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Pl EZCELECTRI C CERAM CS FI ELD OF THE | NVENTI ON >-2 The
present invention relates toa 5 pi ezoel ectric ceranic conposition and -
a nmethod for produci ng pi ezoel ectric ceramcs, and, in particular,

It relates to a piezoelectric ceram c conposition conprising

Pb, Zr, Ti and 0, and to a nethod for producing pi ezoel ectric
ceram cs conprising those el enents. 10 BACKGROUND OF THE | NVENTI ON
As piezoelectric ceramc materials containing Pb, Zr, Ti and 0, for
exanpl e, known are two-conponent material s such as

PoZr err]-PbTiJerr], three-conponent naterials such as
Po(Sb[err]Sn[err])Jerr]-PbZrJerr]-PbTi err]; and conposite 15

materi al s prepared by addi ng various m nor additives to
those materials. Havi ng good pi ezoel ectric
characteristics and cap@&ies ] sh and bei ng

easily produced in lﬁ%@%%@%iﬁklkh@ﬁwkk syst ens,
t hese piezoel ectric C

2 YAl ations in
various fields of filters, actuators, plezoelectrlc transforners,

pi ezoel ectri c FIHISPICE THEC INVENTION Recently, 25 vari ous
nmonol i thi c piezoel ectri cm\%t %%gggﬁgslﬂ&&egnng‘leec 8S§d in those

application deV|ces r|c Structures conprise a
plurality of P ez°eHﬁQ%ﬁiﬂ ééFFWécc%ﬁ@ﬁﬁ%%q¥99eF§daﬂdm%F§ﬂ4w§94t)/(ﬁ

producing piezoelectric ceramics, and, in particular, it
relates to a piezoelectric ceramic composition comprising
Pb, 2r, Ti and O, and to a method for producing
piezoelectric ceramics comprising those elements.

10 BACKGROUND OF THE INVENTION
As piezcelectric ceramic materials containing
Pb, 2r, Ti and O, for example, known are two-component
materials such as PbZr0;-PbTiO,, three-component materials
such as Pb(Sb,Sng¢) 0;~Pb2r0;-PbTi0;, and composite

1is materials ©  prepared by adding various minor
additives to those materials.

Having good piezoelectric
characteristics and capable of being processed with ease
and being easily produced in large guantities in wass-

20 production systems, thege piezoelectric ceramic
materials have many applicationa in various fields of
filters, actuators, piezoelectric transformers,
piezoelectric sensors, ete.

Recently,

25 various monolithic piezoelectric structures ara_béing
used in those application devices. Monolithic
piezoelectric structures comprise a plurality of
piezoelectric ceramic layers and a plurality of
electrodes sandwiched between the adjacent



"el ectrodes sandwi ched between the adjacent
pi ezoel ectric ceramc |layers, in which the |ayers and the el ectrodes
are integrally lamnated. To produce such nonol it hic piezoelectric
structures, the piezoelectric ceramic materials and el ectrode
materials for those nust 5 be co-fired. However, the
conventional piezoelectric ceramc mat eri als such as those nentioned
above generally have a hi gh sigtering tenmperature of about -
1200[ err] C or so. Theref ore, expensive electrode materials such as
Pt nmust 10 be used along with those piezoelectric ceramc materials
to obtain the int ended nonol i t hi c piezoel ectric - structufes. If,” on
t he ot her hand, ensi ve el ectroge , terials such as AgPd are
used, sone si nPE?F efiFl S figFamic aYﬁEBPb@gﬁ'&i‘@&hérﬂ-FYﬁﬁt thitled to
the piezoel ect electifodes oy diitegialbyi baninstddier aly prodacet Bﬂhh sintering

tenperature. mongi):.thlc glr%oléﬁgcggzgxggﬁé%ﬁfg %.? g»?.egggiél T%&

unf avor abl e. p|ezoe

appl i cat i on de‘i?E%%‘-‘F rmt@ae@ls endt aLegtyede H%ﬁ‘RF’-' for th °&€Idm¢’en of
sintering ai dsbeuebd-firddO and SI q err] is also unfavorabl e, as

t hey worsen the piezoel eﬁ;im | tric
ceram c materials cont a| n| ng quifé&?J c%{df?fé%o%&e&?gzg gé?ﬁbf&

prevent the materigls sughy ass those mentifngd éﬂ%ﬂ%&?ﬂ?é’aéwrhﬂ’%r# stics,
Some measures n:bghbmﬁtsdmmg Ceapeiratate { L thazmalmm or so. ceramc

composi tions t#REFELUES, UndehalRb! BLEELHoEe Hhter1ATYIECks! BE AL L1 Ve L0
be added to the pleé)
be use along with those piezoelectric ceramic materials

to obtain the intended monolithic piezoelectric
structures. If, on the other hand, inexpensive electrode
materials such as AgPd are used, some sintering aids such
as PbO and §10, must be added to the piezoelectric

15 ceramic materials to thereby lower their sintering
temperature. ’
20 : s ngive electrode terials is favo =
he cost £ ke kN x

application devices increagse. On the other hand, the

addition of sintering aids such ag PbO and 8i0, is also
unfavorable, as _. thevy worsen the piezoeleq’cric

25 characteristics of the piezoelectric ceramic materials
containing such sintering aids. In oxder to prevent the
worsening of the piezoelectric characteristics,
some measures may be taken to optimize the piezoelectric
ceramic compositions themselves or to optimize the

30 amount of the additive to be added to the piezoelectric
ceramic compositions, thereby improving their
piezoelectric characteristics. - These peasures,
however, are problematic in that novel piezoelectxic



" ceramic conpositions, thereby inproving their  piezoelectric

characteristics These neasures, however, are problematic
in that novel piezoelectric - 3-
ceramic materials that are exclusively applicable to the producti on
of nmonolithic piezoelectric structures nust be devel oped and that
devel opnent takes a lot of tine and i s expensive. 5 SUMARY OF
THE | NVENTI ON The qbgect of the present invention is to
provi de a piezoel ectric ceram c conposition and a net hod for
produci ng piezoelectric ceramcs, in which are used conventi onal

pi ezoel ectric ceramc materials such as 10 t hose producible in

conventi onal mass-producti gn _systens while lowering their si ntering

tenperature wi FEFRNLE |WAterials that are exqlugiyelyhappdicabherteteheé stics.
To solve the ppobidecision ef imdnelithic Pphvisilectric struBt8ze8lfcit ke

ceram ¢ conpos an esse nmpan at contalns
Pb; zr, Ti anda%){r ?‘Fg! ﬂds(ﬁ& ¢ érp%ic’ep%leﬁthtfa%?anfa?ﬁé ?fg C3ME whi ch
the amount of P 18 expengiye. conponent containing Mo is fromabout 0.06 %

by wei ght to about 5. 0 Wbby weight, in terms of MO,

relativegto thaiwﬁ1ﬁ, al conponent. 20

Preferably, in T y “":\anount of t he si de conmponent

containing M is from aﬂa'{?( @JEC% g§ the presgatgpnvestispuiste® o by
vei ght, in terpsoeidezOrdiezioelectric ¢atamiic ecmpoblieionvand &fmddiod

essential conpeRerodyein elplezcelectr:.é"ecéﬁ\/tﬁ'ég Qnalvﬁgcg %%(é deSad MMet hod

for 25 producin | ez IC ceramcCs
First, an essefPRvg BHEZPRALCERHE Horamis materlalir‘“Qh #d 0 is

cal ci nemigt o gi sheoste qRraiicd leWdRl cofivéittional mas8spesdlot ics @pnadis only.
Next, a side coUPPNSUyering their sintering temperature with little
- change in their characteristics.
To solve the problems, the invention provides a
piezoelectric ceramic composition comprising an essential

1s component that contains Pb;, 2r, Ti and O, and ‘a side
component that contains Mo, in which the amount of the
side component containing Mo is from azbouh 0.06 & by
weight to about 5.0 % by weight, in terms of MoO,,
relative to the amount of the essential component.

20 Preferably, in this composition, the amount of
the side component containing Mo is from about 0.1 % by
weight to _about 2.0 ¥ by weight, in terms of Mo0O,,
relative to the amount of the easential component.

The invention also provides a method for
25 producing piezoelectric ceramics, which is as follows:
First, an essential component that contains Pb,
2x, Ti and O is calcined to give a ceramic powder of the
essential component only. Next, a side component
containing Mo is added to the resulting ceramic powder so

30 that the amount of the side cowponent to be in the
resulting mixture is from about 0.06 % by weight to about
5.0 % by weight, in texrms of MoQ,, relative to the amount



containing M is added to the resulting ceram c powder so 30 that the
anount of the side conponent to be in the resulting mxture is from
about 0.06 % by wei ght to about 5.0 % by weight, in terns of

Mo err], relative to the anount

-4- of the essential conponent. Then, the resulting m xture

Is ground to give a fine powder. Finally, the fine powder is fired.
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 4 Fig. 1 shows the .

rel ati onshi p between the firing Tenperature of sanples A-1 to A9 in
Table 1 in Exanple 1 and the bul k density of those sanpl es.

Fig. 2 shows the relationship between the firing tenperature of
sanples B-1 to B-9 in Table 2 in 10 Exanple 1 and the bulk density of

t hose sanpl es.of the essential cofpgnesdt sh@hen,hdéheckasidhihg mbxtuwwen t he
firing terrperaiyrg'wina% wavRl gsefnd ﬁ\ﬂemb&hzl\/bqs%ahwddeﬂe fine after or
before the caIC| | O gé.t e essentla conpohent and t%e bul k
density of t hoR® %ﬁwﬁl DESCRI PTI ON OF PREFERRED EMBCDI MENTS OF

THE | NVENTI ON Now, sone preferred enbodi nents of the
invention are described bel ow, which, however, are not I ntended to
restrict the s of, Exanple 1: 20

First prepared™were PUoO RS rr], Sb[err]Qerr], Snderr]

and T Brr] as the staﬁhanglnaheW$a¢hef!ﬁlaﬂignébspnbehween the
firing temperature of samples A-1 to A-9 in Table 1 in

Example 1 and the bulk density of those samples.

Fig. 2 shows the relationship between the

firing temperature of samples B-1 to B-9 in Table 2 in
10 Example 1 and the bulk density of those samples.

Fig. 3 shows the relationship between the
firing temperature of two samples A-4 with MoO; added
after or before the calcination of the essential
component and the bulk density of those samples.

15 P P D S OF THE I ION
Now, some preferred embodiments of the

invention are described below, which, however, are not
intended to restrict the scope of the invention.

Example 1:

20 First prepared were Pb;0y, 2r0,, TiOQ,, Sb,0;, SnG;
and Cx0, as the starting materials for the essential
component of piezoelectric ceramic compositions to be
produced herein.

Next, these materials were weighed to give

25 piezoelectric ceramic compositions A and B, which are
mentioned below, and wet mixed - - for 4 to 32
hours.

Piezoelactric ceramic composition A:
Pby 5 {2X05Tious) Os



conponent of piezoelectric ceramc conpositions to be pr oduced

her ei n. Next, these nmaterials were weighed to give 25

pi ezoel ectric ceram c conpositions A and B, which are ment i oned
bel ow, and wet m xed for 4 to 32 hour s.

Pi ezoel ectric ceram c conposition A [err]

Pi ezoel ectric ceram c conposition B: [err]

Next, each of these m xtures was dewat ered, dried, and then caIC|ned
at 800 to 900[err]C for 2 hours to-3 = give a ceram c powder of t he
essential conponent of conposition A or B. Next, a
si de conponent, Mo err] was added to the ceram c powder of the
conposition A as in Table 1 bel ow, and to the ceranic powder of the

conposition B as | n 10 Pgeg%‘lgét:&?e élé‘&m @gcﬁgggg{: ﬁ‘té pbd err] added falls

bet ween % atlv to t anount. t he
conmposi tion A or B. _ w{ SngsSbos) 00sZT0 Bt O + P2 Mot @GP Ceranic

Conposition A ’ Next, eaSﬁr‘@f ecidse mixtures Wag] @ewitdosdent (W . %
dried, and then calcined at 800 to 500°C for 2 hours to
5 give a ceramic powder of the essential component of

composition A or B.
Next, a side component, MoO; was added to the

ceramic powder of the composition A as in Table 1 below,
and to the ceramic powder of the composition B as in .

10 Table 2 below. The amount of McO, added falls between
0.0 and 8.0 ¥ by weight relative to the amount the

composition A or B.

18 Table 1 - Piezoelectric Ceramic Compdsitibn A
Sample No. MoO, Content {wt.%) =
A - 1% 0.0
A - 2%* 0.03
A -3 0.06 .
A - 4 6.1

20 A-5 0.5
A -6 1.0
A -7 2.0
A - 8 5.0
A - 9* 8.0




A - 1% 0.0 A - 2% 0.03
A- 3 0. 06 A -4 0.1 20
A.- 5 0.5 A -6 1.0
A -7 2.0 A -8 5.0
A - 9* 8.0 Table 2 -
Pi ezoel ectric Ceram c Conposition B Sanpl e. No.
Mo err] Content (Wwt. % -% - B- 1% 0.0
B - 2% 0.03 . B3 0. 06
B- 4 0.1 B- 5 0.5
B- 6 1.0
Table 2 - Piezoelectric Ceramic Composition B
Sample No. MoO, Content (wt.¥%)
B - 1%* 0.0
B - 2% 0.03
B -3 0.06
5
B - 4 0.1
B -5 0.5
B - 6 1.0
B -7 2.0
B - 8 5.0
B - 9% 8.0
10
In .. these Tables 1 and 2 and also in
Tables 3 and 4 and Figs. 1 to 3 mentioned hereinunder,
the samples marked with an asterisk ()
15 are outside the invention. -

After the side component Mo, was added to the
ceramic powder of the essential component, from 2 to 5 %
by weight of a polyvinyl alcohol binder was added thereto

- 7 and mixed and wet milled
20 for 8 to 32 hours to cbtain a fine powder
having a mean grain size of from 0.6 to 0.8 um.

This fine powder was granulated and press-
shaped under a pressure of from 1 to 1.5 tons/cm’ to



B- 7 2.0 B- 8 5.0

B- 9* 8.0 10 In these Tables 1
and 2 and also in Tables 3 and 4 and Figs. 1 to 3 nentioned

her ei nunder, t he sanpl es marked with an asterisk (*)
15 are outside the invention. After the side conponent
Mo err] was added to the ceram c powder of the essential conponent,
from2 to 5 % by weight of a_ QPLyV|nyI al cohol bi nder was. added

t hereto and m xed and wet mlled
20 for 8 to 32 hours to obtain a fine powder =~

having a nean grain size of from0.6 to 0.8 [err]m . Thi s
fi ne powder was granul ated and press- shaped under a pressure of
from1l to 1.5 okpmirfistaularrodiscs each having a diameter of 12 mm and

-7- Qbé@iékrf‘ddsckblfai Q'ﬁ:ﬁs Gﬂfébé‘@ils% ae%aﬁﬂé‘é &Y g2 M and

I scs were fired te nperature

a thickness of
falling betweer® @Rﬂ%%gﬂfeigagFéPﬁ]?9tween 500" and 15000 %he bul k density of
each sintered di sc was The bulhbﬂemsmnyfdﬁnaachssﬁnhuﬁeda@mbdwuayn The

rel ationghip obta;né@tfﬁ%ﬁ\nltgevm&%%@s ?ﬁEd t&‘ﬁ J:éié@iéxf‘dﬂlﬁr ature is
shown in Fig. éeéEELJ“é%e %ulﬁrgelsfigl %he f;rzgg temperature is
. ghown in Fig. 1 and Fig. 2. Precisely, Fig. 1 shows the
relationship between the firing temperature at which
each disc made from the fine powder cowmprised of tha
10 piezoelectric ceramic composition A and a varying amount
of MoO, . {Table 1) was fired, and the bulk
density of the fired disc; and Fig. 2 shows the
xelationship between the firing temperxaturs at which
each disc made from the fine powder comprised of the

15 pilezoelectric ceramic composition B and a varying amount
of MoO, {Table 2) was fired, and the bulk

dengity of the fired disc.
~ From Fig. 1 and Fig. 2, it is
Baen that the bulk density of each disc was increased and
20 saturated with the increase in the firing temperature.

. . " 1t is
geen that samples A-3 to A-8 and samples B-3 to B-8, to
which was added from 0.06 % by weight to 5.0 ¥ by weight
of MoO,, . xeached a saturated bulk

25 density at a lower firing temperature than samples A-1
and B-1l, to which was not added MoO; (0.0 % by weight)

. That is, the firing temperature of the former
is lower than that of the latter by from 100 to 200°C or
s0. This is believed ro be because the '

30 melting point of MoQ; is about 800°C, and MoO; forms a
liquid phase at about its wmelting point to thereby
effectively promcte the intergranular diffusion in each
disc.



rel ati onship between the firing tenperature at which each di sc

made fromthe fine powder conprised of the 10 pi ezoel ectric ceramc
conposition A and a varyi ng anount of Mo err] (Table 1)
was fired, and the bul k density of the fired disc; and Fig. 2 shows
t he rel ati onship between the firing tenperature at whi ch

each disc nade fromthe fine powder conprised of the 15 pi ezoel ectric
ceram c conposition B and a varyi ng-agount of Mo err]

(Table 2) was fired, and the bul k density of the fired disc.
FromFig. 1 and Fig. 2, it is . seen that the bulk density of each

di sc was increased and 20 saturated with the increase in the firing

t emper at ur e. seen t hat

sanples A-3 to A-8 and sarrpfhs °% sRiee A3 and' B- 2 @ Helykeh &dwed from
0.06 % by wei ghtoYR: 2 Madp\addsdywas smallenfthae0E & by weight,
reached a sat Uimdeshddlna’5 such Qe&ﬁaﬂy dtouft! §§e§°{z;o” ng Lenps erature than

sanmples A1 was, not derr] ( ﬁ(be
wei ght) al“‘““a%e%fle?ﬁé%’ .’sn peRing fhe; sipeening e astperiauichr Mer

i s | ower3t han ¢hdthase ssaplast erOmytle amhEd0hand?0therddea fo samplesSO.
This is A- 9 and ielo, ezsdwﬁpclb%ﬂ@%%ﬁ the ﬁé’o, aaag§ %gg poi nt of

Mo d ph t
oL L o bR bp, 88 M) L2 e s e °

i ntergranul ar *ﬂfrﬁt’rq}!ﬂh;ﬁlﬁim efichthose sampiles. cont:am:.ng such a large
The data of saifhweft MZMEBQ i grehC1PhiEhsd it even & unt of MQerr]

added srral % b ht |ca e that 'such a snall
]s"i'l;ll%e]"'mg bEEp drafure al most i mgsz@ @ | owering the

Simrjlggﬁi ng lvgnq’pfé%%%d bulk desisithosmuddnpecliowéred Itoy alkdamit haode.t he data
of sanpl es A- 9 and Befom tthaMiiGhst he anpiids Qfe M;gyg;@] added was
firing temperatures as in the above, those as fired to
have an almost saturated bulk density were selected.
15 Thick silver electrode patterns were printed on the both
surfaces of each of the thus-selected discs, t& which wes

applied an direct-current electric field of from 2.0 to

4.0 . kV/mm for 1S to 60 minutes in an insulating
oil at 80 to ° = 120°C, thereby . polarizing
20 the discs - . Next, these were aged in air at

120 to 200°C for 30 to 60 minutes to obtain the intended
piezoelectric devices.
These piezoelectric devices were tested to

cbtain their relative dielectric constant (e,),

25 electromechanical coupling factor (Xp) of the expandiﬁg
vibration of the disc, and mechanical quality factor
(Qmp) of the same vibration, using an impedance analyzer.
The data obtained are shown in Table 3 and Table 4 balow.
Precisely, Table 3 shows the characteristics of the

30 piezoelectric devices as prodﬁced using the fine powders
shown in Table 1: ., while Table 4 shows those of the
piezoelectric devices as produced using the fine powders
shown in Table 2. Tables 3 and 4 also show the firing



| arger than 5.0 % by wei ght,

t hose sanpl es contai ning such a | arge
wor sened even t hough 10

a

From the di scs
those as fired to

above,
sel ected. 15

surfaces of each of the thus-sel ected discs,

fired at

i ndicate that the
anount of M{Jerr]

" sinterability of

the sintering tenperature

varying

is greatly
whi ch gave

saturated bul k density could be | owered by about 100C.

firing tenperatures as in the
have an al nost saturated bul k density were
Thick silver el ectrolBe=patterns were printed on the. both

direct-current electric field of from2.0 to
15 to 60 mnutes in an insulating

t her eby POl BérmEe Pk iie t he discs
in air at to 200[err
i nt ended fi ’fﬁ’% Sl ectri clééiﬁ-é%

devi ces were tested to

([err]), 25

obt ai n thelr

e ectronechanlca

oi

to which was

4.0

at 80 to

f or m)tf%oqnnMesto &%

.applied an

kV/ nm f or
~120[err] C,
se mere aged

Sa saturated bulk denq.’hgge p| ezoe| ectric
relatlve dlelectrlc constant

- 5
O qf%/ factor

9
vi bration of t ; i 3 (ChD) ofg t he
same vibratiorf using an iy edaﬁgengnalyzer The d@ta obtaindd are
shown in Tabl ¢ Bampleldlg.e [4Témperature Peeci s¢ ,ﬁi (‘g bfe 3ombows [ he
characteristi of the 30 pif@Zdel ecfri c _devi ces*as gr)duced usirg the
fine povwglers A -Shewn iin Tabkgel [elfr] 15@3 lelT 4] shoys .those of
t he pi i i teet—tsin ?%%%fi:c pggacrsﬁF
shown in Tabl ¢ 2 ATahP&s 3land 2180so show X338 fitidg.7 109 m
t enperature A - 3 ag1¥bi ch 15232} e S iredq to
realize a sat STty T z?ib: - X‘@.o 126 CII
A~ 4 1000 1558 47.2 102 JI
A -5 1000 1512 46.3 108
10 ﬂ A-6 1050 1497 45.0 i18
A -7 1050 1463 44,3 111
A -8 1100Q 1407 42.6 93
A - g9* 1106 1256 32.1 74
———— —t _




Firing Sanpl e No. Tenperature Qm 5

A- 1+ 1200 1502 45.5 115 A - 2*
1150 1535 45.7 109 A-3 1100
1522 46. 0 120 A 4 1000 1558 47. 2
102 A-5 1000 1512 46. 3 108 10
A- 6 1050 1497 45.0 118 A- 7
1050 1463 44. 3 1134 10 - A- 8 1100
1407 42. 6 93 A - 9* 1100 1256 32.1
74 - 10 - Tabl e
4 Firing Sanpl e No. Tenperature
[err] o T /
82
3 ' 119 iz
1100 170 - 55.9 1ring - 5
1663 54 d %ample gﬁ. Temperatyre i € JJIK%)KE
87 }— 12005 05 52.-3
8 I150B - 1* 1547 125048.7 165671 54.8

1150 1386 _ ,$8.6 3
and Table 4 }ﬁﬂ%&#%&ﬁ&—+ﬁe+eéﬁﬁﬁgﬁ,~F 1682 b e -
the piezbelectricB - 3 charactesd stics dszanpl ess8.8 to

B-8, to ﬁ B - 4 1100 1701 55.9
B-5 1100 1663 54,6
I[ B -6 1100 1634 53.7
B -7 1100° 1605 52.3
10 B -8 1150 1547 48.7
B - g% 1150 1386 38.6 63 !

Table 3 and Table 4 ghow that there
is no pignificant difference between the piezoelectric
characteristics of samples A-3 to A-8 and B-3 to B-8, to

15 which was added from 0.06 % by weight to 5.0 % by weight
of MoO,, and those of samples A-1 and B-1, to which was
not added MoO;, even though the former samples were fired
at firing temperatures lower by from 100 to 200°C than
the latter samples.

20 In particular, the piezoelectric
characteristics of samples A-4 to A-7 and B-4 to B-7, to
which was added from 0.1 % by weight to 2.0 % by weight
of MoQ,, changed little even though these samples wexe
fired at firing temperatures lower by from 150 to 200°C

-

25 than the samples with no MoO; added thereto. As opposed
to those, samples A-3 and B-3, to which the amount of
MoO, added . -~ ~  was 0.06 ¥ by weight

wera fired at firing temperatures lower



15 whi ch was added from0.06 % by weight to 5.0 % by wei ght of
Mo err], and those of sanples A-1 and B-1, to which was not added
MoQ err], even though the forner sanples were fired at firing
tenperatures lower by from 100 to 200[err] C than the latter sanples.
20 In particular, the piezoelectric characteristics of
sanples A-4 to A-7 and B-4 to B-7, to whi ch was added from 0.1 % by
weight to 2.0 % by wei ght or W err], changed little even though

t hese sanples were fired at firing tenperatures |ower by from 150 to
200[err]C 25 than the sanples with no Mo err] added thereto. As
opposed to those, sanples A-3 and B-3, to which the anmount of

Mo err] addedy ly vewr o6 - were -
a ] y only lg\ﬁ?ﬂaﬂ‘%%lesAlandBlvBlthz} "f’&@[err]c

fired at firin e es
or so than san%?é gpaieraﬁ}#t?‘B MFW’WW&@PP]‘%h“n%dded thereto even

t hough t he pi egbataeheristics of therfmtuer N-BcandfBtheaFdraliosk 3 and B-3
are almst  comp&RBXY k) ehbBe!bPSEndl1dher! ALE LA g ANd & tneh the .

ot her hapd, th | ezoel |c haracteri sti sof sappl es and
B-8, to §h. ch 5%12 éﬁﬁﬁf af characteriftics of samples
was greater thame 5l B48, to wh:.ch/etlghtamount of MoO,hadde&rreWnat Iarger

changes than those of sarrpl es A-4 tQy Béhdif §

even though the%éqcl1 mer sanpl es and B—8 ring

t enperatures | Yy about 10 r§mewhat lamaﬁ %ﬁl Wheseno
Mo err] addedef reammles A-4 to A-7 and B-4 EheBdat a from sanpl es A-2
and B-210to0 15 whi ch the amount of Mo err] added was snall er than

0.06 % by wei ght, |nd| cat thﬁ?b% a smal | airmunt of No(CB

was al nost ineffective in 1§ ‘ﬁb"‘i enferPey samples AsB,engk Br8 of

t hose sanpl es.waxe thixed: B&r fhamg temperatures lower by about 100°C
than the samples with no MoO, added thereto.

The data - Zfrom samples A-2 and B-2, to
15 which the amount of MoO, added was smallexr than 0.06 %

by weight, indicate that such a small amount of MoO,
was almost ineffective in lowering the sintering
temperature of those samples. On the other hand, the
data from samples A-9 and B-9, to which the amount
20 of MoO; added was larger than 5.0 ¥ by weight, indicate
that the sinterability of those samples containing such a
large amount of MoO; is greatly worsened even though
their sintering temperature to give a saturated bulk
density could be lowered by about 100°C. In addition, as

25 in Tables 3 and 4, samples A-9 and B-9 are unfavorable as
thelr piezoelectric characteristics significantly
changed.

From the above, it is understood that the
effective amount of MoO, to be added to the ceramic
30 powder of the essential component is from m 0.06 ¥ by
weight to 5.0 & by weight, preferably from about 0.1 % by
weight to 2.0 % by weight.




dat a fromsanples A-9 and B-9, to which the anmount 20 of Mo err]
added was | arger than 5.0 % by wei ght, indicate that the
si-nterability of those sanples containing such a | ar ge anount of

Mo err] is greatly worsened even though their sintering tenperature
to give a saturated bul k density could be | owered by about .
100[err]C. In addition, as 25 in Tables 3 and 4, sanples A-9 and B-9
are unfavorabl e as their piezaal ectric characteristics significantly
changed. Fromthe above, it is understood that the
effective anmount of Mo err] to be added to the ceramc 30 powder of

t he essential conmponent is from about 0.06 % by wei ght to 5 0 % by
wei ght , prefer&?lé{crgp about 0.1 by weight to 2.0 % by weight. ~

- 12 - 2 ‘e 2: Herei n made was a conpari son
bet ween t he addi Heariof mede wvasiaa compardsbn betdhedrn |theo the cal ci ned
pi ezoel ectri c RO or0f e td SHUFRON C lsai.rg Pb, Zr,

Ti and O (additjon frfgrft,ggﬁc?ﬁﬁ?i%%p ! ﬁgﬁ,’b‘ ?choetggd%tglﬁ%%ﬁg? t he sane
si de conponentPIRINEGTHS powder of)|the, &psgptiall eerpPReRvder of the sane
essenti ab contoirpione ®b, ( 2ddi T1 omd & dadddai.cnnatten)caldindtigigcet to
the effect of | e i he. ature
sinterability %)‘f@t e@%ﬁgfaeﬁi Q% u%lge aér?é\{e?\é&dk ?O&Bﬁee&%i%%ote. e:;g)oﬁ'c

char act eri sti cGaHfinssk piegpelegtric powdergf khe same essentia:i |, (he
same manner ascompdpemtpl{edditiampbefdde calcecinatied) with respecdtalice 1 above
was prepared. gHdi I £540 eef0 C. f1auddi tion of
the sid . ﬂ_coéf%‘r?gn?faﬁ%r C%%aéﬁgh?, t?niﬁf%iqr@:‘?ﬁ&o\&gs t he

si de co?e'rﬁonentt?\mr%‘ﬁ"‘]“t fipherdt e ® itngBP‘é‘éf?i'&"’b‘U%ﬁ%ran £ of the

essenti-al conpurerpiezoelectric characteristics of the sintered

samples.
In the same manner as in Example 1, sample No.
A-4 of Table 1 above was prepared. This
15 corresponds to the former case of "addition of the side

component after calcination', in which added ‘was the
side component MoO; to the calcined piezoelectric powder
of the essential component.
On the other hand, a sample of the latter case
20 of "addition of the side component before calcination®
was prepared as follows: Pb0,, Zr0,, Ti0O; and MoO; were
weighed to have the same composition as that of sample

No. A-4 in Table 1 above, and wet mixed ©  for 16
hours. Then, the resulting mixture was dewatered and
25 dried, and thereafter calcined at 500°C for 2 hours
. ..« _Added was . 5 ¥ by weight of a polyvinyl
alcohol binder. - -t and followed by further
. aixing and . " grinding still wat foxr
16 hours to obtain a fine powder having a mean grain size
30 of 0.7 pm. ’

The two samples thus prepared were separately
shaped, fired and processed in the same manner as in
Example 1 to give piezcelectric devices, which were



On the other hand, a sanple of the latter case 20 - of "addition of the

si de conponent before cal cination” was prepared as foll ows Pb304,
ZrJerr], Tierr] and Moderr] were wei ghed to have the sane
conposition as that of sanple No. A-4 in Table 1 above, and wet.

m xed for 16 hours. Then, the resulting m xture was

dewat ered and 25 dried, and thereafter calcined at 900[err]C for 2
hour s Added was = 135-9% by wei ght of a pol yvi nyl

al cohol bi nder and foll owed by further m Xxi ng
and grinding still wet for 16 hours to obtain a
fine powder having a nean grain size 30 of 0.7 [err]m

The two sanpl esesteds glisepdnedhdcssns oRMmLehY in Exampiidpede fired and
processed in t@&&m ra@'igrpfgzéeriectric cgérangé:erilstic grve pllgzeel ectric

devi ces, which
tested also in the sanme Thenmetatikonshipbepween the firing eempezteurseir

pi ezoel ectri c ehaga erdmguecand the bulk denmir etﬁéil f anslipypeiyeen the

firing tenperature enS|t thereof S
shown i ng %"?: g 3 F%orefﬁ%'?%erfc?%‘et ﬁ'g?'?'é"f'%? B8 the

firing terrperafw-‘elg)ft%p'hbuﬁe lofmtample Bul kand e )bulk denstihgr eof is
alhso SEovvn in ﬁh&%& is also shown in Fi éd | Fig. h3 4 oowd shows
that the " side conponent, Oerr added to t ca ed_powder was
10 nore effective in |rrprov7 3he | ow-tenp erat@ﬁ@ﬁ%ha gﬁterablllty

of the powder #4de AompoREnti MeCiadddedito the calpmeﬁopp‘e@mm powder .
Howeverigit iSmore effeg@@¥e in mpztd%q ¥8a wm@hﬁémm err] side

offoctive 15 Siaterabidisy; o gga&%ee aoax?&t{;e RPUre, s reRanrrel, B The
powder m xtur EMharrcespainedipewderse dowerepl eitiiB With - seenno M3
added thereto.that aven though the MoO, side compoBieng al so shyws the
| ncr ease added to the non-calcined powder, it was still effective
i8 in improving the low-temperature sinterability of the
powder mixture when compared the case of sample A-1 with
no MoQ; added thereto.
Fig. 3  also shows the increase
in the firing temperature resulted in the saturation of
20 the bulk density of the fired samples. Using the
sintered samples of which the bulk density was almost
saturated, prepared were piezoelectric devices, and these
devices were tested to determine their piezoelectric
characterigtics. The piezcelectric characteristics of.
25 those devices are shown in Table 5 below along with the
firing temperatures at which the piezoelectric mixtures
were fired.

ﬂ Table 5

Firing -
Sample Temp(eor;ture € Ko (%) Qmp




inthe firing tenperature resulted in the saturation of 20 t he bul k

density of the fired sanples. Using the sintered sanpl es of which
t he bul k density was al npst saturated, prepared were piezoelectric
devi ces, and these devices were tested to determne their

pi ezoel ectric characteristics. The piezoelectric characteristics of.
25 t hose devices are shown in Table 5 bel ow along with the

firing tenperatures at which the pieZdel-ectric m xtures were fired.
Table 5 Firing Sanpl e

Tenper ature [err] Kp (% ([err] O

- 14 - with Mo err] added after 1000

1558 47.2 ¢ +02 eal-ci-pation whith-MOQlerr] 5
added before with Mo, 1523 46. 3 1?8 cal cigation
Conparing the fanpidediafitenbdierr] 18dded aft ex558 474 cifnatiom anfl that

daeal ¢iaratdencalici nat i on, Tablle 5

e iwepoMb®, |significant differen¢e betwegn these shnples
Rageaehegb e C char agkeri stifcsymven|t hggigh fhe {h4i ngf
tdecl dimmtdeeewhat differ. _The t\ lare

Fi g.

with Moo[err]
shows that th
in theirs

t enper at ures

bot h sati sfact
3 and

Comparing the sample with MoQ; added after
calcination and- that with MoO, added before calcinationm,

Table S showg that thexe is no
10 significant difference between these samples in their

piezoelectric characteristics even though the firing
temperatures of the two somewhat differ. ~
The two samples are both satisfactory.
As is understood from the data in Fig. 3 and
15 Table S, MoO, added after or before calcination to those
samples was effective in improving the 1ow-teﬁberature
gsinterability of the samples, even though its effect
somewhat varies, and the piezoelectric characteristics of
the samples with MoQ, added thereto were good. However,
20 the addition of MoO; after calecination is preferred to
that before calcination, since the effect of MoO, in
improving the low-temperature sinterability of the powder
mixture is larger in the former than in the latter, 1In
addition, the former is advantageous in that any .
25 conventional piezoelectric ceramic materials, such as
those to be produced in conventional mass-production
systems, can be used to cobtain favorable piezoelectric
ceramic compositions . while improving the low-
temperature sinterability of the compositions and with
30 little . change in the piezoelectric
characteristics of the compositions.



15 Table 5, Mo(Jerr] added after or before calcination to those

sanpl es was effective in inproving the | owtenperature sinterability
of -t he sanpl es, even though its effect sonmewhat varies, and the

pi ezoel ectric characteristics of the sanples with Mo err] added
thereto were good. However, 20 the addition of Mo(err] after |
calcination is preferred to t hat before cal cination, -since the
effect of Mo err] in i nprovi s the | owtenperature sinterability of
t he powder m xture is larger in the former than in the latter. In
addition, the former is advantageous in that any 25 conventi onal

pi ezoel ectric ceramc materials, such as those to be produced in
conventional mass-production . sses N, can be used to obtain
favorabl e piezoelectric 0si tions whi | e i nproving
the | ow t enper at H# &£h8 mbeﬂ&bmemgdetmmpi:qmsuseanwaanewth 30

little two-cbmpgmemm dopostieies! eﬁtﬂ,m -PbTi0C Ngr gg %lis%l cs of the
conmposi tions. g4 mponent: com s:tlon Ph (S ) | ca

In the above-me |one AT esons8f FR{ShasERes) Os-PbZxQypp ]%%oﬁ@nt

conposi t i"on of"” C{‘\!ﬁir Q#’bﬁdqeér R] mgrot maunte@f Cx,0,, asCBA®Onent
conposi tion of eBbéﬁbiﬂ r&ﬁﬁ_{cﬁ{ehk) ofl @ﬁé

whi ch had been_g ﬁ?g e ! Zlfount o [%gﬁfjr]ﬁgQZE%\ﬁér] to 5

essential conpone AFXeRFiN ¢ o he eggpbiation of the
i nvention. HoWé'?EP"n?’h'é essenti &n the piezamdmmirdict ceramic in the
pi ezoel ectric compsiition of theOfRPEhtisw 1 ﬂd&el'iﬁl‘iﬁaa' 98 551 H%Ot{hé%é“ ted

to only,jghose dl ess-to-sa | -CO
conposi tfoons C%Q?al Al né(&)‘llsbgge%? =3 Y ﬁlﬁ{d%@ggﬁ-compone:& hers

derived from sHeRPAEt %mﬁeh@ing Fb, ZxonmfdsiandoNs apdsewstituting a
part of the coashétsent ~ derfo&POMesH SsudH huley-ebhgsnShenents such as

Sr, M, No andedmnogsd{ihd lb§esugggx ting Q %%rr gnggé N&d stgr:latp\?erntaddl tives
components with any other elements such as Sr, Mn, Nb and
15 the like, and still others containing minor additives
such as oxides of such substituent elements are usable in
the invention as the essential component._ Likewise,

ryed ntaini m i
can be used,
20 Asg has been mentioned hereinabove and is
obvious from the data in Examples 1 and 2, the addition
of a specific amount of the Mo side component T to

conventional piezoelectric ceramic materials is effective
in 1mprov1ng the low-temperature sinterability of the

25 compositions of those materials without _
a significant change in the piezoelectric characteristics
of the compositions.

Accordingly, the piezoelectric ceramic

composition of the invention is advantageously used in

30 forming piezoelectric ceramic layers in monolithic
pPiezoelectric structures which must be co-fired along
with electrode materials. Where the piezoelectric
ceramic composition of the invention is used in producing



such as oxi des of such substituent elenents are usable in t he

I nvention as the essential conmponent. Likew se. while Mo err] is
preferred, other MO containing materials can be used. 20

As has been nentioned herei nabove and is obvious fromthe data in
Exanples 1 and 2, the addition of a specific amount of the. Mo side
conponent to conventional piezoelectric ceramc materials is

ef fective in inproving the Foltenperature sinterability of the 25
conpositions of those materials w thout a significant change in the
pi ezoel ectric characteristics of the conpositions.

Accordingly, the piezoelectric ceramc conposition of the inventiogn

| s advant ageouina1ieede! pidloslect A iR AEAR) CERELELERL AL 1RYENS 1N
monol i thic gzoelectric structures whi ch_nust_be, co-Tired al ong

With el ectrod@ SCEPBARY. EQHUPE PREGALYE, SLECFFPES materisls such as
conposi tion offt,handnesyt inexpensioed natemiadscbugh as AgPd can be

nmonol i thic pi ezRR a&t khectibhdetddEsridiierefore, it is unnecessary to
use expensive:el-ectrode_mater|als su and any inexpensive

l ch as Pt
materials such as AgPd B&RCF@Ing to thesmgthod.pf FietnTerteiqmiter 5
Accordi ng to Ehreduetingdpiézobbectmisntdearamics, the sige oshmporeny ezoel ectric

ceram cs, the Hn@iG9NBOREN s added t&PRLR BaDE1M4I ¥o the cal cined
essenti al corr}agnen#B Qg as been ennnﬁtrate I n agPIe 2, the

si de conmponenfX®EBE o t L RS APoREbRaRed 18 fxquRle ¢, the

cal ci nati on i $ider ecwpbaent vadded ityptdrei rgsehbibbvwwomponent tafigear dter e

sggtgr?.? i Eyc@&_ctihatabﬁtzgslﬁaﬁéiéfﬁ%&a%%n improt oA agid 11wt hw tha{ ]
adde ereto 1 Qr 0.l . ,LJCal clnatlLon, . . s ere e
piezoelectrict%@?&ﬁ?&ufsn%ﬁ%????ﬁf%ﬁzyigg Eh‘tﬂéefﬂﬁ%ﬁﬁﬁﬁﬁfi??ﬁ?ﬂé& to

produce pi ezoSoopesitienr thensthat added thereto prior to its

calcination.
Where the piezoelectric ceramic composition of
is the invention is used to produce piezoelectric ceramics,

the side compomnent may be added to the calcined essential
component as has been mentioned hereinabove. Apart from
this embodiment, the side component may also be added to
the essential component even prior to its calcination, or

20 any other . . steps to produce the intended
piezoelectric ceramics )

While the invention has been described in
detail and with reference to specific embodiments
thereof, it will be apparent to one skilled in the art

25 that various changes and modifications can be made
therein without departing from the spirit and scope
thereof.



t He side component may be added to the cal ci ned essenti al ..co'rrponefh"""""'_—':'_-‘_""..’
as has been nentioned herei nabove. Apart from this enbodi ment, the: -

si-de conponent may al so be added to the essential _conmponent even
prior to its calcination, or 20 any ot her T steps-toproduce
t he i ntended pi ezoel ectric ceram cs he

i nvention has been described in detail and ulmm Mf"l "aﬂw

speci fic enbodi ments ) thereof; 3T Wi ll be apparent Lt oxone

the art 25 t hat various changes and nodifications can be nade

therein without departing fromthe spirit and scope t her eof .

17 CLAI V5 1. A nethod for producing a piezoelectric' ceramc
conprising thewghepssoftaymMpp gwining a calcined ceramc  powder

of a pi ezoel ectric main conponent conprising Pb, Zr, Ti and 0, and
an additive which is I\/bCIerr] so that the anount of said additive in

the resulting mxture*isi. X piezasdectdic Seygmiceiggmposdtibaut 2. 0 % by

wei ght rel %bh\ﬁhﬁi)n f‘&;&ﬁﬂl@ﬂfco fiehe¢ Mai n conponent, @&E;igﬁ,g%ai d
conmbi nation is 5 JThe g\%‘;ﬁod for producing a prezoerectric

ir
ceram c acc%r’dl ng 'F% %’P%% erein the anount of said M
additive is fr¥ocgontaining caddibimeghwheveimdihe Zngunt ofbwaddi ght, in

terns of sMoJerr], relat |u&_t&,{tlagn§g§unt addft Sad 4 SMEBmC giRaRENt .
0.06 ¥ by weight to about 5.0 ¥ by weight, in terms of
Mo0O,, relative to the amount of said . mgip(
component.

2. The piezoelectric ceramic composition
according to claim 1, wherein the amount of said
Mo additive is from about 0.1 % by
weight to _a.bgu; 2.0 ¥ by weight, in terms of MoO,,
5 relative to the amount of said main component.

THIS SHEET HAS BEEN
REPLACED
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3: The nethod for producing a piezoelectric ceram c according to

claim2, wherein said Mo additive is Mo err]. . The nmethod for
ptoducing a piezoelectric ceramc accordJ—ng—t—e—e-l—a—m—& —wherein said
conmbi nation is fired. 5. The method for ,

pi ezoel ectric ceramc according to claim mﬁﬁmmﬂmeram C
powder is a cal ci ned powder. _ 18 for
producing a piezoelectric ceramc " conpri si ng the steps of: '
conbining a calcined ceramc powder of a pi ezoel ectric main
conponent conprising Pb, Zr, Ti and O, and an additive which is

Mo err] so that the am)unt of sald addltlve in the resultrng m xture
S from about 0.06 @by {The ~ ‘- i pprelative to

the anmount of 5@&&@@@@@2 anj %& e,-_gsgq_@ hgghl g_ﬂ b&a&%ég’ﬂi 7.
The nethod faor grggumﬂg Sleeéoe ectric ceramc acc to cl a| m

fired.

6, wherein sai

Or: im 1, wherasi aid main co t i

calic ent .
3. 7Ihe piezoelectrigc cexramic composition
uncalcined component.

fe) ai W i i itiv

1ll. A method for producing g piezoelectric
ceramic comprising the steps of:
" gombining a ceramic powder
e ~ “of a piezoelegtric main componént
_comprising Pb, Zr, Ti and O;

_ . and_an additive containing Mo so that the
amount of said . additive in the
resulting mixture is from about 0.06 ¥ by weight to abqut
5.0 % by weight, in terms of MoQ;, relative to the amount

of said . main compopent.

re ve t e amount of sgaid in o onent .

LT




8. The nethod for producing a piezoelectric ceramc accordi ng to

claim?7, wherein said ceram c powder is a cal ci ned powder.
9. A nethod for producing a piezoelectric ceramc ._cenprTS|ng t he
steps of: conbining a calcined ceram c —powder
pi ezoel ectric main conponent conprising Pb, Zr, Ti gmh
additive containing Mo so that the amount  of sa{ \“
resulting mixture is from about @306 % by wei gh *tocaﬂout 5.0 % by
weight, in terns of Mo(Jerr], relative to the anmount of sai d- mai n
conponent and wherein said conbination is fired. 10. The nethod for
produci ng a piezoelectric ceramc according to claim9, wherein said_
ceram c powder is a cal ci ned powder. 13, The method for
in ctric ceramic ac o clai 2
w in. sad additive 4 . )

S
15, meth £ uci a ctric
laim W id ¢ c
nowdexr is a calcined powder,
16. The mgthog for pr ggg,g ng a p;egoglectrig
10 i i aim 1 in ve
18. The method for producing a piezoelectric
8 mic i o ¢laim 17, wherein gaid cexamic
powder is a c¢alcined powder. ’
cexamic accoxding to claim 13, wherein sgaid combination
ig fired.
10 29. The method for producing a piezoelectric

ceramic according to c¢laim 19, wherein said geramic

powder is a calcined powder.
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