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This invention relates to a ceramic {or p'orc·elain)' ... c.om{'.fositrO'rC'·-····-

for a thermistor, a thermistor element comprising the ceramic 

composition as well as processes for producing the ceramic 
composition and the thermistor element. . 

As. a. thermis-tor ma.teria.l which may be employed . a.t . ·. , . 
· higher· ~emjj_~r~ture·s, (a,) ·a. material mainly c~mpose4 of .a. . . . . . 
. corUI).dvm'type~ crystal structure. &8 dis~losed for ~xa.mple in . 

. . . : . · ... 
JP PatJnt·:~roxi1· Publiea.-tion No. 50-1182~4 (JP-A-118294/75) 

or in "7-!ii.e ... Cerami~ Handoook" by X. Yano •. publlshed . by . . . ... " 

ASAKURA ·~.~qr!~ ··ih · 1984 i (b) a. materi~l m&'inly 'comp~sed of a. . . 
compound··. :pa.~~.ni. a. :;pinel type . cr;stal · struc~ure, as . ... . . . 
disclosed· to:r ·~i!mp1e in JP Pa.tent KOKAI Pub'lica.tion No·. 49-. . . . . . "' . .. 
63995 (JP-A-q3995/74), (cl a material mainly composed of . . . .. . .. 

I • 

zirconia.., . a."S d·isclosed . . . in,. e: r., "Nainenkikan" . (Internal 
. . ' 

Combustt~n·:Enii~e) vol . . . . 30, and . (d) a. . . . 
ma..teria,l· ·mainly·. composed of a. compound hav:f.ng. a petovsk-1 te . ' . . .. 

. : ' " . . 
cr1ii~ structure , may be used . . : . : . . . . 

Ho~e·yer, &ccordinr to the ea.ger ... 
• 

investiration af the 

inventoi:s·:-o:f' .tl!ie presen.t invention the followi?lil: Ptoblems . . . . . . . . . 
have be~~ ~ur~e~ out. ·With the material (a) main~r composed .. . . 
of· the· -:cO.~undum. crystal. structul'e, the resis:ta.nce 

~". . ' . . . 
tempe·r~ttire"..Cha~a~teristics. can· not be adjusted to a.. larger . . 
e.xtent. !-f J. for exampl.e, the additive is' added in.an e"xcess . . . . . 
quantity: 

1th~ s\~cture ce·a.ses. to. remain the sta.tiJ.e oorundilm 
• • • • I . •'• :. . 

t·ne. -crY:st:a.i·: structure, resulting in deteriorated :thermal 

st~bili_~;:·:: - ·~ . 
The. ~ater1a.1 (b) ma.inly. composed of the spin~! type . . . . .• 

crystal structure has & higher rate of change of the . . . . .. 
I o' 

·. resistan:e·e:-vera-Us temperature (·Sr higher 'tempera.tur.e tr&:dient . 
-1-



., r .. 
cons'ta.nt · #. )·, so that it: ca.mi.ct be . emp.loy.ed· over· a .wider . . . . ' 

tempera:ture·. 1."~hge . . . 
·composed. : O.~. ~!111 o. 

On the othe~ hand, materials ma.inly 

or CoAla 6. 8.re . 1 ow in. the therma.l 
.. . -.· . 

resis.t~nc~.= .::ana .: hence 
•I e •1 . . "·· . tempera.tares. . 

•. 

ea.nn·ot · be employed 

The material Cc> ma.inly composed Qf zircon!& 

at eleva.ted 

is oxygen 

ion cond:u~'tive :. and i.s increasea in resiSt4]lce. ln a. . . . . . 
t~mp~ra.t~~~::rizrie lo~er than the activation. temperature so 

tha~ it.ca~~t-~e e~ployed p~actically. . . . 
The material Cd> mainly composed of the co111:pound having the 

perovskit·~· 't~e ·~cr~sta): structure ha:s sucli inconven.ie~ce . .: . ~ . .. . . .· . 
tha.t 1 if"..Oalj .a slight amount of La oxides remain linrea.cted, . . . - . . . . . 
t.he non-~ea.ct~& La ~omponent rea.cts wi t'h t.he atmospheric 

mo~ stur~: i:a'· :·~ O~ ~ta.bl~ La.( OH J, with the . i-e8'Il t ~h8.t. : the . . . .. . . 
dev.ice co~po~ed:. of the material collapses or exhibits only 

uns,t'•ble .. ~ll~r.i:sia.nce va.lues. . . . . . . ' 

It is therefore the object of the present invention to provide an improved 

novel ceramic composition and an improved thermistor element comprising the 

ceramic composition which avoid the above 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 

process 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 

composition especially useful as a base material for a thermistor which has 
. . 

a·. bro-ad rfu~e· ·of resistance values by ··.. . . . 
. 

a.djus·ting · the 

· c.cimposi ti·nn~~~ ~the ma.te~ial. . . . . . 
It is still a furt.her aspect of the :present" invention· 

-2- · Th~r~u1u1rnnmr 



. . 
to provide· a· c·e~amic ccmposi ti on for thermistor which can 

. . • • • • .. • .. t 

be ~·inter&'ti· a.t ·: &; teua>erature. ·not hith!r than lSOO·c to . . . 
pr.event ... ej:e~tr~de deterior.&tiont which· is free. from 

hygrosco;i·~ :s~b~tances and the . resulting sintered body. is . ' . . ~ ' 
·less· susce~t:i"ol' "to· deterioration in cha.ra.cteristics du~ to 

I • • I : I I 

the a.tmo~~~·~.Z.ic huinidfty or. hea.t hysteresis p.d Which· ~8.n .be ·. . . .. . . . 
·employed .. . :~~e~ .. ··a:· witle temperature range ot ~rom room . : . .. . . 
tempera~~'' to ilOO•C. · . . 
According to another aspect, the present invention provides a composition 

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

It is a further aspect of the pr~sent inve~tion to 

provide "zro:f'. ·oni~:v the eeramic comp.as! tions a.for~~entioned. 
• " •• I •. • I • I • • 

but to pro"vide-~· an improved thermistor elements which a.re· . . .. . . ' . . 
obtaina-b~e ··:07 ~~ntering the aforesaid compositions. . . . .. ··. .. . . 

It .is also an aspect ·of . the present invent! on to .. 
' • • • I 

provide ::a:.: J?l"Ocess for ll~odµcinr the a.foreinention,ed .- ., . 
composi t(oris: ~d·. thermistor element ·usinr the same: . 

Still further aspects of. the i"nven.ti:on ·'!ill . become 

apparent ·.trpm t~e entire . . . . . . . . . disclosure. . . 
At ·i~ast ate of the . . . . .· said' aspects ,is: a.ccolllPi"ish~d -by the 

foliOWiD;g··:: cer~ic . . . . 
. 

compositiop and a ·th~rniistor element · 

obtainable·· from'• this 
• Ill • • • • • . compo,s·i ti on. The present· inventipn 

further': provid·e·s a. process f.or ··producing a. thermistor . . . . . . . . 
elem~nt,. . .': : ·: · .. . 

The' cer:amfc composition for the thermfstor. a.cc~r.ding to . . .. . ·· ··. :· . . . 

the "'pres.e-.nt · invention especially useful for the production . .. . . . . 
of ·a thermistor is represented by the formula 

(Mi.w Or )::~~~ .• ·.:lM~ Al'O~ ). , .where 

-s-· 
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' .· , ' .. 
. • 

.. 
•1 I• : • • •• • • I• ... 

• • • • I • • I 

• 1•, I I . ., . . . ,. 
I I '• •• . . . 

. M'' i·i:· one ·~or more· elements selected :trom the elements· . . .. .. . . . 
belon1in1.: to~ the group. SA excludinr L&, M' '1s one or more . .. . ... . 
elements~.:~el.e'cted from the .elements ~elonring to the groups .. .. 
4A, 5A,, :BA. 7A a.nd 8 a.nd 0. S>x>O. . . 

I •• I 

~ Par~ 'of'.t!ie elements may be inter-diffused with each other, 

such .as is ·the .·C~S.~ ·with certa.i'.n element ( s l of M1 and· Al .. . . . . '.· . . . . . . ... 

·nefip.itibn:·. · : . . .. .. . 
. . 

The ·.i'roups 3A, 4A, 5A, 6~ ·and 7A herei.n mean 3A, 4A, ... . . .... ·. . . 
5A.. 6A .. ;_n:d · ~~· of the Perfodic Ta.ble a.cc?r.di:.n'.f to the . . . ·. : . 

: arreement.· in. 3:9.8.5 of the Committee .for the Nomemcla.ture tor 
I I. • I I • 

. Inorrani.:c'. .Cii~lli"istry fJ'f Interna.tio-na.1 Uni mi cJ'f Pure and 
• \I 

• a • • 

A.pplied\ca~mlrtr1 CIUPAC)~ .... ,. . . 
, 

. . ~ 
. . . ~~c.~:r~~~; .~O the pi:oce•s . aspe.ct o_t t~lt .~res_ent 

. . 
· inventi.ott, .:rthet:re is . provided ·.a process for pr,odu~in1 a. . . . ,. 

• 
co~position 1o~ thermistor .comprising: 

p~·o~t°dinr.:M1M'·Oa and M1 Al0s, respectively, ·where M1 is . '\ . : . . . . . . . . . . . . . . " . . . . . 
cne or. mo:r.e:e.i.ameri.ts s.elec~·d from the elements belonging to . : ..... · .. ' ' ~ . ·. . . . 

.. the rro~: ·~A ~exelud!nr. La, Ml is one. or more. elem~nts . . . . . . . 
.s.elected= .£rom ·:the elemen·ts 'belontinr to the rroups 4A, 5A, 

• ,• • I ' I • t • I . . . . 
' I • 

61, 7A a~d.&1 and 

th~ii : ·~·r4viding a. mixture ..... · . 
• . a • {M1A103)x :w~ere·o.-s>x>O. 

. PREFEWD. EMBODIMENTS. . . . . .. ... . . ... 
The·.· cera.mie · composi tlon ·for 

• • • • • t . . . 
repre~eht.ed :bt (M1 M' 6, ), • s • ·(W AIO,, lz , 
.. ·.···:···:· ··.· .. : .. 

.. 
. ": . . .. , . . . . .. .. . . . . . . . .... . . . " .. . 

I I• I 1 • • 

,•I I 

; : . . . .· . . . . : 
- 4--.. 

a ·the'rmi:stor . . 
wher.e M1~ .is one or 

.111rn11nr · 
.... 



... 
I• • . . : : .· . . .. . . -. •· .. .. .. : . ... 

mare ele~~nt1 ~elected fr?m the elements Y, Sm, Pr, Nd, D1. 
• • ~ • • ~ • z; 

Ho, Er, Gd'· e.na ~and/or .N is O}le or· mo're elements selected : . ,, ... . . . 
from the·e~e~ents Cr, Ti, Mn, Fe a.nd Co. where O.S>x>O, does . . •. . ·. . 

. . . . . . ,• 
not exhibi:t:··.h1rr:b.scopicit1> is free from deterioration·in . . 
strength arl~·sU~eri~r.in thermal resistance. The preferred value of x 

• • IL • • .. . . 
. is 0. 01 or."·mor.e·:~or an effective roll of x . . . 

A preferred c;r~i~ composition for a ther.mistor With X beinf . . . . 
o.os to o.s als~·-do.e~ not' exhibit hygroscol)ictty and i's free f.r·om. 

... • ••• J • • • 

deteriora.:t'ron ... ;·in s.trenrtli· and sµ:p~rior in thermal ·· .. . . . . : . 
I 

res is.ta.nee'. S4°.. that 1 t can be adjusted to prac:tica.l·ly 
:--.". - . . . . . .. . . . . 

satisfa.9~~r.y ·I!ef i.sti.nce va.1 ues .. T~e most preferred va.lues of x are 0 . l 
t I 6 t " t' 

0 • 4 I • • • :• : . . . . . t: . 
· The. :.oe~aniic composition for a thermistor mainly -. . . . .. 

composed ·"~t·. a.= ~omposition compr~sing (Ml M1 Oa ) 1. I • (M1 A.10.1 ;}. 

admixed ··'Slit.ii· i sin'bering: · ·aid (or aids) for improv.ing . •, ·, . . . 
sintera:biiitr·: ~xhibi ts h~rh strenrt.h and super~or thermal 

resiste.~c~~;·: Any s.intering a.id ca.pa.ble of formin: a. liquid . . . . . . 
• r • • • • 

phase in the grain boun~ary for improving sin~er~biiity af . "' . . . 
the .cer'&iiio·a suffices. Silica.. mullite or t.he· ·llke is . ·.· . ._ . . . 
pref-e~r~d·( T~e· a.mount · o'f a.ddi ti on of the ·sinteriJ'.).g .. aid (~ 

.. . ., 
O. 5 to ·1.0 w.t% .. a.nd _preferably· ranges between O. 8 to 5 wt%. 

M1 ~·~;·.'if. '! s~bstance exh1b£ t!nr hirher ·e1e·ctrica.l . . . ' . 

conduct~t~ t,Y "&;l.d M1 AlOa is. a. substance exliibiti~r 'lower . . 
-~lectr1~·~1 :;c·o:i;i~uctivtty .. A tJ;lermistor ma.y be pro"iided in· . . . 

·which, b1.".cll.anilng ·the mixing. ra.t.f o of these twc:i substances, .. . . . . . . . . . . . . . . ·. . ~ .... . . · ... ,. . "' . . . 
. .. . .... .. . .. .•·. . -. .. ' . . . ~· 
::.: . , . . . . -' .. . . 

.. ... ~-. 

• '!. 



.. 
I· -.... _ 

. · .. , . 
. . .• . . . . ;, . .. . 

the re,·~·l:tanc'e 1values can be easil1 chanred a.nd may be . . . . 
ma.inta.ine~ s·~·abt1 s.t higher te°mpera.tures. The reason why the 

" '• ' . . . 
. therinistol'\· .:exhib! ts . . . . . . superior· stabil'itr &t elavated 

~emperatu:res is ·Pr~~umably. that such substances as M' M'·01 or 
. . . .. 

M1 :AIO •. ire ·.s-t·~ble a~ e!a.va.ted temperatUTes. and. that the . . . '·· . 
melting·. ·p.~i~·ts. ~of YCrOs and YAl02 compounds, fer example, . . '·· . . . . . 
are· ~s hii~: as approximately 2300•t and 1900•C, respectively. . . . ... .. 

It .ha.s .'been found th'a.t a. mixed system of 'Yero. ha.vi·nr . . . 
high e'l-e~:t.ri~i1 : conduct! vi t:; and YAlO, . . . . ha vinr: high 

" ·: . 
electrica.l .-i:risu·la.tinr properties is free from yielding o'! . . 

• ' • ,.: I • " " . 

subsidia.T~·CO~ne~ts on sinterinr and, after BiDierinr, is 
• I "• I • 

ma.inly' c .. ~mp~seJ o-t YCro,· a.nd YAl01 pha.se.s;. :it ·.a.. matrix . . . 
·cemposed: · o.~ tJie: ·Sintering a.ids ol" una.voidable · i111Puri tiea a.re . . . . 
di~~e~arded~ :ft. has ·a.tsQ been found tha~ the mixed. SJ.Stem 

·~·~,; •• I : • • •' 

exhibi.ts :.si~le reactions· a.nd hiill sta.bili ty ancl may be . . . . . .. . ·. .. . ' . . ' 

easily =adjusted in ~esista.nce, such that it ca.n .~e emp~ored '· , . . . 
over a. 'Q·r.o~d· ·tei®era.t·ure .range of· trom soo·c to 1100 •c. 

I I • • • • • I • 
• f • I 

( .A:cc::o~d~fl.~ ·.to the process a.s~ect. each of the c~lcined 

masses :.w M2:6; ·. a.nd Mi' AlO, is pulverized to form : a. fine 
I • • • .• • ~ : I • • • I •. 

powder,· :pre.:terjbly having a. mean particle s.ize af a.hotit 1 . . .. 
. µ m or:.1:e·s~ .. · . !he.resulting fine powd~rs a.re mixe.d 'together . .. . .. . . . 

· ia & d~~tre~~·proportion, without or preferably with· a . . ... . . . 
. ·. si·nter!n:, ~-i.d·. ; · . . . . .· . . . . 

'l'lie·" resµJtant powd.ery mixture is· formed·, e-;.g.; by . ' ... . .. 
press:-fo~'fn'g, ~ molding, =or . . ~. ... . ,, ~ 

other known s~~pinr -m.ethod .. 
... . . ,, 

,,. . . ..• . .. :· . . . . . . -: .. .. . .. . . . . . ·· .. · . . .. . . . .. . . . . . .. . . . . . ... . . . . . iiii1iillf 
"tf ···- .... 

:- ,: . . ... -. .. ...... 
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: .. . . . . . 
. · .· 

.. . . ··. .·• . . . 
fcHlowed .~ ~lnterinr. -. 

Ea.ch ca.1.ciii&tion for M1 M' o, or M' AlOa is carried out by 

.pre-fi~inr .. each"~ of a sta.rtilll ra'!tl ma.teria.l mixture with a. . . ·. : . . . . .. . . . 
suita"ble .. proi>6rtion under .the condition that. 'fields . ~ . .. : •.. . . . . . 

. synthesiied": '.~ M' o, .. or M1 AiO, , namely .a.t a sufficient . . . . . 
temper.atti.~e· .°'for~ :forming calcined/srnthesi~ed mass of each 

. 
compound .. · ·T)le. c.a.lcinati on s.erves to a better sinte.rabil 1 ty . . 

~ . .. .. 

a.t a. re.i'a.tive-ii. lo~ temperature resul tinr in a: hoU].o.reneous .. : . . . . . . . 
pro·duct ·~i tho·ut_'hetroreneous reaction gra.des. · . .. 

i':he: =9a(ci~nr temperature 1enera1 i1· i-a.n1es from i200 . " . . 
to 1400-~c ·~:o- ~that unrea.cted residue is minimized and ... . 
sinterill.r :.d~es :. n~t proceed. in excess so -as not to offer . . . . . . '\ 
·di ff i.~u1tj.: i.n = pul veriza ti on. · 

. The ,i~~~;1nr. 'is .ca.r~ied o~t .tind·er the conditions tliat · . . . 
wiil s!nter:~he:mass-to-be slntered to a sufficient relattve . . 

• ' I •' • " • • .. • • 't • 

dens! ty.; · e:.i;:, . .- 9.0%, 95" Qr 98% hi1her of the theoretical. 
I • • • • •• •I " . . - . . . 

The sintc-1"ini ·temperature do-es not much depend on· the 
. . . ! • 

selected .,:e~lements for M1' , .M' , and renera.lly l.ies between .. . 
. l450-160a~~·:. ~;eferably 8.oout.1-550 •c .. Ra'th~r the sinter-in: . . . . . 
tempera.tu!~-.~!ll ~be ~ffected by the kind and amount of. the .. .. . " 

s~nteri~&' ~a~d.s ~ The s'!nterinr temperature is· seiected s.o as · 
' . . . ' ( . 
to 1ive~·4hi.gh: .S·ta.bili ty in· the electric propert·ies and a 

• I. I • • e • . . ., . . 
aufficielit..·tien.9.i ty.. of· the sintered products. 

. . . . .... . · . . . ... 
~cc9tq.~~g~ to the pref erred embodi.znents O:f th~ P.r~sezit .. .. 

inven~i~~;:~t. i~ i~~erall1 possible to adjust .th~ resist~ce 

. . . . 

. . . . .. . . . . . . . . . . . . - ·.'·: . .. . . . , . . . . .· 
: 

. · : . ·. . . : .. 

. . . 

. ... 
:· . 

. . 

This Sheet Has Been 

I Miii~ /Ill~ /~I Iii/[ ~ 
• • &-. _ ......... _ ... _ ·-·----~~- .. ... ... -- ._ ..... __ 
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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 900·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 .used in, for example, a 

overheating detection device for a catalyst used for 

cleaning the exhaust gases of automotive vehicles, a hot 

gas temperature sensor, such as a sensor "for 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 .1 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 

.-a-



Example 1 of the present invention is now explained. 

Ya 03 having a purity of 99. 9% or higher and a mean 

particle size of 1 µ.m and Cr203 having a purity of 98.5% or 

higher and a mean particle size of 1 µ. m 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 YCrOs 

exhibiting high electrical conductivity was pulverized to 

give powders having a mean particle size of approximately 1 

µ. m. 

On the other hand, Yz 03 having a purity of 99. 9% or 

higher and a mean particle size of 1 µ. m and Alz Os having a 

purity of.' 99. 9% or higher and a mean particle size of 1 µ. m 

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 YA103 exhibiting high electrical 

insulating properties was pulverized to give powders having 

·-a mean particle size of approximately l µ. m. 

YCrOs and YAlOs thus produced were weighed from sample 

to sample at mixing ratios shown in Table 1 and admixed with 

1 wt% of SiOz powders having a mean particle size of 0. 6 

µ.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 o. 25 nun 

can pass c200 mesh (JIS)) and subsequently dried. The dried 



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

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

granulating powders for press molding. 

Table 1 

Sample composition resistance value /3 resistance I 
I 

I 
(KQ ) change rate (% ) I 

I 

Nos. YCr02 I YA103 I 3oo·clsso·c lsoo·c 1300-ssolsso-sool 300·C j 900·C I 
0 d- i 

I I 

l * 100 0 0.085 0.06 2520 1510 15(-18] 10[-s11I •• ::> 

2 95 5 13.2 0.382 0.130 5350 4670 15[- 8] 10(-27] 

3 90 10 35.6 0.780 0.240 5770 5104 12(- 6] s c-231 I 
4 80 20 - 70.0 0.905 0.285 6570 5000 8(- 4] 6[-16]1 

I 
5 70 30 96.4 1.081 0.327 6790 5180 7(- 3] 5[-131' ... 
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[- SJ 7[-16] 

8 55 45 363 3.591 0.952 6980 5750 15[- 7] 9(-20] 

g 50 . 50 497 5.100 1. 385 6920 5650 15[- 7] 8[-18] 

1 0 * 20 80 >30000 57 .0. tcr: 3 - 7409 - -

* 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/cm2 
) , for producing a molded 

product, 3 mm in diameter and 2 mm in 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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produce a thermistor element. 

On the thermistor element, thus produced, 

resistance values in the atmosphere at 300·C, sso·c and 

900·C were measured, and values of the temperature gradient 

constant /3 were calculated. The results are shown in the 

columns of the resistance and /3 . Next, the samples 

were maintained for 300 hours in the atmosphere at lOOO·C 

and the resista~ce values thereof at 300·C, 650·C and 900·C 
. . 

before and after the maintenance at lOOO·C were measured 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 lfires and can be 

easily built into temperature sensors. This may presumably 

be ascribabl~ t~ the lower sintering temperature. 

In Table 1, /3 indicates the temperature gradient 

constant. The temperature gradient constant /3 , the 

resistance change rate and the resistance change rate 

calculated as temperature (converted temperature value 

"(feri ved from the resistance change rate) are defined by the 

following equations: 

/3 = ·ln(R/Ro }/(l/K-1/Ka} 

resistance change rate = (R; - Ro )/Rox 100% 

where ln indicates common logarithm, and R and Ro indicate 

resistance values at absolute temperatures K and Ko , 

respectively. In Table 1, 300-650 and 650 - 900 denote the 
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.temperature gradient constants /3 between 300°c, 650°C and/ 

between 650°C and soo·c , respectively. 

R~ denotes the resistance value at an absolute 

temperature K~ (t=300°C or soo·c) after maintenance at 1ooo·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) = 

/3 x Ko I (1 n (Rt. /Ro ) x Ko + f3 ) - Ko 

It is ·seen from Table 1 that, by changing the 

YCr03/YA103 mixing ratio, the resistance value can be 

adjusted easily. It is contemplated that no auxiliary 

components are yielded· in the reaction between YCr03 and 

YA103 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 YA103 ratio exceeds 80%, the 

sinterability is lowered, while the resistance value at 300 

·c exceeds 30 megohms (MQ ) and it becomes di ff icul t to 

measure the resistance value at a temperature range below 

300°C, such that the thermistor becomes unsuitable for 

~ensing lower temperatures. Above al 1, 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 

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 elem·ent f"or a detector device 

because the value of the constant /3 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 

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 indicating 

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

Example 2 

Example 2 is now explained. 

Ybz 03 having a purity of 99. 9% or higher and a mean 

particle size of 1.5.um and Cr203 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 together by a wet mi.xing method, 

dried and subsequently calcined maintaining the .mixture at 

1400°C for two hours. The resulting calcined YbCr03 , 

exhibiting high electrical conductivity, was pulverized to 

give powders having a mean particle size of approximately 1 

.um. 
., 

On the other hand, Ybz 03 having a purity of 99. 9% or 

higher and a mean particle size of· 1.5.um and Al203 having a 

purity of 99. 9% or higher and a mean particle size of i.u m 

were weighed to give 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 

calcined mass was pulverized to give powders having a mean 

particle size of approximately 1.um. 

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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having the composition shown in Table 3 was produced by the 

same method as in Example 1 except using Erz 03 having a 

purity of 99. 9% and a mean particle size of 1.u m. 

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 /3 resistance 
(KC ) change rate(%) 

Nos. ErCr03 ErA103 l3oo·cls5o·clsoo·cl300-s5olsso-sool aoo·c .soo·c 

1 2 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 ll00°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 

temperature. The change rate at ·900°C was 8% which 

corresponded to the change of -20°C in terms of the 

temperature. 

EXAMPLE 4 

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 Gd203 having a purity of 

99. 9% and a mean particle size of 1.u m in place of Y2 03 • 
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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 

resist·ance change rate before and after the elements were 

maintained for 300 hours at l000°C and the corresponding 

change in terms of the converted temperature values. It is 

seen that, by setting· X in the composition of (GdCr03 )1 _ 

1 • (YA103 )x so as to be O. 2 to O. 5, thermistor elements 

could be produced which exhibited ~ractically optimum 

resistance values and which exhibited only small resistance 

change rate value and the resistance chanie value in terms 

. of the converted temperature value even when the elements 

were maintained at higher temperatures. 

Table 4 

Sample composition resistance value /3 resistance 
(KO ) change rate (%) 

No~ .... I Gdcro3I YA!03 i 300 ·c I sso ·c I soo ·c j 300-sso I sso-soo I 300·C 900·C 

I I 
i 

lo.s3olo.16s I j1s.s[- 7]_3.a(-101 1 3 80 20 I 450 6710 5050 

I 
I I 

ji.ssolo.43ol I 118.3(- 8Jj4.8[-11J 1 4 60. I 40 I 150 6820 5820 
I 

1 5 I so I 50 I 212 l2.9solo.1sol 6460 I 5930 22.2(-10]14.0[- 9] 
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1. A ceramic 

(MlM203}1-x 

19 

CLAIMS 

composition represented 

(MlAl03)x, where 

11111111111111 111111111111 1111 
* C L M S * 

by the formula 

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, GA, 7A and 8, and 0. 8>x>O, preferably x~ 

10 0.01. 

15 

20 

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, 

and/or M2 is one or more elements selec~ed 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. 

4. The ceramic composition as defined in claim 1, 2 or 3 

wherein Ml is Y or Gd and M2 is Cr. 

5. ~he ceramic composition as defined in any one of claims 1 

25 to 4 wherein a sintering aid is added to the composition. 

30 

6. The ceramic composition as defined in claim 5 wherein the 

siritering aid is present in an amount of 0.5 to 10 wt%, 

preferably o.a to 5 wt%. 

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. 

i~ii1iiHr 
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· 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 CaO-Si02 type 

compounds, SrO-Si02 type compounds MgO-Si02 type 

compounds, B20-Si02-Al203 type compounds and B203-Si02 

10 type compounds. 

15 

20 

25 

10. The thermistor element having the ceramic composition as 

defined in any one of the claims l' to 9 as a main 

constituent. 

11. A process for producing a ceramic composition especially 

for a thermistor comprising: 

providing MlM203 and MlAl02 1 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, 

SA,· 6A, 7A and 8, and 

then providing 

(MlAl03)x where 

a mixture comprising (MlM20a) 1-x 

O.B>x>O, preferably x~0.01. 

U:\BENUTZER.\FM\6342EPCLDOC 
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12. The process as defined in claim 11, wherein each of said 

M1M203 and M1Al03 is produced through calcinating a 

starting raw material mixture to form a calcined mass. 

,, 
5 13. The process as defined in claim 11 or 12 wherein Ml is 

10 

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 consis:ting 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 

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 

25 

each of said calcined masses is ~ulverised 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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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 

10 

15 

aid is admixed to said pulverised powders. 

21. The process as defined in claim 19 or 20 wherein the 

sintering is carrie.d out at a temperature approximately 

of 1450 t~ 1600°C, preferably about 1550°C. 

22. The pr,ocess as defined in one of claims 16 to 18 or 20 

and 21 wherein the sintering aid comprises silica and/or 

mullite. 

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 

CaO-Si03 type compounds, SrO-Si02 type compounds, Mg0-

20 Si02 type compounds, B202-Si02-Al,203 type compounds and 

B202-Si02 type compounds. 

iiiifiiW1r 
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