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The nature of defect or flefect complexes produced in
superconducting compounds Nb^Sn, Nb^Pt, and VjSi by high
energy (Ezl MeV) neutron irradiation is investigated by trans-
mission electron microscopy. The newly developed technique of
superlattice reflection imaging is used whereby the regions of
reduced long range order are directly imaged. Unlike metals
these regions were found in general not to collapse into dis-
location loops. The size and the volume fraction of these
disordered regions are obtained for fluences ranging from 1017

neutrons /en? to 3x10^-9 neutrons /cm?. The size ranges from 20A.
to 60k, Typical volume fraction for 1018 neutrons/cm2 is
over 1%,

I. INTRODUCTION

Marwick (.1975) has estimated that more than 95% of the
displacements produced in a metal undergoing neutron irradia-
tion in a fast reactor occur within displacement cascades. In
intermetallic compounds like A15s the cascades will also con-
tain replacements (i.e. antisite defects). (In addition there
is a possibility of the creation of antisite defects by the
operation of long range collision sequences.) These cascades
or disordered regions were extensively observed in Nb3Sn using
transmission electron microscopy (Pande, 1979), employing the
newly developed superlattice reflection technique (Jenkins
et al,, 1976). For sufficiently low fluences, the specimens
contain volumes of cascades where the long range order S is
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much smaller than the surrounding matrix. In the superlattice
reflection technique regions of low S are mapped as dark dots.
The contrast arises due to the difference in structure factor
between the disordered zones and the more or less ordered
matrix. So far the evidence for the disordered regions were
obtained only in Nb3Sn, by transmission electron microscopy
(Pande 1977, 1979) and low angle scattering (Karkin et al.,
1976). It is of interest to know whether other A15 compounds
such as Nb3Pt, V3Si show similar behavior. The chief aims of
the present work are:

1) to use the superlattice reflection technique to inves-
tigate irradiated Nb3Sn, Nb3Pt, and V3Si#

2) to estimate the volume fraction of the disordered re-
gions in Nb3Sn and to compare with what would be expected
theoretically, if all antisite defects are confined to these
disordered regions.

II. SPECIMEN PREPARATION

3n specimens were prepared by solid state diffusion
("bronze") process. The grain size of such a sample is
usually of the order of 3(j, and is suitable for transmission
electron microscopy in the diffraction contrast modes, al-
though detailed Burgers vector determination is very difficult.
V3Si and Nb3Pt were prepared by arc melting. Both of them had
a grain size of over IO4.

Discs of these materials ~3 mm in diameter are sealed in
quartz tubing. The quartz tube is then placed in an aluminum
container and surrounded with fine mesh aluminum powder and
held in place with aluminum foil. The irradiation was carried
out in the Brookhaven High Flux Beam Reactor (HFBR) . The
specimen temperature during the irradiation is expected to be
150°-250°C. The fluences mentioned in this paper refer only
to neutrons with energy ESI MeV, i.e. high energy neutrons
with a flux of 1.3x1014 n/cm2-sec. However neutrons of lower
energy as well as thermal neutrons are also present.

For obtaining specimens suitable for transmission electron
microscopy, ion thinning procedure was used. The iron milling
was done at a grazing angle of 12-15° and Argon ions were
accelerated with voltage of 4.5-5 kV. Ion current was 25-50
microamperes and gun current ranging from 0.4 to 2 milli-
amperes. In some cases the specimens were washed in HF to re-
move damage layers due to ion milling.



III. EXPERIMENTAL OBSERVATIONS AND RESULTS

The irradiated specimens were examined using diffraction
contrast technique employing both fundamental and superlattice
reflections. In Nb3Sn and Nb3Pt 'small black dots' (dis-
ordered regions) were observed in specimens irradiated to
various fluences. For example Fig. 1 shows a single Nb3Sn
grain of the irradiated specimen imaged in superlattice re-
flection (g=011) showing a high density of 'black dots'. As
states previously we identify the 'black dots' in dark field
superlattice reflection as arising from the disordered regions
created by the high energy neutrons and that the image is a
simple projection of the disordered regions on the imaging
plane [(100) in this case]. The size of the contrast figures
under these conditions was taken to be the size of the dis-
ordered regions as they are close to spherical shape, although
some of the disordered regions appear to be slightly ellip-
tical. Figure 2 shows similar disordered regions in ifl^Pt.

In the case of V3Si however this technique has so far not
been successful. We have not observed disordered regions in
V3Si on neutron irradiation after repeated attempts. This re-
sult is in agreement with that of Kiipfer and Manuel (1979) and
probably indicates annealing of defects in V3Si at the reactor
temperature. Unlike metals, very few of the disordered re-
gions were found to collapse into dislocation loops.

The volume Fv of the disordered regions is an important
parameter in calculating T Q degradation of the material on ir-
radiation. This was done by measuring the disordered regions
and measuring the thickness of the foil. It should be empha-
sized that F v so obtained are rough estimates only. Figure 3
is a plot of the volume fraction of the disordered regions as
a function of fluence for irradiated Nb3Sn. It is clear that
F v is not insignificant as sometimes claimed. The theoretical
curve is obtained on the assumption that all the antisite de-
fects are present in the disordered regions., Experimental •
value of R as obtained by Sweedler and Cox, 1975 is used to
estimate theoretical F v (see Pande (1977) for details).

IV. CONCLUSIONS

1) Disordered regions in two A15 compounds, vig Nb3Sn, and
3 and Nb3Pt produced by fission neutron irradiation at

reactor temperature are directly imaged.
2) Volume fraction of the disordered regions is measured

from the electron micrographs. It is shown that the majority
of defects in Nb3Sn are present in these disordered regions.



3) No disordered regions were observed in V3Si irradiated
at reactor temperature indicating the possibility of anneal-
ing of the defects at this temperature.
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FIGURE 2. Disordered regions (black dots) in irradiated
(Fluence ~10l9 neutrons/cm2).

FIGURE 2, Disordered regions in irradiated Nb^Pt. (Fluence
&10l7 neutrons/cm2.; Diffraction conditions are
shown on bottom right hand corner. Top left hand
corner shows a magnified view of one of the dis-
ordered regions.

FIGURE 3. Volume fraction Fv of the disordered regions as a
function of fluence in Nb3Sn. (See text for de-
tails.)
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