is
thermistor elament according te independent
producing a ceramic composition according to independent claim 11, anrd the
process far producing a thermistor element according to independent claim
19.
are evident from the dependent claims, the description, the examples and

Further advantageous £eatures, aspeccs and decails of the invention

the drawings. The claims are to be understood as a first non-limiting

approach to define che invencion in general cerms.

The presentc invenczion provides a ceramic thermistar whick avercomes :hg
.above problems.

Lc is a Cfucther aspect of che present invention to provide a ceramic

composition especially useful as a base matecial for a thermistor which has

* broad ' range of Tregistance values by adjus-ti‘nz the

compasition of :the ma.teﬂa.l._

It is still a further aspect ¢of the present {nvemtion



However , if the YA Jerr] ratio exceeds 80% the sinterability is
| onered, while the resistance value at 300 C exceeds 30 negohns(Merr])
and it becomes Taqure the resistance value at a tenperature
range bel ow 30 [Mt& 4t the 3hs{_|ggﬁttu@é shbet:omslovamberﬂaﬂ&a
for sensing | ower terrperatures Above al | s—f—tteTesrstance —val ue of

the therm stor ¢ grepig NOV 196 4s to be hi gher
13 than the indgul atlon resi s ? jcg¢ between harness | ead wires,

ta provide a ceramic compasition for thermistor which can
be sintered at a temperature 'nat highar than 1800°c to
.- prevent eldctrade deterioration, which' is_ free {rom
kygroscopis subgtances and the resulting siatered body is
less suséentible to deterigration in cha.ra.c:eristics due to
ths a.tmaa:pﬁerlic humidity or heat hysteresgis ard which can be
employed ower ‘2 wide . temperature range of from raom

tempera.fﬁre to $108°C.

Accarding to anocher aspect, the presenc invention provides a compasiction
for a charmiscer, which is superior in high temperaturs stabilicy.

It is a further aspecﬁ ¢f the preseat iavention to
provide mof onky the esramic compositions a;forementigned.
but to provide an improved thermistor elements which are
obtainable by sintering the aforesaid compositions. |

It is also an aspect .of . the preseat inventien to.
provide = pmcesé for producing the aforementioned
compogitions and thermistor element uging the gama.

Still further aspects of the iavention will become
spparent from the entire diselasure. |

At least one of the said aspects :i.s-' accomplighed by the
foilowing ceramic composition and a -thermistor element
obtainahle frem this composition. The 'preser.t"inventiaﬁ.
further ptovidas s proéess for - producing a thermister

: _.element .
The cafa.mi'c compogition for the thermistar according to

the presgent [aventian _especially_ useful for the production
'6f a thermistor is represented by the formula

(MM 0, )y & ¢ EM'ALD: )., where

L . - - [P



the thernister element can hardly be used for detecting the tenperature
of the exhaust gases of autaoomtive vehicles or as an al arm device for

preventing ove

gases of the

lead wires i s pcg¢asi

The sanple.

hi gher and hen

Tcatalytic device for cleaning the exhaust
cles. The insulation resistances between the
gnal I Kﬂgléower ed to ad Substigite sheetof8 Naveghars1986rr ) .
er0 8NDV ANl i nsul ating resi stance of 30 nmegohns or
e lbecones unukapl e. The resi stance change rate of

n

the therm stor |el ement, as measbred by the test on durability, was |ess

t han 20%

M Lg one or more elamsnts selected from the elements
baelanging to the group 3A excluding La, M' i3 one or more

elements selected from the elements belonging to the groups

4A, 5A, 8A, 74 and 8 and 0.8>x>0.

BPart of the elements may be inter-diffused with each other,

such as is the czse with certain element(g) of M and Al.

Definition: , _ -
The groups 3A, 4A, 5A, 64 and 7A herein mean 34, 44,
SA, 64 amd 74 of the Pericdic Table accordizng to the

agreement in 1985 of the Committee for the Nomemclature for

" Inorganic .Chem_'-istry of Internatiocnal Unien of Pura and

Applied Chemlstry (IUPAC).

Acc,a'rfiﬁg to the process asgpect of th’e'_ prasent
invention, <there is provided a process for produding
compasition for thermistdr comprisging: | | - _

providing MM-0, and M A10,, respectively, where M iz
one or morg élements selected from the elements beloaging to
the group SA :exeludins La, ¥ 1is one or more elenents'.
selected f-rom.the elements belonging fcc the groups 4A, §4,
6A, 7A and .§, and
| then providing a =mixture comprising (MM 0, ), -

.+ (M'Al03)x where 0.8>x>0.

' PREFERRBD EMBODIMENTS

The cermic composition - for a thermlstor

representad by (MM 0, );.. - (MALO:)., where M' is ode or



with an exception of sanple nunber 10. Sanple nunber 1 can hardly be used
as a thermstor elenent for a detector device because the value of the
constant J[err] thereof is low, and equal to -8l[err]Cin terns of the
converted tenperature value, thus exhibiting poor tenperature accuracy.
Sanpl e nunber 7 was naintained for ten hBuSubstituteesheatno8 Mevember 1996
1100[err] C and_resi stance val ues thereof at 300[err]C and 900[err]C before
and after such ) measured in order to check the resistance
change rate. m ENTMt the change rate was 7% at 300[err]C ,
thus indicating fhe change off -f3C in terms of the converted tenperature
val ue. The refipt &8 NOVMIRGe Irdte was 12% at 900[err]C , thus indicating

U

mere elemeata selected from the elements Y, Sm, Pr, ¥d, Dy,
‘Ba, Br, Gd azd YB aad/ec M {3 cpe or more elements gelacted
from the glements Cr, TL, Ma, Fe a=d Cu, where 0.8>2>0, ddes
pot exkibit kygrascopleity, - Ls free from detericrationm in
- ghrength a.nd. qupericr {n tharmal 'res.istu.ee. The preferred value qf 4
i3 0.01 4r more for an effective roll of x.
A preferred ceramic campasition for 2 themmister with © being
0.05 =3 0.5 alsc does not exkiBit zrcsccpicfty and i3 free fram
deteriorafion in scrength and superior in  thermal
resistance, 6o that it can be adjusted ta practically
- gatigfactary pesistaace velueg. The most preferred values of x are 0.1
0.4. |
The ‘ssramic campesition for a . thermister mainly
compoged of & dompagition comprising (MM 0;)i.. (MALG:.
admized #{th s statering- aid (or aids) for improwing
sintersbility exhibits high strength and superter thermal
ragigtance. Any gintering aid éapanle of forming & liquid
phase la the grain boumdary for improving sinteradility el
'the cermics suffices  Sillca, mullite or the like ig
praferred. The ameunt of additien’of the simtering ald ig
0.5 to t0 wtXk and preferably ranges between 0.8 to § wtX,
M:M®Q: L5 2 subsgtance exhibvitinz higher electrical
conducslvity aad M ALQ, is a sungsance exhinicinz lower
electrical comductivity. A thermistar may Be provided in

which, by changing the mixzing racia of thege twa substances,



2y

t‘he change of -26[err]Cin terms of the converted tenperature

14 value. Exanple 2 Exanpl e 2 i s now expl ai ned. Yb[err] derr]
having a purity of 99.9% or higher and a mean particle size of 1.5[err]m

and Cr[err]Jerr] having a purity of 98. 5% r bigher, and an pariicle

size of 1 [err] mwere weighed to a nol a#) IS&PISRI‘&F shept 'ﬁ%em‘ﬁﬁff{ggéby
a wet m xi ng nmet hod,

the registance values can ba easily changad and ma} be
maintained stably at higher temperatires. The reason why the
thermistor exhibits superior stebllity at elavated
temperatures is presumably that -sﬁ.ch gubstances as M'M*0; or
M ALO, 4re stshle at elsvated temperatures, and that the
melting pelnts of YCrQ, and YAlQ; compounds, for axamplae,
are &5 high ag approximately 2300°C and 13900°C, respectively.
It has been found that & mized system of YCzO: having
high electrical conductivity .a.nd YAl0; haviag high
electrical ingulating properties i3 free from yielding of
subsidi:r_g-c_amneats on sintering and, atter sinteriag, ig
mainly composed of YCrd, and YAIO, phases, 1f .2 matrix
cempased of the- gintering 2ids or unaveidable impurities are.
disregarded. It has alsc been found that the mixed system
exhibits simple resctions and high stability and may be
easily xdfusted in resistance, such that it can be emplayed
ever 2 broad tém:pera.ture range of from 300°C ta ‘1100-c. N
Accordling to the prccesﬁ aspect, each of the calcined
masges - M 4-0, add M AlD, is pulverized to farm a ine
pcwder, preferably having a meaz particle size of 2bout 1§
4wm or legs. The resulting fine powders are mixed together
in & desired propertion, without or preferably with =
sintering aid. '
| The resubtait powdary mixture {s formed, e.g.; by
presa—fa,rm'ing,' molding, or oather known shaping methed
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dfi ed and subsequently cal cined maintaining the mxture at 1400[err]C

two hours.

The resulting calcined YbGrJerr], exhibiting high

el ectrical conductivity, was pulverized to give pomders havi ng a nean

t he ot her hand,

for

particle size of approximately 1 [err]
Yb[err]derr] having a purity of 99.9% o;n7 M?é'#uf&nﬂ‘%tne%mqa@mw £9986z¢
and Al[err]O[err] having a purity of 99.9% or higher and a

of 1.5[err]m

mean particle size of 1l[err]m were weighed to give a nolar

m xed together by a vvet m xing method, dried and subsequently

cal cined nmi

Qﬂaln&; nn@fﬁéjre at 1400C for two hours. The

Bach caleimation for MM Q, or MLALO; ig carried out by

pra-firing each of a starting raw materisl mixture with a

sul{table propdrtien under the caondition that yilelds
aynthesized M M'Q; .or M ALQ,, namely at & sufficient
temperature -fox:‘ forming calcined/synthesized mass of each
compound. Thae galcination gerves ta a batter sintarability
at a relativeily low tempera.ﬁure resultizg in & homegenscus
product without hetrogenecus reaction grades.

The calcining temperature gensrally ranges frem 1200
to 1400°C 3¢ that unreacted residue isg minimized and

" gintering does mat proceed in excess ga ag aot to offer

difficulty in pulverization.
The sintering is carried ocut under the conditions that

will sinter the mass-to-be sintered to a sufficlent relative

density; qa._.g.-..-sﬂ'%.= 95X or 88X higher of the theoretical.

The sintering tempersture dees not much depend ofi - the
selected “elements for M, M, and generally lies between
1450~-1800-C, ,z.;refera.bl.y about 1§350°C. _Ra’cﬁer the sintering
temperature will be- affected by the kind and amount of ths
sintering azids. The sintering temperature is selected so as
to give high wtability In the electric properties and sz
sufficient dengity of the sintered products. | _
According to the preferred embodiments of the present

faveation, it lg generally passible te adjust the reeistence

REPLACEMENT SHEET]
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cgal ci ned mass was pul verized to give powders having a nean particle size
of approximately 1 [err] m The two kinds of the powders, produced as
descri bed above, were weighed to give.the conposition shown in Table 2,
and a therm stor element was produced by the sane nethod as that of

Exanpl e 1, and the various properties thedeSabstitute sheattBclovember 1996 t s

are shown.in A i th iy 4 Med®ed 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 meéhanical
strength, and which can be used over & broad 'temperature
range such that it can 'be used in, for example, a
overheating detection device for a catalyst used for
cleaning the éxhaust gases of automotive vehicles, a hot
gas temperature sensor, such as a sensor «for recirculated
éases 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.l shows an embodiment of a thermistor of the present invention.
"Explanation of Numerals

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

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

Ex e
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5 t he respective colums of Tables 2 to 4 have the sane

meani ng as Table 1. Sanpl e nunber 11, represented by Yb
(Cr[err]AlJerr])derr], has the resistance of 150 kil oohns(K[err]) at
300[err]C, such that a thermstor element is produced which is
capabl e of being enpl oyed i n a tenper3t Substitiigsheebm8 Navember 1996

Lemper atures WP pxantfld 08E B SH fagention 13 HF FralRlBN.
g(ﬁi”%%)[err]-Al taQ) BRYLPE %38?8?;%%6 ([V%F’r\?g %‘%(8&%]%%”_%- gscRean
6080 s12@aTielensie of 1 A and Crpfy DAHIRE AR EL 0 hefRiaR ned
for ten hourhsig!hrér 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 YCro.
exhibiting high electrical conductivity was pulverized to
~ give powders having a mean particle size of approximately 1
4m. _ | |
On the other hand, Y,0, having 2 purity of 89.9% or
higher a.nd a mean particle size of 1 u«m and Al; 0. having a
purity of 99.9% or higher and a mean pa.rtiéle 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 subsequentl.y
maintaining the mixture at 1400°C for two hours. -The
resulting . calcined YAIO, exhibiting higﬂ electrical
insulating properties was pulverized to give powders having
a mean particle size of approximately 1 «m.

YCr0, 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 ha_.ving 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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at nosphere at 1100[err] C and the resistance val ues thereof at 300[err]C
and 900[err]C before and after such nai ntenance were measured in
order to check the resistance. change rate. It was found that the
change rate at 300[err]C was 11% which _corresponds to a change of
-5[err]C in terms of the convertel® Subgiute sheetaB NovembetA rate
at 900[err]C was 7% which corresponds to a change of -17[err]Cin
terms of the converted tenperature value. Exanple 3 Exanpl e 3
wi |l be now explained. A therm stor el enent

mass was then admixed with a binder composed of 13 wt% of

PVB, 10 wt% of DBP, 50 wt% of MEK and 25 wt% of tolueme for

granulating powders for press molding.

Table 1
Sample|camposition resistance value 8 ‘resistance
| (¥Q) - change rate (%)
Nos. |YCr0, |YAlO; | 300+C;830+C |900°C 5300'-650 630-900; 300°<C 800-C
L= 100 0 0.43); 0.085} 0.0¢ 2520 1310 | 13(-18]] 10(-81]
2 93 § 4§ 13.2 | 0.382} 0.130] 35350 4670 |-13(- 8]| 10(-27]
3 90 10 | 35.6 | 0.780| 0.240| 5770 5104 | 12(- 6] 9[-23_]
4 80 20 1 70.0 | 0.905| 0.285 6570. 5000 8(- ¢]| 6&(-18];
) 70 30 | 96.4 | 1.081; 0.327| 6730 3180 7{- 3]}| 5(-L3]
6| 63| 35| 157 | 1.82¢| 0.478] 6730 | 3800 | 10(- S]| 8&[-17]
7 60 | 40 | 296 2.8368f 0.735f 7020 . 5850 | 13(- 6]. 7(-161
3 33 43 | 363 3.391} 0.952| 6980 5750 | 15(- 7] 9(-20]
9 80 | - 50.| 497 5.100f 1.385] 6920 5650 | 15(- 7] .8[°18]
1 0% 20 80 {>30000f 57.0 | 10.3 - 7409 - .-

* marks indicate Comparative Examples

The resulting powders were charged intc a metal mold
comprised of two pla.finum wires, each 0.4 mm in diametér,
placed at an interval of 1.2 mm, and were pressed under a
pressure of 98 MEa (L000 kg/cm*), for producing a molded
product, 3 mm in diameter and 2 mm Iin thickness, having two
electrode lines of platinum wires, as shown in Fig. 1. The

molded product was sintered in ambient air at 1550°C to
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16 having the conposition shown in Table 3 was produced by the same nethod
as in Exanple 1 except using Er[err]O[err] having a purity of 99. 9% ‘and
a nean particle size of 1[err] m Measurenents simlar to those in
Exanple 1 were nmade of the thermstor elenments, and the results shown in
Table 3 were obtained. - - Table 3 1%=50bstituteoshest { 8 Noverabest 896e
value [err] - resistance (Kerri)- Thange
rate(% Nos.PIRduag e rtheBmi Ofat rdle3®@terr]C 650[err] C 900[ err] C 300- 650
650- 900 300[err]C 900[err]C 12 60 40 250 2.010 0.590 7288
5308 12[- 5] 7[Om8] the  thermistor element, thus produced,

resistance values in the atmosphere at 300°C, 650°C and
'900°C were measured, and values of the temperature gradient
constant B were ca.l.cula.ted.s‘_ The results afe shown in the
columns of the resist‘ancé and .ﬂ. 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 200°C
.before and after the maintenance at 1000°C were m'ea.'suréd in
order to check the durability. The results are shown in the
resistance change rate column in Table 1. . The inventive
article exhibits high strength as lead #ires and can be
easily built into temperature sensors. This may presumably
be ascribable to the lower sintering témperéture.

In Table 1, A indicates ﬁhe temperature gradient
constant.  The temperature gradient constant &, 'the_
resistance change rate .a.z'zd the resistance change rate
calculated as tempe_ra.ture (converted femperature value
derived from the resistance change rate) are defined by the
following equations: |

A= 1n(R/R, )/(1/K— 1/K, )

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

respectively. In Table 1, 300-650 and 650 - 900 denote the
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;Sanpl e nunber 12 was maintained for ten hours in the at nosphere at
1100[ err] C and resi stance values at 300[err]C.and 900 C before and after
such nmai nt enance were neasured i n order to check the resistance change
rate. The change rate at 300 [err]C was 14% whi ch was t he change. of
-6[err]C in ternms of the tenperature.12 Shbstitutesiget -rf&iNoveatberoD89@rr] C
was 8% which corresponded to the change of -20[erfrJC in terns
of the tdempertature BPyedidn® constatspl8 4 ibecwosn egiCai 6509C and |
Therm stor el ements havi ng t he conpositions shown in Table 4 were
produced by betavesan$ 5016t ant 8006 Eregpectliwedsept using Gdlerr] Jerr]
having a purity of _ '
' . denotes the resistance value at  an absolute

temﬁerature K. (t=300'¢ or 300°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
tempera.ture_s, and are defined by the following equation:
(Resistance ‘change rate, calculated as temperature) =
BXE/(In(R /R )XK + 8 )—K

It is -=seen from Table 1 that, By changing the
’fCrO, /YA10, mixing ratio, the resistance value can be
adjusted easily. It is contemplated that no auxiliary
c'omponents are yielded- in the reaction between YCr0, and

'~ YAlO, and a two-phased mixture is produced after sintering,
with the reaction system Dbeing simple, so that the
resistance value can be adjusted very easily. .

However, if the YAlQ: 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 fcr.
'sensing lower temperatures. Above all, if the resistance

value of the thermistor element is set so as to be higher
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99.9% and a nean particle size of 1 [err] min place of Y[err]O[err].

17 Measurenents were made of these elenents in the same way as I n
Exanple 1, and the results shown in Table 4 were obt ai ned.
In Table 4, the resistance change rate denotes the resi stance change

rate before and after the elenents were 13 SUHR&&I@&W@& -erNMnQQPWSGt

100[ err] C and the correspondjn . . -
[ ] than the insx.ltola.‘x:mriJ 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 .s_a.mple number 10 has an insulating
resistance of 30 megohms or higher and hgnce becomes
unusable. |

The resistance change rate of the thermistor 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 devit_:e
because the value of the constant £ thereof is low, and
equal to -81°C in terms of the comverted temperature value,
thus exhibiting poor temperature accuracy.

Sample number 7 was maintained for ten hours in the
atmosphere 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 indica.tirig

the change of -26°C in terms of the converted temperature
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change in terns of the converted tenperature values. It is seen that,
by setting X in the conposition of (GdCr(Jerr])[err]. .
[err](YAIJerr])[err] so as to be 0.2 to 0.5, therm stor el ements
coul d be produced which exhibited practically optinmm resi stance

val ues and which exhibited only small repd Substitute sheet Rl flovenilservid96 and

the resista
val ue even
Table 4 Sa
(K[err])
300[err]C 6
80

nce change value in terms of —the converted tenperatare

M&-he el ements were mai ntained at higher tenperatures.
| e conposition resistance val ue [err] resi stance
E_LM change rate (% Nos. GdCrJerr] YA Qerr]
50[err] C 900[ err] C 300-650 650-900 300[err]C 900[err]C 1 3
450 Exaeple s om0 expesmedls. 6[- 7] 3. 8[ - 10]
Yb, 0, having a purity of 99.9% or higher and a mean
particle size of 1.5#m and Cr;0; having a purity of 98.5%

or higher and a mean particle size of lum were weighed to a

molar ratio of 1:1, mixed together by a Wet mixing methdd,

dried and subsequently calcined maintaining the mixture at
1400°C  for two hours. The resulting éalcined YbCro, ,
exhibiting high electrical conductivity, was pulverized to
give powders having a mean particle size of approximately 1 |
An. | _
| On the other hand, Yb.0, having a purity of 99.9% or

higher and a mean particle size of 1.5u4m and Al, O, having a .

purity of 99.9% or higher and a mean particle size of lum

were weighed to give a molar ratio of 1:1, mixed togethéf-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 a2 mean
particle size of'a.pproximately.lx.t m.

The two kinds of the powders, produced as described
above, were weighed to give the composition shown izi 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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14 60 40 150 1.650 0.430 6820 5820 18.3[- 8] 4.8[-11] 1 5
50 50 212 2.950 0.750 6460 5930 22.2[-10] 4.0[- 9]

18 Sanpl e nunber 14 was mai ntai ned for ten hours in the atnosphere at
1100[err] C and the resistance values at 300[err]C and 900[err]C before
and after such maintenance were nmeasured ingygkfifke PR NLYEMRS! ce

change rate. It was found that the change

whi ch corresponded to the change of -8[erggC.in terns of the convert ed
tenperature val ue. The resistance change rate at 800[err] C was 44% which
corresponded the rhspectimegecolanns- 30[ Wabl€s 2n Hoerdshavé thbe game

meaning asg Tahle 1. |

Sample number 11, represeanted by Yb(Cri.:eAli...)0;,
hag the resfstance of 150 kilochms(EQ ) at 300°C, guch that
a themistcr elsment is produced which ig capsable of being
employed ia a tempera.ture range from lower temperatures up
te h!.'her temperatures.

Table 2

Sample] compesition. |resistance walue -] resistance
(EQ } , changs rate(%)

| ¥os. |YuCro; |¥5.0:-AL 0, |300-C|550+¢|s00+c|200-650] 830~a00| 300°c |saa-c

13 60 | 4 150 }1.467}0.450) 6330 5120 {18(- 7}}8(-15)

The gampie nnmbéz 11 was maintained for tem hours in
atmosphere at 1100°C end the resistance values thereof at
300'C 2nd §00C before and after such maintensnce were
m.e-a.sured in.order to check the resigtance, change Tate. It
wasd found that the change rate st 3000Cwas 118 v_thich
corresponds to & éha.nge ef -5C in terms of the cdnverted
temperature - value, The changs rats at 900°C was 7%,. which
c*reaponds o 2 change of ~17°C in terms of the comverted
tempera.tu:e value.

Example 3
Example 3 will be now explained. A thermistor elemeat
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converted tenperature val ue. Besides the liquid phase form ng
materials which are essential, the sintering aids nmay further optionally
conprise one or nore of the followng materials CaO-SiJerr] type
conpounds, SrO-SiJerr] type conpounds, MO S Jerr] type conmpounds,
Blerr]Jerr]-Sierr]-Alferr]Jerr] type conpounds and
Blerr]O[err]-Siderr] type conpounds. 16 Substitutsisbaétl- 8dNowsmbert 1236

nodi fications obvious for one skilled in the art can be done w t hout
departing fHiPE (tB® cea®pRSiHiogi Showmd svobable 1 hwapr preducedvbpt ithe as

di scl osed herei nabove and cl ai ned her ei nbel ow. ]
same method as in Example 1 except using ErzO: having a

purity of 99.9% and a mean particle size of lum.
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 8 resistance
(KQ ) ' change rate(%)

Nos. |ErCrQ: |ErAlQ, |300°C|650+C|900°C}300~650{650~900{ 300°C ]300°C

12 60 40 230 [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 I.'ate at 300
‘C was 14% which was the change of -6°C in terms of the
temperature. The change rate at 900°C was 8% which
corresponded.to the change of -20C in terms of the

temperature.

EXAMPLE ¢

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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19 ' CLAI M5 1. A ceramc
conposition represented by t he formul a

(Merr]Merr]Qerr])[err] (MerrJ]AlQerr])[err], where Merr] is
one or nore elenents selected fromthe el ements bel onging to the
group 3A excluding La, Merr] is one or noiSubstitute sheet|-Brblovemiret22a
fromthe el enents belonging to the groups 4A, HA 6A, 7A and 8,
and 0.8>x>0, preferably x[err] 01. 2. The ceram¢
conposition as defined in claim1l mhere|ﬂ7N[err] is one or nore

gyemkgtsErse@?éféﬁreinﬁﬁ% Wofe fHARURSE these e &R S i"en8T sdme SAy Fg N
in Example 1, and the results -shown in Table ¢ were
obtained. |

In Ta.blé 4, the resistance change rate denotes the
resistance change rate before and after the elements were
- maintained for 300 hours at 1000C and the corresponding
cha.nge' in terms of the convefted. temperature values. It is
seen that, by settiﬁg'x in the composition of (GdCro0,),-

- (YALO; ): sa as to be 0.2 to 0.5,  thermistor elements

could be produced which exhibited practiéally optimum
resistance values 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 8 resistance
' (EQ ) change rate (%)

Nos.. |GdCrO3iYAlQ, |[300°C;6350°C|900-C|300~650|650~300| 300°-C 800-C
13 80 20 | 450 }0.530(0.185] 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 3930 22.2[-_1.0] 4.0(~ 9]
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and/or Merr] is one or nore elenments selected fromthe group

consisting of Cr, Ti, M), V, Fe and Co. 3. The ceramc

conposition as defined in claim 1 or 2 wherein x is 0.05 to
0.5, preferably 0.1 to 0. 4. 4. The ceram c conposition as defined
inclaiml1, 2 or 3 wher ei n M er N8 Sabstitute Gtheand 8\Novembies 1996

5. The ceram c conposition as defined in any one of crarms 1 —to 4
and at |east onSampbeenumpexi dl&xwhgdimeg mippirexi ufior ten howrs The vk anic
conposition as defined in claim5 wherein the sintering aid is
present ingticsppene at ALIVOC Bhdvthe resistancereibuedl nt0390f0 ang %
7. The ceram ¢ conposition as defined in claimb5 or 6 wherein the
sintering @0g"0 s bedivatd canll fattemosachi mathtenance were measured in

arder to check the resigtance change rate. It was found
- that the change rate at 300°C was 18.4%, which corresponded
to the ciza.nge of -8'C in terms of the converted tempefature
value. The resistance change rate at 800°C was 44X, which
corresponded to the change of =-10°C in terms of the
converted temperature value.

- Besides the liquid phase forming materials which are
essential, the siﬁtering aids may further optiomally
comprise on-e' or more of the following materials Ca0-S8i0,
type cémpouﬁds, Sr0-Si0, type compounds, Mg0-Si0, +type
eampounds._“B; 0, ~Si0:~Al; 0, type compounds and B; -0, -8i0;, type
compounds ,

. It should be noted that modifications obvious for one
skilled in the art cem be done without departing from the
| essential gist é,nd .scope of the present. invention as

disclosed hereinsbove and clzimed hereinbelow.
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ﬁphaée in the grain boundary.’
8. The ceram c conposition as defined in any one of clains

the sintering aid conprises silica and/or mul lite. 0. Thaitcehamm
conposition as defined in claim? or 8 wherein the sintering ard

further conp

1.

THIS §HEE :mawﬁw

rises at .|east one sel egp sl dstrird Sigedtr-08 Novmmbert 1 8§60f

O-S Oferr] ¢ ype|||||II| |||||l IIIII I ||Il

CLAIMS

A ceramic composition. represented by the formula
(M14203) 1. - (M1AlO3)4, 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, SA; 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 Y¥b,
and/or M2 is oné 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 Ml 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 compositiqn as defined in claim 5 wherein the
sintering aid is present in an amount of 0.5 to 10 wts,
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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conpounds, SrOSigerr] type conpounds MO-SiJerr] type
conpounds, Blerr]O-SiJerr]-Aferr](err] type conpounds dnty IS & ”_Lf HAS FEEN
Blerr]Jerr]-Srdferr] Type conpounds. 10. The thern1sto s )

havi ng the cera defined in any one dithe BlAE 1 10
9 as a main iﬁmﬁmim‘t“m II] 11. A2 Sabstitutersiizetd 8 Nogembezr 996
conposi tion especs A therm stor conprising: providi ng
MeH]MeH]qu]amiMeH]NQEH] respectively, where Merr] is

one or nore el ements sel ected fron1the el enent s bel ongi ng to the group
3A excl udigng lphe M&¥dnid Sceﬁgogiﬁg?ﬁeagl%ﬂﬁﬂHid inSEh§C b T6PMY S ns

el enments bel ongl ng to t e group ) | ]
5-7 "wherein "the sintering aid comprises silica and/or

mullite.

9. 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 Ca0-5i07 type
compounds, Sr0-Si0j type compounds MgOfSioz type
compounds, B20-5103-A1303 type compounds and B303-SiO,
type compounds.

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

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

providing M1M203 and MlAldz, respectively, where MLl 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 groﬁps 4A,
SA, 6A, 7A and 8, and

then providing a mixture comprising (MIM20,)1_4
(M:'-A103)x where 0.8>x>0, preferably x20.01. '
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;5A,=6A, 7A and 8, and then providing a mxture of
(Merr]Merr]Qerr])[err] (MerrJ]Alerr])[err] where 0.8>x>0,
preferably x[err]0.O0L1. 21 12. The process as defined in
claim 11, wherie ' N[err
pr oduced througmllmm'"im“ ! ” Iﬂ"l star

cal ci ned nass.

12. The process as defined in claim 11, wherein each of said
MIM203 and  MIAl03 is produced through calcinating a
starting raw material mixture to form a calcined mass.

13. The process as defined in claim 11 or 12 wherein Ml is
one or more elements selected from the group consisting
of ¥, 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.

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

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

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

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

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

18. 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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13. The process as defined in claim1l or 12 wherein Merr] is one or
nore el enments selected fromthe group consisting of Y, Sm Pr, Nd, Dy,
Ho, Er, &d and Yo and Merr] is one or nore el ements selected fromthe
group conS|st|nb

defined in cI ai mmlllmulullnmllw,:“l elvn Eezzil rslﬂbggmt@&rteﬁe glﬁipgg‘?lxceer:t&;g 0.1

to 0.4. he: prrocéss™ass defined in any one of clarns 1I-14 Wherein

Merr] is Y or Gd and Merr] is Cr. 16. The process as defined in any

one of clainms 11-15 wherein a sintering aid is added to said m xture.
19.

20.

21.

22.

23.

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.

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 sxllca and/ox
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-Si03 type compounds, Sr0-SiO; type compounds, MgO-
$i03 type compounds, 3202-5102-A1203 type compounds and
B209-5i03 type compounds.
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17. The process as defined in one of clains 12 to 16, wherein each of

sai d calcined nmasses is pulverised-to forma fine powder . 18. The
process as defined in claimone of clainms 12 to 17 wherein the
calcination is carried out approximately at 1200- 1400[ er r.] C, preferably:

about 1400[err] C. 1/1 Substitute sheet - 8 November 1996

FIG. 1
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19. A process for producing a therm stor elenent, conprising the steps
of the process as defined in any one of clains 11-18, and further
conprising sintering said mxture. 20. The process as defined in claim
19, wherein a sintering aid is adm xed Subsmmﬁ; shdeters :mﬂ,mg}e*;ggs
21. The process as defined in claim19 or

carried out at a tenperature approxi mately -of 1450 to 1600[err]C

pref erably about 1550[err]C. 22. The process as .defined in one of clains
16 to 18 or 20 and 21 wherein the sﬂ%ﬁEEEEg aid conprises silica and/or -

mul lite.

IS

CERAMIC COMPOSITION THERMISTOR ELEMENT COMPRISING SAME, ANDPRG:E‘SSE
FOR PRODUCING SAME

A ceramic composition especially useful for a thermistor exhibi:ing stable

resistance values aver a wide temperature range and capable
of being used for a prolonged time is described. The composition is
represented by the formula (MIM20,),_, - (Hl,_l;,s,x_ whecein ML is an
element selected from the. elements of the group 3A excluding
La and M* is~ an element of the groups 44, SA, 64, TA and 8,
and wherain the mixing ratie between an electrically
conductive substance stable it elevated temperatures and an
insulating substance stable at elevated temperatures, may be
adjusted . 4 thermistor formed of the compasition is
superior in high-temperature stability and can be used over
a broad temperature range because its resistance value can

be selected to an optimum value.
Furthermore described is a process for producing a ceramic composition and

a process for producing a thermistor elemeat (1).

(Figure 1)
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23." The process as defined in one of clains 16 to 18, or 20 to #iZsni-g

wher eip-the.sintering aid further conprises at | east one conpound®s
selecﬁed fir- ot CHe U grotip: CGn5|S$;ng iof CaO- Sierr] type conmpounds,
Sr O Si Jlerrlrtype: mompoundss :MyO-. Sigerr] type conpounds,

Blerr}

.m@@ww

err]

.S'i O[etf: AM [ergplQiasr]i type conpgutdsu@eheet - 18 July 1998

t Q oundgs.
yﬁe QC m;) ..... 19

oo | canes (NIRRT

A ceramic composition represented by the formula
(M1M203)1_x - (M1A103)x, 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, 5A, 6A, 7A and 8, and 0.8>x>0, preferably x>
0.01.

The ceramic composition as defined in claim 1 wherein M1l
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, TPi, 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 and at least one sintering aid excluding magnesium.l_

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 wts.

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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10.

1.

LA A
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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-SiO; type
compounds, SrO-Si0O; type compounds Mg0-SiO; type
compounds, B30-Si03-Al703 type compounds and B303-8i03
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 M!M203 and Mlalo;, respectively, where MLl 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,
S5A, 6A, 7A and 8, and

then providing a mixture of (M1M203)1-x
(M1A103)x where 0.8>x>0, preferably x20.01.

REPLACEMENT SHEET

3 1 JUL 1998




