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The microsiructures of ferroelectric 
and of the :nany process variables asi ociated with row materials, ponder 
processings and ceramic firing. Metal ion substitutions of higher than 

ceramics are a result cf the dopants 

normal valency are used as sintering 
tricaX resistivity^ and tc develop mature homogeneous micro-

structures with desirable piezoelecti 
vestigaticns are reported here for tJ 

aids to promote densification3 to in­
to and ferroelectric properties. In-
e barium modified lead zirconate sys­

tem which is analogous to the lead &irconate iitanate system3 in which lib 
is used as a sintering aid. Tlie mor[hology arid concentration of the lib ere 
shown to affect both electrical properties atid the micros true lure. 

INTRODUCTION 

This study was initiated as a result of other work* which indicates that thi 
barium modified lead zirconate system (PBZ] would be analogous to the titanium mot if 1, 
Lead zirconate system (PZT) with advantage; in manufacturing due to improved thernal 
ixpansion properties and suitability of hx\h. pressure phases for depoling application 
Niobium in particular, as an additive, pror.otes both sintering and stability of tl 
jrthorhorabic antiferroelectric phase under high pressure. It was found that the \rop£r-
:ies of interesting compositions was depen<ent on the type of Nb compound used to dop 
:he compositions. This study shows the major physical and electrical differences whifch 
lepend on the form of the Nb dopant. Base< on extensive use of Nb dopant in the IJZT 
system, it is believed that the type of bel avior seen in this system is typical o 
family of modified PZ materials, I 
EXPERIMENTAL PROCEDURE | 

> This work was sponsored by D.O.E. contract //DE-AC04-76DP00789. 

Compositions were prepared according(to the general formula, 
b 0 94-x/2 B aO 0 6 ^ Z r 1 ° V T h e C a W m a t e r : k a l s w e r e P b 0 » BaC0 3, Zr0 2, N b 2 0 g , and tjb-
>xalate as a water solution and were of reagent grade. The zirconia was exceptioTall -
Low in Ti content (280 ppm) . The niobium-ixide powder had an average particle si 
3.5pm. The starting materials were wet mii led with water, dried, and 
:alcined at 900°C for 4 hours in open crucibles, 
tours, dried, and pressed into pellets of i 
fere buried in PbZrO- powder to maintain a PbO rich atmosphere and fired at 1340°Cl for 

The powder was milled in water 
5 mm diameter by 10 mm high. The pel 
PbO rich atmosphere and fired at 1340°C 
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RESULTS AND DISCUSSION 

The undoped P3Z specimens sintered very -poorly with bulk densities only abogjt 
Durplty 
"dif 
. [The 
eloped 
ive| 
t the 
sin 

7.2 Mg/ra-* and grain sizes of £ 3 ra. Thes 
of the raw materials. A one mole percent 
ference in the sintering, bulk density an 
rapid sintering and unimpeded grain boundary motion due to the Nb substitution e; 
numerous pores and resulted in large 40-61 

amounts, the rapid growth is impeded. On 

results attest to the relatively high 
(M/0) addition of Nb makes a remarkabL 
I grain size as shown in Figures 1 and 

)Ltm grains. At two M/O and larger addi 
y a few grains contain enclosed pores 

2 M/0 level. The grain size is decreasing and the range of g^ain sizes is incre; 
As more Nb is added, the grain developmen : Is further impeded and smaller grain 5 ize 
result. At four M/0„ some clusters of very small grains appear with the oxalate ad­
ditive which are not evident in samples nu.de with the oxide. The more .ipparent i rans 
granular fracture in the three percent ox; late sample is probably a result of tht 
fracturing technique. 

The reduction in density from 1 M/0 Mb to 4 M/0 (Figure 2) is greater than <an he 
accounted for by the increase In lead vacancies from the Nb additions. However 
differences are not major ones and the twi forms of the additive behaved in a sii 
manner with respect to bulk density and gtfain size. 

The FE-PE transition temperatures are plotted (Figure 
and significant change with each mole percent of niobium, 
produced the same results within 1°C. One mole 
percent results in_a 9°C difference in the trans­
ition temperature. The shape of the dielectric 
constant versus temperature plot was similar fnr 
all samples. There were many cracks observed in 
these sintered pellets. The color and teiture 
were generally uniform within samples and[not 
distinctly different between the oxide and 
oxalate additive. These results indicate that 
the Nb was uniformly distributed and the name 
composition resulted for the two additive 

4 hours. Samples were cut from the centers of the pellets and electroded with ail aijr 
drying silver preparation. 

Densities were measured by che Archimedes method using Freon-TF liquid. Th<[ tem­
perature of the ferroelectric-paraelectrifc (FE-PE) transition was measured from ihe [ 
peak of the dielectric constant versus temperature curve measured at 1 KHz. Rem; nei 
polarization was measured from 0.05 Hz hysteresis loops to a maximum field of 4M\ /m,l 
which is at least thr e times the coercive field, using a Sawyer-Tower circuit.2 Th, 
microstructures were ibserved from SEM photographs of freshly fractured surfaces 

urplt 

3) and show a very 
Both the oxide and oxalate 

these 

form, 

forms. 

Grain growth inhibition has been observed 
for Nb doped BaTiO-j when the Nb is concentrated 
at grain boundaries.-** 4 The nonhomogeneoms dis­
tribution of Nb is the reason that two peaks in 
dielectric constant versus temperature ctu[ve 
were observed. In samples with the same average 
Nb concentrations that had different therifal 
treatments and which yielded large grain 4izes, 
single peaks were observed indicating a hcmio- j 
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FIGURE 2, BULK DENSITY AS A FUNCTION 
OF NIOBIUM CONTENT 
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FIGUlif 3. Teausmntj TFMPFRATURE AS A 
FUNCTION OF NIOBIUM CONTENT 
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At 2 M/O the difference in Pr is 2.8 x 10*C/m 2 and increases to 4.2 x 10 2C/m 2 at 
4 M/O. 

itive xomis 
ate ad'ditiv 

Loops after hot poling at 105°C and 3.3 MV/m are similar for both add-
at the 2 M/O level of Nb. As more Nb is ysed, Pr in samples with the oxalai 
decreases more rapidly than with the oxide additive. The reduction in grain size m,ty 
correspond with the general decrease in Pr as the Nb concentration is increased,p The 
difference is Pr beLween the oxide and an oxalate addition cannot be satisfactorily! 

plained with the data available at this time. 

1 M/O Nb, adiieci to P3Z compositions greatly enhances the s 

CONCLUS ION'S 

Small amounts, 
ing rate and growth. Larger additions impede grain growth and reduce remanent pbla 
zation. The morphological form of the additive causes some differences in micro*-
structural features but these are small and equivalent to less than 0.5 M/O of the 
additive. A real but unexplained difference exists in Pr between the oxide and pxa 
additions. 

j | a te 
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The microstmatures of ferroelectric 
and of the many process variables asi 
processing, and ceramic firing. Mete 
normal valency are used as sintering 
crease electrical resistivity, and tc 
structures with desirable piezoeleoti 
vestigations are reported here for t) 
tern which is analogous to the lead 
is used as a sintering aid. The mori 
shown to affect both electrical property 

ceramics are a result of the dopants 
ociated with raw materials, powder 
I ion substitutions of higher than 
aids to promote densification, to in-

develop mature homogeneous micro-
ic and ferroelectric properties. In-
e barium modified lead zirconate sys-
irconate titanate system, in which 3b 
hology and concentration of the lib are 

es and the microstructure. 

INTRODUCTION 

T h i s s t u d y was i n i t i a t e d a s a r e s u l t o f o t h e r work^ w h i c h i n d i c a t e s t h a t th< 
b a r i u m m o d i f i e d l e a d z i r c o n a t e s y s t e m (PBZ' would b e a n a l o g o u s t o t h e t i t a n i u m mo< 
Lead z i r c o n a t e s y s t e m (PZT) w i t h a d v a n t a g e ; : i n m a n u f a c t u r i n g due t o i m p r o v e d t h e n 
e x p a n s i o n p r o p e r t i e s and s u i t a b i l i t y o f h i j h p r e s s u r e p h a s e s f o r d e p o l i n g a p p l i c a t 
Niobium i n p a r t i c u l a r , a s a n a d d i t i v e , p r o n o t e s b o t h s i n t e r i n g and s t a b i l i t y of t l 
i r t h o r h o m b i c a n t i f e r r o e l e c t : : i c p h a s e u n d e r h i g h p r e s s u r e . I t was found t h a t t h e 
i e s o f i n t e r e s t i n g c o m p o s i : i o n s was depen t e n t on t h e t y p e of Nb compound u s e d t o 
he c o m p o s i t i o n s . T h i s s t u d y shows t h e ma 

l epend on t h e fo rm of t h e Nb d o p a n t . Base< on e x t e n s i v e u s e of Nb d o p a n t i n t h e IZT 
o r p h y s i c a l and e l e c t r i c a l d i f f e r e n c e s 

s y s t e m , i t i s b e l i e v e d t h a t t h e t y p e of bet 
fami ly of m o d i f i e d PZ m a t e r i a l s 

EXPERIMENTAL PROCEDURE 

. a v i o r s e e n i n t h i s s y s t e m i s t y p i c a l oi 

The r aw m a t e r i a l s w e r e PbO, B a C 0 3 , Z r 0 9 , N b 2 0 5 , 
i g e n t g r a d e . The z i r c o n i a was exc 

, T h i s w o r k was s p o n s o r e d by D . O . E . cc 

a n d I b -
e p t i o i a l l ; 

C o m p o s i t i o n s w e r e p r e p a r e d a c c o r d i n g t o t h e g e n e r a l f o r m u l a , 
' bn n/ ./<>Ban n.Nb Zr. 0„. 0.94-X/2 0.06 x 1-x.J , ->xalate as a water solution and were of re, 
Low in Ti content (280 ppm) . The niobium-'Jxide powder had an average particle si 
).5pm. The starting materials were wet milled with water, dried, and 
:alcined at 900°C for 4 hours in open crucibles 
lours, dried, and pressed into pellets of 25 mm diameter by 10 mm high. The pelle 
jere buried in PbZrC,. powder to maintain a 

The powder was milled in water 
.ameter by 10 mm high. The pel 

PbO rich atmosphere and fired at 1340°( 
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A hours. Samples were cut from the centers of the pellets and electroded with s£ ai(r 
drying silver preparation. 

Densities were measured by the Archimedes method using Freon-TF liquid, Thijr tem­
perature of the ferraelectric-paraelectrifc (FE-PE) transition was measured from i he I 
peak of the dielectric constant versus temperature curve measured at 1 KHz. Rem*nenjt 
polarization was measured from 0.05 Hz hysteresis loops to a maximum field of 4M^/m,| 
which is at least three times the coercive field, using a Sawyer-Tower circuit.2 Xh.e 
microstructures were observed from SEM photographs of freshly frnctured surfaces 

RESULTS AND DISCUSSION 

* The undoped PBZ specimens sintered very poorly with bulk densities only aboi 
7.2 Mg/m-* and grain sizes of <_ 3 m. Thes : results attest to the relatively high 
of the raw materials. A one mole percent (M/O) addition of Nb makes a remarkabli 
ference in the sintering, bulk density an 1 grain size as shown in Figures 1 and ; 
rapid sintering and unimpeded grain boundary motion due to the Nb substitution ei 
numerous pores and resulted in large 40-6j)um grains. At two M/0 and larger addi 
amounts, the rapid growth is impeded. On .y a few grains contain enclosed pores ; 
2 M/0 level. The grain size is decreasing and the range of grain sizes is incre; 
As more Nb is added, the grain developmen : is further impeded and smaller grain ; 
result. At four M/O, some clusters of very small grains appear with the oxalate 
ditive which are not evident in samples mi.de with the oKide. The more apparent 
granular fracture in the three percent oxalate sample is probably a result of th< 
fracturing technique. 

The reduction in density from 1 M/0 Mb to 4 M/0 (Figure 
accounted for by the increase in lead vacancies from the Nb 
differences are not major ones and the twi forms of the addit 
manner with respect to bulk density and grain size. 

The FE-PE transition temperatures are plotted (Figure 3) 
and significant change with each mole percent of niobium. Bo 
produced the same results within 1°C. One mole 
percent results in_ a 9°C difference in the trans­
ition temperature. The shape of the dielectric 
constant versus temperature plot was similar for 
all samples. There were many cracks observed in 
these sintered pellets. The color and teiture 
were generally uniform within samples andjnot 
distinctly different between the oxide and 

2) is greater than 
additions. However] thfe 
ive behaved in a similar 

and show a very uniform, 
th the oxide and oxalate 

purjity 
dif-
|The 

clojsed 

sink. 
izep 
ad-| 
rans-

oxalate additive. These results indicate 
the Nb was uniformly distributed and the iame 
composition resulted for the two additive 

that 

forms. 

Grain growth inhibition has been observed 
for Nb doped BaTiO-j when the Nb is concentrated 
at grain boundaries.^>^ The mmhomogeneotks dis­
tribution of Nb is the reason that two peaks in 
dielectric constant versus temperature cuyve 
were observed. In samples with the same average 
Nb concentrations that had different thermal 
treatments and which yielded large grain ^izes, 
single peaks were observed indicating a h<jma-
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At 2 M/O the difference 
4 M/O. 

Pr is 2.8 x loSc/m 2 and increases to 4.2 x 10 2C/m 2 at 

i 

Loops after hot poling at I05°C and 8.3 MV/m are similar for both additive tongs 
the 2 M/O level of Nb. As more Nb is (ised, Pr in samples with the oxalate additive 

decreases more rapidly than with the oxide additive. 
correspond with the general decrease in Pr as the Nb concentration is increased 
difference is Pr between the oxide and an 
explained with the data available at thi; 

CONCLUSIONS 

The reduction in grain size may 
5 ^he 

oxalate addition cannot bi 
time. 

satisfactorily 

13 Z 1 M/O Nb, added to t3Z compositions greatly enhances the sint 
Larger additions impede grain growth and reduce remanent pbl; 

Small amounts, 
ing rate and growth. 
zation. The morphological form of the additive causes some differences in micro-
structural features but these are small and equivalent to less than 0.5 M/O of the j 
additive. A real but unexplained difference exists in Pr between the oxide and pxa]j 
additions. ! ! 
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