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Mossbauer spectroscopy and electron-positron annihilation measurements have
been applied to a reactor pressure vessel steel in order to investigate the influence
of neutron irradiation and post-irradiation heat treatment. Room temperature
Mossbauer spectra revealed slight structural changes originating from irradiation
process whereas a post-irradiation heat treatment under vacuum permits the ini-

tial structure to recover as derived from the hyperfine parameters. The present
Méssbauer results are supported by electron-positron annihilation measurements
using lifetime and angular correlation techniques.

Resistance against neutron enbrittlement is the most relevant parameter to be con-
sidered when selecting materials for a reactor pressure vessel (RPV). The V-230 type
RPV features rather specific design with relatively small diameter. Neutron fluxes in
reactor walls must be taken into account in this respect. Neutron embrittlement causes
changes of microstructure in the material and, consequently, mechanical properties of
the RPV steel deteriorate. Neutrons with the energy E, > 0.5 MeV initiate collision
chains by scattering with atoms of the crystal lattice. At the same time, vacancies and
interstitials created recombine and, depending on temperature, grow to clusters and
dislocations.

Unit 1 and 2 RPVs of the nuclear power plant Jaslovské Bohunice have been manu-
factured in former Soviet Union from the 15CH2MFA steel with anti-corrosion austenitic
cladding. They belong to the first generation of the VVER-440/230 reactors with high
content of residual elements in the vessel steel as listed in Table 1 [1]. The vessel have
six circumferential and one longitudinal weld in the bottom part. The highest neutron
fluxes appear in the belt segments located nearest to the active core (Fig.1). As a
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Fig. 1. The reactor pressure vessel VVER 440,230 (broad arrows indicate places where from
the material for sample preparation has been collected).

consequence, pronounced structural changes are expected in the welded part which is
situated between the fourth and fifth RPV-segments.

Mechanical properties of the construction materials and influence of neutron radi-
ation damage on them are routinely investigated by macroscopic methods. Hardness,
strain of fraction, etc. are measured using the so-called witness samples. We think, how-
ever, that microscopic methods yielding information on the origin of structural changes
on atomic and/or nuclear level should be also employed.

In the present study, structural changes in a RPV steel which result
processes are investigated by non-destructive nuclear methods -
effect and electron positron annihilation spectroscopies. The m

the feasibility of both techniques in assessing the effects of radia
a RPV during routine operation.

s from irradiation
namely by Mossbauer
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tion damage caused to

The most significant advantage of Mossbauer spectroscopy, with regard to the in-
vestigation of steels, is its high sensitivity to changes in atomic
nant atoms comprising local crystal symmetry and lattice defects. To our knowledge,

Mossbauer spectroscopy was rarely used in the investigations of nuclear power plant
materials [2-6).

configuration of reso-
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Deterioration of mechanical properties of RPV steels during m:.mﬁ.r.mros Emm ::ﬁmwn
power plant is known as neutron embrittlement [5]. The only possibility to reduce ir
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Fig. 4. Angular correlation dependences of the basic material before (full circles) and after
(open circles) annealing.

typical behaviour of dilute iron magnetic alloys which can be described by three sex-
tets. Their relative areas are close to the theoretical values calculated from a random
distribution model of impurities in a bce structure (5% of 12 elements in total). All
corresponding hyperfine parameters were free during the fitting procedure. The spec-
trum parameters of the original, irradiated and post-irradiation annealed samples are
listed in Table 2. Slight increase of the hyperfine magnetic field values, B, in the third
component as well as an increase in the line-width, T', and the relative area, Are, of
the first sextet after the irradiation can be interpreted as a consequence of increased
structural disorder due to neutron bombardment. After annealing, B and A,q - values
resumed almost original values. Decrease in T for the second and third components in
the annealed samples with regard to their original unirradiated values is due to anneal-
ing out of the defects which leads to improved structural ordering. The same trends
were observed when the irradiated sample has been taken from the welded part of the
RPV.

Results obtained from the positron lifetime measurements are summarised in Table
3. Typical positron lifetime spectrum of the basic material after annealing can be seen
in Fig.3. Decrease in lifetimes for both the basic and the welded material implies a re-
lease of structural defects after annealing. Angular correlation spectra of the irradiated
basic material before and after annealing are shown in Fig.4. Because the experimental
conditions including sample dimensions, their placement as well as time of the mea-
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so pronounced as expected. The reason for this lays probably in the way how was the
;rradiated sample material taken from the reactor vessel. In this respect, the feasibility
of Mdssbauer spectroscopy could be improved by employing an in-situ backscattering
technique with a spectrometer directly attached to the RPV. Such experimental ar-
rangement could be realised only when sufficiently small driving system (due to the
space available) would be used as reported for example in [8]. Reliability of Mdssbauer
spectroscopy and electron-positron annihilation results can be also enhanced by prepar-
ing the witness samples according to special requirements of both methods. A project
utilising samples with proper design which will be placed inside a reactor and inspected

after certain operation time is already in progress.
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