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Samples of different alloys (Hastelloy type) held in the container assembly (CA) were irradiated at the Electron
Irradiation Test Facility (EITF) in the melt of zirconium and sodium fluorides at the temperature 650°C. The CA
consisted of 16 individual containers made of a carbon-carbon (C-C) composite material (placed under covering
shell made of stainless steel). The irradiation was done with electron beam at the energy in the spectrum maxi-
mum = 9.6 MeV at Linac-10 high-current accelerator that belongs to “Accelerator R&D Complex™ affiliated with
NSC KIPT. In order to secure the radiation-safe levels of the activity in further work with the samples, the focus of
attention was paid to the analysis of y-spectra in the remnant activities of the materials under study: Hastelloy type
samples and fluoride salts after the irradiation. The dynamics was studied of decreasing of the activity levels of
EITF components, sample assemblies in the containers being full with fluoride salts and individual samples. Recom-

mendations are issued and measures taken to provide for further radiation-safe work with the irradiated materials.

INRTODUCTION

The radiation resistance of the materials of molten
salt atomic reactors (MSR) is a very acute problem in
atomic power production. One of the methods of en-
hancing the radiation safety of MSRs is simulation with
the aid of linear accelerator (linac) of the conditions, in
which the reactor structural materials are operable. The
study on corrosion resistance of the structural reactor
materials in the conditions that are close to those in the
reactor blanket calls for a prolonged irradiation of the
samples, simulating concomitantly the influence of the
aggressive ambience. With these aims in mind, the EITF
was built to carry out prolonged radiation tests on sam-
ples of different alloys (Hastelloy type) in the zirconium
and sodium fluoride salt melts at the temperature 650°C
[1]. Irradiation of the CA samples placed in 16 individu-
al containers that were made of C-C composite material
(under covering protective shell made of stainless steel)
was done with 9.6 MeV electron beam at Linac-10 high-
current electron linac at Accelerator R&D Complex af-
filiated with NSC KIPT.

RESEARCH RESULTS

Further studies on Hastelloy samples include mi-
croscopy, X-ray structural analysis, rupture strength
tests and other related work. All of those operations de-
mand extraction of the plates from the containers, their
cleaning from solidified salt, cutting the plates to obtain
samples of the needed size. The above operations must
be done under strict surveillance of the dosimetric con-
trol service, as works with the open radiation sources.
To provide for radiation-safe levels of the remnant ac-
tivity, while working further with the samples, the focus
of attention was paid to the analysis of the characteris-
tics of the remnant radioactivity of the research materi-
als: Hastelloy type samples and fluoride salts after the
irradiation. The measurement was taken of the remnant

activity level of the components of the EITF, sample as-
sembly in the containers that were filled up with fluo-
ride salts and individual samples. With the view of con-
tinuing work with the carbon containers, full with
Hastelloy samples and fluoride salts, the main attention
was drawn to the remnant radioactivity level of the CAs.
Table gives the levels of the remnant radioactivity (in
terms of micro Svt/h) in each container.

Activity of containers

INomber 1 2 3 4 5 6 7 8
container

Activity |10,5( 2,8 |127,4/33,1{26,4|25,8|13,7| 14

Nomber | 9 [ 10 | 11 [ 12 |13 | 14 | 15 | 16

Activity |2,7|13,6/33,3|130,2] 37 |32,8|13,6] 16

A major difference from others of the remnant activ-
ities of the containers 1, 2 and 9 has to do with evapora-
tion of their contents in the course of the irradiation,
which is accounted for by peculiar features of the chem-
ical composition of the salts exactly in those containers.

To identify the irradiation-produced nuclides and to
predict the container “cooling-off” times as well as to
determine the safe amounts of salts and Hastelloy sam-
ples, the measurement was taken of the spectra of y-ra-
diation of the full containers and individual samplings
of the salts as well as of the de-salted Hastelloy plates.
By way of the y-spetcrometric studies we found the
spectral content of the gamma-radiation and half-lives
of the respective daughter nuclides produced as a results
of the photonuclear reactions (y,n) and (y,p) It was
demonstrated that the main contribution to the remnant
activity of Hastelloy is made by the isotope *Co (with
the half-life of 270 days), which is yielded as a result of
the reaction *Ni(y,p)*’Co, while the remnant activity of
the zirconium and sodium salts is accounted for mainly
by the nuclide *Zr with the half-life of 64 days, which
is yielded from the reaction **Zr(y,n)”Zr. As an exam-
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ple, Fig. 1,a gives the y-spectrum of fluoride salts from
the container 1, as measured after 12 days upon comple-
tion of the irradiation, Fig. 1,b showing the spectrum of
Hastelloy plate with the coatings of Nb and Nb-O.
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Fig. 1. yspectrum of fluoride salts (a) and spectra
of Hastelloy plate with coatings of Nb and Nb-O (b)

While doing the study on the high-energy portion (E
v>900 keV) of y-radiation from fluoride salts taken from
the containers that held alloy samples of the Hastelloy
type with the coatings Nb and Nb-O, our finding was
such that there was a great amount of the nuclide **"Nb,
resulting from the reaction **Nb(y,n)**"Nb, which was
indicative about stimulated dissolution of those coatings
in the fluoride salt melts in the course of the irradiation.
Fig. 2 (a,b,c) shows variation vs. time of the spectra pro-
duced from not-disassembled container #8 after 6, 160
and 240 days, respectively, upon completion of the irra-
diation.

From the above data it follows that the principal ra-
diating nuclides in the mixture of the salts ZrF, and NaF
are *Zr, *Nband ¥Zr.

The longest-lived nuclide is B active **Zr with the
half-life 63.9 days yielded from the reaction (y,n) from
%Zr; there is an additional channel for appearance of
%7r due to the capture of the neutron by **Zr, from the
reaction (n,y). During decay of *Zr there appears 3" ac-
tive ”Nb with the half-life 35 days. Fig. 2 clearly
demonstrates the process of the “pumping” of y-lines
from *Zr (724.2 keV and 756.7 keV) into the line **Nb
with the energy 765.8 keV during the decay of the nu-
clide *Zr following the scheme: *Zr g~ °Nb. The
above process causes the “stretching” vs. time of the
fall-off of the activity of the irradiated containers on ac-
count of the presence of the nuclide **Zr. The nuclide
¥Zr has Ty =78 h, being radiation-safe to handle. The

examination of the spectra of irradiated Hastelloy plates
indicated that the main nuclide, determining the further
dose load on the service personnel, was the long-lived
Co". This nuclide was yielded from Ni, as basic ingre-
dient of Hastelloy. The threshold of the reaction (Y,p)
was 8.2 MeV.
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Fig. 2. Variation vs. time of yspectra radiating from
the container #8 6 days (a), 160 days (b) and 240 days
(c), respectively, after completion of the irradiation

Other nuclides, such as Mo, *™ Tc and ***Nb, ap-
pearing in the irradiated samples presented no radiation
hazard. As the container exposure time ran out, which
was determined by lowering of the activity of the nu-
clide **Zr, the above nuclides had decayed, since the
longest-lived one from them, **Nb has the half-life 10.8
days.

CONCLUSIONS

By analyzing the obtained information, one can ar-
rive at the following conclusions and propose a method
of work with the samples in keeping with all the norms
of the radiation safety, while handling the samples of
Hastelloy and fluoride salts after their irradiation:

1. The major sources of y-radiation are concentrated in

Hastelloy plates and solidified salt crusts around
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them. Once their content is removed, the carbon
containers are safe to handle.

2. Bearing in mind that any further studies on Hastel-
loy samples are feasible only after their extraction
out of the salts, the exposure is needed for whole
containers to “cool off” in the course of 1 to 2 half-
lives of **Zr.

3. Since the studies on the samples will be done requir-
ing immediate contact of the researcher with the ma-
terial (polishing, etching, TEM microscopy etc.), the
cutting of large plates (24x28 mm) into smaller ones
should be done together with very careful cleaning
of the samples from the residuals of zirconium salts.

4. Handling of smaller-size samples (~3x28 mm) pro-
vides the only possibility to bring down the exposure
doses to the minimum level, since the long half life
of “’Co (270 days) precludes from lowering of the
remnant activity by way of the depositary.

5. At the future irradiation of the materials at the linac,
the incident electron energy will come down by
1.5...2 MeV, which shall lower considerably the
amount of y-quanta with the energy above the reac-
tion threshold for formation of *Zr and *'Co (thresh-
old 7.8 and 8.2 MeV). The implementation of the
methods of decreasing the partial contribution of the
channel (n,y) to the reaction of formation of *Zr will
call for additional studies.

6. While handling the irradiated samples, the organiza-
tional efforts were reduced to the following: the pro-
cedures were refined of sample extraction out of the
containers, their desalting, cutting up into fragments
of the assigned size and packaging; a special deposi-
tary was made to store the radioactive Hastelloy
samples and fluoride salts in, providing for strict
control over safe-keeping and operative retrieval of
the sample needed; the order was worked out to ex-
ercise control over the entire mass of radioactive
samples and their delivery to destination of further
research.

On the basis of research done to date, a controlled
process has been refined of irradiated sample prepara-
tion for further comprehensive materials studies.

The research was supported in part by STCU,
Project #294.
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PATMOHYKJIMTHBIA KOHTPOJIb ITPA PATMAIIMOHHBIX UCTIBITAHUAX KOHCTPYKIIMOH-
HBIX MATEPHUAJIOB B YCJIOBUAX COJIEBOI'O PEAKTOPA

A.C. bakaii, A.H. /loeonn, A.1. 3vikos, C/I. /laspunenxo, /1. K. Maxkywko, O.A. Penuxos, A.B. Topzoexun,
Bb.M. Illupokos, b.H. IllIpamenko

Ha ctenzae nns pagnaniioHHBIX HCIIBITAHUK TPOBECHO 00IydeHHe cOOpKH 00pa3LioB pa3lIWYHBIX CIUIABOB (THUIA XacTEJIOH)
B paciuiaBe GpTOprIOB LUPKOHUS U HATpust npu Temmeparype 650'C, moMemeHHbIX B 16 OTAeIbHBIX KOHTEHHEPOB U3 YIIepo-
YTJIEPOJHOTO KOMIIO3HTA (B OOIIEM 3aIIUTHOM KOXKyXe M3 Hepxaseromieil cranm). O6aydeHne MpoBeeHo ITydKOM 3IEKTPOHOB C
JHeprueil B MakcuMyMe crekrpa = 9,6 MsB Ha CHIIBHOTOYHOM JIMHEHHOM yckoputeie 31ekTpoHoB JIY-10 HUK "Yckopurens"
HHI] X®TH. C nenso obecrieueHns 6e30macHBIX ypOBHEH aKTUBHOCTH IIPH JajbHeHIIeil pabore ¢ oOpasmaMu ocoboe BHUMA-
HUE yIeIeHO aHAJIHU3y XapaKTePUCTUK OCTaTOYHOW aKTUBHOCTH HCCIIEyEMbBIX MaTepraaoB — 00pa3IoB CIUIaBa TUIIA XacTeIUION 1
(dTOpUIHBIX coieil mocie oOmydeHus. M3mMepeHbl ypOBHH aKTHBHOCTH 3JIEMEHTOB CTEH/a, COOpPKH 00pa3loB B KOHTEIHepax, 3a-
HOJIHEHHBIX (PTOPUAHBIMH COJISIMH, U OTJEIBHBIX 00pa3LoB. JlaHbl peKOMEHJAMK U IIPUHSTHI MEpbl, 00ecreunBaroIme 6e3omac-
HOCTB paboTHI ¢ 0OIy4EeHHBIMH MaTepUaIaMH.

PAJIOHYKJIJTHUA KOHTPO.Ib ITPU PAIIALIIMHUX BUINIPOBYBAHHAX KOHCTPYKIIMHUX
MATEPIAJIIB B YMOBAX COJIbOBOI'O PEAKTOPA

O.C. bakaii, AM. /loeons, A.1. 3uxoe, C/] Jlaspunenko, JI. K. Makyuixo,
0.0. Penixos, O.B. Topzoexin, b.M. IlIupokos, b.1. Illpamenko

Ha crenai s pagiatiiHux BUOPOOYBaHb MPOBEICHO ONPOMIHEHHS eJIeKTpOHAMHU 30ipKH 3pa3KiB Pi3HUX CIUIABIiB (THILY Xa-
CTEJION) B po3IUIaBi GTOPHIIB IUPKOHIIO Ta HATpHIO mpu Temrepatypi 650'C. 36ipKy ckirageHo 3 16 okpeMuX KOHTSHHEPIB 3 BY-
TJICIb-BYTJICLIEBOrO KOMIO3UTY (B 3arajibHii 3axuCTHI 000JOHII 3 HepkaBitouoi craini). OmpOMiHEHHS HMPOBEICHO ITyYKOM
CJICKTPOHIB 3 CHEPri€l0 B MaKCUMyMi CIleKTpa 01m3bko 9,6 MeB Ha cribHOCPYMOBOMY JIiHIHHOMY NPHCKOpPIOBadi €IEKTPOHIB
JII-10 HAK «IIpuckoproBau» HHIL XDTI. [lng BuGopy Oe3nmedyHux piBHEH aKTHBHOCTI HPH MOJANBIINX poOOTax 3 3pa3kamMu
0cOoOMBY yBary mpUALUICHO aHATI3Y JCIEKTPIB 3aJUIIKOBOT aKTHBHOCTI TOCITIDKYBAaHUX MAaTEpUAIiB — 3pa3KiB CIUIABY THITY Xa-
cTenoi Ta GTopuaHUX conel micis onpoMiHeHHs. J[oCHiIKEeHO TUHAMIKY CIamy piBHEH akTHBHOCTI €EMEHTIB CTeHAy, 30ipKkn
3pa3KiB B KOHTEitHepax, siKi 3aIll0OBHEHI (TOPHIHUMH COJIIMHU, Ta OKPEMHUX 3pa3kiB. JlaHo pekoMeHAalii Ta BXUTO 3aX0/IH, IIO0 ra-
PaHTYIOTh Oe3MeKy MpH MOJANIBIINX AOCTIKSHHIX ONPOMiHEHNUX MaTepialis.
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