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Report: This final report concerns the long-term project which has been awarded to us by the Review
Committee at its meeting in April 1999 (Experiment number HS-1030, from 1999/II to 2001/I). The aim of
this project was to better understand defects in real quasicrystals.
Quasicrystals form a new class of solids that are ordered but not periodic. They have very interesting specific
properties (high electric resistivity and hardness, low wettability …), arising certainly from their novel
structure which includes symmetries usually forbidden for crystals (5,10,…), but it can be guessed that these
peculiar properties are also depending on defects. Unfortunately quasicrystal defects remain poorly known.
Their theoretical studies are, at the present time, slowed down by a lack of observations. Electron
microscopy, which is a very appropriate technique for the observation of defects in crystals, appears as to be
somewhat hindered by the specificity of the strain field (a strain field having two components: phonon and
phason) associated to defects in these new solids. However, as this strain field is thought to spread over a
large distance (>1 µm), one trusts in X-ray topography to complete its characterization. The allocated beam
time has been used to take advantage of the last developments of X-ray imaging at the ID 19 station (phase
contrast radiography combined with X-ray topography) to study, at a microscopic level, defects contained in
real quasicrystals (inhomogeneities and structural defects). Previously, we proved by phase contrast
radiography that pores are often encountered in the internal lattice of various quasicrystalline alloys and by X-
ray topography we evidenced that these pores are systematically surrounded by a strain field giving two-lobe
contrasts in the case of as-grown grains [1]. Loop-shaped contrasts, looking different from two-lobe contrasts,
had also been noticed in X-ray topographs, mainly for annealed grains [2] [3]. Therefore we have strived to
study 1/ the contrast formation mechanisms in synchrotron X-ray topographs in order to identify the related
quasicrystal defects, 2/ the structural perfection of quasicrystal grains now achieved, 3/ the effect of annealing
on the defects and the structural perfection.
1/ Systematic study of the contrasts, related to quasicrystal defects,
in synchrotron X-ray topographs [4].
We have recorded white-beam and monochromatic synchrotron X-ray topographs at the same Bragg angle,
using various collinear diffraction vectors, in order to check the influence of harmonics on the contrasts given
by quasicrystal defects (two-lobes and loop-shaped). This influence was rather weak. On the opposite, despite
the extreme geometrical resolution at the ID 19 beamline, the increase of the sample to film distance has
appeared dramatic for white-beam X-ray topographs. This can be understood as a result of lattice distortions,
in the submicrometre scale, which cannot be resolved directly by X-ray topography because of the limited



spatial resolution of this technique (about 1µm). In the case of quasi-monochromatic beam topography both
types of contrasts (two lobes and loop-shaped) changed considerably as a function of the position of the
working point on the rocking curves which indicates that the related defects are highly complex. The analysis
of the extinction conditions of these contrasts, using more than ten different diffraction vectors, has shown
that two-lobe ones never disappeared while it was possible to confirm that a displacement vector component,
along a two fold axis of the real space, can be assigned to the defects related to loop-shaped contrasts [5].
Despite simulations are needed (under development) for a full characterization of these two kinds of
contrasts, it can be said that two-lobe contrasts correspond to a nearly spherical strain field in the close
vicinity of pores, while loop-shaped contrasts results from the spreading of the strain field around pores,
precipitates … during high temperature annealing.
2/ Anomalous transmission effect and structural perfection [6][7].
The existence of anomalous transmission of X-rays has been confirmed in small quasicrystal grains, but we
have shown in addition that it was discernible despite of the presence of numerous defects at the microscopic
level [6]. By coupling X-ray imaging observations with high resolution diffraction, coherent diffraction and
diffuse scattering measurements, carried out together with the team of Marc de Boissieu on the same samples,
it appeared that the structural perfection of icosahedric quasicrystals is quite comparable to that of metallic
crystals. However, this perfection is considerably featured by either uniform phason strains which can destroy
the quasiperiodic long-range order, or by long wavelength phasons fluctuations leading to diffuse scattering.
The structural perfection was also found extremely variable across as-grown quasicrystal grains and
dependent on the presence and characteristics of inhomogeneities often included in the quasicrystal matrix.
Regarding the grains that we disposed, it has been impossible to distinguish a clear influence of either the
type of alloy or the growth method [7].
3/ Effect of annealing on defects and structural perfection
The effect of annealing (up to 800°C) on the structural perfection of stable quasicrystals has been studied, for
the first time, in large grains of the icosahedral phase of AlPdMn alloys. The investigation of annealed
samples, at room temperature, by combining X-ray imaging techniques (Phase contrast radiography and X-ray
topography) and diffractometry has shown that the quasicrystalline quality is improving during annealing,
provided that no precipitate is nucleated. The improvement has been mainly ascribed to the relaxation of the
strain field around pores [8]. The first results of an "insitu" annealing carried out in the same conditions of
temperature and vacuum (UHV) have revealed that this relaxation occurs soon during the first temperature
rising while pores start shrinking. Moreover it appeared that the relaxation state was partially maintained
during the cooling and could be extended during further annealing cycles, as long as no precipitate was
formed. The pore shrinking has been interpreted by a vacancy migration mechanism and a tentative
explanation of the relaxation of the strain field around pores has been given [9].
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