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CERAMIC COMPOSITION. THERMISTOR ELEMENT~ AND PROCESS FOR 

PRODUCING A CERAMIC BODY 

. 
The present invention relates to a ceramic .composition, 

thermistor element and a process for producing a ceramic body. 

As materials for thermistors which may be employed at 
.. 

higher temperatures, there have so far ?een employed (&) & 

materi&l composed mainly o! compounds of & corundum type 

crystal structure, as disclosed tor example in JP Patent 

XOKAI Publication No. 50-118294 (JP-A-118294/75) or "Fine 

Ceramics Handbook" b;v Kenya. HAMANO, published by ASAKURA 

SHOTEN in 1984, (b) a material composed m&inly of compounds 
- . 

of & spinel type crystal st~uctura, as disclosed for example 

in JP Patent KOKAI Publication No. 49-6399~ (JP-A-63995/74), 

(c) & material composed mainly of ZrOa, &s discloaed in 

"Internal Combustion Engine 11 vol. 30, number 8, page 98, a.nd 

(d) a material m&inly composed of compounds of & perovskite 

type cr~stal struct."4.n=. 

However. with the material (a) comp~sed mainly ot the 

.corundum type crystal structure, it is not possible to 

adjust its resistance-temperature cha.ra.cteristics r to - a 

greater extent. although such characteristics can be ch&nged 

slightly by addition of other elements. On the other hand, 

the material cea!es to have a stable corundum structure and 

is deteriora.ted in therma.1 sta.bilit_y on addition of a.n 

additive in & larger quantit~. 

The material (b) composed mainly of compounds havin1 the 
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spinel type crystal structure has a hi:her rate of chanr• of 

· t·einpera.tur.e-res. i s·ta.nce tha.t .i IS · a 

tempera.ture gradient constant ~ 1 such that it cannot be 

used over a wider temperature range. On the other ha.nd, a 

material composed ma.'inly of NiAl204, a.s disclosed . in JP 

Pa.tent KOKAI Publication No. 49-29499 (1974) (JP-A-29499/74) 

or a. material composed ma.inly of C0Al204, as disclosed in JP 

Patent KOKAI Publication No. 48-705 (JP-A-705/73), is low in 

thermal resistance a.nd cannot be used at elevated 

temperatures. 

The material (c) composed ma.inly of zirconia. ha.s its 

resistance increased for a. temperature range lower than its 

·&ctivation temperature and cannot be practically employed. 

With the material (d) composed ma.inly o! eo~pounds 

"' having the perovskite type crystal structure, if only a 

sma.l~ q~antity of oxide~ of La is left unreacted, such 

unreacted component is reacted with the moisture in 

atmosphere to yield l&bile La(OH)3 leading to destruction of 

the element or to unstable resistance values. 
It is therefore the object of the present invention to provide a ceramic 
composition especially useful as a thermist?r base, and a method of 
producing same, which avoids the above mentioned drawbacks of known 
·p·roducts. This object is solved by the ceramic composition according to 
independent.claim 1, the thermistor element according to independent claim 
8 and the process to produce a ceramic body according to independent ·claim 
21. Further advantageous features, aspects and details of the invention 
are evident from the dependent claims, the description, the examples and 
the drawings. The claims are to be understood as a first non-limiting 
approach to define the invention in general terms. 

It 1s an aspect of the.present 1nven~1on ~o prov1~e a 

novel cerAmic devoid of the above mentioned problems. 

It is a. specific aspect of the present invention to 

overcome at least one of those problems a.nd to provide a 
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lea.st. one, ~~eferably ~11 of th~ followinr ch&r~cteristics 

are satisfied: Namely) a. broad range of resi•t&nce V&lues 

may be obt&ined b~ Adjusting the composition ot the 

material, lead wir~s may be prevented from be inc 

deterior&ted by being sinter&ble at & temperAture not hisher 

than 1800 •c , and it is free from hygroscopic components ~nd 

deterioration in characteristics due to environmenta.l 

humidity or thermal hysteresis and hence may be used over a 

wide range of temperatures from room temperature up to 1100 

-c I 

It is a further aspect of the present invention to 

·provide a novel thermistor element and a thermi•tor device 

using the same. 

Still further aspects will become apaarent in the entire 
.. 

disclosure and claims. 

This invention specifically relates to a. ceramic .coJPpos it ion for a. 

•, 

thermistor having a negative temperature coefficient and 

exhibiting high stability at elevated temper&tures and a 

thermistor element prepared from the composition. 

As a result of our eager investig&tions, the present 

inventors have arrived at a ceramic composition, especially useful for 

thermistors, to achieve the above object. Namely. there is 

provided a composition represented b1 the general tormula 

or 

more elements selected from the elements belonging to the 

group 3A of the Periodic Table excluding L&, 

N~ denotes one or more elements selected trom the 

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

pz denotes one or more elements a~lected from the 
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elements which ·belong to the groups 4A, 5A, BA, 7A &nd 8 &nd 

the oxides of which exhibit p-type char&cteristies, 

N2 denotes one or more elements 1elected from the 

elements which beloni to the groups 4A, SA, SA, 7A a.nd 8 of 

"the Periodic Table and the oxides of which exhibit n-type 

characteristics, &nd 

wherein x, y and z are larger than O and smaller than 

1, and x, y and z are defined to satisfy the following 

formula 

O.OOl ~ x/(1-y-z)< 0.20, 

0.05 ~ y/(1-y-z) ~ 0.80 and 

o < ~ I (.1-y-z) ~ o . 9 o . 

A thermistor element can be produced using the a.bove-defined 

composition. 

The groups 2A, 3A, 4A, 5A, SA and 7A herein mean the 

groups 2A, 3A, 4A, 5A, 6A and 7A ot the Periodic Table tor 

elements &s agreed upon by the Committee for Nomenclature 

~~r Inorganic Chemistry of the International Union of Pure 

and Applied Chemistr~ (IUPAC) of 1965. 

It has now · been found that & desirable ceramic 

composition especially for thermistors ms.y be provided by a. composition 

.. 

represented by the general ·formula 

(M 1 i-x· N1 x)(P 2 i-y-z• N2 y• Alz)03 

wherein M~ denotes one or more elements selected from 

the elements Y, Sm, Pr, Nd, Dy, Er, Gd &nd Yb, &nd N~ 
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denotes one or more elements selected from the elements u~ ir.1.., I 

Ca. J Sr &nd Ba., 

. p• ~enotes one or more elements &elected from the 

elements Cr, MnJ Co and Ni, a.nd 

N2 denotes one or more elements selected from the 

elements Fe, V and Ti, 

wherein x, y and z &re larger than O a.nd smaller tha.n .l, 

and x, y &nd z are detined so that 

0.001 ~ x/(1-y-z)< 0.20, o.o5 ~ y /(1-y-%) ~ a.so and 

o < z J c1-y-z) ~ o.9o. 

It has also been found that a desir&ble cera.mic 

composition especia.lly for thermistors may be provided by e. composition 

represented by (Yi-x· Srx)(Cri-~-z· Fe~ · Alz).Q3 wherein M1 

is yttrium, N~ is strontium, P8 is chromium and N2 is iron, 

wherein x, y and z are larger than 0 &nd smaller ~han 1, and 

x, y and z are derined so tha.t 

0.001 ~ x/(1-y~z)< 0.20, o·.os ~ y/(l-y-z) ~ a.so. and 

a < z I ( 1-y-z ) ~ o . 9 o . 

It has also been tound that a. desira.ble ceramic 

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

(Gdi-x· Srx)(Cri-y-z" Fey· Alz)03 , wherein M1 is g&dolinium, 

N1 is strontium, P2 i~ chromium, &nd N2 is iron, a.nd 

wherein x. y and z are larger than O and smaller than 1, 

and x, y and z are defined so that 
'• 

0.001 ~ x/(1-y-z)< 0.20, 0.05 ~ y/(1-y-z) ~ 0.80 and 
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a < z '/ (1-y-z) ~ o.90. 

It has also been fou~d that & desirable ceramic 
composition especially for thermistors; Jnay be provided by a composition 

wherein M1 is samarium, N~ is strontium, P* is 

chromium a.nd N2 is iron, with x, y and z being_ la.rger than O 

and small~r than 1, wherein x, y &nd z a.re defined so that 

0.001 ~ x/(1-y-z)< 0.20, o.o5 ~ y/(1-y-z) ~ a.so 
a.nd o < z I (1-y-z) :ii 0.90. 

If a. sintering a.id is added to the ·ceramic compoaition 

especially for thermistors ·for improving its a; interab! l i ty, it can 'be 

sintered at lower temperatures to give high strength a.nd 

superior thermal resistance. As the sintering aids, those· 

capable of forming a liquid phase in the grain bound&ry to 

form a matrix for improvin1 the aintar&bility ot the ceramic 

may be employed. The sintering aid is preferably added in 

a.n a.mount of O. 5 to 10 wt% and, in par.ticule.r, in a.n · a.mount 

of o.a to 5 wt%, based on the weight ot the ceramic 

composition for the thermistor. 

The following functions and/or advantages are &chieved 

by the present invention. 

The material according to the present invention is ot 

the perovskite structure and exch&nge may be made easily 

between atoms having ion radii close to each other, and thus 
'• the compositions resulting from such atom exchanges exist in 
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& stable state. There!ore, it becomes po••ibl• to ch&n~a 

and adjust the co~position continuously over & wide range. 

Also, since the composition is tree from L&, it 1• not 

affecte~ by the environmental humidity and ma.y remain sta.ble 

a.t higher temperature's so that it ma~ be employed over a. 

wide tempera.ture range form room temperature up to 1100 -C 

or higher. This is thought to be ascribable to the fact 

tha.t the compound of the present invention remains stable at 

higher temperatures. 

The p-type semiconductor has its resistance dependency 

on the oxygen partial pressure which is converse to that of 
" 

then-type semiconductor. Tha.t is, the lower. the oxygen 

partial pressure, the higher and the lower become the 

resistance of the p-type semiconductor and the n-t~pe 

semiconductor, respectively. The ceramic compos.ition ot the 

present invention is a mixture of these two semiconductor 

materi&ls 1 the characteristics of which with respect to the 

. _ _pxygen pa.rt i a.1 pressure cancel ea.ch other, so tha.t stab 1 e 

characteristics are exhibited despite fluctuation• in the 

oxygen partial pressure. On the other hand, lattice defects 

ot thermally labile oxygen or metal ions are diminished so 

that resistance values are not changed and remain stable 

even after heat hysteresis. 

Since the ceramic composition ia produced by simple 

substitution solid solution, it can be sintered at a 
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temperature not higher th&n 1600 ~ without producini by­

products, while lead wires may be prevented from beini 

deteriorated. In addition, aintared thermistor el1m1nta m&y 

be used over a wide temperature range ot from room 

temperature to 1100 ·c or higher. Furthermore. a ince the 

resistance values c&n be changed within A wide range by 

adjusting the composition in a wide range, it offers an 

advantage such that the resistance value and the therm~l 

gra.dient consta.nt (referred to a.s "a" h.ere inbelow) can be 

f;reely selected. 

Prooesl!!I Aspects 

According to the process aspects of the prea~nt 

invention, the following points are further mentioned which 

serve to illustrate the invention in more detail. 

The calcination aims at to achieve & homogeneous 

sintered ceramic body with extensively reduced fluctua.tion 

in re&ction, i.e., without segregated disiribution of the 

·:tiha.ses which constitute the microstructure of the cer.a.mic. 

In this regard, the starting materi&ls are. prefer&bly, 

selected from certain salts of the releva.nt elementa, e.g., 

nitr&tes, sulfa.tes 1 chlorides etc which a.re heat­

decomposable with ea.se a.nd ha.ve high reactivity upon hes.ting 

for ca.lcina.tion. 

Applying the 

pulverization, the 

ca.lcina.tion, 

f luctua.tion 

- e-
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products is believed to be significantly &nd with 1reater 

ease reduced to a minimum, as compared to the case where a 

mixture oi the starting materials would be directly press-

molded and sintered.' 

Thus, the calcination is carried out preferably within 

an approximate range of 1200 to l450•c, more preferably 

a.bout 1400 • C. Also c·a.lc ina.t ion is conducted until rea.ching 

a state where there is a minimum amount of nonreacted 

residues (in other words, re&ction products of. perovskite 

type compound~ are easy for pulverizing ·without h&ving been 

sintered with high densitication). In this regard, the ., 

calcinati9n will be continued, preferably, !or at least 

about one hour, more preferably about 2 hours. 

. As for the sintering aid, there are many alternatives 

bes ides silica and/or mullite, such aa, 

those compounds of types of CaO-Si02,. SrO-Si02, MgO-S i02, 

The sintering is preterably conducted at a temperature 

ranging 1450-lSOO•c, more preferably 1450-155o•c. The 

atmosphere for the sintering is generally preferred to be 

the ambient air or a neutral atmosphere (not oxidizing nor 

reducing). However, this will depend on the materials 

selected. For example, if Si02 is used as a sintering aid, 

oxidation ot Cr{3+) to Cr{6+), volatilization ~nd (even .. 
slight) reaction of Si02 with the major ingredients might 
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serve to improve sinterability. 

The sintering is carried out, preferably. tor &bout at 

least on hour, more preferably, for about 1-2 hours until a 

sufficient density is reached, e.1 .• a. relative density of 

90% or more. or pref·era.bly 95% or more of the theoretical. 

Other Features of the Products 

The resulting sin~ered products consists essentially of 

perovskite type compounds, while there a.re pha.se ( 11) 

resulting from the sintering aid, usually as & grain 

boundary (matrix) phase which surrounds ot 

perovskite. 

" The stable .resistance is aimed a.t a. resistance· change 

rate as calculated as temperature being within plus/minus 

1s•c after thedurabili~ytest under high temperatures (e.g .• 

at 350, soo•c, eoo•c). 

Within the generic compositional range, the following 

range is preferred, e.g., according to Example 1: 

o.0015~x(1-y-z)~0.020* 

O.OS~y/(1-y-z)~0.80 

o.zo~z/(l-y-z)~?·9o 

* corresponds to the temperature gr&dient constant 

value "~~ of 3000 or more. 

The following meritorious effects are achieved by the 

present invention. 

According to the present invention there &re provided 
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thermistor elements which c&n be u•ed within & bro&d 

temper&ture range from 3oo•c to llOo•c &nd pos•••• & ata.ble 

resistance against both· the oxidi.zint a.nd reducing 

atmospheres. Also there a.re provided ceramic compositions 

for thermistors and thermistor elements which &re superior 

in the stability &t & thigh temperature, C&n be used Within 

a bro&d temper&ture range, and have a high mechanical 

strength, and thus they can be used as 1 for instance, & 

detecting device of overhe&tin~ for the ea.t&lyst1 for 

exhaust gas purification in automobiles, me&aurini appar&tus 

ot high temperature gases such &s detecting &pp&r&tu1 of the 
" 

recycled.gas temperature in the gas-recycling system of 

exhaust gas, measuring apparatus used at pl&ces ot aevere 

vibrations, or temperature measuring appar&tus for various 

kinds of furnaces etc. 

Figure l shows an embodiment of the present invention . 

... Explanation of Symbols 

l .•. thermistor element 

2 •.. lea.d wire 

EXAMPLES ' 

In the tollowinr preferred embodiments are disclosed 

with reference to specific Examples which should not be 

interpreted as limiting the invention thereto. 

Example 1 
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Example l of the present invention is now expl&ined. 

Yao~ h&vini & purity of 99.9% or hi:her &nd & mean 

p&rticle size o! 1 µ m. SrC0 3 ·having ~ pu~ity ot gs,5~ or 

higher a.nd a. mea.n pa.rt.icle size of i· ·/J. m, FeQ3 h&ving a. 

purity of 98.S % .or h~gher a.nd & me&n pa.rticle size of l 

/J. m. a:nd Al 203 ha.vin'g a. purity of 9 9, 9" or higher a.nd & mean 

particle size of 0.7 ~ m were weighed to & composition (Yi-

in Table l, mixed by a wet mixing method, dried and calcined 

(pre-fired) by subsequently ma.intAi~ing the mixture 140o•c 

for two hours. 

To the resulting calcined powders 1 wt% of SiOa. powder 

having a mean particle size of 0,8 "m is added ~nd mixed by 

a. wet mixing ~ethod. The resulting mass is mixed together 

by a wet method to give a. slurry mixture which is then 

passed through a. 200-mesh sieve and subsequently dried. The 

dried mass is· then &dmixed with a bin4er composed of 15 wt~ 

of poly vintl·butyral PVB, 10 wt% of di-butyl phthal&te DBP, 

50 wt% of methyl ethyl ketone MEK and 25 wt" ot toluene 'for 

gr&nula.ting powders io~ press molding. 

----·--------
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.. Ta.ble 1 

Sample comtlosition resistance ( k C ) /J 

No. x/1-y-z z/1-y-z y/1-y-z 350•C BOO·C eoo·c 300-600 800-900 

1 0.000 0.20 0.20 135 2.08 0.107 9060 10100 
2 0.000 0.80 0.20 173 6.64 0.496 7400 8860 

3 0.0015 0.20 0.05 20.0 0.920 0.120 6700 7000 
4 0.0015 o .. 20 0.10 19.0 0.960 0.108 6500 7460 

- 0.0015 0.20 0.20 22.6 1.000 0.084 6680 8490 0 

6 0.0015 0.20 0.25 26.7 1.06 0.089 6770 8450 

7 0.0015 0.20 0.30 21.5 0' 956· 0.094 6840 7930 
- -

8 0.0015 0.20 0.50 15.0 0. 820. 0.091 6320 7500 -
9 0.0015 0.20 0.80 8.0 0.550 0.080 5800 6500 

1 0 0.0015 0.30 0.20 67.7 1. 84 ~121 7600 9280 

1 1 0.0015 0.30 0.25 82.6 1.69 0.120 7720 9020 

l 2 0.0015 0.30 0.30 50.8 1.55 0.125 7410 8580 

1 3 0.0015 0.4:0 0.20 141 2.03 0.130 8880 9340 

1 4 0.0015 0.40 0.25 107 1.51 O.lll 9040 8900 
1 5 0.0015 0.40 0.30 42.3 0.874 0.091 8160 7700 

1 6 0.0015 0.55 0.20 9.66 1.03 0.144 4880 6700 . 
1 7 0.0015 0.55 0.25 31. 6 .2. 20 0.198 5800 8220 

1 8 0.0015' 0.55 0.30 18.1 0.910 0.108 6500 7300 
.... 

l 9 0.0015 0.80 0.20 31.1 2.50 0.327 5320 6890 
2 0 0.0015 0.90 0.20 51. 2 4.12 o. 4·21 5480 7790 

2 1 0.0020 0.80 0.20 6.24 1.26 0.259 3300 5400 

2 2 0.0150 0.20 0.20 0.298 0.137 0.058 1870 3080 

2 3 0.0200 0.80 0.20 0.394 0.174 0.086 1830 2380 

2 4 0.200 0.80 0.20 0.122 0.032 0.014 990 2800 

2 5 0.250 0.20 0.20 0.010 0.006 0.005 1260 610 
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The resulting powders are charged into a metal mold in 

which two platinum wires are disposed. ·each 0.4 mm in 

diameter, at a.n interva.l of 1.2 mm, a.nd are 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 

lead lines of· platinum wires, as shown in Fig. 1. The 

molded products are sintered in ambient air at 1550°C to 

produce thermistor elements. 

On the thermistor element, thus produced, 

resistance values in the atmosphere at 3oo·c. sso•c, soo·c 

and 9oo•c and values of the temperature gr.('-dient constant Ii 

were measured. The results a.re shown in the column's of the 

"resistance" and 11 B " in Table 1. 

Next. the samples were maintained for 300 hours in the 

atmosphere at 1000°C and the resistance values thereof at 

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

1ooo·c were measured in order to check. the durability by 

·--i~vestiga.ting the resistance cha.nge rate (referred to as 

11 .6. R rate" hereinafter). The results a.re shown at the 

11 .t:J. R rate (%)'' column in Table 2. Also) environmental test 

was conducted by maintaining ea.ch sample at soo•c in a 

chamber of a reduced oxygen pressure at an oxygen partial 

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

resists.nee values thereby checking the stability of the 

resistance values. The results are also shown at the column 
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ot "environmental test ~a rate {X)". 

Ta.ble 2 

I 
AR rate (%) Sa.m:ple I environmental 

test 
No. .350 ·c soo·c 900•C AR rate (~) 

l -30( 10] -18( 15] -10[ 12] I 12(-15] 
2 22[-13] -11( 10] - 7[ 12] 16[-18] 
3 17(- 9] 9[-10] 6[-12] 4[- 8] 
4 9[- 5] ll[-12] 9(-15) 4[- 7] 
5 6(- 4] 8[- 8] 5(- SJ .. 2(- 3] 
6 - 4( a-J - 6[ S] . - 6( 9] 2[- 3] 

7 - 8[ 5] - 9[ 10] - 2[ 4] - 2( 4] 
8 - 8[ 5] - 7( 9] - 3[ 5] "- 3 [ 5] 

9 -10[ 7) - 7[ 10] - 5 [ 10] - 5[ 10] 

1 0 12(- 5] 9(- 7] 8[~10] 2(- 2] 
1 l 8[- 4] 15(-12] 9(-13] - 2( 3] 

1 2 -14( 7] - 9( 7] - 6[ 9] - 3[ 4] . 
1 3 10(- 3] 7[- 5] 9[-12] 3[- 4] 
1 4 6(- 2] . 1 [ .. - 1] l[- 2] - 2[ 4] 
1 .5 -20[ 8] -11( 9] - s r io 1 - 1( 2] 
1 6 3(- 2] 3(- 4] 3[- 6] - 1[ 2] 
---· 
1 7 10(- 6] 2[- 2] 5[- 8). 3(- 5] 
1 8 -10( 6 ] - 7( 8] - 3[ 5] . 1[- 2] 
1 9 10(- 6] 2[- 3] 4(- 8] 1[- 2] 
2 0 11(- 9] 10[-13] B [-11] - 2[ 4] 
2 l 4[- 5] 3(- 4) 5(-121 3[- 7] 
2 2 5(- 8] 2(- 9] 5(-15] 0( O] 
2 3 5(-10] 3[-10] 3(-15] 2(-10] 
2 4 - S[ 10] 7[-16] 3(-15] O[ 0] 
2 5 . -14( 48) - 4[ 39) - 5[110] 0( 0] 
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The temper&ture rradient conat&nt 8 , the resi1t&nce 

change (AR) rate and the resistance change r~te c&lculated 

as temperature (converted temperature value derived from the 

resistance change rate) &re defined by the following 

equations: 

~ = ln(R/Ro)/(1/K- l/Ko) 

/:::,. R rate = (Rt- Ro)/RoX 100% 

(AR rate, calculated as temperature) 

= p x Ko/(ln(Rt/Ro)X Ko+ P )- Ko 

where ln indi~ates common logarithm, and·R and Ra indicate 

resistance values at absolute temperatures K and Ko, 
' 

respect i ve~y in the a. tmosphere. 11 300-600" and '' 800 "- 900" 

denote th_e temperature gradient constants fJ between 300'0 

and 600-C and between 600-C and 900-C , respectively. 

For. the durability test, R~ denotes the resistance 

values at a temperature t (t=300"C or 900-C ) in the 

atmosphere atter the durability test. ·For the environmental 

test, Rt denotes the resistance values at & temper&ture t 

(t=900'C) in an oxygen-reduced chamber .. -6.R r&te calculated 

as temperature is shown in the square blackets [] at the 

column of "environmental test ~R r&te" in T&ble 2. 

As apparent from Table lJ the resistance V&lue can be 

adjusted easily by varying the mixing ratios of x/(l-y-z), 

y/(1-y-z) &nd z/(1-y-z) in the composition represented by 

the formul~ (Yi-x· Srx) 



It has turned out that the reaiata.nce &nd ~ ca.n be 

increaaed by substituting Fe and Al for the Cr sitea in the 

compoaition (Yi-x· Srx) The ref ore , 

there can easily be provided thermistor elements ha.vine required 

resistance values ~nd B 's. This reaction system is 

subst(tution solid solution offering no yield of by 

products, and thus the resist&nce value can be &djusted 

easily, which iJ drawn to the advantage, Aa shown by the 

durability test and the environment&l test. the products 

exhibit very- stable characteristics against the he&t 

hysteresis and oxygen partial pressure in the a.mbient 

&tmosphere. .. 
The smaller the more preferable is the changinf r&te• 

of resistance in the dur&bility test and the environmental 

test. However, it is preferred to be Within 
,. 

(plue/minus) for the AR rate, calculated as.· temperature, 

which corresponds to Sample Nos. 3 to .23 in Table 2. 

The reason for the above is thought as follows. On the 

one hand, it is ascribable to the decrease in the amount . of 

unstable meta.l ion de-f ects a.nd oxygen ion defects a.ga.inst 

the heat hysteresis owing to mixing YCrQ3 as a. p-type 

semiconductor and FezOa as an n-type eemiconductor. On the 

other hand, it is ascribable to the compensation or 

cancell&tion of the dependency on the oxygen partia.l 

'• 
pressure through mixing ot the p-&nd n-type semiconductors. 
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Inereaae in the stability ot re•i•t&nce is obaerved 

also b~ substituting Sr tor Y. However, the Sr aub1titution 

should be done within an extent such th&t it can be 

practic&lly used, i.e., within the r&nie O. 1%~ x/ ( 1-y-

z)< 20% bec&uae an excess Sr substitution causes ~emarkable 

lowering in the resistance and resultinr in 

deterionated temperature dependent &ccur&cy. 

Next, the ·r~sist&nce change rate (AR r&te) w&s 

investigated by keeping samples Nos. 5, ll. 14 &nd 17 at 

iioo•c in the ambient air for 20 hours. The results &re 

shown in Table 3, which demonstr&tes that the inventive 

products do not suffer signif ica.nt change in"' the resiata.nce .. 
even atter:exposure to & high temperature ot 11oo•c. Al.so, 

a thermistor element having & high strength and & reduced 

deterior&tion of lead wires c&n be obtained since the 

sintering temper&ture is l55o•c. 

Table 3 

I 

Sample AR rate ("}. 

No. sso·c soo·c 900·C 
. . 

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

1 1 - 9[ 5 ] - 2[ 21 2(- 3] 

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

1 7 7(- 4l 2(- 2) 4(- 7] 
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EXAMPLE 2 

The second example will now be expl&ined. Thermistor 

elements a.re produced according to the raw ma.teria.l& · &nd 

method of Example 1 except for the fol lowing points, 

p&rticle size of l ~mis used instea.d'ot Y203, and the raw 

materi&ls &re weighed and mixed so a.s to l)rovide 

compositions of Sample Nos. 26 a.nd 27 of Ta.ble 4 by settfng 

x, y &nd z in the !ormulL (Gdi-x· Srx)(Cri-y-z ·Fey· Alz)0 3 • 

'l'he te'mpera.ture-resista.nce chara.cteriatics of the 

resulting thermistor elements are &dd~tion&lly shown &t 

columns "resistance'' a.nd "/J" 

'ra.ble 4 •, 

Sample composition resistance ( k C ) 13 

No. x/1-y-z z/1-y-z y/1-y-z 350•C soo·c soo·c 300-600 600-900 

2 6 0.0015 0.40 0.25 59.2 1.773 0.126 6410 7753 

2 7 0.0015 0.40 0.25 17.8 0.670 0.092 5469 8110 

2 8 0.0015 0.40 0.25 2.19 0.300 0.066 4402 5168 
..... 

The durability test and the environmental test were 

carried out in the ~ame.manner as in Example l, and the 

results are also shown in Table 5. 

" 
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Table 5 

Sample .o.. R rate (") environmental 

test No. 350•C soo•c eoo·c AR ra.te (%) 
. 

2 6 6.1(- 3) 6.8[- 5] 1.7(- 3] -2.8( 5] 

2 7 10.6[- S] a .. s r- 1 J 4.0[- 8] -1. 5( 3] 

2 8 10.0[- 7] 7.2(- SJ 3.1(- 8] -1.1[ 3] 

As apparent from Table ~. the resist&nce &mounts to an 

order ot 10 kn at 35o•c and &round 100 C a.t eoo•c, 
respectively, which are suitable resistance V&lues in the 

practice, while P assumes 5000 to 8000. 

Accordingly, these samples are qualified as thermistor 

elements which are suitable for use in a ·temperature 

detecting &pparatusi since they exhibit little change in the 

resistance value even &tter the dur&bility teat and the 

environmental test. 
EXAMPLE 3 

Next, the third Example will be explained. 

Thermistor elements are produce4 according to the raw 

ma.teria.ls and method of Example 1 except for. the following 

points, namely Sma03 having & purity of 99.9% or higher and 

& p&rticle size of l ~ m is used instead of YzO~, and the 

raw materials are weighed and mixed so &s to provide 

compositions of Sample No. 28 o! Table 4 by settin1 x, y and 
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z in the formula. 

(.Sm:i.-x · Srx) (C.r:i.-y-z · Fe,,.· Alz)03 

The temepra.ture-reaistance ch&racteristica of the 

resulting thermistor elements are &dditiona.lly shown &t 

columns "resista.nce'1 a.nd "P ". 

Also, the durability test and the environmental test 

were ca.rried out in the same manner a.s Example 1 a.nd the 

results a.re also shown in Ta.ble 5. 

As &pparent from Table 5. the samples &re qu&lified &s · 

thermistor elements which a.re suitable for use in a 

temperature detectin• apparatus, since they exhibit little 
., 

change in the resistance va.lue even a.fter the dur&bility 

test and the environmental test. 

Samples Nos. 28 and 28 were subjected to & test· at a.n 

extremely high temperature in which they were kept in the 

ambient air at 11oo•c for 2 hours. The resulting resistance 

change ra.tes exhibited within 10% &t 3&o•c &nd within 5% a.t 

eoo•c for·each sample. 

It should be noted that modification which is obvious to 

a person skilled in the &rt may be done without dep&rting 

from the gist &nd scope.&s disclosed· and 

particularly the disclosed embodiments 

claimed 

should 

herein. 

not be 

construed narrowly such th&t they would serve to restrict 

the invention thereto . 
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Claims 

1. A ceramic composition reprsented by the formula 
{Mll-x·Nlx) ( p2 l-y-z.N2y· Al3) 03 

2 . 

where Ml is one or more elements selected from the group 

of the elements belonging to the group 3A of the Periodic 

Table excluding La, Nl is one or more elements selected 

from the group of the elements belonging to the group 2A 

of the Periodic Table, p2 is one or more elements 

selected from the group of the elements of the groups 4A, 

SA, 6A, 7A and 8 of the Periodic Table whose oxides 
exhibit p-:-type characteristics, and· N2 is one or more 

elements selected from the group of the elements of the 

groups 4A, SA, GA, 7A and 8 whose oxiqes exhiblt n-type 
characteristics, 

wherein x, y and z are larger ·than 0 and smaller than 1 

and satisfy the following formulas 

0.001 ~ x/(1-y-z)< 0.20 

0.05 :s; y/(1-y-z) :s; 0.80 

0 < z/(1-y-z) :s; 0.90. 

The ceramic composition as defined in claim 1. 

wherein Ml is one or more elements selected from the 
group of Y, Sm, Pr, Nd, Ho, Dy, Er, Gd and Yb, Nl is one 
or more elements selected from the group of Mg, Ca, Sr 

and Ba, p2 is one or more elements selected from the 

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

selected from the group of Fe, Y and Ti. 

111111111111111111111111111111 
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3. The ceramic composition as defined in claim 2, wherein Ml 

is Y, Nl is Sr, p2 is Cr and N2 is Fe. 

4. The ceramic composition as defined in claim 2, wherein Ml 

5 is Gd, Nl is Sr, p2 is Cr and N2 is Fe. 

5 The ceramic composition as defined in claim 2 wherein Ml 

is Sm, Nl is Sr, p2 is Cr, and N2 is Fe. 

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

to 5 wherein the composition further comprises a 

sintering aid. 

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

15 claims for the production of a thermistor. 

8. A thermistor element produced from the composition as 

defined in any one of claims 1 to 6. 

20 9. The thermistor element produced from the composition as 

defined in claim 8 wherein the sintering aid is such that 

provides a liquid phase at. grain boundary to form a 

matrix. 

25 Hl. The thermistor element as defined in one of claims 8 or 9 

30 

35 

wherein the sintering aid is present in an amount of 0.5 

to 10 wt%, preferably 0.8 to 5 wt%. 

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

10 wherein the sintering aid is silica and/or mullite. 

12. The thermistor element as defined in any one of claims 8 

to 11 wherein the composition present is substantially of 

the perovskite structure. 

l lll\11\ \t\I\\ Ill\\ \tl\I \\ \II\ 
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13. The thermistor element as defined in one of claims B to 

12 which has been produced by sintering said composition 

at a temperature not exceeding 1600°C. 

5 14. The thermistor element as defined in one of claims B to 

13 wherein said composition has been calcined at a 

temperature· not exceeding about 1400°C, preferably at 

about 1400°C, before sintering. 

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

15 

20 

25 

16. 

17. 

14 which has a resistance change rate, calculated as 

temperature, lying within +/-15°C. 

The thermistor 

15 which has a 

8000. 

The thermistor 

15 which has 

least 3000. 

element as defined in one of claims 8 to 

temperature gradient constant ~ of 5000 to 

element as defined in one of claims 8 to 

a temperature gradient constant ~ of at 

18. The thermistor element as defined in one of claiJ;ns 8 to 

17 wherein 0.0015 S x/(1-y-z) S 0.020, 

and 0.20 S z/(1-y-z} S 0.90. 

19. The thermistor element as defined in any one of claims 8-

18 wherein the composition has been calcined at 1200-

14000C. 

30 20. The thermistor element as defined in one of claims 7 to 

35 

19 wherein the sintering aid is at least one selected 

from the group of silica, mullite, and materials of the· 

types of CaO-Si02, SrO-Si02 1 MgO-Si02, B203-S_i02-Al203 

and B203-Si02. 

I lllllll llllll lllll lllll II llll 
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21. The process for producing a sintered ceramic body 

comprising: 

(a) providing a ceramic composition represented by the 
formula (Mll-x· Nlx) (P2 l-y-z·N2y.Alz) 03 

where Ml is one or more elements selected from the 

group of the elements belonging to the group 3A of 

the Periodic Table excluding La, Nl is one or more 

elements selected from the group of the elements 

belonging to the group 2A of the Periodic Table, p2 

is one or more elements selected· from the group of 

the elements of the groups 4A, ·SA, 6A, 7A and 8 of 

the Periodic Table whose oxides exhibit p-type 

characteristics, and N2 is one ·'°r more elements 

se~ected from the group of the elements of the groups 

4.A:, SA, 6A, 7A and 8 whose oxides exhibit n-type 

characteristics, 

wherein x, y and z are larger than 0 and smaller than 

1 and satisfy the following formulas 

0.001 ~ x/(1-y-z) < 0.20 

0.05 ~ y/(1-y-z} ~ 0.80 

0 < z/(1-y-z) ~ 0.90, and 

b) sintering said composition, to a sintered body. 

22. The process as defined in claim 21 wherein the 

composition further comprises an sintering aid. 

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

comprises a step of calcining a raw material mixture 

before sintering. 
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24. The process as defined in claim 23 wherein the 

ca1cination is carried out about at 1200-1400°C, 

preferably about 1400°c. 

25. The process a defined in claim 23 or 24 which further 

comprises, after the calcination, a step of pulverization 
before sintering. 

10 26. The process as defined in any one of claims 21-25 wherein 

the sintering is carried out in 

exceeding 160·0°c, preferably 

preferably. of 1450 to 1550°C. 

a temperature range not 

of ·1450-1600°C, more 

15 27. The process as defined in claim 23 or l4 wherein the raw 

material mixture comprises at least one of salts of said 

elements. 

28. The process as defined in one of claims 21 to 27, wherein 

20 the sintered ceramic body is a thermistor element. 

' '"'"' "'"' ""' ""' " \Ill 
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