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Nuclear data measurement and compilation for thin layer activation
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Abstract. The Thin Layer Activation method (TLA) is widely used for wear, corrosion and erosion measurements
by using medium energy charged particle accelerators. To accomplish a TLA experiment and calculate the amount of
wear by using the nuclear tracing technique it is necessary to know the accurate excitation functions of the nuclear
reactions in question as well as the nuclear data (half-life, γ-energies, etc.) of the produced tracer isotopes. In the
framework of a systematic study a series of elements which may occur as common construction material have been
investigated.

1 Introduction

The TLA technique is an accurate tool for wear measurements,
when the equipment to be investigated is running and a disas-
sembly/reassembly would strongly influence the result [1–3].
The measurement requires the knowledge of nuclear reactions
in question [4–7] especially a reliable database of charged
particle induced nuclear reactions.

The investigated elements/materials are: boron [8,9],
beryllium [10], aluminum, chromium, copper [15], iron
[17,19], molybdenum [25], niobium [11,16], nickel, tita-
nium [12], tungsten [20,36], zinc [22,27], cadmium [34],
iridium [28,36], platinum [23,24,31], silver [29,37], tin [33],
palladium [38], lead [39], zirconium [21], yttrium [30], ru-
bidium [13,14] and tantalum [18,26]. The nuclear reactions
investigated cover the most common light particle induced
reactions available at medium energy accelerators, such as
proton, deuteron, 3He and alpha particle induced reactions.
The irradiations have been performed in the framework of an
international cooperation making possible the use of accel-
erators of different energy ranges up to 80 MeV proton and
50 MeV deuteron energy. The measured excitation functions
have been plotted and compared with the literature data. To
provide useful practical data yield curves were also deduced
from the recommended excitation functions and compared
with measured yields from other authors. In several cases
activity versus depth distribution curves were also calculated
as a direct tool to measure the surface wear of different
materials [32].

2 Experimental

The irradiations were performed on the MGC-20E cyclotron
in Debrecen, Hungary (up to 18 MeV p), on the same type
of cyclotron in Turku, Finland, on the CGR 560 cyclotron
at the Vrije Universiteit Brussels, Belgium (up to 40 MeV p)
and on the AVF cyclotron at the Tohoku University, CYRIC,
Sendai, Japan (up to 70 MeV p). For the irradiations the well
known stacked foil technique was used, where also monitor
foils were inserted along the stack. The monitor reaction was
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also measured along the whole range of the bombarding beam
making possible to deduce not only the beam intensity but
also the correction of the nominal beam energy in the stack.
Measurement of the gamma spectra of the activated foils were
carried out without chemical separation. The measurements
have started a few hours after EOB in measurements at VUB
and after one and half day at CYRIC.

The beam currents were deduced from the monitor reac-
tions, the number of the target nuclei from the precise mass
and surface determination of the target foil. The calculated
energy degradation [40] of the incident beam were checked
and corrected on the basis of the monitor reactions. To calcu-
late the amount of produced radioisotopes the decay data were
taken from the ENDSF data files [41].

To estimate the uncertainties of the cross sections the
linearly contributing processes were taken into account by
equal sensitivities [42]. The errors of non-linear parameters
(time) were not considered, but their contribution is minimal
compared to other processes. The typical total resulting errors
are around 8–13%. In the estimation of the uncertainty of the
energy of the bombarding beam the medium plane of the target
above the well known beam energy broadening the cumulative
propagation of the errors in the energy of the primary beam
and in the foil thickness were taken into account.

More detailed description of the used experimental tech-
niques and of the method of data evaluation can be found in
our earlier publications [26,43].

3 Model calculations

The theoretical calculations were carried out by using the
ALICE-IPPE code. This code is an ALICE-91 version mod-
ified by the Obninsk group [44]. The original ALICE code
was developed by Blann [45] on the basis of equilibrium and
pre-equilibrium reaction mechanisms. A comparison of the
ALICE-IPPE calculations with the experimental data shows
that this modified code describes well the proton induced
reactions at low energies. In this work the prediction capability
of the model for deuteron induced reactions was investigated,
where the direct processes play more important roles. The
calculations were done with an a priori parameter set, without
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Fig. 1. Measured and fitted excitation function of the natFe(p,x)56Co
nuclear reaction.

any adjustment for individual reaction. It has to be mentioned
that the used code does not work with discrete levels and
cannot separate the cross-section of the different isomeric
states but it can calculate the sum.

4 Results

The aim of this study was to provide useful information
and literature on the excitation functions of most common
construction materials can be used for the nuclear wear mea-
surements.

4.1 Iron

Iron is really the most common construction material. The
radioisotopes produced from it are very suitable for the pur-
poses of nuclear wear measurements. In figure 1 the measured
and fitted excitation function of the proton induced nuclear
reaction is shown. The isotope 56Co has a suitable half-life
(77.1 d) and strong enough gamma energies (most intense
γ-line: 846.7 keV). As seen from figure 1 an irradiation be-
low 14 MeV proton energy can produce homogenous activity
distribution in the upper 20 micrometers and linear as deep as
250 micrometers with measurable radiation intensity. By using
non-vertical irradiation this activity can be concentrated into
several micrometers making possible the so called nano-wear
measurement.

In several cases it is necessary to investigate the wear of
two ore more different parts, which are located so closed that
the radiations coming from them cannot be separated/shielded.
In this case a different isotope must be produced in the second
part. Iron is very suitable for this method because an other
“good” isotope, the 57Co (half-life: 271.8 d; γ-lines: 122
and 136.4 keV) can also be effectively produced by deuteron
irradiation.

As shown in figure 2 an irradiation under 9 MeV deuteron
energy produces similar results for 57Co as in the former
case was for 56Co. From the results in figures 1 and 2 one
can deduce more useful data, i.e., the yield curves and the
activity versus depth distribution. These data can be directly
used for wear measurements even by industrial people (see
figs. 3 and 4).
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Fig. 2. Measured and fitted excitation function of the natFe(d,x)57Co
nuclear reaction.
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Fig. 3. Production yield of the 56Co producing nuclear reaction on
natural iron.
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Fig. 4. The most useful activity distribution curve for 56Co.

4.2 Other important construction elements

Some samples do not contain iron as alloy component or it
contains iron but a different isotope is necessary for the wear
measurements. In this case other alloy components must be
activated or the secondary implantation can be used. That’s
why we also measured and collected the data for the most
important secondary elements.

From figure 5 it is clear and it is also seen from the
previous figures that the TLAprof code gives only a raw
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Fig. 5. Recommended excitation of the natAl(3He,x)22Na reaction
compared with the results of TLApof code [46].
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Fig. 6. Excitation function of the 65Cu(p,n)65Zn reaction.
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Fig. 7. Excitation function of the 48Ti(p,n)48V nuclear reaction
compared with the results of the TLAprof code [46].

estimation of the yield and in some cases such as the alu-
minium above gives wrong estimation. The activation with
3He is very expensive and complicated, that’s why one should
consider the alternative methods, such as nuclear implantation
or simply choose other alloy component if available.

As seen in figure 7, the TLAprof code gives an acceptable
result for the estimation of the produced yield.
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Fig. 8. Excitation function of 52Cr(p,n)52mMn nuclear reaction.

5 Conclusion

Our measurements and compilation show that the TLAprof
code can be used for reliable yield estimation in several
cases, but there are reactions where the results of TLAprof
significantly differ from our results and/or the literature. It
means that the establishment of a reliable database in this field
is essential.
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S. Takács, A. Hermanne, Appl. Radiat. Isot. 64, 1013 (2006).
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