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Quantitative Phase Analysis of a Highly Textured Industrial Sample
using a Rietveld Profile Analysis
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For the quantitative phase analysis on highly textured two-phase materials, samples with known
weight fractions of zirconium and aluminum were prepared. Strong texture components prevailed
in both zirconium and aluminum sheet. The diffraction patterns of samples were measured by the
neutron and refined by the Rietveld method. The preferred orientation correction of diffraction
patterns was carried out by means of recalculated pole figures from the ODF. The present
Rietveld analysis of various samples with different weight fractions showed that the absolute
error of the calculated weight fractions was less than 7.1 %.
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§1. Introduction

Strong preferred orientations often develop in most of
multi-phase alloy materials produced by thermomechan-
ical treatments. Because physical properties depend on
the fraction of each phase, it is of importance to deter
mine the volume fraction of phases in multi-phase alloy
materials. The Rietveld profile refinement has been used
with an ideal powder sample for the crystallographic
characterization of materials including crystal structure
and phase analysis.^' In order to apply the method
to industrial materials, the preferred orientation factors
should be properly corrected.^' In the textured mate
rials, the integrated intensity of a peak in the diffraction
pattern is directly proportional to the pole density of the
corresponding inverse pole figure or recalulated pole fig
ure, which can be obtained from the three-dimensional
orientation distribution function(ODF) of the material.^'
In this work, the preferred orientation correction

method by using the recalculated pole figures®' was in
troduced and the experimental study of its application to
the Rietveld profile refinement for highly textured sam
ples was carried out.

§2. Experimental procedure

The as-received materials were a hot band of zirco

nium with 99.7 % purity and a hot band of the com
mercial aluminum alloy with 99.9 % purity. In order to
obtain the strong cube-texture in the aluminum sheet,
the aluminum hot band was first cold rolled to 90 %
reduction and recrystallized at SOCC for Ih. Sam
ples with known weight fractions of zirconium and alu
minum were prepared by stacking both the zirconium
hot band and the recrystallized aluminum sheet. The
size of stacked specimens for the neutron diffraction was
about lOmm x 10mm x 10mm.

Diffraction patterns were measured with the High Res
olution Powder Diffractometer(HRPD) equipped with 32
detectors and complete pole figures of zirconium and alu

minum were measured with the Four Circle Diffractome-
ter(FCD) at HANARO in KAERI. The neutron wave
length was 1.84 A and 0.99 A for HRPD and FCD, re
spectively. The ODFs were analyzed by using the BEAR-
TEX program,®' and the quantitative phase analysis was
performed by using the FullProf program.'^''

§3. Results and Discussion

Figure 1(a) shows the diffraction pattern of the sample
No.l from Table 1. Circles and solid line represent ob
served and calculated pattern, lower dot line represents
the difference. We can notice that the differences be
tween observed pattern and calculated pattern are very
high in Fig. 1(a). This means that there is strong pre
ferred orientation of grains in both zirconium and alu
minum.

To increase the statistic of measurement, samples were

rotated about the z-axis parallel to the normal direc-
tion(ND), so that scattering vector was parallel to the
x-y(or rolling direction(RD)-transverse direction(TD))
plane.

For the preferred orientation correction we measured
a few complete pole figures of zirconium and aluminum.
Measured and normalized pole figures were shown in Fig.
2. As shown in Table 1 and Fig. 2, it is noted that pre
ferred orientation in the aluminum sheet was substan

tially stronger than that in the zirconium hot band, since
the cold rolling and the subsequent annealing of the alu
minum sheet gave rise to a quite pronounced cube tex
ture {001}(100). The preferred orientations in the zir
conium hot band can be characterized by the {002} and
{110} planes. Thus, in the zirconium hot band, the evo
lution of the {110}//RD preferred orientations with their
basal plane {002} lying 20° away from ND was observed
as shown in Fig. 2(a).

After analyzing their ODFs using the WIMV(Williams-
Imhof-Matthies-vinel)®' method, we recalculated the
pole figures from the ODFs. And we averaged the pole
densities of each recalculated pole figure with respect
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Tablel. The results of the quantitative phase analysis for the samples of mixed Zr and A1

Sample Total A1 ODF: f(g) max Refinement results Error of

No. weingt(g) weight(%) Zr A1 HB**):Zr Rb-A\ A1 wt(%) A1 weight (%)

1 10.21 24.29 3.21 1.79 7.23 23.56(0.36) 2.9

2 9.0 14.11 5.9 64.14 3.84 2.42 9.13 13.21(0.22) 6.4

3 8.53 9.38 3.43 2.41 7.54 8.71(0.18) 7.1

4 8.06 4.1 3.59 2.43 14.6 3.93(0.07) 4.1

Conventional agreement index, the goodness of fit^'
**' Conventional agreement index, the Bragg

to the azimuthal direction because the samples were ro
tated about ND iu the diffraction measurement. These

averaged pole densities of the recalculated pole figures
corresponding to diffraction peaks were used cis an in
put of the preferred orientation factors for the Rietveld
analysis.

The result of refinement corrected with the preferred
orientation factors was displayed in Fig. 1(b). The Ri
etveld refinement without the preferred orientation cor
rection in Fig. 1(a) is proved to be unacceptable to an
alyze the highly textured material. In contrast, the
diffraction pattern calculated by the Rietveld analysis
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Fig. 2. The measured and normalized pole figure; (a) zirconium
hot band, the maximum pole density is 4.63, (b) cold rolled and
recrystallized aluminum sheet, maxmum pole density is 15.6.
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Fig. 1. The diffraction pattern of sample No.l (a) without the pre
ferred orientation correction, (b) with the preferred orientation
correction: The weight percent of A1 is 24.29. Circles and solid
line represent observed and calculated pattern, lower dot line
represents the difference.

with the preferred orientation correction is very close to
the experimental result as shown in Fig. 1(b). It was
also noted that the evaluation error was less than 3 %

with fitting results of Rb = 1.79 for zirconium peaks,

Rb = 7.32 for aluminum peaks and = 3.21. The re
sults obtained from four samples with different weight
fraction of zirconium and aluminum are summarized in

Table I.

§4. Summary

Refinements by the Rietveld profile analysis for the
highly textured samples were successfully carried out by
using the preferred orientation factors obtained from the

recalculated pole figures, so that we could obtained the
agreeable values of the weight percent for their compo
nent in all samples. These results show that the quantita
tive phase analysis would be possible for highly textured
industrial samples.
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