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1. Introduction

Current nuclear power plants (NPP) require radmtieat and mechanical resistance
of their structural materials with ability to stagerational during NPP planned lifetime. [1-2].
Much higher radiation damage is expected in nevegdions of nuclear power plants, such as
Generation IV and fusion reactors. Investigatiorpefspective structural materials for new
generations of nuclear power plants is, among sitiecused on study of reduced activation
ferritic/martensitic (RAFM). Their microstructureand alloying elements, for example
chromium, provide them with high swelling, radiatiand thermal (up to 550 °C) resistance
[3].

Our work is focused on the study of radiation daen@ymulated by ion implantations)
evaluation of RAFM steels represented by binaryCFanodel alloys. The influence of
different content of chromium on the defects sizd amount was studied. The experimental
analysis of material damage at microstructuralllexses performed by conventional positron
lifetime measurements (PALS) at Institute of Nuclaad Physical Engineering at Slovak
University of Technology and by the Pulsed Low EyePositron System (PLEPS) [4] at the
high intensity positron source NEPOMUC [5] at tharith research reactor FRM-II.

2. Materialstreatment

The detailed chemical composition of studied Fealyy can be seen in the table 1.
The fabrication processes and treatments of tlwy adn be found in [6]. “As-received”
material was cut into desired dimensions, grourddolished to mirror-like surface before an
exposure to helium implantation.

Tab. 1:Chemical composition of studied Fe-Cr alloys (Wt%) [6].
Alloy Cr* o* N* C* Mn P Ni Cu V
L251 236 0.035 0.012 0.008 0.009 0.013 0.044 0.00901
L259 462 0.066 0.013 0.02 0.02 0.011 0.06 0.01 0.0
L252 839 0.067 0.015 0.021 0.03 0.012 0.07 0.01002.
L253 11.62 0.031 0.024 0.028 0.03 0.05 0.09 0.01002.

Accelerated helium ions were used to obtain cascallsions in the microstructure of the
studied material without neutron activation. Thdéiume implantation was performed in two
steps with ions energy of 250keV and 100keV, respelg. Implantations at the linear
accelerator of the Slovak University of Technolag\Bratislava [7] were performed at dose
of 0.1 C/cm2 (6.24x1019 cm-2) corresponding to €f8. The maximum temperature during
implantation did not exceed 100 °C. The ion enargiere chosen to ensure the possibility of
application of non-destructive techniques, sersitiv near surface areas (PAS, SEM, etc.).
Applicability of these energies was also simuldigcSRIM code (Stopping and Range of lons
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in Matter) and the maximum damage peaks were eakxifor the depths of about 300 nm and
550 nm corresponding to the energies of 100 keV2&tdkeV helium ions, respectively.

3. Reaults

The depth profiling of vacancy type defects wadgrered by PLEPS technique on
ions implanted Fe-Cr alloys with different chromigontent using positron energies in a range
from 2 keV to 18 keV corresponding to the positpemetration depth of about 15 — 525 nm.
The evaluation of Fe-11.62%Cr measured spectrgpedermed by PosWin code [8]. Mean
positron lifetimes (MLT) were calculated from tharde partial components of the lifetime
spectra, usually assigned ad: positron annihilation in bulki2- positron annihilation in
defects (vacancies, vacancy clusters) &igositron annihilation in large defects (voidss.
the MLT parameter can give the overall informatadoout the microstructural defects only its
data are shown in the paper.

Results achieved by the PLEPS (figure 1) techniguease of as-received specimens
showed, based on the positron lifetimes reachingldeof about 190 ps, presence of vacancy
type defects with the size of about 1-2 vacancasalloys with 5-12 % of chromium.
Specimens with 2.5 % of chromium had the defeagbitty bigger and could, according to the
literature [9], indicate presence of small clusteith 3 vacancies. These defects, in as-received
specimens, can be present in microstructure froenfabrication process or preparation of
alloys for measurements. Top layers of microstmac{g100 nm) were not taken into account
because of the probable surface annihilation oitqmos and because of the thin oxide layer
which could also increase the positron lifetimeth®depth of about 100 nm.
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Fig. 1: Mean positron lifetimes of as- Fig. 2: Mean positron lifetimes of ions

received Fe-Cr alloys measured by PLEPS.  implanted Fe-Cr alloys measured by PLEPS.

The ion implantation at 0.1 C/cm2 caused a sigaificncrease of positron lifetimes in
comparison to as-received state of specimens. Tdanmositron lifetimes were of 40-80 ps
higher than in the case of as-received specimeosording to the figure 2 the lowest values
were observed for the specimens with 11.62% ofralum and with decreasing content of the
chromium content increased also the positron ififetto maximum of 280 ps. This positron
lifetime increase corresponds to the increaseddizbe vacancy type defects to clusters of
about 8 vacancies [9].

The lowest values of mean lifetimes (~ 220 ps)easpond to the clusters of about 3-4
vacancies. This is, in comparison to the as-redegspgecimens, a small increase of positron
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lifetime and positive influence of chromium on grealler defects formation is observed. The
maximum damage peaks from helium ions were notgmzed in measured PLEPS spectra
probably due to the very high level of damage uhtieced into the material that was discussed
in our previous work [10].

The partial study of these steels was also perfdrime the conventional positron
lifetime measurement (PALS) but the results actddwethis technique were unsatisfactory as
the mean positron lifetimes in comparison to PLEESults were lower of about 60-130 ps
(figure 3). Such enormous decrease of MLTs cane@Xplained as techniques deviations and
it has to be assigned to the ability of PLEPS tepinto see the increased amount of defects
in specific depths thanks to the monoenergetictfoss. It means that the PALS technique is
not so sensitive close to the surface and therdfegdinal results can be influenced by an
undamaged bulk.
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Fig. 3: Mean positron lifetimes of as- Fig. 4. SEM view of Fe-11.62%Cr surface
received and implanted Fe-Cr alloys implanted by He ions.
measured by PALS,

Fig.5: Profile extremes of implanted Fe-11.62%Cr alloy.

The interference of the bulk structure to the fiRALLS results could be also indirectly
influenced by blistering because of the exposednradjed structure. Figure 4 shows Scanning
Electron Microscopy (SEM) results of the greattelis on the surface of the Fe-11.62%Cr
alloy after ions implantation and the undamageacstire under the blisters. Assumption about
undamaged structure is based on the SEM figure iamsl also supported by confocal
microscope results (Fig.5), where the maximumdilgssize is about 18n. Therefore, helium
ions damage is not expected in that depth.
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4. Conclusion

The investigation of ions implanted Fe-Cr alloyighva different content of chromium
was performed in this work. The Pulsed Low Energysifon System (PLEPS) and
conventional positron lifetime technique (PALS) wepplied for Fe-Cr steels investigation.
Comparison of these techniques was also performedtize disadvantages of the PALS
technique, in form of the inefficiency in the stuofymaterial layers close to the surface (up to
1 um), were revealed. The blisters on the surfé&ae iafluenced final results of the PALS
technique.

Study of the as-received and helium ions implarieeCr alloys showed expected
behavior and the mean positron lifetimes increasffér a damage introduction by
implantation, therefore the size of the defectsaased. The increase in positron lifetime of
40-80 ps for implanted specimens in comparisors t@eeived specimens, where the mono/di-
vacancies were present, indicated presence ofat@&ney clusters with the size of about 4-8
vacancies based on the chromium content. The irgalaailoys with the highest content of
chromium contained the smallest defects (4 vacapciderefore, the positive influence of the
chromium content was observed and the formatidhebigger vacancy clusters, which were
present in specimens with low chromium content§%2Cr) was blocked.
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