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NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION 

BACKGROUND OF 'I'HE INVENTION 

i. Field of· the Invention 

:i'he p~resent invention relates to a non-reducible 

dielectric ceramic composition and, more particularly, a 

non-reducible dielectric ceramic ~composition used for 

monolithic ceramic capacitors. 

2. o~scription of the Prior Art 

""· .. 

In qeneral, monolithic ceramic capacitors 

comprises ·plural dielectric· ceramic layers united into a 

monolithic body, a plurality of internal electrodes formed 

between adjacent dielectric ceramic layers, and external 

electrodes formed on opposite ;'sides of said monolithic body 

and connected .to the ~lternate internal electrodes. 

Such monolithic ceramic capacitor may be produced 

by preparing.ceramic green sheets, forming a layer of metal 

paste for internal elactrodes on one· flat surface of each 

ceramic green sheet, staekinq and pressing several green 

sheets with he.at to ·form a multilay'er green ceramic body, 

firing it to form a monolithic sintered c..~ramic. body with 

internal electrodes, formin9 layers of metal paste for 
,· 

external electrodes ·on opposite sides of the monolithic 

sintered ceramic body, and baking them at a suitable 

temperature to torm external electrodes. 

As a dielectric material for monolithic ceramic 

ca acitors, there have widely been· used high permittivity 
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dielectric ceramic compositions ot a barium titanate system, 

especially, those comprisinc; barium titanate and a small 

amount of a bismuth compound incorporated therein, such as 

bismuth titanate, bismuth stannate, bismuth zirconate, or 

the like. 

The monolithic ceramic capacitors are generally 

manufactured by a method comprising the steps of preparing 

ceramic green sheets, forming an internal electrode layer 

with a conductive paste, stackin9 and uniting the printed 

green sheets, cutting the multilayered body into green 

chips, f irinq the qreen chips at a temperature of about 1250 
--

to 1350 °C. Since the internal electrodes are subjected to 

the sinterinq temperature of the dielectric ceramic 

material, a material for internal electrodes is required to 

have a melting point higher than the sintering temperature 

of the dielectric ceramics, high resistance to oxidation 

even in an oxidizing atmosphere, and does not react with the 

dielectric ceramics. Such requirements are fully met by 

noble metals such as platinum, gold, palladium and their 

alloys so that noble metals have been used widely as a 

material for internal electrodes of monolithic ceramic 

capacitors. 

However, use of such noble metals results in 

increase of production cost of the monolithic ceramic 

.capacitors. For example, the cost of internal electrodes 

occupies about 30 to 70 t of the manufacturing. cost of 

monolithic ceramic capacitors. Other metals with a high 
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melting point includes base metals such as Ni, Fe, Co, w and 

Mo, but such base metals are oxidized easily in the 

o~idizing atmosphere at high temperature ·and loose its 

conductivity required for internal electrodes. 

Thus, in order to use such a base metal as a 

material tor internal electrodes, it is required to fire the 

dielectric ceramic material in a neutral or reducing 

atmosphere to prevent the base metal from oxidation. 

However, if the dielectric ceramic composition of the prior 

art is fired in such a reducinq atmosphere, the composition 

is reduced considerably during firing and the semieonduc­

torization takes place. 

To solve such problems, it has been proposed in 

JP-B- S57-42588 to use a dielectric ceramic material 

comprising a solid solution of a barium titanate system and 

having a ratio of a Darium site to a ti~anium site greater 

than the stoichiometric value, i.e., i.oo. Such a 

dielectric ceramic material is scarcely reduced to a 

semiconductor even if fired in a reducing atmosphere, thus 

makinq it possible· to manufacture monolithic ceramic 

capacitors with internal electrodes of a base metal such as 

nickel. 

On the other hand, the deyelopment of electronic 

techniques have led to consideraDle miniaturization of 

electronic devices. For this reason, there is an increasinq 

demand for miniaturization of electronic parts including 

monolithic ceramic capacitors. It is generally known that 
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the monolithic ceramic capacitors can be miniaturized by use 

of a dielectric ceramic material with a hiqh dielectric 

constant or by decreasinq a thickness of dielectric ceramic 

layers. However, dielectric ceramic materials with a hiqh 

dielectric constant are large in 9rain size. Thus, if the 

thickness of dielectric ceramic layers is decreased to not 

more than 10 µ.m, the number of crystal grains· present in 

each layer is considerably decreased, resulting in lowering 

of the reliability of monolithic ceramic capacitors. 

JP-A- 61-101459 discloses a non-reducible 

dielectric ceramic composition with a small gain size 

comprising a solid solution of barium titanate and one or 

more rare earth elements (e.g., La, Nd, Sm, Dy) incorporated 

therein. The smaller the grain size, the greater is the 

number of crystal grains present in each dielectric layer. 

Thus, such a dielectric ceramic composition makes it 

possible to prevent the monolithic ceramic capacitors from 

lowering of the reliability. 

It is, however; impossible with such a composition 

to obtain a hiqh dielectric constant. In addition, this 

composition is apt to be reduced dur in9 sinter ing, · thus 

making it difficult to produce monolithic cerami~ capacitors 

with good characteristics. 

SUMMARY OF THE INVENTION 

It is therefore a main object of the present 

invention to provide a non-reducible dielectric ceramic 

composition which is large in dielectric constant but small 
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in ·crystal grain size and which is never semiconductorized 

even if tired in a reducinq a tmos_phere. 

According to the present invention, there is 

provided a non-reducible dielectric ceramic composition 

consisting essentially of a basic composition of a modified 

barium titanate system and additives (A) and (B) 

incorporated therein, said basic composition consisting 

essentially of oxides of Ba, Sr, ca, Ti, Zr and Nb and 

having a composition expressed by the general formula: 

{(Bal-x-ySrxCay)O}m(Ti1_0 _PZr0 Nbp)02+p/ 2 

wherein 0.05 ~ x s 0.30, 0.005 sys 0.12, o < o ~ 0.20, 

0.0005 s p s 0.012, and 1.002 S m s 1.03, said additive (A) 

being composed of at least one oxide selected from the group 

consistin9 of oxides of Mn, Fe, Cr, Co and Ni, said additive 

(A) being incorporated into said basic composition in an 

amount of 0.02 to 2.0 m·oles per 100 moles of said basic 

composition in terms of respective oxides, Mno2, Fe2o3, 

cr2o3 , coo and NiO, said additive (B) consisting of sio2 

and/or zno and incorporated into said basic composition in 

an amount of 0.1 to 2.0 moles per 100 moles of said basic 

composition. 

In a preferred embodiment, the additive (B) is 

composed of a 9lass composition of a Bao-sro-Li20-Si02 

system instead of s102 and/or zno which serves as a glass 

component. 

Thus, according to the present invention, . there is 
. 

also provided a·non-reducible dielectric ceramic composition 
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consisting essentially of a basic composition of a modified 

barium titanate system and additives (A) and (B) 

incorporated therein, said basic composition consisting 

essentially of oxides of Ba, sr, ca, Ti, Zr and Nb and 

having a composition expressed by the general formula: 

{ (Bai-x-ySrxCay) O}m(Tii-c-pZr0 Nbp) 0 2+p/2 

wherein o.os s x :S o.Js, o.oos s y s 0.12, o < o s 0.20, 

o.ooos s p s 0.010, and i.002 s ms l.04, said additive·(A) 

being composed of at least one oxide selected from the group 

consisting of oxides of Mn, Fe, Cr, Co and Ni, said additive 

(A) being incorporated into said basic composition in an 

amount of o. 02 to 2. O moles per 100 moles of said basic 

composition in terms of respective oxides, Mno2 , Fe2o3, 

cr2o3 , coo and NiO, said additive ·(B) being composed of a 

qlass composition ot a BaO-SrO-Li2o-sio2 system and 

incorporated into said basic composition in an amount of 

o.os to s.o parts by wei9ht per 100 parts by wei9ht cf said 

basic composition. 

In another pref erred embodiment of the present 

invention, a part of barium in the basic composition is 

replaced with the equimolar amount of magnesium to improve 

the insulating resistance at high temperatures. 

Thus, accordinq to the present invention, there is 

also provided a non-reducible dielectric ceramic composition 

consisting essentially of a basic composition of a modified 

barium titanate system and additives (A) ~nd (B) 

incorporated therein, said basic composition con~istin9 



7 

essentially of oxides of Ba, Sr, Ca, Mg, Ti, Zr and Nb and 

having a composition expressed by the general formula: 

{(Bai-x-y-zSrxCayM9'z)O}m(Ti1_0 _pZr0 Nbp)02+pja 

wherein o.os s x s 0.30, o.oos s y s 0.10, o.ooos s z s 

o.os, o < o s 0.20, 0.0005 :s p ~ 0.02, i.ooo s m s 1.04, 

said additive (A) consisting of at least one oxide selected 

from the group cons.isting of oxides of Mn, Fe, er, co and 

Ni, said additive (A) being inc'?rporated into said basic 

composition in an amount of 0.02 to 2.0 moles per 100 moles 

of said basic composition in terms of respective oxides, 

Mno2 , Fe2o3 , cr2o3 , coo and NiO, said additive· (B) being 

composed of Sio2 and/or zno and incorporated into said basic 

composition in an amount of 0.1 to 2.0 moles per 100 moles 

of said basic composition. 

According to the present invention there is 

further provided a non-reducible dielectric ceramic 

composition consisting essentially of a basic composi_tion of 

a modified barium titanate system and additives (A) and (B) 

incorporated therein, said basic composition consisting 

essentially of oxides of Ba, Sr, Ca, Mq, Ti, Zr and Nb and 

having a composition expressed by the qeneral formula:· 

{(Bal-x-y-zSrxCayMq,)O}m(Ti1_0 _pZr0 Nl>p)02+p/2 

wherein o.os s x S 0.35, o.oos ~ y :S 0.12, o.ooos :S z $ 

o.os, o < o s 0.20, o.ooos s p s 0.02, 1.000 s m s 1.04, 

said additive (A) composed of at least one oxide selected 

from the group consistinq of oxides of Mn, Fe, er, co and 

Ni, said additive (A) beinq incorporated into said basic 
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composition in an amount of 0.02 to 2.0 moles per 100 moles 

o.f said basic composition in terms of respective oxides, 

said· additive (B) 

consisting of a 9lass composition of a BaO-SrO-Li2o-sio2 
. -

system and incorporated into said basic composition in an 

amount of o. 05 to 5. O parts by wei9ht per 100 parts by 

weight of said basic composition. 

The non-reducible di.electric ceramic composition 

of the present invention can be fired in a reducing 

atmosphere at a temperature of not more than 1250 °C without 

causin9 reduction and semiconductorization tl"iereof. This 

makes it possible to use base metals as a material for 

internal electrodes to cut down the manufacturin9 cost of 

monolithic ceramic capacitors. 

The non-reducible dielectric ceramic composition 

of the present invention has a small grain size of not more 

than 3 µm thou9h it possesses a hiqh dielectric consta~t of 

not less than 11000. Thus, the non-reducible dielectric 

ceramic composition of the present invention makes it 

possible to manufacture monolithic ceramic capacitors with a 

lar9e capacitance and hi9h reliability as the dielectric 

ceramic layers can be made into thin layers without causin9 

decrease in the number of crystai qrains present therein. 

The above and other objects, features and advan­

taqes of the present invention will become apparent from the 

following examples. 

EXAMPLE l 
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Usin9 powders of BaC03, Srco3, caco3 , Tio2 , zro2, 

Nb20 5 , Mno2, Fe2o3, cr2o3, coo, NiO, sio2 and ZnO with a 

purity of more than 99.8% as raw materials, there were 

prepared specimens for observation and measurement of 

electrical properties of non-reducible dielectric ceramic 

composition in the followinq manner: The raw materials 

Baco3 , srco3 , caco3, Tio2, zro2 and Nb2o 5 were weighed and 

mixed to prepare a mixture for a basic composition expressed 

by the 9eneral formula: 

{(Bai-x-ysrxcay)O}m(Ti1_0 _pZr0 Nbp)02+p/2 

with values of x, y, o, p and m shown in Table 1. 

Among the remaining raw materials, Mno2, Fe2o 3, 

cr2o3, coo, NiO, sio2 and zno, two or more raw materials 

were added,· as additives (A) and (B) ,· to the above mixture 

in amounts shown in Table 1 per 100 moles of the basic 

composition. The resultant mixtµre of the raw materials was 

wet-milled for 16 hours with a ball mill, . dried · by 

evaporation and then calcined in air at llOO· •c tor 2 hours. 

The clinker was crushed and qround to obtain calcined powder 

with a particle size of not more than 1 µm. 

The calcined powder was added with suitable 

amounts of pure water and an organic binder of polyvinyl 

acetate, wet-milled for 16 hours with a ball mill, dried and 

then pressed at 20.00 Kq/cm2 to form ceramic qreen discs with 

a diameter of 10 mm and a thickness of 0.5 mm. 

The green discs were placed in an ~lectric 

furnace, heated to 500 °C in air to remove the orqanic 
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binder by combustion, and then fired in a reducing 

2atmosphere for 2 hours at a temperature shown in Table 2 to 

obtain sintered ceramic discs. The reducing atmosphere used 

was composed of a mixed gas ot N2 , H2 and o2 with a partial 

pressure ot oxygen ranginq ·from 3 x io-B to 3 x io-10 atm. 

The resultant sintered ceramic discs were observed 

by a scanning-electron microscope at a maqnif ication of 1500 

to determine crystal gain size. 

Each ceramic disc was provided on its opposite 

sides with silver electrodes by applying a silver paste and 

then bakinc; it at soo •c for 30 minutes in a ni"trogen 

atmospher~ to prepare a specimen for measurements of 

electrical properties. 

For each specimen, measurements were made on 

dielectric constant (e), dielectric loss tangent (tan G), 

insulating resistance (p), and a temperature coefficient 

(TC) of capacitance. 

The dielectric constant and dielectric loss were 

measured at 25 •c, 1 Khz and l Vrms. The temperature 

coefficient of capacitance (C) was determined over the 

temperature range of -2s 0 c to as 0 c relative to the 

capacitance at 20°C. Results are shown in Table 2. 

In the tables, specimen with an asterisk are those 

having a composition out of the scope of the present 

invention. 



~ TABLE 1 

~ ~, 

No. Basic comgosition Additive (A) Additive (B) {(Ba1_x-ysrxca1 )0Jm(Ti1 _0 _PZr0 Nbp)02+p/2 (mole) 
Mn02 Fe2o3 Cr2o3 coo NiO Sio2 ZnO x v -!!L 0 

l* 0.03 0.09 1.01 0.12 0.0075 0.5 - - - - 0.5 0.2 
2* 1.16 0.002 1.01 0.12 0.0075 0.5 - - - - 0.5 0.2 
3* 0.25 0.06 1.01 0 0.0075 0.5 - - - - 0.5 0.2 

-~ I· 4* 0.17 0.08 1.01 0.12 0 o.s - - - - 0.5 0.2 -"' -Cl.l !!!!!!!!! ::r I 5* 0.22 o.os 0.995 0.10 0.008 0.5 - - - - 0.5 0.2 -n ==s:a. 
iiiimii::t: I 6* 0.22 0.05 1.01 0.10 0.008 - - - - - 0.5 0.2 -I» _,,, 
=w· 

._;. 
=n I 1* 0.22 o.os 1.01 O.l.O 0.008 0.5 - - - - - -. g ,_. 
~~ I 8 o.os 0.12 1.015 0.17 0.012 1.0 0.3 0.1 0.4 0.2 0.1 
-~ 
~~ 

8.. I 9 0.25 0.06 1.002 0.10 0.0075 0.5 - - - - O.J 0.2 
10 0.22 0.05 1.02 0.12 0.0075 0.2 0.1 - - 0.1 0.3 0.2 
11 0.30 0.01 1.01 0.10 0.0005 0.02 - - - - 0.7 0.5 
12 0.22 o.oos 1.03 0.12 0.0085 0.4 - - 0.1 - 1.0 1.0 
13 0.17 0.08 1..015 0.10 0.0075 0.4 - - - 0.1 1.0 
14 0.25 0.10 1.01 0.01 0.0085 0.5 - 0.1 - - 0.5 0.5 

·15 ___ o. 2s 0.05 l;.015 0.12 0.005 0.25 - - - - 0.5 0.5 -·· 
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Tt.BLE 1 (cont_'d) 

Ho. Basic comeosition Additive (A) Additive {B) 
{ (Bai-x-ySrxCay) O}rn(Tf1_0 _Pzr0 Nbp) 0 2+p/a (mole) -

Mn02 Fe2o3 c·r2o3 coo NiO Si02 ZnO 
x y JR -- 0 D 

16 0.15 0.05 1.015 0.20 0.004 0.5 - - - - 0.1 0.5 

-~ 
I 17* 0.35 0.08 1.015 0.12 0.0075 o.s - - - - o.s 0.2 

_en 
-en !!!!!!!!!!! ::r I 18* 0.17 0.15 1.01 0.12 0.0075 0.5 - - - - 0.5 0.2 
-CD 
==!l. 
iiiiiiimiiii ::c: I 19* 0.25 o.os 1.01 0.25 0.005 o.s - - - - o.s 0.2 
-I» -II> ==ti:' 

I 201': 0.15 0.08 1.015 0.12 0.02 0.5 0.5 0.2 .-B - - - -
iiiiiiimiiii :xi 

o •. 25 0.05 1 .• 04 0.005 -.g 21* 0.12 0.5 - - - - 0.5 0.2 - .... !!!!!!!!!! ~ .... 
g_ 22* 0.25 o.os l.. 01 0.12 0.005 3.0 - - - - 0.5 0.2 

..., 

2J~-- O .. 25 _ .- 0 ... 05 ____ L01 ___ 0~12 o. oos_._. __ o .. s - ----------- - - 2.0 2.0 
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~ ~· 
Ho. Sinterin9 E tan 6 TC of capacitance Volume Grain 

temp. AC/C20 x 100/AT(~) resistivity size 
log p (O"cm) (pm) 

(OC) -25°C 85°C I Maxi 25°C 85°C 

l* 1300 6900 2.5 -45 -9 120 13.0 12.7 2.0 

2* 1350 12200 3.4 -10 ".'"34 70 11.J· 8.5 3.0 

;i I 3* 1300 7200 1.7 -68 -12 175 12.9 12.6 2.5 
--· _.,, 

00 
I 4• 1270 11200 0.7 -72 -74 74 13.1 12.9 7.0 g-

Cl) ____ ... 
::r: 

I 
5• 1270 unmeasurable 

1}l 

·=ttl ~ 

~ 6• 1300 12900 0 .. 9 -75 -74 75 12.0 8.0 2.0 w 
~::s 

~ 

~ I 7• 1350 15000 2.6 
II) 

-73 -76 76 12.4 12.2 3.0 
0 
Cl) 
c.. I 8 1250 12700 1.5 . -76. -70 76 lJ.O 12.6 2.0 

9 1270 15500 0.5 -75 -74 75 12.8 12.0 2.0 

10 1270 15900 0.8 -77 -71 77 13.2 13. 0 1.0 

11 1300 12600 0.4 -73 -74 74 13.1 13 .o 1.5 

12 1270 17100 0 .. 8 -76 -77 77 ·12.9 12.2 3.0 

13 1250 15000 0.6 -75 -73 75 13.3 13.0 2.0 

14· 1250 17500 0.8 -77 -78 78 13.l 12.7 J.O 

·15 1210 __ . __ 16300 0.7 -74 -76 76 13. 2 ___ lJ ._o 2.0 



~ 
TABLE 2(cont'd) 

No. Sintering E tan 6 TC of capacitance Volume Grain 
temp. Ac/c20 x 100/AT(\) resistivity size 

log p en· cm) (1Lm) 
'oc) -2s 0 c 85°C I Maxi 25°C 85°C 

16 1270 12300 0.8 -72 -70 72 13.1 13.0 2.5 

17• 1350 8600 0.4 -65 -81 81 13.0 12.7 3.0 

18* 1350 5300 O.l -55 -72 72 13.2 12.3 2.0 

19* 1350 4400 1.5 -33 -44 44 13.0 12.7 3.0 

;i --· I (II· 

VJ 
20• 1250 unmeasurable 

=--CD --CD 21* not sintered -...+ ~ 

= ~ 

-S»· 
_.., 

2.7 =ai 22* 1250 14800 -73 -76 76 11.6 8.7 3.0 
g 

-= 
iiiiiiiiiiiii ~ 
-CD I 23* 1250 10000 . _ _J,_._5__ -73 -74 74 11.3 ___ 8.1 6.5 -"O ~ a 

.. ' 
'' 

I ; 
! 

I 
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As can be seen from the results shown in Table l, 

the no~-reduoible dielectric ceramic composition of the 

present invention possesses a high dielectric constant of 

not less than 12000 and a lo~ dielectric loss tangent of not 

more than 2.0 %, and meets requirements of class F defined 

by JIS as a temperature coefficient of capacitance is in the 

range of -so % to +30 \ over the temperatures range of -25 

0 c to +85°C. 

The composition of the present invention has a 

high insulating resistance as the logalithimic value of 

volume resistance is not less than 12. Also, it can l:>e 

sintered at a relatively low temperature of not more than 

1300 °C, and has a small grain size of not more than 3 µm. 

The non-reducible dielectric ceramic composition 

o~ the system { (Bai-x-y-z.SrxCayM9z) O}m (Ti1_0 _pZr0 Nbp) 0 2+p/ 2 

has been limited to those havinq values of x, y, m, o and p 

within the above respective ranges for the following 

reasons: 

If the molar traction of strontium, x, is less 

than o. 05 like as specimen No. 1, good results are never 

obtained since the dielectric constant becomes less than 

12000, since the dielectric loss tangent exceeds 2.0 t, and 

since. the temperature coefficient of capacitance becomes 

la~qe. If the molar fraction of Sr, x, exceeds 0.30 like as 

specimen No. 17, the sinterin9 properties of the ceramics 

becom~s lowered and the dielectric constant becomes less 

than 12000. In addition, the temperature coefficient of 
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capacitance becomes too large to meet the standard of class 

F defined in JIS. For these reasons, the molar fraction of 

strontium has been limited to a value of not· less than o.os 

but not more than 0.30. 

If the molar fraction of calcium, y, is less than 

o.oos like as specimen No. 2, the sinterinq properties 

become worse, the dielectric loss tangent becomes more than 

2.0 %, and- the insulating resistance becomes lowered. If 

the molar fraction of calcium, y, e>i:ceeds o .12, like as 

specimen No. 18, the sintering properties become worse and 

the dielectric constant becomes lowered. For these reasons, 

the molar fraction of calcium has been limited to a value of 

not less than o.oos.but not more than 0.12. 

If the molar traction of zirconium, o, is o, like 

as specimen No. 3, the dielectric constant becomes less than 

12000 and the temperature coefficient of capacitance becomes 

large. on the other hand, if o exceeds O. 20, like as 

specimen No. 19, the sintering properties become lowered and 

the dielectric constant is lowered to less than 12000. For 

these reasons, the molar fraction of zirconium has been 

limited to a value of more than o but not.more than 0.20. 

If the molar traction of niobinium, p, is less 

than o.ooos, like as specimen No. 4, the dielectric constant 

becomes less than 12000 and the crystal grain size exceeds 3 

µm. on the other hand, it p exceeds 0.012, like as specimen 

No. 20, the ceramic . composition is reduced to .a semi-. 

conductor when tired in a reducinq atmosphere, resulting in 
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considerable lowerinq of the insulatin9 resistance. Thus, 

the molar fraction of niobinium has been limited to a value 

of not less than o. ooos but not more than o. q·12. 

If the molar ratio of (Bal-x-y-zSrxCayMqz)O to (Ti1_ 

o-pzr0 Nbp)02+p/2' i.e., m, is less than l.002, like as 

specimen No. 5, the ceramic composition is reduced to a 

semiconductor when fired in a reducing atmosphere. In 

contrast therewith; if m exceeds 1.03, the sinterinq 

properties becomes considerably lowered. Thus, the molar 

ratio of the barium site to titanium site has been limited 

to a value of not less than 1.002 but not more than l.03. 

Fur.ther, if the added amount of the at least one 

additive selected from the 9roup consistin9 of oxides of Mn, 

Fe, Cr, Co and Ni . is less than o. 02 mole in terms of 

respective o>eides, Mno2 , Fe2o3 , cr2o3, coo and NiO per 100 

mole of said basic composition, like as specimen No. 6, the 

insulating resistance at a temperature of more than as 0 c 

becomes lowered, resulting in lowerinq of the reliability in 

a long use at a high temperature. If the added amount of 

additive (A) exceeds 2. o moles per 100 mole of the basic 

composition like as specimen No. 21, the dielectric loss 

tanqent exceeds 2.0 t and the insulating resistance becomes 

lowered. 

It the added amount of additive {B) is less than 

0.1 mole per 100 moles of the basic composition like as 

specimen No. 7, the sintering property becomes lowered and 

the dielectric loss tanqent exceeds 2. o % • It the added 
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amount of additive (B} exceeds 2~0 moles per 100 moles of 

the basic composition like as specimen No. 22, the 

dielectric constant ·is decreased to less than 12000 and the 

crystal grain size becomes more than 3 µm. Thus, the added 

amount ot additive (B) has been· limited to those ranqin9 

from 0.1 to 2.0 moles per 100 moles of the basic 

composition. 

EXAMPLE 2 

Usinq powders of Baco3 , srco3 , caco3 , Ti02 , zro2, 

Nb20 5 , Mno2 , Fe2o3 , cr2o3 , coo and NiO with a purity of more 

than 99.8% as raw materials, there were prepared specimens 

tor electron-microscope observation and measurement of 

electrical properties of· non-reducible dielectric ceramic 

composition in the tollowin9 manner: The raw materials 

Baco3 , srco3 ~ caco3 , Tio2, zro2 and Nb2o5 · were weiqhed and 

mixed to prepare a ~ixture for a basic composition expressed 

by the general formula: 

. {(B•i-x-ySrxCay)O}m(Ti1_0 _PZr0Nbp)02+p/2 

with values o.f x, y, o, p and m shown in Table 3. one or 

more ot the remaining raw materials, Mn02, Fe2o3, cr2o3, coo 

and NiO were added as additive (A) to the resultant mixture 

in the ratios shown in Table 3 per 100 moles of the basic 

composition. The resultant mi.xture of raw materials was 

milled by the wet process tor 16 hours with a ball mill, 

dried by evaporation and calcined in air at 1100 °c for 2 

hours. The clinker was crushed and then ground to obtain 

calcined powder with a particle size of not more than 1 µm. 
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Separate from the above, there was prepared an 

additive (B) in the f~llowinq manner: The raw materials, 

Baco3 , srco3 , Li2co3, Si02 , caco3, MgO and··a2o 3 were weighed 

and mixed to prepare a qlass composition of a Bao-sro-Li2o­

sio2 system consistinq of, by wei9ht, 10% of Bao, 5% of sro, 

5 % of ·Li2o, 30% ot Sio2 , lOt of cao, 5% of MqO and 35% of 

The mixture of raw materials were milled by the wet 

process with a ball mill for 16 hours. The mixture was, 

after dried ~y evaporation, put into an aluminum crucible, 

maintained at 1300 °C for 1 hour, vitrified by rapid 

cooling, and then qround to pass a 200 mesh sieve~ 

The resultant powdered qlass composition was added 

to the above calcined· powder together with a suitable amount 

of pure water and polyvinyl acetate binder. The mixture was 

wet-milled with a ball mill tor 16 hours, dried and then 

p~essed at 2000 Kg/cm.2 to form qreen ceramic discs with a 

diameter of 10 mm and a thickness of o.s mm. 

The green discs were treated in the same manner as 

Example 1 to prepare specimens tor electron-microscope 

obsel:'vation and measurement of electrical properties. The. 

electrical properties, dielectric constant (E), dielectric 

loss tanqent (tan 6), insulating resistance (p), and a 

temperature coetf~cient (TC) of capacitance were measured in 

the same manner as Example 1. Results are shown in Table 4. 



Si I ::.~ - .... -----··- ... --... ····---........ ..., 
.. 

~· 
TABLE 3 --·----.. ·~··--·· .... 

I~ 

Ho. D~sic com~osition Additive (A} Additive (B) 
'{ (Ba l-x-ysr xcay) O}m (Ti l-o-pZr0 Nbp) o2+p/2 (mole} glass 

Mn02 Fe2o3 Cr2o3 coo NiO (parts by 
x __ y -- 18 __ - 0 p weigbtl 

24* 0.03 0.09 1.01 0.12 0.0075 0.5 - - - - 0.3 

25• 0.16 0.002 1.01 0.12 0.0075 0.5 - - - - 0.3 

26'* 0.25 0.06 1.01 0 0.0075 0.5 - - - - O!J 

;i I 27"' 0.17 0.08 1.01 ---· -In 
0.12 0 o.s - - - - 0.3 

-en 
go I 28'* 0.22 0.05 0.995 0.10 0.008 o.s - - - - 0.3 

-~ . ::c 
0.008 !!!!!!!!!!!!! ~ . . I 29* 0.22 0.05 1.01 0.10 - - - - - 0.3 

-ttl 
~· N g 

30"' 0.22 0.05 1.01 0.10 0.008 0.5 - - - - - lo:> 
::i::i ' 

-(1) 
. I i II 

"S!.. 31 0.05 0.12 1.015 0.17 9.01 1.0 0.2 - 0.4 0.4 . 0.05 ~~ 
2. 

32 0.25 0.06 1.002 0.10 0.0075 0.5 - - - - 1.0 

33 0.22 0.05 1.02 0.12 0.0075 0.2 - - - 0.1 0.5 

34 0.35 0.01 1. 01 0.10 0.0005 0.02 - - - - 1. 0 

35 0.22 0.005 1.04 0.12 0.0085 0.2 - - 0.1 0.1 5.0 

36 0.17 0.08 l.015 0.10 0.0075 0.4 - 0.1 - - 0.3 

37 0.25 0.10 1.01 0.01 0.0085 0.2 - - - 0.1 0.7 

.38 0.25 - _j). 0-5 - 1.015 0.12 ____ Q_.005 ______ 0.2_5_ __ ..,.____ - - - {). 5 -- - -~-- ---
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'l'ABl..E 3 (cont'd) 

No. Basic composition Additive (A) Additive (B) { {8al-x-ysrxCCly)O}m(Ti1_0 _Pzr0 Nbp)o2+p/2 Clnolel . . glass Mn02 Fe2o3 cr2o3 coo NiO (parts by v ________ m ________ o _____ p__ _ _ _ _ --------·- _ _ ______ weiW1t.l 
x 

39 0.15 o.os 1.015 0.20 0.004 0.5 - - - - 0.5 

40• 0.40 0.05 1.015 0.12 0.0075 0.5 - - - - 0.3 

41* 0.17 0.15 1.01 0.12 0.0075 0.5 - - - - O.J 
42* 0.25 o.os 1.01 0.25 0.005 0.5 - - - - 0.3 

~ I --""""· -111 43* 0.15 0.08 1.015 0.12 0.02 0.5 -· - - - 0.3 -en !!!!!!!!!!!!!! ::r 
I 1.05 0.12. 0.005 0.5 

-<l 44* 0.25 0.05 - - - - 1.0 I\) 
-~ ... iiiiiimiii ::r: 
==~ 45* 0.25 0.05 1.01 0.12 0.005 3.0 - - - - 0.5 =tti 

' ===i:g 
: J J., ~::s 46* o. 2 5. _ . __ o_._os_ ____ l_.JU ___ . L 12 _--1h_005 _____ 0.5 - - - - - 10. 0 !!!!!!!!~. 

------~ ---R 
Q. 

.. 
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2 
no. sinter~=- • tan 6-- TC of T~:::tance Volume Grain 

temp. AC/C20 x 100/AT(\) resistivity size 
109 p (n ·cm) (I'm) 

c•cl -2~0c as•c !Maxi 2s 0 c ss 0 c 
24* 1250 6500 2.6 -44. -s 100 13.0 12.6 2.0 

25* 1300 11700 J.J -72 -33 75 11.4 8~6 J.O 

26* 1250 7700 1.5 -70 -13 150 13.0 12.S 2.5 

27* 1200 10100 0.5 -73 -75 75 13.1 12.7 6.0 

===~ I 28* 1200 unmeasurable 
en 

-::r 
~a 29* 12so i2Joo 1.1 -14 -14 14 12.2 a.2 2·.o "" ·· ---= w ~I» 
~~ 30* 1350 15000 2.6 -73 -76 76 12.4 12.2 3.0 ,•,:: 
=t'D 

t'D 

===~ I 31 1200 11900 l.J -75 -10 10 13.o 12.4 2.0 
iiiiiiiiiii-8 . 
!!!!!!!!rf I 32 1100 13900 o.s -73 -12 7J i2.9 12.3 i.s 

8. 
I 

33 1150 15000 0.8 -76· -71 76 13.3 13.0 1.0. 

34 1120 11700 o.s -71 -73 73 13.1 12.9 1.5 

35 1250 12100 o.s. -74 -75 75 12.9 12.4 2.0 . ' 

36 1200 13400 0.6 -76 -76 76 13.2 13.1 2.0 

37 1120 15900 0.8 -75 -77 77 13.l 12.7 3.0 

JS 1150 __ 15400 __ Q_,6 -76 -74 __ 76_ 13.2 12.9 2.0 

-" 



No. 

39 

40* 

;i I 41* :=:::u;: 
-tf.I 

42* -=-- I -G 
~!l. 
iiiiiiiii ::c: 

l 43* -I» -"' ===tl:J. 
===a I 44* -::s 
iiiiiiiii :::0 
-G 
....:..-"O 

l 45* ---l 
46* 

Sinterinq 
temp •. 

E tan 6 

0.rABLE 4 (cont'd) 

TC of capacitance 
bC/C20 x 100/bT(%) 

Volume 
resistivity 
log p co·cm) [°Cl _______ ':"2-5°C _B5°C I Maxl_ __ -25_°C _ 85°C 

1200 11500 0.7 -72 -71 72 13.1 13.0 

1300 7800 0.3 -62 -81 81 13.0 12.7 
1300 4900 O.J -53 -72 72 13.2 12.2 
1300 4100 L4 -35 -43 43 13.1 12.8 
1200 unmeasurable 

not sintered 

1150 13500 2.s -73 -75 11.5 7.8 
1050______ 5800 ___ L_J _______ __::-68 ___ -62 68 __ 12.8 12.3 

Grain 
size 
(µm) 

2.0 

3.0 

2.0 
"\ 

2.0 

1.5 

2.0 

5.5 

1\.1 

""' I . 

•I: .. 

... 

'l 
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The non-reducible dielectric ceramic composition 

of the system {(Bai-x-y-zSrxCayMqz)O}m(Ti1_0 _pZr0 Nbp)02+p/2 + 

additive (A) + additive (B: BaO-SrO-Li20-Si02) has been 

limited to those having values of x,_ y, m, o and p within 

the above respective ranges for the following reasons: 

If the molar traction of strontium, x, is less 

than o.os like as specimen No. 24, the dielectric constant 

becomes less than 11000, the dielectric loss tangent exceeds 

2.0 %, and the temperature coefficient of capacitance 

becomes large. If the molar fraction of Sr, x, exceeds 0.35 

like as specimen No. 40, the sinterinq properties of the 

ceramics becomes lowered and the dielectric constant becomes 

less than 11000. In addition, the temperature coefficient 

of capacitance becomes too large to meet the standard of 

class F defined in JIS. For these reasons, the molar 

fraction of strontium has been limited to a value of not 

less than 0.05 but not more than 0.35. 

If the molar fraction of calcium, y, is less than 

o. oos like as specimen No. 25, the sinterinq properties 

become worse, the dielectric loss tangent becomes more than 

2.0 t, and the insulating resistance becomes lowered. If 

the molar fraction of calcium, y, exceeds o .12, like as 

specimen No. 41, the sintering properties become worse and 

the dielectric constant becomes lowered. For these reasons, 

the molar fraction of calcium has been limited to a value of 

not less than o.oos but not more than 0.12. 

If the molar fraction of zirconium, o, is o, like 
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as specimen No. 26, the dielectric constant becomes less 

than 11000 and the temperature coefficient of capacitance 

becomes large. On the other hand, if o exceeds 0.20, like 

as specimen No. 42, the sintering properties become lowered 

and the dielectric constant is lowered to less than 11000. 

For these reasons, the molar fraction of zirconium has been 

limited to a value of more than o but not more than 0.20. 

If the molar fraction of niobinium, p, is less 

than o.ooos, like as specimen No. 27, the dielectric 

constant becomes less than 11000 and the crystal grain size 

exceeds 3 µm. On the other hand, if p exceeds o . 0·1, like as 

specimen. No. 43, the ceramic composition is reduced to a 

semiconductor when fired. in a reducing atmosphere, resulting 

in considerable lowerinq of the insulating resistance. 

Thus, the molar fraction of niobinium has been limited to a 

value of not less than o.ooos but not more than 0.010. 

If the molar ratio of (Bai-x-y-zSrxCayMgz)O to (Ti1_ 

o-pZr0 Nbp)02+p/2 , i.e., m, is less than 1.002, like as 

specimen No. 28, tha ceramic composition is reduced. to a 

semiconductor when fired in a reducing atmosphere. In 

contrast therewith, if m exceeds l.04, the sintering 

propert~es becomes considerably lowered. Thus, the molar 

ratio of the barium site to titanium site has been limited 

to a value.ct not less than 1.002 but not more than 1.04. 

Further, i:f the added amount of additive (A), 

i.e., Mno2 , Fe2o3 , cr2o3 , coo and NiO is less than 0.02 

moles per 100 mole of the basic composition, like as 
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specimen No. 29, the insulating resistance at a temperature 

of more than 85 °c becomes lowered, resulting in lowering of 

the reliability in a lonq use at a hi9h temperature. If the 

added amount of additive (A) exceeds 2.0 moles per 100 mole 

of the basic composition like as specimen No. 44, the 

dielectric. loss t~ngent exceeds 2. o t and the insulatin9 

resistance becomes lowered. 

If the added amount of additive (B) , i.e. , BaO­

sro-Li2o-sio2, is less than o.os parts by weight per 100 

parts by weiqht of the basic composition, like as specimen 

No. 30, the sintering property becomes lowered and the 

dielectric loss tangent exceeds 2.0 t. If the added amount 

of additive (B) exceeds 5.0 parts by weiqht per 100 parts by 

weight of the basic composition like as specimen No. 45, the 

dielectric constant is decreased to less than 11000 and the 

crystal grain size becomes more than 3 µm. Thus, the added 

amount ot additive (B) has been limited to those ranging 

from o.os to 5.0 parts by weight per 100 parts by weight of 

the basic composition. 

EXAMPLE 3 

Using powders of Baco3, srco3, caco3, Mgco3, Ti02, 

Zro2, Nb2o5, Mno2, Fe2o3, cr2o3, Coo and NiO with a purity of 

more than 99.8% as raw materials, there were prepared 

specimens in the following manner: The raw materials Baco3, 

srco3, caco3, Mqco3, Ti02, zro2 and Nb2o 5 were weiqhed and 

mixed to prepare a mixture for a basic composition expressed 

by the general formula: 
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{(Bai-x-y-zSrxCayMgz)O}m(Ti1:o-pZr0 Nbp)02+p/2 

with values ot x, y, z, o, p and m as shown in Table s. The 

resultant mixture was added with one or ·more additives 

(Mno2 , Fe2o3 , cr2~3 , coo and NiO} in the ratios shown in 

Table S, milled by the wet process for 16 hours with a ball 

mill, dried by evaporation, calcined· in air at 1100 °c for 2 

hours, crushed and then ground to obtain calcined powder 

with a particle size of not more than 1 µm. 

Separate from the above, there was prepared a 

glass composition of a BaO-~rO-Li2o-sio2 system consisting 

of, by weight, 10% of .Bao, 5% of Sro, 5 % of Li2o, 30% of 

sio2, 10' of Cao, 5% of MgO and 3S% of B2 o3 in the following 

manner. 

caco3 , MqO and B2o3 were weighed, mixed and milled by the 

wet process with a ball mill for 16 hours and then dried by 

evaporation. The resultant mixture was put into an aluminum 

crucible, maintained at 1300 °c for 1 hour, vi tr if ied by 

rapid cooling, and then ground to pass a 200 mesh sieve. 

The thus prepared glass composition was added to 

the above calcined powder together with a suitable amount of 

pure water and polyvinyl acetate binder. The . resultant 

mixture was wet-milled with a ball mill for 16 hours, dried 

and than pressed at 2000 Kq/cm2 to form green discs with a 

diameter of 10 mm and a thickness of o.s mm. 

The qreen discs were treated in the same manner as 

Example l to prepare specimens for electron-microscope 

observation and measurement of e·1ectrical properties. The 
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electrical properties, dielectric constant (e), dielectric 

loss tangent (tan o), insulating resistance (p), and a 

temperature coefficient (TC) of capacitance were measured in 

the same manner as.Example 1. Results are shown in Table 6. 

In the tables, specimens with an asterisk are 

compositions beyond the scope of the present invention. 
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TABLE 5 

No. Ba_sic comoosition Additive (A) Additive (B) 
{ (Bai-x-ysr xC~) O}.m (Ti1_0 _PZr0 Nbp) o2-t:P/2 (mole) qlass 

Mno2 Fe2o3 Cr2o3 Coo NiO (parts by 
x o __ weight) 

47* 0.03 

48* 0.15 

49* 0.18 

50* 0.18 

51* .0.15 

52* 0.20 

53* 0.20 

54* 0.20 

55 0.05 

56 

57 

58 

59 

60 

0.20 

0.20 

0.35. 

0.20 

0.15 

0.08 0.01 1.010 

0.002 0.01 1.010 

0.05 0 1.010 

0.05 0.01. 1.010 

0.08 

0.05 

0.05 

0.05 

0.12 

0.05 

0.05 

0.01 

0.01 1.010 

o.oos 0.990 

o. 005 1.005 

o. 005 1. 005 

o. 05 1. 010 

0.01 1.000 

0.005 1.010 

o. 0005 1. 010 

0.005 0.02 1.040 

0.08 0.01 1.015 

.61 0.25 0.08 0.01 1.010 

0.12 0.01 

0.10 0.01 

0.10 0.015 

0 0.015 

0.12 0 

0.10 0.01 

0.10 0.01 

0.10 0.01 

0.14 0.02 

0.12 0.005 

0.12 0.005 

0.08 0.0005 

0.10 0.015 

0.08 0.01 

0.01 0.01 

o.s 0.3 

0 .. 5 0.3 

0.5 0.) 

o.s O.J 

0.5 0.3 

o.s 0.3 

O.J 

o.s TO. J 

1.0 0.2 0.4 0.4 o.os 

o.s 1.0 

0.2 0.1 0.5 

0.02 1.0 

0.2 0.1 0.1 5.0 

0.4 0.1 0.3 

0.2 0.1 0.7 

&~ 
•\£) 
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No. Basic composition Additive (A) Additive (B) 
{ (Bai-.x-ySrxca1 ) O}m(Ti1_0 _P2r0 Nbp) o 2+p/2 <mole) glass 

Hn02 Fe2o3 Cr2o3 coo NiO (parts by 
x y ____ _m o D ____________ d- __________ weiahtl 

62 ·0.20 0.05 o.oos 1.010 0.10 0.01 0.25 0.5 

63 0.15 o.os 0.004 1.010 0.20 0.003 0.5 0.5 

64* o. 40 0.05 0.005 1.010 0.10 0.01 0.5 0.3 

65* 0.15 0.15 0.01 1.010 . 0.13 0.01 0.5 O.J 

66* 0.20 o.os 0.08 1.010 0.10 0 .. 01 0.5 0.3 

67* 0.20 0.05 0.01 1.010 0.25 0.01 0.5 0.3 

68* 0.15 0.08 0~01 1.010 0.12 0 .. 03 0 .. 5 0.3 

69* 0.20 o.os 0.005 1.050 0.10 0.01 0.5 LO 

70* 0.20 o.os o. 005 l. 005 0.10 0.01 J.O o.s 

71* 0.20 o.os 0.005 1.005 0.10 0.01 0.5 - - - - 10.0 

-0 

.1 

- ' 



'rABLE 6 

No. Sinterinq ( tan 6 TC of capacitance Volume Grain 
temp. AC/C20 x 100/AT(%) resistivity size 

!Maxi 
loq p cn·cm) (~m) 

( oc) -25°C 85°C 25°C 85°C 

47• 1250 6700 2.4 -47 -3 95 lJ.O 12.4 2.0 

48* 1300 11500 3.0 -71 -32 71 11.0 8.5 3.0 

49* 1200 13000 1.4 -76 -71 76 11.9 8.9 2.0 
;i 

====(ii' I 50* 1250 7000 1.6 -73 -4 150 13.0 12.5 2.0 
-Cf.I !!!!!!!!!! ::r 
-(I) 

==~- I 51* 1200 9900 0.7 -72 -73 73 13.1 12.6 6.0 --:r: ==!}? 
==tti . 52* 1200 unmeasurable 2.5 
===s v• 
~::s 

,... 
!!!!!!!!~ 53* 1250 12600 1.0 -12 -75 75 12 .1 8.2 2.0 . ·. •. ~ --!!!!!!!!~ 54* 1350 15100 2.7 -71 -74 74 12.5 12.4 3.0 (I) 

p,. 

55 1200 12500 1.5 -75 -72 75 12.9 12. 0 2.0 

56 1100 14600 0.7 -75 -73 75 13.1 12.7 1.5 

57 1150 15200 0.6 -76 -71 76 13.0 12.9 2.0 
~ ~ T 

58 1120 11600 0.5 -73 -71 73 13.2 13.0 1.5 

59 1250 12700 0.6 -75 -73 75 12 .. 9 12.2 2.0 

60 1200 13900 0.1 -76 -73 ·76 13.2 13.0 2.0 

61_ 1120 170QJL __ ~-O~JL _ __-:_11 ___ -_J_L _ ___Il ___ l3.l 13.0 3.0 



.. 

~ 'l'ABLE ' 6 (cont• d) 

No. Sintering E" tan 6 TC of capacitance Volume Grain 
temp. AC/Czo x 100/AT(t) resistivity. size 

log p cn·cm) (µBl) 
(OC} -25°C 85°C f Maxi 25°C 85°C 

62 1150 15500 0.6 -76 -74 76 13.2 13.0 1.5 
. 

63 1200 11300 0.8 ~12 -70 72 13 .1 12.9 2.0 

;i I 64 * 1300 7200 0.4 -60 -81 81 13.0 12.7 3.0 --· -"' -tn 
~::r 

I 5500 0.3 -54 -69 69 -B 65* 1300 13.1 12.0 2.5 --::-7.-~. 
-::t' _,,, 

I 66* 1180 6000 1.9 -48 -63 63 11.2 8.0 4.0 -"' ·=o:i 
===:g 
-= 67* 1300 4400 ].. 2 -38 -45 45 13.0 12.8 2.0 iiiiiiiii :;::i W, -.g M -- 68* 1200 unmeasurable 1.5 --Ill I 

B . · .. ' 
Q.. 

69* not sintered 

70* .1150 13700 2.3 -74 -72 74 11.5 7.9 2.0 

71* . _l0_5Q ____ fillOQ ______ l_ .. O _______ ~6_1 __ ~6.0 ______ 67~ __ ].._2 .. _9 __ 12. 3 ·5.0 

' ' 
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As can be seen from the results shown in Table 6, 

the non-reducible dielectric ceramic composition of the 

present invention possesses a high dielectric constant of 

not less than 11000 and a low dielectric loss tangent of not 

more than 2. 0 % I and meets requirements of class F defined 

by JIS as a temperature coefficient Qf capacitance is· in the 

range of -so % to +20 % over the temperatures range ·of -25 

0 c to +ss 0 c. 

The composition of the present invention has a 

high insulating resistance as the loqalithimic value of 

volume resistance is not less than 12. Also, it can be 

sintered at a relatively low temperature of not more than 

1250 °c, and has a small grain size of not more than J µm. 

The non-reducible dielectric:: ceramic composition 

ot the system { (Bai-x-y-&S;-xCayMq&) Olm (Ti1_ 0 .. pZr0 Nbp) 02+p/ 2 + 

Additive (A) + Additive (B: Bao-sro-Li2o-sio2), has been 

limited to those having the molar fractions of respective 

components within the above respective ranges for the 

following reasons: 

If the molar fraction of strontium, x, is lass 

than o.os lik' as specimen No. 47, the dielectric constant 

becomes less than 11000, the dielectric loss tan9ent exceeds 

2.0 %, and the temperature coefficient of capacitance 

becomes lar9e. If the molar fraction of Sr, x, exceeds 0.35 

like as specimen No. 64, the sintering properties of the 

ceramics becomes lowered and the dielectric constan~ becomes 
. 

less than 11000. In addition, the temperature coefficient 

iiii1i1ri1 or 
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of capacitance becomes too large to meet the standard of 

class F defined in JIS. Thus, the molar fraction of 

strontium has been limited to not less than o.os but not 

more than 0.35. 

If the molar fraction of calcium, y, is less than 

O. oos. like as speci_men No. 48, the sinterinq properties 

become worse. In addition, the dielectric:: loss tangent 

exceeds 2.0% and the insulating resistance becomes lowered. 

If the molar fraction of calcium, y, exceeds 0.12, like as 

specimen No. 65, the sinterinq properties become worse and 

the dielectric constant becomes lowered. Thus, the molar 

fraction of calcium has been limited to not less than o.oos 

but not more than 0.12. 

I.f the molar fraction of magnesium, z., is less 

than o.ooos, like as specimen No. 49, the insulating 

resistance at 25 °C and 85 °c becomes lowered. If z exceeds 

o. OS, like as specimen No. 66, the dielectric· constant is 

lowered to less than 11000 and the sinterin9 properties 

become lowered. Also, th• grain size becomes more than 3 

µm. For these reasons, the molar fraction of ma9nesium has 

been limited to not less than 0.0005 but not more than o.os. 

If the molar fraction of zirconium, o, is o, like 

as specimen No. 54, the dielectric constant becomes less 

than 11000 and tha temperature coefficient of capacitance 

becomes l ar9e. on the other hand, ·if o exceeds o. 2 o , like 

as specimen No. 67, the sinterin9' property is lowered and 
. 

the dielectric constant is decreased to less than llOOO. 
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For these reasons, the molar fraction of zirconium has been 

limited to a value of more than O but not more than 0.20. 

If the molar fraction of niobinium, p, is less 

than o.ooos, like as specimen No. 51, the dielectric 

constant becomes less than 11000 and the crystal qrain size 

becomes more than 3 µm. On the other hand, if p exceeds 

o. 02, like as specimen No. 68, the ceramic composition is 

reduced to a semiconductor when · !ired in a reducing 

atmosphere, resultinq in considerable lowering of the 

insulating resistance. Thus, the molar fraction of 

niobinium has been limited to o.ooos to 0.02. 

If the molar ratio of (Bai-x-y-zSrxCayMqz)O to (Ti1 _ 

o-pzr0 Nbp)02+p/2 , i.e., m, is less than the stoichiometric 

value, i.e. , L ooo, like as specimen No. 5 2, the ceramic 

composition is reduced to a semiconductor when fired in a 
reducing atmosphere. I:f m exceeds l. 04, the 

properties becomes considerably lowered. ·Thus, 

sinterinq 

the molar 

ratio of the barium site to the titanium site has been 

limited to a value of not less than i.ooo but not more than 

1.04. 

Further, if the added amount of the additive (A: 

Mn02, Fe2o3 , cr2o3 , Coo, N iO) is less than O. 02 moles per 

100 moles of the basic composition, like as specimen No. 53, 

the insulating resistance at a temperature of more than 85 

°C becomes lowered, resulting in lowerin·g of the reliability 

at a high temperature. If the added amount of the additive 

(A) exceeds 2.0 moles, like as specimen No. 70, the 
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dielectric loss tangent exceeds 2. 0 % arid the insulating 

res.istance becomes lowered. Thus, the added amount of 

additive (A) has been limited to O. 02 to ·.2. O moles per 100 

moles of the basic composition. 

If the additive (B) is less than o. 05 parts by 

weight per 100 parts by weight of the basic composition, 

. like as specimen No. 54, the sintering property becomes 

lowered and the dielectric loss tangent exceeds 2. o % • If 

the added amount of the glass composition exceeds s.o parts 

by weight per 100 parts by weight of the basic composition_ 

like as specimen No. 71, the dielectric constant is 

decreased to less than 11000 and the crystal qrain size 

becomes more than 3 µ.m. Thus, the added amount of the 

additive (B) has been limited to a.as to s.o parts by weight 

per 100 parts by weight of the basic·composition. 

EXAMPLE 4 

Usinq· powders of Baco3, srco3, caco3, Mqco3, Tio2, 

Zr02 , Nb20 5 ,. Mn02 , Fe2o3 , Cr2o3 , Coo, NiO, Si02 and ZnO with 

the purity of more than 99.8% as raw materials, there were 

prepared calcined powders in the following manner: The raw 

materials Baco3 , srco3 , caco3 , Mgco3, Ti02, Zr02 and Nb205 

were weighed and mixed to prepare a mixture for a basic 

composition expressed by the general formula: 

{(Bal-x-y-zSrxCayM9&)0}m(Ti1_0 _pZr0 Nbp)02+p/2 

with values ot x, y, z, o, p·and mas shown in Table 7. 

The additive (A), Mn02 , Fe2o3 , cr2o3 , coo .and NiO, 

and the additive. (B), Sio2, Zno, were added to the mixture 
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for the basic composition in the ratios shown in Table 7. 

Using each resultant mixture of raw materials, there was 

prepared calcined powder with a particle· si·ze of not more 

than 1 µm, in the same manner as E~ample l_. 

The calcined powder was treated in the same manner 

as Example l to prepare specimens for electron-microscope 

observation and measurement of electrical properties. The 

specimens were subjected to measurement of electrical 

properties, i.e.·, dielectric constant (E), dielectric loss 

tangent (tan 6) , insulating resistanc.e ( p) and a temperature 

coefficient (TC) of capacitance. The measurements were 

carried out in the same manner as Example l. 

shown in Table 8 • 

Results are 
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TABLE 7 

No. Basic comnosition Additive A (mole) Additive B 
{(Ba1_x-y-z~rxCayMgz)O}m(Ti1-o-pZr0Nbp)02+p/2 (mole} 

Mn02 Fe2o3 Cr2o3 coo NiO Si02 ZnO 
x y I m 0 p 

72'* 0.03 0.08 0.01 1.010 0.12 0.01 0.5 - - - - 0.5 0.2 

73* 0.15 0.002 0.01 1.010 0.10 0.01 0.5 - - - - 0.5 0.2 

74* 0.18 0.05 0 1.010 0.10 0.015 0.5 - - - - 0.5 0.2 

~ I 75* 0.18 0.05 0.01 1.010 0 0 .. 015 0.5 - - - - 0.5 0.2 
=:=u;· 
-en I 76* 0.15 o.os 0.01 1-010 0.12 0 0.5 - - - - 0" .. 5 0.2 !!!!!!!:r 
-R 
==~ 

I 
!tr ---::r: 77* 0.20 0.05 0.005 0~990 0.10 0.01 0.5 - 0.5 0.2 w 

==~ 
- - - ~-

~tl:I 
-R 78* 0.20 0.05 0.005 1.005 0.10 0 .. 01 - - - - - 0.5 0.2 -R ' -= .... •; -. ~ ' 
==-~ 79* 0.20 0.05 o.oos 1.005 0.10 0 .. 01 0.5 ----"E. 
~~ 

2. I 80 0.05 0.10 0.05 1.010 0.15 0.02 1.0 0.3 0.1 0.4 0.2 0.1 , ' 

81 0.20 0.05 0.01 1.000 0.12 0.005 0.5 - - - - 0.3 0.2 
I 

82 0.20 0.05 0.005 1.010 0.12 0.005 0.2 0.1 - - 0.1··0.J, 0.2 i~. 
• : .. J I 

I I 
83 0.30 0.01 0.0005 1.005 0.10 0.0005 0.02 - - .. - . o. 7 0.5 ..... 

84 0.20 0.005 o.o~ 1.030 0.10 0.015 0.4 - - 0.1 - 1.0 1.0 

85 0.15 0.08 0.01 1.015 0.08 0.01 0.4 - - - 0.1 1.0 . 
. "86. 0.25 o.J.la o. 01 - _l. 010 0. OJ. 0.01 0~5 - 0.1 - - 0.5 0.5 
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TABLE 7 (cont'd) 

No. Basic com~oaition Additive A (mole) Additive B 
{(Ba1_x-y-zsrxCayMgz)O)m(Ti1 _0 _PZr0 Nbp)02+p/2 {mole} 

Mn02 Fe2o3 Cr2o3 coo NiO Si02 ZnO 
x y z m 0 IL. 

87 o. 20 o.os o.oos 1.010 0.10 0.01 0.25 - - - - 0.5 0.5 

88 o.1s 0.05 0.004 1.010 0.20 1.00J 0.5 - - - - 0.7 0.5 

89• 0.35 0.08 o.oos 1.015 0.10 1.01 o.s - - - - 0.5 0.2 

90* 0.15 0.15 0.01 1.010 0.12 0.01 0.5 - - - - 0.5 0.2 
I 

;l 
\ 91* 0.20 0.05 o.os 1.010 0.10 0.01 o.s - o.s 0.2 

_ .... - - -Ill 

a -VJ 

~5 \ 
92* 0.20 0.05 0.01 1.010 0.25 0.01 0.5 - - - - 0 .• 5 0.2 -=~ 

~::i:: '"' - =!>) . 0 iiiiiiiiil!!!!!Vl 93* 0.15 0.08 0.01 1.010 0.12 0.03 o.s - - - - 0.5 0.2 == IJ;) i n 
• ·: ~ 'l ii mg 

94* 0.20 0.05 0·.005 1.040 0.10 0.01 0.5 0.5 0.2 ~ - - - -
=--n 

·~ - •t \ 95* 0.20 0.05 o.oos 1.005 0.10 0~01 3.0 - - - - 0.5 0.2 i 
I 

;I 
' 

\1 __ 96* __ O. 20 0. 05 - 0~005 _ l. 005 ____ 0 .10 ___ 0. 01_ 0.5 - - - - 2. O __ 2. O _ 

I 
. :" , ' ! 

• i 
I .... ., ' 
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~ TABLE 8 

No. Sinterin9 £ tan 6 TC of capacitance Volume Grain 
temp. 4C/C2o x 100/AT(') resistivity size 

!Maxi 
log p en· cm) (I'm) 

(OC) -25°C 85°C 25°C SSDC 

72* 1300 7100 2.2 -so -1 100 13.0 12.5 2.0 

73* 1350 12000 3.1 -67 -30 67 10.9 8.7 3.0 

74* 1270 14500 l.J -75 -72 75 11.8 9.0 LS 

75* 1300 6500 1.8 -70 -6 200 12.8 12.5 2.0 
~ --· -(/l I 76* 1270 11000 0.9 -70 -.75 75 13.2 12.8 7.0 C/J 

-::r 
-CT> 

~ 77* 1270 unmeasurable 3.0 .. 
iiiiiiiiiiiii ::c: -11:1 Cl. 
~(/l 
·-t;rl 78* 1300 13200 1.0 -73 -76 76 12.0 8.3 2.0 ·1 
-g 
~::l 

. ':. ~ \ 

~~ 79* 1350 15100 2.1 -71 -74 74 12.5 12.4 3.0 CT> 
-"C ---~ I CT> 80 1250 13500 1. 7 -75 -73 75 12.8 12.0 2.0 p.. "!'I 

81 1270 15300 0.6 -76 -72 76 13 .o 12.6 2.0 

82 1270 16100 0.1 -77 -73 77 13.2 13.0 1.0 
~ ~ . , 

83 1300 12500 0.5 -75 -70 75 13.1 13.0 1.5 
l I 

84 1270 18000 0.8 -77 -76 77 12.8 12.0 J.O 

85 1250 15500 0.7 -76 -74 76 13.2 13.0 2.0 

. 
86 1250 18700 - o. 7 -78 -77 JS 13.1 12.9 3.0 

...... ~··"'-·: :.:.----.. ··~ 
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i TABLE 8(cont'd) , 

No. Sinterinq E tan 6 TC of capacitance Volume Grain 
temp. llC/C20 x 1.00/llT(\) resistivity size 

log p cn·cm) (µm) 
c •c) I -2s 0 c 85°C !Maxi 2s 0 c as 0 c 

87 1230 16400 0.6 -76 -75 76 13.J 13.l 1.5 

88 1270 12100 0.9 -73 -69 73 13.l 13.0 3.0 

89* 1350 8000 0.3 -62 -84 84 13.0 12.5 3.0 

;i I 90* 1350 5900 0.2 -59 -71 71 13.0 12.0 1.5 
--· -en 
-Cf.) 
!!!!!!!!!! ::r -G ==a 

I 91* 1250 6600 1.8 -45 -57 57 11.l 7.9 s.o 
iiiiiiiiii ::i:: 92* 1350 4800 1.3 -31 -47 47 13.l 12.8 3.0 
==~ ~-

==o:i ... 
===g 93* 1250 unmeasurable 2.0 

. ' ' ~::s 
!!!!!!!!!! ~ 94* not sintered -'O ---~ 8.. I 95-A 1250 15000 2.5 -75 -72 75 11.3 8.8 J.O 

96-A 1250 9900 1.2 -73 -72 73 11.0 8.2 6.0 

.. ' 

at 
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As will be understood from the results shown in 

Table a, the non-reducible dielectric ceramic composition of 

the present invention has low sintering temperature of not 

more than l250°C, possesses low dielectric loss and improved 

temperature coefficient of capacitance. 

In the system {(Bai-x-y-zSrxCayM9z)O}m(Ti1_Q_ 

pzrQNbp)02+p/2 +Additive (A: Mn02, Fe2031 Cr203, coo, NiO,) + 

Additive (B: Si02 , ZnO), the non-reducible dielectric 

ceramic composition has been limited to those having molar 

fractions of respective components and added amounts of the 

additives (A) and (B) within the above respective ranges for 

the following reasons: 

If the molar fraction ·of strontium, x, is less 

than o.os like as specimen No. 72, the dielectric constant 

becomes less than12000, the dielectric loss tangent exceeds 

2.0 %, and the temperature coefficient of. capacitance 

becomes large. If the molar fraction of strontium exceeds 

o.30, like as specimen No. · 89, the sinterinq property 

becomes lowered and the dielectric constant becomes less 

than 12000. In addition, the temperature coefficient of 

capacitance becomes· too large to meet the standard of class 

F defined in JIS. Thus, the molar fraction of strontium has 

been limited to not less than o.os but not more than 0.3·0. 

If the molar fraction of calcium, y, is less than 

o. 005 like as specimen No. 73, the sintering properties 

become worse. In addition, the dielectric los.s . tangent 

exceeds 2.0% and the insulating resistance becomes lowered. 

J 
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If the molar fraction of calcium, y, exceeds 0.10, like as 

specimen No. · 90, the sintering property becomes worse and 

the dielectric constant becomes lowered. · Thus, the molar 

fraction of calcium has been limited to not less than 0.005 

but not more than 0.10. 

If the molar fraction of magnesium, z, is less 

than o.ooos, like as specimen No. 74, the insulating 

resistance at 25 °C and 85 °C becomes lowered. If z exceeds 

0.05, like as specimen No. 91, the dielectric constant is 

lowered to less than 12000 ·and the sintering property 

becomes lowered. Also, the grain size becomes more than 3 

µm. For these reasons, the molar fraction of magnesium has 

been limited tQ not less than o.ooos but not more than o.os. 

If the molar fraction of zirconium, o, is o, like 

as speci?"en No. 75, the dielectric constant becomes less 

than l.2000 and the temperature coefficient of capacitance 

becomes large. On the other hand, if o exceeds 0.20, li~e 

as specimen No. 92, the sinterinq property is lowered and 

the dielectric constant is decreased to less than 12000. 

For these reasons, the molar fraction of zirconium has been 

limited to a value of more than o but not more than 0.20. 

It the molar :fraction of niobinium, p, is less 

than o.ooos, like as specimen No. 76, the dielectric 

constant becomes less than 12000 and the crystal qrain size 

becomes more than 3 µ.m. On the other hand, if p exceeds 

0.02, like as specimen No. 93, the ceramic composition is 

reduced to a semiconductor when fired in a reducinq 

--... 
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atmosphere, resulting in considerable lowering of the 

insulating resistance. Thus, the molar fraction of 

niobinium has been limited to 0.0005 to 0.02. 

If the molar ratio of (Bai-x-y-zSrxCayMg&)O to (Ti 1 _ 

o-pZr 0 Nbp) o2+p/2 , i.e. , m, is less than the stoichiometric 

v:alue, i.e., 1.000, like as specimen No. 77, the ceramic 

composition is reduced to a semiconductor when fired in a 

reducing atmosphere. If m exceeds l. 03, the sintering 

properties becomes considerably lowered. Thus, the molar 

ratio of the barium site to the titanium site has been 

limited to a value of not less than 1.000 but not more than 

l.03. 

Further, if the added amount of the additive {A: 

Mn02 , Fe2o3 , Cr2o3, coo, NiO) is less than 0.02 moles per 

ioo moles of the basic composition, like as speci~en No. 78, 

the insulating resistance at a temperatura of more than as 

ec becomes lowered, resultinq in lowering of the reliability 

at a high temperature. If the added amount of the additive 

(A) exceeds 2.0 moles, like as specimen No. 95, the 

dielectric loss tanc;ent exceeds 2. o % and the insulating 

resistance becomes lowered. Thus, the added amount of 

additive (A) has been limited to 0.02 to 2.0 moles per 100 

moles of the basic composition. 

If the additive (B) is less than 0.05 moles per 

100 moles of the basic composition, like as specimen No. 79, 

the sintering property becomes lowered and the dielectric 

loss tangent exceeds 2 . O % • If the added amount of the 



d 

45 

qlass composition exceeds 5. O moles per 100 moles of the 

basic composition like as specimen No. 96, the dielectric 

constant is decreased to less than 12000 and the crystal 

grain size becomes more than 3 µm. Thus, the added amount 

ot the additive (B) has been limited to o.os to s.o moles 

per 100 moles of the basic composition. 
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WH~T IS CLAIMED IS: 

1. A non-reducible dielectric ceramic composition 

consisting essentially of a basic composition of a modified 

barium titanate system and additives (A) and (B) . 

incorporated therein, said basic composition consistin9 

essentially of oxides of Ba, Sr, ca, Ti, Zr and Nb and 

having a composition expressed by the general formula: 

{ (Bai-x-ySrxCay) O}m ('l'i1_0 _p_Zr0 Nbp) o2+p/2 

wherein o.os s x s 0.30, o.oos s y s 0.12, o < o s 0.20, 

o.ooos s p s 0.012, and 1.002 s m s 1.03, sa~d additive (A) 

being composed of at least one oxide selected from the group 
consisting of oxides of Mn, Fe, er, co and Ni, said additive 

(A) being incorporat~d into said basic composition in an 

amount of o. 02 to 2. o moles per 100 moles or said basic 

composition in terms o:f respective oxides, Mno2 , Fe2o3, 

cr2o3 , coo and NiO, said additive (B) consisting of Sio2 
and/or zno and incorporated into said basic composition in 

an amount of 0.1 to 2.0 moles per 100 moles of said basic 

'~ composition. 

2. A non-reducible dielectric ceramic composition 

according to claim 1 wherein barium in the basic composition 

is partially replac_ed with the equimolar amount of magnesium 

to have a basic composition expressed by the general 

formula: 

{(Bai-x-y-zSrxcayi«qE}O}m(Ti1_0 _9Zr0 Nbp)02+p/2 
wherein 0.05 s x s 0.30, o.oos sys 0.10, o.ooos s z s 
~.os, o c o s 0.20, o.ooos s. p s 0.02, l.OOO s m s 1.04. 

. :> 
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J. A non-reducible dielectric ceramic composition 

consisting essentially of a basic composition of a modified 

barium titanate system and additive·s (A) and (B) 

incorporated therein, said basic composition consis~ing 

essentially of oxides of Ba, Sr, ca, Ti, Zr and Nb and 

having a composition expressed by the general formula: 

{(Bal-x-ySrxCay)O}m(Ti1_0 _PZr0 Nbp)02+p/2 

wherein o.os s x :s: 0.35, 0.005 s y s 0.12, o < o s 0.20, 

0.0005 S p S 0.010, and 1.002 s m s l.04, said additive (A) 

being composed of at least one oxide selected from the group 

consisting of oxides of Mn, Fe, Cr, Co and Ni., the content 

of said additive (A) being 0.02 to 2.0 moles per 100 moles 

of said basic composition in terms of respective oxides, 

Mno2 , Fe2o3 , cr2o3 , Coo and NiO, said additive (B) being 

composed of a glass composition of a BaO-SrO-Li o-sio 
2 2' 

system' the content of said additive (B) being o.os to s.o 
parts by weight per 100 parts by weight of said basic 

composition • 

4. The non-reducible dielectric ceramic 

composition according to claim 3 wherein barium in the basic 

composition is partially replaced with the equimolar amount 

of magnesium to have a basic composition expressed by the 

general formula: 

{(Bai-x-y-zSrxCayM9a)O}m(Ti1_0 _PZr0 Nbp)02+p/2 

wherein o.os :s x s 0.35, o.oos s y s 0.12, o.ooos s z s 
o.os, o < o :s 0.20, o.ooos :s p s 0.02, i.ooo s m s 1~04. 

_ ............ ___ ..... _____ ~..,..,- .. ,, ,, ... ----------


