
30 Annual Report 1997

ECPSSR theory [3] and the semiclassical approximation (SCA). A contribution of the electron capture to M-shell
vacancy production was found to be small for light ions studied. The role of approximations used in these
approaches to account for the projectile deflection and a change of electron binding energy, as well as electronic
wave functions effects, are discussed. It is shown that the magnitude of isotopic effect is very well reproduced
by the ECPSSR theory, in spite of a difference by a factor of three between the predicted and measured absolute
cross sections at the lowest energy of 100 keV/amu. Possible explanation and consequences of this observation
are discussed by contrasting the predictions of the ECPSSR theory with the SCA calculations.
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Fig.l M-x-ray cross sections ratios o(2H)/a('H) and c(4He)/o(3He) for Au versus projectile energy per mass. Theoretical predictions
are shown by solid line.
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1.13 Lattice Location of Oxygen Atoms in UO2 Single Crystals Leached in Water
by L.Nowicki, A.Turos, F.Garrido1', C.Choffel1', L.Thome1*, JJagielskP

Uranium dioxide is used as a fuel in the majority of nuclear power stations. The burnt out fuel
management is one of the most important technical and ecological problems limiting the further development of
nuclear energy plants. In the direct storage scenario the burnt out fuel is stored in safe, deep geological
repositories. An accidental contact with water can produce leaching of radioactive material and its transport to
the geosphere via the groundwater. Thus, to obtain more basic data on the phase relationship and structural
transformations of UO2 upon leaching the backscattering/channelling studies were carried out. Previous works
showed that the leaching of UO2 single crystals in water of temperature over 160°C and containing dissolved
oxygen produces substantial changes in the surface region of the crystals. These effects are due to the formation
of higher oxides at the surface, characterized usually by a O/U = 2.3 ratio. The incorporation of oxygen into a
UO2 cubic elementary cell (fluorite structure) induces modifications of the crystalline structure [1,2]. The aim
of this work was to study the changes in the lattice location of oxygen atoms induced by the wet oxidation of
UO2. The samples were (OOl)-oriented UO2 single crystals. Leaching was made in water of pH = 6 at 180°C.
The backscattering/channeling analysis of the UO2 single crystals was performed at the ARAMIS facility of the
CSNSM Orsay with a 4He beam of 3070 keV to take advantage of the 16O(4He,4He)16O resonant scattering at 3045
keV.
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The performed measurements showed
that the O/U ratio in the crystal surface layer rose
to 2.35. Its thickness is ~ 130 nm after 13 h of the
leaching process. The yield of backscattering on
the oxygen nuclei contained in this layer displays
high flux-peaking for the chanelling in the (100)
plane and also in the vicinity of the [001] axis
(fig. 1). The yield of backscattering signal
normalized to the random direction reaches 1.5.
This effect was interpreted as a result of
substantial changes in the oxygen sublattice due to
the incorporation of the excess oxygen atoms.
These changes include formation of oxygen
cuboctahedral clusters [3] and the displacement of
the oxygen atoms in their surroundings. The
performed Monte Carlo computer simulations of
the ion channeling gave strong support for the
presented model. They indicated also that cluster
arrangement in the leached layer reveals a
superstructure since not all of uranium [001] rows
are disturbed to the same extend. See ref. 4 for
more extensive discussion of the results.

[1] A.Turos, R.Falcone, A.V.Drigo, A.Sambo,
L.Nowicki, N.Madi, J.Jagielski and
Hj.Matzke, Nucl. Instrum. Meth. B118
(1996) 659

[2] L.Nowicki, A.Turos, C.Choffel, F.Garrido,
L.Thome, J.Gaca, M.Wojcik and
Hj.Matzke, Phys.Rev. B56 (1997) 534

[3] B.T.M. Willis, J.Chem. Soc. Faraday
Trans. 2, 83 (1987) 1073

[4] L.Nowicki, A.Turos, F.Garrido, C.Choffel,
L.Thome", J.Jagielski, Hj.Matzke, Nucl.
Instr. Meth., in print

1} Centre de Spectrometrie Nucleaire et de
Spectrom6trie de Masse, CNRS-IN2P3, Orsay,
France

2) Institute of Electronic Materials Technology,
Warsaw, Poland

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

1.5

1.0

0.5

0.0

1.0

N

— 0.5
03

s
t o.o

1.0

0.5

0.0

(100)

I 1 1 1 1

u o
leached

non-leached

-0.5 0.0 0.5

Tilt angle (deg)
Fig.l Angular scans across the [001] axis along three planes for the

leached and non-leached UO2 single crystals.

1.14 Defect Mobility in AlxGax.xAs at Low Temperatures
by A.Turos, J.Kaczanowski, R.Fromknecht1', E.Wendler2*, and W.Wesch2)
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The properties of defects in UJ-V semiconductor compounds have been extensively studied by various
techniques over the last few decades. The irradiation induced defects have been principally identified by
measurements of their electrical [1,2] and optical [3,4] characteristics. The important limitation of the usually
used spectroscopic methods is due to the fact that they can only detect defects in appropriate charge states. Thus,
they are virtually "blind" to interstitial atoms. Since the RBS/channeling is almost exclusively sensitive to
displaced atoms it has been expected that the application of this technique will provide valuable and
complementary information on the defect structures in III-V compounds.

AlxGa!.xAs epitaxial layers grown on semi-insulating GaAs substrates with x = 0.25 were implanted at
77K with 150 keV N ions to the fluences 0.7 x 1014 and 1 x 1014 at/cm2. Implanted crystals were analyzed in situ
with 2 MeV 4He ions using the RBS/channeling technique.

The kinetics of the defect recovery at 77K is shown in Fig. 1. The total amount of displaced atoms, n,,,
was calculated as an integral over the corresponding defect distribution determined using Monte Carlo simulations
of the measured channeling spectra [5,6]. Next part of the experiment consisted of the warming the sample up


