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The imitation experiments of irradiation resistivity for steels used in nuclear industry by heavy ion beams are
promising demand for material properties investigation. The formation of the defects on the real-existing reactors is
fraught with many difficulties such as a long-term session of exposure and induced radioactivity in samples. Simula-
tion of radiation defects on accelerators of charged particles does not have such a drawback. To form radiation de-
fects in matter, it is necessary to have beams of various ions with different energy. The concept of the test bench
based on a ECR heavy-ion source for the imitation experiments of the materials resistance under irradiation is pre-

sented and discussed.
PACS: 29.17.+w

INTRODUCTION

Elaboration of new grades of steels and alloys for
nuclear industry is continuously connected with the
studying of the properties changes in these materials as
a result of reactor irradiation. For operation of nuclear
industrial installations, a deep study of radiation damage
in the materials under irradiation is required. To date, a
high-temperature low-corrosive steels are the most
promising materials for construction of a new nuclear
reactors generation. The most well-known foreign mate-
rials from this class are the ferritic steels EUROFER-97,
JLF-1, F82H. In Russia such steels are also under de-
velopment. The most promising one is a 12% chromium
steel EK-181 (RUSFER EK-181) [1 - 4]. There are in-
creased requirements for fire resistance and radiation
resistance of these steels. The analysis of materials irra-
diated in real-operating reactors is difficult by several
reason. First of all, the long radiation session is re-
quired. For example, the accumulation of a ~100 dpa
(displacement per atom) dose upon neutron irradiation
is achieved for several years even in fast fission reac-
tors. It is also necessary to take into account that in-
duced radioactivity complicates further investigation of
the samples and requires a special tools. Low-energy
ions can simulate the primary knock-on atoms produced
by the reactor neutron irradiation, and thus simulate
cascades that are typical neutron irradiation [1]. There-
fore, methods using ion beams for rapid analysis of ma-
terials have been developed for a long time. lons have
cross section of interaction with crystal structure bigger
in a few times than neutrons one. It is possible to con-
trol temperature and chemical kind of implanted ions
during ion beam experiment. From 2008 year in ITEP
the heavy ion RFQ HIP-1 is used for accelerated ion
beams imitation experiments. It enables comparative
analysis of steels exposed into the real-existing reactors
with ones irradiated by accelerated heavy ion beam [2 -
5]. Nevertheless, the requirement of irradiation dose
higher than HIP-1 provides, as well as the need to con-
duct experiments with a controlled heating of samples
resulted the development of multi-functional facility
based on the ECR source and the electrostatic tube. For
imitation experiments it is necessary to irradiated the
sample with beams of different species. For example the
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irradiation of samples for further study on the tomo-
graphic atom probe (TAP) requires Fe beams with ener-
gies of ~ 150 keV. Meanwhile sample for investigation
by transmission electron microscopy (TEM) should be
irradiated by beams of Fe ions with significantly more
energy 1...6 MeV. Coupled with the needs of sample
irradiation by ions of different materials define it re-
quires the experimental facility providing 1) the broad
energy spectrum of the ions, 2) a different chemical
composition of the ions and 3) the possibility of simul-
taneous irradiation with different ions. All this can be
realized on the test-bench presented in this article.

1. EXPERIMENTAL TEST-BENCH FOR
RADIATION DEFECT FORMATION

The scheme of multifunctional test-bench is shown
in Fig. 1. The installation consists of the ECR ion
source, the bending magnet, and four experimental
channels. Two of experimental channel have an acceler-
ator tube and high-voltage platform for placing on them
the target assembly.

Area B
\

Fig. 1. The multifunction test-bench:

1 - ECR ion source and its control cabinet; 2 — comon
focusing system; 3 - bending magnet; 4 - Faraday cup;
5 - target assembly; 6 - focusing elements;

7 - accelerating tubes; 8, 9 - target assembly; 10 - linac
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Bending magnet provides beam separation and directs
the required ions into one of four channels:
1. 90° for imitation experiments for futher sample in-
vestigation by TEM researches
2. 60° for imitation experiments for futher sample in-
vestigation by TAP researches
3. 30° for experiments with plasma targets
4. input in the accelerating structure with radio fre-
quency quadrupole.

For 90° channel the depth of different ions penetra-
tion into the steel samples as a function of accelerating
voltage at the accelerating tube was carried out by using
the SRIM / TRIM code. The results for ions Fe'*, Cr'®,
He', H** are shown in Fig. 2. The simulation showed
that 200 kV at the accelerator tube provides the suffi-
cient depth of ion penetration into the steel samples, to
avoid the influence of surface effects influence on the
sample features. Therefore, beam dynamics simulation
into 90° channel was carried out for the acceleration
tube voltage of 200 kV.
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Fig. 2.The result of SRIM/TRIM simulation
for ion beam interaction with iron specimen

60° channel is designed for the irradiation of samples
prepared for their subsequent studies by TAP. It is
planned that target assembly which is successfully un-
derway on the injector output HIP [2] will be moved on
this channel. As a result, it will be possible to increase
the dose up to 10'® particle/cm? (which corresponds to
more than 100 DPA).

It is planning to create one more HV platform for
developing plasma target on the 30° channel.

Straight-fly line is reserved as an injector line for fu-
ture RFQ.

2. BEAM DYNAMICS SIMULATION

Simulation of beam transportation in different facili-
ty channels have been made in ideal field approxima-
tion. The simulation of the beam dynamics for ion
beams of Fe'®* and H' * into the 90° channel and Fe™ *
60° channel was carried out. Modeling beam dynamics
in 30-degrees bending channel will be done as soon as
the requirements to the beam for experiments with
plasma target is defined. Before the bending magnet
electrostatic quadruple triplet is used. This type of fo-
cusing system allows providing the beam transportation
throughout magnet separator without loses for all ions
used. The diaphragm is installed at the exit of magnet to
provide beam separation needed for experiment. Beam
dynamics simulations for ions Fe'® in 90°-channel are
shown in Fig. 3. The second triplet placed after dia-
phragm and provides the low beam diverges along ac-
celerator tube. Simulation shown, that there is no any
necessity to use other focusing elements after accelera-
tor tube in front of the target assembly. All needed beam
parameters can be achieved by using the second triplet.
A similar result is obtained for H** ion beam transporta-
tion in the channel.

Fig. 4. The Fe'®* ion beam dynamics simulations for a 60°-channel
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The Fe'™ ion beam dynamics simulations for a 60°-
channel was carried out for ion source accelerating volt-
age of 15 kV (Fig. 4) to provide the ion energy of
150 keV needed for TAP investigation. Taking into ac-
count the Child-Langmuir low, the dynamics throughout
the channel for Fe®" ion beam extracted with for ion
source accelerating voltage of 25 kV was carried as
well. It was found that for this beam the regiared pa-
rameters can be provided as well.

CONCLUSIONS

Multifunction test-bench based on the ECR source is
proposed for the development of the experimental work
on rapid radiation hardness analysis for materials used
in the nuclear and thermonuclear reactors construction.

The test bench provides the sample irradiation for
further study both by TAP and by TEM. Beam dynam-
ics simulations for different ions in two test-bench
channel have been carried out. At moment the beam
dynamics simulations in approximation of real fields is
going on.
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PA3ZPABOTKA YCKOPUTEJIbBHOT'O CTEHJIA C 31IP-UCTOYHUKOM JJI1 DKCIIEPUMEHTOB
IO MOJIEJTMPOBAHMIO PAJIMAITMOHHBIX TOBPEXKIEHU B CTAJIIX ATOMHOM
NPOMBIIIJIEHHOCTH

b.b. Yanvix, P.I1. Kyuouoa, T.B. Kyneeoii, A.B. 3uamounosa

MO,HCJ'II/IPOBaHI/IG paananiuOHHbIX ,He(l)eKTOB B CTaJIsIX U CIIaBaX aTOMHOMU MPOMBIINIJICHHOCTH Ha JAHHOM J3TallC
SABJIACTCA OAHHUM U3 CaMbIX JICTKOPCAJIU3YCMbIX METOJA0OB HU3YyUCHUA CBOMWCTB MaTepUaJIOB IMOJA MOTOKAMU BBICOKO-
OHECPIreTUYCCKUX YAaCTHUII. COB,HaHI/Ie ﬂe(beKTOB Ha peaJ’IBHO-,HCﬁCTByIOHIPIX PCaKTOopax COIPSAKEHO € HEMaJIbIMU
TPYAHOCTAMH, BKJIHOYAIOIINMU B cebs JIIUTCIBHBIC CCCCHUU O6J'Iy‘l€HI/IH, a TaKXKe HaBeILéHHyIO PaaAuOaKTUBHOCTL B
06pa3uax, YTO 3aTPYAHACT ,uanLHef/'Imee HCCJICAOBAHNC TTPU MMOMOINU CTAHAAPTHOT'O MHCTPYMCEHTApPUA. MOILGJ’II/IpO-
BaHUC paJUAllMOHHBIX ,He(l)eKTOB Ha YCKOPUTCIIAX 3aps’KCHHBIX YaCTHUI] JIUIIICHO HOI[O6HI)IX prI[HOCTEI\/’I. Z[J'IH CO-
3AaHUA paaualliOHHbIX ,He(l)eKTOB Ha YCKOPHUTCIIAX HCO6XO,HI/IMO CO3JaHUC YCTAHOBKU, HO3BOHHIOHICI>'I BCCTH O6J'Iy-
YCHUC 06pa3u03 PAa3JIMYHBIMU MOHAMHU C HIUPOKUM SHEPITCTUICCKUM CIICKTPOM. HpeI[CTaBJ'IeHI)I PE3YIbTATHI IICPBO-
HaydaJIbHOI'O 3Talia pa3pa60TKI/1 YCKOpHUTEIIA C 9L[P-I/ICTO‘IHI/IKOM, MO3BOJIAOIIUM ITPOBOAUTH MOJCIIUPOBAHUEC paau-
AIIMOHHBIX I[e(l)eKTOB.

PO3POBKA ITPUCKOPIOBAJIBHOI'O CTEHAY 3 ENIP-UCTOYHUKOM UIAA EKCIIEPUMEHTIB
IO MOJEJTIOBAHHIO PAJIIAIIMHUX YIIKO/KEHb B CTAJIIX ATOMHOI TIPOMHUCJIOBOCTI

b.b. Yanux, P.II. Kyubioa, T.B. Kyneeoii, A.B. 3iamounosa

MojenmoBaHHS pagialliiHUX MEPEKTIB B CTANIAX 1 CIUIaBaX aTOMHOI IPOMUCIIOBOCTI Ha I[bOMY €Talli € OJHUM 3
caMUX JIETKO peai30BaHUX METOJIB BUBYCHHS BIACTUBOCTEH MaTepiaiiB i MOTOKAMHU BUCOKOCHEPTETHYHUX Yac-
ToK. CTBOpEHHs Je()eKTiB Ha peaJIbHO-III0UYNX PEaKTOpax 3B's3aHO 3 YUMAINMHU TPYIAHOLIAMH, [0 BKJIIOYAIOTh TPH-
BaJIi cecii OPOMiIHEHHS, a TaK CaMO HaBeJeHY PaiOaKTUBHICTh B 3pa3Kax, 10 yTPYIHSE ITOJaJIbILE JOCHTIHKEHHS 3a
JIOIIOMOT'0I0 CTaHJapTHOTO IHCTpYMEHTapito. MozenroBaHHs pamialiiiHuX JedeKTiB Ha MPUCKOPIOBAYaxX 3apsiKe-
HUX 9aCTOK IM030aBJicHE MOIOHUX TPYAHOIIIB. [ CTBOpEHHS padianiiHuX JAeeKTiB Ha MPUCKOPIOBaYaX MOTPiOHE
CTBOPEHHS YCTaHOBKH, II0 JI03BOJISIE TIPOBOJUTH OIPOMIHEHHS 3pa3KiB PI3HUMH 10HAMU 3 NIMPOKUM E€HEPreTHYHUM
criektpoM. IlpencraBieHo pe3ynbTaTy IEPBUHHOIO eTary po3poOku mpuckoproBaua 3 EL[P-mkepenom, mo 103Bo-
JISi€ IPOBOJIUTH MOJICITIOBAHHS padiallifHuX Ae(eKTiB.
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