





EUR 452.¢
REPRINT

SOME PRELIMINARY RESULTS ON DEFECTS IN IRRADIATED TO2
SINGLE CRYSTALS AS REVEALED BY TRANSMISSION ELECTRON
MICROSCOPY by S, AMALINCKX (C.IE.N.) and H. BLANK (Euratom).

European Atomic Energy Community - EURATOM

Euratom-United States Agreement for Cooperation

Work performed under the Ifuratom/C.EE.N. contrat No. 063-61-10 RDB
(LURANLZC Report No. 722)

Reprinted from "JOURNAL OFF APPLIED PHYSICS”, Vol. 34 No. S -
1963 - pp. 2200-2209,

Vapor-grown single crystals of nearly stoichiometric UO2 have been thinned
for transmission clectron microscopy. The as-grown crystals show a dcense
pattern of precipitates and may contain loops due to quenched-in vacancics
but contain hardly any dislocations. Two models for the production of loops
arc proposed. Dislocation networks (small angle boundaries) are produced on
anncaling the crystals. Trregular patterns of dislocations arise when sufficient
thick parts of the crystal [oils arc treated with heat shocks in the microscope

EUR 452.¢
REDPRINT

SOMIEE PRELIMINARY RESULTS ON DEFECTS IN IRRADIATED TlO2
SINGLIS CRYSTALS A5 REVEALED BY TRANSMISSION ELECTRON
MICROSCOPY hy S0 AMALINCKX (CEN) and H. BLANIK (Euratom).

European Atomic Energy Community - EURATOMN

Furatom-United States Agreement for Cooperation

Work performed under the Luratom/CE.N. contrat No. 063-61-10 RDI3
(LURANEC Report Noo 722)

Reprinted from "JOURNAL OF APPLIED PHYSICS”, Vol 34 No. 8 -
1963 - pp. 2200-2200,

Vapor-grown single ervstals of nearly stoichiometric UOg2 have been thinned
for transmission clectron microscopy. FThe as-grown crystals show a dense
pattern of precipitates and may contain Joops duc to quenched-in vacancics
but contain hardly anyv dislocations. Two models for the production of loops
are propcscd. Dislocation networks (small angle boundaries) are produced on
anncaling the crvstals, Irregular patterns of dislocations arise when sufficient
thick parts of the erystal foils are treated with heat shocks in the microscope

EUR 452.¢
REPRINT

SOME PRELIMINARY RESULTS ON DEFECTS IN IRRADIATED o2
SINGLE CRYSTALS AS REVEALED BY TRANSMISSION ELECTRON
MICROSCOPY by S0 AMALINCKX (C.EXN)) and H. BLANK (Euratom).

Furopean Momic Energy Community - TURATOM

Luratom-United States Agreement for Cooperation

Work performed under the Euratom/C.I.N. contrat No. 063-61-10 RDB
(EURANEC Report No. 722)

Reprinted from 7 JOURNAL OIF APPLIED PHYSICS”, Vol. 34 No. 8 -
1963 - pp. 2200-2209.

Vapor-grown single crystals of nearly stoichiometric UO2 have been thinned
for transmission clectron microscopy. The as-grown crystals show a dense
pattern of precipitates and may contain loops due to quenched-in vacancics
but contain hardly anyv dislocations. Two models for the production of loops
are proposcd. Dislocation networks (small angle boundaries) are produced on
anncaling the crystals. lrregular patterns of dislocations arise when sufficient
thick parts of the crystal foils are treated with heat shocks in the microscope



suddenly increasing the beam current. After exposure to 1015 nut the crystal
foils show fission tracks, short segments of straight dislocation lines and black
dots, which are partly distributed at random and partly are aligned on fission
tracks. Interaction between fission tracks and dislocations has been observed.
The conditions for contrast production on fission tracks have been investigated.
The experimental findings can be explained by o model of a displacement
ficld around the fission tracks.
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Vapor-grown single crystals of nearly stoichiometric UO; have been thinned for transmission electron
microscopy. The as-grown crystals show a dense pattern of precipitates and may contain loops due to
quenched-in vacancies but contain hardly any dislocations. Two models for the production of loops are pro-
posed. Dislocation networks (small angle boundaries) are produced on annealing the crystals. Irregular
patterns of dislocations arise when sufficient thick parts of the crystal foils are treated with heat shocks in
the microscope suddenly increasing the beam current. After exposure to 10 ngt the crystal foils show fission
tracks, short segments of straight dislocation lines and black dots, which are partly distributed at random
and partly are aligned on fission tracks. Interaction between fission tracks and dislocations has been ob-
served. The conditions for contrast production on fission tracks have been investigated. The experimental
findings can be explained by a model of a displacement field around the fission tracks.

L INTRODUCTION The problem of getting suitable thin foils transparent
OR many years there has been a growing interest for electrons is rather delicate in this material because
in the transmission electron microscopy of UQO.. of poor cleavage properties and because of the brittle
" * Permanent address: Euratom, Brussels, Belgium. nature of UO,. Therefore, the first investigations were



























2209 DEFECTS IN
diffraction vector g is parallel to the foil plane, as is
usually the case; g. is the component of g along the

xaxis. If gis not in the foil plane

a=2mel (g.x+g:2)/ (*+357) ]
usually
£:Kg.

Irom Eq. (3), the explanation of the experimental
evidence for vanishing contrast in fission tracks parallel
to ¢ follows directly. It is similar to the condition
G-b=0 for a dislocation out of contrast. If the track is
inclined with respect to the foil plane and the diffraction
vector parallel to the foil, there is nno total disappearance
of contrast, no matter what § is. Using the column
approximation one finds for the amplitude scattered by
the column at +=

A(x)= f | gl G sy, (4)
21

The quantity s denotes a measure for the deviation from
the exact Bragg condition.!! For the column at —u, the
argument of the first exponential would change sign.
Although the integral has not been calculated it is
clear that, in general, 4 (x)7 A (—x). If spx>0 the two
arguments of the exponentials add up and in an ampli-
tude phase diagram we would have a wound-up
spiral. For large 5 the spiral approaches asymptotically
to a circle with radius 1/27s because

lim [v/ (32422 ]=0.

For spx<0, on the other hand, the two arguments of
the exponential subtract and we would have an un-
wound spiral. This means that the intensity of the
diffracted beam would be larger at the side of the track
for which spx<0; this will determine the image side.
From the knowledge of the image side and of s, we can
therefore deduce the sign of p. If, furthermore, § is
known, it is clear that we can determine the sign of e,
i.e., we can tell whether the track core is expanded or
contracted. The mnecessary experiments are mnow in
preparation.

Tor small values of s the dynamical theory has to be
used. According to Howie and Whelan' the amplitudes

12 A Howic and M. J. Whelan, Proc. Roy. Soc. (London) A263,
217 (1961).

IRRADIATED UO:.

SINGLE CRYSTALS

of transmitted (7T') and scattered (S) waves obey the
following set of differential equations:

dT/de (7r1'/lu)5821ri(sz+a)’
dS/dz= (wi/t) Te i+, ()

where [, is the extinction distance, s a parameter
describing the deviation from the exact Bragg condition,
and e is given by a=g- 2. In our casea= g.e[x/ (a2+22)].
The initial values are T=1 and S=0 for z2=0.

We can now discuss the symmetry properties of the
image by the use of a method proposed by Gevers® for
discussing dislocation images which does not require
solving the equation explicitly.

If anomalous absorptlion is neglected r,= < and for
s=0 theimage is symmetrical. This can be shown by the
properties of the system (5) for positive and negative
values of . One can deduce for the intensities 7, and 7,
of the transmitted and of the scattered wave, that the
relations hold

I[,(x)=I,(—=x) and I, (x)=I,(—x).

It 1s further clear that for 24=0, «=0 and therefore 7,
and I, are equal to the background intensities. The
image has, therefore, to be double-peaked.

If anomalous absorption is not neglected the image
is no longer svymmeltrical even for s=0 and a fortiori for
s720. This is likely to be true in most cases. Machine
calculations for the computation of image profiles are
in progress. Oscillating contrast effects similar to those
observed for dislocations are to be expected.
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13 R. Gevers, Phys. Stat. Solidi (to be published).















