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PbMa,sNb,s0; (PMN) prepared by organic solution of citrates was analyzed by

the Rietveld method to determine the influence of seeds and dopants on the perovskite
and pyrochlore phase formation. It was observed that pyrochlore phase formation
increases with an increase in calcination time when no additives are included during the
preparation. It was also observed that a greater amount of perovskite phase appeared in
doped or seeded samples. The fraction of perovskite phase increased from 88 mol % in
pure sample to-95 mol % in doped and seeded samples calcined at'@0@r 1 h. It

is clear that the addition of dopants or seeds during PMN preparation can enhance the
formation of perovskite phase.

I. INTRODUCTION nucleatiod® through the introduction of BaTi{Qseed

PbMgysNbys0s (PMN) has been studied since particles or barium/titanium doping solution.
1950! It has perovskite (Pe) type structure ABO
at room temperature and characteristics that make il. EXPERIMENTAL
useful as dielectric in multilayer ceramic capacit®rs. Precursor reagents used were niobium ammoniac ox-
These characteristics are low sintering temperaturg|ate NHH,[NbO(C,04)] 20.5% in niobium (CBMM—
(<1000°C), high dielectric constant (8000_15'000)’Companhia Brasileria de Minefiz e Metalurgia),
and a high electrostriction coefficién{0.1%). These pasic magnesium carbonate (MdQ@/Ig(OH)z-SHZO
properties depend on the precursors’ purity, the procesgcingtica Quinica), lead acetate (GEOO)Pb- 3H,0
ing method, as well as the reaction time and temperaturgperck), citric acid GHgO; - H,O (Merck), ethylene gly-
Any change in these parameters can induce the formatiofy,| 4ocH,CH,OH (Synth), barium acetate,8sBa0,
of pyrochlore phase (Py). This phase has a low dielectrigyjtec), and titanium isopropoxide Ti(Q8,), (Rulsag).
constant (130-200)that causes the overall dielectric Standard solutions of precursor citrates were pre-
constant of PMN to decrease. The PMN was firstyareq (magnesium, niobium, barium, and titanium) and
prepared by mechanical mixture of oxide precur$drs grayvimetric analyses were used to standardize these so-
that promote the formation of pyrochlore phase. Aimingjtions. |ead acetate aqueous solution was also prepared
to get PMN free of pyrochlore phase, several PMNgng standardized by complexometry with ethylenedi-

preparation methods have been performed. amine tetra-acetic acid (EDTA). Magnesium carbonate
Swartz and Shroditprepared perovskite PMN at \yas also standardized by EDTA.

800 °C by using columbite precursor which was then
prepared at 1000C; even so, 2% of pyrochlore phase
was present. Ravindranathan al? prepared PMN by TABLE I. Preparation conditions for lead magnesium niobate doped
the sol-gel method where Pe phase could be formegith 1 wt.% qf barium/titanium Pechini solutio_n or seeded with
at 775°C. In this work they were able to prepare wt. % of BaTiQ;, and the codes used for them in the text.

pure perovskite type PMN by seeding the material withTemperaturé°c)  Calcination time (h) ~ Additive type ~ Code

1 wt. % of Pe PMN, also taking advantage of lowering

the crystallization temperature by 76. Liou and W ;88 12 g‘;ﬁim 11553;
could enhance the dielectric properties of PMN by 700 15 None 15N7
adding PbTiQ and excess of MgO and PbO. Among all 700 3.0 Seed 307
the methods described in the literature, chemical routes 700 3.0 Dopant 30D7
have shown better performance to decrease the amount 700 3.0 None 30N7
of pyrochlore phase. 288 1-8 geed t 11833

In this work PMN has been prepared by organic ' opan

. . . 800 1.0 None 10N8
solution of citrate using the concept of controlled
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then the temperature was increased to i@Quntil the
PMN complete polymerization that results from sterification
among metallic citrates and ethylene glycol in acid envi-
ronment. The so-formed resin was characterized by dif-
ferential thermal analysis and infrared spectroscdgy.
The polymer was calcined at 350—4€0 in order to
eliminate the organic matter, and the resultant material
was pulverized in an agate mortar. This powder was
calcined at different temperatures and times, and char-
acterized by x-ray diffraction and infrared spectroscopy.
Barium and titanium citrate solubilized in ethylene
Py:(0 4 4) Pe:(012) glycol with stoichiometry 1:1 were prepared to be used
as dopant. Gravimetric analysis was used to standardize
this solution. Weighted amount of this solution was
included to the PMN resin at 9 under stirring, in

order to represent 1 wt.% of the entire ferroelectric
mass, after calcination and elimination of the polymer.
The remaining solution was polymerized at 14D and
l T J ERLLL: W heated at 400C, pulverized, and calcined at 80C for
1 h. The resulting powder was characterized by XRD and
U 5 VI O TS O B IR, and then ground in a ball mill (with ethylene glycol
A N . L, ,Joss)_ as medium) for 72 h. The resulting suspension was
LA‘J\ AL_J l\ h 30N7} then classified by centrifugation, and particles smaller
than 0.1 um were selected as seeds. An amount of
A U‘LJW—JL—*—J——N@EZL—» this suspension representing 1 wt. % of seed patrticles in
ML-JJM_JKA_«_.L.. l\ A ,h3037h relation to the entire ferroelectric mass, after calcination
1 \ 15N7 | and elimination of the polymer, was introduced into the
PMN resin at 90°C while stirring. In both cases the
i J\L-N‘—'—JL—»*-LA-J—SRU—» PMN-based polymers were calcined and characterized
] U_JL_) o ‘\ L. 1587y by x-ray diffraction and infrared spectroscopy.
I T I T I T I T | BaTiO; composition was chosen as dopant and seed
20 40 60 80 100 because it is a ferroelectric material and has a perovskite
20(% type structure, with lattice dimension very close to that
of PMN.

FIG. 1. X-ray diffractograms of all samples. X-ray diffraction data was obtained in a Siemens

D-5000 model equipment with monochromatized cop-

Stoichiometric mixtures of respective cation solu- per radiation obtained by 40 kV and 30 mA filament
tions were stirred at 90C until complete chelation. current. The Rietveld methétl program used was the
At this point seeds or dopants were introduced intoDBWS9006-PC release 12.81and the pseudo-Voigt

the solution, as described in the next paragraph, anfiinction’® was applied to the refinements. The crys-

TABLE II. Lattice dimensions, molar phase percentage, and agreement factor indexes. Enclosures are the standard deviations obtained in
the computations.

Perovskite Pyrochlore Refinement indexes
Samples a (A) mol % a (A) mol % Ryp S
15N7 4.0487(2) 85.35(2) 10.6056(7) 14.65(2) 10.66 1.55
15D7 4.0474(3) 91.77(3) 10.6051(8) 8.23(2) 11.12 1.59
15S7 4.0485(2) 86.61(2) 10.6157(6) 13.39(2) 11.16 1.52
30N7 4.0475(2) 80.84(2) 10.6015(7) 19.16(3) 9.37 1.51
30D7 4.0455(3) 93.18(3) 10.599(1) 6.82(2) 11.61 1.84
30S7 4.0477(3) 89.30(3) 10.6073(9) 10.70(3) 10.32 1.60
10N8 4.0467(2) 88.04(2) 10.5962(6) 11.96(2) 10.02 1.71
10D8 4.0452(2) 94.55(3) 10.599(1) 5.45(2) 12.67 1.77
10S8 4.0459(2) 95.01(2) 10.605(1) 4.99(2) 10.83 1.75
1796 J. Mater. Res., Vol. 11, No. 7, Jul 1996
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FIG. 2. Final Rietveld plot of PMN doped with 1 wt. % of barium/
titanium in Pechini solution, calcined at 80C for 1 h: (+) observed,
yo; (—) calculatedy.; (—) residual,yo — y; () Bragg positions.
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FIG. 4. Perovskite molar percentage obtained by Rietveld method of
all PMN samples.

atomic positions Pb (2, 1/2, 1/2), Mg/Nb (0, 0, 0), O
(0.3175, ¥8, 1/8), and O’ (3/8, 3/8, 3/8). Chemical
composition of the pyrochlore phase, determined by
Wakiya et al.,l7 is Ph__gsMgo_24Nb1_7606.5.

Infrared spectrums were obtained in Perkin-Elmer-
567 and Nicolet FTIR spectrometers. All conditions
considered to prepare powders used in this work are
listed in Table I.

tal structure parameters used for perovskite (Pe) phase

weré'® space groupPm3m, a = 4.0441 A, with the
atomic positions Pb (0.027, 0.027, 0.0697), /M
(0.523, ¥2, 1/2), and O (0.540, /2, 0). The crystal

structure parameters used for pyrochlore (Py) phasH

weré’ space groupFd3m, a = 10.6029A, with the
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FIG. 3. Final Rietveld plot of pure PMN, calcined at 700 for 1.5 h:
(+) observed,yy; (—) calculated,y.; (—) residual,yo — y.; (I)
Bragg positions.
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[ll. RESULTS AND DISCUSSIONS

All samples considered in Table | were analyzed
sing x-ray diffraction. Figure 1 shows that the relative
intensity of (012) perovskite peak to the (044) pyrochlore
peak (around 2 = 50° indicated in the figure) changes
accordingly to the kind of heat treatment applied to the
sample. In pure samples (15N7, 30ON7, and 10N8) the
relative peak intensity of pyrochlore phase is greater
than that of other samples. This is an indication that
the proportion of pyrochlore phase is greater in pure
samples.

A precise quantitative phase analysis was done by
using the Hill and Howard method. This method is
based on the fact that the scale factor obtained in
Rietveld method is proportional to the pattern intensity.
Also, the relative intensity of peaks for the phases in
the pattern is proportional to their relative amount in the
sample, so the relative mass fraction is also proportional
to the relation of scale factor for each phase, given by

Eq. (2).

W, = (svzm), /Y (svzm);. )

where S is the scale factory is the unit cell volume,
and ZM is the weight of the unit cell in atomic units
(number of formula unitsZ, per cell times the atomic
weight, M, of the formula unit):®1°

Listed in Table Il are the cell parameters, molar
percentage of each phase, and the agreement factors
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as defined by Scot (R,,,S). Figures 2 and 3 show The FWHM! for perchlorate phase presents a striking
the results of refinement of two different samples (re-variation with 2 at 700°C. This can indicate the
spectively 15N7 and 10S8). The calculated)( the presence of inhomogeneity or defect in its lattice. The
observed ), and the residualy§y — y.) diffractograms compositional fluctuation, if present, can be explained
indicate that the refinement was very satisfactory. Thesby the presence of carbonates at temperatures lower
diffractograms show that there is no other phase besidénan 800°C, as indicated in Fig. 6. This figure shows
the perovskite and pyrochlore. In fact, the diffractogramghe infrared spectroscopy of pure sample calcined at
for all samples considered in this study show (Fig. 1) tha750 °C for 3 h. The observed band in this figure at
only these two phases are present. 1400 cm! is characteristic of carbonate stretching. For

Figure 4 and Table Il show the evolution of samples calcined at 80 for 1 h, the infrared spectrum
perovskite phase with calcination conditions. For ashowed no characteristic band at 1400 épindicating
pure sample treated at 70Q, the amount of Pe phase that the carbonates have vanished after calcination at
decreases with the calcination time, from 85.35(2) mol %this temperature (Fig. 7).
when treated for 1.5 h to 80.84(2) when treated The formation of carbonates during calcination
for 3 h. However, for the PMN powder calcined at of powders prepared by using the decomposition of
800°C for 1 h, the amount of Pe phase increasegolyester has been observed by several autigrs?®
from 88.04(2) mol% for pure sample to 94.55(3) During the polymer decomposition, intermediates lead
and 95.01(2) mol% for doped or seeded samplegjtanium and lead zirconium carbonates are formed
respectively. These are significant increases, considering
the estimated standard deviation obtained in the Rietveld
refinements, and justify the use of seeds or dopants.
Figure 4 also shows that the effect of seeds on the
formation of perovskite phase is more significant for
higher calcination temperature (80Q).

Figure 5 shows the variation ing2of full width at
half maximum (FWHM) to the phases of all samples
studied. This figure indicates that perovskite phase ha
sharper peaks than pyrochlore phase for all sample
considered, indicating greater crystalline size for per-
ovskite phase. It is also observed that the crystalline siz
for perovskite phase increases from 7@to 800°C.
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FIG. 5. Full width at half maximum (degrees) of perovskite and WAVE NUMBER /cm
pyrochlore phases. FIG. 7. Infrared spectrum of calcined powders at 8@0for 1 h.
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before the nucleation of PbZFi, .03 (PZT) phase??? 6
These two carbonates have different reactivities that lead’
to formation of nonhomogeneous PZT phase. In the same
way, the formation of PMN phase by decomposition

of the polyester containing Pb, Mg, and Nb can also g,
lead to the formation of PM and PN carbonates. PM1o.

carbonate is more stable than PN carbonates which can

lead to preferential decomposition of the latter, favoring™®:

the formation of BN pyrochlore phase, especially for
long time at low temperature calcination (780). This
is in agreement with the results of this study (Fig. 4).

The use of seed BaTiparticles as well as stoichio- 13 t (
4. A. Sakthivel and R.A. YoungUser's Guide to Programs

metric Ba/Ti solution seems to favor the decomposition
of these mixed carbonates leading to the maximization
of the perovskite phase formatiéh.

15.

V. CONCLUSIONS

From results of this study it is concluded that both 10
BaTiO; seeds and stoichiometric BE solutions favor
the formation of PMN perovskite phase. The existence
of PN and PM carbonate phases for temperatures beloh?
800 °C seems to limit the perovskite phase formation,q
for pure PMN composition.
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