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High sinterability of Ca-PZT, synthesized
by polymeric and partial oxalate process
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This study includes Ca-PZT in the morphotropic phase boundary, MPB process combining
the Pechini method, (ZT) and the Partial oxalate method (Ca-PZT) by obtaining single phase
particles of ZT phase with a high specific surface area (~110 m?/g at 550° C) and narrow
particle size distribution. Lead and calcium oxalates were precipitated onto the ZT particle
surface and reacted to a solid state interface ZT/Ca-PZT/PbO-CaO. A deviation of a
coexistence region from Fy- and Fg-phases to Fg-phase (Zr rich region) was observed.
Strong surface area reduction occurs by Ca-PZT crystallization at about 700°C, and
demonstrated high sinterability (2.40 m?/g — 350 nm) with apparent densities near to 99.9%.
Different processing methods did not demonstrate superior results. Studies of calcined
powder shows a high sinterability of powder calcined 3 h at 700° C and sintered 3 h at
1000°C coming up to 99.8% of relative density. © 2001 Kluwer Academic Publishers

1. Introduction agent and obtained PZT powder at 48D The same
PZT ceramics as ferroelectric and piezoelectric mamethod was used by Muralidharaet al. [14] who
terials have excellent scientific interest and a varietyobtained nanometer particles of PZT at temperatures
of technological applications [1, 2]. Additions of met- about 600 C.
als and rare earths [3] in AB{perovskite structure Synthesis of PZT using cores [15] off and
lead to an optimization effect of its properties. How- phases and alcohoxides as precursors shows densities
ever, factors such as synthesis, method of powder forbout 7870 kg/my 2 h atL000'C, and surface area of 8.9
mation [4], calcination and sintering [5] increase them?/g. Kim et al. [16], obtained reactive powder PZT,
apparent density with a consequent improvement oWith high density after sintering by solid state reaction
its properties. Among various PZT compositions Zr/Ti below of 1000 C. Partial chemical methods used by
(0.53/0.47) has excellent electrical properties. Accord-Kakegawaet al. [6] and Yamamoto [4] decreased the
ing to some authors [6, 7] compositions of Zr/Ti ra- compositional fluctuation and formed a highly reac-
tio between 0.5Z x < 0.54 in the morphotropic phase tive powder. Yamamoto synthesized ZT{zirconium
boundary region (MPB) could have tetragonal phasditanate) by hydrothermal method and precipitated
(F7) (Tirich region), rhombohedral phasef)fZrrich ~ PbGO,4 onto the crystalline surface of ZT particles
region), however a coexistence of end g phase obtaining PZT by solid state reaction. The powder
could occur [8, 9]. At temperatures higher than thecharacteristics and the sintering process lead to a ho-
Curie temperature it shows paraelectric cubic phasenogeneous microstructure and high density.
(Pc). Kimura et al.[17] synthesized ZrTiQby precipita-
Traditional oxide mixtures could lead to intermediatetion at 750C, reacted with PbO particles, obtaining
reactions such as lead titanate, (PT) and lead zirconat€ZT. Citrate solutions of Zr, Ti and Pb of different
(PZ) phase formation [10]. A consequent agglomeratedompositions were calcined obtaining PZT phase
powder with poor homogeneity and variable composi-at 700C and r phase at 80C. Choyet al. [18] ob-
tion (compositional fluctuation) caused electric prop-tained a stoichiometric fine powder at @by using
erty degradation. a co-precipitation method. Precipitated powder of PZT
Various chemical synthesis methods as sol-gel [11]by Raoet al.[19] was sintered and showed high density
precipitation [5], organic precursor synthesis [12], haveat 900C.
been used due to formation of fine powder with stoi- Cerqueiraet al.[12] synthesized ZT by the Pechini
chiometric control and without cations segregation aftermethod and partial oxalate [20]. Surface area of about
calcination that leads to high densities after sintering40 n?/g with high homogeneity and sinterability lead
Fernandeet al.[13] used sol-gel method with EDTA to dense PZT.
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TABLE | Precursors used for synthesis of Ca-PZT monochromator. Decomposition of lead and calcium
oxalates were observed by thermal analysis (DTA) and

Reagents Origin Purit . . . .
9 9 Y thermogravimetric analysis (TG) from ambient tem-
IV Titanium propoxide Aldrich 99.9 perature up to 100C€. Surface area and distribution
IV Zirconium propoxide Aldrich 99.9  of average particle size were obtained by an ASAP
ée?c! ”'t”d_f_d E; '\gelrkd y 93597 2000 model, micromeretics and a sedigraph 2000, mi-
alcium nitriae leael-aeraen . . - . . .
Oxalic acid E Mork 999  Cromeretics, respectively. Qualitative analysis of pow-

der by the Rietveld method [23] shows the presence of
different ferroelectric phases at different temperatures.

Some works [21, 22] demonstrated that additions of
metals of periodic Table Il A, such as Mg, Ca, Sr and2.4. Crystal size
Ba to PZT did not lead to densities near to theoreticalPeaks of (111) planes of Ca-PZT, determined the crystal
Thus, the subject of the present work is a synthesis o$ize by using the Sherrer equation:
(Zro53Tip47)02 phase by Pechini method, a final syn-
thesis by partial oxalate method and a study of powder AK

sinterability of Pblggca).01(zro'53-|—i0.47)03. D= (IB 0039) (l)

where, D is the crystal size) is the wavelength
2. Experimental procedure (CuKgy), K a constant angs is the half-width of
Table | shows analytical grade reagents for the chemidiffracted peak. As a correction for instrumental line
cal synthesis of Ca-PZT. Two stages of synthesis werbroadering
carried out, such as titanium zirconate phase, (ZT) by
the Pechini method and Pb with calcium oxides onto —J/B2_p2
ZT particles, Ca-PZT by partial oxalate method. g 8e-b @

was applied, whereB is the half-width of the Ca-PZT
. o (111) peak andb is the half-width of (004) plane of
2.1. Synthesis by the Pechini method metallic silicon as an internal pattern. Only one plane
Zirconium and titanium citrates were prepared by Us-nalysis will not be sufficient for a final conclusion,
ing zirconium (-1V) propoxide and titanium (-IV) iso-  considering that different shapes and sizes of crystals
propoxide respectively with citric acid at 9. Zir-  ¢oyid occur. In this study, the diffraction peak profile
conium and titanium citrates were mixed separatelyyas fitted using a pseudo-Voigt function to calculate

in ethylene glycol at 9@C. A sterification reaction the full width at half maximum (FWHM).
between 90C and 120C for 30 min. was used. A

polymerization process at 120 and decomposition at
320’ C/2 h lead to a dark powder formation. The pow- 3. Results and discussion

der was grounded, sieved at 200 mesh and calcingd f?—rig. 1shows ananalysis of the X-Ray diffraction pattern
3 h_between_55®(_: and 700 C! gving monoph_asm from the amorphous resin until the ZT crystalline single
ZrTiO4. A cation mixture of Zr/Ti with a molar ratio of phase formation at about 70G. Final decomposition
0.53/0.47 was prepared. of resin with an increase of crystallinity was observed
higher than 550 C. Similar results were obtained by
. . Navio et al. [24] that who reported the synthesis of
2.2. Ca-PZT synthesis by partial ZT at 650 C by using the co-precipitation method. The
oxalate method , _ _use of polymeric precursors in ZT synthesis by Leite
ZT crystalline powder was dispersed in water mediag; g|. [25] shows 80% of ZT phase formation at 550

cium nitrate solutions with stoichiometric molar ratio

0f 0.99/0.01 respectively were dripped into the solution
and simultaneously precipitated onto the ZT surfaceswn
at pH= 12 using ammonium hydroxide. The precipi-
tated mass of ZT/(Pbf04-CaG0O,) was filtered, water
washed and heated 12 h at 1012 h. The dried pow-

der was calcing 3 h between 600C and 800 C using I Crystaliine phase
a heating rate of @/min, then granulated and sieved
at 325 mesh and the phases were analyzed by XRI
method.

cps

2.3. Characterization

Both, ZT and Ca-PZT phases were analyzed byoao
X-Ray diffraction pattern using a Siemens diffractome-
ter model D-5000, withK «Cu radiation and carbon Figure 1 X-ray diffraction pattern of resin and of ZT phase formation.
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Figure 4 Differential thermal analysis, DTA of ZT/P04-CaGO4
Figure 2 Surface area of calcined powder of ZT phase from°35Q0 decomposition.
700° C/3 h.

Fig. 5 shows the analysis by X-ray diffraction pat-
tern of calcined powder at 400 demonstrating peaks

5

§ ] of PbO phase and Ca-PZT phase formation at about
2 ] '\_ 700°C, they are not clearly observed by TG-DTA. Due
g \ to small concentrations of calcium in PZT no peaks of
= T PbO Loss this phase were observed by XRD. Two simultaneous
o -104 / -l / reactions for the Ca-PZT formation occur, such as:
o 4
| .
154 Decomposition of \ﬂ ZT + PbC204 — Pbo+ CO+ COZ, (3)
Peeoccaco, | | ZT 4+ CaGOs — CaO+ CO+COs,  (4)
20 T T T v T v T T T T T
0 200 400 600 800 1000 ZT _|_ Pbo+ Cao_) Ca_ PZT (5)

Temperature ("C)
Close to the contact regions of ZT particles and PbO-
CaO phases an interface formation of Ca-PZT crys-
talline phase occurs with growth between 5%hd
800°C. From 700C to 750C a coexistence between
[12] was analyzed by FT-IR and XRD and showedF; (Ferroelectric tetragonal phase) ang (ferroelec-
high reproducibility of phase and powder character-tric rhombohedral phase), was observed Fig. 6a. Inves-
istics. A solid state reaction between Gi@nd ZrQ  tigations about the MPB show the same results [14,15].
required high temperatures1000C) to form a single  However, higherthan 75C a dislocation happens from
ZT phase, and intermediate phases could occur. Fig. By and R (Ti rich region) to Rk (Zr rich region in
shows the surface area of about 119 grat 350C de-  the phase’s diagram), Fig. 6b occurs. These results
creasing to 22 ®ig at 700C. The high decreases of are according to Cerqueiret al. [26] that obtained
surface area at approximately 5380is coincident with Fr phase processing Ca-PZT.%3/0.47) in MPB by
the formation of ZT crystalline phase. Kimwtal.[17]  co-precipitation method. According to certain authors
processed ZT by using the co-precipitation method an@6—8] a Zr and Ti migration into the lattice happens
obtained minor values of surface area and temperaturdue to a likely difference of chemical potential caused
for phase formation. by non-homogeneous microregions. Such experimen-
Fig. 3 shows a thermogravimetric analysis, TGAtal evidences demonstrated that a strong coordination
of ZT/PbGO4-CaGO,4 mixture. Between 25@ and  between atoms of Ca and Ti forms a stable CaTiO
380°C a decomposition of oxalates onto the particlesfavouring the growth of g phase in Ca-PZT.
of ZT phase was observed. Analysis by XRD (Fig. 1.) Fig. 7 shows the surface area of a mixture of ZT/PbO-
did not show crystallinity of powder lower than 6@0 CaO and Ca-PZT phases mixture demonstrating a de-
during the calcination. Peaks of PbO (100%) phase inerease from 3.25 ffg at 600C to 1.20 ni/g at 800C
dicated formation of a crystalline interface between thdfor the Ca-PZT phase. The Ca-PZT phase was formed
ZT and PbO-CaO phases. Formation of Ca-PZT phasand new particles were incorporated, which showed a
at approximately 700, observed by XRD was coinci- strong surface area reduction as a function of the tem-
dentwith aloss of mass by TGA. The DTA curve, Fig. 4 perature. The kinetics of particle growth has been opti-
shows an oxalate decomposition by an endothermic remized for temperatures of calcination close to 6Q0
action. The peaks that are shown by XRB6QO°C) of  because at this temperature all organic material is de-
PbO and Ca-PZT phases crystallization did not appeatomposed and the phases show high crystallinity which
clearly by DTA analysis. The Ca-PZT phase growthavoids interference with mass-transport process. Dur-
across a PbO-CaO/Ca-PZT/ZT interface at the sensag the calcination two diffusion processes occur:; At
of the external surface of the particle with a completefirst a diffusion process of PB and Ca? into the
reaction near to 700C and was not detected by DTA. PZT lattice (by interface); second by an agglomeration

Figure 3 Thermogravimetric analysis, TG of ZT/PpGs-CaGO4
decomposition.
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Figure 5 X-ray diffraction pattern of Ca-PZT formation from 60C to 800 C/3 h.
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Figure 7 Surface area of ZT/PbO-CaO and Ca-PZT phases from®&00
to 800°/3 h.

between particles occurs. The observed reduction of
surface area of the ZT crystalline phase, (Fig. 2) caused
by the oxalate precipitation, happened at GDMhe-
tween 70.00 rf/g to 3.25 ni/g.

Comparisons between the particle size obtained by
BET and the Scherrer equation by using XRD, (Fig. 8)
shows anincrease of crystal size and strong decreases of
average particle size. Reduction of surface area shows
the same tendency of decrease in the average parti-
cle size. At the beginning of resin decomposition an
amorphous formation is formed at the presence of de-
composed salt and due to this, strong agglomerate was
formed. During the crystallization of Ca-PZT kinetic
temperature led to decomposition of agglomerates, ob-
served by a decrease of average patrticle size. Due to a
break-up of agglomerate particles an increase of grain
distributions occurs and diminished the average parti-
cle size, however an increase of single particle, due to



TABLE Il Surface areas of ZT phase and Ca-PZT phase and averagg/hich led to dense Ca-PZT synthesis. Studies of cal-
particle size of Ca-PZT cium doped PZT by using coprecipitation method [26]

Temperature  S.A.(ZT)  SA(CaPzT)  APS.(Capzr) ShOws approximately 98.4% of apparent density. Infe-
©C) (m2lg) (mlg) (nm) rior measures of electrical characteristics of Ca-PZT are
attributed to the small values of density obtained with
350 110 - - the additions of calcium. The low sinterability of cal-
Zgg 123 305 250 cium is attributed to the low diffusion of G4 caused
700 29 2.40 350 by large ionic radii. During the competition between
800 - 1.20 370 the ions in the lattice there is a high activation energy
necessary for ion diffusion. Chemical processing leads
to an approximation at atomic level and diminishes the
70 — path of diffusion in the lattice.
v . 800
- T \ q700 2 .
E \ 3 4. Conclusions
g 7 {o00 & The ZT phase synthesis processed by polymeric pre-
f w0, ) cursors leads to high homogeneous powder forma-
£  s00 g tions, narrow average patrticle size, surface area from
§ o ® 108 nt/g at 550 C to 22 nf/g at 700 C/3 h with high
G . 18 crystallinity.
) — o B Decomposition of ZT/PbgD, — CaGO, shows a
g——" V\/ he formation of a PbO phase under the ZT phase, and
0 200 the formation of f and r at 550 C which was trans-

500 650 700 750 800 formed to i phase in Ca-PZT at nearly to 7QL¥3 h.
Sintering with different calcining temperatures shows
_ _ o ‘that optimum powder characteristics were observed
Figure 8 Comparisons between crystallite size (nm) and average partl-at 700C/3 h reaching 98.8% of relative density at

cle size (nm) of Ca- PZT from 600 to 800 C/3 h. 1000 C/3 h. Such processing leads to high homogene-

ity of phases and inhibits a loss of mass occuring during
Knng Temp.

Temperature (°C)

the sintering of PZT which diminishes the bulk density.
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