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Radiation defects in nanoceramics zirconia were investigated after electron irradiation with energy 41...89 MeV
up to doze 2.28...5.7-10" electrons/cm?®. Radioactive isotopes &%y, 889%57r 9Np, Y°Hf are registered after irra-
diation of electrons with energy 41 and 47.2 MeV. The activity of ®*Rb was registered after irradiation by electrons
with energy 86 and 88.9 MeV. Activity of %Rb can be formed in reactions (y, 6n) or (e, 6n). Different process of
annealing radiation defects in samples of nanoceramics is detected after irradiated by electrons with energy
41...47.2 or 86...88.9 MeV. The colour centres for samples of nanoceramics after irradiated by electrons with ener-
gy 41...47.2 MeV practically completely was annealed at 500°C. For samples of nanoceramics after irradiated by
electrons with energy 86...88.9 MeV and after annealing at 500°C significant absorption for lengths of waves of
430 and 470 nm is observed. It is supposed that these distinctions at annealing the colour centres of zirconia are
caused by formation in nuclear reactions by high-energy electrons on isotopes of a matrix of krypton atoms. The

krypton atoms are the centres segregation point defects. As a result the steady defective complexes were formed.

PACS: 61.46.+w, 61.80.Fe

INTRODUCTION

Dielectric resonator for wakefield accelerators
should have high values of dielectric constant (¢ >20)
and small dielectric losses (tgd <10) and to keep these
parameters during acceleration of particles. Therefore
influence of radiation damages on dielectric parameters
flying relativistic electron bunches represents significant
interest [1, 2].

One of possible materials for dielectric waveguides
can be zirconia. It has good mechanical and ionic prop-
erties. It is used as a grinding medium and engineering
ceramics. Therefore, the material properties, inducing
optical properties, are of a high interest. The favourable
properties of ZrO,-based materials become especially
pronounced if these materials were fabricated of pow-
ders of nanoscopic size. It is well known that the phase
stabilization of zirconia can be achieved by an addition
of a certain amount of the trivalent yttrium oxide
(Y03, vttria) to form a solid solution in the ZrO, lat-
tice.

At operation of the dielectric accelerator there will
be an activation of resonators due to losses of an accel-
erating beam. Research of activity of dielectric resona-
tors which were irradiated by relativistic electrons is of
interest.

The purpose of the present work is research of for-
mation of radioactive elements and radiation defects in
nanoceramic ZrO,(Y,03) at an irradiation by relativ-
istic electrons.

RESULTS AND DISCUSSION

ZrO, — 3 mol% Y,03; nanopowders (3Y-TZP) were
synthesized by a co-precipitation technique using
ZrOCl,*nH,0 salts. Calcinations temperature of dried
zirconium hydroxides was chosen at 700°C with dwell-
ing time 2 hours. This calcinations temperature provides
the formation of unagglomeratd nanopowders and sin-
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tering obtained nanopowders to density near theoretical
at 1400...1500°C. The density was 6.0...6.02 g/cm? for
ceramic materials, obtained by sintering of zirconia na-
nopowders obtained from ZrOCl,*nH,0.

Radiation defects in nanoceramics zirconia were in-
vestigated after electron irradiation with energy
41...89 MeV up to a dose 2.28...5.7-10™ electrons/cm?
(Figs. 1, 2).
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Fig. 1. The spectrum of nanoceramics after irradiation
at 47.2 MeV by dose 2.28 10* electrons/cm?

Activity of the isotopes generated by electron irradia-
tion of samples of nanoceramics was measured by
Ge(Li)-detector. Radioactive isotopes ®"%y, 8389%z
®Nb, Hf are registered after irradiation of electrons
with energy 41 and 47.2 MeV (see Fig. 1). At an irradia-
tion by electrons and bremsstrahlung of nanoceramics in
Zr of natural isotopic content (*Zr...51.46%:;
%7r...11.23%; %7r...17.11%; ¥Zr...17.40%;
%7r...2.8%) the highest activity is realized from isotope
87r, received in reaction *°Zr(y,n)¥Zr (Fig. 3) [3].

The half-life period of #Zr equals to 79.3 hours and
in long-term aspect it does not represent danger. Also
activity and from an isotope *°Zr from reaction
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%Zr(y, n)®zr with a half-life period of 64.05 days can
be realized.
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Fig. 2. The spectrum of nanoceramics after irradiation
at 86 MeV by dose 5.7 10™ electrons/cm?

However on an isotope *Z can activity from Zr with
Ty»=9.5-10° years is realized. During work of the ceramic
resonator its irradiation by bremsstrahlung and neutrons,
arising in accompanying reactions, can be realized. For
example, ®Zr can arise in reaction of radiation capture on
%7r. Therefore for significant activity of *Zr it is neces-
sary to carry out its burial in geological structures. From
the point of view of radiating safety at operation of wake-
field accelerators the greatest danger represents *Y
which is formed in reactions Y (y, n)®Y or #Y(e, n)¥®Y.
The half-life period ®Y amounts 106.65 days. Disinte-
gration ®8Y is accompanied by radiation of two intensive
lines with energy 898 and 1836 keV.

The activity of ®*Rb was registered after irradiation
by electrons with energy 86 and 88.9 MeV (see Fig. 2).
Activity of #Rb can be formed in reactions (y, 6n) or (e,
6n). The threshold of the given reactions equals to
59.4 MeV. The activity of ®Zr is determined by reaction
%7Zr(y, 2n)¥8Zr (Fig. 4). Therefore the ®Zr activity of
nanoceramic is noticeably more for irradiation by elec-
trons with energy 86 MeV.
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Fig. 3. Cross section *Zr(y, n)*zr

Dependence of activity nanoceramics from time
with yttria and without yttria is resulted on Fig. 5.

Kerma-constants I's of radionuclides and power of
air kerma I's-A(BK) on distance of 1 m at the moment of
an irradiation were shown in table. Isotopes with small
time half-decay do not represent danger at operation of
the dielectric accelerator. It is possible to see, that the
greatest danger at operation of dielectric accelerators is
represented by isotopes #Zr, ®Zr, *Nb and #Y which

have big times of half-decay.
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Fig. 4. Cross section *Zr(y, 2n)®zr

Kerma-constants 75 of radionuclide’s and power of the air kerma 75-A(Bk) on distance of 1 m at the moment
of an irradiation (normalization on m=1 g)

['5-A(BK) ['5-A(BK) ['5-A(BK) ['5-A(BK)
Nu- T, y-rays, E,, s, (D=2.3E+14 | (D=4.9E+14 | (D=5.7E+14 | (D=5.4E+14
cleus | (days) keV (ni%) | aGy-m%s-Bk e/em?, e/em?, e/cm?, e/cm?,
E=47.2 MeV) | E=41MeV) | E=86 MeV) | E=88.9 MeV)
1 2 3 4 5 6 7 8
B®zr 83.4 392.9 (100) 12.99 2.16-10° 3.65-10° 5.25.10° 7.40-10°
¥zr | 3.27 | 909.0(99.87) 30.05 1.53-10° - - -
B7r | 64.02 | 724.4(44.15) 27.12 3.66-10° 6.72-10° 6.28-10° 9.18-10°
756.7 (54.46)
®Nb | 34.98 | 765.8(99.81) 27.97 2.29-10° 1.21-10° 9.44.10° 1.39-10°
8y 3.33 | 388.5(82.10) 24.9 3.10-10° - - -
484.8 (89.74)
®y | 106.65 | 898.0 (93.68), 88.05 2.56-10° 4.72-10° 5.66-10° 7.56-10°
1836 (99.24)
™Hf | 70. 343.4 (84.0) 9.54 1.53-10% — 3.05-10 -
*Rb - - - - - 14.9 22.92

162

ISSN 1562-6016. BAHT. 2013. Ne6(88)




— 210, (8% weight Y,0,), 47.2 MeV
— 210, 47.2 MeV

Zr0, (8% weight Y,0,), 86 MeV 1
————— ZrO, , 86 MeV 3

47,2 MeV

activity, [A (B/uC)
8
/|

t, days
Fig. 5. Activity nanoceramics from time with yttria
and without yttria

The maximal energy of recoil atoms E,. of oxygen
or zirconium in nanoceramics at irradiation by relativ-
istic electrons equals:

2E; (E; +2m,c?)
> , 1)
M2C

where m,, E; — weight and energy electrons, M, —
weight of atoms of oxygen or zirconium. For energy
electrons 47.2 MeV the maximal energy of recoil atoms
of oxygen will amount 302 keV. For atoms of recoil
zirconium the maximal energy of recoil atoms will
amount 53 keV. For energy electrons 86 MeV the max-
imal energy of recoil atoms of oxygen will amount 998
keV. For atoms of recoil zirconium the maximal energy
of recoil atoms will amount 175 keV. The number of the
displaced atoms at braking recoil atoms with such ener-
gy can amount 6000, 1000 (47.2 MeV) and ~2-10%
3500 (86 MeV), respectively. Recoil atoms with such
energy can cause thermal spike. It in turn can result in
transformation of initial structure of zirconia. Cross sec-
tion of such processes is insignificantly. Average energy
of primary displacement atoms is equaled:

E={(E¢-Emax)/(Emax-Ea)} IN(Emar/Ea),
2)

where Eq4 — threshold displacement energy, Eax — max-
imum of energy of recoil atoms. Suppose that for zirco-
nium and oxygen E4=50 eV, the average energy of pri-
mary displacement atoms will equal for oxygen 453 and
495 eV for energy electrons 47.2 and 86 MeV, respec-
tively, and for Zr 348 and 408 eV for energy electrons
47.2 and 86 MeV, respectively.

UV-VIS spectroscopy was used for measurement of
spectra of absorption of the irradiated samples of zirconia
nanoceramics before and after annealing during 2 hours
at 500°C. Measurements of absorption spectra carried out
concerning unirradiated sample of nanoceramics. Up to
annealing samples of zirconia nanoceramics the wide
peak of absorption in area of 500...700 nm is observed.
Also are registered absorption lines of radiation at 402.2
and 635 nm which correspond to the F and F'-centres of
monocline lattices of zirconia (Figs. 6, 7) [4].

Different process of annealing radiation defects in
samples of zirconia nanoceramics is detected after irra-
diated by electrons with energy 41...47.2 or
86...88.9 MeV.
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Fig. 6. UV-VIS spectra of zirconia samples of nanoc-
eramics irradiated by relativistic electrons with energy
47.2 MeV before and after annealing
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Fig. 7. UV-VIS spectra of zirconia samples of nanoc-
eramics irradiated by relativistic electrons with energy

86 MeV before and after annealing

The color centres for samples of zirconia nanoc-
eramics after irradiated by electrons with energy
41...47.2 MeV practically completely was annealed at
500°C (see Fig. 6). For samples of zirconia nanoceram-
ics after irradiated by electrons with energy
86...88.9 MeV and after annealing at 500°C significant
absorption for lengths of waves of 430 and 470 nm is
observed (see Fig. 7). It is supposed that these distinc-
tions at annealing the colour centres of zirconia are
caused by formation in nuclear reactions by high-energy
electrons on isotopes of a matrix of krypton atoms. The
krypton atoms are the centers segregation point defects.
As a result the steady defective complexes were formed
[5-8].

CONCLUSIONS

1. Formation of radioactive isotopes is investigated
at irradiation relativistic electrons with energy up to
100 MeV. The present data are necessary at planning a
choice of a material of a dielectric wave guide of wake-
field accelerators. The greatest danger at operation of
dielectric accelerators is represented by isotopes ®Zr,
%Zr, ®*Nb and 28 which have big times of half-decay.

2. Formation of radiation defects in nanoceramics is
investigated. The various types of radiation defects are
found out at irradiation relativistic electrons with energy
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47 and 86 MeV. It is revealed, that krypton atoms are
centers of segregation of point defects.

3. Formation of the F and F'-centres of monocline
phases is detected at an irradiation by relativistic elec-
trons.
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BJIMSIHUE OBJIYYEHMS QJIEKTPOHAMM BBICOKHUX SHEPTHUI1 HA CBOMCTBA
HAHOKEPAMMKHU JIBYOKUCH IUPKOHUSA

H.HU. Auzayxun, H.I1. Juxuii, A.H. /Jloeona, H./]. @edopeu, B.A. Kywnup, IO.B. /Iawxo, /I.B. Medgeoes,
B.B. Mumpouenxo, H.H. Onuwienko, C.A. Ilepescocun, H.M. Ilenuxamuuii, H.A. /lanunenxo,
T.E. Koncmanmumnosa

HccenenoBanuch paguaonHble 1eQeKThl B HAHOKEPAMUKE JTUOKCHA IUPKOHUS MTPH O0JTyIEHUH SIIEKTPOHAMH
¢ smeprueit 41...89 MaB 1o 03sr 2,28...5,7-10* uacrur/cm’, HspI/I 00JIydeHUH 3JIEKTpPOHAMH ¢ dHeprued 41 u
47,2 M5B perucTpupyioTcs paaHoaKTHBHbIE H30Tombl o 2oy, 8889957y 9Nh T Hf. [Ipu 06nydenun smekTpoHam ¢
sHepruel 86 u 88,9 M»B NONOIHUTENBHO PETUCTPUPYETCS aKTUBHOCTh 8RD, KOTOpasi MOXeT ObITh 00pa3oBaHa B
peakmusix (y, 6n) wiam (e, 6n). OOHapyXeH Pa3TUYHBIA MpOLEcC OTXKUTa PaJUALMOHHBIX Je(EeKTOB B oOpasmax
HaHOKEPaMHKH, OOIYdEHHBIX MPU SHEPTHH 3J1eKTpoHOB 41...47,2 u 86...88,9 MaB. Ilentps! okpacku a1 00pa3mos
HaHOKEpPaMHKH, OOIydeHHBIX JIEKTPOHAMH ¢ 3Hepruer 41...47,2 MaB, npakTr4ecKy MOIHOCTHIO OTOXIJIUCH NPH
500 °C. [dns 00pa3noB HAHOKEPAMHKH, OOIYYEHHBIX JJIEKTpOHaMH ¢ 3Heprueit 86...88,9 M»aB, nocne omxura npu
500 °C nabmromaercs 3HaUUTENBFHOE MOrIomenne st iuH BoiaH 430 u 470 M. [Ipeamonaraercs, 9To 3TH pa3iu-
YHS NIPU OTXKUT'€ LEHTPOB OKPACKH JIBYOKHCH IIMPKOHHS OOYCIIOBJIEHBI 0Opa3oBaHMEM B SACPHBIX PEAKIUSAX ITOT
JIeHCTBHEM BBICOKOPHEPT€THYECKHX JIEKTPOHOB HA M30TOMAX MATPHUIBI ATOMOB KPUIITOHA, KOTOPBIE SIBJISIOTCS ICH-
TpaMU Cerperamyy TOUeUHBIX Ae(EKTOB, YTO MPUBOAUT K 0OPa30BAHHUIO YCTOMUIMBHIX JIe(PEKTHBIX KOMIUICKCOB.

BILJIUB OITPOMIHEHHS EJIEKTPOHAMU BUCOKHUX EHEPI'TI HA BJIACTUBOCTI
HAHOKEPAMIKH JBOOKHUCY IUPKOHIIO

M. 1. Auzauvxuii, M.I1. Jlukuii, A.M. /loeons, L/1. @edopeus, B.A. Kywnip, FO.B. /lawko, /I.B. Meodseocs,

B.B. Mumpouenko, L M. Onuwenxo, C.A. Hepeancozin, M. M. Ilenixamuii, 1. A. /Jlanunenxo, T.€. Koncmanmunoea

HocnimpxyBanuics paniamniiHi geeKTn B HAaHOKepamili JBOOKHCY IUPKOHIIO MIPU ONPOMiHEHHI €IeKTPOHAMH 3
eneprieio 41...89 MeB 1o gosu 2,28...5,7-10" uacrox/cm®. Tlpu ompomineHHi enekTpoHamMu 3 emeprieio 41 i
47,2 MeB peecTpyroThCs paJiOaKTUBHI 130TONH 8788y 8889.%57¢ SNp, PHF, [Ipu onmpoMiHEHHI €TICKTPOHAMH 3 CHE-
prieio 86 i 88,9 MeB 101aTKOBO PeeCTPyeThCs AKTHBHICTH °-Rb, 10 MOXe 6yTH yTBOpeHa B peakwisx (y, 6n) abo (e,
6n). BusiBneno pi3Huii nporec Bianany pamianiiHux aedekTiB y 3pa3kax HaHOKEpaMiKH, OIPOMIHEHHUX IPH eHeprii
enekTpoHiB 41...47,2 1 86...88,9 MeB. Llentpu dapOyBaHHs 11 3pa3kiB HAHOKEPAMiKH, OIIPOMIHEHUX EIEKTPOHA-
MU 3 eHeprieto 41...47,2 MeB, npaktiuyHo moBHicTio BianamoBanuchk npu 500 °C. s 3pa3kiB HAaHOKEPAMiKH,
ONPOMIHEHUX eJIeKTpoHaMH 3 eHepriero 86...88,9 MeB, nicns Bianamy npu 500 °C cnioctepiraerbesi 3HaUHE MOTIIH-
HaHHS J1s qoBxKUH XBWiIb 430 1 470 uM. [lepenbadaeThes, O 11 PO3XOMMKCHHS MIPH BiAMAalli IEHTPIB 3a0apBIICHHS
JIBOOKHCY IMPKOHII0O OOYMOBJICHI YTBOPEHHSM Y SIIEPHUX PEAKIISX ITiJ] Ji€10 BUCOKOCHEPTETHYHNX EJIEKTPOHIB Ha
i30TOIax MaTpHIli AaTOMiB KPUITOHY, SIKi € IIEHTPaMHU cerperaii KparnkoBuX Ie(eKTiB, 10 NPUBOANUTH JI0 yTBOPECHHS
CTIHKUX Je(EKTHUX KOMIUICKCIB.
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