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A description of the scattering experiment and analysis of the Massbauer spectra
form the first part of this contribution. A comparison of reflection and transmission
spectra shows that the lines in reflection geometry are broadened considerably {20
%) due to thickness distortion. In the second part we present the results we have
obtained using this geometry in the study of corrosion products from nuclear power
plants, transformer sheets and so called Mars samples analogues.

INTRODUCTION

In general, Mdssbauer spectroscopy can be performed either in the transmission
ode (TMS) or in backscattering mode by detecting the decay products of the de-
citation of the nuclei in the specimen which have been resonantly excited by the
urce radiation. In the latter case, one can use conversion electron Mossbauer spec-
roscopy (CEMS), conversion X-ray Mdssbauer spectroscopy (CXMS) or re-emitted -
ay Mossbauer spectroscopy (RGMS).

A summary of major events during decay of the excited (I=3/2) state of 57Fe is given
n Table 1, [1]. A number of backscattering studies have been published so far mainly
or investigating surface properties. Because of the high internal conversion coefficient,
ost teflection Mossbauer spectroscopy studies have used the X-rays and electrons
sociated with internal conversion rather than the resonantly scattered y-rays which
ave larger depths range in solids. Because of the possibility to investigate selectively the
material at different depths, Mossbauer scattering experiments often yield information
hat cannot be obtained in the standard transmission geometry, but they are also more
complex both experimentally and conceptually, and they must be carefully adapted to
he specific problem to be studied. The additional conditions e.g. thickness distortion,
he effect of rescattering, the total attenuation coefficient consisting of both resonant

1Presented at the Colloquium on Mdssbauer Spectroscopy in Material Science, Kotovce, Slovakia,
October 3-6, 1994
2E-mail address: Lipka@elf.stuba.sk
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Fig. 2. Massbauer spectra of a basalt.ob
tained in transmission (a) and backscattering
geometries from polished (b) and unpolished
(c) sides. \

Fig. 1. Diagram of the experimental geome-
try. S is the source. The sample has both a
polished and an unpolished (rough) surface
(©1 = ©y = 50° and @, = 80°).

and non-resonant vy-radiation and interference effect between Rayleigh, Compton ant
Moéssbauer scattering should be taken into account [2]. However in practice the situatioh
is simplified since some of the effects have no substantial influence on Méssbauer spectra
obtained from polycrystalline samples. For example the interference term from the
nuclear resonant and coherent Rayleigh scattering processes at a scattering angle o
90° is negligible [3]. The thickness distortion usually must be accounted for when

recoll free fraction of the absorber, n, is the number of 57Fe atoms per cm®, o4 is the
scattering cross section and u is the non-resonant mass attenuation coefficient), i. e.
when Fe is the dominant heavy atom in the material under Investigation [4]

EXPERIMENTAL AND DISCUSSION

We have studied several kinds of samples including basaltic rocks and impactites.
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m%:mn._zm effect has been estimated using an average atomic number of the samples
equal tO 10. One then calculates that the intensity of Méssbauer scattering dominates
that of Rayleigh scattering by a factor of 120. So we attribute the remaining line
proadening to thickness distortion in the scattering experiment. An apparent effect of
roughness can be observed in the scattering spectra from the rough and polished surfaces
as differences in the relative areas of the subspectra. These differences,we believe, are,
in fact, not mainly caused by roughness, but by the different states of the sample.

INDUSTRIAL APPLICATIONS

The variability of the properties and the composition of the corrosion products
of the stainless CrNi and mild steels in dependence on the conditions (temperature,
acidity, etc.) in the primary circuit of the nuclear power plant is of such range that,
in practice, it is imposible to determine the properties of the corrosion products for
an actual case from the theoretical data only. Since the decontamination processes
for the materials of the water-cooled reactor (VVER 440) primary circuit are in the
process of the development as well as for the gas- cooled reactor (A1) secondary and
auxiliary circuits it is necessary to measure and analysis the real samples taken from
both primary and secondary circuits [5]. These samples were investigated by various
methods, including Méssbauer spectroscopy. The corrosion layers were separated by
scraping of the rust from the surface and powder samples were studied by transmission
geometry. When the samples were compact, we have used scattering geometry. For
such analysis the piece of the tube was cut in order to have a possibility to measure
the inner part. It should be noted that the gamma spectroscopic measurements give no
evidence of the presence of low-energy v radiation emitted from the samples. Typical
Méssbauer spectra measured in transmission and scattering modes are shown in Fig.
3. The structure of the observed spectra consists generally of two parts: a six line
pattern corresponding to magnetically ordered phases and the central doublet from
paramagnetic compounds. The structure and relative area of the components of each
pattern vary from sample to sample. The magnetic component corresponds to the
cation deficient magnetite (Fig.3a). In some samples of mild steel haematite and small
quantities of goethite and maghemite were identified.

Backscattering geometry was also applied to study the magnetic properties of ori-
ented 3% Si-Fe transformer sheets. The aim of this work was to prove a dependence
of the integral intensity ratio of the first two lines (Iz/I) of Mdssbauer spectra on the
magnetic domain orientation.

The samples were prepared in laminated form from polycrystalline commercial grain-
oriented 3% Si-Fe material. Measurements of the Mossbauer spectra were performed in
DC magnetic field. The magnetic field H was always applied at the same angle o with
respect to the rolling axis of the sample.

The influence of an applied magnetic field on the line intensity ratio I5/I; is shown
in Fig.4 for the samples cut at angle o = 45°. The measured curve a” corresponds
to the primary magnetization curve, i.e. magnetization from the point 0 up to point
1 in Fig.4. The ratio I/ I, decreases with increasing magnetic field intensity f. The
intensity ratio is constant when the magnetization approaches saturation. When the
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magnetization process was turned from the saturation magnetic induction + B, to th,
remanent induction +B,, the values of I;/I; did not follow curve ”a”: the differey,
curve ”b” was measured for this part of the hysteresis loop. For the values of it
applied magnetic field in the opposite direction, I, /11 is ploted as curve "¢”; whiq
is symetrical to curve ”b”. When the magnetization is changed from the satursts
induction in opposite direction, —B,,, to the remanent state, —B,, the dependen,
of Iy/I on H is in fair agreement with the curve ”¢”. A similar situation exists fo
the process on the rest of the hysteresis loop because the measured values of I/
corresponded to curve ”b”. No hysteresis effect is seen on the curve of Iy/1; versus H,
It is interesting that curve a corresponding to the cycle from the demagnetized state to
the saturation induction and from this state to the remanent induction B, is displaced.

We attempted to explain the observed effect illustrated in Fig.4 by changes of do-
main structure during the magnetization. In accordance with the observed grain-surface
domain structure, the unambiguity of I, /11 ratios is probably due to changes of supple-
mentary domains which are form on grain boundaries and in misoriented grains [6]. We

vmzoénrwanimmm.moammsonoozzmn_womézrarm changes of the main domain structur
of these slabs. T

SUMMARY

We can conclude that there are two kinds of difficulties in making truely n:mi:maﬁ
phase analysis in scattering geometry: the first is the methodological problems Qw.m\.W
the time required to collect a y-ray scattering spectrum is an order of magnitude longer
than that for an absorption spectrum). Secondly, the analysis of spectra obtained in
scattering geometry is complicated by specific effects related to scattering. On the other
hand our results obtained on the real samples (corrosion products and transformer

sheets) confirm the advantage of the scattering geometry for nondestructive m:m_%mmm
without special sample preparation.
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