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B pabore mpencraBieHbl pe3ysbTAaThl HMCCIECNOBAHMA CTPYKTYPHBIX HM3MEHEHHH aTIOMOMTTPHEBOrO OKCHIA
Y:Al;09 (YAM), 0051y4eHHOTO B PeXKHUME OJHHOYHBIX TPEKOB MOHaMK Bi u Xe B MIMpOKOM Juana3oHe yIeTbHbIX
MOHHM3aLIMOHHBIX MOTEPh HEPTUH, MOIYICHHBIE C TOMOIIBIO TPOCBEUMBAIOIICH M CKaHUPYIOIIEH MPOCBEYNBAIOIIEH
9JIEKTPOHHON MHUKpOCKOmHMK Bbicokoro paspemieHus (C/[IOM). YcraHOBICHO, YTO Pe3yJbTaTOM BO3ACHCTBUS
BBICOKODHEPT€THYECKUX TKEIIBIX HOHOB SIBIISICTCS] 00pa3oBaHie aMOP(HBIX JIATEHTHBIX TPEKOB, AUAMETP KOTOPBIX
YBEJIMYHMBAECTCSI C POCTOM TIOTEPh PHEPIHHU Ha 3JIEKTPOHHOE TOpMOXeHHe. Ha ocHOBe aHas3a 3aBUCUMOCTH pa3Mmepa
TPEKOB OT YPOBHSI HOHU3ALMOHHBIX MOTEPh YHEPTUH ONPE/EIEHO [TOPOroBOe 3HAUCHHE Ul 00pa30BaHUs TPEKOB B
HaHOKpHUcTanueckoM YAM, cocrarisitoniee Set ~ 7-8 kaB/HM.
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This work is aimed to study the swift heavy ion induced structural changes in nanostructured monoclinic yttrium
aluminum oxide YAl,Oq (YAM) using high-resolution scanning/transmission electron microscopy (S/TEM). YAM
with monoclinic crystallographic structure and space group P2y¢ (No. 14) is one of three crystalline phases in the Y-
Al-O system and has a unique combination of high melting point (2020 °C), low density (4.44 g/cm?), low high-
temperature thermal conductivity (the minimum thermal conductivity is 1.13 W-mK) and relative low Young’s
modulus (191 GPa), which endure it as a candidate material for an inert matrix fuel hosts. YAM samples were irradi-
ated with Bi and Xe ions having energies ranging from 156 to 714 MeV and electronic stopping powers - from 5 to
35 keV/nm at the 1C-100 and U-400 FLNR JINR cyclotrons and the DC-60 cyclotron at the IRC INP. The ion fluence
corresponding to the “individual tracks” regime was 5x10'"' cm™2. S/TEM structural examinations showed that swift
heavy ion induced latent tracks in YAM particles are continuous and amorphous. lon track sizes larger than expected
at the smallest energy loss for Xe ions and smaller track diameters at the highest energy loss for Bi ions are associated
with the so-called "velocity effect". It is suggeste that the complexity of the crystal structure plays a significant role
in formation of ion tracks in this material. The threshold value of electron stopping power for track formation in
nanocrystalline YAM was found to be equal Set ~7-8 keV/nm.

Keywords: YAl Og; YAM; TEM,; swift heavy ions; latent tracks; nanocrystals; radiation defects.

14-51 Meacoynapoonas xongpepenyus « Bzaumooeticmeue uznyyenuii ¢ meepovim menomy, 21-24 cenmaopsa 2021 2., Munck, berapyco
14th International Conference “Interaction of Radiation with Solids”, September 21-24, 2021, Minsk, Belarus

182



Cexyus 2. Paduayuonnsie sghcpexmul 6 meepoom mene
Section 2. Radiation effects in solids

Beenenue

B mocneanue rojpl, paauanuoHHas CTOM-
KocTh coenaunenuii Y-Al-O npunekaer 3Ha-
YUTEJIbHOE BHUMaHUe. B yacTHOCTH, 3TO CBSI-
3aHHO C T€M, YTO 3TH MaTEPUAIIbI BXOIST B CO-
CTaB HAHOYACTHUI[ B HEKOTOPBIX TUCIIEPCHO-
YIPOYHEHHBIX OKcuaaMu criaBax. CTaOuib-
HOCTh TaKHMX YaCTHII K Pa3JIMYHBIM BUJIaM HU3-
Jy4eHUs, BKIIOYas MOHbI BBICOKHX SHEPIHUH,
uMeeT OOJbIIOe TPAKTUYECKOE 3HAYCHUE.
Jis aHHOTO BHMJA PaJUallMOHHOTO BO3ICH-
CTBHSI XapaKTepHO 0Opa3oBaHME CIiCIU(pHYe-
CKUX PaJHallMOHHBIX TIOBPEXKICHUH - TaTeHT-
HBIX TPEKOB, KOTOPBIC MPEICTABIISIOT COOOM
NPOTSDKEHHBIE Pa3yNopsA0YCHHBIE O00JIACTH
BJOJIb MOHHON TPACKTOPHHU C TOMEPEYHBIM
pa3MepoM B HECKOJIBKO HAHOMETPOB, CITOCO0-
HBIC CYIIECTBCHHBIM OOpa30M TOBIHATH Ha
XapaKTepUCTHKH MaTepuaia Hu, CIleIoBa-
TEJIHO, HA YCJIOBUS €r0 MPAKTHYECKOTO MPH-
MEHEHHSI.

Amromontrpuesbiii okcu Y4AILOg (YAM)
C MOHOKJIMHHOM KPHUCTAJUIMYECKON CTPYKTY-
poii M TPOCTpaHCTBEHHOW rpymmoil P2yC
(Nel4) sBnsieTcst 0IHOM U3 TpeX KpUCTaINYe-
ckux ¢a3 B cucreme Y-Al-O [1, 2]. dpyrue
¢da3el B cUCTEME. HTTPHEBO-AJTFOMHHHUEBBIN
nepoBckut YAIOsz (YAP) cymecrByer B
KyOudeckoi ¢opMe co CTPYKTypOoW TpaHara
[3], u wuTTpUEBO-aMIOMHHHUEBBI TpaHAT
Y3Als012  (YAG) wumeer poMOHUYECKyIO
CTPYKTYpPY UCKa)KEHHOTO IepOBCKUTa [4].

Y4Al;09 (YAM) no cpaBuenuto ¢ YAG u
YAP umeer Gosee BBICOKYIO TeMIeparypy
wiasnenus, 2020°C mpotuB 1940°C wu
1950°C cootBetrcTBeHHO [5-9] M MEHbIIyO
nnotHocTh (4.44 r/cm®). Taxke OH XapakTe-
pHU3yeTcst TOCTaTOYHO HU3KOHM TEILIOMPOBO/I-
nocteio (1.13 B-m1K™Y), mocrarouno xopo-
HIUMH MEXaHUYEeCKUMH CBOWCTBaMH
(koncranta FOnra 191 TTla) [10]. B
HACTOsIIIEee BpEeMs NMPAKTHUYECKU HET JaHHBIX
0 PaaUaMOHHO-CTUMYJIMPOBAHHBIX H3MEHE-
Husatx B YAM. Tak, BO3IeHCTBHE TKEIBIX
MOHOB BBICOKHX OJHEPIUH Ha CTPYKTypYy
HaHovacTull YAM paHee He MCCIIE0BAJIOCH,
B oTiure ot kpuctawioB YAG u YAP [11-
13].

[enpro naHHOW PaOOTHI SBJISIETCS] aHATU3

MHUKPOCTPYKTYpbl HaHodacturr YAM, obmy-
YEHHBIX OBICTPHIMHU TSDKEIBIMU HOHAMHU METO-
JlaMH BBICOKOpa3pelIaolell NpoCcBeUnBaro-
el AJIEKTPOHHOM MUKPOCKOIIHUH.

Matepuajibl M MeTO/IbI HCCJIEAOBAHNUS

B nanHo#i pabore oOBEeKTaMHM HCCiIE-
JoBaHMs ~ ObUIM  HAHOKPHUCTAJNIMYECKUE
obpasubl  Y4AI209, cuHTE3MpOBaHHBIE B
Hayuno-uccnenoBaTtenbckoM (pU3MKO-TEXHU-
yeckoM MHcTUTyTe Hukeropoackoro rocy-
JTApCTBEHHOTO yHUBepcurteTa. Hanouactuisl,
ocaxnaeHusle Ha [IOM rpuasl, o6myyanuch
noHamu 132Xe ¢ sneprusamu 156 u 220 MaB u
nonamu “PBi ¢ smeprueit 714 MbsB mpu
KOMHATHOW TeMIlepaType Ha LHUKJIOTPOHAaX
MI1I-100, Y-400 B JIAP OWUAU (HyOHa,
Poccus) u [A11-60 B A® USAD (Hyp-Cynran,
Kazaxcran). [y pacmupeHusi auara3oHa
YAETbHBIX MOHU3ALUOHHBIX MOTEPh YHEPTHH
00JyyeHue NMpOBOIUIOCH C UCIIOIb30BAaHUEM
CHEIHANIBHBIX TOTTOMAK-INX (UIBTPOB B
BUJIC AIIOMUHHUEBBIX (Poibr. DIIIOCHC NOHOB
JUISL BCEX 00Pa3IioB COCTABIISIT 5-10M cm?2.

CrpykTypa 00Iy4eHHBIX 00pa3I0B UCCIIe-
noBanace B JISIP OUSU nHa ckaHupyto-
11eM/TIPOCBEUNBAIONIEM JJICKTPOHHOM MHK-
pockonie Talos™ F200i1 S/TEM, paGorato-
miem npu HanpsikeHuu 200 kB. CooTBeTCTBY-
ot ananus C/TIOM n3obpaxeHuit mpoBo-
JTAJICS C IPUMEHEHHEM TIPOTPaMMHOTO MaKkeTa
Velox™,

Pe3yabTaThl U MX 00Cy:KIeHUE

Ha puc. 1 npuBeneHbl CBETIONONBHBIE U
TeMHONoJbHbIE [IOM CHUMKH CTpPYKTYpHBI
HaHOKpucTamyeckoro YAM, o6iaydeHHoro
nonamu Bi ¢ sueprueit 714 MaB u Xe ¢
sHeprusimu 156 u 55 M»sB. HccnenoBanus
CcTpyKTypbl Merogamu II9M nokazamu, 4ro
00pa3oBaHHbIE TPEKU MPEACTABISIIOT cOOOit
amopdubie 0Opa3zoBanus B yactuiiax YAM, u
JTUAMETPhI TPEKOB YBETUYHBAIOTCS C YBEIH-
YEeHHUEM TOPMO3HOM CIIOCOOHOCTH.

DKcIepUMEHTaIbHbIE JIaHHBIE IO pa3Me-
paM TpeKoB B HAaHOKpUcTaTnieckom YAM B
3aBHCHUMOCTH OT YPOBHS yJI€TbHBIX MOHH3A-
IIMOHHBIX TIOTEPh PHEPTHH MOHOB BHCMYyTa U
KCEHOHA, Se, MPUBEACHHI B Ta0HIIE 1
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c(c)

Puc. 1. CseryionoysibHBEIE M TEMHONOJBHBIE [IOM
CHUMKH JIATCHTHBIX TPEKOB B HAHOKPHCTAIUTHICCKOM
YAM, o6inyyennom ronamu: a — Bi 714 MaB; 6 — Xe
156 M»5B; ¢ — Xe 55 M>B

Fig. 1. Brightfield and darkfield TEM images of latent
tracks in nanocrystalline YAM irradiated with: a - 714
MeV Bi; b — 156 MeV Xe; ¢ — 55 MeV Xe

u puc. 2. OTMeTuM, 4TO MOJI0OHBIE pe3ylib-
TaThI MOJIyYEHBI BIIEPBBIE B MUPE.

bonpimne pasmepel TPEKOB INMpPH HU3KHUX
SHEPTrUsSX HOHOB X€, U YMEHBIICHUE TPEKOB

Tabmmna 1. Pazmepsr Tpexos B N-YAM, o0xyueHHOM
nonamu Bi u Xe no pmoenca 5-10' cm

Table 1. Track measurements in n-YAM irradiated
with Bi and Xe ions with fluence 5-10 cm

Vox DHeprus, Se, Paguyc | Crang-e
M5B K3B/HM | Tpeka |oTkioHeHHE
714 35.27 4.83 0.65
354 30.87 5.32 0.5
287 28.64 5.22 0.5
2098 241 27.27 5.02 0.54
164 23.54 4.46 0.52
106 19.12 3.21 0.61
83 16.68 2.54 0.58
220 22.21 3.65 0.55
156 204 3.60 0.6
98 17.85 3.55 0.68
79 16.52 3.58 0.57
132X e 55 14.15 3.35 0.62
53 13.81 3.30 0.57
38 11.56 3.12 0.55
34 10.8 2.86 0.58
20 7.43 2.38 0.6

81 = n-YAM + Bi 714 MsB
7] o N-YAM + Xe 156 MsB
A n-YAM + Xe 220 M>B

5+ Xe

R, um
S

10 15 20 25 30 35 40
Se, K3B/HM

0 5

Puc. 2. 3aBucumocts paauyca TpekoB B YAM or
YPOBHS JIIEKTPOHHOI'O TOPMOXKEHUA

Fig. 2. Track radii in YAM as a function of electronic
stopping power

npy HauOOJIbIIeH 3Hepruu HOHOB Bi cBs3bI-
BAIOT C TaK Ha3bIBae€MbIM «3(P(HEKTOM CKOPO-
CTH», B COOTBETCTBUH C KOTOPBIM IPH OJHHA-
KOBOW BeNMYHMHE Se, OONBIINN pauyC Tpeka
HaOJr0aeTCs ISl HOHOB C MEHBIIEH CKOpO-
CThIO M MEHBIINE DPATUYChl Ui HOHOB C
BBICOKOH CKOpOCThi0. OCOOEHHO SIPKO 3TOT
3 eKT mposBIsIeTCs g SHEPruil HOHA, Ha-
XOJSIIUXCA CHMMETPUYHO OTHOCHTEIHHO
BparroBckoro mnMka B3JIEKTPOHHBIX MOTEPb
sHepruu woHa [ 14, 15].

Juametpsl TpekoB B YAM, 001y4yeHHbIX
nonamu Xe, 1 B YAG, o0ydeHHBIX HOHAMH
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