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MOJIEJIOBAHHA BJIN3BKOI'O MMOPAAKY AMOP®HUX OKCUAIB Zr-,Y,O;

Y oaniit pobomi 6yno nposedeno mooenoeants OIU3LKO20 NOPAOKY AMOPGHUX oKcudie Zr;.
Yx0> ompumanux 3 memancynvghonamie yupkorio ma impiro. Modentosants nposoounu 3 0onyuweH-
HSAM, WO AMOP@HULL CIAH CKIAOAEMbCSL 3 00aacmell BNOPSIOKOBAHO20 POIMIWEHHS AMOMIE GU3HAUEHOT
2e0MeMmpudHOi Popmu MidiC AKUMU 3HAXOOSAMbCSL HEBNOPSOKOBAHI AMOMU, K] He HALeHCAmb 00 HC00-
HOI cmpykmypHOoi 00unuyi. bauzvkuil nopsaoox posmiwgenns amomie 6 amoprux oxcudax Zr;.Y,.0;
(x=6,8,10 am.%) docnioxcysanu memooom CyMiCHO20 MOOENI0BAHHA NPOPINIO 20108HO20 MAKCUMYMY
CMPYKMYPHO20 (hakxmopy i Memooom anpoxcumayii Gyukyii padianbhoco po3noodiny amomieé Ha oc-
HOGI eKCNepUMEHMATbHUX OAHUX UWUPOKOKYMOBO20 DO3CISIHHA PEHM2EHIBCLKUX NPOMeHie. B pe3yib-
mami MOOeN08AHH BCMAHOBIEHO, W0 001ACTi 6NOPAOKOBAHO20 POIMIWYEHHS AMOMIE MAOMb hopmy
onuzbky 00 oxkmaeopis. Cepeoni po3mipu obaacmeil 6NOPAOKOBAHO20 PO3MIWEHHS AMOMIE CKIAOAIOMb
5 Hm, a koopounayitini yucaa 11—14, wo 6ionosioaroms cmpykmypam 61U3bKuM 00 epaHeyeHmposa-
HUx Kyoiunux cmpykmyp. Ilopisnanna mooenvHux xapakmepucmuk amop@Hux oKcuoie 3 eKcnepumeH-
MATHUMU OAHUMU MIKPOCKONA 3 BUCOKOIO PO30LIbHOIO 30AMHICMIO NOKA3a10 000pe CninaolinHs
pe3yibmamis.

Knrouosi cnosa: mooenroganus O1u3bK020 NOPSOKY, AMOP@HI OKCuou, 0baacmi 6nopsaoKosa-
HO20 PO3MIUeHHs amomi, PYHKYis padiaibHO20 PO3NOOLLY AMOMIS.

In this paper a simulated shot-range order simulation of amorphous Zr;..Y.O, oxides obtained
from methanesulfonates zirconium and yttrium was performed. The simulation was carried out with
the assumption that an amorphous state consists of regions of ordered arrangement of atoms of a defi-
nite geometric form, among which there are disordered atoms, which do not belong to any structural
unit. The shot-range order of atomic arrangement in amorphous oxides Zr;.,.Y,0, (x = 6.8,10 at.%)
was investigated by the method of joint simulation of the main structural factor maximum and by the
method of approximation of function of the radial distribution of atoms based on experimental data of
wide-angle scattering of X-rays. As a result of simulation, it was found that the regions of ordered
placement of atoms are in the form close to the octahedron. The average dimensions of the ordered
arrangement of the atoms are 5 nm, and the coordinating numbers 11—14 correspond to the struc-
tures close to the faced cubic structures. Comparison of model characteristics of amorphous oxides
with experimental data of a high resolution microscope showed a good coincidence of resullts.

Keywords: shot-range modelling, amorphous oxides, areas of ordered atomic placement, atom
radial distribution function.

ITocTanoBKka MpodIeMu

Cy4acHO0 TEHJICHIII€I0 B pO3pO0IIi Ta BUKOPUCTaHHI MOPOIIKOBUX MaTepialliB, y TOMY YHCII i
OKCHJHUX € KOHIICTIIiS oJepKaHHs iX B HAHOpO3MipHOMY cTaHi [1, 2]. OTpuMaHHS Ti€i UM iHIIOT TBE-
paoda3Hol CIIOJIyKH Ma€e Ha METi JIBI OCHOBHI METH: IO MEpIie, BUTOTOBJICHHS MaTepiajiB 3 3aJaHuM
($a30BUM 1 XIMIYHUM CKJIaJ0M, a IO JAPYre — OTPUMAaHHS MaTepialliB 3 ONTUMaIbHUM PO3MIpOM Yac-
TOK, SIKi € HalOLIbIII ONTUMAIBHUMH [UI KOHKPETHOI raiy3i 3actocyBanHs. Ha ganuii yac, KoHIemnmis
HAHOPO3MIPHUX MaTepialliB € JOMIHYIOUOIO MPU PO3B’SA3aHHI 3a]a4 TEXHOJIOTI] O/Iep)KaHHsI Cy4acHUX
TBepAo(ha3HUX MOPOUIKOBUX MarepiamiB [3]. B cyyacHoMy MaTepiano3HaBCTBi MiJ TEPMIHOM HaHOPO-
3MipHI MaTepianu MaloTh Ha yBa3i TBepAo(da3Hi XiMiUHI CIIOIYKH, SKi MAIOTh X049 OM OJMH IMapaMeTp B
HaHOPO3MIpHOMY Jiarma3zoHi 3 po3Mipamu g0 100 am) [1].
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YTBOpEeHHS HAHOCTPYKTYPHHUX MaTepialiB 1 MOPOIIKiB, SIK OJHOTO i3 CTaHy iCHYBaHHS TBEPIIO-
0 TiNa, BUILIMBAE 3 (pyHIaMEHTATBbHUX NPUHIMIIB iCHYBaHHS MaTepil, 3TiJHO 3 AKUMHU MaTepis MOKe
3HAXOJIUTHCS B TIA3MOBOMY, I'a30M0AI0HOMY, pIIMHHOMY 1 TBepIoMy cTaHaX. [lepexin omHOTO cTaHy
PEYOBHHHM B IHITHI CYMPOBOKYETHCSA (ha30BUMH IMTEPEX0odaMH IepIioro pory. Pi3uko-xiMis 1UX IIe-
PETBOpPEHb, a TAKOXK (yHAaMEHTAIbHI BIACTHBOCTI KOKHOI'O CTaHy iCHyBaHHS Marepii HaBOISTHCS B
HU3ILI MoHOTpadiii [4, 5].

AHaJIi3 OCTAHHIX JOCTiMKeHb Ta MyOJikamii

OTpuMaHHS HaHOAWCIIEPCHUX ITOPOIIKIB CTa01JII30BaHOTO JIOKCHAY IMUPKOHIIO MPH 3a1aHOMY
xiMidHOMY 1 (ha30BOMY CKJa/i MOPOIIKOMOMIOHOTO MaTepialy Hal3BHYAHO BaXKIIMBHM IPOIECOM.
Takox BaXXJIMBUM (PaKTOPOM € HOro AUCIEPCHI XapaKTEPUCTHKH: PO3Mip MEPBUHHUX YaCTOK Ta PO3-
MO iX 32 po3Mipamu. BcTaHOBIIEHO, 1110 YTBOPEHHS! BTOPUHHKUX YaCTOK — arperarieB abo arioMepa-
TiB BiZl miepeicTopii iX (hOopMyBaHHS i IHTETPAIBHUX XapaKTEPUCTHK IMOPOIITKY — MATOMOI TTOBEPXHI,
HAsBHOCTI IOP Ta PO3MOMLTY iX 3a po3mipamu [6]. Tak st HOCIiB KaTami3aTopiB HEOOXiTHI MOPOIIKH
CTa011i30BaHOTO IOKCHIY HUPKOHIO 3 BETHKOI MUTOMOIO IOBEPXHEIO , AJIsl BACOKOMIIIHO1, KOHCTPY-
KIIH#HOT 1 GioKepaMiku — MOHOJMCIIEPCHI MOPOLIKH HAHOPO3MIpHOTO Aiana3ony [7]. 3acTocyBaHHS
cTabii3oBaHOTO MiOKCHIY UpKOHit0 B TexHOojorii «Fuel Cell» moTpebye sk HaHOAMCIIEPCHUX TTOPO-
IIKIB 7151 BATOTOBJICHHSI TBEPJOTO EJIEKTPOJIITY, TaK 1 arperoBaHMX HAHOKPUCTAJIIYHUX MOPOLIKIB AJIS
BUTOTOBJICHHSI MOpYBaTUX aHOAIB [8]. ToMy 11 yCHIIIHOTO 3aCTOCYBaHHS IaHOTO METOY B TEXHOJIO-
ril OTpUMaHHS HAHOPO3MIPHHUX MOPOIIKIB CTa0UII30BAHOTO JIOKCHIY IIMPKOHII0 HEOOXiTHO CHCTEMHO
BUBYHUTH (i3UKO-XIMIYHI TIPOLIECH YTBOPEHHS TBEpAOi (pa3u MIOKCHAY LUPKOHIIO Ha BCHOMY IUIIXY
MIEPETBOPEHDb «PO3UHH — OCAJ TIIPOKCUAY MUPKOHII0 — aMOp(HUI JIOKCHT ITUPKOHII0 — KPHUCTAIi-
YHUH IOKCHUI IUPKOHIIO» Ta pO3POOHUTH Ha iX OCHOBI e()eKTUBHI YHHHUKH YIPaBIiHHS mpouecoM ¢o-
PMyBaHHsI MIKpO- 1 MaKpOCTPYKTYpH MOPOMIKIB cTabii30BaHOrO AiOKCUAY HUpKOHit0. CydacHi mor-
JISLIA Ha TpoIieC cTadimizalii BUCOKOTeMIIepaTypHUX MoaubiKallii JIOKCUIY [UPKOHI0 0a3yl0ThCSA Ha
TIIIOTE31 YTBOPEHHS TBEPIUX PO3UMHIB 3aMIlEHHS, SAKi HAOIMKAIOTh ITapaMeTpH KPUCTATIYHOT PETITiT-
KH JIOKCHy UPKOHIIO JI0 BiNIOBITHOCTI MIOZ0 BUMOT KIIACHYHOI KprcTaiorpadii BiTHOCHO CTIHKOCTI
KyOIYHUX CTPYKTYp [9]. BBeIeHHS! TOHOPHUX KATiOHIB B KpHCTaNiYHy pewniTKy ZrO, 3 pagiycamu io-
HiB, OUIBIIIMMHM, HIXK y 10HA IUPKOHIIO 30UIBIIYE 00’ €M €JIEeMEHTApHOT PEUIITKU JI0KCUIY [IUPKOHIIO, a
I1e Ta€ MOJIMBICTh aTOMaM KHCHIO 3aiHATH MO3UIIIi, XapaKTepHi I KyOidHOTO ab0 TeTparoHaJIbHO-
ro JIOKCUAY IMPKOHIIO 1 MABUIIUTH HOTO TEPMOAWHAMIYHY CTIHKICTh AaHUX CTPYKTYpP MPH HU3BKUX
temnepatypax. Edekt crabimizamii iCTOTHUM YHMHOM 3alIeXKHTh BiJi POZYMHHOCTI OKCHJIIB METalliB B
Mmatpuili ZrO, 1 xapakrepy B3aeMOil Mi>k HUMHU. BUBUEHHSI IPOIIECIB PO3UUHHOCTI 3AIHCHIOEThCS, K
IPaBWIO, EKCIIEPUMEHTAIBHUMH METOJaMHU. TakuM YMHOM, aKTyaJbHHUM € PO3pOOKa TEOPETUYHHUX i
EKCIIEPHUMEHTAIILHUX 200 OJIM3BKOT0 MOPSAAKY B CIONyKax Zr;4YxOa.

Marepianu Ta MeTOAUKA JOCJIIIZKEHb
AmopdHi okcuan Zr; YO, OTpHUMaHi 3 pO34MHY METaHCYJIb()OHATY LUPKOHIIO 1 iTpito. dud-
pakTorpaMd amMoOp(HHX OKCHIB OTPHMYBalHd 3a JOIMOMOTOI0 PEHTICHIBCHKOTO IU(PPAKTOMETpa
JPOH-3.0 B morOXpomaruzoBanoMy Mo—K, BunpomiHioBanHi. Po3Mmipu 1 CTpyKTypy HAaHOYAaCTHHOK
BH3HAYAJIN 32 JOTIOMOTOIO EJIEKTPOHHOTO Mikpockomy Superprobe 733 (JEOL).

Buksian ocHOBHOT0 MaTepiajry

st 3°sicyBaHHS IPOLIECiB YyTBOPEHHS HAHOKPHUCTATIYHOI CTPYKTYpH MOPOUIKiB Zr; Y <O,, ipu
OTpPHMAaHHI HOTO 3 PO3YMHIB, BAXKJIMBE 3HAUCHHS MArOTh JiaHl Mpo ONM3BKHI TOPSJOK PO3TallyBaHHS
aToMiB B aMOp(hHOMY TIOKCHIII IIUPKOHIIO, IKUH € OCHOBHOIO TIEPEICTPYKTYPOIO TIPH IIEPEX0Ii HOTO B
HAHOKPUCTAJIYHUN 1 KpUCTaNliyHi cTaHW. BUBYEHHS OMM3BKOTO MOPSAKY amopdHoro Zri Y0, mae
CYTTEBE 3HAUCHHS JUIA MOSICHEHHS (DI3MKO-XIMIYHUX MPOLECiB YTBOPEHHS HAHOKPUCTAIIYHOI CTPYKTY-
Y TIOPOIIKIB AIOKCHTYy IIUPKOHIIO BIM3pKuii OpsIIOK po3MillleHHsI aTOMIB B aMOPQHOMY OKCHII Zr.
xYxO» TOCIITKYBAJINCh METOJOM CYMICHOTO MOJICITIOBAHHS MPOQLII0 TOJOBHOTO MaKCUMyMy CTPYK-
TypHOTO (haKkTOpy 1 anmpokcumarii QyHKii pagianeHOTro posmoxainy atoMmiB (DPPA) Ha ocHOBI ekcrie-
PUMEHTANBHUX JAaHUX IIUPOKOKYTOBOTO PO3CISTHHA PEHTIEeHIBCHKHX MpoMeHiB. HopMyBaHHS KpuBUX
IHTEHCUBHOCTEH IIMPOKOKYTOBOTO PO3CISIHHS PEHTI'CHIBCHKUX MPOMEHIB 3IIIHCHIOBATINCH 32 METO/IU-
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koto [10—12]. CTpykTypHi (pakTOpH MOPOMIKIB aMOpP(HHOTO MiOKCHUAY IUPKOHIIO 31 BMicTOM 6, 8,
10 at. % iTpito moaaHi Ha puc. 1. AHaji3 eKCIepUMEHTAIBHUX JaHUX J03BOJIMB BU3HAUYUTH HACTYITHI
3arajibHi 3aKOHOMIPHOCTI JJIsi BCiX 3pa3KiB: BHUCOTa IMEPIIOT0 MAaKCUMYMYy CTPYKTYpHOTO (hakTopy
3MEHIIYETRCS, @ HOTO TTOJIOKEHHSI HE3HATHO 3MIIYETHCS B 01K BETUKHUX KYTiB IPH 30UTBIIICHHI BMICTY
ITpifo B 3pa3kax; Apyri MAKCUMYMH CTPYKTYPHHUX (DaKTOPiB MAIOTh MaiKe OJJHAKOBY (opMy.
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Puc. 1. CTPYKTyle (baKTOpI/I aMOp(bHI/IX OKCI/II[iB: 1 — ZI'(),94Y0,0602; Zro,ngo,ogOZ; Zro’gYo,loz.
Mo—K,, BUITpOMiHIOBaHHS

st BU3HAYCHHS TUIY YNAKOBKH aTOMIB Ta HaHOINbII BipOTiAHMX PaiyciB KOOpAWHAIIHHUX
chep i KOOpAMHALIWHUX YHCEN TPOBENCHO po3paxyHOK (puc.?2) i momemroBanHs DPPA. Amnami3
OTPUMAaHHX Pe3yJIbTATIB 3TiAHO 3a JAHOI METOIUKOIO MOKa3aB, IO HAWKpalli pe3yabTaTH IPH PO3-
muppyBaHHs OJIM3BKOTO MOPAAKY aMOP(QHUX PEUOBHH Aa€ aloAn30BaHa (DYHKIIS palialbHOTO Po3-
nontiry atoMi [10—11]:
S

m
G(r)=4mpy + 2 j (i(s) - 1)sexp(—z2)sin(sr)ds,
4 0
Jie ¥ — HaWOLIBII HMOBIpHA BiICTaHb Mixk aToMaMu; i(S)— eKCIIEpMMEHTAIbHMI CTPYKTYpHHI (aK-
TOp; § — BEKTOP OOEPHEHOI PEIIiTKH; P — CEpPEeOHs aTOMHA I'yCTHHA; 7 — KoedillieHT anmoan3amnii
(B nanomy Bumagky 7 = 0,01).
MoentoBaHHs CTPYKTYpH aMOp(GHUX MOPOIIKIB CTa01J1i30BAHOT0 JIOKCHIY HMPKOHIKO BUKO-
HAHO B MPHIYILEHHI, 0 TUI YNAaKOBKH aTOMIB LUPKOHIIO OONACTSIX BIOPSAKOBAHOIO PO3MIIIEHHS
atomiB (OBPA), i3 SIKUX YTBOPIOETHCS ONM3BKHNA MOPSIIOK, MAE MPOCTi TEOMETPHUIHI MHOTOTPaHHUKH
(monienpu). MozentoBaHHsI OJIM3BKOTO TIOPAIKY BHKOHYBanu anpokcumaiiero ®PPA nabopom rayco-
BUX KpuBUX [12]:

Zm J (}’_Vm)2 —ex (I"+}”m)2
=2 =2
(2u,, +4rr) (2u,, +4rr)

G(r)=Y.

exp)
m Ty 72'(21/7,%1 +477) 1
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o AV 2 .
ne z, — KOOpJMHAliiiHiI yhcna m — KOOpJAMHaliiHOi cdepH; U, — cepeHbOKBAJAPAaTUYHI BiJHO-
CHI 3MIIIIEHHS aTOMIB 3 TTOJIOXKEHHS PIBHOBATH, SKi BU3HAYAIOTHCA 13 hopmynw [12]:

ul_y = 18k T (M, L [My  SiCAK,n)
" - b
Mty 2ack,)? (N My My 2aK,n

ne k, — nocriiina bonerMana; 7' — abcomoTHA TeMrepaTypa CHCTeMHU; Si(X) — iHTEerpanbHHUN CH-

Hyc; M — Maca atomiB; K, — MakcUMajbHE 3HAUEHHs XBUJIbOBOTrO Bektopy K, =15-7); ¥ —

arom O abo Zr, 1, — HaiiMeHIIle 3Ha4eHHs BiJICTaHI MK aToMaMu, sike BU3HauaeThes 3 OPPA.
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Puc. 2. ®yskuii pagianpHOro posnofiny artomiB: 1| — ZroeaY00602; 2 — Zr092Y0,0802;
3 — Zro,gYo’IOZ

B pamkax 3anpornoHOBaHOT MOei OJIM3bKOTO OPSIAKY st aMOpGHOTo okcuay Zri YO, BH-
oupamu hopmu OBPA Buxomsum 3 mpuHIuny bpase, sikuii BKa3zye Ha Te, O TpaHi KPUCTATY 3 HaiOi-
JBIIOI0 PETUKYJISIPHOIO TYCTHHOIO aTOMIiB MAalOTh MiHIMaJbHY MOBEPXHEBY €HEPIil0 1 MIKIUIOLUIMHHI
BiJICTaHi 3 MalTUMHU iHIekcaMu. J{o Takux (OpM BiTHOCATHCS IIIIBHI YIIAKOBKH €JIEMEHTapHUX TOTie -
piB IBOX THIIIB: OKTAEIPiB Ta TETPaCAPiB.

MojientoBaHHs MPOBOAMIN 3 BUKOPUCTAHHIM MOJENI KJIacTepHOi OyIOBH aMOp(HOTo cTaHy.
3rigHo g0 1miei Momeni, moOyIoBaHO BUpa3 Juis MPOQLII0 TOJOBHOTO MKy CTPYKTypHOro (akropy,
SIKUH BpaxoBY€ OCHOBHI (Di3W9HI XapaKTePUCTHUKH OJIM3BKOTO MOPSIKY: CKIHYCHHICTh 00JIacTeH BIIO-
PSAAKOBAHOCTI, pO3MOALN 00JlacTel BIOPSAKOBAHOCTI 32 Po3MipamMH, BiIHOCHI CepeIHbOKBAIPAaTHUHI
3MIIIEHHS aTOMIB 3 IOJIOXKeHHsI piBHOBary [13]:

22

. 0,0 alsd | ® _

i(sy) = d2 3 exp| — 20 [ V() g(L,t)-e”
hkl — 0

d

cos(s)dt ,
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ne O, 1 O3 — xoedillieHTH, SKi BpaxOBYIOTh BIUTHB BiTHOCHUX CEpEIHbOKBAIPATUYHUX 3MIIEHb aTo-
MiB 3 IOJIOKEHb PiBHOBaru (#?) B MeXKaxX IUIOLIMHU BiIOUTTA Ha mpodine OudpaxmiifHOro mMmiKy,

d jy; — MDKIUIOIIMHHI BiAcTaHi, g(Lf)= u-<L>-e’ﬂ"Z— posnoxin OBPA 3a po3mipamu, B skoMy 4 1ip
BU3HAUYAIOTHCS 32 YMOBH 1oro HopMyBaHHS, V(f) — dynkuist popmu OBPA (tabm. 1—2), y — xoe-
(himieHT, SKUH BU3HAYAE BIUIMB BiTHOCHHUX CEPETHBLOKBAIPATHYHUX CTATHIHUX 3MIIIEHb aTOMIB y Ha-
HPSAMKY, TIEPIEHIUKYISAPHOMY 10 TUIOIIMHHU BinOUTTA (I1ix Yac i3oTrepmiunoro Bignamosaras ¥ —> 0,
{ — HOpPMAJIb JIO0 Psily aTOMHUX IUIONIMH, IO BiJOMBalOTh BUIIPOMIHIOBAHHS B MEXI1 TOCIIPKYBaHOTO
AADPAKIIAHOTO MIKY, S = — Smax -

OTpuMaHO aHAMITHUYHHK BHpa3 Ui anpokcuMamii IpoQiio roJOBHOTO MIKY CTPYKTYpHOTO
thakropy [13]:

i(s0) =%-y-<L>-exp LU
g 2

I*— Bu3HauaroThCs 3a TabM. 1.

Tabnuys 1. dynkuis popmu V(¢) OBPA Binoutrts {111} crpykrypu 'IK

o o - .
Okxraenp 1—%t+%t2 [O—%[1+%t2 a %
Terpaenp (1—t)3 Iy =30 +31, - I3 a %

Ky6 1-0? Iy —31; +31, — I a3

e a — nowxuna rpani OBPA, L — cepenniii po3mip OBPA, a [, Bu3HadaeThCs 32 PopMyIoro

i

n 2 2 n—=2k
-1 z Yo —s n! n—2k —2k-j . J SoY _ 7| gk
'”:[zj i _zk.kvz[- 7 g o S g5 TP
yij yij B )= (o Nk! o\ yij

Ie E(n/2) — LA YaCTHHA JIIICHOTO YKcna n/2, a [" - ij _(n=2k)-(n-2k-1)..(n-2k-i+1) [" - 2kj _1
i 1-2-3... 0

[IpoBeneHe MojentOBaHHs OJM3BKOIO TOPSAKY aMOp(GHUX OKCUMAIB Zr) YO, Mmokasano, 1o
OBPA wmarots popmy 0nm3bky 10 oktaeapiB. Posmipu OBPA MaioTh cepenHio BeMUYHHY 5 HM, a TUI
YIIAaKOBKH KyOidHUH 3 KOOpAUHAIIHHAM guciioM 11—14.,

Jiist miaTBepIKEHHS MPOBEACHUX TEOPETHYHUX JOCIIKEHb OYJIH MPOBE/ICH] eNEeKTPOHHOMIK-
POCKOMIYHI IOCTIKEHHSI OKCHAIB 3a JOIOMOTOI0 MIKPOCKOINA 3 BHCOKOIO PO3AUIBHOIO 3IaTHICTIO.
Byno BcTaHOBNIEHO, 10 PO3MipH aMOP(HOTO MMOPOLIKY B MarOTh OAMH 1 TOH e MOPAIOK 3 TEOPETUY-
HAMH po3paxyHKamMu (puc. 3), a CTPYKTypa OKpEeMHX YacTUHOK Ha (oHI aMOp(HOI MaTpHIll TOKa3ye
SIK 3apOJUKYIOThCSI HaHOYAacTHHKH (puc. 4). Ha puc. 4 300paxeHo aToMHE pO3MillleHHS B aMOpQHOMY i
HAHOKPHUCTAIIIYHOMY OKCHII Z14 YO, B mportieci (hopMyBaHHS HaHOKpHUCTaIi4HOT YacTuHKU. Ha ¢oni
c(hopMOBaHOI HAHOYACTUHKHA BUIHO aMOP(HY CTPYKTYpY OKCHAY YV BUTIISAII HEBIOPSIKOBAHUX 1 Xa0-
TUYHO PO3MIIIEHUX YIPyIyBaHb aToMiB. B amopdHiil wacTuHi BuaHO gk pparmentd OBPA (wactunkn
Ha MMOBEPXHi), TaK 1 3a30pH Mi’K HUMH, 10 PO3MILICHI Xa0OTUYHO.

JeranbHuii po3risii HAHOYACTHHKHY MOKa3aB, 1[0 MOT0 aTOMH MalOTh TPU PO3MIpH, AKi BiAIo-
BiZlatoTh po3Mipam atomiB Zr, Y 1 O. [Ipu uoMy, KpucTaniyHa CTpyKTypa HaHOYACTHHKH 1ie He chop-
MOBaHa, a Il BUJHO i3 TOTO0, 0 MK aTOMaMH iCHYIOTh Ae()eKTH 1 BaKaHCil y BUTIISAI YOPHUX MYCTOT.
A Ha TpaHUL HAHOYACTUHKH CIIOCTEPIraeThes i 3apoHKEHHS 3 aMOP(QHOro OKCHIY.

[13]:
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Tabnuys 2. IlapameTpu OJIM3bKOTO MOPSIAKY OKCUAIB Z114Y,Os
Bwicr X,
Mac.% Ro.0, HM Rzi.zt, HM Rzr.0, HM N L, um
6 0,428 0,345 0,238 12,12 4,45
8 0,433 0,344 0,225 11,71 4,83
10 0,426 0,43 0,255 13,68 5,52

He Ro.o, Rz1.7r, Rz.0 — MikaTOMHI BiicTaHi, N — KOOpAWHAILINHI Yncia.

Puc. 4. EneKTpoHHOMIKPOCKOIIIYHE 300pakeHHsI aTOMHOT'O PO3MILLEHHS B OKCUAL Z1,Y 1 O»

TakuM YMHOM, MOKHA CTBEPIXKYBAaTH, IO KPHUCTai3allisl PO3MOYMHAETHCS 3 €IEMEHTAPHHUX
OBPA naitnpocrimunx $GopM HUIIXOM iX 00’ €IHaHHS Ta BHOPSIIKYBaHHS CTPYKTYPH.
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BucHOBKH Ta mepcneKTHBY MOAAIbIINX AOCTiIZKEHb

1. B pe3ynmpTaTi MomemIOBaHHS BCTAaHOBJICHO, IIO0 B aMOp(HOMY CTaHi HAWOUTBIT HMOBIpHI
¢dopmu OBPA MatoTh (opMy OKTaeIpiB 3 cepelHIMH po3MipaMH 5 HM 1 KOOPAMHAIIHHUME YHCIaMU
11—14.

2. BeranorieHo, mo GopMyBaHHS HAHOCTPYKTYPHHX YaCTHHOK OKCHAY Zr YO, BiTOyBa€eTh-
cs1 3 aMopdHOT MaTpulli, nusxoM pocty OBPA Ta moctynoBoro BopsiAKyBaHHsI aTOMHOI CTPYKTYPH.

3. 3anmpomnoHoOBaHa METOANKA MOJCIIOBAHHS 33 JOTIOMOT'0I0 CyMiCHOTO BUKOpUcTaHHS DPPA i
anmpokcuMariii  mpodislto TOJOBHOTO MKy CTPYKTYPHOTO (PaKTOPY M€ XOPOIIi pe3yibTaTd B MOPIiB-
HSIHHI 3 €KCIIEPUMEHTAJIbHUMH pe3yJIbTaTaMu.

4. lana MeTOIMKa MOJICTIOBaHHS OJIM3bKOTO MOPSAAKY aMOpPHUX OKCHIIB Z1 YO, 1ae MOX-
JUBICTh BH3HAUYATH OJNIM3BKUI MOPAIOK aMOp(HUX PEUYOBHH PI3HOTO CKIAJy B YMOBaxX BiJICyTHOCTI
€JIEKTPOHHOTO MiKPOCKOIIA 3 BUCOKOIO PO3AUILHOIO 3aTHICTIO Ta MIPUCKOPUTH PO3POOKY HOBUX HAHO-
PO3MIpHHX MaTepialliB pi3HOTO MPU3HAYEHHS 3 YHIKaJIbHUMH BIACTUBOCTSIMH.
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MODELLING OF SHOT-RANGE ORDER OF AMORPHOUS OXIDES OF Zr,Y,0,
Baskevich A.S., Vereshchak V.G., Nikolenko M.V.

Abstract

The use of stabilized zirconia dioxides as high-strength materials for structural materials, bio-
ceramics and as solid electrolyte for “Fuel Cells” is an extremely promising area for the development
of new materials with unique properties. Obtaining powdered nanodispersed powders of stabilized
zirconia at a given chemical and phase composition, the size of the primary particles and their distribu-
tion in size is a very complicated process. For their successful obtaining it is necessary to systematical-
ly study the physico-chemical processes of the formation of solid phase stabilized zirconium dioxide
throughout the path of transformation "solution — a precipitate of zirconium hydroxide — amorphous
zirconium dioxide — crystalline zirconium dioxide" and develop on the basis of effective control fac-
tors of the process of forming the micro- and macrostructure of stabilized powders zirconia dioxide.

In order to find out the processes of formation of a nanocrystalline structure of Zr; YO,
powders (x = 6,8,10 %) when obtained from solutions, data on the short-range order arrangement of
atoms in amorphous zirconia, which is the main prestructure in its transition in nanocrystalline and
crystalline states. The short-range order arrangement of atoms in the amorphous oxide Zr, YO, was
investigated by the method of joint simulation of the main structural factor maximal profile and the
approximation of the atom radial distribution function (ARDF) based on experimental data of wide-
angle X-ray scattering.

In the framework of the proposed shot-range order model for the amorphous Zr, YO, oxide,
the form of regions of the ordered arrangement of atoms (ROAA) was selected based on the Brave
principle, which indicates that the crystal faces with the highest reticular density of atoms have mi-
nimal surface energy and interplane spacings with small indices. These forms include dense packings
of elemental polyhedron of two types: octahedron and tetrahedron. The simulated shot-range order
simulation of amorphous oxides Zr; YO, showed that ROAA has the form close to the octahedron,
and ROAA sizes have an average value of 5 nm, and the type of packaging is cubic with an average
coordination number of 11—14.

Comparison of the results of theoretical modeling with the results of high resolution electron
microscopy showed good coincidence, and it was also established that the formation of nanosized Zr;.
« YO, oxide particles occurs from an amorphous matrix, by streamlining the atomic structure.

The proposed simulation method by means of the combined use of ARDF and the approxima-
tion of the profile of the main peak of the structural factor makes it possible to determine the close or-
der of amorphous substances of different composition in the absence of high-resolution electron mi-
Croscopy.
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