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ABSTRACT

The sintering phenomena, electrical resistivity, dielectric and piezaelectric properties of lead titanate
ceramics medified by the partial substitution of La for Pb and Mn for Ti, (Pb,_,sLay (Ti_,Mn,)Q, ceramics,
have been investigated.

In {PbysLay) (TiyeeMnge )0y system, with increasing lanthanum content, the realtive bulk density
increased, but the Curie point and tetragonality {c/a) decreased. The tetragonal - to - cubic phase transition
boundary existed in the range of 0.20¢x<0.25. The electromechanical anisatropy (ki/k,) was observed in the
tetragonal region and eleciromechanical coupling factor {k,) had a maximum value at x=0.05

In (PbygsLaggs) (Th-yMny) Oy system, the electromechanical coupling factor (k) and electrical resistivity
had maximum values at y=0.01, but dielectric constant and dissipation factor had minimum values.

It was concluded that lanthanum enhanced the sinterability of lead titanate and MnO, improved the

piezoelectric properties.
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Table 1. Purities of Chemicals used.
'C_hemicals Manufacluring Company Purity
PLO Kanto chemical Co. G. R.(99%)
Ti0, Rare Metallic Co. 7 {99.9%)
L0, " "o
MnO, n 4
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Table 2, Composition of the Mixture of each Sample,

@ x=005
chemicals
o PO | LaO.; | TiO, Mnoj
¥y
0.00 925 (.05 100 -
0.01 " " D 9% 0.01
(.02 # o 0.38 G 02
I
® y=001
chemicals 5
PbO | La0, . | Ti0; [ MnO,
¥
i 025 @ 9625 | 0.025 0. 89 001
005 0.92 0.03 " ”
010 0. 85 0. 10 ” ”
015 0,775 0. 15 ” "
. 20 0.70 0. 20 ’” ”
0.25 0.625 {25 ” 1
0. 30 0. 55 0. 30 o ”
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Fig.1. Arrangement for atmosphere sintering.
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Fig.3. Percent of theoretical density versus lanthanu-
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|
%

ny

Fure FLrio, e

(i S17
()
200y

%= 03

=010

I

20

S

1417k A5 2 e X-A 54
PbTi0, o %% tetragonal T2
7}8t 4% tetragonality (c/a) 7}
o}, Laake] 0.20 o4 0.25 Apejol cubic A2 & 4Fal
#hi=el] °]7e Hennings® 7} h33 0.254 0.30
spo)iiet La gke] A& dlg]2.4 MO, 2] H7t2
oqate] o SHlgeE ¢ 4 got.
59 29 §& Lacke]l mE
tetragonaltity £ v}e] o). tetragonality 9
L. _‘?_7]_; 2 4d

A 7]’ °l

Z1

a

AL o]

Pt

c’L,T

a9

ro

ol
DN
—_

uju
o B

=3

o ofw

Di’_‘
e
-,

EA4 = Slater” ¢ |4t
(001} Aol Qojee] 2y
Aol An A

[E I = s BN
i

agich, WA
Z e Tish 09 4

PhTiD, ol A= Phel 09 &

(ST}

A=f 25

oy
200y

i

Fig 4. X -ray diffraction patterns of each composition sintered, at 12607 for Lhr.

(324>

o] %5 7|



CPby_nex Lag){Ti;_y Mny) O 412

4.0
-
"
4.10
.‘\
‘\
5 600
% \.
u -
= a mo . e
® 3.904—0—a ——0 ° ¥
o
6.0 F
- [
= 6.0
a
2
g .- Ay
51 0 \\“‘—_&
-
T
Ca
a0.0 T
.05 010 C.l= G.20 C.25 £.30 ~

Fig 5. Lattice parameters in the solid soluiion
{(Pby1s:Las) (TieaMne i O as a function of
laninanum content x at room temperature.

Cryalal totvogogal ftylofal

A % oA

Mg

1 05y

203
2=
N
®

\

\

\
[s] 1 1 ) 1 i 1

0 .05 0.1a 0,13 0.20 08 .30

La conzent x

Fig.6. Crystal tetragonality as a function of lanthanu-

m content x.

(€) x=0.15

Fig.7. SEM photographs of each composition sintered at 1260°C for 1 hr{chemically eiched).

A 2530 A 4E(1988) (325}



CPERE L L

kjeliing
,
E &00 /f——'—“‘—‘__'o = 2000
3 o -
= .\ 3]
= - 1ooc
g anu | R
=
. 490
z
< oo
E
o1 or 160«
2 .
. /rin—i‘_“—u
£ 10 . 1o
= 4\ b
% b L
H rans

o e 6o
vnlin {ontenc v
Fig 8. Relative dielectric constani, dissipipation

factor and coupling facter as a [unction Mn(,
conlent in (FbygssLaees) (Th-yMng) Oy

L

c/a7f i

B3¢l o7

@ £ g5t

Aol oA 2

=3

dobn

gL 2|2 e] SEM ApA
ejr}. Lazre] 5mole% ©| 3} 7| %e| gen 4
Aol A4 #H7 gohart La kol 5 7 ghslnl A
o7z 7|7 Az o] Ph-vacancy 9ko Bl
o el diffusion flux 7} &= o] 2L 57} W=tz
2sz A2,

1

2 Mn ol o 884 %S
s4% »}w . Mag WA E o
A g Wesh RAAEsH FAEAAS)
. Mn0, & Bl 23k A4 5ot
ERECEEE ‘il

O

et i

er e

A

=2
-

feAbak Aot 7}-6H1 ?{Joll EH?-‘/J' il
o] tan ¢ o 7] ed5}7] 3|&ul chmic conduction #
15 23 oz v 4 U & otande A
ohmic 4 %3} reactive 4 &9 w2 ﬁﬂ&]%iﬂ o
iz £4& <vlih A |

dle s Fok o el st 2 Ar)A

A4 L phmic

Fig.9. Temperature dependence of relative dielectric
constant measured at 10 kHz.

e
(72g, 425Ra0.05) 1 Tr ] ~yhing 103
o s
ool :‘5\ PR
"\
7w \.\\{\l
i \r
N
o - p
\_%{\
16 \¥§3
16" —

100 200 300 (1] 300

Tempetature (")

Fig.10. Temperature dependence of electrical resisti-

(326D

vity in  (PbysesLages) {Tii-yMny) 05 solid
solutions,
A EFo] MnO, ¥ #rbe AEES ahLAldd, 5 A
ol Fo1390 FALAAS ol RADA,

21 0 BRI b Al i 2§
A4 HaE vepde ek #4 8 PhTiO; & 2
curle peint = 490°C 2|+t La g ko] F7tdr% ’ﬁ’d "'u"

2.9 %3 A



{Pby_1.5x Lag)(Ti;_y Mn

el

a x=0.023

A x=0.03

1l 4 x=0 10
41 x=0.135
X x=0.20
& r=0.15

Renisblvity (R om)

1 1 | S

(P .y 5eliy ! (Tig. ggilop, p1 13

Tig.11. Temperature depencdence of electrical resisti-
vity in  (Pb.;sLay) (Ti,-yMn,]0; solid
solutions.

e 7 cfad

A3k, o] AL tetragonality 2 9=
27} delal L os] g},

7 e vre) o] &

4. A7H FA

28 108 Lag ok% 0 05 £ 3l Mn ok 0.01, 0.
02 & A3 ol wA S Lo et 2478 Jo
ot Mn cke] 0.01 4l vl go] doid oz =& ol
2 Ueda 5% ¢ #9} 24 %e}. Hennings 5% & ESR
Z 998y =3 b2 Mo A A g 24054
o}, e 2fElel O, 2 PO 9] F7| o] W& o) ABO, T
o4l AAeld] Ma™ 7} A5, Mn*™ = A, Bl
o4 A4 + g, PhO ¢ £7] ‘1}01 & e Mn**
Z Baigle AAddvn gt £ 4¥E PbTi0,
2oh & PhO3719hS 2l PLarD, 4 $47] &
2 Agdte] YA wEel Mn s Fﬂ/‘l e
£ t47te =Heof BalElz A#sy+ Hlez 4743y
ARSI 7| E AHElA geka] W] +3 ?} R
dolth, uleba] Abd Pge] Az slelA =t AskR A

1

& sof wlAge] EohE Hoz A

~

A 259 A 45(1988)

D0 A Fa o gy

3,000

. TR
3 r ./‘ \‘ = i.o000 F

aer 2 = 1,000

ﬂ)
=
o
Moy hemical quallty Cacuon thy

Caupl fng Taetar ke ky,

" 1
0 b1 ] 135 20

Lanthanum content »

Fig.12. Lanthanum content dependence of coupling
factars (kp, k.) and Qy of samples poled at
150 for 30min under 50 kV/cm.

28 118 Mnoks 0.01 2 nAste Lag) oks #H3
Aze Ae wAR A3E e Lav e Hole

Ph* & | %slui 4| Ph-vacancy & A4 5ke] o)A 5
vagsz ¢od PhTi0, Bobe & slAdgs 2t
tt. La ool;cxl Z784 2 Ll]:z-}ﬁ‘lo} :fu]-ﬁ’lﬁ], ;g.ﬁkcl ~}::‘ﬂ"

Bl o ST AR AL ol 5A 23 A
#AA el ot A5z ARHc

5. 4HFA

(Pbi_y sla,} (Tii-,Mny) Og Alel 4] x=0.062 5= ¥
5 g zE we] ARASE kst AAE AT Qo
% 28 gel, y=0.01 2 &= Lazg WatAzds 44
ke kp Q& 23 129 vpepdlel.

Laskg 2472 Mngs deAgE o 1mole%
MnO; ol A ki Zhe] 46% % Ztigg 2ed3lev] Mook
& 27472 Lasks | 3A2S ol 0.025 2 0.10 Ao
off A 2elzh-d welFalel, of2fgh H 4

fay be Adyy 75
Oﬂ =] 713 domam boundary o) ¢l whe}l o EFake]
7hedl gt 5=

vl s A o] A ek
Ag Ao Aol Aoz A7EA

Lacgte] 0.02509] 4 0.209] tetragonal 5 & of 4]
thickness coupling factor{k.) % planar coupling factor
(ko) obe] w)7} ol F& & & gled] ol AA o
Ak £-34 2 QA 28 907 domain wall 9] o] 5]



R R L B

L. (Phirsxlay) (TihgeMngo,) Oy Aol 4] La oke] Z5}
THE A d5st b e o He Ph ol
La** 7} A 35 o2y Phvacancy 7} #415]¢] diffusion
flux & F741A 225 Fol5H s F20 tetragona-
lity 2} curie point & 7AA7leh. 4 tetragonal ol A
cubic ©.2 ¢ 4bg el 0.20¢x40.25 Ao oA Lojritt,

2. (Phyislay) (TiheeMngg, ) O; A2 tetragonal o<
ol dl A FA 52 A4z 9len thickness
coupling factor (k:)+& x=0.05 o] 4] &djghe zt=c},

3. (PbosssLages) (Ti ,Mn,) Oy Alell 4 y=0.01 4w
thickness coupling factor (k,) 2} v]A &o] H Q7L 7}

o fAAss SHEAASE Aagd A,

o] ub 4] o]

REFERENCES

1. G.Shirane and S.Hoshino, *“On the Phase
Transition in Lead Titanate”, J, Phys. Soc. Japan,
6(4) 265-270 (1951).

“The

2. D.Hennings, Range of Existence of

(328)

. Y.Matsuo,

. B.D, Cullity,

. J.C.Slater,

. 8. Tkegami, [. Ueda and T.Nagata,

. D Hemnings and H.Pomplum,

Perovskite Phase in the Systen PbO-Ti0,La,0,",
Mat, Res. Bulf., 6{(5) 325-340 (1971).

“Lead
Titanate Ceramics Doped with Manganese Oxide”,
J.Am, Cer. Soc., 48(2) 111-112 (1965)

M.Fujimura and H.Sasaki,

. 1.Ueda, “Effects of Additives on Piezoelectric and

Related Properties of PhTi0; Ceramics”, Jpu. J.
Appl. phys., 11(4) 450-462 (1972).

Elements of X-ray Diffraction,
Addison-Wesley Publishing Co., 338 {1967

. IRE Standards on Piezoelectric Crystals, Proc,

IRE, 49 1161-1169 (1961).

in Barium
Titanate”, Phy_. Rev., T8(6) T48-761 (1950).
“Elect-

romechanical properites of PbTi0; Ceramics™, J.
Acous. Soc. Am., 50(4) 1060-1066 (1971).

“Lorentz Correction

“Evaluation of
Lattice Site and Valence of Mn and Fe in
Polycrystaline PhTi0; by Electron Spin Reschance
and Thermogravimetry™, f.Am. Cer. Soc., 57
(12) 527-530 (1974).

IR R



