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ABSTRACT

Purpose: The microstructure characterization of commercially available zirconia powders was the purpose of
this paper. Different methods of structure analysis were applied owing to the complex, multiphase structure of
studied materials.

Design/methodology/approach: The X-ray diffraction (XRD) and scanning electron microscopy (SEM)
investigations were performed on three commercial zirconia ceramic materials: Amdry 204 NS (ZrO, 8 wt.%
of Y,05), Metco C8 YZ (ZrO, 8 wt.% of Y,05) and Metco 202 (ZrO, 20 wt.% of Y,05). The Rietveld method
appeared to be very useful in the verification of the qualitative phase composition and in the determination of
phase abundance. Hill and Howard procedure was applied for quantitative phase analysis. The parameters of
the individual diffraction line profiles were determined by PRO-FIT Toraya procedure. The powder morphology
was analyzed by SEM method.

Findings: In the Amdry sample comparable contents of two phases: monoclinic (44.1 wt.%) and cubic (55.9
wt.%) was stated by XRD analysis. The presence of Y203 phase besides of monoclinic, tetragonal and cubic
Zr0O, ones were stated for both Metco samples. The tetragonal phase (55.2 wt.%) was found to be the main
component of the Metco C8-YZ sample whereas the content of Y,05 is the lowest (2.7 wt.%). On the other
hand cubic phase (68.2 wt.%) was the main component of the Metco 202 sample and the content of Y,05 is
again the lowest (4.5 wt.%). The SEM images of all the samples reveal the spherical shape of powder particles.
The morphology of both Metco samples is quite similar. For Metco 202 sample the hierarchical type structure
of powder particle is observed; the greater particles contain smaller ones. The shell of particles is composed of
distinct patches. On the other hand the structure of spherical particles of Amdry sample is of branched, rather
dense skeleton type. From X-ray diffraction data it can be concluded that the crystallite size of all involved
phases lies above nanoscale.

Practical implications: Performed studies enable the determination of the relation between the microstructure
of commercial powders and their utilisable properties.

Originality/value: The applied, different methods of structure analysis appeared to be very useful in the
microstructure analysis of complex, multiphase material.
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1. Introduction ~1170°C, tetragonal — in the temperature range ~1170-2370°C
and cubic — above ~2370°C. Zirconia forms of higher symmetry
have properties very often preferable to ones of monoclinic form.

Ceramic materials based on zirconia owing to their properties Usually yttrium oxide is used as the stabilization component of
are of widespread application [9]. Three polymorphic forms of higher symmetry zirconia forms [25]. Nanotechnology of ceramic
pure zirconia were found in equilibrium state: monoclinic — below materials based on zirconia is now of great interesting [1,4,10,22].
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Fig. 1. SEM images of Amdry-8 sample

At present the X-ray diffraction and electron microscopy
methods are standard ones in the microstructure characterization of
complex, multiphase materials. X-ray diffraction methods enable
qualitative and quantitative phase analysis and also microstructure
characterization (crystallite sizes, lattice distortions, dislocation
densities, stacking faults and twins probability [16]).

The purpose of the present work is the microstructure
characterization of three commercially available, zirconia-based
materials using XRD (X-Ray Diffraction) and SEM (Scanning
Electron Microscopy) methods.

‘ Methodology of research

The analysis of XRD patterns was performed by the use of
Rietveld method [15,23,24] and Toraya procedure [19-21]. The
detailed information on the structure of concerned phases is
necessary for the estimation of phase abundance in multiphase
materials [16]. The procedure of quantitative phase analysis based
on the values of scale factors determined by Rietveld refinement
was introduced by Hill and Howard [8]. Rietveld method
appeared to be useful in the microstructure characterization and
also in the verification of the qualitative phase composition of
multiphase materials [2,3,5-7,11-14,17,18].

The powder morphology of studied materials was analyzed by
SEM method.

2. Material and research
methodology

The structure investigations were performed on three
commercial zirconia materials: Amdry 204 NS (ZrO, — 8 wt.% of
Y,03), Metco C8-YZ (ZrO, — 8 wt.% of Y,03) and Metco 202
(ZrO, - 20 wt.% of Y,0;), hereafter called Amdry-8, Metco-8 and
Metco-20, respectively.

The collection of X-ray diffraction patterns was performed by
the use X-Pert Philips diffractometer equipped with curved
graphite monochromator on diffracted beam and with the
following slits (in the sequence from Cu tube to counter); Soller
(2°), divergence (1/2°), antiscatter (1/2°), Soller (2°) and receiving
(0.15 mm). The X-ray data collection was performed in 20-150°
26 range with 0.04° step. The time of data acquisition was chosen
to obtain the intensity of the most intense diffraction line of ~20
000 counts for all X-ray patterns.

Toraya PRO-FIT procedure, which applies Pearson VII
function for the description of line profiles was used for the
determination of the profile parameters of the individual
diffraction lines.

The Rietveld analysis was performed applying DBWS-9807
program that is an update version of the DBWS programs for
Rietveld refinement with PC and mainframe computers.

The calculated intensities y.; are determined by summing the
contributions from neighbouring Bragg reflections plus the
background:

Yei = SZLk |Fk|2¢(29i -26, )PkA"'ybi
%

where:

S — the scale factor,

k — represents the Miller indices, h, k, 1 for the Bragg reflection,
L, — the Lorentz, polarization and multiplicity factors,

¢ - the reflection profile function,

P — the preferred orientation,

A — the absorption factor,

F - the structure factor for the k-th Bragg reflection,

Vpi - the background intensity at the i-th step.

The pseudo-Voigt function was applied for the describing of
diffraction line profiles during Rietveld refinement. The quality of
the fit of calculated to experimental diffraction data was
monitored by R,, (weighted-pattern factor) and S (goodness-of-
fit) parameters [16].
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where:

y; — the experimental intensities,

y.; — the calculated intensities,

w; = ( 1/y;) — the weight experimental observations,
N — the number of experimental observations,

P — the number of fitting parameters.

The process of successive profile refinements modulates
different structural and microstructural parameters of the
simulated pattern to fit the experimental diffraction pattern.
Profile refinement continues until convergence is reached in each
case, with the value of the quality factor (S) approaching 1.

The phase abundance was determined using the relation
proposed by Hill and Howard[24]:

oo SZM)

zSi (Z M 'V)i

®)
where:
W, — relative weight fraction of phase p in the mixture of n phases
(wt. %),

S — Rietveld scale factor,

Z — number of formula units per unit cell,

M — mass of the formula unit (in atomic mass units),

¥ — unit cell volume (in A*).Morphology of the powder particles
was analyzed using SEM (JEOL JSM-6480) method.

3. Results and discussion

Scanning electron microscopy images reveal the spherical
shape of powder particles for all studied samples (Figs. 1-3).
Differences in their morphology can be found from the analysis of
the corresponding images obtained at different magnification. For
Amdry-8 sample the particle size distributions looks like bimodal
with preferable particle sizes of ~20 pm and ~40 um. The image
presented in Fig. 1c indicates the branched, rather dense, skeleton
type structure of Amdry-8 powder particles with backbone
thickness of ~0.5 um.

The SEM images of the Metco samples (Figs. 2 and 3) show
generally the similar morphology of their powder particles. The
surface layer of particles is slightly folded and is covered by
distinct patches (Figs. 2c and 3c). The particle size distributions of
both Metco powders is rather broad with particle diameters in the
range from ~8 pm to ~70 um. For Metco-20 powder (Fig. 3a) the
hierarchical structure type of greater particles can be postulated;
the greater particles contain the smaller ones. Such type of
structure cannot be excluded for Metco-8 sample but is less
probable for Amdry-8 one.
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Fig. 2. SEM images of Metco-8 sample

Analysis of the X-ray diffraction pattern of Amdry-8 sample
reveals the presence of monoclinic and cubic zirconia phases
(Fig. 4). In both Metco samples the monoclinic, tetragonal and
cubic ZrO, phases and Y,0; one were found (Figs. 5 and 6).

The contents of all involved phases determined by Hill and
Howard procedure [24] are presented in Tables 1-3. The accuracy
of the determination of phase contents is difficult to estimation
but should be relatively high because the main components of the
studied materials are the phases of the same absorption
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coefficient. Comparatively loose structure of powder particles and
particle sizes enable their good penetration by X-rays. In Amdry-8
sample the contents of both cubic and monoclinic zirconia phases
are comparable and equal to ~55.9 and ~44.1 wt.%, respectively;
the presence of Y,0; phase was not found by X-ray diffraction.

Fig. 3. SEM images of Metco-20 sample

X-ray and SEM studies on zirconia powders
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Fig. 4. X-ray diffraction pattern of Amdry-8 sample
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Fig. 5. X-ray diffraction pattern of Metco-8 sample
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Fig. 6. X-ray diffraction pattern of Metco-20 sample

The tetragonal zirconia phase appeared to be the main
component of Metco-8 sample (55.2 wt.%). The content of cubic
form is still relative high (36.6 wt.%) whereas of tetragonal one is
relatively low (7.5 wt.%); the content of Y,0; phase is the lowest
(2.7 wt.%). Thus, above results indicate high contents of high
symmetrical zirconia phases in Metco-8 sample.
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The cubic zirconia phase appeared to be the main component
of Metco-20 sample (68.2 wt.%). The content of monoclinic
zirconia phase is relative high and equal to 22.3 wt.%. The
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contents of tetragonal zirconia phase and Y,O;

one are

comparable and relatively low (5.0 and 4.5 wt.% respectively).

Table 1.
Lattice parameters and the contents of components for Amdry-8
sample (8 wt.% of Y,0;)
Phase Space Lattice parameters [nm] Contents
group Rietveld ICDD [wt.%]
ap=0.51571(8) ap=0.51507(4)
by =0.52046(8) by = 0.52028(4)
20, P2/ = T 531548) co=0.53156(4) O+
L=99.191° £ =99.196°
ZrO, Fm3m qy=0.51364(8) au=0.5128 55.9
Table 2.
Lattice parameters and the contents of components for Metco 1
sample (8 wt.% of Y,03)
Phas  Space Lattice parameters [nm] Contents
e group Rietveld ICDD [wt.%]
ay=0.51583(8) ag=0.51507(4)
by =0.52058(8) by =0.52028(4)
Z10; - P2/e = T S3186(8) o= 0.53156(3) O
£=99.23° £=99.196°
ZrO, Fm3m ay=0.51350(8) aq=0.5128 36.6
710, P4,/nm ay=0.36136(6) a,=0.35961(1) 550

c co=0.51653(8)

o= 0.51843(2)

Y,0;, Ia3  ap= 1.0610(2)

ao = 1.0604(5) 2.7

Table 3.

Lattice parameters and the contents of components for Metco 2

sample (20 wt.% of Y,03)

Phase Space Lattice parameters [nm] Contents
group Rietveld ICDD [wt.%]
ap=0.51582(8) ap=0.51507(4)
by =0.52064(8) by =0.52028(4)
210y P2/e T S3I848) o= 0.53156(3) 223
£=99.25° £=99.196°
ZrO, Fm3m a;=0.51490(8)  a;=0.5128 68.2
P4,/nm _ay=0.36667(6) ao=0.35961(1)
210, c co=0.52381(8) ¢, =0.51843(2) >0
Y,04 Ia3 ap=1.0605(2)  ap=1.0604(5) 4.5

The low content of Y,0; phase (4.5 wt.%) means that
meaning part of this phase is intercorporated into zirconia phases
(nominal content of Y,O3 phase in Metco-20 sample is 20 wt.%).

The crystallite size of all phases found in studied materials lies
above nanoscale.

The values of lattice parameters determined by Rietveld
method and these found in ICDD files for all concerned phases
are given in Tables 1-3; generally good agreement between them
can be seen. The accuracy of the lattice parameter determination
(equal to £0.015%) was estimated using SRM 1976 alumina plate
as a standard.
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Fig. 7. Rietveld output of X-ray diffraction pattern for Amdry-8
sample
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Fig. 8. Rietveld output of X-ray diffraction pattern for Metco-8
sample
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Fig. 9. Rietveld output of X-ray diffraction pattern for Metco-20
sample

The values of lattice parameters of all zirconia phases are very
close (Tables 1-3); moreover the lattice constant of Y,0O; phase
are about twice of these of zirconia phases. It means the
overlapping of diffraction lines of all phase present in studied
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materials. The Rietveld method by the analysis of the whole
diffraction patterns enables good separation of diffraction lines
and thus appears especially useful in the analysis of actually
studied materials. The Rietveld refinement plots for studied
samples are presented in Figs. 7-9. The goodness of fitting of
calculated patterns to the experimental ones can be regarded as
satisfactory.

4.Conclusions

. Scanning electron images reveal the spherical shape of
powder particles for all studied samples. The structure of
powder particles of Amdry-8 sample is of branched, dense,
skeleton type. The morphology of both Metco samples is
quite similar but different to observed for Amdry-8 sample.
The surface of powder particles is slightly folded and is
covered by distinct patches. The hierarchical structure type
of greater particles is observed for Metco-20 sample; the
greater particles contain the smaller ones.

e In Amdry-8 sample the cubic and monoclinic zirconia
phases are present and their contents are comparable and
equal to 55.9 and 44.1 wt.%, respectively. The presence of
four phases: cubic, tetragonal and monoclinic zirconia and
Y,03, in both Metco samples, was stated. It was found that
in Metco-8 sample the content of tetragonal zirconia phase is
the highest (55.2 wt.%), whereas of Y,0; one is the lowest
(2.7 wt.%). The content of monoclinic zirconia is relatively
low (7.5 wt.%). In Metco-20 sample the content of cubic
zirconia phase is the highest (68.2 wt.%), whereas of Y,0;
one is the lowest (4.5 wt.%). The content of monoclinic
zirconia phase is still relative high (22.3 wt.%).

e The crystallite size of all phases found in studied materials
lies above nanoscale. Good agreement of lattice parameters
determined by Rietveld refinement method and these from
ICDD files was obtained for all involved phases.

e Rietveld refinement method and PRO-FIT Toraya procedure
appeared to be very useful in the characterization of
complex, multiphases materials.
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