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The combination of the quantitative texture analysis and Riet-
veld methods is used to study the preferential orientation of
morphotropic phase boundary (MPB) Pb(Mg;3Nb/3)O3-
PbTiO; ceramics obtained by homogeneous Templated Grain
Growth. Their complex structure, with the coexistence of sev-
eral polymorphs, and the presence of texture that is required to
take advantage of their excellent piezoelectric properties, raise
serious problems for a precise characterization of these materi-
als. Conventional methods of texture analysis, although simple,
are limited, and the information obtained, if not studied with
care, may be misleading. The use of linear detectors and y-scan
are more appropriate for the study of diffraction peaks with
several contributions as it is the case for MPB compositions.
This work shows the simultaneous determination of structural
and texture parameters through the application of the so-called
combined method, already used for the analysis of similar
problems in a range of polycrystalline materials, to this specific
case.

I

REFERENTIAL crystallographic orientation, or texture, has

become a fundamental parameter in the study of poly-
crystalline anisotropic materials with enhanced functional-
ities, as the development of a certain degree of texture is
essential to take advantage of the highest values of the prop-
erties of individual crystals along specific directions. A good
example of this type are ferroelectric materials, where consider-
able effort has been made to obtain highly textured ceramics,
with the objective to approach the piezoelectric coefficients
reported for single crystals." To this aim, textured ferro/pie-
zoelectric ceramics have been prepared by templated grain
growth (TGG),?>'* in which preferential crystallographic ori-
entation is achieved through the growth of well aligned tem-
plates at the expense of a surrounding fine-grained matrix
during sintering.

Crystalline phases showing ultrahigh piezoelectric coeffi-
cients along specific crystallographic directions have attracted
special attention, like (1—x)Pb(Mg;;3Nb,/3)O5-xPbTiO;
(PMN-PT).>"'” One specific issue related to them is that these
large coefficients appear only for compositions close to the
morphotropic phase boundary (MPB) between rhombohedral
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and tetragonal polymorphs, and therefore any phase devia-
tion must be controlled. To complicate things, high aspect
ratio PMN-PT templates, needed for an effective alignment
previous to the TGG process, are not available yet, and an-
isometric crystals of other compositions have mostly been
used.”® Nevertheless, the use of templates of the same phase
is preferred, and cube-shaped PMN-PT microcrystals have
been proved to be a successful alternative.>'® Therefore, the
evaluation of the degree of orientation and of any phase
deviation is crucial in this case to develop PMN-PT ceramics
with the highest piezoelectric coefficients possible.

However, the simplest and most routinely used method to
characterize texture; the Lotgering analysis of conventional
X-ray diffraction (XRD) patterns, seems not good enough to
provide the characterization required. The Lotgering factor,
which is defined as 0 for a randomly oriented and 1 for a
fully textured material, is obtained from the comparison of
the relative intensities of the diffraction peaks with those of a
randomly oriented material.!' This method is heavily depen-
dent on the 20 range used for calculations,'” and it is only a
qualitative factor to compare texture among different sam-
ples, for a specific crystallographic direction perpendicular to
the sample surfaces. No information can be obtained about
the angular distribution of this orientation, which is a more
important parameter that defines the quality of the texture
achieved in TGG ceramics.

Rocking curves are used for this purpose, and by their anal-
ysis using the March—Dollase equation two texture parameters
are defined: the volume fraction of oriented material and the
degree of texture which characterizes the width of the angular
distribution of orientations.'® This is an adequate method for
materials exhibiting axisymmetric texture profiles with the
symmetry axis along the main specimen direction, also called
cyclic-fiber textures, which is the type of texture developed in
textured ceramics obtained under uniaxial stress fields."!*1¢
However, for ceramics with compositions close to a MPB, the
coexistence of several polymorphs results in the splitting of the
diffraction peaks, which can complicate the interpretation of
the results obtained by these conventional methods of texture
characterization. This can be partly solved by the use of linear
detectors to collect the XRD data, which allows the full peak
profiles to be recorded, and thus the subsequent analysis of the
integrated intensities.'”

In any case, the best method to obtain quantitative infor-
mation of texture is the measurement of pole figures and the
subsequent calculation of the orientation distribution (OD)
function.'® The OD function contains complete information
of all texture components (in-plane and out-of-plane) and
allows the calculation of a global degree of preferential orien-
tation. However, as before, the correct determination of the
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texture parameters requires a precise knowledge of the struc-
tural parameters of the material, which is usually difficult in
highly textured materials, and specifically in materials at
MPBs. A solution is the use of the so-called combined
approach'® that, in brief, introduces the quantitative texture
analysis into the Rietveld method.?® This has been proved to
be a viable tool,”! and has successfully been applied to the
study of many oriented ceramics and polycrystalline films.>>*
The advantage is the combination of different analyses of dif-
fraction data to mutual benefit allowing a simultaneous and
more precise determination of microstructural and structural
parameters at the same time as texture characteristics. This is
ideally suited for the analysis of the characteristics of tex-
tured 0.65PMN-0.35PT ceramics.

In this work, traditional and advanced methods of texture
analysis are used and the results are compared to discuss
their differences and the feasibility of their application to the
study of textured ceramics of complex oxides at MPBs.

II. Experimental Procedure

To prepare the textured ceramics, a 0.65Pb(Mg;;3Nby3)
03-0.35PbTiO; powder with a 2 wt% excess of PbO (for
introducing a liquid phase during the TGG process)>> was
synthesized by mechanochemical activation of the binary oxi-
des in air with a high-energy planetary mill using WC milling
media.?® Cube-shaped microcrystals of the same composition,
with an average size of ~50 pm, were used as templates.'®
Slurries for tape casting were prepared in ethanol (99.7%
grade, Panreac, Barcelona, Spain) using PVB, Poly(vinyl buty-
ral) (Aldrich, St. Louis, MO), as binder, and BBP, Benzyl
butyl-phthalate (Merck-Schuchardt, Hohenbrunn, Germany)
as plasticizer.'” A 5 wt% of templates was added and stirred
for 1 h previous to the tape casting experiments. Slips were
cast onto a silicone-coated Mylar™., cut, stacked and lami-
nated under an uniaxial pressure of 10 MPa for 15 min.
Organics were burned out at 500°C for 2 h in air. Finally,
TGG was carried out at 1150°C for 10 h using heating/cool-
ing rates of 5°C/min in closed alumina crucibles. Samples were
wrapped in Pt foils and embedded in a PbZrO; powder with a
5 wt% excess of PbO, which creates the necessary PbO-rich
atmosphere to limit weight losses and the formation of py-
rochlore during sintering.>> Besides the textured ceramics
obtained by this method, randomly oriented ceramics were
prepared from the same powder by sintering at 1200°C for
1 h in PbZrO; powder using heating/cooling rates of 3°C/min.
Density was evaluated from their weight and dimensions.

Microstructure was characterized using a Field Emission
Gun Scanning Electron Microscope (FEG-SEM, Nova
NanoSEM 230 microscope, FEI Company, Hillsboro, OR)
on cross-sections perpendicular to the casting plane, as indi-
cated in Fig. 1. Sample was prepared by polishing with
Al,O3 suspensions to 0.1 um, and by thermal etching at 800°
C for 20 min and then quenching down to room tempera-
ture. The volume fraction of TGG material was obtained
from the area fraction occupied in the images by analyzing a
large cross-section of ~3 mm?, which includes more than 100
grown templates. Image analysis was carried out with a
computerized system (MIP45, Digital Image Systems S.L.,
Barcelona, Spain).

Conventional XRD experiments were carried out on pol-
ished ceramics, using a Siemens D500 (Munich, Germany) dif-
fractometer and CuK,, radiation. Data were collected in the 20
range from 20 to 70° in steps of 0.05° with an integration time
of 5 s/step. These data were used to calculate the Lotgering
factor'! corresponding to the (001),-crystallographic orienta-
tion perpendicular to the sample surface (using pseudocubic
indices). Rocking curve and pole figures were obtained using a
Huber 4-circle goniometer (Rimsting, Germany) mounted on a
X-ray generator (Cuk,, radiation) and equipped with a curved
position-sensitive detector (Model CPS-120, Inel, Artenay,
France),'® covering an angle of 120° range in 20 (angular reso-
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Fig. 1. Configuration of the measurement, which schematically
relates the casting direction and cubic-shaped templates arrangement
with the X-ray incident angle (w) and the rotation angles (y, ).

lution of 0.03°). All these experiments were carried out on
15 mm x 15 mm surfaces parallel to the casting plane, with a
beam size of I mm x 1 mm cross-section, which, for the inci-
dent angle used, represents an irradiated area of around
3 mm x | mm. The configuration of the measurement is sche-
matically shown in Fig. 1.

Rocking curve measurements were carried out around the
002 diffraction peak (20 = 45.15°) and varying the incidence
angle ® in steps of 0.5° with integration times of 150 s/step.
The modified March-Dollase function, Eq. (1), was used to
extract two texture parameters from its fitting to the experi-
mental data: the volume fraction of oriented material (f;)
and the degree of orientation (+)'*: In this case, f, refers to
the fraction of oriented TGG material; i.e. extensive growth
of templates showing preferred orientation about the axis
perpendicular to the casting plane. The strength of preferred
orientation is given by r (0 <r <1): r =1 corresponds, in
our case, to a set of crystals with their pseudocubic (001},
directions distributed at random, while » = 0 appears for a
material with all crystals perfectly aligned with their (001),
directions perpendicular to the casting plane.

L2\ 73
F(fy,r,0) =f, (,,2coszw+g> +(1—f) (1)

X-ray diagrams at different sample orientations were mea-
sured varying the tilt angle () between 0 and 60° in 1° steps,
with integration times of 150 s/step.

Fiber texture perpendicular to the casting plane is
assumed, and the rotation angle (¢) was varied continuously
to obtain average values in all experiments. The casting pro-
cess only produces an orientation of the templates perpendic-
ular to the casting plane, but not in the casting direction (see
Fig. 1). Templates align within the laterally homogenous,
vertical (perpendicular to the casting plane) shear gradient
under the blade, and so only out-of-plane orientation
results.”?” Previous reports show that, with the appropriate
processing parameters, cubic microcrystals can also be suc-
cessfully aligned during forming by tape casting and produce
fiber textures.”'”

The analysis of the diffraction data is carried out by the
so-called combined approach.'® Briefly, an iterative Rietveld
refinement and texture analysis of the series of X-ray dia-
grams measured at different sample orientations is carried
out. First, each diagram is modeled using the usual (o, y, ¢)-
dependent Rietveld formulation, and compared to the
experimental data. The calculated diagrams are adjusted to
observations using a nonlinear least-squares minimization
technique. Then, preferred orientation factors in each dia-
gram are obtained from integrated intensities, which are
extracted using the texture-adapted Le Bail approach,®® a
method to obtain integrated intensities of individual reflec-
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tions from powder diagrams with a large number of over-
laps. Calculated intensities are obtained from an initial OD
function, OD: f(g), with g = {a,B,y}, Euler angles (Matthies
conventlon) 2 The initial calculated intensity values are
forced to the same weight, i.e. 1 (for a randomly oriented
sample). During the successive iterations the least-squares
procedure forces the respective intensities to become coherent
with the observed overlap, and progressively converge to the
observed intensities. The extracted intensities are then finally
obtained for the best fit, and serve as the initial texture factor
for the next OD refinements. From the several methods of
resolution, we chose the entropy modified E-WIMV
(Williams-Imhof-Matthies-Vinel) iterative method.*® The OD
cell values are computed through an entropy iteration algo-
rithm. Once this process is finished, a new Rietveld analysis
is carried out, and after several cycles calculations converge
to a final result.

The OD function f(g) represents the volumetric density of
crystallites oriented in dg. It is measured in m.r.d. (multiple
of a random distribution) and normalized to the value
f(g) = 1 m.r.d. for a sample without any preferred orienta-
tion. The normalization condition is that the integral of f(g)
over the whole orientation space is equal to 87> Pole figures
can be calculated from the OD and are expressed in m.r.d., a
unit of the OD densities and that is equivalent to vol% per
1% area. In such units, a sample without preferred orienta-
tions exhibits uniform pole figures with 1 m.r.d. levels, while
a textured sample shows pole figures with maxima and min-
ima of orientation densities ranging from 0 m.r.d. (absence
of crystals oriented in this direction) to infinity (for a single
crystal on few directions). The overall texture stren;th is
evaluated through the texture index: = (1/8n)XA[f
(g)*Ag;}, being the i orientation cells. It varies from 1 (ran-
dom powder) to infinity (perfect texture or single crystal) and
it is used to compare the texture strength of different samples
exhibiting similar ODs. Texture components are deduced
from the calculated inverse pole figures, these latter being
calculated from the f(g) for a given sample direction (y) and
representing the distribution of crystal directions relative to
y. The quality of the refinements (Rietveld and E-WIMYV) is
assessed by the reliability factors R,,, (weighted profile), Ry
(Bragg) and GoF (Goodness of Fit). Calculations were
carried out with the Materials Analysis Using Diffraction
package (MAUD).?!

III. Results and Discussion

The successful application of the TGG method to the pro-
cessing of 0.65PMN-0.35PT ceramics is demonstrated in the
SEM image of a cross-section perpendicular to the casting
plane (Fig. 2). Large blocky grains with a reduced amount of
fine-grained matrix among them are observed, which indi-
cates the extensive growth of the templates achieved at the
expense of the matrix. The final average crystal size is about
100 pm, which is twice the size of the initial templates. The
volume fraction occupied by the grown crystals f, was esti-
mated to be 0.73 from the area fraction occupied by them in
several FEG-SEM images. This provides a direct measure of
the volume fraction of TGG material. The successful TGG
process is also reflected on the ceramic relative density, which
is above 93% of the theoretical value.

Regarding the crystallographic texture obtained, conven-
tional XRD data (Fig. 3) clearly show the preferential orien-
tation achieved for the TGG ceramic when compared with a
randomly oriented, unseeded ceramic obtained by conven-
tional sintering. No significant phase deviations are expected,
as the splitting of the diffraction peaks (see inset of Fig. 3),
characteristic of MPB compositions, is clearly exhibited. The
Lotgering factor associated to the 400 diffraction peaks was
calculated from the integrated intensity of all peaks in a large
enou%h 20 range (20-70°), to get the most reliable value pos-
sible.’ In our case, no significant change in f;,o was obtained
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Fig. 2. FEG-SEM micrograph of a cross-section perpendicular to
the casting plane of a TGG 0.65PMN-0.35PT ceramic.
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Fig. 3. XRD patterns of 0.65PMN-0.35PT ceramics: (a)
conventional sintering and (b) TGG.
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by considering the peaks above 70° in 20. The result is a
value of f,00 = 0.78 which indicates texturing achieved with
the (001), direction mainly perpendicular to the casting
plane. The overlap has not been resolved here, thus a pseu-
docubic cell was assumed.

More information on the texturing efficiency of the TGG
process can be obtained from a study of the variation of the
diffraction intensities when the sample is studied under differ-
ent angles. Figure 4 presents the results of these studies
around the 200 Bragg peak: w-scan (conventional rocking
curve) and y-scan (incidence angle ® is kept constant and the
sample is tilted around an axis located in the sample plane).
The two experiments are in principle equivalent for cyclic-
fiber texture, as it is expected for our oriented ceramics, but
the latter (y-scan) is not as limited in angle range as the con-
ventional rocking curve (a maximum = 20° in most cases),
which makes it more adequate for the analysis of wider
angular distributions.

This is clearly seen in Fig. 4(a), where the 200 rocking
curve of a randomly oriented ceramic is shown together with
the corresponding y-scan. In the rocking curve, it must be
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Fig. 4. 200 rocking curves and y-scans measurements of 0.65PMN-
0.35PT ceramics: (a) conventional sintering and (b) TGG. ®, is the
incidence angle at which is fulfilled the Bragg condition for {200},
planes perpendicular to the sample surface.

considered that the diffracted intensity of the experimental
raw data (solid circles) can be affected by defocusing and vol-
ume-absorption effects, which is corrected as reported else-
where,'” and results are shown in the figure (open circles).
However, this is not necessary in y-scan, as intensities only
start to be affected significantly by defocusing at angles
above 60°.

When both measurements are carried out on the textured
ceramic [see Fig. 4(b)] we obtain Full Widths at Half Maxi-
mum (FWHM) of 5.8 and 8.2° for rocking curve and y-scan,
respectively. The March—Dollase equation is fit to the experi-
mental data (with a goodness of fit R* > 0.997) and provides
the texture parameters collected in Table I. From the rocking
curve corrected data we obtain: r = 0.147 and f, = 0.6. The
y-scan results give: r = 0.208 and f, = 0.69. The values of the
texture parameter r are in the range of the ones reported for
other TGG ceramics that were processed with anisometric
templates.®'>!® This demonstrates that cubic microcrystals
can successfully be used to process high-quality textured
ceramics of perovskite oxides by a homogenous-TGG. The
discrepancy observed in the r values obtained from both
methods can be explained due to the differences of both
experiments.

lyze an MPB composition with the complex split peaks as
the one that can be seen in the inset of Fig. 4(b). Rocking
curves change instead the incidence angle, as the objective is
the determination of the maximum angle at which we
observe similar misoriented planes with respect to the sample
surface, but still fulfilling the Bragg condition. The results of
this experiment are more difficult to discuss when complex
diffraction peaks are analyzed. This fact supports once again
that the more traditional methods are not adequate for the
study of textured ceramics of oxides close to MPBs.

It must be noted at this point that we are using a linear
detector to perform these scans. This allows us both the
study of the evolution of the diffraction peaks as the sample
is rotated and the use of the integrated intensity of the whole
peak for the calculations. This is especially important in the
case of MPB compositions, for which the different contribu-
tions present produce complex diffraction peaks. This is the
case for 200 of PMN-PT, whose evolution for small varia-
tions of the tilt angle y can be seen in the inset of Fig. 4(b).
Note that only if the integrated intensity of the whole peak is
considered a meaningful rocking curve or y-scan is obtained.
The use of a point detector in this case may otherwise pro-
duce misleading results.

With all these considerations, conventional methods of
analysis of the XRD data produce a consistent set of texture
parameters summarized in Table 1. According to the previous
discussion, y-scans using linear detectors are the most ade-
quate tools for texture analysis of MPB PMN-PT ceramics.
However, none of these methods is able to provide precise
information on the structural characteristics of the MPB
compositions, regardless of the importance of phase devia-
tions for the final properties of the ceramics.

The only available solution is the use of the combined
method of analysis that allows the simultaneous study of the
structural characteristics and texture. Figure 5 shows an
example of the application of this combined method through
a series of XRD diagrams measured with a curved (linear)
position-sensitive detector at increasing tilt angles (y). Both
experimental variations in diffraction peaks intensities (due
to texture), and corresponding Rietveld fits are shown. It can
be seen that experimental data are nicely reproduced. A mix-
ture of monoclinic (space group Pm) and tetragonal (P4mm)
polymorphs of MPB PMN-PT has been considered herein,>>
using the crystallographic information files n° 1 501 475 and
1 501 476 from the Crystallography Open Database,” to
obtain better reliability factors for the Rietveld analysis
(GoF = 1.5). Considering only the tetragonal P4mm or the
monoclinic Pm phases in the refinement gave larger GoFs
(2.5 and 1.8, respectively). In any case, according to the
results of the refinement, the textured ceramic is above 99%
monoclinic Pm. In addition, the presence of residual PbO
secondary phase is found to be residual. This indicates the
almost complete consumption of the PbO by the TGG pro-
cess at the final stages of the sintering. The value is so small
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Fig. 5. Experimental (dotted line) and fitted (solid line) XRD

diagrams for increasing y angles of a TGG 0.65PMN-0.35PT

ceramic. The refinement was carried out combining Rietveld and

E-WIMV analysis. Peak positions for the two phases analyzed are
indicated.

that it cannot be considered relevant, but it is necessary to
refine the data with the best reliability factors as possible.

The structural parameters obtained for both the randomly
oriented and textured ceramics are summarized in Table II.
When compared with the reference values of a PMN-PT
powder with a composition containing a slightly larger
amount of PT: 0.64PMN-0.36PT>? (also added in the Table),
a slight increase of @ and b lattice parameters, accompanied
with a decrease of ¢ and f, is observed. This is in agreement
with the tendencies followed by these parameters when the
amount of PT is increased in the monoclinic phase close to
the boundary with the tetragonal phase (see fig. 10 of Refer-
ence 34) and, therefore, gives a firm evidence that no signifi-
cant deviations have appeared in the phase composition of
these ceramics during processing, and crystals have the crys-
talline structure corresponding to the MPB.

The combined analysis not only provides us with struc-
tural data, but also texture is quantitatively determined
through the OD function, obtained with reliability factors as
low as Ry, = 4.4% and Rg = 6.4% for the textured ceramic
(Table II). The texture index F? = 32 m.r.d.? is a high value
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for this coefficient as compared to similar ceramics and elab-
oration techniques,'***3> that corresponds to the strength of
the global orientation of the TGG processed ceramic. This is
the first report of this coefficient in a textured PMN-PT cera-
mic, a number that includes all the components of texture in
the ceramic, which can be better visualized in the inverse pole
figures, in which a specific direction of the sample is chosen
and the crystal directions aligned to it are represented. In
our PMN-PT ceramics texture components appear with
(100), (010), and (001) monoclinic reciprocal directions per-
pendicular to the sample surface, as it can be seen in
Fig. 6(b) for the TGG processed ceramic. Note the absence
of significant directions of texturing in the conventionally
sintered ceramic [Fig. 6(a)].

The OD along these crystallographic directions is repre-
sented best in their corresponding pole figures, which can be
recalculated from the OD for both ceramics (Fig. 7). The
lack of texturing results in pole figures with values close to
1 m.r.d. [Fig. 7(a)] while a maximum of 27.5 m.r.d. is
obtained for one of the monoclinic directions (001) in the
center of the pole figure, i.e. perpendicular to the sample sur-
face [Fig. 7(b)]. As we are using the combined analysis with
the Rietveld method and, therefore, we have an accurate
determination of the structural parameters, it is possible to
deconvolute and separate the {200}, {020}, and {002} pole
figures and study them separately. A difference between the
maxima of the normalized {002} (27.5 m.r.d.), {200}
(19.82 m.r.d.), and {020} (20.25 m.r.d.) pole figures is found.
Although the difference is not large, the one associated to
the largest lattice parameter ¢ shows the highest distribution
density at maximum, which is related to a slightly larger
number of crystals oriented this way, which also are aligned
more efficiently since the central pole distribution in the
{002} pole figure appears narrower than that in the two oth-
ers. As it is not expected that the alignment of the original
template crystals by tape casting produces any preference
among these three directions, this is most probably an effect
of the mechanical polishing carried out prior to the XRD
experiment, which has been widely described in ferroelectric
materials.®

The use of the combined method, therefore, seems to be
the most adequate way to assess a texturing process of
ceramics, overall when the crystalline structure plays an
important role in the final properties, as it is the case for
MPB compositions. In this work we also try to show the cor-

Table II. Structural and Texture Parameters Obtained from the Application of the Combined
Method of Analysis for 0.65PMN-0.35PT Ceramics
Structural parameters a (A) b (/w\) ¢ (A) B ()
Monoclinic Pm 4.00952(7) 3.99861(5) 4.03671(5) 90.164(2)
Texture F =3 mr.d?
Conventionally Sintered Ceramic
Reliability factors

Rietveld fit Ryp = 15% Rg =11% GoF =13 —

OD refinement Ryp =4.9% Rg =5.1% — —
Structural parameters a (/D\) b (A) ¢ (A) B (©)
Monoclinic Pm 4.00664(6) 3.99814(3) 4.03178(3) 89.7910(13)
Texture F* = 32 mr.d’

Tgg Processed Ceramic
Reliability factors
Rietveld fit Ryp = 17% Ry = 13% GoF =1.5 —

OD refinement Ry, = 4.4% Rp = 6.4% — —
Structural parameters a (;\) b (A) ¢ (A) B ()
Monoclinic Pm 4.005509) 3.9897(8) 4.0426(8) 90.19(2)
Reference data®® 0.64PMN-0.36PT powder (225 K)

Reliability factors Ryp = 7.88% — GoF =1.8 —
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Fig. 6. Inverse pole figures for the normal direction to the sample
surface of 0.65PMN-0.35PT ceramics: (a) conventional sintering and
(b) TGG. Equal area projection and linear density scale.
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Fig. 7. Reconstructed pole figures of 0.65PMN-0.35PT ceramics:
(a) conventional sintering and (b) TGG. Equal area projection.

relation between the crystalline structure and texture, and
how the precise determination of one depends on the other.
To obtain the lattice parameters of the dominant polymorph
of these PMN-PT ceramics is necessary first to correctly
quantify the texture induced by the TGG process. Details of
the OD function, like the small differences found in the rela-
tive orientation along the different monoclinic directions, are
only available after a precise determination of the lattice
parameters. Besides, the results of this thorough characteriza-
tion, not available by any of the other conventional
techniques, demonstrate the validity of the application of the
homogeneous-TGG approach to produce high-quality tex-
tured MPB PMN-PT ceramics.

IV. Conclusions

The use of advanced methods of XRD analysis for the char-
acterization of MPB PMN-PT ceramics is essential to pre-
cisely characterize the two sets of parameters that largely
determine the final properties we pursue: those that describe
the crystalline structure and texture. To this end the use of
the Rietveld method combined with Quantitative Texture
Analysis allows the study of the phases present, lattice
parameters, and components of the global texture, simulta-
neously. This is very relevant for the study of complex oxide
ceramics where structural deviations from the desired phase
may have important consequences on their behavior, as it is
the case of the MPB PMN-PT ceramics analyzed in this
work, where texturing is obtained by a novel homogeneous-
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TGG approach. In this case, the use of PMN-PT templates,
instead of anisometric crystals of other phases, has the
advantage of not affecting the crystalline structure as the
results show. Similar questions are raised in the studies of
other systems, like for example alternative lead-free piezo-
electric solid solutions, which also seek for the best coeffi-
cients around their MPBs, which can benefit from the access
to the structural and textural information provided by this
combined method of analysis of diffraction data. Besides,
the comparison of the results obtained by the different
methods of texture analysis carried out in this work, reveals
that the use of linear detectors followed by an analysis of
the integrated diffracted intensities of the whole peak, par-
ticularly the use of y-scan, is the most appropriate method
for the study of complex diffraction peaks, which contain
contributions from several phases. Their evolution as the
sample is tilted (i.e., for the measurement of a conventional
rocking curve) may produce misleading results about the
degree of orientation of the ceramic, if it is not properly
analyzed.
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