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Irradiation of structural materials creates the possibility
of microstructure and mechanical properties changes, and
even of external dimensions of structural components at the
expense of swelling, growth and creep. Therefore, the
radiation damage study of structural materials 1s of great
importance for estimating the lifetime of components and
the safe operation of the nuclear facilities.

The main mechanisms of degradation and of size
instability are: displacement of atoms 1n lattice, their
subsequent migration, segregation and interaction with
transmutants.
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The 1on beam analysis techniques including Rutherford
backscattering spectroscopy (RBS), channeling, nuclear reaction
analysis (NRA) and methodologies for the analysis of
experimental data provide a comprehensive tool for studying
crystal defects.

The present report discusses the application of Rutherford
backscattering spectroscopy (RBS) + channeling and transmission
electron microscopy in the complex investigation of displacement
damage and detailed depth profiling of damage under irradiation
of targets.

The distribution profiles of damage and interstitial under
irradiation of targets Ni in wide range of doses and energies of
mert gases particles (He", Ar", Kr", Xe" with energy 0.2-1 MeV,
irradiation doses 1:10'°—2-107cm~) were systematically studied.
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», ~ Energetic heavy 1ons irradiation has been used for modeling of
| defect cluster formation under displacement cascade condition so

as to simulate fusion reactor environments.

10 . _  For DT fusion neutrons with the
. energy of 14 MeV, typical primary
recoil atom energy for medium heavy
target materials 1s around 100...1000
erT——keV.
 The heavy inert gases (Ne and Ar)
has been suggested as an analogue
for helium which will generate in
(n,a) transmutations 1n  fusion
facilities.

084—
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In view of the fact that nickel is widely used as designed material
for study of stainless steel the system Ni+impurity (He, Ar, Kr, Xe)
may serve as the representative object of investigation for the
mentioned problem solution.
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The configuration of measuring complex ESU-2
The experimental equipment consists of :
— + clectrostatic accelerator designated
—~ESU-2  “ESU-2 MeV”,
=5 + mass-separator,

5 : + assembly “Implantator”,
" ) + chambers for irradiation
— . of targets and measurements using the
=2 anatysin :
F-- & methods of Rutherford backscattering,
% 11la uEt c o
S a e channeling and nuclear reactions.
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The dechanneling 1s associated with The dechanneling is associated with
randomly displaced atoms dislocations
A thin Al film (thickness ~1100 A) represents a layer A hlgh density of dislocations (mm ~10°-1010 lines/cmz) 1S
of scattering centers randomly located required for detections by dechanneling measurements.
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~~= RBS-channeling spectra of Ni irradiated with heavy ions
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500 - ‘ N room temperature.
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The common feature characteristic practically for all spectra
measured in conditions of axial channeling 1s the presence of peaks
In near-surface area and several times increase of backscattering
yield in comparison with initial non-irradiated crystal.
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" The drastic increase in the disorder to near-random level
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Data obtained under irradiation with krypton ions (dose 9-10'%cm™ ) (a)
demonstrate the monocrystal disordering of near-surface region. In this case

the yield of backscattering in the peak attains the level of signal obtained for
disoriented crystal. Broadening of the peak under the unchanging
dechanneling (b) means the sputtering and generating of scattering centers in

acar-susface region.
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+ Minimum backscattering yield (dechanneled fraction)
defined as RBS yield ratio of an aligned spectrum to a
random spectrum, 1s a measure of the degree of lattice

disorder. nd(,)=NXd O =20
1= ()
N-n,() n,(1)]
Y ()=Y,
(1) H<r[xr<r> e

Y

Foy=[i-x (r)]{l - exp[-]aDnd (r')df] |

Dechanneling parameter on depth t the normalized yield of
backscattering for damaged (),) and virgin crystal ()

crystals 1s F =-In[ I-y4(t)]/[1-x (t)] .

Information on depth distribution of the extended defects is

obtained by analysis of the rate of dechannelling parameter
variation (F ).
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- Depth profiles of detects and total amount of damage
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Defect accumulation vs fluence
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Depth profiles of extended defects Kr precipitate

in bubbles into

w

Ar (300 keV)—{110/Ni .
i a solid phase
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SRIM 2003 damage profile in nickel calculated by SRIM 2003 (for argon
(vacancies and range distribution) for and krypton with energy 300 keV,
argon ions with energy 300 keV. xenon with energy 630 keV)
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-~ Lattice location of implanted noble gas atoms and dechanneling
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The best fitting of experimental and of
calculated values of angular dependencies
1s obtained when under irradiation dose of
3-10°cm? 85% of Xe atoms are in the
complexes Xe+v, 15%-in complexes Xe
+2v. Under the dose of 6:10°cm= 60% of
Xe atoms form the complexes Xe+2v.
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Voo CONCLUSION

1.© % The accelerators and ion beam analysis techniques are useful for the simulation
of displacement damage and detailed investigation of distribution profiles of
damage and impurity atoms under irradiation of targets in wide range of doses
and energies of particles. Charged particle- materials interaction research may

produce very important information for nuclear materials R & D.

2. Damage profiles agree with profile of the energy deposited in nuclear collisions.

3. Total disorder in the Ni lattice increases linearly with fluence.

4. Profile of extended defects coincides with calculated range distribution in the
case of 200 keV helium and 300 keV argon 1ons irradiation. But in the case of
argon the damage on depth Rp +ARp doesn’'t decreases to zero; there is some
degree of damage that extends to the depth several times exceeding projected
range plus range spread.

5. The possible reason of observed particularities may be that:
the heavier inert gases precipitate as solid bubbles;
the difference in the processes proceeding in cascades.
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©Radiation damage is inherently multiscale with interacting
: phenomena ranging from os to decades and nm to m
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