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HucepraiiiitHa po06oTa MPUCBSIYEHA JIOCIIKEHHIO (Da30BUX pIBHOBAaX Yy
notpiiinux cuctemax CeO,—La;0s-Ln,03, ne Ln = Nd, Dy, Ho, Yb, noGynosi
130TepMIYHUX  TEpepi3iB  BIAMOBIIHUX  CUCTEM  Ta  BCTaHOBJICHHIO
3aKOHOMIpHOCTEH (PI3UKO-XIMYHOT B3a€EMO/II1 Y BUIIICBKa3aHUX CUCTEMax.

3MicT poOOTH BUKIAQACHO y S5 po3auiax, B SIKMX NPEACTaBJIE€HI OCHOBHI
pe3yJbTaTH AUCepTaIllii.

VY Berynmi oOrpyHTOBaHa akTyaldbHICTh, C(POPMOBAHI MeTa Ta 3aBIaHHS
JTOCITI/DKCHHS, OIMCaHl TpeaMeT, OO0'€KT Ta METOJOJIOTIS JOCHIKCHHS,
BCTAHOBJICHO HAyKOBY HOBHU3HY Ta TIPAaKTUYHE 3HAUCHHS PE3yJIbTaTiB
qUcepTaLiitHOl poOOTH.

VY nmepumomy po3aiii npuBeAeHU tiTepatypuuii orsia. [IpoananizyBabim
JaHl JITEpaTypHUX JKEpesl BCTAHOBIICHO, 110 CIOCTEPIra€eThCsl 30LIbIICHHS
3aI[1KaBJICHOCTI HAYKOBOI CHUIBHOTH JO MarepiaiiB Ha OCHOBI JIIOKCHY LIEPII0
JIETOBAHOTO 10HAMHU PIAKICHO3EMENIbHUX eJeMEHTIB. Lle 3yMOBiIeHO MUPOKUM
KOJIOM BUKOPHCTaHHS MaTepiajiB Ha OCHOBI JIOKCHAY 1epito jeroBaHoro LnyOs.
Bcranosneno, 1o BimomMocTi ipo ¢Ga3oBi piBHOBArd B MOJBIMHUX Ta TMOTPIAHUX
CHUCTEMax Ha OCHOBI JIIOKCHUJTY IIEPi0 Ta OKCHUJIIB P1KICHO3EMEIIbHUX EJIEMEHTIB
O0OME>KEHI.

3 miTepaTypHUX JKEpEI, BCTAHOBIIEHO, 110 ()a30Bi PIBHOBArd B CUCTEMax

CeO2-Ln,0O3 (Ln = La, Sm, Eu, Gd, Dy, Er, Yb) nocmimkeno 3a Temmnepatyp



1500-600 °C, B Toii ke uac gani mas noasiiHux cucteM CeO,—LNn,O3 (Ln = Nd,
Ho) BizgcyTHI ab0 HE y3TOIKYIOTHCS MK COOOIO.

BcranosieHo, 1110 B J1iTeparypi iCHYIOTb BIJOMOCTI 010 (ha30BUX piBHOBAr
B notpiitHux cucremax CeOr-LaO3—Ln,O3 (Ln= Sm, Eu, Gd, Dy, Er) Ta
noOy/0BaHO 130TEpPMIiUHI Tepepi3u JiarpaM CTaHy 3a3HAuYE€HUX CHUCTEM 3a
temriepatyp 1500 ta 1250 °C. BimomocTi nipo OyJI0By AiarpaM CTaHy CHCTEM
Ce0,—La;03-Ln,03 (Ln= Nd, Ho, Dy, Yb) BincyTHi Ta mOTpeOyIOTH JIETATBHOTO
BUBYCHHS.

Y apyromy po3diini OmMCaHO BHXIJHI MaTepiald, a TakoXX HaBeJIeHa
TEXHOJIOT1YHA CXE€Ma MPOLECy JOCIHIKEHHS (pa30BUX piBHOBAr B cucremax CeO;
(Ln203)-Ln03 ta CeOp—LNny03-LNny0s3. JlokaamHo mpeacTaBiIeHI METOMM
JoCIiKEHHS (ha30BUX PIBHOBAX, sIKI BUKOPUCTaHI MPECTaBIeHIN y poOOTI.

VY TpeTboMy pO3iiI1 ONMKCAHO PE3yJIbTaTH HOCTIIKEHHS (Pa30BUX PIBHOBAT
B cuctemax CeO,—Ln,03, ne Ln = Nd (1500 °C), Ho (1500-600 °C) ta La,O3—
Ln;Os, ne Ln = Dy (1500-1100 °C), Ho (1500 °C).

3 BUKOPUCTAaHHSAM METO/I1B €JIEKTPOHHOI MIKPOCKOIIIi Ta pEHTI€HO()a30BOro
aHai3y MPOBEACHO AOCTIHKEHHS (Pa30BUX PIBHOBAr y TMOJBIMHHX CHCTEMax
CeO2-LNn,03 (Ln = Nd, Ho), La;03-Ln,03 (Ln = Dy, Ho). HaBeneno ¢hparmenTn
JiarpaM CTaHy JBOX CHCTEM Ta JIBl IMOBHI JlarpaMu CTaHy JBOX MOJABIMHHMX
cucteM. Y TBOPEHHS HOBUX (a3 y BCIX JOCTIIHPKEHUX CUCTEMax HE B1OYBa€ThCA.

Bcranosneno, mo B cuctemi CeO,—Nd2O3 yTBOPIOIOTECS TPH THITH TBEPIUX
PO3UYUHIB: Ha OCHOBI rexcaroHaibHOi CcTpykTypu A-Nd203 Ta 1BOX KyOid4HHMX
ctpyktyp (F-CeO,;, C-Nd;O3). BusnaueHo Mexi obOiacteii TOMOIEHHOCTI
TBepaux po3unHiB: A-Nd,O3 (100-95 moin. % Nd203 ta C-Nd203 (6540 moun. %
Nd;03), F-CeO, (300 moa. % CeO;). 31 3MeHIIEHHS IOHHOTO pajiycy
JIAHTAHOITy CIIOCTEPIraeThCsl 3MEHIIEHHS KUIbKOCTI (ha30BUX MoJiB. B cuctemi
CeO2-H0,03 B Temmneparypuomy intepBaii 1500-600 °C yTBOpIOIOTHCS MBI
00J1aCTl TOMOT'€HHOCTI Ha OCHOBI KyO1uyHUX cTpyKTyp Tuiy C-H0,03 Ta F-CeO,.

I'panuuna po3urHHicTs Ho®" B kpucTamiuniii rpatui CeO, cranosuts 24, 18 Ta



12 mom. % 3a temneparyp 1500, 1100 Ta 600 °C, Bignosiguno. Posuunnicts Ce**
B kpuctaniyHiit rparui C-H0,03 cranoButs 25, 20 Ta 15 Mon. % 3a temneparyp
1500, 1100 ta 600 °C, BiAIOBIIHO.

3 BUKOPHUCTAHHSIM pe3yJbTaTIB Ta JAaHUX, IO MICTATHCS B JITEPTYPHUX
JoKepenax ToOyJoBaHO TOBHY jmiarpamy ctady cuctemu La;Os;—Dy,0; B
iHTepBan 2400-1000 °C. [ns 1mi€l cucteMu XapakT€pHO YTBOPEHHS TBEPIUX
PO34YHHIB Ha OCHOBI PI3HUX KPUCTATIYHUX MO (IKAIIA BUXITHUX KOMITIOHEHTIB.
BcranoBieHo, 1m0 TBepAi PO3YMHHM HAa OCHOBI MOHOKJIMHHOI B-Momumdikarrii
Dy»03 yTBOprotoThes mpu Temiepatypi < 1800 °C. 3 moHW)eHHIM TeMIepaTypu
CIIOCTEPITa€ETHCS 3BYKEHHS 00J1acTell TOMOT€HHOCTI BCiX (ha3, 0 YTBOPIOIOTHCS
B JOCIIJDKEHIN CUCTEMI.

[ToGymoBaHo MOBHY miarpaMy cTaHy MojBiiHOI cuctemMu LaOs—H0,0s.
BceraHoBieHO, IO B JOCHIPKEHIM CHCTEMI YTBOPIOIOTHCS HENEPEpBHI psiiv
TBEPAUX PO3YMHIB Ha OCHOBI: BHCOKOTeMIlepaTypHOi KyOiuHoi (X) Ta
rexcaroHabHoi (H) Moaudikariit okcuni P3E, a Takosk rekcaronanbHoi A-LN,Os.
KpiMm TOro, crnocrepiraeTbCsi yTBOPEHHS TBEPAMX PO3UYMHIB HA OCHOBI
MOHOKJIMHHOI 1 KyOiyHOi momudikarii oxcumiB P3E, mo xapakrepusyroThcs
OOMEXEHOI0 PO3YMHHICTIO. 3 TMOHW)XEHHSM TEMIIEpaTypu CIOCTEPIraeThCs
pO3MIMpEHHsT o0nacTeil TOMOTeHHOCTI TBepAuX po3uuHiB C Ta B-Tumy, mo
OB’ S3aHO 3 MOJIIMOP(}PI3MOM BUXITHMX KOMIIOHEHTIB. 31 3MEHIIICHHSM 10HHOTO
paniycy oxcuaiB P3E cnocrtepiraetbcsi posmvpeHHsi 00JacTi TOMOT'€HHOCTI
TBepaUX po3unHiB A- Lay0s.

VY derBepTOMYy pO3AiTl MpEACTaBICHO AaHi 100 (a30BUX pIBHOBAr B
cuctemax CeO,—La,03-Ln,O3 (Ln = Nd, Dy, Ho, Yb) 3a 1500 ta 1100 °C Ta
noOy0BaHO BIANOBIJIHI 130T€PMIYHI NIEPEPI3U 3a3HAYEHUX JlarpaM CTaHy.

BcranoBneno, mo 3a3HadyeHl 130TEpPMIYHI TEpepi3d MaroTh MOAIOHY
OyIoBy, X04a 1 XapaKTepPU3YIOThCsl TIEBHUMH BIMIHHOCTSIMHU, TIOB’SI3aHUMH 3

oJiMOP(13MOM BUX1THUX KOMIIOHEHTIB.



Bceranosneno, mo y cucremi CeO2-La,O3-Nd,O3 mpu 1500 °C
YTBOPIOIOTHCS (Pa3u 3MIIIaHOTO CKJIaTy HAa OCHOBI TBEpAMX PO3UYHHIB: KyOiuHi F-
Ce0; i C-Nd,03 Ta rekcaronanbHa A-La;0s. 3a3HaueHUl 130TepMIUHU epepi3
XapaKTepU3yIThCs HasIBHICTIO TPhoX ABoGa3zHux odnacteit (A+F, A+C, F+C) Ta
omuiei Tpudaznoi ob6macti (A+C+F). Haiibinemry mwionry moCigKeHOTro
130TEpMIYHOTO TIepepi3y 3aiiMaroTh KyOiuHI TBEPIi PO3UUHH 31 CTPYKTYPOIO THITY
¢aroopury.

Bcranoieno, mo y cuctemax CeO2—Lay03—Dy,03(H0,03) yTBOproroThCst
0JIS TBEPJIUX PO3UMHIB HA OCHOBI KyOIYHUX MOJU(DIKAIIN 31 CTPYKTYPOIO THUITY
¢mroopury CeO; ta C- LnyOsz, rtekcaronampHoi (A) Ta MoHOKIIHHOI (B)
moaudikamii LnyOs. HalOunpim mupoky o0JacTiO TOMOT€HHOCTI IpH 000X
TeMIlepaTypax Mae KyOldHHM TBEpJUN PO3YUH 31 CTPYKTYPOIO TUITY (IIFOOPUTY
F-CeO,. 3a3nauena o0jacTh TOMOT€HHOCTI BUTHYTa B CTOPOHY TPaHUYHOI
noasiiHoi  cucremu La,O3-Dy,03(H0,03). Bepmmbaun KoHIEHTpaI[iiiHHX
TpuKyTHUKIB (A+B+F) ta (F+C+B) HanpaBiieHi B CTOPOHY I'PaHUYHO1 MOABIHHO1
cuctemu CeOz—La03.

Bcranosneno, 1o Ha Bigminy Big cuctem CeO,—La;03-Dy,03(H0,03), y
cuctemi CeO,—La,03—Yb,03 ipu 1500 ta 1100 °C yTBOPIOETHCS YIIOPSIKOBaHA
¢asza LaYbOs (R), mo kpucTamizy€eTbcs B CTPYKTYPi IEPOBCKUTY 3 POMOIYHUM
BUKpUBJICHHSIM. Ha OCHOBI OTpMMaHHUX JJaHUX, & TAKOK BIJOMOCTEH, 1110 ICHYIOTb
B JIITEPATYyPHHUX JIPKEPENIax, BCTAHOBJICHO, 110 B 130TEPMIYHUX MIepepi3ax Jiarpam
crany cucteM CeO,—La;03—Ln,03 (Ln =Y, Yb, Tm, Er, Lu) icHye He3HauHa
00J1aCTh TOMOTE€HHOCTI Ha OCHOBI BIOPSAKOBAHOI ()a3u 31 CTPYKTYpOIO THUITY
neposckuty LalnOsz. 3naunoro posuunenns Ce** B kpucTamiumiii rpaTui
LaLnOs He criocTepiraeTbes.

BcTaHOBIEHO, 1O 31 3MEHNIEHHAM iOHHOTO pamiycy Ln* 3ByxkyroThcs
0o0JacTi TOMOTEHHOCTI TBEpPAMX PO3YMHIB HA OCHOBI TIeKcaroHajabHOI

moaudikarii A-LnyOs, ky6iunoi C-Lny03, ky6iunoi F-CeOs.



VY m’satomy po3uii HaBeAeH1 3aKOHOMIpHOCTI OynoBu notpiiHux CeOp—
La,0O3-Ln,03 (Ln =La-YDb) cucrem, ommcano 3miHy (ha30BOTro CKIIa Iy Ta MPUHITHIT
YCKJIaJHEHHs OyJOBU CHCTEM B 3aJI€KHOCTI BiJl HOPAAKOBOro HoMepa Ln*

BcranoBnieHo, 1o 3MiHa mapaMeTpiB €JIeMEHTapHUX KOMIPOK TBEPIUX
PO3UMHIB 31 CTPYKTYPOIO THUITY (IIIOOPHUTY BiAOYBa€ThCS JIIHIKHO MPHU 3MiHI
KOHIICHTpAIIil JIETYI0UOi JOMIIIKH Ln®". 3a mgomomororo KOHIICHTpAI[IHHUX
3aNeKHOCTEH  eIeMEHTapHUX KOMIPOK KyOIYHHX TBEpAUX PO3UMHIB 31
CTPYKTYpOIO THIY (HIFOOPUTY BCTAHOBJIEHO, IO IMApaMETPH EIIEeMEHTAPHUX
KOMIPOK TBEPIMX PO3UMHIB 3MIHIOIOTHCS JIHIHHO B1JIMOBIIHO 710 3aKOHY Berapma.
IIpu nepexoni Bia uepieBoi (Ln =La—Gd) no itpieBoi (Ln = Tb—Lu) miarpynu
okcuiB P3E criocrepiraerbes 3MiHa KyTa HaxXuily KOHIEHTpatliitHoi npsmoi. Lle,
HAIIEBHO, OB S3aHO i3 3MEHIIEHHAM CEPeIHLOro ioHHOro paaiycy Ln®* mpum

samimenni Ce**.

KurouoBi ciioBa: okcuiu 1iepito, JIJaHTaHy, JJAHTaHO1 11, (pa30B1 pIBHOBArH,
TBEpPIl PO3YMHH, YMOpsSAKOBaHA ¢aza THUIy TEPOBCKUTY, JlarpaMu CTaHy,

130TepMIiYHI Mepepi3u.



ABSTRACT

Yushkevych S.V. Phase equilibria in the CeO>-La>Os—-Ln>03 systems,
where Ln = Nd, Dy, Ho, Yb. Qualifying scientific work on the rights of the
manuscript.

The Ph.D dissertation for achieving a scientific degree of Doctor in
Philosophy in the specialty 102 — Chemistry (Natural Sciences). Frantsevich
Institute for Problems of Materials Science the NAS of Ukraine, Kyiv — 2024.

The dissertation is devoted to the study of phase equilibria in the ternary
systems CeO,—La,03-Ln,03, where Ln = Nd, Dy, Ho, Yb, and the construction
of isothermal sections of the corresponding systems and the finding of laws of
physical and chemical interaction in the systems.

The content of the work is presented in 5 chapters, which present the main
results of the dissertation.

In the introduction, the relevance is substantiated, the purpose and tasks
of the research are formed, the subject, object and methodology of the research
are described, the scientific novelty and practical significance of the obtained
results of the dissertation work are established.

The first chapter provides a literature review. After analyzing data from
literary sources, it was established that there is an increase in the scientific
community's interest in materials based on cerium dioxide doped with ions of rare
earth elements. This is due to the wide range of use of materials based on cerium
dioxide doped with Ln,Os. It was established that the information on phase
equilibria in double and ternary systems based on cerium dioxide and oxides of
rare earth elements is limited.

From literary sources, it was established that the phase equilibria in CeO,—

Ln,O3 systems (Ln = La, Sm, Eu, Gd, Dy, Er, Yb) were studied at temperatures



of 1500-600 °C, while the data for binary systems CeO,—Ln,O3; (Ln = Nd, Ho)
are absent or do not agree with each other.

It was established that there is information in the literature about phase
equilibria in the ternary systems CeO,—La,03-Ln,0O3 (Lh= Sm, Eu, Gd, Dy, Er)
and isothermal sections of the state diagrams of the specified systems at
temperatures of 1500 and 1250 °C were constructed. Information on the structure
of the state diagrams of CeO,-La,03—Ln,03 systems (Ln= Nd, Ho, Dy, YD) is
missing and requires detailed study.

The second chapter describes the starting materials, as well as the
technological diagram of the process of studying phase equilibria in the CeO,
(Ln203)-Ln,03 and CeO,—Ln,0O3-Ln,0O3 systems. Methods of studying phase
equilibria used in the work are presented in detail.

The third chapter describes the results of the study of phase equilibria in
the CeO,—Ln,0O3 systems, where Ln = Nd (1500 °C), Ho (1500-600 °C) and
La,03-Ln,03, where Ln = Dy (1500-1100 °C), Ho (1500 °C).

Using the methods of electron microscopy and X-ray phase analysis, a
study of phase equilibria in double CeO,-Ln,O3 (Ln = Nd, Ho), La,03-Ln,03
(Ln =Dy, Ho) systems was carried out. Fragments of two state diagrams and two
complete state diagrams of binary systems are shown. Formation of new phases
does not occur in all investigated systems.

It was established that three types of solid solutions are formed in the
Ce0,—Nd,03 system: based on the hexagonal structure of A-Nd,O3 and two cubic
structures (F-CeO,, C-Nd;03). The boundaries of the region of homogeneity of
solid solutions were determined: A-Nd,O3 (100-95 mol. % Nd,O3 and C-Nd,03
(65-40 mol. % Nd,03), F-CeO, (30—0 mol. % CeO,). As the ionic radius of the
lanthanide decreases, the number of phase fields decreases.It was found that in
the CeO,—H0,03 system in the temperature range of 1500-600 °C, two regions
of homogeneity are formed based on cubic structures of the C-H0,03 and F-CeO;

type. The limiting solubility of Ho®* in the CeO; crystal lattice is 24, 18, and 12



mol. % at temperatures of 1500, 1100, and 600 °C, respectively. The solubility of
Ce** in the C-H0,0; crystal lattice is 25, 20, and 15 mol. % at temperatures of
1500, 1100 and 600 °C, respectively.

Using the results containing literature sources and the obtained data, a
complete diagram of the state of the La,O3—Dy,0s3 system in the interval 2400—
1000 °C was constructed. This system is characterized by the formation of solid
solutions based on various crystal modifications of the initial components. It was
established that solid solutions based on the monoclinic B-modification of Dy,03
are formed at a temperature < 1800 °C. With a decrease in temperature, a
narrowing of all areas of homogeneity formed in the studied system is observed.

With the help of data containing literary sources and the results obtained
in the presented work, a complete diagram of the state of the double system
La,Os—Ho0,03 was constructed. It was established that continuous series of solid
solutions are formed in the studied system based on: high-temperature cubic (X)
and hexagonal (H) modifications of REE oxides, as well as hexagonal A-Ln,Os.
In addition, the formation of solid solutions based on monoclinic and cubic
modification of REE oxides, which are characterized by limited solubility, is
observed. As the temperature decreases, there is an expansion of the areas of
homogeneity of C- and B-type solid solutions, which is associated with the
polymorphism of the initial components. As the ionic radius of REE oxides
decreases, the area of homogeneity of A-La,O;3 solid solutions is expanded.

In the fourth chapter, the data on phase equilibria in the CeO,—La,O3—
Ln,O3 (Ln = Nd, Dy, Ho, Yb) systems at 1500 and 1100 °C are converted and the
corresponding isothermal sections of the indicated state diagrams are constructed.

It was established that the specified isothermal sections have a similar
structure, although they are characterized by certain differences associated with
the polymorphism of the initial components.

It was established that in the CeO,—La,O3-Nd,O3; system at 1500 °C,

regions of homogeneity are formed on the basis of solid solutions: cubic
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structures F-CeO,, C-Nd,O3; and hexagonal structure A-La,Os;. The specified
isothermal section is characterized by the presence of three two-phase regions
(A+F, A+C, F+C) and one three-phase region (A+C+F). Cubic solid solutions
with a fluorite-type structure occupy the largest area of the investigated
isothermal section.

It was found that in the CeO,—La;03-Dy,03(H0,03) systems, fields of
solid solutions are formed on the basis of cubic modifications with a CeO, and
C-Ln,Os3 fluorite-type structure, hexagonal (A) and monoclinic (B) modifications
of Ln,Os. The largest region of homogeneity at both temperatures is occupied by
a cubic solid solution with a fluorite-type F-CeO, structure. The specified region
of homogeneity is curved towards the boundary of the double La,Os—
Dy,03(H0,03) system. The vertices of the concentration triangles (A+B+F) and
(F+C+B) are directed towards the limit double system CeO,—La,0:s.

It was established that, in contrast to the CeO,-La,03-Dy,03(H0,03)
systems, in the CeO,—La,03-Yh,03 system, at 1500 and 1100 °C, an ordered
LaYDbO; (R) phase is formed, which crystallizes in a perovskite structure with a
rhombic distortion. On the basis of the data obtained in the presented study, as
well as the information available in the literature, it was established that in the
isothermal sections of the ternary diagrams of the state of the CeO,—La;03-Ln,03
systems (Ln =Y, Yb, Tm, Er, Lu) there is an insignificant region of homogeneity
on based on an ordered phase with a LaLnO3 perovskite type structure.
Significant dissolution of Ce** in LaLnOs crystal lattice is not observed.

It was established that with a decrease in the ionic radius of Ln3*, the area
of homogeneity of solid solutions based on the hexagonal modification of A-
Ln,Os3, cubic C-Ln,O3, cubic F-CeO, narrows.

In the fifth chapter, the regularities of the structure of the ternary CeO,—
La,Os-Ln,03 (Ln =La-Yb) systems are given, the change in phase composition
and the principle of complexation of the system structure depending on the serial

number of Ln3* are described.
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It was established that the change in the parameters of the elementary cells
of solid solutions with a fluorite-type structure occurs linearly when the
concentration of the alloying impurity Ln®" changes. Using the concentration
dependences of the elementary cells of cubic solid solutions with a fluorite-type
structure, it was established that the parameters of the elementary cells of solid
solutions change linearly according to Vegard's law. When passing from the
cerium (Ln = La—Gd) to the yttrium (Ln = Th—Lu) subgroup of REE oxides, a
change in the angle of inclination of the concentration line is observed. This is
probably due to a decrease in the average ionic radius of Ln* upon substitution

of Ce**.

Key words: oxides of cerium, lanthanum, lanthanides, phase equilibria,
solid solutions, perovskite-type ordered phase, state diagrams, isothermal

sections.
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HHEPEJIIK YMOBHHUX CKOPOYEHb

P3E — pigkicHo3emenbamiA(1) eaeMeHT(H)

Ln — magraHoing

A —rekcaronajabHa MoAUQIKaIlis OKCHJIIB PIIKICHO3EMEETbHUX €JIEMECHTIB

B — MoHOKTIHHA MOH(DIKAIlIT OKCHIIB PIKICHO3EMEETHHUX €JIEMEHTIB

C — xy0iuHa Moaudikaliss OKCHJIIB P1AKICHO3EMEEIIbHUX €JIEMEHTIB

H — BucokoremmneparypHa TreKcaroHaJibHa MOAM(IKALS OKCHIIIB
PIIKICHO3EMEEIbHUX €JIEMEHTIB

X —  BHCOKOTeMmmeparypHa  KyOiuHa  Moaudikaimis  OKCHJIB
PIIKICHO3EMEEIbHUX €JIEMEHTIB

R — ynopsiakoBana ¢aza LaYbOs, sika kpucTanizyeTbst y CTPYKTYpi THITY
MEPOBCKUTY 3 POMOIYHUM CITIOTBOPEHHSIM.

P®A — pentrenodazoBuii aHani3

CEM - ckaHyto4a eJIeKTPOHHA MIKPOCKOITIS

<...>— TBep/il pO3UMHH Ha OCHOBI (a3, B3ATI y PITypHI AYKKH
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BCTYII

AKTyaJbHicTh TemMH. Ha cCpOrojmHimHINA JeHb PIAKICHO3EMEIbHI
enemenTu (P3E) BusBUIUCS KIIOYOBHMMH KOMIIOHEHTAMH Y CTBOPEHHI CTIMKUX
CHepreTUYHUX PpIIIeHb, 3a0€3MEUYeHH] €KOJOTIYHOI Oe3MeKn Ta €KOHOMIYHOTO
IPOrpecy 3aBJAsIKM CBOIM PI3HOMAaHITHUM BJIACTUBOCTAM. BUHSATKOBI ONTHYHI,
TepMOIUHaMIUHI Ta XiMiuHi BractuBocTi P3E 3po0unm ix He3aMiHHMMH B
PI3HOMAHITHMX TEXHOJOTISIX, BKIIOYAIOYM MATHITH IS €JIEKTPOMOOLIIB,
MOPTAaTUBHI €HEPreTUYHI IPUCTPOI, KaTali3aTOPU NAJTUMBHUX €JIEMEHTIB, 3aXUCT
BiJl pajiaiii, JTO3UMETPi0 Ta OaraTo IHIIMUX. TakMM YMHOM BUKOPHUCTAHHS
piakicHozemenbHuX enemMeHTiB (P3E) 3a0e3neuye KOHKypeHTHI mepeBaru st
BUTOTOBJICHHSI ~ TMOPTAaTUBHUX  CHEPreTUYHUX  MPUCTPOIB,  JATYHKIB
BUIIPOMIHIOBaHHSI Ta pajlallliHO-€KPaHYIOUUX CTEKOJ, a TaKOX, IMOKpaIlye
IPOJYKTUBHICTD ICHYIOUHX (DOTOCICKTPUUHUX eleMeHTIB. OCKIIbKHA, OCTaHHIM
yacoMm, riaoOanpHui nmonuT Ha P3E cTpiMko 3pocrtae, HaA3BUYallHO BayKJIMBO
BU3HAYUTH OCHOBHI (Di3WKO-XIMIYHI BJIACTUBOCTI MaTepialliB HA iX OCHOBI, a
TaKOX IIHUPIIE TOCHIIUTH HAcHiAKu 3actocyBaHHs P3E aid cranoi enepreTuku
Ta SIAEPHUX TEXHOJIOTIH, IK Y HAOJIMKY1H, TaK 1 B JOBIOCTPOKOBIM MEPCIEKTUB1
[1-40].

XimiyHa  cTaOUIBHICT,  MaTepianiB  Ha ocHOBI P3E  no3Boisie
BUKOPUCTOBYBATH iX Yy PI3HOMAHITHHUX BHCOKOC(PEKTUBHUX IEPETBOPIOBAUAX
eHeprii, BKIouyatoun TBepaookcuaHl nanuBHI enemeHTH (SOFC). Crexna
nerosani ionamu P3E (takux sx Dy®", Eu®*, Sm®*, Nd*" tomo) nemoncrpyrors
MOKpaIleHy e(QeKTHBHICTh €KpaHyBaHHS B pamiaiiiiHux gomeHax [7-9].
Marepiain Ha OCHOBI JIOKCHAY Iliepito JieroBaHoro okcugamu P3E mmpoko
JOCTIIKYIOThCS HAyKOBIISIMA BChOTO CBITY, OCKUIBKA MarOTh 0aratooOilsroue
3aCTOCYBaHHA y (poToKaTamizli Ta eJIeKTPOKATATITHYHOMY HAKOIMWYEeHHI Ta
nepeTBOPEeHHI eHeprii Ta iH. [10—12]. Hanomarepiaiu Ha OCHOBI IIOKCHITY TIEPit0

XapaKTEPU3yIOTHCA OKCUIA30TIOAI0HOI0 aKTUBHICTIO, III0 BUKOPUCTOBYIOTH MPHU
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MPOBE/ICHHI 3HEIIKO/DKCHHS PeUOBHH-3a0pyAHIOBauiB [15]. 30kpemMa, BBeICHHS
B 3a0pyJHEHHI PO3YHMHU JA10KCUY LIEPII0 MOXKE CIIPUSATH IIBUIKOMY OKMCHEHHIO
OpraHiYHUX OApPBHUKIB 1 MaJUX MOJICKYJl y CJIa0KO-KHUCIIOMY CepeloBHIIl 0e3
noTpeOu BBEACHHS B CHCTEMY Iepekucy BojHIO [15]. KimtouoBa 3axucHa posib
gHaHoyacTuHOK CeO, TicHO moB’s3aHa 3 IX 3JATHICTIO HOTJIMHATHU MIKIIJINBE
yibTpadi0IeTOBE BUIPOMIHIOBaHHS, 0€3 pPO3CIIOBaHHS KOPHUCHOTO BHUJIUMOTO
ceitma. Karamizatopy Ha OCHOBI HioKcuay 1epito jgomoBaHoro LnyOs
MIPOSIBJISIIOTH Kpallll KaTaJliTUYHI BIACTUBOCTI B TTOPIBHSAHHI 3 TIOKCHIOM TUTaHY
[16].

[TpomixkHi (a3u 31 CTPYKTYpOIO TUITY MEPOBCKUTY BUKIUKAIOTh BEIUKUN
PAKTUYHUH IHTEPEC SIK Y HAYKOBOI CIIIJIBHOTH, TaK 1y (axiBIliB TPOMHCIIOBOCTI.
3aB/sKM BUCOKIM 10HHIM ITPOBITHOCTI Ta HU3BKIM €HEprii akTUBAIlli MaTepiaan Ha
OCHOBI BHOpPSIAKOBaHOI (a3u 31 CTPyKTyporo Tuiy nepoBckuty LnLn’Os;
PO3IIISIAIOTHCS SIK €NEKTPOJITH ISl €JIEKTPOXIMIYHUX TPHUCTPOIB, TAKUX SIK
TBepAookcuIH1 nanuBH1 eieMeHTH (SOFC), enextpoJiizepu, ceHCOpU, MEMOpaHu
IUIA PO3MIJICHHS BOJHIO Ta CJIEKTPOXIMIYHI KaramiThdHi peaktopu [17-19].
Takoxx matepianu Ha ocHOBI LNLN’O3 posrisgaroTs SK 3aMiHY JTIOKCHITY
KpeMHito (K=3.9), B SIKOCTI OCHOBHOTO JlaJeKTpPUKa 3aTBOPY 31 3HAYEHHA K
BumuM 3a 40 [20].

3B’A30K 3 HAYKOBUMH NPOrpamMamMu, TeMaMu, mjanamu. Po6oty Oyro
BUKOHAHO Yy BIIAUN (YHKLIOHAJIBHOI KEpaMiKM Ha OCHOBI PIOKUX 3€MEJb
[acTuTyTy npobiem marepiano3naBctBa iM. .M. ®@panneBuua HAH Ykpainu B
paMKax BigoMuux Tem: «@Da30Bl1 piBHOBaru B cucremMax Ha ocHOBI okcuaiB P3E
Ta po3poOka OaraToPpyHKIIOHATBHUX KEpaMiYHUX MaTepialliB Ha iX OCHOBI»
(2020-2022 pp. Ne nepsxpeectparii 0120U100220); «®Da3oBi piBHOBaru B
cucremax Ha ocHOBI HfO,, ZrO; ta Ln;O3 ta po3poOka 6araToyHKITIOHATBHUX
KepaMiYHUX MartepiaiaiB Ha iX ocHOBi» (2023-2025 pp. Neo nmepxkpeectpartii

0123U100970).
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Mera Ta 3aBAaHHSl AOCJHiIKeHHsA. Merolo pobotu € modyJaoBa
130TepMIYHUX TIepepi3iB 1 BCTAHOBJICHHS 3aKOHOMIPHOCTEH (Pi3UKO-XIMIYHOT
B3aeMoii B cucremax CeO,—La,03-Ln,03, ne Ln = Nd, Dy, Ho, Yb B inTepBaii
temriepatyp 1500-600 °C, y BcboMy iHTEpBasli KOHIIEHTpAIlii 1 BCTAHOBJICHHS
OCHOBHUX 3aKOHOMIpPHOCTEH OyZ0BHU Jiarpam CTaHy 3a3Ha4YCHUX CHUCTEM.

JIJ1s1 JOCATHEHHS MOCTABJIEHOI MeTH BU3HAYEHO HACTYIHI 3aB/IaHHS:
BuBuntu ¢azosi piBHoBaru y mozBiiiHux cuctemax CeO,—Ln,O3 y Bchomy
iHTepBaIl KOHIEHTpamii Ta inTepBaii temmneparyp 600-1500 °C i moOymyBaTu
BIJIMOBIHI (hparMEeHTH Jiiarpam CTaHy.

BuBuntu ¢a3oBi piBHOBarm y monpiiHux cucrtemax La,Os—Ln,Os y Bchomy
1HTepBaIl KOHIEHTpalii Ta iHTepBaii temneparyp 600-1500 °C i mobyayBaTu
BIJIMOBIAHI JAlarpaMu CTaHy.

Busuntu (hazosi piBHOBaru y notpianx cuctemax CeO,—La,03—LNn,03, me Ln =
Nd, Dy, Ho, Yb y Bchomy inTepBasi koHueHntpamiid, npu 1100 i 1500 °C i
o0y xyBaTH BIJNOBIAHI 130TE€PMIUHI ITEPEPI3U JlarpaM CTaHy.

Buznauutu 3axkoHomipHocTi B3aemofii a3 y motpiitHux CeO—La,Os—Ln,Os
CUCTEMax.

O0’ext pociaimxennsi. Bzaemonis $a3 y mHoABIMHMX Ta MOTPIMHUX
CHUCTEMax Ha OCHOBI JIOKCHY LIEPII0 Ta OKCUIIB JTAHTAHOIIB.

Ipeamet nocaimkennsi. @a3osi piBHoBaru y nmojasiitaux CeO,—Ln,05 (Ln
= Nd, Ho) ta La;O3-Ln,O (Ln = Dy, Ho) i notpiitaux CeO,—La,0s—Ln,03, ne
Ln = Nd, Dy, Ho, Yb cucremax micis Tepmooopooku pu 600, 1100 i 1500 °C.

Metoam gociinkenHsi. PeHtrenoda3oBuil anaii3, CkaHyto4a eJIeKTPOHHA
MIKPOCKOITIsI.

HaykoBa HOBU3HA olep:KaHUX pe3yJbTaTiB. Briepiie 3 BUkopucTaHHIM
METO/I1B €JIEKTPOHHOI MIKPOCKOMIT Ta peHTreHO(Pa30BOro aHalli31B BCTAHOBJICHO
¢a3oBi pinoBaru y notpiaux CeO,—La,03-Ln,03, (Ln = Nd, Dy, Ho, Yb) ta
noasiiianx Ce0,—LNn,03 (Ln = Nd, Ho), La;03-Ln,03 (Ln = Dy, Ho) cucremax.

[ToOynoBaHo ¢parMeHTH Aiarpam CTaHy YOTHPBOX MOTPIMHUX Ta YOTHPHOX
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MOABIMHMX cUCTeM. BcTaHOBJIEHO 3arajibHi 3aKOHOMIPHOCTI B3aeMojii ¢a3 B
TBEPJIOMY CTaHi B 3aJIS)KHOCTI BiJl IOHHOTO pajiyca JaHTaHOi1a ISl CHCTEM Py
CeO,—La,03-Ln,y0s.

BuBueno ¢asosi piBHoBaru B cucremax CeO,-Ln,O; (Ln = Nd, Ho) B
temmieparypaomMy iaTepBam 1500-1100 °C, moOymoBaHO BiAmOBiAHI (hparMeHTH
JiarpaM CTaHy Ta KOHIICHTPAIMHI 3aJI€KHOCTI ITapaMeTpiB KPUCTaTIYHOI IPaTKHU.

BuBdueno ¢azoBi piBHOBaru y mojBiiHux cuctemax La,Os—Ln,Os; (Ln =
Dy, Ho) B ycboMmy iHTepBasli KOHIIEHTpaIliil Ta MO0y J0BaHO BiAMOBIIHI AiarpaMu
CTaHy.

[IpoBeneno ngocmixeHHs (pa30BUX piBHOBAr Ta noOyn0BaHO (parMeHTH
Jiarpam crany 4oTHphoXx motpiiinux cucteM CeO,—La,0s-Ln,Os3, me Ln = Nd,
Dy, Ho, Yb.

Ha ocHOBI BCTaHOBJIEHHUX 3aKOHOMIPHOCTEN OyJOBM MOTPIMHUX JAiarpam
crany cuctem CeOr—LaO3-Lny,0O3, a Takok 3 BUKOPUCTAHHSM JIITEPATYPHUX
JTaHuX, 1010 OyJ0BW TpaHWYHHX MOABIMHUX CHCTEM, 3pOOJICHO MPOTHO3
130TepMIYHUX Tepepi3iB HEMOCHIKEHUX JiarpaMm cTaHy cuctem psgy CeO,—
Y,03-Ln,0O5 (Ln = La, Nd, Sm, Eu, Gd, Dy, Er) mpu 1500 °C.

IlpakTuyHe 3HA4YeHHsI ojepkaHMX pe3yabTartiB. [Ipencrasneni
pe3yabTaTh JOCTiKeHHS (a30BUX piBHOBAr y moaBiHux CeO,—Ln,O3 (Ln = Nd,
Ho), La;O3-Ln,O3 (Ln = Dy, Ho) i notpiitaux CeO,—La,0O3-Ln,03, (Ln = Nd,
Dy, Ho, Yb) cucremax € 1oBiTHUKOBUMH JaHUMH Ta MOXKYTh OyTH KOPUCTHUMH
JUIsE TEXHOJIOTIB TIpU CBOPEHHI HOBHMX KEpaMiuHHUX MaTepialiB, a came,
TEIJIO3aXUCHUX MOKPUTTIB Ta TBEPAUX EJIEKTPOJITIB JJIsl MAJUBHUX KOMIPOK,
OaraTux Ha KHMCEHb (a3 sl aHTHOKCHUIAHTIB, CEJICKTUBHUX KaTalai3aToOpiB Ta
dboTokaTamizaTopiB.

IlepconanbHuii BkJag 3100yBaya. Y jauceprauii y3arajbHEHO
pe3yibTaTH JIOCHIKEeHb, AKI OyJI0 OTpUMAaHO 3a O€3MOCEPENHbOI0 YYaCTIO
aBToOpa. ABTOPOM CaMOCTIHHO MPOBEACHO JITEPaTypHO-MATEHTHUM MOIIYK 3a

MpEeACTaBICHOI0 TEMAaTHUKOI, CaMOCTIMHO TMPOBEAEHO OOpoOKYy Ta aHami3
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OoTpUMaHUX pe3ysbrariB. [1o0ym0BaHO enemeHTH Aiarpam crany cucrem CeOo—
La;O3-Lny0s3, (Ln = Nd, Dy, Ho, Yb) y Burisai i30TepMidHHX TIepepi3iB Hpu
pi3HUX TemmepaTtypax. IloOymoBaHo ¢panmenTn mnoaBiiHHX cuctem CeO—
Ln,O; (Ln = Nd, Ho), La,O3-Ln,O3 (Ln = Dy, Ho). YV HaykoBuX mparsix, 1o
BBIMIILIN y JHCEpTAIlilo, aBTOPOM 3/1MCHEHO MOCTAHOBKY 3arajbHoi mpobiiemMu,
0oOpaHHs Ta OOIPYHTYBaHHS METOJIB JOCIIDKCHHS, aHAII3 €KCIIEPUMEHTAITBHUX
pe3ynbTaTiB, (QOpMyNIOBaHHS BHCHOBKIB Ta TIATOTOBKY MarepiajiB 10
nyOmnikyBanHs. Pentrenodas3oBuii aHasni3 BUKOHAHO criibHO 3 H.c. Omidan O.1.
(ITIM HAH Vkpainu); MIKpOCTPYKTYpPHI JOCTIIKEHHSI — CIUIBHO 13 M.H.C.
Camemokom A.B. (IIIM HAH Vkpainu). IloctaHoBKka 3ama4 1 0OTOBOPEHHS
pe3yibTaTIB AUCepTallii MPOBOJAUIUCH CIIJILHO 3 HAYKOBUM KEPIBHUKOM JI.X.H.,
ctapmuM fgociigaukoM Kopuienko O.A.

Anpobauisi pe3yabraTtiB qucepranii. Marepianu auceprauniiiHoi poOoTH
MIPEICTABIICHI HA 12 MI>KHAPOJHHX Ta BCEYKPAaiHCHbKUX HAYKOBUX KOH(PEPEHIISAX:
V, VI, VII Bceykpaincbka HaykoBa KOH(epeHIlisl «AKTyalbHI 3ajadl XiMii:
JOCIIKEHHs Ta TepcreKTuBny, JKutomup (Ykpaina), 2020, 2022, 2023; 141
ECerS Conference for Young Scientists in Ceramics — CYSC-2021, Novi Sad
(Serbia), 2021; 7, 8" International Materials Science Conference HighMatTech,
Kyiv (Ukraine), 2021, 2023; 3" International Congress on Materials & Structural
Stability, Rabat (Morocco), 2021; 2023; Proceedings of VII International
Scientific and Practical Conference “Modern directions of scientific research
development”, Chicago (USA), 2021; 1 mixnapoaHa HaykoBa KOH(EpeHIIis
“TeopeTnyHl Ta E€KCIEPUMEHTAJIbHI aCMEeKTH Cy4acHOi XiMii Ta maTepialib’,
Huinpo (Ykpaina), 2022; VI International Samsonov Conference “Materials
Science of Refractory Compounds” (MSRC-2022), Kyiv (Ukraine), 2022;
International Young Scientists Conference on Materials Science and Surface
Engineering, Lviv (Ukraine), 2023.

Iyoaikanii. 3a marepianamu aucepTallii onyOaikoBaHo 17 JpyKoBaHHMX

npailb: 5 crareid y (axoBUX BHMJIAHHSX, 3 SIKMX OJIHA CTaTTA y >KypHall 1-ro
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KBapTWIIIO, OJHA CTaTsA y JKypHaji 2-ro KBapTWJIIO, 3 CTaTTi y KypHami 4-To
KBapTWIIO 1 12 Te3 y 30ipHUKaxX KOH(EPEHIIIH.

Ctpykrypa Ta 00’em aucepramii. {ucepraiiitna poGoTa ckiagaeTbes 3i
BCTYIly, 5 pO3JUIIB, BUCHOBKIB, MEPENIKy MOCHIaHb Ta JOJATKIB, MICTUTH 67
pucyHku Ta 16 Tabmuik. [ToBHU 06car podoTu ckimanae 171 cropinku. [lepemik

MOCHUJIaHb MICTHTH 125 mKeper.
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PO3J1JI 1 OIJISA A JIITEPATYPU
1.1 BracTuBoOCTi OKCHIB PiIKiCHO3eMeJIbHUX €JIeMEHTIB

PinkicnozemensHi enementu (P3E) — 1e rpyma i3 CiIMHAAIATH XIMIYHAX
€JIEMEHTIB y TIEPi0IUYHIN TabJINII, 30KpeMa I’ ITHAIATH JIJAHTAHOI/I1B, a TAKOX
1TPit0 Ta CKaHJIII0 3T1THO 3 BUBHAYCHHSAM MIXKHApOIHOIO COI03Y TEOPETHUYHOI Ta
npukiagHoi ximii (IUPAC). Cxanniii Ta iTpiit BBaxkatotbes P3E, ockinbku BoHH,
K MPABUIIO, 3yCTPIYAIOTHCS B THUX K€ PYAHUX POJOBUIIAX, IO M JIAHTAHOIAH, 1
MaroTh MO10H1 XiMiuH1 BIacTUBOCTI. ¥Yci P3E 3ycTpivyatoThes B ipupoi, ajie He
y (popM1 UHCTOrO METAITy, X04a MPOMETIN, HAUPIIKICHIIINMA, 3yCTPIYAETHCS JIUILE
B CIIJIOBUX KUJIBKOCTSX Y MPUPOJHUX MaTepiajiaX, OCKUIbKM BIH HE Mae€
JOBrOXHUBYYHX 200 CTaOLIIbHUX 130TOIIB. PO3paxyHKoOBa cepeHsi KOHUEHTpaLis
P3E B 3eMHiil kKopi KonuBaeThes npuOim3Ho Bix 130 mr/r qo 240 mr/r, mo
HACIpaB/i 3HAYHO BUIIE, HDK y 1HIINX 3a3BUYail BUKOPUCTOBYBAHUX €JIEMEHTIB.
B aromax naHTaHOIAIB KOH(QIrypaulis BaJCHTHUX €JIEKTPOHIB 30BHIIIHBOT
O00OJIOHKM € OJHAKOBOIO [JIsi BCIX, Toml #AK 4f-opOiTasb MOCTYIOBO
3aMOBHIOIOTHCS 31 30UIBIIEHHSIM aTOMHOTO Homepa. ExpanyBanus 4f-opOitaii
MPU3BOAUTL 0 HAJI3BUYAWHO CXOXKHUX (I3UYHUX 1 XIMIYHUX BJIACTHUBOCTEH
€JIeMEHTIB. [HIIMM TOB’S3aHUM HACHIIIKOM € TaK 3BaHE <«JIAHTAHOIJTHE
CTHCHEHHS, IPH IKOMY 10HHHMI pajiyc ocTynoBo 3mennnyerbes Big La®t (1,06
A) o Lu®* (0,85 A).[41-44].

Bci P3E yTBOpIOIOTH MO3WUTHBHI 10HH 13 CTyNEHEM OKHCHEHHsS 37,
[IparHeHHsl €JIEKTPOHHUX OOOJOHOK 10 yTBOpeHHs KoHpirypamii O, f i f4
MPUBOAUTH JI0 TOTO, [0 HAPSITY 31 CTYNEHEM OKMCHEHHS 3 ¥ 3yCTpiuaeThest O1IbII
sucokuii (Ce*, Pr**, Tb*") i 6inbm Husekuii (EU?t, Y2+, Sm?*) cryneni okucHeHHS.
BaneHTHICTD 4+ 1 2+ MOSICHIOETHCSI IIEPEXO0A0M JOJIATKOBUX €JICKTPOHIB i3 4f Ha
5d migpiBens i HaBmaku (Ta6:. 1.1).

B 3a5exHOCTI Biji TemmepaTypu Ta ioHHOTO pajiyca karioHis R®* Bigomo

’sATh mojiMoppHUX Moaudikalii OKCHAIB JAHTAHOIMIB: recaroHaigbHa (A),
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MoHokiIiHHa (B), kyOiuna (C), BucokoremmeparypHi rekcaroHaibHa (H) 1
kyOiuHa (X) (puc 1.1.). Kpucraniuni cTpykTypy BCiX MOTIMOpGHUX MOAU(IKALIIN

okcuzis P3E B 3anexHocTi Bif ioHHOTO pagiycy Ln® nokasano Ha puc. 1.2-1.6.

LG
2400
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o ‘[ | /
& X H /
e \
2100 | /
4 | | |
[ l
, BIARRE
2000} A B | . ‘ C \
CeO; | Ndy0;  Smy0; Gda0: ThO:| HoyO: | Tm.0;
203 " Dvy0s E "bA
La'. 03 | Pt~10,, 1  EmOs ) T Er%03 | “’ro’
57 59 61 63 65 67 69

Pucynox 1.1 — 3anexxHicTh TeMIEpaTypHUX IHTEPBAJIB CTa01JILHOCTI

nosiMopduaux Moaudikamnii okcuaiB P3E Bix atomHoro HoMepa [43]

Pucynox 1.2 — Kpucraniuna ctpykrypa A-tamy Ln,Os

(1 — anionu kucHro, 2 — kationn Ln®") [44]



Pucynox 1.3 — Kpucraniuna ctpykrypa B-tumy LnyOs

(1 — anionu kucHro, 2 — karionu Ln®") [44]

Pucynox 1.4 — Kpucramiuna ctpykrypa C-tumy Ln,Os

(1 — anionu kucHro, 2 — karionu Ln®") [44]

27



Pucynox 1.5 — Kpucraniuna ctpykrypa H-tumy Ln,O3

(1 — anionu kucHro, 2 — karionu Ln®") [44]

Pucynox 1.6 — Kpucramiuna ctpykrypa X-tuamy LNn,Os

(1 — anionu kucHro, 2 — karionu Ln®") [44]
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Tabauis 1.1 — Jleski xapaKTepUCTHUKH JJaHTaHOIIiB [42]

30BHIIIHS €JIEKTPOHHA
P3E o EnexrponeratuBHicTh | BaneHTHICTH KoH(Diryparis
paniyc, A
ATtom +2 | +3 | +4
La 1.06 1.1 +3 4f5d6s? | — | 4f° | —
Ce [1.03,0.92 1.1 +3, +4 Af'5dles? | — | 4ft | 4f°
Pr 1.01,0.9 1.1 +3, +4 413652 — | 4f2 | 4ft
Nd 1.06 1.2 +3 414652 — 4P| -
Pm 0.98 1.2 +3 4652 — | 4fA | —
Sm |1.11, 0.96 1.2 +2, +3 419652 | 45 | 45 | —
Eu |1.12,0.95 1.1 +2, +3 47652 | AFT | 4F5 | —
Gd 0.94 1.1 +3 4f'5des? | — | 4F7 | —
Th 10.92,0.84 1.2 +3, +4 4f96s? — | 4f8 | 4f
Dy |0.91,0.85 1.1 +3, +4 4f106s? — | 49| 4f8
Ho 0.89 1.2 +3 411652 — |qf0 | _
Er 0.88 1.2 +3 412652 — lg4fr| —
Tm |0.94,0.87 1.2 +2,+3 4f136s2 | Af13 | 4f2| _—
Yb |1.13,0.87 1.1 +2,+3 4f146s2 | Af14 | 4F18| —
Lu 0.85 1.2 +3 Af45d%6s2 | — | 4f4 | —

CrabinpHa kpucrtamiuda ¢opma Ln,Os; mpu kiMHATHIN Temmeparypi
3MIHIOETbCS B 3aJ€XKHOCTI BIJL aTOMHOTO HOMepa JiaHTaHoiny. Oxcuau
nantanoimiB Bim LayOz mo Nd;Os; € crabimpHuMu y (opmi rekcaroHaabHOT
cTpykTypH (A); Bigx Smo0O3 10 Gd203 cTabinbH1 B MOHOKIIIHHIH (B) a0 kyOiuHiif
ctpyktypi (C); Big Tb,O3 1o LuyO3 crabinbhi numie B KyOiuHiid popmi (C). PmoO3
ctabupamil y C-dasi. Tobto Tpu cTabinbhi nomimopdui Moaudikamii LnyOs;— C,
B i A icHyroTh 3a KIMHATHOI TeMIlepaTypH B 3anexHocTi Bim Ln®*. 3asnaueni

nommopdHi  Moaudikarii, cTabuTbHI TpW  KIMHATHIA  TeMIEpaTypi,
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MIEPETBOPIOIOTHCS Ha BUCOKOTEMITEpAaTypHY rekcaroHajibHy Moaudikaito (H) i
BUCOKOTeMIepaTypHy Kyoiuny (X) mpubmusso mpu 2400 K (2127 °C) (Tabxn. 1.2)
[45]

Tabmuus 1.2 — TepmoauHamivHi XxapaktepucTuku (a3 Ln,Os [45]

Oxcnn AHazg5 ¢ S208,c AHz9s 8 S208,8 AHzg5 A S208.A
La,O3 | -1782.71 | 121.83 | -1786.93 | 127.19 | -1791.78 | 127.24
CeO, -1804.58 | 143.67 | - 1806.48 | 148.82 | - 1809.85 | 148.87
Pr,0s -1807.62 | 148.80 | - 1807.72 | 153.78 | - 1809.66 | 153.83
Nd.O; | -1809.64 | 153.89 | -1808.26 | 158.73 | - 1808.81 | 158.78
Pm,O; | -1824.22 | 152.37 | -1819.61 | 157.11 | - 1818.78 | 157.52
Smy,0; | -1827.19 | 145.95 | - 1822.60 | 150.38 | -1820.12 | 151.52
Eu,O; | -1657.95 | 138.95 | - 1653.45 | 144.25 | - 1650.05 | 145.72
Gd,O3; | -1830.93 | 150.62 | -1825.19 | 155.50 | -1819.92 | 157.71
Th,Os; | -1865.23 | 157.57 | -1857.83 | 161.63 | - 1851.96 | 164.03
Dy,0O; | -1863.22 | 149.48 | - 1854.15 | 153.53 | - 1845.61 | 156.97
Ho,O; | -1884.11 | 158.14 | -1873.98 | 162.25 | - 1865.50 | 165.53
Er,Os -1904.21 | 153.50 | -1894.15 | 157.37 | -1882.12 | 161.97
Tm,O; | -1888.66 | 140.06 | - 1877.62 | 143.85 | - 1863.40 | 149.18
Yb,O; | -1814.52 | 133.77 | -1802.41 | 137.56 | -1786.76 | 143.42
Lu,O; | -1878.20 | 109.91 | - 1865.87 | 113.63 | -1848.42 | 119.97

B igeam nonimopduuii mepexin Ln,Osz BigOyBaeTbcsi B HACTyNHIN
nociinoBHOCTI C—B—A—H—X—L Bix kiMHaTHOT TemmepaTypu 10 BHCOKOI
temneparypu (~ 2200 °C). Opnak, 31 3MeHIIEHHAM ioHHOro pamiycy Ln®*
CIIOCTEPITraloThCsl 3MiHA TMOCHIZOBHOCTI TOJIMOPGHUX TEPETBOPECHb (10HHUI
paaiyc piIKICHO3EMEJIbHOIO KaTiOHA 3MEHIIYEThCS 31 30UIBIICHHSIM aTOMHOIO

HOMEpa JaHTaHoiniB). Da30BUii TEpexiy s OKCHUIB Bij JaHTaHy J0 HEOJIUMY
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B110yBa€eThCs 3a mociiioBHICTIO A—H—X—L. B To#f yac, sk 111 OKCHIIB
Ln,Os; (Ln = Pm pgo Gd) cmocrepiraerbcsi HACTyIHA IOCIIIOBHOCTD
nommoppuux mnepexoqais C—-B—A—-H—-X—->L; Tb,O; 1 Dy,0O3; 3a3Buuait
NepeTBOPIOOThCA HAacTynHU yuHoM, C—B—H—X—L; nnsa okcuaiB H0,03 1
Y03 xapaktepHa 3miHa nojiMoppuux moaudikamii C—B— H— L; EryOs Ta

Yb,0; neperBoproerses B mopsiaky C—H—L; okcumu LuzO3 1 Sc,03 30epiratroTh

C-cTpykTypu 10 TemmepaTypu 1uiasieHss. (Taom. 1.3).

Ta6muns 1.3 — Temmneparypu noiiMopdHux nepersopens okcuie P3E B °C [44]

Oxon ®da30B1 EPETBOPEHHS
C—B B—A A—H B—H CeoH HeX
La,0O3 — — 2040 — — 2110
Ce0; — — 2120 — — 2170
Pr,0s — — 1950 — — 2150
Nd,Os — — 2100 — — 2200
Sm;0; 850 1900 2100 — — 2250
Eu,O3 1075 2140 — — — 2270
Gd,03 120 2200 — — — 2360
Th,03 1550 — — 2160 — 2340
Dy,03 1950 — — 2200 — 2377
H0,03 2180 — — 22240 — —
Er,03 — — — — 2280 —
Tm,03 — — — — 2350 -
Yb,0s — — — — 2380 -
Y203 — — — — 2310 —
Pm,0s — 1740 — — 2135 2225
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Bigomo, 110 okcuaM JaHTaHOINIB CXUJIbHI 10 YTBOPEHHS BIIOPSAKOBAHOI
¢asm 31 CTPYKTypOIo TUITY TIepOBKUTY. Briepie 3a3Hauena (asza Oyna BiIKpuTa y
1839 poni I'ycraBom Poy3 (CaTiOsz) ta Ha3Bana B uecTh MiHepasora Jlesa
[TepoBchkoro — mepoBckutoM [49]. B momanbmomy 111 Ha3Ba cTaja
BUKOPHUCTOBYBATHUCH JIJIsl ONUCY KJIACy OPTaHIYHUX 1 HEOPTaHIUHUX MaTepialis,
SIK1 MarOTh MOJIOHI KpUCTaIIuHl CTPYKTYpH Ha ocHOBI ABX3, Temep BigoMi sK
cTpyktypa tuiry nepoBckuty [50]. Ineanpri nepoBckutu ABO3; MaroTh KyOiuHy
CTPYKTYpY 3 mpocTopoBoto rpymnor Pm3m-Oy. CTtpykTypa NEpOBCKUTY MOXKE
Oytu chopMoOBaHa, JIMIIIE SKIIO PI3HULSI I0HHUX PaJiyCiB CKJIAJJOBUX €JIEMEHTIB
€ JIOCTaTHbO BEJIMKOIO, 100 (akTop TosnepanTHOCTI [Nompammiara (1.1) OyB

OJM3BKUM J10 ouHwMI [47]:

t= (14 +710)/V2(rs +15) (1.1)

ne fa, I's 1 o MpeACTaBIAIOTh paalyc KaTioHa A, karioHa B 1 kucHmo
B1AMoB1IHO [47]. KyOiuHa CTpyKTypa MEpOBCKUTY ICHYE JIMILE MPU 3HAYEHHX t
(0.9-1.0), Tomi sIK CIOTBOPEHI CTPYKTYpH (TeTparoHajibHi, poMOiuHi abo
pOMOOEIPHYHI) YTBOPIOIOTHCS, SIKIO 3HadeHHs t Hinkue 0,9 [48].

Kpucraniyna rpatka ynopsakoBaHoi (a3u 31 CTpPyKTPOIO TUITY IEPOBCKUTY

LaYbOj; npencrapiena Ha puc.1.7.

Pucynok 1.7 — Kpucraniyna rpaTka yrnopsigkoBaHoi ¢a3u 31 CTPyKTPOIO

tuny nepoBckuty LaYbOs [46]
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Cxnanni okcuau Ha ocHoBi LaYbOs3 ta LaYO3; MaroTh OibIINK BHECOK
MIPOTOHHOI MPOBIAHOCTI, HIXK OKcHIK Ha 0cHOBI LaScO3 yepes po3mip B-kaTioHiB
Ta 0co0MBOCTI CTpyKTypH [17]. B poboTi [46] mociimKeHo MIiBKH MOTPIHHOTO
piakicHoro okcuay mgienekrpuka LaYbOs;, a came onTuuHi BIACTHBOCTI
MIPOITYCKaHH, TEMITepaTypa KprucTaiizailii Ta cTablIbHICTh MidK(a3HOT MOBEpXHI
Ta JiCJIEKTPUIHA TIPOHUKHICTh. byJio BUsABIIEHO, 110 MUPUHA 3a00POHEHOT 30HU
IUTIBOK, 110 OyJIM OCa/KEH1 Ha KPEMHIEB1 Ta KBAPIOBI MAKIAIKK Ta BiamaiacH1

npu HU3bKi# Temneparypi 400 °C, Oyna B miamasoni 5,75-5,95 eB.

1.2 liarpamu crany cucrem CeO2 — Ln.Os(Ln = La, Nd, Dy, Ho,Yb)

B ocHOBI mporHo3yBaHHsS HOBHX Ta BJOCKOHAJICHHS BXE€ ICHYIOUHX
MaTepianiB JeKUTh QyHIaMeHTaIbHa 1H(QOopMaIlis TPO BUX1IHI KOMIIOHEHTH, iX
B3a€EMOJII0 TMpU Pi3HUX yMoBax. CuHCTeMH, YTBOpPEHI JBOMa YU OuIbIIE
KOMITOHEHTaMH, MOKYTh MaTH CYTIEpEWINBI JIaHi, 0 MOTPEOYIOTh 10AaTKOBOTO
nociaiKeHHsl. Metoau (Ppi3MKO-XIMIYHOTO aHalli3y AO03BOJISIIOTH MPHUCKOPUTH
JOCTIKEHHSI 0araTOKOMIIOHEHTHUX CHUCTEM, OJIHaK HE MOXYTb 3allOBHUTH BCI
POTAJIMHY B ICHYIOUMX JIaHUX. B neskux Bumajakax iHpopMallis mpo MoABiHHI

CHUCTEeMH OOMEKEHa JIUIIIE MepesiikoM ¢asz, 110 ICHYIOTh B JAHUX CUCTEMaXx.

1.2.1 Cucrema CeO,—La,03

Hiarpama crany cucremu CeO,—LayO3 € mepioro cuctemoro psigy CeOp—
LnyOs. JocmiaxeHHs: BKa3aHOI CUCTEMH IMPOBOJWIM Pi3HI TPYIHU JTOCHIIHUKIB,
OTpMMaHi HUMH JdaHi ommcaHo B pobOortax [51-61]. Ciix 3a3HauuTH, IO
BHCOKOMITIEpaTypHa YacTUHA JlarpaMu ctany nojaBiiHoi cuctemu CeOr—LayO3
Oyna mocmipkeHa 3 BHUKOPUCTAHHSIM TEPMOIMHAMIYHUX JaHUX Ta METOIY
CALPHAD. TI'padiuna inTepmnperaliiss 3a3HA4€HOI CUCTEMHU MPEACTABICHA B

poborax [31-33, 39] (puc. 1.8).
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B po6orti [53] HaBeneHo Aiarpamy cTaHy 3a3Ha4eHOI CHCTEMH OO0y I0BaHy
eKCIIeprUMeHTaIbHO. B 3a3HaveHiit poOoTi Aiarpama ctaHy cUCTEMH JOCTIKEeHa
nuie B o6nacti 1o 1500 °C, mo nos’a3ano 3 nepexonom Bix Ce** no Ce®. lani
0,10 OYI0BM 3a3HAYEHOI CUCTEMHU OTPHUMaHI 32 JOTIOMOTOI0 TEPMOIMHAMIYHUX
nauux [51, 54, 56] He y3romKyrOThcs MIX CO00I0, SIK B 00JacTi TeMIEpaTyp
IJIaBJICHHS Tak 1 B oOrjacTi TBepmodaszHoi B3aemomii. B Toit ke wac, mani
orpuMaHi B poOoti [53] y3romkyroThcs 3 mgaHuMH HaBeneHumH [59, 61].
BpaxoByroun BuIe ckazaHe I JAHOTO JOCTIIHKCHHS MU BHKOPHUCTOBYBAIU
came pe3yJIbTaTh HaBeJIeH1 B poboTi [53].

Orxe, cuctema CeO,—LayO3; xapakTepusyeTbcss yTBOPEHHSIM JIBOX THUIIIB
TBepAUX po3uuHiB: KyOiuHoro F-CeO; Ta rekcaronampHoro A-La,O; B
temriepatypaomy iHTepBaii (1500-1100 °C). I'paanuna po3unHaHICTE La0O3 y F-
Mou(dikailii cTaHOBUTH 0JM3bKO 49 M011.% B TeMrieparypHomy iHTepBaii 1500-

1100 °C [53].
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1600 — —

1500

1400

|
i s, p—
I

1300 L.

1200 L

1100 — -

1000 T I T I T l T l T
0 20 40 60 80 100
CeO, Mon. % La,0,

Pucynok 1.8 — [liarpama crany cucremu CeO,—La,03[53]
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3a nanuMu aBTOpiB [93] npu 3HMKEHHI TemnepaTypu Big 1500 mo 1100 °C
B110yBa€eThCs 3MeHIIeHH po3unHHICTh CeO; y rekcaronanbHik a3t A—La,03
Bia 25 10 15 Mo1.%. KpiM Toro aBTopH I1i€i 3K Mpaili CTBEPKYIOTh, 110 3pa3KH,
IO MICTSTh 3HA4YHY KUIbKICTh La;O3 B aTMocdepi MOBITPs MIBUAKO TiAPATYIOTH

Ta crioctepiraerbest yrBoperns La(OH)s.

1.2.2 Cucrema CeO,—Nd203

3 aHamizy JiTepaTypHHUX JKEpesl BCTAHOBJIEHO, 1O (pa30Bi piBHOBaru B
noasiiiHii cuctemi CeO,—Nd2O3 mocmiKyBamuch JIEKiIbKOMa aBTOPCHKHUMHU
konektuBamu [62-70]. JlocmimkeHHS 3a3HA4€HOI CHCTEMH TPOBOIIIHCS 3a
temneparyp 700 °C [62], 1000 °C [64], 1450 °C [66-69] Ta 1600 °C [70].
Pe3ynbTaTu mpeACTaBiieHI Y BKa3aHUX JAOCIIPKEHHSX MalOTh CYINEpPEUIUBUMA
XapaKTep.

B po6GoTi [62] aBTOpM nocmimKyBaiau (a3oBy B3a€MOJIII0 B MOJBIMHIN
cuctemi CeO,—Nd,03 3a Temneparypu 700 °C. B 3a3HaucHiii poboTi Oyj0
nocmmkeno HactymHi ckimagu — NdxCe; 40,5 (0.05<x<0.55). TI'padiunoi
iHTepnperarii giarpamu crany cucremu CeO,—Nd,O3 He HaBeneHo. B Toii xxe yac
B po0OoTi [62] HaBeAeHO i30TepMiuHMH mepepi3 aiarpamu ctany cuctemu NdOj s—
SmO; 5—Ce0,. 3 mpecTaBIeHOro 130TEPMIYHOTO 130TEPMIYHOTO MIEPEPi3y CIIAYE,
10 B KOHIeHTpalliitHoMy iHTepBaii Bix 0 mo 40.5 Moi.% NAO; 5 yTBOproeTbes
KyOlYHMI  TBepAWMM pO3YMH 31 CTPYKTyporo Ttumy duoopury. B
KOHIIeHTpaliiiHoMy iHTepBam 40.5 moin. % 10 67 moi. % NdO; s yTBOproeThes
00J1aCTh TOMOTEHHOCTI Ha OCHOBI KyOUHOTO TBEpAOTro po3unHy C-Tuity Ta Bij 67
1o 100 mon. % NdOi5 BcraHOBIeHO 00MacTh iCHYBaHHS JBO(A3HOI 00yacTi
(A+C). Cnix 3a3HauuTH, 10 HasBHICTH rereporeHHoi obOnacti (F+C) Ta
KOHIICHTPAIlIWHUNA 1HTEpBaJ ICHYBaHHS TBEPAOrO0 PO3YMHY Ha OCHOBI

rekcaronaiabHoi Mmoaudikarii Nd,O3 He BCTaHOBJICHO.
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ABTOpH poOOTH [64] MPOBOAWIM JOCHIDKEHHS 3a3HAYEHOI CHCTEMH 3a
temrieparypu 1000 °C. BcraHOBi€HO, 1[0 PO3YMHHICTD OKCHJYy LIEPII0 B OKCHII
HeouMy cTaHoBUTH ~ 10 mon. %. 'ereporenna oo6mactb (A+C) 3HaXOaUThCS B
KOHIIeHTpariiitHoMy iHTepBayi 9073 mon. % Nd;Os. B Toli ke vac HasBHICTBH
nBodaznoi obmacti (F+C) ve BcTanorneno. KyOGiuHi TBep/l po3unHI Ha OCHOBI F-
CeO; ta C-Nd,03 3HaxoaaThcs B KOHIIEHTpaltiiiHoMy inTepBam 0—40 moi. % Nd,0s3
ta 4060 Moi. % Nd,O3, BiamoBigHO.

JlocnimpkeHHs Tpu OUIbIT BUCOKIM Temmeparypi, a came npu 1450°C
MIPOBOAWJIM Pi3HI Tpymu aBTOpiB [66—69], oTpuMaHi pe3ynbTaTH y BKa3aHHX
JOCITIIKEHHSIX HE y3TO/DKYIOTHCS MiXk c00010. ABTOpamu podoTtH [66] BcTaHOBIICHO,
[0 00J1aCTh TOMOT€HHOCTI KyOIYHOTO TBEPJOrO PO3YMHY 31 CTPYKTYpPOIO THITY
¢umoopuTty mpoctsaraerbes 10 40 moi. % NdO; s, 061aCTh TOMOT€HHOCTI KYOIUHHX
TBEPJUX PO3YMHIB PO3TAILIOBAHA B KOHIIEHTpaliiiHOMYy i1HTepBai 45—75 moin. %
NdO;5. Mexi icHyBaHHS TeKcaroHaipHOrO TBepmoro poszumHy A- NdOps He
BCTAQHOBJICHO, KPIM TOTO HE BU3HAYEHO Mexi JABoda3noi obnacti (F+C).

B Toli xe wac aBtopm mpari [69] moBimommim, moO Mexa 00JacTi
TOMOTEHHOCTI KyOIYHOTO TBEPAOTO PO3YMHY 31 CTPYKTYPOIO THUIY (IFOOPUTY
3HaXOAMTHCA M00aN3y ckiaaiB 50-52,5 mon.% NdO; 5 3a Temnieparypu 1400 °C.
B To#f xe uac, KOHIIEHTpaIllWHUN IHTEPBaJl ICHYBaHHSA KYOIYHUX TBEPIUX
po3unHiB C-THITY Y3TOKY€ThCs B poboTax [68] ta [69]. IcHyBanHsa aBOdA3HOI
obmacri (F+C) He BcTaHOBJIECHO.

ABtopu gocnimkeHas [70] cTBepKyOTh, 1m0 3a Temneparypu 1600 °C
po3unHHICTh 10HIB Nd2O3 B KyO14Hii CTpyKTYypl TUITY (IFOOPUTY CTAaHOBUTH 40
Mo. %.

OTtxe, naHi, 10 MPEACTABIICH] B JITepaTypHUX JKepesiax, o0 (a3oBUx
piBaoBar B nojgiitHil cucremi CeO,—Nd;O; BuBYEHI HE B MOBHOMY 00Cs3i Ta

NOTPEeOYIOTh MOAIBIINX JOCTIKCHb.
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1.2.3 Cucrema CeO,-Dy.03

Jliarpama cTaHy CHCTEMH Ha OCHOBI OKCHJIB IEpil0 Ta JUCIPO3it0
JOCITIDKeHA JeKUIbKOMa rpynamMu aBTopiB [ /1-74]. Ha Hamy nyMKy, HalO1IbIIT
JOCTOBIpHI pe3yJIbTaTh MO0 (ha3oBuX piBHOBAr B moxaBikHIN cucteMi CeOy—
Dy,03 HaBenieHo B poOoTi [73]. ABTOpamMH BKa3aHOI Ipalll JOCHIPKEHHS 3a3Ha4eHOi
BUIIIEC CHCTEMHU TIPOBENICHO B Temriepatypaomy inTepBait 1500-600 °C (puc. 1.9 ) Ta
BCTAHOBJICHO, 1110 Y CUCTEMI YTBOPIOIOThCS (Da3H sIKI XapaKTEPU3YIOThCs KyOIYHOIO
cTpykTyporo, a came F-CeO, ta C-Dy,0s. 3i 3HmkeHHsM Temnepatypu Bia 1500 mo
600 °C cnocrepiraeTbcsi 3By>K€HHS 00JIACT€H TOMOTEHHOCTI, [0 YTBOPIOIOTBHCS B
JaH1i CUCTEMI, 10 TPU3BOIUTH J10 30UTbIIIeHHS TeTeporeHHoi o0macti (F+C). Apropu
poboTu [73] CTBEPIKYIOTh, IO PO3UMHHICTH 10HIB Dy>0O3 B KpHCTaNuHii Ipartii
JIOKCUTY Liepito ctaHoBUTH 22, 20 Ta 14 moi. % 3a temneparyp 1500, 1100 Ta 600 °C,
BUIMOBITHO. Po3paxyBaBiM mapameTpy elEeMEHTapHUX KOMIPOK Ui KyOl4HHX
TBEPAMX PO3UYHMHIB TUIY (IIOOPUTY aBTOpU pPoOOTH [/3] OTpUMalld HACTYIIHI
3HaueHHs: a = 0,5409 um ns uuctoro CeOs, a Takox a = 0,5394 um (1500 °C, 20
Mo.% Dy,03), a = 0,5396 uam (1100 °C, 15 m01.% Dy203), a = 0,5397 um (600 °C,
15 mo11.% Dy»03). Crin 3a3Ha4MTH, 1110 BKa3aH1 TApaMeTPH BiAMIOBIIaI0Th TPAaHUYHIM
ckimagaMm TBepaoro po3unHy F-CeO, mpu pizHux Temreparypax. OCKUIbKH,
eKCIIepUMEHTaTbHe BUBYEHHA (pazoBux piBHOBar B cucteMi CeOr-Dy,0; mae
TemriepatypHi oomexenns: (He Bumie 1500+1700 °C), mo moB’si3aHi 31 3MIHOIO
BQJICHTHOCTI Iiepito Bix 4+ 1o 3+, aBropu podotu [85] crmparounch Ha BijoMmi
miteparypHi faHi cucteM psigy CeOp—-Ln,Os; moOymyBanu TiMOTETUYHY Jliarpamy
crany cuctemu CeO2—DY,03 B iHTepBaiti Temreparyp Big 2400 g0 1300 °C (puc 1.10).
ABTOpHU 3a3Ha4eHOi poboTH [ /4] cTBepmAKYIOTH, 1110 B cucteMi CeO,—Dy,0s, HIbKYe
COJITYCY, YTBOPIOEThCSI HEMIEPEPBHUM sl TBEpAUX po3unHiB Ha ocHOBI F-CeO,. B

NpolLIeCl TOHMKEHHS TEMIIEpaTypu CIIOCTEPIraloThesl (pa3oBi MEPETBOPEHHS, IO

BiI0YBaIOThCA 3a €BTUKTOIMHUM MexaHi3MoM H=A, A=B, B=C. Cnin 3a3Ha4ntH,
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M0 aBTOpH poOOoTH [74] aKIeHTyBaIM yBary Ha TOMY, IO OTPUMAaTH
eKCIepUMEHTAIbHI pe3ysbTaTh Ta MoOymyBaTu miarpamy craHy cuctemMu CeOp—
Dy,Os y Bkazanomy TemnieparypHoMy iHtepaii (2400-1300 °C) moximBo smiie 3

3aCTOCYBaHHSM BHCOKHMX THCKIB KHCHIO, B PE3yJIbTaTl Yoro Oyje MpUrHiuyBaTHCh

mmcorrars CeO, mo CerOs.
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Pucynok 1.9 — ®azoBi piBHoBaru B cutemi Ce0,-Dy,0O3 B iHTepBai

temmneparyp 1500-600°C[73]
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Pucynok 1.10 — I'imoretnuna giarpama crany cucremu CeO,—Dy,03 [74]
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1.2.4 Cucrema CeO,-H0,03

[IpoanamnizyBaBiy JiTEpaTypHi JHKEpena BCTAHOBJICHO, 1110 BIIOMOCTI IIPO
¢dazoBi piBHoBaru B moaBiiHIN cuctemi CeO,—H0,03 oOmexeni [74, 75]. B
po6oTi [75] HaBeneHo pe3ynbTaTH MmoA0 (Ha3zoBoi B3aemomii B cuctemi CeO,—
H0,03 3a Temmeparypu 1400 °C. 3a3HaueHe MOCTIKEHHS OYJ0 MPOBEACHO 3
BUKOPUCTaHHS PEHTIeHO(A30BOr0 aHami3y Ta paMaHIBChKOI CIEKpPOCKOIii. 3a
OTPUMaHUMH JJaHUMH OYyJIO BCTAaHOBJICHO, IO ABOda3Ha obnacth (F+C) icHye B
KOHIIeHTpariitHoMy iHTepBaii Big 40 no 70 mon. HOO1 5. ABTOpH 3a3Ha4YaroTh,

110 BCTAHOBUTH YITKUX MEX (Da3 BCix 00iacTed HE BIAJIOCH.
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Pucynok 1.11 — I'inoretnyHa giarpama crany cucremu CeO,—H0,05[74]

B po6oti [74] Oyno noOyaoBaHO TIMOTETHYHY AlarpaMmy CTaHy MOABIHHOT
cuctemu CeO,—H0,03 B Temneparypromy intepBaii 2400-1300 °C (puc 1. 11).
3a uMMHU JaHUMH, O€3MOCEPEHBO 3 PO3IUIABY YTBOPIOETHCS HEMEPEPBHUM Pl
TBepaux po3unHiB F-CeO,, axuit icuye mix 2350 1 2340 °C. Ilpu Hmx4mMx
TeMIiepaTypax B piBHoarax OepyTth yuactb ¢paszu H, A, B ta C, yTBoproroun

BIIMOBIHI Boda3Hi 00yacti. 3a3HaUeHI TBEP/Il PO3UMHH PO3ALUICHI MiK COO0I0
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rereporeaunum  obnactamu (F+C), (F+H), (F+A), (F+B), (C+B), (B+A).
BpaxoByroun Te, 1m0 aBTOpU 3a3HA4eHOI POOOTH HATrOJOIIYIOTh, IO [0
OTPUMAHUX PE3YJbTATIB CIIJy€E BIIHOCUTUCH KPUTUYHO, OCKUIBKM BOHHM HE
MiATBEP/KEHI EKCIEPUMEHTAIbHUMU JaHUMHU 1 JaHUMU TEePMOJUHAMIYHUX
pO3paxyHKiB, CJIiAye, IO 3a3Ha4eHa CHUCTeMa NOTpedye MOAAIBIIOrO

JOCIIJIKEHHS Ta YTOYHEHHS] MEX 1CHYBaHHS YTBOPEHUX TBEPJIUX PO3UUHIB.

1.2.5 Cucrema CeOr—-Yb,03

dazopi piBHOBarm B mojaBikHIA cucteMi CeO2-Yb,O3; mocmimkeHo
JIeKUIbKOMa TpylnmamMu HaykoBHiB [7/4, 76—78]. B pobGorti [/8] HaBemeHo
nociipkeHHs (aszoBux piBHoBar cuctemMu CeO,—Yh,O3 B iHTepBasli Temreparyp
1500-600 °C. Mu BBaxka€eMo 11l TaHH1 HAMO1IBII JOCTOBIpHUMH. Jliarpamy cTany
3a3HAYCHOI CHUCTeMM TmpejacTaBieHo Ha puc 1.12 [78]. 3i 3HIWKEHHIM
Temueparypu po3unHHicTh Y0203 y F-CeO, 3meHmyetsest Big 26 Moi. % npu
1500°C no 13 mon. % npu 600 °C. Pozuunnicts ionis Ce** B B kpucramiumniii
rpatii C-Tury Takox 3MeHInyeTbes Big 12 1o 2.5 moin. % CeO; 31 3HKESHHSIM
temmneparypu Bia 1500 qo 600 °C, BiAMOBIIHO.

B po6ori [74] nobynoBaHo rinoreTuuny aiarpamy crany cuctemMu CeO,—
Yb,03 B Temneparypromy intepBam 1300-2400 °C (puc 1.13). 3 HaBeaeHHX
naHux ciuiaye, mo Bumie 2350 °C B 3a3HauY€HIN CUCTEMI YTBOPIOIOTHCS BY3bKi
00J1aCTi TOMOT€HHOCTI Ha OCHOBI MOHOKJIHHHOI (B) Ta rexcaronanpanx (H) Ta
(A) momudikamii okcuais P3E. Bkazani oOnacTi po3auieH! BiANOBIIHUMHU
aBodasaumu mossmMu. 3a Temreparyp < 2350 °C B cucremi CeOr-YD,03
YTBOPIOIOTHCS /1Bl (pa3u Ha OCHOBI KyOiuHUX TBepaux po3uuHiB F-CeO; ta C-
Yb,03, mo po3aineni mupokoro ABodasHor obnactio. Cinij 3a3HAYUTH, IO JIJIs
no0y1oBH rimoteTuyHoi aiarpamu ctany cucremMu CeO,—Yh,03 aBTopu podoTH

[74] onupanuck Ha eKCIEpUMEHTANIBHI JaHi oTpuMani B pooori [ 78]. Ile B cBoro
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4yepry, MATBEPKYE HAIILY TyMKY II0J10 HAaHO1IBII JOCTOBIPHUX PE3YJIBTATIB IIPO

(da30Bi piIBHOBArd B 3a3HaUCHIN CUCTEMI, OTPUMAHKX caMe aBTopaMu poooTtu [78].

T ¢ B

1500 r
TF F+C cl
1300 -

1100 -+

900 4 -

700 -

0 20 40 60 80 100
Ce02 MOJL. % Yb203

Pucynok 1.12 — da3osi pieHoBaru B cucteMi CeO,—Yb,03 B inTepBai

temmeparyp 1500-600 °C [78]
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Pucynok 1.13 — I'imoretnuna giarpama crany cucremu CeO,—Yb,0; [74]
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1.3 Aiarpamu crany cucrem La>,Os-Ln203 (Ln = Nd, Dy, Ho,YDb)

1.3.1 Cucrema LaO3—Nd203

®a3oBi piBHOBaru B cuctemi La,O3—Nd,O3 mocmimkeHi 3a IT0MOMOTro0
PEHTIeHIBCHKOTO Ta TEPMIYHOIO aHali3iB, a TaKoX TEePMOJAMHAMIYHHUX
po3paxyHkiB [44, 79-81]. BctaHOoBI€HO, 10 y CUCTEMI YTBOPIOIOTHCS TPU THUIIU
0e3nepepBHUX TBEPAMX PO3UMHIB HA OCHOBI BUCOKOTEMIIEpaTypHOi KyOidHOT X-
moaudikallii 31 crpykryporo tumy 11,03 Ta nBOX rekcaronanbHux A- ta H-

moaudikaniit okcuais P3E (puc 1.14).
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Pucynok 1.14 — Jliarpama crany cuctemu Lay0O3—Nd,O3[80]
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[Mepexin A=H y cucremi La,O3-Nd,O3 3adikcoBanmii 3a TOMOMOTOO

TEPMIYHOTO aHami3y (CIOCTEepIraeTbcs €K30TepMIYHUN e(deKT Ha KPHUBHX
oxomomkenns) [91-92]. Jliksigyc cuctemm La,0O3—Nd,O; xapakrepusyerbes
HasSBHICTIO MiHIMYyMy o003y ckimany 60 Mo % La;Os [81]. Cuix 3a3Ha4yuTH,

10 pe3yJbTaTH OTPUMaHI PI3HUMHU aBTOPAMH Y3TOIKYIOTHCSI MK COOOIO.

1.3.2 Cucrema La>;Os3 — Dy20s3

®da3zoBi piBHOBaru B cucrtemi LaO3-Dy,0O3 pocnimkeni nuimie mnpu
BHUCOKHX Temmepatypax [44, 80, 81]. B nopimauky [80] 3a3HaueHO yTBOpCHHS
HEMEPEepBHUX PSAIB TBEPAMX PO3UYMHIB HA OCHOBI BHCOKOTEMIEPATYPHOI
KkyO1uHoi (X) Ta rekcaronanbHoi (H) mogudikamii okcuaiB P3E, a Takox ¢a3 Ha
OCHOB1 TekcaroHanbHOl (A), MoHokimiHHOI (B) Ta HuU3BKOTEMIEpATYpHOL
ky61unoi (C) momudikaridi Dy,0O3; 3 oOMexxeHMMH 00JIaCTSIMH TOMOTEHHOCTI.
®dazoBuii nepexia A 2 H 3adikcoBaHU TUTBKHU JJIsI CKIAI1B 3 BEIUKUM BMICTOM
La,O3 3a 101IOMOToI0 TepMIYHOTO aHai3y (HasgBHICTh €K30TEPMIYHOTO €EeKTy
Ha KPUBHUX OXOJIOJDKEHHS), TOMY MOBHOI Mex1 MK ga3zamu A ta H Ha miarpami
He noka3zaHo [80, 81]. Kpusa JikBigyca TBEpAUX PO3UUHIB Ma€ MiHIMYM MTOOJTU3Y
ckimany 60 Moi1.% LayOs (puc 1.15).

B 61s1b11 mi3HiX poboTta 0yio J1ociiakeHo (pa3oBl piIBHOBAru B 3a3HaUYEHIN
MOJBINHIN CHCTEMI 3 BUKOPUCTAHHSAM TEPMOJAMHAMIYHUX po3paxyHkiB [44, 81].
HesBaxaroun Ha Te, mo aBTopu poOiT [44] Ta [81] omwmpanuce Ha
excriepuMeHTanbH1 gani [80] oTpuMaHi HUIMU pe3yIbTaTH HE y3TOIKYIOThCS MK
coboro. Jlo BiAMIHHOCTEH HEOOXITHO BIJHECTH HEY3TOKEHICTh TEMIIEpaTyp

(ha30BHUX MEPEX0/IiB, a TAKOK KOHIICHTpAIlIiHI MeX1 icHyBaHHs ¢a3. Hanpukmas,

3a gaHumu [44] eBrektoinHe mneperBopeHHs B=A+C BinOyBaeThcs 3a

temriepatypu ~1070 °C npu 62 mon. % Dy,0s, B TOii ke "ac, 3a pe3yabTaTaMu

[81] 3a3HaueHe nepeTBOpeHHs Bii0yBaeThes pu ~ 1327 °C 1 77 moin. % Dy,0s.
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OTtxe, mopiBHIOIOYM AaHi npo ¢a3oBi piBHOBaru B cuctemi La,Os-Dy,03, 3a
JaHUMH PI3HUX aBTOPiB, MOXKHA 3pOOUTH BUCHOBOK, 1110 PE3YJIbTATH JOCIIIKEHb

HE y3To/IKYIOTBCS MK CO00I0 Ta MOTPEOYIOTh MOJATBIITNX JOCIIIKEHb.
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Pucynok 1.15 — Jliarpama crany cuctemu La,O3—Dy,03[80]

1.3.3 Cucrema La,O3 — H0203

®da30Bi piBHOBaru B cucteMi La,O3—H0,03 nociimkeHo pisHUMU rpymnamMu
aBTOPIB, OTpUMaHIi pe3ysbTaTi HaBeneHo B [44, 80—84]. BcraHoBIIeHO yTBOPCHHS
HACTYyITHUX THIIIB TBEPJAUX PO3UMHIB: BHUCOKOTEMIIEpaTypHOTO KyOiuHOTO (X),
rekcaroHaibaux (A Ta H) Ta oOMexeHux oOiacTell TOMOIN€HHOCTI Ha OCHOBI
MOHOKIIHHOI (B) Ta HU3bKOTEeMneparypHoi KyoiuHoi (C) moaudikariit H0,03

[44, 80-84]. ®azosuii nepexin A=H 3adikcoBaHuii TINBKK I CKIAIIB 3

BenuKUM BMIcTOM LapOs; 3a momomMoror TEpMIYHOTO aHaiizy (HasBHICTh
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€K30TEePMIYHOTO €(EeKTy Ha KPHBHUX OXOJIOJKEHHS), TOMY ITOBHOI MEXI MIX
dazamu A Ta H Ha niarpami He mpoBeaeno [81]. KpuBa mikBimyca
XapaKTPU3YEThCs MIHIMYMOM o0m3y ckiaaxy 60 mon.% La,Os (puc 1.16).

B po6ori [82] cucrema BHBYEHAa PEHTI€HIBCBKUM METOJOM Y IHTEpBai
temmeparyp 1250-1550°C. ¥V nocnipkeHoMy iHTepBaii Temieparyp (a3oBi
Iepexo/id B OCHOBHOMY IOJI0HI /10 pe3yibTaTiB y poOoTi [83] , ane Hux4Ye
temreparypu 1300°C BusiBI€HO BHOpPSIKOBaHY a3y THUIY TEPOBCKUTY
(LaH0O:s3). Tlpo icHyBaHHS (a3 MEPOBCKUTY IOBIIOMIICHO Takox B [84]. B
poboti [44] naBemeno miarpamy crany cucremu La;Os;—H0,03 Ha ocHOBI
TEPMOJIMHAMIYHHX PO3paxyHKiB . B cucremi icHytoTh ABOo¢a3Hi ot (A + C), (B
+ C) i (H + B). [TopiBHIotoun naHi mo giarpamam crany cucremu La,Os—Ho,03 B
poborax [44], [80] Ta [81] MoxHa 3pOOMTH BHCHOBOK, INO pE3yJIbTaTH

JOCJIIKEHb HE Y3TOJIKYIOThCS MK CO0O0IO.
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Pucynok 1.16 — [liarpama crany cucremu La,O3—H0,0; [80]
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1.3.4 Cucrema La;Os3 — Yh203

dazopi piBHoBaru B cucrteMi Lay0s3-YDb,O3; mocmimkeHo B Oararbox
poboTax 1 mUpoOKOMy iHTEepBaii Temmeparyp[82, 84—88], onmHak naHi MarOTh
cynepewuBui Xapaktep. B poGori [85], Ha miacTaBi pEHTICHIBCHKOTO
JOCIIKEHHS 3pa3kiB B iHTepBaii Temneparyp 1650—-2000°C BusiBiaeHO CHIONTYKY
LaYbO; 3 ob6mactio romorennocti npu 1650°C Bixg 38 mo 55 mon.% YD,0s.
3rimno [86], cmomyka Mmae naBi momimMopdri Momudikaiii: pomOiuHYy Ta
reKcaroHalibHy; TeMIiepatypa nepexoy Mk Humu 1850°C. V mizHimmx podorax
[84, 87] momimopdi3m 1€l CIONYKH HE MiATBEPIKESHHIA.

3a manumu [87], obnacte romorenHocti cionyku LaYbOs mpu 1400°C
cTaHOBUTH 47-62 M011.%, a ipu 1800°C — Bix 45 10 63 m01.% Yb,03. Bignazom
npu 1400°C cxmanis i3 Bmictom 20-30 mon.% Yb,Os; orpumana daza
MOHOKIMHHOI cTpyKTypH Tuiy B-Ln,O3

Ha Hamry mymMKy HafOiIbII JOCTOBIPHI JaHI MpeacTaBieHo B poboTi [88].
da3oBi piBHoBaru B cuctemi La,03-Yb,03 nocmimkeno npu temneparypax 1600,
1500 Ta 1100 °C (puc 1.17). Bcranosieno, mo po3umHHicTh La;O; B C-
momudikarii Yb,O3 cranoButs ~2 Moit. % mipu 1100, 1500 1 1600 °C. ITapamerp
CJIEMEHTAPHOI KOMIpKH 3011bIyeThes Bix a = 1,0432 uMm uig uuctoro Yh,0s3 10
a=1,0446 um (1100 °C), a =1,0453 um (1500 °C), a = 1,0441 um (1600 °C) ans
TPaHUYHOTO CKJIaJy TBEPIOTO PO3IUHHY.

Pozunnnicts Yb,03 B rekcaronanbsHiii A-moaudikaii La,O3; ctaHoBHTE 4
Moi. % mipu 1100 °C ta ~9 moi. % npu 1500 1 1600 °C. 3rigno 3 manumu POA,
B 3pazkax mo MicTiaTh Big 100 mo 55 mom. % LayOsz 3amicte A- LayOs
crnioctepiranu rekcaroHanbHuii A-La(OH)s. BeranoBiieHo, 10 BHIOpsIKOBaHA
¢asza LaYbOj3 icaye B inTepBaii kouenrparii 48—56 moir. % Yb,O3 mpu 1100 i
1500 °C ta 48-54 momn. % mpu 1600 °C.
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Pucynok 1.17 — Jliarpamu crany cuctemu LayO3-Yb,03[88]

1.4 Enementn giarpam crany cucremu CeO>—La>Os-Ln,03 (Ln = Sm,
Eu, Gd, Er)

Sk 3a3Hauvanoch BUIlE, TIOKCUJ IIEpit0 TpH JjeryBaHHi okcuaamu P3E
YTBOPIOE TBEPJl PO3UMHU 3aMIIIEHHS PI3HOI MPOTSHKHOCTL. [lpu 30umbIeHH1
KUIBKOCTI JIETYIOUMX JOMIIIOK MOKJIMBO 30LIbIIEHHS! a00 3MEHIIIeHHsT 00JacTei
TOMOTEHHOCTI YTBOPEHUX TBEpAUX pO3uMHIB. Da3oBi piBHOBarm B JCTKHUX
notpiiinux cucrtemax psagy CeOp—La,Os3-Ln,O; (Ln = Sm, Eu, Gd, Er)
nocmimpkeno 3a temmeparyp 1500 ta 1250 °C [89-94]. [3oTepmiuni mepepisu
3a3HAYEHUX CUCTEM TpeJicTaBlieHo Ha pucynkax 1.18, 1.19. Bimomo, o giarpam

crany cuctem CeOr—La,03-Ln,03 (Ln = Sm¥*, Eu**, Gd*") marore momiGHy
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OyZIOBYy Ta XapaKTepHU3yIOTbCS YTBOPEHHSIM TBepaux po3uuHiB (A, B, C, F).
Bxkazani cucrtemu mictiate 5 aBodasznux (A+F, A+B, B+F, B+C, F+C) Tta 2
tpudazui (A+F+B, F+B+C) ob6macti 3a Temmneparyp 1500 °C ta 1250 °C,
BianoBigHo (puc 1.18, 1.19). ITopiBHIOIOUHM 130T€pMIUHI ITEPEPI3H 3a TEMIIEPATY]P
1500 ta 1250 °C mokHa BU3HAYUTH, 110 IOHWKEHHS TEMIIEPATypH NPU3BOJAHUTH
710 3BYKEHHS 00JlacTell ToMOTreHHOCTI BciX (a3. B Toit ke uac, aisg cucteMu
CeO,—La,03-ErO; 3a temmeparypu 1500 °C crnocrepiraeTbcsi yTBOPEHHS
ynopsiakoBaHoi ¢asu LaErOs; (R). Crmig 3a3HauuTH, 110 YTBOPSHHS BKa3aHOI
YHOPSAKOBAHOI (Da3u XapaKTEepHO JIUIIIE /ISl CUCTEM 1TP1€BOI MIATPYIIH.

OTtxe, (ha3oBi piBHOBaru B moTpiitHuX cuctemax psagy CeOr—La,O3—Ln203
nocmimxeni ang Sm®t, Eu®t, Gd®*, Er¥*. A nna cucrem CeO2—La,03-Ln,03 (Ln=

Nd, Dy, Ho, Yb) notpeOyroTh moaanbIInux J0CTiIKCHb.

>
>
R\

B
90 Euw0
F+B

LaO; 10 20 30 40 50 60 70 80
A+F

La20s 10 20 30 40 50 60 70 80 90 Gd203 La0: 10 20 30 40 50 60 70 80 90 ErOs
A+B F+R

B r
Pucynok 1.18 — [3oTepmiuni nepepiszu aiarpam ctany cucteM psgy CeOo—

La,O3-Ln,03 mpu 1500 °C:a-[89], 6-[91], B-[90], r-[92]
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Pucynok 1.19 — [3oTepmiuni mepepi3u niarpam crtany cuctem psagy CeOo—

La,O3-Ln,03 mpu 1250 °C: a-[94], 6-[93], B-[90]

1.5 O0rpyHTYBaHHSI BUOOPY HANIPSAMKY JI0CJIiIzKeHs

[IpoananmizyBaBIIM JaHl JITEPaTypHUX JUKEpeNl BCTAHOBJIEHO, IO
CIIOCTEPITa€eThCS 301JIbIIEHHS 3a1[1KaBICHOCTI HAYKOBOI CIUJIBHOTH JI0 MaTepialliB
Ha OCHOBI JIOKCHY IEPII0 JIETOBAHOTO 10HAMH P1AKICHO3EMEIIbHUX €JICMEHTIB.
Lle 3yMOBIIEHO IIMPOKUM KOJIOM BUKOPUCTaHHS MaTepiaiiB Ha OCHOBI IIOKCHU]TY
repito neroBanoro LnyOs. BeTanoiieHo, 110 Bi1oMocCTi mpo (a30Bi piBHOBArk B
MOABIMHUX Ta TMOTPIMHUX CHCTEMax Ha OCHOBI JIOKCHUIY IIEPII0 Ta OKCH/IIB

PIIKICHO3EMENIbHUX €J1E€MEHTIB 0OMEXKEHI.
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1. Bcranogineno, 1o ¢a3oBi piHoBaru B cuctemax CeO2—Ln,03 (Ln = La,
Sm, Eu, Gd, Dy, Er, Yb) nocaimkeno 3a remmneparyp 1500-600 °C, a mnani s
nonBiitHux cucteM CeO2—LN,03 (Ln = Nd, Ho) BifacyTHI a00 HE y3TroKyIOThCs
M1 c00O0IO.

2. BcranoBneHo, 1o B JiTepaTypi ICHYIOTH BIiIOMOCTI M0/0 (ha3oBUX
piBHOBar B nmotpiHux cuctemax CeO,—La;03-Ln,O3 (Ln= Sm, Eu, Gd, Dy, Er)
Ta MOOYJOBAaHO 130TE€PMIUHI Mepepi3u 3a3HAUCHUX JiarpaM CTaHy CHCTEM 3a
temmeparyp 1500 ta 1250 °C. BigomocTti mpo OyaoBy giarpam cTaHy CHCTEM
CeO2,-Lay03-Lny03 (Ln=Nd, Ho, Dy, Yb) BincyTH1 Ta noTpeOyIOTh AETAIBHOTO

BHUBYCHHAI.
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PO3/ILJI 2 METOAU JJOCJAIKEHHSI ®A30BUX PIBHOBAT ¥
JTOCJIIKEHUX CUCTEMAX

Jnisa mocnipkeHHs (pa30BUX pIBHOBAT B MOJIBIMHUX Ta MOTPIHHUX CHUCTEMaX
Ha OCHOBI Jlokcuay 1epito Ta okcuiiB P3E BukopucToByBasiu peHTreHoha30BHit
anani3 (P®A) ta ckanyrouy enektpoHHy Mikpockorio (CEM).

Ha pucynky 2.1 npeacTaBieHO TEXHOIOTTUHY CXEMY, 110 BKJIIOYA€E CTAIII0
NPUTOTYBaHHS €KCIIEPUMEHTAIHUX 3pa3KiB Ta METOMOJIOTII0 iX aHami3y s
nociaipkeHHst ¢a3zoBux piBHOBar B cuctemax CeOy(Ln,Osz)-Ln,03; ta CeOp

La,O3—-Ln,0s.

BH3HA9eHHA cKIATIE 1151 s Y 7~ HPHFOT}’BaHHH
OocTaigKeHHHA BIa€eMoTil I . . .
HIOTYBAHHHA
da3 B cHcTeMax PHIOTY PO3UYHHIB HITpPAaTIB
QLOrLazos—Lﬂzoa Ta HaBAXKOK TAa IX
SRS ' N J . BHIOAPIOBAHHS

' ‘ " HoapioHeHHst TA ' I ‘
T POXKapOBaHHA B
IIpecyraHHs 3pa3KiB }_ g e H MyQei npu

IIHXTH B ars.aTonm t=800°C, 2 rox
CTYIIi

ﬁ' PDHA |
~ Tepmiuna o6poGka | |
(BHIaJ nmpu

Temmepatypax 600, o )
\ 1100, 1500 °C . MikpocTpYKTYpHi
| ’ : JOCTiIKeHHA

AHaJji3 oTpEMaHHX JaHUX (I00yI0Ba i30TepMiUHOTO Mepepizy

Ce0O,-La,04-Ln,0; npu 1500 °C ta giarpamu cTaHy
Ce0,-Ln,0; B iHTepBaai remmeparyp 600-1500 °C)

Pucynok 2.1 — TexHonoriuna cxema JociKeHHs (ha30BUX piBHOBAr B

CUCTEMAX Ce02—Ln203 Ta CEOz—L&zOg—LﬂzOg
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2.1 BuxigHi pe4oBMHM TAa NPUTOTYBAaHHS 3Pa3KiB

Jlns  cUHTe3y BUKOPHCTOBYBAJIM HACTYMHI BHXIJHI  PEYOBHHH:
azoTHOKHCIy cib 1epiro Ce(NOs)3:6H20 ta okcumu P3E, a came La,05 (JIaO-1),
Yb,03 (#160-1]), Dy,03 (JuO-)K), H0,03 (I 00-1), Nd,03 (HO-)K), 1110 MiCTATb
OCHOBHOTr0 KOMIOHeHTa He MeHuIe 99,99 % 1 azorny kucnory (HNO3) mapku
«a.pg.a.». Ilepen mnpuroryBaHHsM HaBaXOK okcuaun P3E  momnepenHpo
npocymryBain 'y mydem npu 400 °C mporsarom 2 roauH. TepmMooOpoOKy
BUXIIHUX KOMIIOHEHTIB MPOBOJIMIN 3aJJIs1 BUJAJICHHS BOJOTH, OCKIJIBKH JEsK1
okcuau P3E cxumnbHi 10 rigpaTaiii npu B3aemoaii 3 Bojioroto (2.1) (2.2), mo € B
aTMocdepi noBiTps. Bigomo, mo 3a remneparypu Buiie 330 °C (La, Nd)(OH);
po3kiamaerscss Ha ((La, NA)OOH), skuii npu mojganblIoMy HarpiBaHHI
poskianaerses Ha okenp (La, Nd),O3 [95].

La,05; + 3H,0 & 2La(0OH), (2.1)
Nd,0; + 3H,0 < 2Nd(OH)4 (2.2)

OTtpumani HaBakku okcuIiB P3E posunnsiim y HNO;3 (1:1) BumaproBanu
Ta MPOBOJUIN TEPMOOOPOOKY OTPUMAHOIO MpeKypcopy 3a Temmeparypu 800 T
npotarom 2 roaud. CHHTE30BaH1 MOPOIIKH MPECYBaJId B TAOJIETKU JIIaMETPOM 5
MM 1 BHCOTOIO 3 MM OJHOCTOPOHHIM MpEeCyBaHHSM y cTajeBi npecdopmi 6e3
3B’s3ku i TUckoM 10-30 MIla. Ik Bxke 3a3Hauanoch, 3pa3kud 3 BEIHUKUM
BMICTOM OKCHUJY JaHTaHy Ta/ad0 HeOAUMY, CXWJIbHI A0 TiApaTanii Ipu B3a€MOIi
3 MOBITPSIM, TOMY CIIPECOBaHI 3pa3Ku MEPel Ta Miciisa TEPMOOOpOOKH 30epiranu B
€KCHKATOPI1 3 CWIIKAreJleM y BUTJISA/ 3aCUITKH JJIs 3a1I00IraHHs iX pyHHYBaHHS.

TepMooOpoOKYy OTpUMaHHUX 3pa3KiB TPOBOJAWIM B J1IA0OpPATOPHUX
MydenpHuX Tedax. SIk BiloMO, piBHOBara B OKCHJIHHMX CHCTEMaX JIOCSATAETHCS
POTSITOM TpUBaJoro yacy [96], Tomy TepMooOpoOKy 3pa3KiB i HOCIIIKEHHS
¢azoBux piBHOBar 3a remmnepatypu 1500 °C mpoBoauiu B 1Bi ctafii (Tabdm. 2.1).
[TinBuIieHHS TeMmepaTypH BiJl KIMHATHOIL 10 33JJaHOT TIPOBOIVIIH 31 MITBUIKICTIO

3,5 rpax-xsl. TloBinbHe HarpiBaHHs 3pa3sKiB BMKOPHMCTOBYBAOCH 3 METOIO
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3ano6iranHs aedopmariii 3pa3KiB 31 3HAUHOIO KITBKICTIO OKCH/IIB JJAHTAHY Ta/a0o
HeonuMy. Yepe3 meBHI NPOMIKKMA Yacy TMEpPEBIPSUIM TMOBHOTY CHHTE3Y
EKCIIEpUMEHTAIBLHUX 3pa3kiB. OXOJIOHKEHHS MPOBOAMIIM 3a 1HEPIIEI Tedi.
[Ticist TepMOOOPOOKM OTpHUMaHI 3pa3Ku TEpeTUpav B araToBid CTymIll Ta

MIPOBOAMIIN PEHTHT€HO(hA30BUN aHATI3.

Tabmums 2.1 — Pexumu TepMOOOPOOKH OCHIKEHHX 3pa3KiB CHUCTEM

CeOz(Ln203)—Ln203 Ta C@Oz—LﬂzOg—LﬂzOg

Cucrema TpuBaiicth TepMOOOPOOKH 3pa3KiB, TOJI.
T= T=1100°C T=1500 °C
600 °C
Ce0,—H0,03 15200 10300 T:=1100 °C — 300
T,=1500 °C - 80
Ce0,-Nd,03 — 7000 T:=1000 °C-70
T,=1500 °C -80
La,03—H0,03 15200 — T1=900 °C - 300
T,=1500 °C — 80
La,03-Dy,03 — — T1=900 °C -300
T,=1500 °C -80
Ce02-La;03-Yh,03 15000 10300 T,=1100 °C -1000
T,=1500 °C -120
CeO,—La;03-Dy,03 10000 10300 T:=1100 °C — 840
T,=1500 °C - 80
CeOy,—La;03-H0,04 — — T1=1250 °C - 200
T,=1500 °C -80
CeO,—Lay03-Nd,03 — 9010 T1=900 °C -120

T,=1500 °C - 80
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2.2 Metoa peHTreHo(a30Boro aHaji3zy

PentrenogazoBuii aHamni3 eKCHEPUMEHTAIbHUX 3pa3KiB BUKOHYBaIM 3a
METOJIOM TOpPOUIIKY 3 BHKOpucTaHHS yctaHoBku JIPOH-3 3a xkimMHaTHOI
temneparypu (CuKo —BunpominioBaHHs). Hanpyra Ha peHTreHiBCbKiM TpyOIi
ckianana 30 kB, cuna crpymy — 20 MA, kpok ckanyBanHs — 0,05-0,1 rpan,
excro3uiis 4 ¢ y miana3zoni kyTis 20 Big 10 go 90°. Jlns po3paxyHKy mapameTpiB
€JIEMEHTapHUX KOMIpOK BHUKOpHcTOBYyBaiu mporpamy LATTIC 3a mMeromom
HalMeHIUX KBajpariB. I[neHtudikamiro ¢a3oBOro CKIaay TPOBOAWIA 3a
JOMOMOro 0a3u AaHuX MIKHAapOJHOTO KOMITETY MOPOILIKOBHX CTaHIApTiB
(JSPDS Mixunapoauuit ieHtp nudpakimiitnux nanux 1999).

Pentrenogazopuii ananmiz (PMA) mnonsirae B JOCHIIKEHHI CTPYKTYpH
PEUYOBHMHU Ta 1HTEHCHBHOCTI PEHTTECHIBCHKOTO BUIIpOMiHIOBaHHS [7/7]. OcHoBa
JAHOTO METOJy 0a3zyeThCs Ha B3a€MOJIl PEHTIE€HIBCHKOTO BUIIPOMIHIOBAHHS 3
€JICKTPOHAMH PEYOBHHHM, B PE3YJIbTaTI IKOTO BUHUKAE AU paKiliiiHa KapTUHA.

3a JOMOMOTOI 3a3HAYEHOTO METOJY JOCHIIKEHHS € MOKIIUBICTh
BUPIIIICHHS HACTYMHUX 3a11a4 [98]:

- ®a3oBUil aHAITI3 NPOCTUX CIONYK;
- HocnimxenHus $ha30BUX MEPEX0IiB, BU3HAYCHHS CTaHy TBEPJOTO TiJa.

PentrenodasoBuii anani3 6a3yeThCcsi Ha HACTYMHUX NpuHIUNax [98]:

KpUCTAJIIYHA PEUOBMHA XapAKTEPHU3YETHhCS CBOEIO 1HIMBIIYyaTIbHOIO

I pakLifHOI KapTUHOIO;

- JUIs KOXKHOI KPUCTAIYHOI (pa3u nmpuTtaMaHHUN MEBHUHN TUpaKIiiHMIMI
CHEKTP, JUIsl IKOTO XapaKTepHUI CBI HaO1p MIKIUIOIIMHHUX BlJCTaHEH
d 1 BIINOBIIHUX 1HTEHCUBHOCTEH JIHIM

- 3 BUKOPUCTAHHSM IU(PaKIITHOT0 CIEKTPY CYMIillll MOKIIMBA KUTbKICHA
OIliHKA CITIBBITHOIIICHHS KpUCTATIYHUX (a3;

- CIIBBIJHOIICHHS 1HTEHCHBHOCTEH HAsIBHUX B KOHKPETHOMY 3pa3Ky

KpucTamiyHuX (a3 mpormnopiriitHe BMICTY (a3 B HbOMY.
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JI0 pEHTreHIBCHKUX TMPOMEHIB BITHOCSATH BUIIPOMIHIOBAHHS, IO Ma€
nopxkuny xBuimi A Bim 10 mo 0,01 HM. B enexTpomMarHiTHOMy CHEKTpi
PEHTIeHIBChKE BHUIIPOMIHIOBAHHS 3aiiMae diama3oH MDK yibTpadiosieToM Ta
rama-npoMeHsamMu. [Ipu mpoxoKeHH1 peHTTeHIBCHbKUX MPOMEHIB Yepe3 00’ €KT,
10 JOCIIIKYETHCS CIOCTEPIraloThCS Pi3HI BUIW B3a€EMOJIIT, OJTHUM 3 SIKHX €
pPO3CIIOBaHHSI PEHTTEHIBCHKUX TMPOMEHIB. Marepian, sSKuil migmaerbes il
BUIPOMIHIOBAHHS, BUITyCKAa€ BTOPUHHE BHUIPOMIHIOBAHHS, IO MAa€ OBXKUHU
XBWJII sIKa JIOPIBHIOE JIOBXKHMHI XBHWJIl T1aJlal0YMX TPOMEHIB (KOT€PEHTHE
po3citoBanHs) [99].

OckUIbKM MiXKaTOMHA BIJICTaHb OJU3bKA JO JOBKUHU XBWUJII BTOPUHHOTO
BUIIPOMIHIOBaHHS, TO KPUCTaJl MOXE CIYTyBaTH ISl HbOTO JH(PPaKIIiHOO
rpatkoto. EHepris gaHOro BUNPOMIHIOBAHHS PO3CIIOETHCS 3 PI3HOIO
IHTEHCUBHICTIO, a TaKOXX B pI3HUX HampsMkax. [{ns oJHUX HanpsMKiB
XapaKTEpHE TOCUJICHHS, TI0 1HIIHNX — OCJIa0JIeHHs 200 HaBITh MOBHICTIO TACUTHCA.
[TocunenHss KonuBaHb BIAOYBAETHCS ISl TUX HAMPSMKIB, JI€ PI3HUIS XOIy
PEHTIeHIBCHKUX MPOMEHIB JOPIBHIOE LIJIOMY YUCITY XBHJIb 00 MapHOMY YHUCIY
1BXBHUJIb.

Kpucran wmae mpocTOpoBY CTPYKTYpYy, YTBOPEHYy 3 TMapajelbHUX,
piBHoBignanenux twiomuH (hkl). B 3amexHOCTI Bij posranryBaHHS aToMiB y
KPUCTATIYHUX IpaTKax CHUCTEMa MapajiebHUX IUIOIMIMH MOXKE MaTH PI3HHM
BUTJIAZ, TPH [BOMY BiACTaHI Opg MIDK CYCIIHIMH IUIONIMHAMH OYAyTh
BIJIPI3HATHCS. SIKIIO B3SITH OAHY 3 TAKUX aTOMHUX IIJIOIIMH 1 IPUITYCTHUTH, 110 HA
HEl MaJla€ peHTreHIBCbKUI MPOMIHbB MiJl KyTOM 6, 3a npuHuunoM [ roiirenca BiH
OyJzie BUIBHO MPOXOJIUTH Ye€pe3 OJTHOATOMHUM IIap 1 YaCTKOBO BiAOMBATUCS M1
kytom 6. Ilpu 3amaniii BenmuunHI dpg MU CIIOCTEPITAaEMO PI3HUIIO XOIy MIXK
IPOMEHSIMH, 1110 ckianae [98]:

0= Zdhleine . (23)
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Komu pi3Huig xoay XBWIb € IIJIMM YHCJIOM, OOWJIBa IPOMEH1 OyayTh

MaKCUMAaJIBHO ITiJICYTFOBATUCS, TOOTO
2dpSinf = ni, (2.4)

Jie A — TOBXKWHA XBUJII PEHTT€HIBCHKOTO BUIIPOMIHIOBaHHS, N — I1iJI€ YHUCIIO.
PiBusiHHS Ha3uBaeThes piBHsAHHAIM Bynbda — bpera, a xyt § — OperiBcbkum
KyTOM.

Piusinust Bynbga-bpera € ocHOBoIO At JOCTIKEHHSI KPUCTAIIYHUX TLT
PCHTTCHIBCBKMMU ~ METOJaMH. MOro  3acTOCOBYIOTH Il  BH3HAYCHHS
MDKIDIOIIMHHUX BijacTaHed d, sKi XapaKTepU3yIOTh KOHKPETHY KPHCTaTiuHY
rpaTky.Y pasi BUKOHaHHs yMoBH Bynb(ha-bpera Ha peHTreHorpami peecTpyeThes
YTBOPEHHS MAaKCMMyMy Tpd 3MiHI KyTa TMaJiHHS PEHTIE€HIBCHKOTO
BUIIPOMIHIOBaHHS. |HTEHCHBHICTh MAaKCHUMyMy TIIOB'Si3aHa 3 IHTEHCHUBHOCTIO
BIIOUTOr0 MPOMEHS, KA 3aJeKUTh BiJI KUIBKOCTI aTOMIB, IO BiAMOBIJAIOTH
JaHOMY CIMEUCTBY TutomuH [99].

[IpuroryBaHHs 3pa3KiB JJisl IPOBEICHHS PEHTIC€HIBCHKUX TOCIIKEHB [99].

Maca nociipKyBaHOTO 3pa3ka MOBMHHA cTaHOBUTH Osn3bko 0,3 — 0,5 1. Ha
YYTIUBICTH METOJY BIUIMBAE PO3MIP KPUCTATIB JOCIIIKyBaHOI peduoBUHU. B
3B’SI3KY 3 IIUM, NMPUAUISETHCS BEJIMKA yBara CTYMEHIO JTHCIIEPCHOCTI MOPOIIKY
npy HWOTO MiJArOTOBII: MPHUCYTHICTh KPYMHUX KPUCTATIB MOXE JaTH HEYITKi,
MaJIOIHTCHCUBHI TIKM Ha AUQpPaKiiiHii KapTuHi. [lopommok po3Tuparotb y
araTtoBiil CTYyIILI, NPU UbOMY PO3MIp KpUTaJiB MOBUHEH CTAHOBHUTH Bif 1 10 5
MKM. JJ1 1OCTIPKEHHS TTOJTIKPUCTAIB BAKOPUCTOBYIOTH TUTOCKHH mpenapar. Lle
MOXKe OyTH:

- IOPOLIOK, 1110 HAHECEHO TOHKUM IapoM (1-2 MM) Ha TJIOLIMHY TpUMaya;

- TabneTka 3 AlaMeTpoM 10 25 MM, CIIPpECOBaHa 3 MOPOIIKY a00 TUIOCKHMA
3pa30K y TBEPIAOMY CTaH1

- 3pi3 MACHBHOTO MOIKPUCTAIIYHOTO arperaty (mud).
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2.3 CkaHy4a eJIeKpOHHA MIKPOCKOIIist

Po3BuTOK B 00J1aCTI TEOPETUYHOI Ta €KCIIEPUMEHTAIBHOI (DI3UKH CIIOHYKAB
JI0 CTBOPEHHS OCHOB €JIEKTPOHHOI ONTUKHU — €JIEKTPOHHOT'O MIKPOCKOITY, 110 OyB
CKOHCTPYHOBaHHUH 3a aHAJIOTOM ONITUYHOTO, ajie Uit (POKYCYBaHHS €IEKTPOHHUX
poMeH1B OyJIM 3aCTOCOBaH1 eJeKTpu4Hi MarHiTHi moJist [101].

[MpuHimn nii eIeKTPOHHOTO MIKPOCKOIY OCHOBaHHMM Ha BHUKOPHCTaHHI
MIOTOKY €JIEKTPOHIB, SIKHUM BIJITPA€ POJb CBITJIOBOTO IPOMEHIO B CBITIIOBOMY
MIKPOCKOIIl, a POJib JIIH3 BiAIrparOTh MAar”iTH (MardiTHi JiH3H). EnekTpoHHUi
IPOMiHb — IyYOK CHPSIMOBAaHUX MPUILIBHUIIIECHUX E€JIEKTPOHIB, MPU3HAYCHHIM
SKOTO € TMPOCBIUYBaHHS 3pa3kiB a00 30y/DKEHHS B HUX BTOPUHHUX
BUIIPOMIHIOBaHb (HApPUKIIA/l, PEHTT€HIBCHKOTO).

EnexTpoHHY MIKpOCKOIII0 PO3IUISIOTH 32 IBOMA FOJIOBHUMHU HaINPSIMKaMHU:
TpaHCMiciliHa (TIPOCBIT/IIOBaJIbHA) 1 pacTpoBa (CKaHyro4a), IO 3aCHOBaHI Ha
BUKOPHUCTAHHI BIJIMOBIJHUX THIMIB MIKPOCKOIIB. BOHM 4acTo 3aCTOCOBYIOTHCS
CHUJIbHO, OCKUTHKY JIAt0Th SKICHO Pi3HY 1H(POpMAIIio 010 00’ €KTa TOCTIIKEHHS.
Bigomi Takoxx BiiOMBHA, €MicCiiiHa Ta 1HII PI3SHOBUIMW METOIIB €JIEKTPOHHOI
MIKpPOCKOIIIi, K1 peai3oBaHl Ha TPAHCMICIMHHMX 1 PaCTPOBHX MIKPOCKOMAX 3a
JOTIOMOT OO BiAmoBiaHMX mpucTaBok [100].

TpancwMmiciiiHa eTeKTpOHHA MIKPOCKOTIISl € METOJIOM JIOCHIKEHHS CTPYKTYD,
1[0 HE BXOJATh B 30HY BHAMMOCTI CBITJIOBOI'O MIKPOCKOIIA Ta MalOTh PO3MIpH,
SKi He TIePEeBHIITYIOTh OJHOTo MikpoHa (Bin 1 Mxm 0 1-5 A).

EnexTpoHHI MiKpOCKONH 37aTHI 3011bIIyBaTH 300pakeHHs A0 2 MJIH pa3iB.
JlocsiraeTbes Taka BUCOKA PO3JLIbHA 3/IaTHICTh €JIEKTPOHHUX MIKPOCKOIIIB 3a
PaxyHOK MaJjoi JOBXKWHH XBWJI1 €JEeKTpOHA. B TOPIBHSHHI 3 BUAMMUM CBITJIOM,
JIOB)KMHA XBHJI1 SIKOTO JICKHUTH B miana3oHi Bij 400 1o 800 HM, JOBKHMHA XBWIIL
€JIEKTPOHA, IPUCKOpeHoro y norexmiaii 150 B, cranouts 0,1 am [102].

B 3anmexxHocti Big 00paHOi METOAMKM TMIiATOTOBKH 3pa3KiB METOAU

JOCIIKEHHSI MaTepiajiB MOIUISAIOTh Ha mpsMmi Ta Hempswi. [Ipsmi meromau



58

JOCIIIKEHBb CIIPSMOBAHI Ha BUBYEHHS 00'€KTa y BHUTJIAI APIOHMX YACTHHOK a0o
YIBTPATOHKHUX 3pi3iB, HEBIPSIMI — BHUBUEHHS BIJOUTKIB 0O0'€KTa y BHIJISII
perutik[103].

XapakTepucTUKN 00'€KTa Ta CIMOCOOM HOTO MiJATOTOBKH B 3HAYHIN Mipi
BJIMBAIOTh Ha PO3JUIbHY 37aTHICTh Ta 1H(MOPMATHBHICTP B EKTPOHHIM
Mmikpockomii. Ilpu mocmigkeHHI TOHKHX IUTIBOK 1 3pi3iB MU CIOCTEpPIra€EMO
OJTHOYACHE 3MEHIICHHS PO3AUIBHOI 34aTHOCTI MpPH 3pPOCTaHHI KOHTPACTY
IMPOMOPLINHO 10 iX TOBIIMHU. [Ipu JOCHIPKEHHI TOHKUX IUIIBOK 1 3pi3iB (HE
oubmie 0,01 MxkM) iX OOpOOJIOIOTH CHOJTYKaMU BaXXKUX METajiB, IS
MiJBUILIEHHST KOHTpacTy. sl OTpUMaHHS YJIbTPATOHKUX 3Pi3iB MOPUCTUX 1
BOJIOKHHCTUX MarepialiB, iX MOMEpeaHhO MPOCOUYIOTh Ta 3aJMBAlOTh B
enokcuaH1 kommayHau [103].

JUist BUBYEHHA QOpMHU Ta PO3MIPIB MIKPOYACTUHOK (MIKPOKPHUCTANIB) iX
HAHOCATh y BUIJIS/II CYCHEH31d Ha IUNBKU-MIAKIAIKKM Ha OCHOBI (hopmBapa
(nomiBiHmiIopmans) abo aMophHOTO BYTJIEIIO, Yepe3 SKI MOKE MPOHUKHYTH
€JIEKTPOHHUI IPOMIHb, Ta KOHTPACTYIOTh METOZOM BIJITIHEHHS a00 HETraTUBHOTO
KoHTpacTyBaHH:[104].

B npocBiuyrounx MiKpOCKOIax €JIeKTPOHH 3 €HEPrisMH B Jiana3oHi Bif 1
keB 10 5 MeB npoxonats kpi3b 00’ €KT, TOMY 3pa3Ku JOCHIIKYIOThCS Y BUTIISII
TOHKUX (POJIbIH, 3pi31B, TOHKHUX IUIIBOK TOBIIMHOO BiJ 1 HM 10 10 MKM.

JIJisi BUBUYEHHS MIKPOKPHUCTANIB, TMOPOIIKIB, a€pO30JiB iX MOMEPEIHbO
HAHOCSTh Ha MIAKIAAKY:JI AOCHIHKEHHS B MPOCBITIIOBAIBHOMY MIKPOCKOI1
BUKOPUCTOBYETHCSI TOHKA IUIIBKA, MPU aHali3l B CKaHYIOYOMY MIKPOCKOIII
BUKOPUCTOBYIOTh MAaCHUBHY ITIKIIAIKY.

CtpyKTypy NOBEpXHI MACUBHHMX TLJT TOBIIMHA SKUX CYTTEBO OLabIe 1 MKM
JTOCTIKYIOTh 13 3aCTOCYBaHHSIM CKAaHYIOUHMX (pacTpOBHX) MIKPOCKOIIIB,
BiIOMBHUX, M3€PKAIBHUX EJIIEKTPOHHUX MIKPOCKOIIB, I0HHUX Ta €JIEKTPOHHUX

IPOEKTOPIB.
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B mnpencrabieniit poOOTI MIATOTOBKY 3pa3KiB Il MIKPOCTPYKTYPHHX
JOCTIKEHb MPOBOJIWIN Ha NUIH(OBAIBLHO-TIONIpYBaIbHOMY cTaHKy Buehler.
MIiKpOCTpYKTYpH BHBYAJIM Ha CKAaHYIOUOMY €JIEKTPOHHOMY MIiKPOCKOIIi

SUPERPROBE-733 (“JEOL, Japan, Palo Alto, CA) y 3BOpPOTHO-BiIOHTHX

enektponax (BSE) na nutidax BigmaneHux 3pa3KiB i3 HAMUICHTH [IAPOM 30J10Ta.
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PO311JI 3 ®A30BI PIBHOBAI'UM B CUCTEMAX CeO2>-Ln203 (Ln
= Nd, Ho), La20s-Ln203 (Ln = Dy, Ho)

3.1 ®as3osi piBHoBaru B cucremi CeO>—Nd203 mpu 1500 °C

Ha ocHoBI mpoBeIeHNX T0CTIKEHb BCTAHOBJICHO, 1110 ()a30B1 PIBHOBAru B
noBiHHIM cuctemi mpu 1500 °C xapakTepu3yloThCsi YTBOPEHHSIM TpboX (a3: F-
Ce0,, C-Nd,03 ta A-Ln,03. O6nacTi rOMOreHHOCTI HA OCHOBI BKAa3aHUX BHUILE
TBEPAUX PO3UUHIB MEXKYIOTh 3 reteporeHHuMu obmactsimu F+C Ta CHA,
BignoBigHo. ®dparment miarpamu crany mnoasiiinoi cucremu CeO2-Nd,Os
IIPEACTABIICHO Ha puc.3.1.

Cain 3a3Haunty, 1m0 C-Nd,03 icaye e vHmwkae 600 °C [73]. JlonaBaHHs
JI0 HbOT'O JIOKCHUJTY 1LIepit0 cTabuIi3yto 110 a3y A0 3HAUYHO BUIIUX TEMIIEPATYP.
[Tpu 1500 °C xy6iunuii TBepauit po3unH C-THUIMy ICHY€ B KOHIEHTpAIIITHOMY
iaTepBanmi 65—40 mon. % Nd,Os (tabm. 3.1). 3 MOHWKEHHSIM TEMIIEPATypH,
HAleBHO, 3a3Ha4yeHa o00JacTh TOMOT€HHOCTI OyJe pO3IMIUPIOBATUCh Ta
3MIILYBAaTHCh B KOHIIEHTPALIiHy 00JaCTh B BEJIMKUM BMICTOM OKCHly HEOJIUMY.

3a OoTpUMaHUMHU pe3yjbTaTaMU BCTAHOBJIEHO, [0 MaKCHUMaJlbHa
pozuunHicte Nd2O3 B F-CeO; cranouth 29 mon. % (puc. 3.2). Ilapamerpu
€JIeMEHTapHUX KOMIPOK KYyOIYHMX TBEpPAMX PO3UYHMHIB 31 CTPYKTYpPOIO THUITY
darooputy 3MiHIOIOTECA Bi a = 0.5409 HM 17151 HEJIETOBAHOTO JIOKCUY P10
1o a = 0.5480 um y aBodaznomy 3pasky (F+C), mo mictuts 70 Mo, % CeO,—-30
moit. % Nd,O3 (tabu. 3.1, puc. 3.3). Ha ocHoBi mitepatypaux ganux [105-107]
BIJIOMO, 11O TIPH JIETyBaHH1 Ai0kcuay 1epito okcugamu P3E yTBopeHHs KyO14yHOT
ctpyktypu C-tumy moskiauBe npu aoxaBanHi > 33% — 40% LnO;s. Orxke,
OoTpUMaHi pe3yibTaTd, M0 A0 TpaHudHoi poszunmHHocTi Nd,O3 B F-CeO,
Y3TOJIKYETHCS 3 TITEPaTypHUMHU JaHUMU. 3a TaHUMH TPEJICTABICHUMHU B POOOTI

[87], mepexina Bi KyOI4YHOI CTPYKTYPH TUITY (DIIFOOPUTY 10 KyOIYHOI CTPYKTYpHU
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C-Tuny BifOyBaeThCA BHACTINOK BuaneHHsa 25 % ionis O%. Ha qymMKy aBTOpiB
[107] ymopsinkyBaHHS KHCHEBHMX BaKaHCIHM, sSIKe BIIOYyBAa€ThCA 31 30LTBIICHHS
KOHIIEHTparlii LN crpusie mepexoay Bii KyO14HOT CTPYKTypH TUIY (QuiroopuTty F-
CeO; mo kyOiunoi crpykrypu C-tumy LnyOs;. Cxematuune 300pakeHHS

eJIeMEHTapHUX KOMIPOK 3a3HAUYEHUX BUIIE CTPYKTYP MPEACTABICHO HA PUCYHKY

3.4.

T, °C
1600 — —

1500 1 OO0 O O © ©[O OOOOOOOOOJ -

0 20 40 60 80 100
CeOp Mon. % Nd 03

(0 —oanodaszui, @ — nBoda3H1 3pa3Ku)

Pucynok 3.1 — ®a3osi piBHoBaru B cuctemi CeO,—Nd,O3 3a Temneparypu

1500 °C

Ha pucynky 3.5 mpencraBieHO MIKPOCTPYKTYpPH 3pas3KiB, IO
XapaKTepU3yOTh KyOl14H1 TBEP/I1 PO3UMHU 31 CTPYKTYPOIO TUITY QIIIOOpUTY (pHC.
3.5 a) Ta rereporenny obnacte (F+C) (puc. 3.5 6). MikpocTpyKTypa 3paska
ckmaxy 70 moma. % CeO2-30 moinr. % Nd,O3; xapakTepu3y€eThCsl HAsIBHICTIO JIBOX

CTPYKTYPHUX CKJIQJIOBUX, IO BIAPI3HAIOTHCS 3a Mopdoiioriero. Marpuliro
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CKJIaJIal0Th KyOi4H1 TBEpAl PO3YMHHU 31 CTpyKTyporo Tuny Qmoopury F-CeOy,
CTPYKTypHa CKJIa/I0Ba, 110 BUKPHUIIYETHCS MiJ Yac MOJIpyBaHHS BIAMOBiIAE
KyOluHOMY TBepaomMy po3unHy C-tumy. BcraHoBieHo, 10 mapaMeTpu
eJIeMEHTapHUX KOMIPOK KyOI14HOr0 TBEpAOro po3urnHy C-THUITy 3MIHIOIOTHCS Bl
a = 1.1015 am pns nBodazuoro 3pazka (C+A), mo mictuts 5 mon. % CeO,—95
MoJ. % Nd203 1o @ = 1.1010 HM It TPaHUYHOTO CKJIay TBEPIOTO PO3UYHHY Ta
1o a = 1.0979 um ns nBodaznoro 3paska (C+F) ckmaxy 60 mon. % CeO,—40
moit. % Nd;O3 (puc. 3.3).

0,540 —
100 20 80 70 60
mon. % CeO2

Pucynok 3.2 — KonnenrpaiiiifHa 3ajieXKHICTh TapaMeTpa a eIEMEHTapHOI KOMIPKH
TBepaoro po3unHy Ha ocHoBI F-CeO; cucremu CeO,—Nd,Oj3 micist TepMooOpoOku

3pazkiB mpu 1500 C
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a,, HM
1,102 - n - 1.102
|
S § .
1,101 4 [ 1,101
C+A
1,100 4 L 1,100
1,009 - L 1,000
1,008 - L 1,008
1,097 -—t 1,097
20 30 40 50 60 70 80 90 100

mos. % Nd,0,

Pucynok 3.3 — KoHIeHTpalliiHa 3aJIe:KHICTh TTapamMeTpa ¢ elIeMEHTapHOT KOMIpKU
TBepaoro po3unHy Ha ocHOBI C-Nd203 cuctemu CeO,-Nd,O5 micist TepMooOpoOKH

3pazkiB pu 1500 C

HeBnopsgkoBaHa cTpykTypa C-Tuny BnopsgkoBaHa cTpykTypa C-Tuny

CrpyKkTtypa Tvny dnicopury
® KarioH
O @ Kucens
O BakaHcii
-25%0
—
+ IOHHI
3cysu

Pucynok 3.4 — Cxema yTBOpeHHS BropsiikoanHoi ctpyktypu C-tumy [107]
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Tabmuig 3.1 — dazoBuil cKiIa 1 mapaMeTpu eJIeMEeHTapHUX KOMIpok (a3

micis TepMooOpoOku 3paskiB cuctemu CeO,-Nd,O3 pu 1500 °C, 80 rox. (3a

nanumu POA ta CEM )
XiMquHﬁOCKHaH’ Pazonuii [Mapametpu enemeHTapHUX KOMipok (a3, HMm (a = 0.0002)
MoJL. % CKJIaJ
CeO2 | Nd203 <F> <C> <A*>
a a a | ¢ | cha
2.5 97.5 <A*> - — 0.6428 0.3718 0.578
5 95 <A*>+<C> - 1.1015 0.6438 0.3712 0.577
10 90 <A*>+<C> — 1.1019 0.6422 0.3720 0.579
15 85 <A*>+<C> — 1.1015 0.6428 0.3727 0.579
20 80 <A*>+<C> - 1.1016 0.6416 0.3739 0.583
25 75 <A*>+<C> - 1.1014 0.6434 0.3722 0.578
30 70 <A*>+<C> — 1.1011 0.6454 0.3723 0.577
35 65 <A*>+<C> — 1.1015 0.6428 0.3716 0.578
40 60 <C> - 1.1010 - — —
45 55 <C> - 1.1003 — - -
50 50 <C> — 1.0997 - — —
55 45 <C> - 1.0985 - - -
60 40 <C>+<F> 0.5485 1.0979 - - -
62.5 37.5 <C>+<F> 0.5484 1.0978 - - -
65 35 <C>+<F> 0.5482 1.0977 - - -
70 30 <C>+<F> 0.5480 1.0980 - - -
75 25 <F> 0.5468 - - - -
80 20 <F> 0.5461 — — — _
90 10 <F> 0.5434 — — — _
95 5 <F> 0.5417 - - - _
100 0 <F> 0.5409 — - - _
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[Ipu Bka3zaHili TemmepaTypi B CHUCTEMI YTBOPIOETHCS By3bKa 00JacTh
TOMOTEHHOCTI reKcaroHajapbHoro TBepaoro po3unHy A-Nd,Os. BeranosieHo, mo
rpanryHa po3unHHICTh i10HIB CeO, B A-Nd,O3 craHOBUTH > 5 M0:1.%.

B npencrasneniit po6oti Oyno mociipkeHo ¢a3oBi piIBHOBArd y CHCTEMI
CeO2—Nd;03 numie 3a remnepatypu 1500 °C, Tomy Bka3zaHa crcTeMa morpedye

MOJAJIBIIOTO AOCTIXKEHHS B HIDKUOMY TeMIIepaTypHOMY 1HTEPBaIi.

43839 302

a 0
a - 75 moi. % Ce0,-25 moi. % Nd,Os, (F); 6 - 70 moa. % CeO2-30 moit. % Nd2Os,
(F+C) marpurs - F-CeO,, da3za, mo Bukpumyerbes C- Nd2Os.

Pucynok 3.5 — MikpocTtpykrypa 3paskiB cucremu CeO,—Nd,O3 micis
TepmMooOpobku mpu 1500 °C

3.2 ®a3osi piBHoBaru B cucremi CeO,—H0203 B inTepBaJi

temnepatyp 1500-600 °C

Ha pucynky 3.6 npencrasneno ¢pparment niarpamu crany cuctemu CeOo—
Ho,03; (1500-600 °C). CucremMa XapakTepH3Y€ThCS Maike CHMETPHUUHOIO
0y10BOIO, OCKIJILKH 10HH IIEPit0 Ta roJIbMII0 MaroTh 0J1M3bKi 10HH1 pagiycu (0.09
u 0.089 =wm). Kpim Toro, BuUXiJHI KOMIOHEHTH B JOCTIIKEHIH CHCTeMIi

XapaKTepU3yIThCs KyOIYHUMHU CTPYKTypamu. Bimomo, mo ctpykrypa C-Tuiy
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oxcunis P3E (npocmoposa zpyna 1a3 ) € NMOXigHOIO BiJ CTPYKTypHU THILY
dmroopuTy (npocmoposa spyna Fm3m ), IO B CBOIO YEPry TAKOX BILIMBAE HA
OyIOBy JliarpamMu CTaHy.

T,%C
1600 — =
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15001 000 o0 000000000000
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900 A
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Q0000 00 © © © ©o 00 )=
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i \
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T I T ! T I T I T

0 20 40 60 80 100
CeOy mon. % Ho203

(o —oanodaszni, @ — nBoda3Hi 3pa3Ku)

Pucynok 3.6 — ®azosi piBHoBaru B cuctemi CeO,—H0,03 mpu 600-1500 °C

XimiyHu# Ta Ga3oBuil CKJIaAM AOCIIIKEHUX 3pa3KiB MpU TeMmIepaTypax
1500-600 °C npexacrasieHo B Tadiuii. 3.2.

BcraHoBiieHO, 110 TpaHWYHA PO3YMHHICTH OKcUAy TroipMilo B CeO;
ctaHoBUTh 24, 18 Ta 12 mon.% npu 1500, 1100 ta 600 °C. BcranoBieHo, 110
napameTpHu eJleMeHTapHoi KoMipku F-¢da3u 3menmnyroTses Big a = 0.5409 um ns
yrcroro CeO; no a = 0.5378 M B rereporeHromy 3pasky (F+C), mo mictuthb 25
moit. % Ho,03 (1500 °C), no a = 0.5387 um B 3pa3ky 3 20 moin. % Ho,O3 (1100
°C) 110 a=0.5394 um B 3pasky 3 15 moi. % Ho,03 (600 °C) (Tabmnuiis 3.2., puc.
3.7). Orxe, mapamerpu enemeHTapHoi komipku F-CeO, 3meHrnyroThest 31

3poctannam Bmicty Ho*. Ile He Moske BU3HAYATHCS TiTEKH PO3MIPHEM (DPAKTOPOM —
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ionHrMu pazgiycamu karionis Ce** (0.090 um) i Yb* (0.089 HM), — BHACIiIOK TOTO,
10 BOHM Maibke ofHakoBi. Jpyrum (akTopoM 3MeHIIEHHS 00’€My elleMEHTapHOi
KOMIPKH € CTUCHEHHS IpaTKM MOOJIM3y KHUCHEBOI BakaHCIii. ITo mipi 30UTbIICHHS
KoHIeHTpauii ioHiB HO*" B rpatii CeO,, 3011bIIYeThCS KOHLEHTPAILlis KHCHEBUX
BaKaHCIM 1 IpaTka TBEPAOTO PO3UYMHY CTHUCKAETHCS. AHAJOTIYHI MIpKyBaHHS
MOSICHIOIOTH TOU (PAKT, 1110 TapaMeTp eIeMEHTApHOI KOMIPKU TBEPAOTO PO3UUHY
C-tumy 3poctae i3 36inbmennsaM Bmicty Ce?*, mpoTe He BHACTIZOK PO3MIpHOTO
¢dakropy. lle MoxHa BiHECTH IO KOHKYPEHIII IBOX (DAKTOpIB y BHIIAJKy
aTiOBAJICHTHOrO 3aMILIEHHS 1 IIOACHUTU HacTynHuM uuHOM. Komm Ce*
po3minryeThes B rpatiii H0,Os, HamMip aHIOHIB — MIXKBY3€JbHUX 10HIB — BUHHKAE
B rpartui C-tuny s KOMITEHcallli HaAMIpHOTO MO3UTUBHOTO 3apsay. [lo mipi
TOTO, K OinbIna KinbkicTs ioHiB Ce** posmimyerscs B rparui H0,0s3, cepenniii
10HHUW paJilyC HE 3MIHIOETHCA, MPOTE BIAIITOBXYBAHHS MDK HaJJIUIIKOBUMHU
aHIOHAMHM 3POCTAE.

SIk  BXKe 3a3HAYaJloCh, BHXIJHI KOMIIOHEHTH JaHOI CHCTEMH
XapaKTePU3yIOThCS  YTBOPEHHSM KYyOIUHHX CTPYKTYp, L0 YCKJIAJIHIOE
171eHTH(IKAIII0 pe3yIbTaTiB pEHTIreHO(Pa30BOT0O aHANI3Y 13-32 HAKJIaaHH TKIB
aBox ¢a3. YiTko BU3HAUMTH MEXI1 iCHyBaHHsS TBepaux po3unHiB F-CeO; ta C-
Ho,O3 Bmajgoch 3a JIONOMOTOK  MIKPOCTPYKTYPHHUX  JIOCTIKEHb  Ta
KOHLIEHTPALIMHUX 3aJIEKHOCTEN MapaMeTpiB eJIEMEHTAPHUX KOMIPOK YTBOPEHUX
TBepAux po3unHiB. Ha pucynky 3.8 mpeacraBieHO MIKpOCTPYKTYPH 3pa3KiB, 10
BIJIMOBIAAIOTh TPAaHUYHUM CKJajaM TBEPJIUX PO3YMHIB, a TaKOX 3pa3KaMm
po3ramoBaHuM B rereporenHiit oonacti (F+C). Otxe, MIKpOCTpYKTYpH 3pa3KiB
25 moit. % CeO2—75 moi. % Ho,03 ta 75 moin. % CeO2—-25 mon. % H0,03 micTaTh
JIB1 CTPYKTYPHI CKJIJIOBI, 1110 YITKO PO3PI3HAIOTHCS 3a KoHTpacToM. CBiTia (asza
HAJIEXKUTh KyOIUHUM TBEpIUM po3zunHaMm C-THIy, TEMHa — KyOIYHUM TBEPAUM

po3unHam 3i cTpykryporo tuny ¢uroopury F-CeO; (puc. 3.8 6-B).
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Tabmumg 3.2 — Ximiuau# 1 ¢a3oBuil CKJIaau, mapaMeTpu eJeMEHTapHHUX

koMipok (a3 cucremu CeO,—H0,03 micas TepmooOpoOku 3paszkiB mpu 1500,

1100 Ta 600 °C
[Tapamerpu ITapamerpu [Tapamerpu
XiMIuHHH ®azoBuii | enemeHtapHux | PazoBuil | eneMeHTapHuX | Da30BUIl | eIEMEHTapHUX
CKJIaJI, CKJIaJ] KOMipoK (a3 CKJan | Komipok a3 (HM) |  cKian KOMIpOK a3
MoiL. % T=1500 °C | (um) T=1500 °C | T=1100 °C T=1100 °C T=600 °C (M)
T=600 °C
Ce0; [H0203 <F> <C> <F> <C> <F> <C>
0 100 <C> - 1.0589 <C> - 1.0589 <C> - 1.0589
3) 95 <C> - 1.0600 <C> — 1.0599 <C> — 1.0599
10 90 <C> — 1.0608 <> — 1.0607 <C> — 1.0607
15 85 <C> — 1.0621 <> — 1.0620 <C>+<F> -  1.0610
20 80 <C> — 1.0631 <C>+<F> — 1.0629 <C>+<F> -  1.0611
25 75 <C>+<F> 0.5381 1.0642 <C>+<F> — 1.0630 <C>+<F> 0.5394 1.0615
30 70 <C>+<F> 0.5379 1.0644 <C>+<F> — 1.0628 <C>+<F> 0.5396 1.0612
35 65 <C>+<F> 0.5380 1.0643 <C>+<F> — 1.0627 <C>+<F> 0.5393 1.0609
40 60 <C>+<F> 0.5381 1.0648 <C>+<F> 0.5387 1.0625 <C>+<F> 0.5395 1.0614
45 55 <C>+<F> 0.5380 1.0640 <C>+<F> 0.5388 1.0627 <C>+<F> 0.5394 1.0617
50 50 <C>+<F> 0.5379 1.0641 <C>+<F> 0.5385 1.0629 <C>+<F> 0.5398 1.0612
55 45 <C>+<F> 0.5378 1.0644 <C>+<F> 0.5387 1.0628 <C>+<F> 0.5396 1.0615
60 40 <C>+<F> 0.5381 1.0633 <C>+<F> 0.5388 —  <C>+<F> 0.5395 1.0609
65 35 <C>+<F> 0.5380 1.0641 <C>+<F> 0.5385 —  <C>+<F> 0.5393 1.0613
70 30 <C>+<F> 0.5382 1.0650 <C>+<F> 0.5388 -  <C>+<F> 0.5394 1.0611
75 25 <C> +<F> 0.5378 — <C>+<F> 0.5387 — <C>+<F> 0.5394 1.0612
80 20 <F> 0.5385 — <C>+<F> 0.5387 — <C>+<F> 0.5395 —
85 15 <F> 0.5392 — <F> 0.5393 — <C>+<F> 0.5394 -
90 10 <F> 0.5397 — <F> 0.5396 — <F> 0.5398 —
95 5 <F> 0.5402 — <F> 0.5399 — <F> 0.5403 -
100 0 <F> 0.5409 - <F> 0.5409 - <F> 0.5409 -
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PozunnHicTh okcupay nepito B C-H0203 ctanoButh 25 Moin. %. [lapamerpu
€JIEMEHTapPHUX KOMIPOK KyOI4HUX TBepAUX po3unHiB C-TUITy 30UTBITYIOTHCS BiJl
a=1.0589 am mna cxiany 1mo MictuThb 100 % Ho,03 mo a =1.0631 um nipu 1500
°C mns reteporenHoro ckiany (F+C), mo mictuts 25 moit. % CeO2, a TakoXK 10
a=1.0629 um nipu 1100 °C gys rereporenHoro ckiany (F+C), mo mictuts 20
Mo % CeO2 1 10 a = 1.0610 um nipu 600 °C st rereporennoro ckiaay (F+C),

10 MictuTh 15 moir. % CeO; (Tabn.3. 2).

a.,HM
0,5410
0,5405 -
0,5400 — 600 C
0,5395 | N *
| , *—k *
0,5390 - ;
’ . 1100 C
' \g o O o 4
0,5385 - E | :\ O
1 I
| i L 1500 C
0,5380 Loy = a = . = .
1 I :. . . .
1 b F+C
0,5375 ———— 77—
0 10 20 30 40 50 60 70 80

mon. % Ho,O,

Pucynok 3.7 — KoHieHTpaliifHi 3a1€KHOCTI TapaMeTpy €IeMEHTapHOI KOMIPKH
TBepa0ro po3unHy Ha ocHOBI F-CeO; B cuctemi CeO,—H0,03 micns

TepMooOpoOku 3paskis mpu 1500, 1100, 600 °C
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L1908 202

A1933 401

6 2
a - 20 mon. % CeO,—80 moi. % Ho,03 (C); 6 -25 moin. % CeO,—75 mon. % Ho,04
(C+F); 6 — 75 momn. % CeO,—25 momn. % Ho,03 (C+F); 2 - 80 mon. % CeO,-20
moi1. % Ho,0; (F);

Pucynoxk 3.8 — MikpoCTpyKTypH Y BITOUTHX €JIEKTPOHAX 3Pa3KiB CHCTEMH

CeO2-H0,03 micns repmoobpodkm mpu 1500 °C

Otxe (a3oBl piBHOBArM B JOCITIKEHIM CHUCTEMI XapaKTEePU3YIOThCS
YTBOPEHHsIM KyOiuHuX TBepiux po3unHiB F-CeO; Ta C-H0,03, 1110 po3aineHi Mixk
CO0OI0 IIMPOKOI0 TETEPOTCHHOI0 00JacTi0. 3 TOHWXKEHHA TeMIepaTypu

CIIOCTEPITAETHCS 3BY)KEHHS BUIIE BKa3aHUX 00J1aCTEH TOMOTEHHOCTI.
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3.3 ®a3o.i piBHoBaru B cucremi La;O3—Dy.0O3 B inTepBai

temnepatyp 1500-1100 °C

Jocnimkenns TBepaodazHoi B3aemoii La,O3 (rekcaronanbHa Moaudikariis,
A) ta Dy,03 (ky6iuna moaudikarris C) B inrepaii 1100—-1500 °C nokasaim, 1o B
cuctemi La,O3—Dy,03 yTBOproroThes Tpy TUIM TBepauX po3unHiB: A-LayOs, B-

Dy,03 ta C-Dy,05 sixi po3aineni asodazaumu noisimu (A+B) Tta (B+C) (puc. 3.9).

2200

2000

1800

1600 -

La203 20
(o —onnodazni, @ — nBodazHi 3pa3Ku)

Pucynok 3. 9 — Jliarpama ctany cucremu LaO3—-Dy,03: B intepBaii 1100—

1500 °C 3a gqanumu excriepuMenTy Ta Buiie 1600 °C 3a qanumu [80]
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Buxigauit ximiuyauit Ta QgazoBuil ckiaa 3paskis, BianageHux mpu 1100,
1250, 1500 °C, mapameTpu eJIeMEHTapHHX KOMIpOK (a3, 0 3HaXOIATHCS B
pIBHOBa3l IIpU BKa3aHUX TeMIleparypax, HaBeleHi B Tabmumsgx 3.3—-3.5,
BIJITTOBITHO.

I'panuii obmactelt TOMOTEHHOCTI TBEPAMX PO3UMHIB Ha OCHOBI A-La,0s3,
BU3HAYEHI ckiamamu, mo mictate 3540, 20-25, 15-20 mon. % Dy203 mpu 1500,
1250, 1100 °C, BixnosiaHo. KoHneHTparliiiHi 3aJ1e:KHICTh ITapaMeTpPiB €JIeMEHTapHUX
KOMIpOK TBepaux po3umHiB Ha ocHoBi A-La(OH); ta C-Dy,0Os; Bim ckmany
npeacraBneHi Ha pucynkax 3.10, 3.11. Ha pucynky 3.12 npencraBieHo
Tr(pakTorpamMy rpaHUYHKUX CKJIIB 32 JOTOMOTI'OFO SIKUX BU3HAYEH1 MEK1 ICHYBaHHS
o0nacteil TOMOT€HHOCTI, II0 YTBOPIOIOThCSI B JaHId CHCTEMI INPH TeMmIeparypi
1250 °C.

3 OTpUMaHHX AaHHX CIiaye, mo po3unHHICTE Dy>03 B rexcaroHaimbHiA
Mo diKallii OKCHTy JJaHTaHy ctaHoBUTH 16 moin. % mpu 1500 °C, 23 mon. % npu
1250 °C 1a 39 mon. % mpu 1500 °C. Ilapamerpu eneMeHTapHOI KOMIPKU
30Uy I0TRCS Big @ = 0.6523 HM, b = 0.3855 uM, 11 gncroro La,0O3 1o a = 0.6400
HM, C = 0.3724nM, (1500 °C) nis nBodazHoro 3paska, 1o Mictutb 40 moir. % Dy,03
Ta 10 a = 0.6454 am, ¢ = 0.3758 aMm (1250 °C) ans 3paska, mo MicTUTh 25 Mot %
Dy,03, Ta mo a = 0.6478 um, ¢ = 0.3800 am (1100 °C) a1 rpaHUYHOTO TBEPIOTO
po3unHy ckianay 15 mon. % Dy,0s. TakuM 4uHOM, 3 TIOHMKEHHSIM TeMITEpaTypH
obmacte roMoreHHOCTI A-La,O3 3ByxyeThcs. 3a mannmu PDA B 3paskax, mio
mictaTh Big 100 o 40 mon. % LayOs, 3amicTh rekcaronanbHoi ¢azu A-La;O3
YTBOPIOETHCS TeKcaroHajibHa Moau(ikaris rigpookcuay jantany A-La(OH)s,
TaK SIK OKCHJI JIJAHTaHY Y MOBITPI IIBUAKO T1paTyeE.

Sk Bimomo, moHokiiHHA B-Momudikamis Dy,03 icHye mpu Temmeparypax
Bumie 1800 °C [108]. 3a mammMu JaHWMH, AOJABAHHS OKCHJY JIAaHTaHy 3HAYHO
MOHMKYE TEMIIEpaTypy ICHYBaHHS TBEPAUX PO3YMHIB HAa OCHOBI MOHOKJTIHHO{

moudikartii B-Dy>O3. Mexi icHyBaHHS TBEpIMX PO3YHMHIB HA OCHOBI MOHOKJIIHHOT
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B-momudikarii Bu3HaueHi ckiagaMu, mo mictats 30-35, 60-65 (1250 °C), 35—
40, 55-60 (1100 °C) 40-45, 70-75 (1500 °C) mon. % Dy,0s. IIpu 1250 °C
napaMeTpu eeMeHTapHOi KoMmipku B-DY,03 3miHtotoTecs Big @ = 1.3121 am, b =
0.3629 umM, ¢ = 0.9058 uM, B = 95.44 nipu 30 moi. % Dy,03 mo a = 1.2992 um, b =
0.3567 um, ¢ =0.8871 uM, B = 95.06 ipu 60 mo:. % Dy, Os.

3 nonmxeHHsM temneparypu Bia 1500 o 1100 °C, cioctepiraeTbcst SMEHIIICHHS
po3unHHOCTI LayOs B kpucTaniuHiil rpatii KyorqyHoro TBepaoro po3uuny C Bing 16 1o
10 mon. %. 3 miABUIIEHHSIM BMICTYy OKCHUIY JIaHTaHy HapaMeTpH eJIeMEHTapHOI
KOMIPKHM KyO1YHHUX TBEpIUX pO34rHiB C-TUITY 30UIBIIYIOTHCS BHACTIIOK 3aMIIIICHHS
ionHOM Outeioro posMmipy. Ilapamerpu enementapuoi komipku C-Dy,Os
301bIIyI0TECA Bif @ = 1.0639 u™m mns uucroro DY>O3 1o a = 1.0741 um Ta 10 a
=1.0731 um (1250 °C) Ta 1o a = 1.0698 um ansa nBodaszuux 3paskis (B+C), mo

MmicTath 20 , 15, 10 moi. % Lay0s.

ac, HM
1,076

1,074

F 1,072

1,070

- 1,088

- 1,086

3‘5 I 3IO ‘ 2I5 I ZIB ‘ 1I5 ' 10 I 5 I 0
mon. % La,O,
Pucynok 3.10 — KonnieHnTpariiitHi 3ajeXHOCTI MapaMeTpy eIeMEeHTapHOI KOMIPKU
TBepA0ro po3unny Ha ocHOBI C-Dy,03 B cuctemi La,O3—Dy,03 micns

TepMooOpoOku 3paskiB npu 1100, 1250 Ta 1500 °C
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0,654
0,652 -
0,650 —
0,648 —
0,646 —
0,644 —
0,642 —

0,640
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100

— T - T
90 80 70 60
mon. % La, 0,

Pucynok 3. 11 — KoHeHTpaliiiHi 3a1€XKHOCTI TapaMeTpy eJIeMEHTapHOi

KOMIPKH TBep0ro po3urHy Ha ocHoBi A-La;O3” B cucremi La;O3-Dy,03 micns

TepMoobpoOku 3paskiB mpu 1100, 1250 ta 1500 °C

1200

1000

800

600

|HTEHCUBHICTb

¢ A-La(OH),

H

20

a — 80 mon. % La,O3-20 mon. % Dy,03; (A*); 6 — 75 mon. % La,03—25 mon. %
Dy,03 (A*+B); B — 65 mom. % Lay;03—35 momn. % Dy,03 (B); T — 35 mom. % La,Os—
65 moi. % Dy,03 (B + C); 1 — 10 moi. % La,03-90 momn. % Dy,03 (C);

Pucynox 3.12 — Jludbpakrorpamu 3paskis cuctemu La,Os—Dy,03 micns

TepMooOpooku mipu 1250 °C
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Tabmuus 3.3 — XiMiunwuii 1 ha30Buil CKIIajl, TapaMeTpu eIEMEHTaApHUX KOMIPOK
da3 cucremu La,O3—Dy,03 micns Bunany 3paskis mpu 1500 °C, 80 rog.

XiMIuHHI da3zoBuii [TapameTpu eneMeHTapHUX KOMIPOK (a3
CKJIaJ, cKan
Moi1. %
La;Os| Dy20s <C> <A>* <B>
a a c cla a b c B

100 0 <A>* - 0.6523 0.3855 0,5909 — — — —
95 5 <A>* — 0.6530 0.3853 0.5900 — — — —
90 10 <A>* — 0.6496 0.3821 0.5882 - — — —
85 15 <A>* - 0.6480 0.3805 0.5872 - - — —
80 20 <A>* — 0.6465 0.3776 0.5840 — — — —
75 25 <A>* — 0.6456 0.3768 0.5836 — — — —
70 30 <A>* — 0.6432 0.3750 0.5830 — - - -
65 35 <A>* — 0.6418 0.3738 0.5825 — - - -
60 40 <A>*+<B> - 0.6400 0.3724 0.5819 14122 0.3654 0.8745 98.92
55 45 <B> - - — - 1.4130 0.3664 0.8751 95.80
50 50 <B> — - — — 1.3148 0.3593 0.8953 95.46
45 55 <B> — — - — 14590 0.3550 0.9531 95.17
40 60 <B> — - — - 14599 0.3559 0.9540 94.19
35 65 <B — — - - 14781 0.3584 0.8839 95.00
30 70 <B> — - — - 14790 0.3593 0.8848 9322
25 75 <B>+<C> 1.0743 - - - 14780 0.3580 0.8818 94.40
20 80 <B>+<C> 1.0741 - - — 14772 03572 08810 9253
15 85 <C> 1.0736 — — — — - - —
10 90 <C> 1.0709 — — — — - - —
5 95 <C> 1.0677 - - - - - - -
0 100 <C> 1.0639 - - - - - -
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Tabmuns 3.4 — Ximiuauii 1 ¢pa3oBuil cKiIaa, mapaMeTpu eIeMEHTaApHUX KOMIPOK

¢a3 cucremu La,O3—Dy,03 micis Bunany 3paskiB 1250 °C, 7800 rox

XiMIuHHI da3zoBuii [TapameTpu eneMeHTapHUX KOMIPOK (a3
CKIIazn, CKJIan
Moi1. %
La;Os| Dy20s <C> <A>* <B>
a a c cla a b c B

100 0 <A>* - 0.6523 0.3855 0,5909 — — — —
95 5 <A>* — 0.6520 0.3834 0.5880 — — — —
90 10 <A>* — 0.6497 0.3815 0.5872 - — — —
85 15 <A>* - 0.6479 0.3803 0.5871 - - — —
80 20 <A>* — 0.6462 0.3793 0.5870 — — — —
75 25 <A>*+<B> — 0.6454 0.3758 0.5822 — — — —
70 30 <B> — - — — 1.2760 0.3584 0.9071 106.5
65 35 <B> — - — — 1.3121 0.3629 0.9058 95.44
60 40 <B> - — — — 1.3125 0.3616 0.89018 95.40
55 45 <B> - - — - 1.3137 0.3607 0.9016 95.87
50 50 <B> — — — - 1.3108 0.3593 0.8953 95.46
45 55 <B> — — - - 12951 0.3583 0.8939 9527
40 60 <B> — — - - 1.2985 0.3560 0.8864 95.20
35 65 <B>+<C> — - — - 12992 0.3567 0.8871 95.06
30 70 <B>+<C> 10731 — - - 12900 0.3557 0.8859 94.91
25 75 <B>+<C> 1.0722 — — — 12974 0.3559 0.8859 94.46
20 80 <B>+<C> 1.0728 — — — — — — —
15 85 <B>+<C> 10731 — — — — — — —
10 90 <C> 1.0705 — — — — — — —

5 95 <C> 1.0676 — - — - - —

0 100 <C> 1.0639 - - - - - -
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Tabmuns 3.5 — Ximiuauit 1 ¢pa3oBUil cKiIaa, mapaMeTpu eIeMEHTaApHUX KOMIPOK

¢a3 cuctemu La,0O3—Dy,03 micnsa Bunamy 3paskis 1100 °C, 10000 rox

XiMIuHHI da3zoBuii [TapameTpu eneMeHTapHUX KOMIPOK (a3
CKIIazn, CKJIan
Moi1. %
La;Os| Dy20s <C> <A>* <B>
a a c cla a b c Yij

100 0 <A>* - 0.6523 0.3855 0,5909 — — — —
95 5 <A>* — 0.6508 0.3827 0.5880 — — — —
90 10 <A>* — 0.6495 0.3802 0.5854 - - - -
85 15 <A>* - 0.6478 0.3800 0.5866 — — — —
80 20 <A>*+<B> — 0.6477 0.3799 0.5865 — — — —
75 25 <A>*+<B> — 0.6484 0.3786 0.5839 — — — —
70 30 <A>*+<B> - 0.6476 0.3778 0.5836 1.3785 0.34420.8937 96.81
65 35 <A>*+<B> - 0.6478 03780 0.5835 1.3524 0.35910.8508 96.06
60 40 <B> - — — — 14429 0.3632 0.8753 101.64
55 45 <B> - - — - 1.4420 0.3638 0.8710 102.15
50 50 <B> — — — - 1.4333 0.3685 0.8639 102.51
45 55 <B> — — — - 14420 0.3630 0.8648 102.61
40 60 <B>+<C> — — — - 14467 0.3651 0.8626 104.16
35 65 <B>+<C> 1.0699 — - - 13975 03562 08682 9213
30 70 <B>+<C> 10702 — - - 13364 0.3461 09644 98.38
25 75 <B>+<C> 1.0700 - — — 12941 03709 08714 96.93
20 80 <B>+<C> 1.0704 — — — 14680 0.3484 0.8688 89.37
15 85 <B>+<C>  1.0702 — — — — — — —
10 90 <B>+<C> 1.0698 — — — — — — —

5 95 <C> 1.0669 - - - - - - -

0 100 <C> 1.0639 - - - - - - -
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Takum umHOM, 3 BUKOpHCTaHHSAM gaHuX [80] Ta omepikaHUX pe3ybTATiB
noOyI0BaHO MOBHY aiarpamy crany cucremu La,Os-Dy,03 B inTepBam 1000-
2400°C. Jlns i€l cucTeMH XapakTEepHO YTBOPEHHS TBEPAMX PO3UMHIB Ha OCHOBI
PI3HUX KpUCTATIYHUX MOAMQIKAIN BUXIHUX KOMIIOHEHTIB. BcTraHoBieHO, 1110
TBEPAl PO3YMHHA HAa OCHOBI MOHOKIMHHOI B-momudikamii Dy,O3; yTBOprOIOTHCS
npu Temmeparypi < 1800 °C. 3 NOHMKEHHSM TEMIEPATypu CHOCTEPIraeThCs
3BY’KEHHs BCIX 00ONacTeii TOMOTEHHOCTI, IO YTBOPIOIOTbCS B JOCHIJKCHIN

CHCTEMI.
3.4 ®a3osi piBHoBaru B cucreMi Lax0O3—H0203 mpu 1500 °C

Bcranosneno, o B cuctemi LayO3—H0,03 mpu 1500 °C yTBOproroThcs
TPHU TUIIA TBEPJAUX PO3UMHIB: HA OCHOBI T'eKcaroHajabHoi Moaudukarii A-LayOs,
a TaKoX MOHOKJTIHHOT Moaudikarii B-H0,03; ta ky6iunoi moaudikarii C-H0,03

aK1 pozauieHi qsodazaumu nojsiMu (A+B) 1 (B+C), BianosigHo (puc.3.13).

&, “1
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22008
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A ////B / ;fc
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J / ,rB+C[
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Ly by o W Moy Gy

Pucynoxk 3.13 — Jliarpama ctany cucremu LayO3—H0,03 pu — 1500 °C 3a manumu

ekcriepumenty Ta Buiie 1600 °C 3a qanumu [80]
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Buxigauit xiMmiuauii Ta pa3zoBuii CKI1a 3pa3KiB MiCIs TEPMOOOPOOKH MpH
1500 °C, napameTpu eneMeHTapHUX KOMIpOK (a3, 110 3HAXOATHCS B PIBHOBA3I
IIpU BKa3aHii TeMIiepaTypi, HaBeJieH1 B Tadumili 3.6.

[Tpu 1500 °C mMexa icHyBaHHS 00JacTi TOMOT€HHOCTI T'€KCAaroHaJIbHUX
TBEPAMX PO3UMHIB HA OCHOBI OKCHAY JIaHTaHy BH3HaueHa ckiagamu 20 moi. %
H0,03 (omHodazuuii <A>*) ta 25 moi. % Ho203; (nBodazuuit <A>*+<B>).

3 KOHIIEHTpAIIHHOT 3aJeKHOCTI MapamMeTpiB €JIEMEHTAPHUX KOMIPOK
BCTAHOBJICHO, 1110 PO3UMHHICTH OKCUAY JJAaHTaHy B MOHOKJIIHHIN B-moaudikarrii
OKCHJTy TOJIIMIIO0 CTaHOBUTH ~ 23 Mou. % npu 1500 °C (puc. 3.14). IIpu 3mini
KUIBKOCT1 JIETYIOUOi JIOMIIIKH CIIOCTEPIra€ThCs 3MEHILIEHHS IapaMeTpiB
€JIEMEHTapHOI KOMIPKM TBEpPAOTO PO3UYMHY HAa OCHOBI T€KCaroHaJIbHOT
momudikanii okcuai P3E Bix a = 0.6529 um, ¢ = 0.3857 um a1 uncroro La,03"
10 a=0.6469 um, ¢ = 0.3799 HM 11 TPAHUYHOTO CKJIAly TBEPJIOrO PO3UHHY, IO
mictuth 80 Mo, % Lay0s.

Mexi obnacti romoreHHocTi B-H0,03 Bu3znaueno ckinagamu 30-35 ta 65-
70 mon. % Ho,0s3. [ns 3a3HaueHMX TBEpAMX PO3UMHIB CIOCTEPIraeThCs
301/IbIIICHHS TapaMeTpiB eneMeHTapHoi koMipku Big a = 1.3278 um, b = 0.4340
HM, C = 0.8441 um, B = 105.8 nns rereporennoro ckiany (B+C), mo mictuts 20
MoiL. % Lay03-80 moa. % Ho,03 mo a = 1.4042 uam, b = 0.3570 um, ¢ = 0.8529
HM, B = 95.94 s rpaHUYHOTO CKJIaAy TBEPAOrO PO3uuHy ckiamy 35 Moia. %
La,03—65 mon. % Ho,03 ta 1o a =1.5216 um, b = 0.3647 uMm, ¢ = 0.8786 uMm, 3
=104.8 nns rereporenHoro ckiany (A+B), mo mictuts 70 moir. % Lay0s.

BcranoBneno, 1o o00jacTh TOMOIEHHOCTI TBepAoro po3uuny C
npoctaraetses B 100 qo 82 moi. % Ho203 (puc. 3.15). Ilepioan kpuctaniunoi
rpatku 30UTbIIYIOThCs TIpH JeryBanHi La,O3 Big a = 1.0598 um (100 % Ho,03)
1m0 a = 1.0681 um s rereporenHoro ckiany (B+C), mo mictuts 20 moiu. %
La,03—80 mon. % Ho,03.30inbIeHHsT MapaMeTpiB €IEeMEHTapHOT KOMIPKHU
KyOIYHMX TBEpIMX PO3YMHIB IOB’S3aHO 3 3amimeHHsM iony Ho®" iomom

6inbmoro posmipy La®",
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Tabmuns 3.6 — Ximiuauii 1 ¢pa3oBUil cKiIaa, mapaMeTpu eIeMEHTaApHUX KOMIPOK

¢a3 cucremu La,O3—H0,03 micist Bunamy 3paskiB 1500 °C, 80 rox

XiMIuHHI
CKJIaJ, [TapameTpu eneMeHTapHUX KOMIpOK (a3
MoiL % ®dazoBuii
CKIan <C> <A>* <B>
La;Os| H020s3
a a C c/a a b C Yij

100 0 <A>* - 0.6523 0.3855 0.5909 — — — —
95 5 <A>* - 0.6510 0.3819 0.5866 — — — —
90 10 <A>* — 0.6494 0.3805 0.5860 - - - -
85 15 <A>* - 0.6484 0.3794 0.5851 - - - —
80 20 <A>* — 0.6469 0.3783 0.5849 — — — —
75 25 <A>*+<B> — 0.6462 0.3799 0.5879 1.5607 0.35560.8705 104.2
70 30 <A>*+<B> - 0.6461 0.3798 0.5879 1.5216 0.3647 0.8786 104.8
65 35 <B> - - — — 1.5007 0.3556 0.8705 104.2
60 40 <B> - — — — 14653 0.3564 09009 1054
55 45 <B> - - — - 1.4599 0.3559 0.9540 94.19
50 50 <B> — — — - 14546 0.3527 0.8823 105.7
45 55 <B> — — - - 14590 0.3550 09531 95.17
40 60 <B> — — - - 14352 0.3570 0.8996 99.47
35 65 <B> — - — - 14042 03570 08529 9594
30 70 <B>+<C> 10681 — - - 13331 04297 08454 1053
25 75 <B>+<C> 1.0683 - - - 13318 04284 08465 1051
20 80 <B>+<C> 1.0681 — — — 13278 04340 08441 1058
15 85 <C> 1.0665 — — — — - - —
10 90 <C> 1.0644 - — - - — _ _

5 95 <C> 1.0624 - - — — _ _

0 100 <C> 1.0598 - - - - - -
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Ha puc. 3.16 mpenctaBieHO MIKPOCTPYKTYPH, IO XapaKTEePHU3YIOTh
KyO1uHi TBepai po3unHu C-Tuiy. 3 NMpeACTaBICHUX PE3yJbTaTiB CHIAYy€E L0 31
30UIBIICHHSAM KUIBKOCTI Jieryrouoi gomimku (La;O3z) KinbKICTh Ta po3Mip MOp B
ctpyktypi C-H0,03 3MenmiyeThcsi. MIKpOCTpYKTypa T'€TEpOreHHOro 3pa3ka
(B+C), mo mictute 25 mon. % LaO3—75 mon. % Ho,O3 xapakrepusyerbcs
HAsIBHICTH JIBOX (a3, 110 PIBHOMIPHO pO3MOiieH] mo noepxHi. Citia ¢asa
HAJICKUTh MICTUTH OUTBITY KUTBKICTH MOp Ta Oyna inentudikosana sk C-Ho0,0s.
Temna ¢aza HaICKUTh TBEPAOMY PO3UYHMHY 3 MOHOKIIIHHOIO CTPYKTYporo B-
Ho0,0;.

Ha puc. 3.17 npencraBieHo pesynbtaté PDA. 3 mnpencraBieHUX
pe3yibTaTiB  MOXKJIMBO MPOCHIIUTA 3MIHY JUPPAKIIAHUX CIEKTPIB 31

301IbIICHHSM Jieryrouoi qominiku (Ho203).

180
1,068
1,066
1,064
1,062

1,060

70 75 80 85 90 95 l 100
mon. % Hoo,04
Pucynok 3.14 — KoHueHTpaiiiiHa 3ajexHICTh TapaMeTpy eJIeMEHTapHOi
KOMIpPKH KyOi19HOTO TBepAoro po3unHy Ha ocHOBI C-H0,03 B cuctemi LayOs—

H0,0; nicnsa Tepmoodpo6ku 3pazkis npu 1500 °C
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a, HM
0,653 -
0,652 -
0,651 -
0,650 -
0,649 -
0,648 -

0,647 -

0,646 A+B
T T T T T y T T T T T

100 95 90 85 80 75 70
mon. % La O,

Pucynok 3.15 — KoHuieHTparriiina 3aexHiCTh apaMeTpy eJIeMeHTapHO1
KOMIPKH TBEPJIOTO PO3UMHY Ha 0CHOBI A*-L.3,03 B cuctemi LayO3—H0,03 mics

TepMooOpoOku 3paskiB mpu 1500 °C

OTxe 3 BUKOPUCTAHHS JOBIAHUKOBUX naHux [80] Ta pe3ynbTariB 1aHOTO
JOCTIKEHHST 1T00y/I0BaHO TIOBHY Jiarpamy CTaHy MojBiiHO1 cuctemu LayOs—
H0,0s. BcTanosieHo, 110 B JOCIIIKEHI CHCTEMI YTBOPIOIOTHCS HETMIEPEPBHI TBEP/I
PO3UMHU HAa OCHOBI BHCOKOTeMmImepaTypHux KyOiuHoi (X) Ta rexcaroHamsHOi (H)
momudikamii okcumie P3E, a Takox rekcaronambHOi A-LNyOs. Kpim Toro
CIOCTEPIraeThCsl YTBOPEHHS TBEPIMX PO3UMHIB HA OCHOBI MOHOKIIMHHOI 1 KyOI4HOT
moudikamii okcuaiB P3E, mo xapakTepu3yroTbcsi 0OMEKEHOI0 PO3UYMHHICTIO. 3
MOHMYKEHHSIM TEMITEPATypPH CIIOCTEPITaEThCS POMIMPEHHS 00JIaCTel TOMOTEHHOCTI
TBepaux po3uuHiB C Ta B-Tumy, mo now’s3aHO 3 TOMIMOPGIZMOM  BUXITHHX
KOMITOHEHTIB. 31 3MEHIIEHHsIM 10HHOTO paaiycy okcumiB P3E crocrepiraerses

PO3IIMPEHHS 00J1aCTi TOMOT'€HHOCTI TBEpAUX po34unHIB A- LayOs.
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Al297 202 A1301 202

Al1306 401

6 2
a — 100 mon. % Ho0,03 (C); 6 — 15 mon. % La,03-8.5 mon. % Ho,03 (C); 6 —
25 moi. % Lay03-75 mon. % Ho,03 (B+C); 2 - 35 mon. % La,Os- 65 mon. %
Ho,O3 (B);

Pucynox 3.16 — MikpocTpyKTypa y BIIOUTHX €JIEKTPOHAX 3pa3KiB B CUCTEMI

La;03—H0,03 micns repmoobpodku mpu 1500 °C
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IHTEHCUBHICTb
3

35 % La,0,
2000
30 % La,0,
25 % La,0,

1000
20 % La,0,

15 % La,0,

]
20 40 60 80 100

Pucynok 3.17 — Jludpakrorpamu 3paskis cucremu La,O3—H0,03 mics

TepMooOpodku npu 1500 °C

3.5 BUCHOBKH 10 po3aii1y

ExcnepuMeHTaibHI J1aHi, NPEJCTaBICH] Y IbOMY PO3/IlJii, OMyOJIKOBAHO Y

[110-112, 114, 116-119, 121-125].

1. 3 BHUKOPUCTaHHSM METOJy  €JNEKTPOHHOI  MIKPOCKOIIi  Ta
peHTreHoa30BOro aHajizy MNPOBEACHO JOCTIKEeHHs (a30BUX PpIBHOBAr Y
noagiitanx CeO,—Ln,O3 (Ln = Nd, Ho), La;Os-Ln,0O; (Ln = Dy, Ho),
cucremax. [loOymoBaHO parMeHTH IBOX JlarpaM CTaHy Ta JiBl ITOBHI Jlarpamu
CTaHy NOJBIMHUX CUCTEM. Y TBOPEHHS HOBUX (ha3 y BCIX JAOCIIHKEHUX CHCTEMaX
HE BIJIOYBA€THCHL.

2. Bcranonneno, mo B cuctemMi CeO,—Nd,O3 yTBOPIOIOTHCS TPH THITH
TBEPAUX po3uuHiB: rekcaroHanbHoi A-Nd,O3 Ta nBox kyoOiunux (F-CeO,, C-

Nd;O3). BusHnaueno, Mexi 00jacTi TOMOTEHHOCTI TBEPAHUX PO3UMHIB: A-
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NdzOg (100—95 MoJ1. % Nd203 ta C- Nd203 (65—40 MoJ1. % NdzOg), F- CEOZ
(300 mou. % CeO,)

3. Bcranosneno, mo B cuctemi CeO,—H0,03 B TemmneparypHOMy
inTepBaii 1500-600 °C yTBoprototbes 181 KyO1uHi dazu C-H0,03 ta F-CeOs.
I'pannuna po3uunHicTh H0;03 B CeO; cranoButh 24, 18 Ta 12 mMon.% 3a
temmeparyp 1500, 1100 ta 600 °C, BianosigHo. Pozuunnicts CeO;, B C-H0,03
ctaHoBuTh 25, 20 ta 15 mon. % 3a temneparyp 1500, 1100 ta 600 °C,
BIIIIOBIIHO.

4. 3 BUKOpPHUCTAaHHSIM pPE3YyJbTATiB, U0 MICTITHCS B JITEPTYPHUX
JoKepeniax moOyaoBaHO TMOBHY miarpamy craHy cuctemu La,Os;—Dy.0s3 B
inrepBani 2400-1000 °C. [Jlns i€l cucteMu XapakTepHO YTBOPEHHS TBEPIUX
po3unHiB Ha ocHOB1 A, B 1 C ¢a3. BcranoBneHo, 1110 TBEp/I1 pO3YMHU HAa OCHOBI
MOHOKJIMHHOT B-momudikamii Dy,O3 yTBOprolOThCS TpH TeMmeparypi <
1800 °C. 3 mnoHMIWKEHHSM TEMIEPaTypu CIIOCTEPITAETHCA 3BYXKEHHS BCIX
o0JacTeil TOMOT€HHOCTI.

5. 3a J0MOMOro0 JIaHMX, IO MICTITHCS B JIITEPATYpHUX JDKepenax
moOy/0BaHO TIOBHY JiarpaMmy cTaHy moaBiiHOI cuctemMu LayO3—H0,0s.
CrioctepiraeTbcsi yTBOPEHHSI TBEPJMX PO3YMHIB HAa OCHOBI MOHOKIIMHHOI 1
KyOiuHoi Mommdikamii okcumie P3E, mo XapakTepusyroTbCsi 0OMEKEHOIO
PO3YMHHICTIO. 3 TOHIKECHHSIM TEMIIEpaTypl CIOCTEPITAETHCS PO3IMMPEHHS
oOnactelt TOMOTeHHOCTI TBepaux po3zunHiB C Ta B-Tumy, mo mnow’s3aHo 3
noiMop(13MOM  BUXIJTHUX KOMIIOHEHTIB. 31 3MEHIIEHHSIM 10HHOTO pajalyCy
okcuaiB P3E crocrepiraerbcss po3IMpeHHs] 00JAacTi TOMOTEHHOCTI TBEPAUX

po3unHiB A- Lay0s.
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PO311J14 ®A30BI PIBHOBAI' Y MNOTPIMHUX CUCTEMAX
CeO>-Lax03-Ln20s (Ln = Nd, Dy, Ho, Yb)

4.1 I3oTepmiunmii mepepi3 aiarpamm crany cucreMu CeOr—LarOsz—

Nd2Os mpu 1500 °C

B pesynbrati mpoBeneHoro MOCTiHKeHHsT OyJio moOyI0BaHO 130TePMIYHHNA
niepepi3 miarpamu crany notpiiiHol cuctemu CeO,—La,03—Nd,O3 3a Temmeparypu
1500 °C (puc. 4.1). B Tabnmiii 4.1 HaBeieHO BUX1/IH1 XIMIYHI, & TAKOXK (Da30B1 CKIa M
3pa3KiB JIOCIIKEHOT CHUCTeMH, Micis TepMooopoOku 3a 1500 °C B armocdepi

TMOBITPSL.

CeO2

0.555(1) O okl

/05571

5 A+(E356; :b;.a’ ;

05566

60 70 80 90 Nd.0;

o — oxgHodaszni, @ — 1BodazHi, ® — TpudazHi 3pa3Ku
Pucynok 4.1 — [30tepmiuHuil iepepi3 Aiarpamu cTaHy MOTPiHOI cUCTEMH
Ce0O;—La,03-Nd,03 3a Temneparypu 1500 °C. Ha koHOaX BKa3aHi mapaMeTpu

CJIEMEHTAPHUX KOMIPOK (HM) 3HAYCHHS (F
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BcranosieHo, 1110 py 00paHux yMOBaxX TepMOOOpOOKH YTBOPEHHSI HOBUX (ha3
B cucremi CeO,La;03-Nd,O3 mpu 1500 °C He cnocrepiranocs. B mocmimkeHii
cucteMi B piBHOBarax OepyTb ydacTh KyOiuni ¢asu F-CeO, ta C-LnOs 1
rekcaronaibHa A-Ln,Os.

BusHaueHHsT TIONOKEHHSI TpaHUIlp (Ha30BHUX TOJIB MPOBOIAWIM 33 JaHUMU
KOHIICHTPAIIIMHIX 3aJICKHOCTEH TapaMeTpiB elleMEHTapHUX KOMIPOK YTBOPEHHX
TBEpMX pO34MHIB (prc. 4.2—4.3).

Haii6ib1ry rioliyy JOCIHKEHOTo 130TEPMIYHOTO TIepepizy 3aiiMaroTh KyOidH1
TBEP/l PO3UMHU 31 CTPYKTyporo Tuity (mrooputy. BcranoBieHo, 10 mpu 3MiHI
KIJTBKOCTI  JICTYIOUMX JIOMIIIOK TIapaMeTpu  enemeHTapHoi komipku F-CeO,
3MiHIOIOTHCS Bil a = 0.5409 HM 151 HeeroBaHoro Jiokcuy 1epito 10 a =0.5544 um
st TprdazHoro 3paszka (A+C+F), mo mictutsb 45 Mo. % CeOx-27.5 moin. % LayOs—
27.5 mon. % Nd,O3 B3moBx npomerto CeO,—~50 moir. % La,O3-50 mom. % Nd,Os)
(puc. 4.2) Ta Big a = 0.5566 um ais ABodazHoro 3paska (A+F) cknamy 12.5 mon. %
CeO,-75 moi. % La,03-12.5 moi. % Nd2Os 10 a =0.5542 M muist Tprda3HOro 3paska
(A+C+F), mo mictuts 22.5 mon. % CeOr55 mon. % La0s-22.5 mon. % Nd,Os
B310BXk riepepizy La,Osz—~(50 Mo % CeO2-50 moin. % Nd2O3) Ta Bim a = 0.5581 Hm
st meoaszHoro 3paska (A+F) ckmamy 47.5 mom % CeO,47.5 mom. % LayO3-5
moit. % NdO3; 10 a = 0.5546 um tpudasnoro 3paska (A+C+F), mo micturs 37.5
Mot % Ce02-37.5 mon. % La,0325 mon. % Nd,O3 B3nomx nepepizy Nd,Osz—(50
Mo, % CeOx-50 momn. % La,0Os) (puc. 4.3). Omxe, npu 30UIBIICHH] KUTHKOCTI
JIETYI0YO1 JIOMIIIKU TTapaMeTpu eJIeMEHTapHUX KOMIPOK 30UIBIITYIOTECS B 3B SI3KY 3

e*" (iomnmii pagiyc 0.090 am) Ha ionu La®*

THM, 10 BiZIOYBa€ThCs 3aMiltieHHs 10HIB C
ta Nd** (iomnmii pagiyc 0.114 ta 0.104 5M, BianosigHo). BpaxoByrouu Te, mo 001acTh
TOMOTEHHOCTI KyOIYHMX TBEpIHMX PO3YMHIB 31 CTPYKTYpOIO TUMy (QIrooputy
HalrpapjieHa B CTOPOHY TI'PaHUYHOI TMOJBIMHOI CHUCTEMH, HAINEBHO, BIIOYyBA€ThCS
piBHOUiHHe 3amimenHs iomis Ce*" ma iomm La** ta Nd*. Ha pucynky 4.4 x

NpeACTaBICHO MIKPOCTPYKTYPY 3pa3Ka, 1110 pO3TaIlloBaHHiA B 001aCTI TOMOT€HHOCTI F-

CeO..
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ag, HM

0,556 - - 0,556
0,554 — _ 0,554
0,552 .. — 0,552
0,550 _ - 0,550
0,548 — - 0,548
0,546 — — 0,546
0,544 — _ 0,544
0,542 _ - 0,542

4 ' b
0,540 0,540
0% CeOzl 20 40 ; 60 8 100

50 % La,0,
50 % Nd,0,

MO. % CeO,
Pucynok 4.2 — KonnenTpatiifHa 3a1€KHICTb IAPAMETPY d €IE€MEHTAPHO1
KOMIpPKH TBEPAOTO PO3UMHY 31 CTpyKTyporo Tuity guooputy F-CeO; y mpomeni
Ce0,—(50 mom. % Lay03-50 moi. % Nd,03) cuctemu CeO,—La,03—Nd,03

micist TepMooOpoOku 3paskis mpu 1500 °C

a,, HM,
0,559
0,558
0,557
0,556 -

A+F
0,555

: =
0,554 - : A+F+C

0 % Nd O 1I0 ' 2I0 ' 3|0 ' 40 50
23
50% La,0, mon. % Nd,O,
50% CeO,
Pucynox 4.3 — KonreHTpaiiifHa 3aJ1€KHICTh TapaMeTpy a €IeMEHTapHO1
KOMIPKH TBEPAOTO PO3UUHY 31 CTpyKTypoto Tuny pooputy F-CeO; y nmpomeni
NdzOs—(SO moit. % CeO,-50 moir. % L&zOg) CHUCTEMU CGOQ—Lazo3—Ndzo3

micist TepMooOpoOku 3paskis mpu 1500 °C
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B cucremi yTBOprOo€ThbCcs By3bKa 00J1aCTh TOMOTEHHOCTI Ha OCHOBI
KyOlyHMX TBepauX po34yuHiB C-THIy sSKa poO3TalllOBaHA B3JOBX T'PAHHUYHOI
nongiiiHoi cucremu CeO,-Nd,O3. I'pannuna pos3umuHicTh La;O3 B C-(hasi
cTaHoBUTH 7 Moi. % B3a0Bk mnepepidy La,Os;—(50 mon. % CeO,—50 mon. %
Nd,O3). MikpocTpykTypa 3pa3ka, IO BIANOBIJA€ 3a3Ha4YeHId oOmacTi
TOMOTEHHOCTI Ta MicTuTh 48 Moi. % CeOr—4mon. % La,O3—48 mon. % Nd2Os
npencrasieHa Ha puc. 4.4 n. Ha pucynky 4.4 e npeAcTaBieHO MIKPOCTPYKTYpPY
3pa3ka, 10 BianoBigae nBodasnii oomacti (F+C), MaTpuIlto SIKOTO CTAaHOBHTH
KyOI4HHI TBEpIUl pO3YuH TUITY (IIIOOPUTY 3 BKIFOUEHHAMHU KyO1uHOi C-dasu, B
3HAYHO MEHIIIN KUIBKOCTI.

B3nosxkx rpannunoi mozsiiinoi cucremu LayO3;—Nd,Oz yrBOproerncs
HEMEePEePBHUM psAJl TBEPAMX PO3UYMHIB HAa OCHOBI T'€KCAroHaJIbHOI Moaudikaiii
OKCUJIB JIaHTAHOIAiB. 31 30UIbIICHHS KOHLEHTpalli OKCHAY HEOJUuMy
po3unHHICTE CeO; y ¢a3i 3MEHIIYEThCS, 10 MOB’SI3aHO 3 OYI0BOI0 TPAHUYHHX
noBiHUX cucteM. [ pannuna pozunnHicts CeO; B A-dasi ctanoBuUTh 5 Mo. %
B310BK mepepizy CeOx—(50 mon. % Nd203-50 mon. % LayO3) ta 11 mon. %
B310BXk mepepizy Nd,O3—(50 moir. % CeO,—50 mom. % La,03). TBepauit po3unu
A nepebyBae y piBHOBarax 3 aszamu F-CeO; ta C-LNn,03. B 3pa3kax sKi MiCTATh
3Ha4yHy KiIbKICTh La,03 Ta Nd2O3 moBHHHI yTBOPIOBATHCS TBEPl PO3YMHU HA
OCHOBI T€KCaroHajgbHOi A-Moaudikailii OKCHUJIB JIAHTAHOIAIB, OJHAK OKCHIU
JAHTaHy Ta HEOJMMY CXWJIbHI JO TiAparauii Ha MOBITPl 1, K HACIIJIOK, 10
yrBopenns TigpokcuaiB La(OH); ta Nd(OH)s. Ilapamerpu enemeHTapHOI
koMmipku Ln(OH);3 3mintorotees Big a = 0.6431 uM, ¢ = 0.3724 um, c¢/a = 0.579
pu ckaam 1.25 mon. % CeO,-1.25 mon. % Lay03-97.5 moin. % Nd,O3 1o a =
0.6424 um, ¢ =0.3728 um, c¢/a = 0.580 myis nBodaznoro (A+C) 3pa3ka, 1110 MICTUTh
5 moi. % CeO,—5 moi. % La,03-90 moir. % Nd,O3 ta 1o a = 0.6429 um, ¢ = 0.3776
HM, c/a = 0.587 ans tpudasznoro 3pazka (A+C+F) cxmaay 27.5 mon. % CeO-27.5
moi. % LayOs—45 mon. % Nd,Os3 B3gomxk nepepizy Nd,03—(50 mon. % CeO,-50
Mo % Lay0s).
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Tabauis 4.1 — Ximiunwmii i pasoBuii ckiaaau cuctemu CeO,—La,03-Nd,03 micis

TepMooOpoOkw 3paskiB 3a 1500 °C npotsarom 80 roxa. (3a naaumu POA ta CEM)

XiMIYHHUH CKIIa, dazoBuii [TapameTpu eneMeHTapHUX KOMIPOK (a3, HM
Mo % cKiamg
CeO2 | La03 | NdOs <C> <F> <A>
a a a c cla
1 2 3 4 5 6 7 8 9
ITepepiz CeO2—(50 mon. % Laz03-50momn.% Nd203)
2.5 | 48.75 | 48.75 <A*> - - 0.6452 | 0.3780 | 0.586
5 475 | 475 <A*> - - 0.6470 | 0.3774 | 0.583
10 45 45 <A*>+<C> - - 0.6473 | 0.3788 | 0.585
15 425 | 425 <A*>+<C> - 1.1100 | 0.6411 | 0.3809 | 0.594
20 40 40 <A*>+<C>+<F> | 0.5540 | 1.1092 | 0.6428 | 0.3746 | 0.582
25 375 | 375 <A*>+<C>+<F> | 0.5542 | 1.1094 | 0.6418 | 0.3724 | 0.580
30 35 35 <A*>+<C>+<F> | 0.5537 | 1.1096 | 0.6438 | 0.3787 | 0.588
45 275 | 275 <A*>+<C>+<F> | 0.5544 | 1.1094 — - -
50 25 25 <F> 0.5541 — — — —
55 225 | 225 <F> 0.5534 - - - -
60 20 20 <F> 0.5529 — — - —
65 175 | 175 <F> 0.5501 - - - -
70 15 15 <F> 0.5495 - - - -
80 10 10 <F> 0.5466 — — - —
[Mepepiz La203—(50 momn. CeO2%-50mo011.% Nd203)
49 2 49 <C> - 1.0996 - - -
48.5 3 48.5 <C> — 1.0991 — - —
48 4 48 <C> - 1.1089 - - -
45 10 45 <C>+<F> 0.5540 | 1.1043 - - -
42.5 15 42.5 <A*>+<C>+<F> | 0.5544 | 1.1043 - - -
40 20 40 <A*>+<C>+<F> | 0.5543 | 1.1059 - - -
37.5 25 37.5 <A*>+<C>+<F> | 0.5545 | 1.1011
35 30 35 <A*>+<C>+<F> | 0.5546 | 1.1098
30 40 30 <A*>+<C>+<F> | 0.5543 | 1.1079 | 0.6377 | 0.3751 | 0.588
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1 2 3 4 5 6 7 8 9
27.5 45 27.5 <A*>+<C>+<F> | 0.5542 | 1.1042 | 0.6437 | 0.3748 | 0.582
22.5 55 22.5 <A*>+<F> 0.5550 - 0.6475 | 0.3797 | 0.586

20 60 20 <A*>+<F> 0.5553 - 0.6478 | 0.3792 | 0.585
17.5 65 17.5 <AF>+<F> 0.5558 - 0.6502 | 0.3783 | 0.582

15 70 15 <A*>+<F> 0.5562 - 0.6525 | 0.3751 | 0.575
12.5 75 12.5 <A*>+<F> 0.5566 - 0.6538 | 0.3751 | 0.573

10 80 10 <A*> — - 0.6519 | 0.3772 | 0.578
7.5 85 7.5 <A*> — - 0.6515 | 0.3822 | 0.586

5 90 5 <A*> — - 0.6505 | 0.3841 | 0.590

ITepepiz Nd203—(50 mo. CeO2%-50m011.% Laz03)
125 | 125 | 975 <A*> — - 0.6431 | 0.3724 | 0.579
2.5 2.5 95 <A*> — - 0.6432 | 0.3716 | 0.578

5 5 90 <A*>+<C> — - 0.6424 | 0.3728 | 0.580
6.25 | 6.25 | 875 <A*>+<C> — - 0.6441 | 0.3722 | 0.579
7.5 7.5 85 <A*>+<C> — - 0.6425 | 0.3739 | 0.582
875 | 875 | 825 <A*>+<C> — - 0.6439 | 0.3725 | 0.579

10 10 80 <A*>+<C> — - 0.6490 | 0.3703 | 0.571

15 15 70 <A*>+<C> — - 0.6447 | 0.3740 | 0.580
175 | 175 65 <A*>+<C> — - 0.6449 | 0.3744 | 0.581

20 20 60 <A*>+<C> — - 0.6429 | 0.3753 | 0.584

25 25 50 <A*>+<C> — - 0.6418 | 0.3772 | 0.588
275 | 275 45 <A*>+<C>+<F> | 0.5547 - 0.6429 | 0.3776 | 0.587

30 30 40 <A*>+<C>+<F> | 0.5544 - 0.6396 | 0.3733 | 0.583
375 | 375 25 <A*>+<C>+<F> | 0.5546 - 0.6415 | 0.3812 | 0.594

40 40 20 <A*>+<F> 0.5553 - - - -
425 | 425 15 <A*>+<F> 0.5562 - - - -
45 45 10 <A*>+<F> 0.5571 - - - -
475 | 475 5 <A*>+<F> 0.5581 - - - -
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Ha pucynky 4.4 a, 6 mpeacTaBieHO MIKPOCTPYKTYPY 3pa3ka, IO HAICKHUTh
70 00IacTi TOMOTEHHOCTI TBEpAMX PO3UMHIB Ha OCHOBI T€KCAarOHaJIbHOI
mogudikamii okcuaie  P3E. 3a3zHaueHa MIKpOCTpPYyKTypa XapaKTepU3yeThCS
YTBOPCHHSIM ~CTEP)KHETOMIOHUX 3€peH, IO MalTh Pi3HYy HaNpSMIICHICTb.
Mikpoctpykrypu 3paskiB 40 moi. % CeO,-30 mo. % La,0s-30 mon. % Nd,O3 ta
45 mon. % CeO,-27.5 mon. % Lay03-27.5 mon. % Nd,O3 xapakTepu3yroThes
HAsIBHICTIO TPbOX CTPYKTYPHUX CKJIAJJOBUX, IO BIAPI3HSIIOTHCS 3@ KOHTPACTOM Ta
Mopdooriero (puc. 4.4 B, 1). CBitia crepikHenoniOHa (aza BITHOCHUTBCS IO
rekcaroHanbHoi CcTpykTypu A-LnyOz, marpuito ckiagae kyOiuHa ¢asa TUILy
¢rooputy, (haza, O BUKPUILY€EThCs BIANOBIAAE KyOiuHii ¢asi C (puc. 4.4 B, T).

3pasok ckiamy 10 mon. % CeO,—45 mon. % La,03-45 mon. % Nd,Os3
po3ramoBaHuii B aABodasHiil oomacti (A+C) Ta XapaKTepu3yeThCS HASBHICTIO
JIBOX CTPYKTYPHHUX CKJIQJOBUX, IO YITKO PO3PI3HAIOTHCS 3a KOHTPACTOM Ta
mopdororieto (puc. 4.4 €). CrepxHenonioHa (asza Bianosinae A-LnyOs, da3za,
[0 BUKPHUIITYETHCSA — KyOI9HUM TBEpaIuM po3urHaMm C-Tutmy.

OTtxe, 130TepMiYHUI TIepepi3 Aiarpamu crany notpiiHoi cucremu CeO,—
La;,03—Nd;03 3a Temneparypu 1500 °C xapakTepu3ylOThCS HAsIBHICTIO TPHOX

nBodaszuux odnacreit (A+F, A+C, F+C) Ta onniei Tpudasnoi odmacti (A+C+F).
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A3412 401 5 A3448 202 Spum

A3430 202 2 A3432 202 5 um

8 2
a — 2.5 moi. % Ce0,—48.75 moin. % La,03—48.75 mon. % Nd,O3 (A*); 6 — 1.25

moi. % CeO,-1.25 mon. % La,03-97.5 mon. % Nd,O3 (A*); 6 — 40 mon. %
Ce0,-30 mou. % La,03-30 moi. % Nd,03 (A*+F+C); 2 — 45 mon. % CeO,-27.5
most. % La,03-27.5 mon. % Nd,O; (A*+F+C); cipa das3a — <F>, 3epHa, 1110
BUKpUITYIOThCS — <C>, cTepkHenonioHa — <A*> i wopue — nmopu; 0— 48 mon. %
CeOy—4mon. % La,03-48 moa. % Nd,O3 (C); e- 45 mon. % CeO,—10mon. %
La,03-45 moa. % Nd,O3; (C+F); cipa daza — <F>, temna ¢aza — <C>, yopue —
nopu; € — 10 mon. % CeO,—45 mon. % Lay03-45 mon. % Nd,O3 (A+C); cipa
¢baza — <A*>, pukpuieHi yuactku — <C>, yopae — nopu; x - 80 mon. % CeOp—
10 mox. % Lay03-10 moa. % Nd,O3 (F)
Pucynok 4.4 — MikpocTpyKTypa y BIIOMTHX €JIEKTPOHAX 3pa3KiB CUCTEMU

Ce0z—Lay03-Nd,03 micis Tepmoodpooku mpu 1500 °C
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A3593 401

e

A3422_4202 A3435 4]

€
apKyulI 2, pucyHoK 4.4.

4.2 ®a3osi piBHoBarn y cucremi CeO2—La>03-Dy,03 npu 1500 Tta
1100 °C

4.2.1 I30Tepmiunnii nepepi3s giarpamm crany cucremun CeO—La,Oz—

Dy203 npu 1500 °C

[30Tepmiunmiil epepi3 notpiiiHoi Aiarpamu ctany cuctemu CeO—La,Os—
Dy203; mpu 1500 °C mpencrapieno Ha puc. 4.5. XiMmiuyauii Ta Ga3oBuid CKiaau
JOCIIKEHUX 3pa3KiB, a TAKOXK MapaMeTpy eIEMEHTAPHUX KOMIPOK YTBOPEHUX

(a3 HaBeneno B Tabnui 4.2. [pu gocmimxeHi pazoBUX piBHOBAr JaHOT CUCTEMH
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yTBOPEHHs HOBUX (a3 He cnocTepiraiocs. B cucremi CeOr—Lay0O3-Dy,03 npu
1500 °C yTBOpIOIOTBCS TMOJII TBEPAUMX PO3UMHIB HA OCHOBI KyOIYHUX
Moaudikaiiii 31 ctpykTypoto tuiy (irooputy CeO, ta C-Dy,03, rekcaronanbHoi
(A) ta MmonoxmmiHHOI (B) Mogudikarii Ln,Os.

3a JI0MOMOTOr0 KOHIICHTPALIHHNUX 3aJIeKHOCTEH MapaMeTpiB eIeMEHTAPHUX
KOMIPOK YTBOPEHUX (ha3 BU3HAYAIIH MOJI0KEHHS MeK (Da30BHX ImoIiB (puc. 4.6-4.11).

BcranoBieHo, 10 HAWOLIBITY TUIONIY  130TEPMIYHOTO  TEpepi3y
JOCITIDKEHOI CUCTEMHU 3aiiMarOTh TBEP/Il po3duHU KyOiuHOi cTpyKTypu F-CeO;
ta C-Dy;0;. O6nacTh TOMOTEHHOCTI KyOIYHHX TBEPAUX PO3UMHIB THILY
¢darooputy HampasieHa B 00JaCTh KyTa 3 BEJIMKUM BMICTOM OKCHUJTY TUCTIPO3II0.
[TapameTpu enleMEHTapHOI KOMIPKM TBEPAMX PO3UYHMHIB 31 CTPYKTYpPOIO THUITY
dmroopury F-CeO; 36inpmryrorses Big a = 0.5409 am mis aucroro CeO; 10 a =
0.5472 uam s rereporennoro ckiany (F+C), mro mictuts 55 mon. % Ce0,—22.5
Mmoit. % Lay03—22.5 mon. % Dy,03 ta 1o a = 0.5479 um 151 TpudaszHoro 3pazka
(F+B+C) cximaay 35 mon. % Ce0,-32.5 mon. % La;03-32.5 mon. % Dy,03, a
Takoxk 110 a = 0.5486 M nys rereporenHoro ckiaay (F+B), mo micturs 10
Mmoit. % Ce02—45 mon. % Lay03—45 mon. % Dy,03 B3nosx npomenst CeO,—(50
moit. % La,03-50 moi. % Dy,03), (Tadm. 4.2, puc. 4.6). 3a nepepizom La,03—(50
Moa. % CeO,-50 mom. % Dy,03) 3minmooThes Big a = 0.5387 M mis
rereporerdoro ckiany (F+C), mo mictuts 47.5 mon. % CeO,—5 mom. % La,Os—
47.5 mon. % Dy,03 no a = 0.5459 um nns tpudasnoro ckinany (F+C+B), mo
MicTuTh 35 Moa. % Ce02,—30 momn. % Lay03—35 momn. % Dy,0s3, a Takox 110 a =
0.5465 M nmns rereporenHoro 3paska (F+B) ckmamy 27.5 mon. % CeOx-45
Moa. % Lay03-27.5 mon. % Dy,03 Ta no a = 0.5478 um nis tpudasHoro 3paska
(F+B+A) cknamy 22.5 moin. % CeO2—55 moit. % Lay03-22.5 moin. % Dy,03 (Tab.
4.2, puc. 4.7). Omxe, 3a AONOMOTOI0 KOHIICHTPAIIMHUX 3aJICKHOCTEH
eJleMeHTapHuX KoMmipok (puc. 4.6—4.11) BCcTaHOBIEHO, IO MapaMeTpu
€JIeMEHTapHUX KOMIPOK TBEPJUX PO3UMHIB 3MIHIOIOTHCS JIIHIHO BIATOBIIHO JI0

3akoHy Berapna.
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CeO2

La203 10 20 30 40 50 60 70 80 90 Dy203
A+B

o — oxgHodaszni, @ — 1BodazHi, ® — TpudazHi 3pa3Ku

Pucynok 4.5 — [3otepMmiunuii iepepi3 giarpamu ctany cucremu CeO—La0O3-Dy,03

npu 1500 °C
ap, HM ;
0,549 - 0,549
0,548 - ! 0,548
0,547-. ! 0,547
0,546 — - 0,546
0,545 ] 0,545
0,544 Y 0,544
0,543 — 0,543
0,542 — 0,542
0,541 i 0,541
0,540 - —T— T —T é —— - 0,540
0 10 20 30 40 50 60 70 80 90 100

Mon. % CeO,

Pucynok 4.6 — KonnenrpariiitHa 3aJie’KHICTh TapaMeTpa a eIEMEHTapHOI KOMIPKH
TBepAoro po3unHy Ha ocHoBl F-CeO; y mpomeni CeO2—(50 moi. % Lay,0O3—50
Moit. % Dy,03) cuctemu CeOr—La,0O3-Dy,03 micins TepMooOpoOKHy 3pa3KiB npu

1500 °C
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F’
0,552 4

0,550
0,548 ‘ _

0,546

0,544 -

0,642 - F+C+B] B+F

1 " F+C
0,540

0,538

0 10 20 30 40 50 60 70 80
mon. % La,0,

Pucynok 4.7 — KonuenrpaiiiiiHa 3aj1eXHICTh TapaMeTpa a eJIEMEHTAPHOI KOMIPKH

TBEpI0T0 po3unHy Ha ocHOBI F-CeO, B3n0Bx npomenst La,Oz—(50 moin. % CeO,—

50 moin. % Dy,03) cucremu CeO—La,O3-Dy,03 micist Bunaty 3paskiB nmpu

1500 °C

1,095 4

1,090 4

1,085

1,080

1,075 —— 7777
0 5 10 15 20 25 30 35 40 45

mon. % L3203

Pucynok 4.8 — KonneHrpariiitHa 3aJIe)KHICTh TapaMeTpa a eIEMEHTapHOI KOMIPKH
TBEpJI0ro po3uuHy Ha ocHOBI C-DY,03 B310BkK npomens LayOz—(50 moi. %
Ce02-50 mom. % Dy203) cuctemu CeO—La,O3-Dy,03 micis Bunaty 3paskis npu
1500 °C



CI
1,082 4

1,080 —
1,078 —
1,076 —
1,074 -
1,072 —
1,070 —
1,068 —

1,066

100

F+B+C

1,064

T —T— .
10 20 30 40 50 60 70 80 90 100

T T T 4 T T T T T T T T T T

mon. % Dy, O

3

Pucynok 4.9 — KonnenrpaiiiiiHa 3aj1eXxHICTh TapaMeTpa a eJIEMEHTAPHOI KOMIPKH

TBEp0r0 po3uuHy Ha ocHOBI C-DYy,03B31m0BXk pomens Dy,03—(50 mon. %

Ce02-50 mo. % Dy,03) cuctemu CeOr—LayOs—Dy,03 micins Bumnaty 3pa3kiB npu

@ Hm
0,5485

0,5480

0,5475

0,5470

0,5465

0,5460

1500 C

BiF

10 20 30 40 50 60 70
Mon. % Dy,0;

Pucynox 4.10 — KoniienTpariiitHa 3ajeKHICTh TapaMeTpa a eI1eMEeHTapHO1

KOMIPKH TBEepI0r0 po3unHy Ha ocHOBI F-CeO; B3moBx mpomens Dy,0s—(50

moJt. % CeO-50 mor. % Dy,03) cucremu CeO,—LayO3-Dy,05 micns Bumamy

3paskiB ipu 1500 C
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A,
0,6510

0,6505

0,6500

0,6495 -

0,6490

0,6485 1 o

0,6480 + A+F+B

0,6475 . : : — : . :
100 90 80 70 60

mon. % La,O,

Pucynok 4.11 — KoniienTpariiitHa 3ajeKHICTh TapaMeTpa a@ e1eMEeHTapHO1
KOMIPKH TBEepI0r0 po3dunHy Ha ocHOBI F-CeO; B3moBx mpomenst La;Os—(50
moJt. % CeO—-50 mor. % Dy,03) cucremu CeO,—Lay0O3-Dy,05 micns Bumamy
3paskiB ipu 1500 C

OTxe 3 TpeCTaBIeHUX Pe3yJIbTaTIB CIIYeE, 10 KyOIldHi TBEp/l po3unHH F-
Tty 30epirarotbest 10 58 Mon. % CeO,. BeranoBieHo, 1110 3HaYeHHST TapaMeTpiB
€JIEMEHTAPHOI KOMIPKHU 3pOCTar0Th, OCKUILKA KOHIICHTpALllsSi TPUBAICHTHUX 10HIB,
o BOYIOBYIOTECS B KpucTamiuny rparky (La®*( 0.114 mm) ta Dy** (0.092 nm)),
3poctac puc. 4.6. 3amimeHHs gotupusaneHTHoro iona Ce* TpuBaneHTHHM i0HOM
Ln®  CcympoBOmIKY€ThCS OOHOYACHUM BKIIOYEHHAM BAaKaHCIH 1OHIB  KHCHIO.
OueBuIHO, 0 Y TOCIIKEHIA CUCTEMI BITHOCHUN €eKT 10HHOTO PO3MIpPY IOMIHY€E
Haa edexToM BakaHcli kucHIO. [Ipu mocsraeni 55 mon. % CeO; crioctepiraetbest
YTBOPEHHs BropsiakoBaHoi (aszu C-tury Ta mepexia 1o asodaznoi oomacti (F+C).
Takum umHOM, i3 30imbIIcHHESM KoHueHTpamii La®* i Dy** y CeO, crBoproeTses
OLIbI1IE BAKAHCIM 10HIB KUCHIO, K1 € PYIITHHOO CUIIO BIOPSIIKYBAHHS, B pE3yJIbTaTl

YOro YTBOPIOETHCS KprcTalliuHa cTpykrypa C-tumy. B ckiai, o mictuts 35 moi. %
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Tabmui 4.2 — Ximiunui 1 a30BUl CKIIaJI, TapaMeTPH €JIEMEHTapHUX KOMIPOK
da3 cuctemun CeO—La,03-Dy,03 micas repmoobpobkm 3paskiB npu 1500 °C,
150 ron (3a nanumu POA ta CEM)

XiMIYHHIN CKIa, da30Buii cKiag [TapameTpu eneMeHTapHUX KOMIpOK, HM
MOJL. %
CeOz | LaxOs | Dy:0s <B> <C> <F>
a b c S a a
1 2 3 5 6 7 8 9 10 11
[Tepepiz CeO2 — (50 mou.l % La;Os— 50 moma. % Dy203)

1 49.5 495 <B> 14181 0.3496 0.8759 83.57 - —

2 49 49 <B> 14098 0.3471 0.8753 83.25 - -

3 48.5 48.5 <B> 14157 0.3476 0.8763 83.50 - -

4 48 48 <B> 14079 0.3486 0.8755 83.17 - -

5 47.5 47.5 <F>+<B> 14121 0.3512 0.8762 85.75 - -
10 45 45 <F>+<B> 14121 0.3449 0.8798 82.77 - 0.5486
15 42.5 42.5 <F>+<B> 14087 0.3462 0.8766 83.05 - 0.5484
20 40 40 <F>+<B> 14021 0.3527 0.8763 87.18 - 0.5478
25 37.5 375 <P>+<B>+<C> 14008 0.3538 0.8746 87.31 1.0950 0.5479
30 35 35 <F>+<B>+<C> 14060 0.3469 0.8665 82.83 1.0952 0.5476
35 32.5 32.5 <F>+<B>+<C 14060 0.3469 0.8665 82.83 1.0948 0.5479
40 30 30 <F>+<C> - — - — 1.0931 0.5478
45 27.5 27.5 <F>+<C> — - - — 1.0963 0.5475
50 25 25 <F>+<C> - — - — 1.0938 0.5470
55 22.5 22.5 <F>+<C> — - - — 1.0927 0.5472
60 20 20 <F> — — — - - 0.5470
65 17.5 17.5 <F> — — - - - 0.5464
70 15 15 <F> — — — - - 0.5455
75 12.5 125 <F> — — - - - 0.5449
80 10 10 <F> — — — - - 0.5445
85 7.5 75 <F> — — — - - 0.5433
90 5 5 <F> — — — - - 0.5423
100 0 0 <F> — — — - - 0.5409

IMepepis Lax03 — (50 momn. % CeO2— 50 mos. % Dy»03)
47.5 5 47.5 <F>+<C> — — - - 1.0766 0.5387
45 10 45 <F>+<C> — — - — 1.0799 0.5399
42.5 15 42.5 <F>+<C> - - - - 1.0821  0.5409
40 20 40 <F>+<C> - — - - 1.0861 0.5430
37.5 25 37.5 <F>+<C> - - - - 1.0879 0.5444
35 30 35 <F>+<C>+<B> - - - - 1.0919 0.5459
325 35 325 <F>+<C>+<B> - - - - 1.0920 0.5458
30 40 30 <F>+<C>+<B> - - - - 1.0918 0.5460
27.5 45 27.5 <F>+<B> - - - - - 0.5465
25 50 25 <F>+<B> - - - - - 0.5476
22.5 55 22.5 <F>+<B>+<A*> - - - - — 0.5478
20 60 20 <F>+<B>+<A*> - - - - — 0.5478
17.5 65 175 cp>+<B>+<A*> - — — - - 0.5483
(@a=06485, c=

03781, c/a=0583)
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1] 2 | 3 | 5 | 8 10 | 1
15 70 15 <F>+<B>+<A*> (a — — 05470
=0.6486, c=
0.3775, cla=0582)
125 75 125 <F>+<B>+<A*> (a — — 05478
=0.6485, c=
0.3781, c;a=0583)
10 80 10 <A*> (4=06489, - - -
¢=03796, cla=0585)
7.5 85 7.5 <A*> (a=06495, - - -
¢=03813, ca=0587)
S 90 S <A*>(a=0.6500, ¢ - - -
=03829, ca=0589)
25 95 25 <A*> (a=0.6506’c — — _
=03838, ca=0590)
[Mepepiz Dy,03 — (50 moi. % CeO2—-50 momn. % Lax03)
2.5 2.5 95 <C> - 1.0660 -
5 5 90 <C> - 1.0708 -
12.5 12.5 75 <C> - 1.0750 -
15 15 70 <C> - 1.0777 _
175 175 65 <F>+<B>+<C> - 1.0787 0.5469
20 20 60 <F>+<B>+<C> - 1.0789 0.5468
225 225 55 <F>+<B>+<C> - 1.0798 0.5470
25 25 50 <F>+<B>+<C> - 1.079 0.5468
275 275 45 <F>+<B>+<C> - 1.0789 0.5468
30 30 40 <F>+<B>+<C> - 1.0787 0.5469
325 325 35 <F>+<B>+<C> - 1.0808 0.5468
375 375 25 <F>+<B>+<C> - 1.0789 0.5468
40 40 20 <F>+<B>+<C> - 1.0786 0.5470
42.5 42.5 15 <F>+<B> - - 0.5469
45 45 10 <F>+<B> - - 0.5478
47.5 47.5 5 <F>+<B> - - 0.5483
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CeO,, BinOyBaeThcsi HacHueHHs ioHamu DY®'| BHACHIZOK 4Oro crocrepiraeThes
YTBOPEHHS! MOHOKJIMHHOTO TBepAoro pozunHy B-Dy,Os; Ta mepexin mo Tpudasnoi
obnacri (F+B+C). Ha puc. 4.12 npencTaBiaeHo MiKPOCTPYKTYPH 3pa3KiB CHCTEMHU
CeO2-La03-Dy,03, mo Hanexxarb TOMOI'€HHUM Ta T€TEPOT€HHUM O00JacTsIM
JiarpamMu CTaHy 1 MalOTh PI3HUN XIMIYHUN Ta (a30BUN CKIIAJ MICIIs BUMATY MPU
1500 °C. Mikpoctpyktypa ogHoha3zHOro 3paska, 1o Mictuth 90 moit. % CeO,—
5 mMoi. % LayO3—5 momn. % Dy,03, nposiBIS€THCS Y BUTIISIII MOHOIITHOT MaTPHIIl
B SIK1M IPUCYTHI TUIBKH 130J1b0BaHI opu (puc 4.12 1). MikpoCTpyKTypHu 3pa3KiB,
o Hanexarb 0 aABodazHoi obnacti (F+C) npexacrasneni Ha puc. 4.12. a, e.
MiKpOoCTpyKTypa 3a3HaUY€HHMX 3pa3KiB XapaKTEPU3YEThCS HASBHICTIO JIBOX
CTPYKTYPHUX CKJIQJ0BHX, K1 YITKO PO3PI3HAIOTHCSA 32 KOHTPACTOM, TeMHa (ha3a
HaJISKUTh KyOIYHUM TBepIUM po3unHam Tumy dmooputy F-CeO,, criTia dasza
Oyna inentudikonana sk C- Dy,0s. 3pa3ok ckiamy 27.5 mou. % CeO,-45 moi. %
La,0s- 27.5 mon. % Dy,03 po3ramoBanwuii B reteporenniii odacti (B+F+A) ta
MICTHTh TPU CKJIQJIOBI, IO YITKO BIAPI3HAIOTH 32 KOHTPACTOM Ta MOP(OJIOTIEI0
(puc. 4.12. 6). Temna ¢aza, MO CKIaga€ MATPUINIO, HAICKUTH KyOIUHOMY
TBEPAOMY PO34YHHY 31 CTpyKTypoto tumy (moopury F-CeO, B sikiit piBHOMIpHO
po3TarioBaHi CBITJII 3epHa KyOIYHOTO TBEPAOTO0 PO3YMHY HAa OCHOBI OKCHUIY
mucnposito C-Dy,0s3. Tpets daza npenacraBiacHa CTEPKHEMOIIOHUMH 3epHAMU
SKi MarOTh TEBHY HANpPABJICHICTh HA HAJCKHUTHh O TEKCAroHaJbHOI CTPYKTYpPH
OKCHJTy JTAaHTaHY.

B o0macti 3 HU3BKMM BMICTOM OKCHAY ULEpPI0 YTBOPIOIOTHCS TBEPIl
po3urHu Ha ocHOBI C-momudikamii Dy,O3; siki XapakTepu3yrOThCS 3HAYHOIO
npoTsokHicTIO. [lone TBepaux po3unHiB Ha 0cHOBI C-DY,03 BUTHYTO B HANPSIMKY
obmexyrouoi cuctemu CeO,-Dy,0s. Ile, HaneBHO, CBIAYUTH TPO Te, IO B
KPUCTAIIYHIN IpaTi BigOyBaeThes onxHoYacHo 3amimenns Dy*" ma Ce** ra La*.
Hanuii (akT MOXHa MIATBEPAUTH TaKOX pe3yJbTaTaMH IIOJ0 MapaMeTpiB

eJIEMEHTapHUX KOMIpoK TBepaux po3unHiB C-Dy,03 (Tadu. 4.2, puc. 4.8-4.9).



a - 45 mon. % CeO,—10 mon. % Lay,03—45 mon. % Dy,03; (F+C ); Temna daza —
<F-CeO2>, cBitna ¢aza — <C-Dy,03> i yopae — nopu; 6 -27.5 moa. % CeO,45
moi. % Lay03-27.5 mon. % Dy,03; (B+F+A); temua ¢aza — <F-CeO,>, cBitna
daza — <C-Dy,03>, cipa — — <A-LayO3> 1 yopne — nopu; 6 - 1 mon. % CeO,—49.5
mout. % Lay03—49.5 moin. % Dy,03 (B); 2 - 20 mon. % CeO,—40 mon. % Lay0s- 40
mou. % Dy,03 (B+F); cBiTia daza — <B-Dy,03>, remua ¢aza — <F-CeO2> i yophe
— mopu; 0 -25 mon. % Ce0,-37.5 mon. % La,03-37.5 mon. % Dy,0; (B+F+C);
teMHa ¢aza — <F-CeO,>, ceitna ¢aza — <C-Dy,03>, cipa dpaza — <B-Dy,03>,
qopHe - mopu; e - 40 moir. % Ce0,—30 moa. % La,03-40 mon. % Dy,0; (F + C);
teMHa (paza — <F-CeO,>, cBiTia aza — <C-Dy,03> wopne — mopu; € - 90 mosn. %
CeO02-5 moa. % La,0O3-5 mon. % Dy,03 (F); orc —27.5 mon. % CeO,—27.5 mon. %
La,03-45 mon. % Dy,03 (F+B+C); 3 - 27.5 mon. % Ce0,-27.5 mon. % La,O3—
45 mon. % Dy,03 (F+B+C); temna ¢aza — <F-CeO,>, cBitia paza — <C-Dy,03>,
cipa ¢aza — <B-Dy,03>, yopne — nopwu; i- 5 moi. % CeO,—5 mou. % La,03-90
moi. % Dy,03 (C).

Pucynok 4.12 — MikpocTpyKTypH y BIAOUTHX €NeKTpoHax 3pa3kiB cuctemu CeOp—

La;03—Dy,03 micns repmooopodku mpu 1500 °C:
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A2174 202
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Pucynoxk 4.12, apxym 2
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3 TmpeAcCTaBICHUX JaHUX CIiIy€e, M0 MapaMeTpH eIeMEHTapHUX KOMIpOK
301IBIIYIOTHCS BHACIIIOK 3aMillEHHs B KPUCTANuHii rparui ionis Dy** iomamu
Ce*ra La®*, mo npu3BOAUTH 10 30iIbIIEHHS CEPEJHBOTO iOHHOTO pajiycy.
['pannyna pozunnHicTh C-(haszu 3a nepepizom Dy,03—(50 moit. % CeO-50momn. %
La,0O3) cranoButh 31 M01.% La,O3 (puc. 4.8). Kybiuni tBepai pozunnu C-Tuiry
nepeOyBaroTh B piBHOBa3l 3 TBepaumu poszunHamu F-CeO; ta B-Ln,Os; Ta
YTBOPIOIOTH 3 HUMH reTepodasni ooacti. MikpocTpyKTypy omHO(pa3HOTO 3pa3Kka
Ky61uHOi cTpykTypH C-DY,0O3 npencrasieno Ha puc. 4.12 1.

B3nox oOMexyrouoi mosasiiHOI cuctremu LaOs—Dy,03 yTBOproerbes
00JacTh TOMOT'€HHOCTI Ha OCHOBI MOHOKJIMHHOT B-moaudikamii okcuais P3E Ta
3aiiMae HaMEHINy IUIONLY 130T€PMIYHOTO Mepepidy JiarpaMud CTaHy CHCTEMU
CeO2-Lay03-Dy,03 mipu 1500 °C. I'pannuna po3unHHicTh CeO; B 3a3HAYCHHUX
TBEPAUX PO3YMHAX CTAHOBUTH 5 MoJI. %. He3Baxkaroun Ha JOCUTh BY3bKY 00J1aCTh
TOMOT'€HHOCTI, TBEpAl po3urHu Ha ocHOBI B-DYy,03 nepeOyBaioTh B piBHOBa31 3
ycima dazamu, 1o yrBoprotothes B cuctemi  CeO,—La0O3-Dy,0O; mnpum
JOCII/DKEHIH TeMiepaTypi, Ta icHyroTh B aBodasuux (C+B), (B+F), (A+B) Ta
tpudasuux (F+B+A), (F+B+C) obnactsax (tabn. 4.2, puc. 4.5). Ilapamerpu
€JIEMEHTapHUX KOMIpOK TBepaux po3uuHiB B-Dy,0; 3mintoroThes Bix a = 1.4181
M, b = 0.3496 uMm, ¢ = 0.8759 um, 3 = 83.57 mis ckiagy TBEPAOTO PO3UHHY, IO
Mictuth 1 Mon. % CeO,—49.5 moxn. % La,03—49.5 mon. % Dy,03 no a = 1.4121
M, b = 0.3512 um, ¢ = 0.8762 um, = 85.75 nns rereporennoro ckiany (F+B),
mo Mictuth 5 moi. % CeO,—47.5 mon. % La,0O3—47.5 mon. % Dy,03 1 no
TpudazHoro 3pazka (F+B+C) cknany 25 mon. % Ce0,-37.5 mon. % La,03-37.5
moi. % Dy,03; B3nosxk nepepizy CeO,—(50 mon. % La,03-50 mon. % Dy,0s3).
MikpoctpykTrypa ogHodaszHoro 3pa3ka (B-Dy,03), mo mictuts 1 mMon. % CeOp—
49.5 mon. % La,03—49.5 mon. % Dy,03; xapakTepu3yrThCsl 3HAYHOIO KITBKICTIO
mop (puc. 4.12 g). MikpoCTpyKTypH 3pa3KiB, 10 HaleKaTh TpUdasHiid o0macTi
(B+F+C) npencrasneni Ha puc. 4.12 1, -3. 3pa3ok, 1m0 MicTuTh 27.5 Moa. %

Ce02-27.5 mon. % La;Os—45 mon.% Dy,03 xapakTepusyeTbcsi HAsIBHICTIO TPHOX
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CKJIaJIOBHX, IO YiTKO BIAPI3HAIOTBHCA 3a KOHTPACTOM. MaATPHIIO CKJIaIaloTh
TBEpAl PO3YMHM Ha OCHOBI KyOiunoi Mommdikarii C-Dy,Os; 3 He3HauHMMHU
BKItoueHHAMH TeMHoi ¢asu F-CeO,, ma moeepxni Temuoi ¢asu (F-CeOy)
CIIOCTEPIra€ThCsl YTBOPEHHS APiOHO3EpHUCTOI CBITIO01 (hazu — B-Dy,03 (puc. 4.12
3). OTpuMaHi pe3yibTaTH Y3rODKYIOTHCS 3 TaHUMH PEHTIe€HO(pa30BOr0 aHaJi3y.

B kyTi 3 BeIMKMM BMICTOM OKCHIY JIaHTaHy YTBOPIOETHCS 00IacTh
TOMOTEHHOCTI Ha OCHOBI TekcaroHaimbHOi Momudikaiii La,Os;. Mexa Bwuie
BKAa3aHOTO TBEPJOrO0 PO3UYMHY NPOXOAHWTH BiJ BIAMOBITHUX KOOpAWHAT B
obMexyrounx moaBiHuX cucremax CeOx—La,03 (100-25 moi. % CeO,) [53] Ta
La;,03-Dy,03 (58-25 moin. % Lax0s3) (puc. 3.9). B nocnimkeHiii cucteMi OBUHHI
YTBOPIOBATHUCS TBEPIi pO34MHU Ha OCHOBI A-LayO3, 0THaK OKCH/T TaHTaHy Y MOBITPI
rigpaTtye 1 3aMiCTh TekcaroHaiabHoi ¢asu La,Os; mpu 3a3HadeHHX pexuMax
OXOJIOJKEHHS CIIOCTEpirad yTBOpeHHs riapokcuay antany La(OH)s. [Tapamerpu
eNIEMEHTApPHUX KOMIPDOK Ha OCHOBI TekcaroHambHOI Momaudikamii La(OH)s
3MiHIOFOTBECS Bitd = 0.6506 M, b = 0.3838 HM, ¢/a = 0.590 115 TBEpAOTO PO3UHHY,
110 MicTuTh 2.5 Moit. % Ce02-95 mon. % La,O3-2.5 moi. % Dy,03 no a = 0.6485
oM, b = 0.3781 uM, ¢/a = 0.583 mis tpudaszHoro 3paska (F+B+A) ckmany 12.5
Moin. % CeOx—75 mon. % La,03-12.5 mon. % Dy,03 B3noBx nepepizy La,Os—
(50 mom. % CeO,—50 mom. % Dy,0s3).

4.2.2 I30Tepmiunnii nepepis aiarpamu crany cucremun CeO—La,Oz—

Dy203 npu 1100 °C

[30Tepmiunumii nepepi3 aiarpamu ctany cucremu CeOr—La,O3-Dy,03 npu
1100 °C mae OyaoBy, moaiOHy 10 po3TasHyTOro BHie nepepidy mpu 1500 °C.
[Ipu 3a3HaveHi TemnepaTypi HOB1 (pa3u HE BUSABIICHO.

3a oTpuMaHUMHU pe3yJbTaTaMu MOOYJOBAHO 130TEPMIYHHI Tepepi3

niarpamu crany cucremu CeO,—La,0O3-Dy,0O; mpu 1100 °C (puc. 4.13).
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Buxinuuii Ximiunuii 1 pazoBuit ckinaj 3pas3kiB miciisg TepMoo0poOku rpu 1100 °C,
napamMeTpu eJIEeMEHTapHUX KOMIpoK (a3, M0 3HaXOJAThCA B PIBHOBA31 IpH
3a/1aHIi TeMIiepatypi, HaBeJIeHo B TabII. 4.3.

[Ipu 3umxenHi temneparypu Big 1500 mo 1100 °C cmocrtepiraersbcs
3BY)KEHHSI BCiX OOJacTeli TOMOTEHHOCTI, IO YTBOPIOIOTHCS B JOCIIIKEHIN
cucremi. HailGinpmoro o6nacTio roMoreHHocTi, sk 1 mnpu 1500 °C,
XapaKTepU3y€eThCs KyOIUHMI TBEPAMNA PO3UUH 31 CTPYKTYPOIO THUITY (IIIOOPUTY
F-CeO,. 3a3nauena o0061acTb TOMOT€HHOCTI BUTHYTa B CTOPOHY TI'PaHUYHOI
noaBiiHOI cuctemu La,O3—Dy,0s.

3  BHUKOPHUCTAHHSM  KOHIIGHTPAUIMHOI  3aJ€XKHOCTI  NapameTpiB
eneMeHTapHux KoMipok F-CeO; BcTaHOBIIEHO, IO Meka 00J1aCTi TOMOT€HHOCTI
KyOluHuX TBepAuXx po3uuHiB F-CeO; mpoxoanTs mo0iam3y CKIaay, 0 MiCTUTh
62 ™mon.% CeO; (puc. 4.13). Cnocrtepiraerbcsi 30UIBLICHHS MapaMeTpy
enemeHTapHoi KoMipku F-CeO; 31 3MiHOIO KiTBKOCTI JIETYIOUOi JIOMIIIKH BiJl @ =
0.5409 um i arctoro CeO; 1o a = 0.5472 um g rereporenHoro ckiany (F+C),
o Mictuth 55 Moir. % CeO0-22.5 mon. % Lay03—22.5 mon. % Dy,03 ta 10 a =
0.5514 am s TpudaszHoro 3paszka (F+B+C) ckmamy 35 moin. % Ce0,-32.5 moi. %
LayO3-32.5 mo. % Dy,0; ta B3a0Bx nmpomenst CeO,—(50 moi. % La0s—-50 mon. %
Dy.03), (tabn. 4.3, puc. 4.14). Cnin 3a3Ha4nTH, 10 MEXI T€TEPOreHHOI 00JIacTi
(F+C), B3mox pomerst CeO,—(50 moi. % La03—50 moi. % Dy,03) 3 HOHMKEHHAM
TEMIIEpaTypH Maiike He 3MiHIOIThCS (puc.4.13). [Ipu yTBOpeHH1 TBEPI0OTO POUUHY
31 CTPYKTYPOIO THITY (PITFOOPUTY BiIOYBAETHCS 3aMIIIEHHS YOTUPHUBAJIEHTHOTO 10HA

Ce*" ma tpuBanenTHi iomm Ln3*

. Baacnigok 4doro BimOyBaeThCsi 301TbIICHHS
napameTpy ejaeMeHTapHoi KoMipku (puc. 4.14). AHanoriuHy 3MiHy TapameTpiB
€JIEeMEHTapHUX KOMIPOK KyOIYHMX TBEpPAMX PO3UYUHIB 31 CTPYKTYpPOIO THUITY
¢urooputy crioctepiraemo B30k nepepiszy La0s—(50 moi. % CeO,—50 moi. %
Dy,03) Big a = 0.5397 um s rereporensoro ckiany (F+C) mo mictuts 47.5
Moi. % CeOx-5 mon. % La,03—47.5 mon. % Dy,03 no a = 0.5514 um g

Tpudasnoro 3pazka (F+B+C) ckmany 32.5 mon. % CeO—-35 mon. % La,03-32.5
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moit. % Dy,03 Tta 10 a = 0.5529 um s nBodaznoro 3paska (F+B) ckmany 25
Moa. % CeO2-50 mon. % Lay0O3-25 mon. % Dy,0s3, a Takox 10 a = 0.5547 um
st Tpudaznoro 3paska (F+B+A*) ckiany 20 mon. % CeO2—60 mon. La,O3—20
moit. % Dy,0s (puc. 4.15).

CeO2

@eeeV0OO0OO00

7 7 —7 7 ;.‘, , —7 —7 7 Lo T
LaOs 10 20 30 40 50 60 70 80 90 Dy20s
B
o — oxgHodaszni, @ — 1BodazHi, ® — TpudazHi 3pa3Ku
Pucynok 4.13 — [3otepmiunmii mepepi3 aiarpamu ctany cuctemu CeOp—

La,O3-Dy»03 mpu 1100 °C

3 mnoHwxkeHHsa Ttemneparypu Big 1500 mo 1100 °C 3BykeHHs o0OJacTi
TOMOTE€HHOCTI KyOIYHUX TBEPJUX PO3YUHIB 31 CTPYKTYpPOIO THUITYy IOB’S3aHO 3
OymoBoro rpaHu4HOiI moBiiHOI cuctemu CeO,—Dy,03 (puc. 1.9). Takox cmifg
3a3HAYUTH, 110 KyOI4HI TBEPJI PO3YMHU 31 CTPYKTYPOIO TUIY (PIIOOPUTY TPHU
1100 °C mnepeOyBaroTh y PpiBHOBa3l 3 yciMa TBEPAUMH PO3YMHAMHU, IO

YTBOPIOIOTHCA B 1111 CHCTEMI Ta YTBOPIOIOTh 3 HUMU T'€T€POTre€HHI 00J1acTi.
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Tabmuus 4.3 — Buxinauit XiMiyHUH 1 (pa3oBUil Ckiiaj, nmapaMeTpu eJeMEeHTapHUX

KOMipok (ha3 micis TepMooOpooku 3paskiB cuctemMu CeOr—La0Os—Dy,03 mpu 1100

°C, 10300 rox (3a manumu PDA)

XiMIYHHUHI CKIaI,
Moi1. %

dazoBuit
CKJIaJ i
napameTpu
eNIEMEHTAPHUX
KOMIpOK, HM

[TapameTrpu eneMeHTapHUX KOMIPOK (a3, HM

CeO2 | LaxOs | Dy20s <B> <C> <F>
a b c S a a
1 2 3 5 6 7 8 9 10 11
ITepepiz CeO: — (50 moi. % LazO3— 50mo011.% Dy203)

1 49.5 49.5 <B> 1.4137 0.3462 0.8777 83.26 - -

2 49 49 <B>+C 14163 0.3462 0.8785 83.15 1.1040 —
3 485 485 <P>+<B>+<C> 14157 0.3465 0.8787 83.34 1.1028 0.5512
4 48 48 <F>+<B>+<C> 14137 0.3464 0.8777 83.38 11029 0.5514
5 475 475 <F>+<B>+<C> 14140 0.3469 0.8026 83.37 1.1028 0.5511
10 45 45 <F>+<B>+<C> 14175 0.3465 0.8803 83.05 1.1030 0.5514
15 425 425 <F>+<B>+<C> 14139 0.3462 0.8766 83.05 1.1029 0.5513
20 40 40 <F>+<B>+<C> 14149 0.3468 0.8821 82.72 11031 0.5515
25 375 375 <FP>+<B>+<C> 14111 0.3465 0.8911 81.07 1.1028 0.5514
30 35 35 <F>+<B>+<C> - - - - 1.1029 0.5518
35 325 325 <F>+<B>+<C - - - - 1.1028 0.5514
40 30 30 <F>+<C> — — - — 1.0976 0.5488
45 2715 275 <F>+<C> — — - — 1.0961 0.5493
50 25 25 <F>+<C> - - - - 1.0953 0.5483
55 225 225 <F>+<C> - — - — 1.0932 0.5472
60 20 20 <F> — — — - - 0.5488
65 175 175 <F> — — — - - 0.5477
70 15 15 <F> - — - - - 0.5470
75 12.5 12.5 <F> - - - - - 0.5462
80 10 10 <F> — — — - - 0.5458
85 7.5 7.5 <F> — — — - - 0.5439
90 5 5 <F> - — - - - 0.5429
100 0 0 <F> - — — - - 0.5409
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1] 2 [ 3 | 5 | 6 | 7 | 8 | 9 10 | 11
[Mepepiz La203 — (50 moin. % CeO2— 50mo01.% Dy203)
475 5 475 <F>+<C> - ~ - - 1.0794 0,5397
45 10 45 <F>+<C> - — - - 1.0824 0,5412
42.5 15 42.5 <F>+<C> - - - - 1.0879 10,5439
40 20 40 <F>+<C> - - - - 1.0887 0,5465
375 25 37.5 <F>+<C> - — - - 1.0934 0,5481
35 30 35 <F>+<C> - — - - 1.0973 0,5495
325 35 325 <F>+<C>+<B> - — - - 1.1029 0,5514
30 40 30 <F>+<C>+<B> 14975 0.3861 0.9064 1083 11022 0,5511
275 45 275 <F>+<C>+<B> 14945 0.3852 0.8990 107.44 1.1029 0,5518
25 50 25 <F>+<B> 1.4865 0.3828 0.8857 107.04 - 0,5529
225 55 22.5 <F>+<B> 14727 0.3813 0.8918 104.17 - 0,5543
20 60 20 <P>+<B>+<A*> 14730 0.3703 0.8927 103.38 - 0,5547
175 65 175 <F>+<B>+<A*> 14760 0.3716 0.8954 103.5 - 0,5547
(a=06508, c=
0.3760, c/a=0577)
15 70 15 <F>+<B>+<A*> 14754 0.3715 0.8969 103.02 - 0,5546
(a=06487, c=
0.3796, ¢/a=0585)
12.5 75 125 <F>+<B>+<A*> - - - - - 0,5547
(@a=06487, c=
0.3807, c/a=0586)
10 80 10 <A*> (g=06488, - - - _ - _
¢=03808, ca=0587)
7.5 85 7.5 <A*> (a=06495, - - - - - -
¢=03831, clz=05%)
5 90 5 <A*>(a=06502 ¢ - - - - - -
=03825, ca=0539)
2.5 95 2.5 <A*> (a=06498, - - - - - -
¢=03837, cla=05%)
[Mepepiz Dy203 — (50 moi. % CeO2— 50m011.% Laz03)
2.5 2.5 95 <C> — - - - 1.0654 -
5 5 90 <C> — — - - 1.0683 -
10 10 80 <C> - — - - 1.0698 -
125 125 75 <F>+<C> - — - - 1.0710 0.5385
15 15 70 <F>+<C> — — - - 1.0721 0.5390
175 175 65 <F>+<C> — — - - 1.0786 0.5393
20 20 60 <F>+<C> - — - - 1.0832 0.5416
225 225 55 <F>+<C> - — - - 1.0843 0.5422
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1 2 3 5 9 10 11
375 375 25 <F>+<B>+<C> - 1.1031 0.5515
40 40 20 <F>+<B>+<C> - 1.1029 0.5514
425 425 15 <F>+<B>+<C> — 11028 0.5515
45 45 10 <F>+<B> — - 0.5567
475 475 5 <F>+<B> - - 0.5575

[3oTepmiuHMii  Tepepi3  AOCHIIKEHOI CHCTEMH XapaKTepHU3y€eThCs
YTBOPEHHSM KyOlyHUX TBepAux po3uuHiB C-tuny. BcranoBieno, 1o
po3unnHicTh ioHiB Ce** Ta La®* B kpucraniuniii rparui C-Dy,03 36inbL1yeThes B
MOPIBHSAHHI 3 TpaHUYHMMHM TOJABIMHMMHU cucTeMamMu. Bxkazana o0nacTh
TOMOTEHHOCTI HarpaBjieHa B OiK rpaHuuHoil mojBiiHOI cuctemu CeO,—Lay0:s.
HaneBHo, 11e CBiUMTH NPO piBHOLIHHE 3aminieHHs ioHIB Dy** Ha ionn Ce** ta
La®* B 3asHaueniii kpucramiumiii rparui. BcraHoBmeHO, mO TapaMeTpH
€JIEMEHTApHOI TPaTKHU 3MIHIOIOThCA Bil a = 1.0654 HM aJi1 TBEpJOr0 pO3UYUHY,
110 MicTUTh 2.5 Mout. % Ce0,—2.5 mom. % La,03-95 mon. % Dy,03 no a = 1.0710
HM 1 rerepodaznoro 3pazka (F+C) ckmaxy 12.5 mon. % CeO2-12.5 mon. %
La;,03—75moi. % Dy,03 i 10 a = 1.1031 um ans tpudasznoro 3pazka (F+B+C)
ckaany 37.5 moi. % CeO,—37.5 mon. % La,O3-25mom. % Dy,0s.

3 moHmxeHHs Temreparypu Bim 1500 mo 1100 °C cmocrepiraerbes
3BYJKE€HHSI 00JIaCTI TOMOTE€HHOCTI KyOIYHUX TBEpPAMX PO3YMHIB Ha OCHOBI C-
Dy.0:s.

B30 rpaHu4HOi MOABIMHOI CHUCTEMHU CIIOCTEPIra€ThCsS YTBOPEHHS
HE3HAYHO1 00JaCTI TOMOTEHHOCTI Ha OCHOBI TBepaux po3uuHiB B-Dy,03;. B
nopiBHAHHI 3 Temmeparypoto 1500 °C crnoctepiraerbcsi 3HAYHE 3BYXKEHHS
3a3Ha4eHOi 00JaCTI TOMOTEHHOCTI. 3MEHIIICHHS BKa3aHOi 00JacTi MOB’sA3aHO 3
OynoBorO TpaHu4Hoi TmoABIKHOI cuctemu La,O3-Dy,03, a Ttakox 3

moTiMop(i3MOM BUX1THUX KOMITOHEHTIB.
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HesBaxatouu Ha IOCUTh By3bKYy 00JIaCTh TOMOTE€HHOCTI, TBEP/l POIUHHU
B-Dy,03 nepebyBaroTh B piBHOBa31 3 yciMa (azamu, 110 YTBOPIOIOTHCS B AaHIH
CUCTEMI Ta 3aiiMaroTh 3HAYHY IUIONIY 130TepMiuHOTO Tepepidy mnpu 1100 °C.
3HaueHHS MapaMeTpiB eIEeMEHTAPHUX KOMIPOK TBEPAUX PO3UYMHIB MOHOKIHMHHOT
ctpyktypu B-Dy,03 HaBeneno B tadi. 4.3.

B kxyTi 3 BeNMMKOIO KOHIICHTPAIIEI0 OKCHIY JaHTaHY CIIOCTEPIraeThbCs
YTBOPEHHSI TBEPAMX PO3UYHMHIB 3 T'€KCAroHaIbHOI CTPYKTyporo A-La,Os. Ilpu
3HKeHH1 TeMiiepaTypu Bij 1500 1o 1100 °C crioctepiraeTbcs 3HaUHE 3BYKEHHS
BKa3aHOi 00JIaCTI TOMOTEHHOCTI, IO TOB’Si3aHO 3 OyJOBOIO TPAHUYHUX
nojBiHux cucteM La,03—Dy,0; (puc. 3.9) ta CeO,—Dy,03 (puc. 1.9). B
MPEACTABICHIM  CHCTeMI  MOBHHHI  YTBOPIOBaTHCS  TBEPAl  PO3YMHU
reKCaroHaJIbHOi CTPYyKTypu OkcuaiB P3E, onHak okcuj JaHTaHy y MOBITp1
riipatye, BHACIIAOK YOrO0 CIHOCTEpITAa€ETCS YTBOPEHHS T'€KCAarOHaJIbHOI
CTpyKTypH Timpokcuay nantany La(OH)s. [Ipu 30iibIieHi KiIbKOCTI JISTYHOUOT
JIOMIIIKU CIIOCTEPIraeTbcsl 3MiHA MMapaMeTpiB €JIIEMEHTAPHUX KOMIPOK A-
La(OH); Big a = 0.6498 um, b=0.3837 um ans ckinaay 100 mon. % LaxOsz 1o a =
0.6487 um, b=0.380711s Tpudasznoro 3paska (F+B+A) cxmamy 12.5 mon. %
CeO2-75 mon. % Lay03—12.5 momn. % Dy,03. TBepii po3unHu 3 TeKCaroHaIbHOO
CTPYKTYPOIO IepeOyBatoTh B PIBHOBA31 3 TBEPAUMU PO3UMHAMU TUITY (IIFOOPUTY,
10 KPUCTAI3YIOThCS B KyOI4HIM CTPYKTYypl Ta TBEpAUMHU pO3uMHAMH B-tuiy,
1[0 KPUCTAJI3YIOThCSI B MOHOKJIMHHIN CTPYKTYPI.

OTxe, HA OCHOBI OTPHUMaHUX Pe3yJbTaTIB MOOYJOBAaHO 130TEPMIUHHIA
nepepiz 3a Temmepatypu 1100 °C. BcraHoBieHo, IO MOpH  3a3HAYEHIN
TEMIIepaTypl B JIOCHI/DKEHIM CHCTEM1 YTBOPIOIOTBCS YOTUPU OOJACTI
TOMOT€HHOCTI, PI3HOI MNPOTSKHOCTI, HA OCHOBI BIJMOBIIHUX MOJIMOPHHUX
Moau(dikamiii ~ BUXIIHMX  KOMIIOHCHTIB.  BepmmHH  KOHIIGHTpALIHHUX
TpukyTHUKIB (A+B+C) Tta (F+C+B) HanpaBneHi B CTOpOHY TPaHUYHO1 MOBIHHOT
cucteMu CeOr-LayOs3. 3HauHy 0051acTh 130T€PMIYHOTO MeEpepizy 3aliMaroTh

TBEPJIl PO3UMHU 3 KyOIYHOIO CTPYKTYpoto TuMy (irooputy ta C-THy.
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a_, HM _

:.552: - 0,552
0,550 - - 0,550
0,548 0,548
0,546 - - 0,546
0,544 - 0,544
0,542 - - 0,542
0,540 . T ; . — - ; . v ' 0,540
0% CeO, 20 40 " 60 80 100 CeO,
50 % La,0, mon. % CeO2

50 % Dy,0,

Pucynok 4.14 — KoHueHTpauiiiHa 3aeKHICTh IapaMeTpa a €1eMEHTapHO1
KOMIpKH TBEpI0ro po3uuHy Ha ocHOBI F-CeO, B3noBxk npomens CeO,—(50 momn. %
La,03-50 moi. % Dy,03) cuctemu CeO,—La,O3-Dy,03 micis TepmooOpodku
3paskiB ipu 1100 °C

a_, Hm
0,556 -

0,554 ]
0,552 ]
0,550 ]
0.543:
0,546 q
0,544 ]

0,542 4

0,540 4

0,538 . r r . . e S
0% LazoJ 10 20 30 40 50 60 70 80
50% CeO, mon. % CeO,

50% Dy,0,

Pucynok 4.15 — KonnienTpariiitHa 3ajeKHICTh TapaMeTpa a e1eMEeHTapHO1
KOMIipKH TBep10ro po3urHy Ha ocHoBi F-CeQ; i3nosx npomenst La,O3—(50
Moi1. %0 Ce02—50 momn. % Dy,03) cuctemu CeO,—La,O3-Dy,03 micis

TepMo0OpoOkH 3pa3zkis mpu 1100 °C
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4.3 I30TepMiunmii nepepi3z norpiiiHoi giarpamu crany cucremu CeOr—

La,03-H0203 npu 1500 °C

3 MeToro JociikeHHs (a3oBux piBHOBAr B MoTpiiHii cuctemi CeO—
La;03-H0,03 mpoBeneHO TpiaHTYIAIII0 3a3HAYEHOI CHCTEMHU Ta BU3HAYEHO
XIMIYHMM CKJaJ 3pa3KiB I MOJAJIBIINX JOCHIKeHb. XIMIYHUNA Ta (Ha30BUi
CKJIaJ] 3pa3KiB, M0 po3TamroBaHi Ha ABoxX mpomeHsx: La,Osz—(50 mon. % CeO,—
50 moun. % H0203), C@Oz—(SO moi. % La203—50 MoiI. % H0203) Ta
130koHenTpati 70 mon. % H0,03 HaBeaeHo B tabnuii 4.4. 3a oTpUMaHUMU
pe3yJibTaTaMu MOOY/I0BAHO 130TEPMIYHUIN Tepepi3 AOCHIIKEHOI CUCTEMHU TPHU

1500 °C (puc. 4.16).

La O

4

2 10 20 30 40 50360 70 80 90

(o —omnodazui; @ — nBodasHi, ®- TpudasHi 3pa3ku)
Pucynox 4.16 — [3oTepmiunumii nepepis aiarpamu crany cucteMu CeOo—La,Os—

H0203 pu 1500 °C
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BcranoBeHo, 1m0 yTBOpeHHsI HOBUX (Da3 He XapaKTepHO M 3a3aHaueHOT
cucTeMH. [30TepmiuHMN mepepi3 MOTpiiHOI niarpamMu ctaHy cuctemMu CeOp—
Lay0O3-H0,03 nipu 1500 °C MicTUTB 1O TBEPAUX PO3YMHIB HA OCHOBI KyOI14HOT
Moudikallii 31 cTpykTypoto tuiy durooputry CeOz, ky6iunoi (C) Ta MOHOKITIHHOT
(B) momudikamiii H0,Os, rexcaronansHoi (A) moaudikartii LayOs.

JIist BU3HAUCHHS TIOJIOKEHHS TPaHUIb (a30BUX TIOJMIB, IO YTBOPIOIOTHCS B
JIaHIA CHCTEMI, Pa3oM 3 JTaHUMH 1010 (ha30BOTO CKJIAAY 3pa3KiB BUKOPHUCTOBYBAIN
KOHIICHTpAITIiHI 3aJIE)KHOCTI IMapaMeTpiB €JIEMEHTAPHUX KOMIPOK YTBOpPEeHHX (a3
(puc. 4.17-4.18). Pe3ynpTaTti MIKpOCTPYKTYPHHX JOCIIIKEHD IPEJICTABIICHO HA PHC.
4.19. Otpumani pe3yJbTaTd MIKPOCTPYKTYPHUX JOCIIKEHb Y3TOIKYIOThCS 3
JTAHUMU PEHI'€HO(A30BOT0 aHATI3Y.

B KkyTi 3 BenMKUM BMICTOM OKCHJYy IIEpil0 poO3TalioBaHa o00J1acTh
TOMOTEHHOCTI Ha OCHOBI KyOIYHMX TBepAuXx po3unHiB THIy Quoopury (F-CeOy).
Mexi icnyBanHs o0acti romorenHocti F-CeO; Oyino miarBepmxeHo POA 3paskis
HactynmHuX ckianiB: 60 mom % CeOx-20 mom. % La,03-20 mom. % H0,03 —
neodazuuii Ta 65 moim. % CeOx—17.5 mon. % LaOs—17.5 mon. % Ho0,03 —
oTHO(ha3HUH.

[TapameTpu esieMeHTapHOI KOMIPKH TBEPAUX PO3UUHIB 31 CTPYKTYPOIO
tuny irooputy F-CeO; 36inbiytorbes Big a = 0.5409 am gis yucroro CeO;
10 a = 0.5465 am mis aBodaznoro 3paska (F+C) cknaxy 60 mon. % CeO,—20
Moi. % LayO3-20 moin. % H02,03 ta 1o a = 0.5482 am myis TpudaszHoro 3paska
(F+B+C) cknamy 40 moi. % CeO,-30 moin. % La,03-20 mon. % Ho,03 Ta no
a = 0.5486 am mia nBodasnoro 3paszka (F+B) ckmamy 10 mom. % CeO,—45
Moi. % La,03—45 mon. % H0,03 B3mopx npomens CeO,—(50 mom. % La,Os—
50 mom. % H0,03) (tabmn.4.4, puc. 4.17). 3a nepepizom La,03—(50 mon. %
CeO,-50 wmon. % Ho0,03) cnocrepiraerbcsi 301IbLICHHS TapaMeTpiB
€JIEMEHTapHUX KOMIPOK KyOIYHMX TBEPAMX PO3UYHHIB 31 CTPYKTYPOIO THUITY
dbaroputy Big a = 0.5393 am nna naBodaszHoro 3paska (F+C) cknany 47.5
moi1. % CeO,-5 mon. % La,03—47.5 mon. % H0,03 no a = 0.5474 am mng
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Tpudaznoro 3paszka (F+C+B) cknany 35 moin. % CeO,—-30 mon. % La,0O3—-35
Mo. % H0,03 ta no a = 0.5505 am s nBodaznoro 3paska (F+B) ckimamy 27.5
Moi. % CeO>—45 moi. % La,03-27.5 momn. % H0,03, a Takox 1o a = 0.5530
HM 11 TpudazHoro 3paska (F+B+A) cknany 20 mon. % CeO,—60 mon. %
LayO3-20 moa. % H0,03 1 mo a = 0.5537am nns aBodaznoro 3paska (F+A)
ckiany 10 moiu. % CeO,—80 moi. % Lap,O3—10 mon. % H0,03 (Tabn.4.4, puc.
4.17). Otxe, 3 TMNPENCTABICHUX pe3yJbTaTiB CIiIye, MO0 MapaMeTpu
eJIeMEHTapHUX KOMIPOK KyOI4YHUX TBEpAUX po3unHiB TUNY pirooputy F-CeO;
3MIHIOIOTBCS JIIHIMHO BIAMOBIAHO 10 3akoHy Berapma (puc. 4.17).
MIKpOCTPYKTYpH XapaKTEpHI 111 KyO14YHUX TBEPAUX PO3UYMHIB 31 CTPYKTYPOIO
TUIY (JIIOOPUTY MpEeACTaBIeHO Ha puc. 4.19 k-11. 3 npeacTaBlIeHUX CTPYKTYP
CIiIy€E, IO 31 301IBIIEHHSIM KUIBKOCTI Jierytounx jgomimniok (LazOsz ta H0,03)
MOPYBATICTh CTPYKTYpH NIIBUIIYEThCA. MIKpPOCTPYKTYpH 3pa3KiB, IO
Hajexarthb 0 rereporenHoi obnacti (F+C) nmpencrasieni Ha puc. 4.19 a, 1.
3a3HayveH1 3pa3Ku MICTATh 1Bl CTPYKTYPHI CKJIaJ0BI, IO YITKO PO3PI3HAIOTHCS
3a KOHTpacToM. TemHa (paza HaJmeXUTh A0 KyOIYHHX TBEPIUX PO3UHHIB 31
cTpykrypoto tuny dmawoopury (F-CeO;). Csitna ¢asza xapakTepuszye KyOiuHi
tBepai po3uumHu C-LNny03;. MikpocTpyKTypH 3paskKiB, IO XapaKTEePU3YIOTh
tpudazny odnactes (F+B+C) naBeneno Ha puc. 4.19 e-3. 3a3HaueHi CTPYKTypH
MICTSATh TPH CTPYKTYPHI CKJIAJOBI, IIO PO3PI3HAIOTHCS 3a KOHTPACTOM Ta
Mopdooriero. MaTpunto ckiangae cBitia ¢asa, mo Oyna iaeHTH(IKOBaHA SIK
B-H0,03 mix 3epHamMu sikoi po3TanioBaHa TeMHa (aza KyOIYHMX TBEPAUX
PO3UUHIB 31 CTPYKTypor Tumy ¢iawooputy. B TemHiil (a3l crnoctepiraerbcs
YTBOPEHHSI IPIOHO3EPHUCTOI CTPYKTYPH, 1110 Oyna inentudikoBana sik C- H020s.

O06macTh TOMOTEHHOCTI KyOIYHMX TBEpAMX po3urHiB C-TUITy HampaBieHa B
CTOpoHy TpaHuuHoi noBiHHOI cuctemMu CeO,—LayOs. HarpapiieHHICTh 3a3Ha4eHOT
00J1aCTi TOMOT€HHOCTI HAMEBHO CBiUUTE IIPO PIBHOLIHHE 3aMilieHHs ioHiB HO® Ha
ionn Ce™ ta La* B kyGiumiii xpucramiumiii rparmi C-Ho,0s. Ilpu momasanui

€THOr0 KOMIIOHEHT o3umHHicTh La* B WCTAIYHIA arty  C-Ho,O3
y
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30UTBIITY€ETHCS, B TIOPIBHSHI 3 TPAHUYHOIO MO/BIIHOI0 crcteMoro La,Os—H0,03, Bin
18 10 40 mom. %. OnHax 3HauHOrO 30inbIIeHHs posunHHOCTI Ce* B KpHCTamiuHii
rpatii C-H0,O3 He cmocCrepiraetbesi. HarmeBHo, 1ie MOB’S3aHO 3 3aps0BOIO
KOMIICHCAITIEI0 TIPM YTBOPEHHI 3a3HAUCHWX TBEPAUX PO3UYHMHIB, OCKUIBKH IPU
samimeni iony Ho** ma iom Ce*™ kommencanis 30MTKOBOTO MO3UTHBHOTO 3apsiTy
BIZIOYBAETHCS IIUITXOM PO3MIIICHHS 10HIB KHUCHIO B MDKBY3JIIX, a00 3aXOIUICHHS
eneKTpoHiB. B Toii ke vac, ionm La** ta Ho* i3omopdHO 3aminyrors omuH 01HOrO

Ta HE OTPEOYIOTh I0JJATKOBOI 3aTPaTH €HEeprii CHCTEMU Ha KOMITCHCALIO 3apsiTy.

» HM

0,550 ~ 0,550
0,548 - 0,548
0,546 — 0,546
0,544 - - 0,544
0,542 0,542
0,540 ; . : - . : : . > 0,540

100 80 60 40 20 50 %La,0,

Mon. % CeO, 0 % CeQ,

50 % Ho,0,

Pucynox 4.17 — KonieHTpariiiiHa 3aJIe5KHICTh ITapaMeTpa a eIeMeHTapHO1
KOMIPKHU TBEPAOTO PO3YUHY 31 CTPYKTypoto Tuny (iurooputy (F) y nepepisi
CeOZ—(SO Mout. % L3.203—50 mout. % HOzOg) CHUCTEMU CeOz—La203—H0203

nicist TepMooOpoOKu 3paskiB 3a Temneparypu 1500 °C
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a_., HMm

Fr ’
- 0,554

0,554

0,552—- .—0,552
0.550-‘ ;0.550
0,548—- '—0,548
0,546-. ;0.546
0,544 - -—0,544
0.542—. -—0.542
0.540-. .-0,540
0,538- -0,538
0,536- ; .-0,536

S B S S

— x
0 %La,0, 10 20 30 40 50 60 70 80 80 100

50 % CeOQ, Mon. % La,0,
50 % Ho,O,

Pucynox 4.18 — KoniieHTpariiiiHa 3aJIe5KHICTb ITapaMeTpa a eIeMeHTapHO1
KOMIPKHU TBEPAOTO pO3YMHY 31 CTPYKTypoto Tuny (urooputy (F) y nepepisi
L&zOg—(SO MoJI. % CGOz—SO MoJ1. % HOzOg) CHUCTEMHU CEOz—Lazog—HOZOg

nicist TepMooOpoOKH 3paskiB 3a Temneparypu 1500 °C

[lapamerpu eneMEHTapHOI KOMIPKM KyOIUHMX TBEpAUX po3uuHiB C-TUILy
3MIHIOKOTHCS JTiHIAHO Bif a = 1.0913 am aiis tpudaznoro 3paszka (F+B+C) cknany 15
Moi. % CeO242.5 mon. % Lay0O342.5 mon. % H0,03 10 a = 1.0912 am s
nBogazHoro 3paska (F+C) ckmany 45 mon. % Ce02-27.5 mon. % Lay03-27.5 mom. %
H0,03 B3noBxk npomens CeO,—(50 mom. % La,03—50 mon. % H0,03) Ta Bin a =
1.0677 HM 17151 TBEPIOTO PO3YMHY, 110 MICTUTE 25 Moit. % CeOx-5 mon. % La,Os—70
Moi1. % H0,03 1o a = 1.0725 um ans qeodazHoro 3paszka (B+C) cknaxy 5 mon. %

Ce02-25 momn. % LayOs3—70mom. % Ho,03 B3moBx i30koHIIeHTpaTH 70 % H020s.
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Tabmuus 4.4 — Buxinauit XiMiyHUH 1 (pa30BUil CKiIajl, MapaMeTpyu eJIeMEHTapHUX

KOMipok (ha3 micis TepMooOpooku 3paskiB cuctemu CeOr—La0s—H0,03 mpu 1500

°C, 80 rox (3a nanumu POA ta CEM)

XiIMIYHHH CKIaI, dazoBuii [TapameTpu eneMeHTapHUX KOMIPOK (a3, HM
MoJL. % cKyan i
napaMeTpu
CeOz | La2O3 | HoOs eﬁgﬁiff:ﬁx <B> <C> <F>
a b c S a a
1 2 3 5 6 7 8 9 10 11
[Tepepiz CeO2 — (50 moin. % La20s— 50mo011.% H0203)

1 49.5 49.5 <B> 14540 0.3521 0.8823 105.7 - —

2 49 49 <B> 14450 0.3514 0.8814 105.0 - -

3 48.5 48.5 <B> 14390 0.3490 0.8795 100.5 - -

4 48 48 <B> 14250 0.3432 0.8765 98.17 - -
5 47.5 47.5 <F>+<B> 14176 0.3630 0.8668 94.29 - 0.5490
10 45 45 <F>+<B> 14154 0.3627 0.8561 9461 - 0.5486
15 42.5 425 <P>+<B>+<C> 14208 0.3643 0.8690 94.79 1.0913 0.5484
20 40 40 <F>+<B>+<C> 14188 0.3642 0.8582 94.65 1.0914 0.5482
25 37.5 375 <P>+<B>+<C> 14179 03629 0.8579 9421 1.0915 0.5479
30 35 35 <F>+<B>+<C> 14176 0.3626 0.8576 94.13 1.0926 0.5482
35 32.5 325 <P>+<B>+<C> - - - - 1.0912 0.5483
40 30 30 <F>+<B>+<C> - - - - 1.0912 0.5482
45 27.5 27.5 <F>+<C> — — - - 1.0947 0.5480
50 25 25 <F>+<C> — — - - 1.0940 0.5475
55 22.5 22.5 <F>+<C> — — - - 1.0914 0.5470
60 20 20 <F>+<C> — — - - 1.0929 0.5465
65 17.5 17.5 <F> — — — - - 0.5465
70 15 15 <F> — — - - - 0.5457
75 12.5 125 <F> — - - - - 0.5452
80 10 10 <F> — - — - - 0.5448
85 7.5 75 <F> — - — - - 0.5435
90 5 5 <F> - - - - — 0.5424
95 2.5 2.5 <F> — - - - - 0.5418
100 0 0 <F> — - — - - 0.5409

[Mepepiz Laz03 — (50 momn. % CeO2— 50mo01.% H0203)
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1] 2 [ 3 | 5 6 | 7 8 9 10 | 11
47.5 5 47.5 <F>+<C> - - - - 1.0726 0.5393
45 10 45 <F>+<C> — - - - 1.0742 0.5417
42.5 15 42.5 <F>+<C> — - - - 1.0772 0.5435
40 20 40 <F>+<C> — — - — 1.0795 0.5457
37.5 25 37.5 <F>+<C> — — - — 1.0841 0.5474
35 30 35 <F>+<C>+<B> 14238 0.3660 0.8738 95.33 1.0860 0.5485
32.5 35 325 <P>+<C>+<B> 14230 0.3658 0.8738 9533 1.0862 0.5483
30 40 30 <F>+<C>+<B> 14238 0.3660 0.8738 9533 1.0859 0.5489
27.5 45 27.5 <F>+<B> 14298 0.3675 0.8755 95.74 — 0.5505
25 50 25 <F>+<B> 14368 0.3697 0.8654 96.21 - 0.5515
22.5 55 22.5 <F>+<B> 14372 0.3702 0.8660 96.28 - 0.5519
20 60 20 <P>+<B>+<A*> 14435 0.3727 0.8715 97.37 - 0.5530
17.5 65 175 <P>+<B>+<A*> 14430 0.3722 0.8710 97.32 — 0.5534
15 70 15 <P>+<B>+<A*> 14432 0.3724 08712 97.34 - 0.5528
12.5 75 125 <P>+<B>+<A*> 14435 03727 0.8715 97.37 - 0.5531
10 80 10 <A*>+F — - — — — 0.5537
7.5 85 7.5 <A*>+F - — — — — 0.5544

5 90 5 <A*> — — — — — —
2.5 95 2.5 <A*> — — — — — —

I3okonmeHTpaTa 70 Mo, % H0203

1 29 70 <B>+<C> 15562 0.3580 0.8466 95.44 1.0740 -

2 28 70 <B>+<C> 15610 0.3587 0.8465 9546 1.0734 -

3 27 70 <B>+<C> 15579 0.3585 0.8461 9543 1.0730 —

4 26 70 <B>+<C> 15581 0.3590 0.8475 9542 1.0727 -

5 25 70 <B>+<C> 15593 0.3590 0.8466 9541 1.0725 -
10 20 70 <C> — — - — 1.0720 -
15 15 70 <C> - - - - 1.0717 -
20 10 70 <C> — — - - 1.0707 —
25 5 70 <C> — — - — 1.0677 -
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doai il

a— 7.5 mon. % Ce0,—85 mon. % Lay03—7.5 mon. % H0,03 (A*+F ); Temua daza
— <F-CeO2>, cBiTma (aza — <A*-La,Os> i wopue mopu; 6 -5 mon. % CeO,—90
moit. % Lay03-5 mon. % Ho,03 (A*); 6 — 22.5 moin. % CeO,-55 moin. % LayOs—
22.5 mon. % Ho0,03 (B+F); cBitna ¢dasza — <B-H0,03>, temua aza <F-CeO,> i
qyopHe — nopH; 2 - 30 moi. % CeO,—40 moin. % La,03—30 mout. % Ho,03 (B+F+C);
teMHa (haza <F-CeO,>, cBitna daza <C-H0,03>, cipa paza — <B-H0,03>, 1 vopHe —
nopu; 0 -37.5 moin. % CeO,-25 mon. % Lay03—37.5 mou. % H0,03 (C+F); Temna
daza — <F-CeO,>, cpitna (aza — <C-H0,03> 1 yopue — nopwu; e- 10 momn. % CeOyp—
45 mon. % La,0345 moit. % Ho,03 (B+F); citia daza — <B-H0,03>, Temna (haza
— <F-CeO2> i wopne nopwu; € - 15 moiu. % Ce0,—42.5 mon. % La,03—42.5 mon. %
H0,03 (F+B+C); arc — 15 moa. % CeO,—42.5 mon. % La,03-42.5 moa. % H0,0;
(F+B+C); 3 - 40 mon. % CeO,-30 mon. % La,03-30 mon. % Ho,03 (F+B+C);
teMHa ¢aza — <F-CeO,>, ciTna aza — <C-H0,03>, cipa aza — <B-H0,03>, yopHe
— nopw; i- 60 mon. % Ce0,-20 mon. % La,03-20 mon. % Ho,03 (F+C), temua
daza — <F-CeO,>, cpiTia (aza — <C-H0,03> i vopHe — mopwu; « - 65 moa. % CeOyp—
17.5 mon. % La,03-17.5 moun. % H0,03 (F), 2 - 95 moa. % CeO,—2.5 moi. % La,O3—
2.5 moi. % Ho,03 (F).

Pucynox 4.19 — MikpoCTpYKTYpH y BiTIOUTHX €IeKTpoHax 3pa3kiB cuctemMu CeO,—

La,03—H0,03 micnsa repmoobpobku mpu 1500 °C:
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Pucynok 4.19, apkym 2
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AP487 401

Pucynox 4.19, apkym 3

B nocnimkeHoMy 130T€pMIYHOMY MEpeEpi3l CIOCTEPITraeThCsl YTBOPECHHS
HE3HayHOi 00JIacTI TOMOT€HHOCTI TBEPAUX PO3YHHIB HA OCHOBI MOHOKIIIHHOT
MoaudiKallii OKCHIIB JAHTAaHOIA1B. 3a3HaueHa 00JacTh FOMOTEHHOCTI BUTSITHYTA
B37I0BX TIpaHW4HOI MmojBiiiHOI cuctemu La,O3;—H0,03. Cnig 3a3HauuTH, 110
YTBOpPEHHSI MOHOKIIHHOI Moaudikamii xapakrepHo mis H0.O3 Bume 2000 °C
[96]. Tlpu neryBaHHI OKCHAY TOJIbMIIO OKCHJOM JIAHTaHy CIOCTEPIraeThCs
3HAYHE 3HIKCHHS TEMIIEPaTypH ICHYBaHHSI 3a3HAUYCHUX TBEPAUX PO3UMHIB (PHC.
3.13). Ilpm [nomaBaHHI OKCHAY UEpil0 3HAYHOTO 3OUIBIICHHS O00JacTi

romorennocti B-H0,03 me cmoctepiraetbes. I'pannuna posumnanicts Ce*

B
kpucrtaniyHiit rpatii B-H0,03 cranoButs 4 mon. %. [lapamerpu enemeHTapHUX
TBEPAUX PO34YMHIB Ha 0CHOBI B-H0,03 3minroroThes Bim a = 1.4540 uMm, b = 0.3521
M, C = 0.8823 um, = 105.7 nnst TBepmoro po3unHy ckiaamy 1 mom % CeO,—49.5
MoiL. % La,03-49.5 moir. % H0,03 o a =1.4176 um, b = 0.3630 1M, ¢ = 0.8668 HM,
S=94.29 nns nBodazHoro 3pazka (F+B) cknamy 5 mon. % CeO2—47.5 moi. % LayOs—
47.5 mon. % Ho,03 ta 10 a = 1.4208 um, b = 0.3643 um, ¢ = 0.8690 uMm, = 94.79
st neodazHoro 3paszka (F+B) ckmamy 15 momn. % CeO2—42.5 mon. % La,03-42.5
Mod1. % H0,03 3a mepepizom CeO2—~50 moit. % La,03—50 mom. % H0203) (Tabi. 4.4).

[Tapamerpu eeMEHTapHUX TBEPAUX PO3UMHIB Ha OCHOBI B-H0,03 3MiHIOIOTHCS Bij

a =1.4238 um, b = 0.3660 um, ¢ = 0.8738 um, = 95.33 mus tpudasHoro 3paska
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(F+C+B) cxamy 35 mon. % CeO2-30 mon. % LayO3-35 mon. % H0203 10 a =
1.42938 am, b = 0.3675 aM, ¢ = 0.8755 M, = 95.74 s nBodasHoro 3paska (F+B)
ckiany 27.5 mon. % CeOx45 mon. % La,O3-27.5 momn. % H0,0s, a Takox 10 a =
1.44358Mm,0=0.3727 am, c=0.8715 uMm, f=97.37 i Tpudaznoro 3pazka (F+B+A)
B37oBK mpoMmeHs La,Os(50mon. % CeOr-50 mom. % H0,0s). XapakrtepHa
MIKpPOCTPYKTypa rereporenHoro 3paska (F+B) npencrariena Ha puc. 4.19 B. Bkazana
CTPYKTypa XapakTepU3YETbCS HASBHICTh JBOX CTPYKTYpHHX CKJIQJIOBHX, IO
PO3PI3HAIOTECSA 32 KOHTPAaCTOM. MatpuIlsl BIINOBIAaE MOHOKIIHHIA CTPYKTYpi
okcumiB P3E. Temua ¢aza Hane:xuTh KyOIYHUM TBEPAUM PO3YHHAM 31 CTPYKTYPOIO
trry Gumoopury (F- CeOy).

OO0sacTh TOMOTE€HHOCTI Ha CHOBI T€KCarOHaJIbHUX TBEPAMX PO3YMHIB A*-
La,O3; yBirHyTa B HampsMKy KyTa 3 BEJIUKHMM BMICTOM OKCHIYy JaHTaHy. B
JOCIIKCHOMY 130TepMIdHOMY Tepepisi miarpamu crany cucremun CeO,—LaOs—
H0,03 mpu 1500 °C crioctepiraerbes 3By>KeHHS 00J1aCTi TOMOT€HHOCTI B ITOPIBHSHI
3 TPaHWYHUMH TIOJABIMHMMH cucTeMaMu. KoHIleHTpalliifHa TpaHulsg 00JacTi
TOMOT€HHOCTI MPOXOJIUThH BiJl BIAMOBITHUX KOOPAMHAT B OOMEXKYIOUHMX TOJBIHHUX
cucteMax CeOx—La;0Os; (100-75 mom. % Lay0s3) [53] Ta La,Os—Ho,03 (10077
moit. % H0,03) (puc. 3.13). B gocmikeniii cuctemMi TOBUHHI YTBOPIOBATUCS TBEP/I1
po3unHU Ha ocHOBI A-La;Os, oiHaK OKCHJI JIaHTaHy Yy TMOBITPI T1IpaTye 1 3aMiCTh
rekcaroHaipHoi ¢dasm La,O; mpm  3a3HadueHUX PpEKUMax — OXOJIOHKCHHS
criocTepirayii  yTBOpeHHs  riapokcumy Jsantany La(OH)s.  Ilapamerpu
eNIEMEHTApHUX TBEPAUX po3urHIB Ha oCHOBI A-La(OH); 3miHIOIOTBCS Bif a =
0.6505 uM, ¢ = 0.3830 um, c/a = 0.5888 mis TBepAOro po3unHy cKiaxy 35 Mo %
Ce0,-30 mom. % LayO3-35 moi. % H0,03 10 a = 0.6485 um, ¢ = 0.3816 uM, c/a =
0.5884 myist rpaHUYHOTO CKJIaay TBEpOro po3uuHy 7.5 mon. % CeO,—85 moi. %
La,O3-7.5 mon. % H0,03. PesynbraTt peHTreHo(a3zoBoro aHajizy y3roKyrThCs
3 JAaHWUMHU MIKPOCTPYKTYpHUX JHociimkeHb. Ha puc. 4.19 a-0 mpeacraBieHo
MIKPOCTPYKTYPH, IO XapaKTePU3yIOTh 00JI1aCTh TOMOT'€HHOCTI TBEPAOIO PO3UUHY

A-La(OH); ta rereporenny obmacts (A+B). 3 mpeacraBieHHX MIKpOCTPYKTYP
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CIiJIye, IO TBEPJAl PO3YMHM HA OCHOBI TIeKcaroHaiabHOI A-moaudikarii
XapaKTEPU3YIOTHCS YTBOPEHHSIM TPIIIMH I1€, HANIEBHO, TIOB’s13aHO 3 TUM, 1m0 La;Os
Ha moBiTpi rigparye ta nepexoauth B La(OH)s. Takwuii mepexin Bia3HAYaeThCs
TIOBHUM, 200 YaCTKOBUM PYHHYBaHHsIM 3pa3kiB. OTKe, 3 TEXHOIOTIYHOT TOUKH 30pY
3a3HayYEeH1 3pa3Ku € HE TEXHOJOTTYHUMH JIJIsi BUKOPUCTaHHI B aTMOC(epi MOBITPsL.
MikpocTpykTypa aBodasHoro 3paska (A+B) ckimamy 7.5 moin. % CeO2—85 moi. %
La;03-7.5 mom. % H0,0; (puc. 4.19 a) xapakTepu3yeTbCs HASBHICTIO JIBOX
CTPYKTYpHHUX CKJIAJOBHUX, III0 PO3PI3HSAIOTHCS 32 KOHTPACTOM Ta MOP(QOJIOTI€NO.
Martpuito craHoButh (aza, 110 MPEJICTaBICHA MAPKETOMOMIOHOI0 Maibke 0e3
MOPUCTOI0 CTPYKTyporo. Marpurs Oyna ineHtudikoBana sk A-La(OH)s. Temna
¢haza HaJIeKUTH 10 KyOIUHOI CTPYKTYPH TUITY (DIFOOPUTY.

OT1xe, 130TepMiuHui mepeois notpiriHoi cuctemu CeO,—La;03—H0,05 pu
1500 °C xapakTepu3y€eThcs moai0HO0 OYA0BOIO 0 BHINE PO3MISTHYTOI CHCTEMHU
Ha OCHOBI OKCHUJIIB IIEpiI0, JaHTaHy Ta AUCIpo3it0. BcTtanosneHo, mo npu 1500
°C croctepiraetbcs yTBOpeHHs NBOX Tpudaznux (A+B+F, F+C+B) ta nsatu

nsodasznux (A+F, A+B, F+B, B+C, F+C) obmacreii.
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4.4 ®a3oBi piBHoBaru y cucremi CeO—La>03-Yb203 mpu 1500 Ta
1100 °C

4.4.1. I30TepmiuHuii mepepi3 AiarpaMu CTaHy NOTPiHHOL CHCTEeMH

CeO2-La203-Yb203 mpu 1500 °C

Hns  npocnmimkeHHs (a30BUX pIBHOBAr B MOTPiMHINA cuctemi Oyiu
MPUTOTOBIICH] 3pa3KH, CKJIATM SKUX JIeKaTh Ha Tphox mpomensx: La,Os;—(50
moi. % CeO,-50 mon. % Yh,03), CeO,—(50 moa. % Lay03—50 moa. % Yb,03)
ta Yh03—(50 moin. % CeO,-50 moi. % La,0s3). ¥V 3a3naueniii cucremi ipu 1500
°C yTBOpeHHS HOBUX (a3 He crocTepiraiock. BcTaHoBIEHO, 1110 MpU BKa3aHii
TEMIIEpaTypl YTBOPIOIOTHCS TOJISI TBEPAWX PO3YMHIB HA OCHOBI KyOIYHOI
Moaudikaiii 31 cTpykryporo tuiy diaooputy CeO,, kyoiunoi (C) Mmoaudikarriit
YDb,03, rekcaronanshoi (A) moaudikarii La,O3 ta ynopsakoaHoi ¢asu LaYbO;
(R), 10 KpHCTaNTI3y€eThCSI B CTPYKTYPi IEPOBCKUTY 3 POMOIYHUM BHKPUBIICHHSIM.
3a oTpUMaHUMH pe3yJibTaTaMi MOOYJAOBAHO 130TEPMIUHMNA TIEpepi3 JlarpaMu
crany cuctemu CeO2—La;03-Yh,03 mpu 1500 °C (puc. 4.20).

BuxigHuii XiMIYHUH 1 (pa30BUIA CKIIaIM 3pa3KiB, MICIS TEPMOOOPOOKHU IpH
1500 °C, naBeneHo B Tabmmili 4.5.

J1J11 BCTAaHOBJIEHHS pO3TAIllyBaHHS TpaHUIb (Pa30BUX MOJIIB Pa30M 3 TaHUMU
moA0 (a30BOro CKJIay 3pa3KiB BUKOPHUCTOBYBAJIM KOHIICHTPALIAHI 3aJI€KHOCTI
napaMeTpiB eIeMEHTapHUX KOMIpOK yTBOpeHuX (a3 (puc. 4.21-4.24).

[3oTepmiunmii  mepepiz  gociikeHoi cucteMu npu 1500 °C
XapaKTEPU3y€EThCsl HASBHICTIO 3HAYHOI 00JIacTI TOMOTEHHOCTI Ha OCHOBI
KyOI4YHOrO TBEpPAOr0 pO34MHY 31 CTpyKkTyporo Tuny Qmooputy F-CeOs.
KoHnentpariiiina rpanuiis 00JacTi TOMOTEHHOCTI 3a3HaY€HUX TBEPIUX PO3UUHIB
BUTHYTA B HANpPSMKY 3MEHIICHHS BMICTY IOKCHUIYy IIEpPII0 1 MPOXOAUTH Bij

BIIMOBIAHUX KOOPAMHAT B OOMexyrouux mojaBiHuX cucremax CeO,—La,03

(10049 mon. % La,0s) Ta CeO-Yb,0s (100-26 mom. % Yb,0s). B namiii
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CUCTeMi 00JacTb TOMOTSHHOCTI 3a3HAUYCHUX TBEPAWX PO3UYUHIB JIEIIO
301IBIIYETHCST B MOPIBHSIHHI 3 1HIUMHU cucteMamu psaxy CeO,—La,Os—Lny0s
(Ln=Sm, Eu, Gd). Lleit dakT moB's3aHuii 3 THM, [0 OKCH ITEPOil0 BXOIUTH 10
1Tp1€BOI MIATPYIH OKCHJIIB JIAHTAHOIIIB Ta XapaKTEPHU3Y€EThCS MEHIITUM 10HHUM

paziycom nopisasHo 3 Ce**.

CeO,
10
O 90
20 O
O 80
30 O
F O 70
40 O
60
50 5 F+C
F+R O 50
60 » o ®
F+A Y P2 ol @ 40
70 () [
OO@? 30
80 ® (] o,
90 .O (] .. 20
L ® | FictR @
A ... A+R+F s .. 10
NG
La,0,5—AF ECA\vp 0,

—7 7 —7 7 F T 7 4 T
273 10 20 30 40 50,60 70 80 90
o — onHo(daszni, @ — nBodaszHi, ® — TpudaszHi 3pa3ku
Pucynok 4.20 — [3otepmiunumii nepepi3 miarpamu crany cuctemu CeOo—La,Oz—

Yb203 mpu 1500 °C

[TapameTpu eneMeHTapHOI KOMIPKH TBEPAMX PO3YMHIB 31 CTPYKTYPOIO
tuny ¢arooputy F-CeO; 30imbirytorbes Big a = 0.5409 um nist unctoro CeO; 10
a = 0.5456 am ms nBodazHoro 3paszka (F+C) ckmamy 55 mon. % CeO,—22.5
moit. % Lap,03-22.5 moi. % Yh,03, B3nosxk npomens CeO2—(50 moi. % LayOs—
50 moa. % YD,03) (Tadn.4.5, puc. 4.21). IlapameTpu eaeMEHTApHOI KOMIPKH
tBepaux po3uuHiB F-CeO; 3minrototbes Big a = 0.5382 um amst juist aBodazHoro
3paska (F+C) cknany 47.5 mon. % CeO,—5 moi. % La,03—47.5 mon. % Yb,03 no
a = 0.5424 um nns tpudasznoro 3pazka (R+F+C) cknamy 42.5 mon. % CeO,-15

moir. % Lay03—42.5 mon. % Yb,03 ta 10 a = 0.5455 um mns nBodasHoro 3paska
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Tabmuns 4.5 — Buxigauii XiMigHA#R 1 (a30BUil CKIIau, MapaMeTpyu elIeMEHTapHUX

koMipok ¢a3 cuctemu CeO,—La;0s—Yb,O3 micns Bumairy 3paskis pu 1500 °C, 80 rox

XiMiuHUH CKIAL, da3zoBuii [Tapamerpu enemeHTapHO1 KOMipKH (a3, HM
Moa. % cKiIamg
CeOz | La203| Yb20s <F> <C> R
a a a b C
1 2 3 4 5 6 7 8 9
ITepepiz La203—(50 moa. % CeO2 — 50 moi. % szOg)

47.5 5 47.5 <F>+ <C> 0.5382  1.0446 — —

45 10 45 <F>+<C> 0.5417  1.0454 — — —

42.5 15 42.5 R+<F>+ <C> 0.5424  1.0464 — — —
40 20 40 R+<F>+ <C> 0.5429  1.0474 0.6019 0.5803  0.8396
37.5 25 37.5 R+<F>+ <C> 0.5426  1.0479 0.6019 0.5813  0,8416
35 30 35 R+<F> 0.5455 — 0.6011 0.5807  0.8376
32.5 35 32,5 R+<F> 0.5467 — 0.6016 0.5813  0.8269
30 40 30 R+<F> 0.5491 — 0.6021 0.5799  0.8379
27.5 45 27.5 R+<F> 0.5526 — 0.6012 0.5827  0.8347
25 50 25 R+<F>+<A> 0.5565 — 0.6009 0.5821  0.8368
22.5 55 22.5 R+<F>+<A> 0.5560 — 0.6017 0.5815 0.8391
20 60 20 R+<F>+<A> 0.5572 - 0.6010 0.5822  0.8367
175 65 17.5 R+<F>+<A> 0.5577 - 0.6013 0.5828  0.8370
15 70 15 R+<F>+<A> 0.5570 - 0.6016 0.5816  0.8392
125 75 12.5 R+<F>+<A> 0.5568 - 0.6016 0.5816  0.8392
7.5 85 7.5 R+<F>+<A> 0.5578 - 0.6017 0.5816  0,8390
5 90 5 R+<F>+<A> 0.5568 - 0.6010 0.5821  0.8366

2.5 95 2.5 <A> — — — — —

ITepepiz CeO2— (50 moi. % La203-50 moi. % Yb20z3)

1 49.5 49.5 R - - 0.6014 0.5810  0.8382
2 49 49 R - - 0.6016 0.5816  0.8382
3 48.5 48.5 <F>+R 0.5480 — 0.6022 0.5817  0.8383
4 48 48 <F>+R 0.5478 - 0.6132 0.5813  0.8376
5 47.5 47.5 <F>+R 0.5379 - 0.6011 0.5815  0.8385
10 45 45 <F>+R 0.5478 - 0.6075 0.5756  0.8385
15 42.5 42.5 <F>+R 0.5472 — 0.6014 0.5816  0.8386
20 40 40 <F>+R 0.5473 — 0.6020 0.5807 0.8378
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1 | 2 | 3 | 4 5 6 7 8 | 9
25 375 375 <F>+R 0.5470 — 0.5995 0.5815 0.8372
30 35 35 <F>+R 0.5468 - 0.6017 0.5832  0.8391
35 325 325 <F>+R 0.5464 - 0.6005 0.5812  0.8373
40 30 30 <F>+R 0.5463 — 0.5990 0.5813  0.8405
45 275 275 <F>+R 0.5459 — 0.6012 0.5764 0.8414
50 25 25 <F>+R 0.5458 - 0.5994 0.5830 0.8379
55 225 225 <F>+R 0.5456 - 0.6021 0.5797  0.8373
60 20 20 <F> 0.5454 _ _ _ _
65 175 175 <F> 0.5449 — — - -
70 15 15 <F> 0.5444 — — - -
75 125 125 <F> 05438  — = = =
80 10 10 <F> 0.5435 - - - -
85 7.5 7.5 <F> 0.5430 — — - -
90 5 5 <F> 0.5423 — — - -

ITepepisz Yb203 — (50 mom. % CeOz— 50 momn. % Laz0s)
25 25 95 <C> — 1.0447 — - -

5 5 90 <C>+<F>+R 0.5447 1.0472 — - -

10 10 80 <C>+<F>+R 0.5447 1.0472  0.6002 0.5823  0.8458

125 125 75 <C>+<F>+R 0.5443 1.0469  0.6017 0.5785 0.8276
15 15 70 <C>+<F>+R 0.5456 1.0475  0.6001 0.5837  0.8383
175 175 65 <C>+<F>+R 0.5443 11,0472  0.6032 0.5801  0.8389
20 20 60 <C>+<F>+R 0.5448 11,0474  0.6017 0.5798 0.8311
225 225 55 <C>+<F>+R 0.5444 1.0469  0.6019 0.5793  0.8380

25 25 50 R+<F> 0.5446 - 0.6032 0.5823  0.8309

30 30 40 R+<F> 0.5465 - 0.6015 0.5826  0.8386
325 325 35 R+<F> 0.5483 - 0.5990 0.5807  0.8369
375 375 25 R+<F> 0.5515 - 0.6014 0.5809  0.8376

40 40 20 R+<F> 0.5524 — 0.6015 0.5834  0.8386
425 425 15 R+<F> 0.5542 — 0.6026 0.5815  0.8396

45 45 10 R+<F> 0.5549 - 0.5992 0.5826  0.8389
475 475 5 R+<F>+<A> 0.5557 - - - -
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(F+R) cxnamy 35 mon. % CeO2—30 moi. % Lay03—35 moi. % Y203, a Takox 10
a = 0.5565 um qs Tpudasznoro 3paszka (R+F+A) ckmamy 25 mon. % CeO,-50
Moi. % La,O3-25 moin. % Y0203 B3goBxk npomens La,03—(50 moi. % CeO2-50
Moa. % YDb203), Tabn.4.5, puc. 4.22.

[lapamerpu enemeHTapHOi KOMipku TBepaux po3unHiB F-CeO;
3MIHIOI0TBCS Bijl a = 0.5557 um mis g tpudasnoro 3paska (R+F+A) ckiany
47.5 mon. % CeO,—47.5 mon. % La,O03—5 mon. % Yb,03 no a = 0.5549 M nns
naBodasznoro 3paska (R+F) cknamy 45 mon. % CeO,—45 mon. % La,03—10 moi. %
Yb,03 10 a = 0.5444 um nns tpudasnoro 3paska (C+F+R) ckimany 22.5 moi. %
Ce0,22.5 mon. % La,03-55 moi. % Yb,03 B3noBk mpomens Y h,03—(50 moi. %
CeO2—50 momn. % Lay03), Tabn 4.5, puc.4.23. 3 HaBeAeHUX JAHUX CIIIJYE, IO
BiIOYBa€ThCSl 30UIBIICHHA TapaMmeTpiB enemeHTapHoi komipku F-CeO; 31
30LIBIIEHHSAM KiJIBKOCTI Jeryiounx aomimok. lle mos’s3ano 3 tum, mo La®*
XapaKTepU3yeThCca OLIBLIIMM i0HMM paiycoM B nopisHsauHi 3 Ce* Ta Yb3*. Oxe,
CIIOCTEPITa€ThCS 30UIBIIEHHS CEPEIHbOr0 10HHOTO pajlyca Hpu 30UIbIICHHI
KOHIIEHTpAIlll JIETYIOUMX JOMIIIOK, a00 3aMIllleHHs B KPUCTAJIYHIN Tpartiii
BinOyBacThCs mepeBakHo Ha ionum La*. BeramosneHo, mo mpu temmepaTypi
1500 °C xy0Oi4Hi TBepIl PO3UYMHU 31 CTPYKTYpPOIO THUITy (PJIFOOPUTY HA OCHOBI
TIOKCUIY 11epito mepe0yBaroTh y piBHOBa31 3 ycima (ha3zamu, 1110 yTBOPIOIOTHCA B
1A CUCTEMI.

XapakTepHy MIKPOCTPYKTYpPY [UJIsl TBEPAUX PO3UMHIB 31 CTPYKTYPOIO TUITY
dmroopury F-CeO; mpencrasieno Ha puc. 4.25 B. MikpoCTpyKTypH BO(Da3HUX
3paskiB (F+R) xapakTepu3yroThcst HASIBHICTIO IBOX CTPYKTYPHUX CKJIAJIOBUX, IO
YITKO BIAPI3HAIOTHCS 32 KOHTpacToM (puc. 4.25 a, 6). Temna ¢aza, o ckiamgae
MaTpPUITI0, HAJICKUTh YMOPSAAKOBaHIM (a3l 31 CTPYKTYpPOIO THITY MEPOBCKUTY
LaYbOs;, a cBitia ¢asa, 1m0 3HAXOAUTh B 3HAYHO MEHINIA KiJIBKOCTI, Oyia
ieHTr(IKOBaHa K TBEPIUX PO3UYUH 31 CTPYKTYpOro TUMy (itooputy puc. 4.22
a. 3HAUHy IUIONIY 130T€PMIYHOrO Tepepidy MIOCTIHKEHOT CHUCTEMHU 3aiMae

tpudaszna odmacts (R+F+C), puc. 4.20. MiKpoCTpyKTypH IreTeporeHHOi 001acTi
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(R+F+C) xapakTepu3ylOThCs HAsSBHICTIO TPHOX CTPYKTYPHHX CKJIaJ0BHX, IO
BIJIPI3HAIOTHCA 32 KOHTpacToM (puc. 4.25 r-e). 3 Bukopuctanusam nanux JIPCA
BCTAHOBJIEHO, IO TEMHa oOJacTh 30aradeHa LepieM Ta Moxe OyTu
imeHTudikoBaHa sk ¢aza F-CeO,, ciTia x ¢a3za, 30araueHa irepoiem, HaEeKUTh
C-Yby03 i cipa ¢a3za xapakTepusye BIOPSAKOBaHY a3y 3i CTPYKTYPOIO THILY
MEPOBCKUTY puc. 4.25 r-€.

B3nosx crtopoHu obOmexyrouoi cucremu La,Os—Yb,O3 yTBOproroThCS
TBEpAl PO3YMHM HA OCHOBI YHOPSAKOBAHOI (a3u 31 CTPYKTYypOIO THILY
nepoBckuty LaYDOs. Pozuunnicts CeO, B HUX CTaHOBUTH ~ 3 MOJI. %.

Ha mudpakrorpammi 3paska ckiaany 3 moi. % CeO,—48.5 mon. % La,Os—
48.5 mon. % Yb;O3; yTBOPIOIOTHCS IIKH, IO HAJICKATH KyOIYHOMY TBEPIAOMY
po3umnHy 31 cTpykTyporo tuiy ¢maooputy F-CeO,. Ilapamerpu enemeHTapHOI
KOMIPDKH TBEpPAUX pO3YMHIB 31 CTpyKTyporo THiy TnepoBckuty LaYbOs;
3MiHIOIOTECA Big a = 0.6014 uM, b = 0.5810 uM, ¢ = 0.8382 HM a1 cKIady, IO
Mictuth 1 Moi. % Ce02—49.5 mon. % La,03-49.5 mon. % Yh,03 1o a = 0.6022
M, b =0.5817 um, ¢ = 0.8383 um 11 ckiIafdy, 1o MicTuTh 3 Mo, % CeO,-48.5
moi. % Lay03—48.5 mon. % Yb,03 B3mosx npomenst CeO,—(50 mon. % LaOs—
50 mon. % Yb,03). He3Baxaroun Ha Te, 110 BIOPSAKOBaHA (a3a 31 CTPYKTYpOIO
TUITy TEPOBCKUTY 3aiiMae HE3HAyHy 00JIaCTh TOMOTEHHOCTI, BOHA ICHYE€ B
TrEeTEPOreHHUX 00JIACTAX, 10 3aiMal0Th 3HAUHY IUIONLY 130T€PMIYHOIO MEpepi3y
iei cucremu npu 1500 °C.

B o6nacti 3 BEMTMKHM BMICTOM OKCHIy 1T€pOil0 YTBOPIOIOTHCS TBEPIIi
pO3urMHHU Ha OCHOBI KyOiuHOT C-Momudikaiii okcuaiB jaHTaHOiAiB. OO01acTh
TOMOTEHHOCTI 3a3HAUYCHUX TBEPIUX PO3UMHIB XapaKTEPU3YETHCS HE 3HAYHOIO
MPOTSKHICTE. MakcumanbHa po3dnHHICTh CeO; B KyO1UHOMY TBEpAOMY PO3UHHI
Ha ocHOBI C-YD,03 cranoBuTh 5 MoJI. %, B310BX mpoMeHs Y0h,03—(50 mon. %

Ce02-50 Mot % Lay03), (prc. 4.20).
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Pucynok 4.21 — KonnenTpartiiiiti 3ajeXHOCTI TapaMeTpy eJIeMEeHTapHO1
KOMIpKH KyO14HOTO TBepAoro po3unHy tuiy ¢iatoopury (F-CeOy), 3a
nepepizom CeO,—(50 moi. % La,03—50 mom. % Yh,03) micis TepmooOpoOKu
3paskiB mpu 1500 °C
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Pucynok 4.22 — KoniieHTpalliiiHi 3aJIeKHOCTI TapaMeTpy eJIeMEHTapHO1
KOMIpKHU KyOi4HOTO TBepAoro po3unHy tuny ¢uroopury (F-CeOy), 3a
nepepizom La03—(50 moi. % Ce0,-50 moi. % Yb,03) micist TepMooOpoOku
3paskiB mpu 1500 °C
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Pucynok 4.23 — KoHiieHTpalliiiti 3aJIeKHOCTI TapaMeTpy €JIeMEHTapHO1

KOMipKH KyOigHOTO TBepAoro po3unny tuiry diaoopury (F-CeOy), 3a

nepepizoM Y0350 moi. % CeO,-50 mon. % Lay03) micis TepMooOpoOku

3paskiB npu 1500 °C
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Pucynok 4.24 — KoniieHTpalliiiHi 3aJIeKHOCTI TapaMeTpy €JIeMEHTapHO1

KOMIpKHU KyOiuHOTro TBepA0oro po3unny tumy ¢uroopury (C-Yhb,0s3), 3a

nepepizoM Yby03—(50 mon. % CeO,—50 mon. % LayO3) micis TepmMooOpoOku

mpu 1500 °C
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Pesynbratn  MIKPOCTPYKTYpHHMX  JOCHIKEHb, OO MeXi  00jacTi
TOMOTCHHOCTI KyOIYHMX TBEpAUX pO3uMHIB C-TUIy Y3TOKYIOThCS 3 JIaHUMH
peHTreHo¢a3oBoro aHam3y. MikpocTpyKTypa 3paska, o MicTUTh 2.5 moit. % CeOo—
2.5 mon. % La;03-95 moi. % Y003 xapaktepusye KyOiuHui TBepaui po3urH C-THITy
Y203 puc. 4.25 €. MikpocTpykTypa 3pa3ka, o Mictuth 5 Moit. % CeO2-5 Mo %
La,03-90 mon. % YD,O3 xapakTepu3yeThbesi TphOMa CTPYKTYPHUMH CKJIQJIOBUMH Ta
BimHOCUTHCS 10 TprdazHoi obnacti (R+F+C), puc. 4.25 x. 3 BUKOPUCTAHHIM JTaHUX
BCTAQHOBJICHO, III0 3a3Ha4yeHa OOJAacTh TOMOTIEHHOCTI 3HAYHO 3MEHILYETHCS 31
3MEHILIEHHSIM 10HHOT'O Pajilyca JIAHTaHO1/1a.

Kom Cegsolags001.75 po3unasieTsest B 1patiii Y0h,Os, i30BasieHTHE 3aMillieHHS
Yb** na La®" Gyne 30epirati e)eKTHBHY KOHLICHTpALiI0 BAKAHCIH KHUCHIO, 4, OTXKE, i
CTyHiHb yHopsiaKyBanHs. OHak amosaneHTHe 3amimenns Ce*' na Yb** npusomuts
JI0 3aIOBHEHHS [IMX BakaHCIA KCHEM. MO)KHA BiJJ3HAUMTH, IO BIOPsIKOBaHA (haza
C-tuny LnyO3 yTBOproeThes 3aBasku BriopsiikyBanHio (.5 BakaHcii kucHio. Take
3alOBHCHHS BaKaHCIH 13 30UThIIeHHSM KUTbKOCTI Cepsolags00175 Tpu3BOAMTE 110
MIEPETBOPEHHS BIOPsIKOBaHOI (hazu C-THITy B HEBIOPSAKOBaHY (pazy 31 CTPYKTYPOIO
THITY (TFOOPUTY, OCKUTHKH PYIITIHA CHJIa YIOPSIKYBaHHS, TOOTO KUTBbKICTh BaKaHCIH,
MOCTYTIOBO 3MEHIIY€EThCSA 13 30UIBLIEHHSIM KUTBKOCTI JIEryrounx JoMitok. [Tapamerpu
eJIeMEeHTapHOT KoMipku TBepauX po3urHiB C-Yh,03 30ibinyroThes Bin a = 1.0447 Hm
TSl TPQHUYHOTO CKITa Ty TBEPIOTO PO3UMHY, IO MIiCTHTH 2.5 Moit. % CeO,—2.5 mon. %
La;03-95 mom. % Y203 1o a = 1.0469 um mis tpudasnoro 3pas3ka (C+F+R), ckiany
2.5 mom. % CeO2-2.5 mon. % Lax03-90 mom. % Yh,03 B3moBxk npomenst Yh,03—(50
moi. % CeO2-50 mon. % LayOs). Tlapamerpu eneMeHTapHOT KOMIPKH TBEPAWX
posurHiB C-Yb,03 3mintoroTecs Bif a = 1.0446 HM 11t rereporenHoro ckiany (F+C),
110 Mictuthb 47.5 mon. % CeO2—5 mon. % Lay03—47.5 mon. % Yb,03 1o a = 1.0464 um
st TpudazHoro 3paszka (C+F+R), cknamy 42.5 mon. % CeOx—15 mon. % La,0s—42.5
Mot % Yby03 B3mosx mpomenst La,0Os; — (50 mom. % CeOx—50 mom. % Yb,O3).
30UTbILIEHHS TapaMeTPy €JIEMEHTAPHOI KOMIPKU KyO1YHOTO TBEpAOro po3uuHy C-Tuiy,

HAIEBHO, OB’ 13aHO 3 3amienHsM Yh** Ha ionu 3 GinbimmM ionrMM pagiycom La®.
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\ RSB RS
a o
a - 3 moi. % Ce0,48.5 moit. % La,0s—48.5 moi. % Yb,05 (F+R); 6 -55 mon. % CeO,—

22.5 mon. % La,03-22.5 mom. | % Yb,03 (F+R); Temna daza — LaYbOs, cBitia daza —
<F-CeO,> — yopue—niopu; 6 - 60 moi. % CeO,—20 moi. % La,03-20 mon. % Yb,O3 (F);
2- 15 moir. % CeO,-15 mon. % LayOs—70 mom. % Yh,03 (R+F+C); 0 -10 mom. % CeO,—
10 mom. % Lay03-80 mon. % Yh,0O3 (R+F+C); e -5 moa. % CeO,—5 mon. % La,03-90
moit. % Yh,0; (R+F+C); Temua daza — <F-CeO,>, cBitia ¢aza — <C-Yhb,03>, cipa ¢aza
— LaYbOs3 i wopre — mopw; e-2.5 momn. % CeO,—2.5 mon. % Lay03-95 mo. % Yb,03 (C);
arc-45 mon. % CeO,—10 mon. % La,03-45 mon. % Ybr,O; (F+C); Temna daza — <F-
CeO,>, cBitia daza — <C-Yb,03>, yopHe - nopu; 3 — 22.5 mon. % CeO,-55 momn. %
La,0522.5 mon. % Yh,03 (A+F+R); i — 17.5 momn. % CeO,-65 mon. % La,05-7.5
moin. % Yb,O3 (A+F+R); temna ¢dasza — <F-CeO,>, cpitima ¢aza — <C-Yb,03>,

napkeronoioHa daza — <A-LayOs> 1 vopHe—mopwu.

Pucynok 4.25 — MikpocTpyKTypH y BIIOUTHX eNeKTpoHax 3pa3kiB cuctemu CeOy—

La,O3—-Yb,03 micist repmoodpodku mpu 1500 °C:
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B KyTi 3 BeTMKHUM BMiCTOM OKCHJTY JJAHTaHY YTBOPIOIOTHCS TBEP/I1 PO3UMHH
Ha OCHOBI TekcaroHaiabHO1 Moaudikarii okcuaie P3E. O61acTh ToMOreHHOCTI
3a3HAYCHOTO TBEPJOTO PO3UMHY 3BYXKYETbCS B TIOPIBHAHHI 3 TpPaHUYHUMH
NOJBIMHUMHU CUCTEeMaMH. 3a3HAYCHHUI TBEPAUN PO3UMH niepeOyBae B piBHOBa3I 3
YHOPSAKOBAHOKO (ha3010 31 CTPYKTYpoIo THITY TIepoBckuTy LaYbOsta kyOiuammu
TBEpAUMH po3urHaMu Ha ocHOBI F-CeO;. MIKpOCTpYKTypH Te€TepOreHHO1
obmacti (A+R+F) xapakTepu3yrOTbCS HASBHICTIO TPHOX CTPYKTYPHHUX
CKJIQJIOBHX, 1110 BIAPI3ZHAIOTHCS 32 KOHTpAcTOM Ta Mopdororieto (puc. 4.25 3-1).
Martpuirio, IUX CKJIaJiB, YTBOPIOE cipa ¢ha3a, 1m0 HAJCKHUTh KyOluHii CTPYKTYpi
F-CeO; B sKiii piBHOMIpHO 110 ToBepxHi po3noaiiacHi dhazu C-Yb,O31a A- Lay0s.
CaiTJ1i 3epHa HajexkaTh KyOiuHii ¢a3zi C-Yb,0s.

Takoxk, Ha 3a3HAYEHUX MIKPOCTPYKTypaX CIOCTEPITAEThCS YTBOPEHHS
(azu, 110 XapaKTEPU3y€eThCS CTEPKHENOAIOHOIO CTPYKTYPOIO. Y TBOPEHI CTEPIKHI
MaloTh PI3HY HAMPABIEHICTh Ta JOBKUHY 1 XapaKTepPU3YIOTh TBEP/ll po3unHU A-
La,Os. [lo moBepxHi CTPYKTYypH YTBOPIOETHCS 3HAYHA KUIBKICTH IOP, IO
po3TarioBaHi Ha Mexi JBox Kyoiunux a3z F-CeO, ta C- Y03 (puc. 4.25 3-1).

Takum anHOM, HociipkeHHs ¢a3oBux piBHOBaAr B cucteMi CeO,—La,03—
Yb,03 nokasao, 110 B AaHiii CHCTEMi YTBOPIOIOTHCS TIOJIST TBEPIMX PO3UYHHIB HA
ocHOBI Ky01uHOi (F) 13 cTpykTyporo tury drooputy moaudikaiiiit CeO,, kyoiuHOT
(C) momudikariit Y03, rekcaronanbroi (A) momudikartii La,O3 Ta ynopsikoBaHoi
dazu LaYbO; (R), mio kpricTanizyeTbesi B CTPYKTYPi THITY TIEPOBCKUTY 3 POMOIYHIM
cnotBopeHHsM. PozunnHicTe CeO; y KpuCTamiuHIM rpajaii ynopsakoBaHoi (azu
THITY IEPOBCKUTY CTAHOBUTH ~ 3 MOJ1. %. BcTaHOBIIEHO, 1110 130TEpMIUHMIA TIEpepi3
miarpamu ctany cuctemu CeOx—La,03-Yb,03 mpu 1500 °C xapakTepu3yeThCs
HasBHIiCTIO ABoX Tpuasuux (F+C+R), (A+R+F) ta m’sstu nBodasuux (A+F),

(A+R), (R+C), (F+R), (F+C) obnacreii.
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4.4.2. I30TepmMiuHuUil epepi3 AiarpaMu CTaHy NOTPiHHOI CHCTEeMH

CeO2-La203-YDb203 mpu 1100 °C

[3oTepmiunmii iepepi3 aiarpamu crany cucremu CeO,—La03—Yb,05 mpu
1100 °C mae OyaoBy, moaiOHy 10 pO3TasHYTOro BHIe mepepidy mpu 1500 °C.
[Ipu 3a3HaveHi TeMmeparypi HOBI a3y He BUSBICHO.

3a OoTpUMaHUMHU pe3yJbTaTaMH MMOOYJOBaHO 130TEPMIUHUN TEpepi3
miarpamu crany cucremMu CeOx-La,03-Yb,03 mpu 1100 °C (puc. 4.26).
Buxinuuii Ximiunauii 1 pazoBuit ckiiaj 3pas3kiB miciis TepMooOpooku ripu 1100 °C,
napaMeTpu €JIEeMEHTApHUX KOMIpoK (a3, 110 3HAXOHSIThCS B PIBHOBA3l MpHU

3aJlaHiil TeMIepaTypi, HaBeJIeHo B TabiI. 4.5.

CeO2

T T

Ceee

o\ ¢

—7 T 7 7 7 T 7 A S S S .
La203 10 20 30 40 50 .60 70 80 90 Yb203
A+R

o —ogHoda3zni, @ — ABodazHi, ® — TpudazHi 3pa3Ku

Pucynok 4.26 — [3otepmiunumii nepepi3 miarpamu crany cuctemu CeO,—La,Oz—

Y03 mpu 1100 °C
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[Ipu 3HmxenHi temmnepatypu Big 1500 mo 1100 °C cnoctepiraeThes
3BY)KEHHSI BCiX 00JacTeli TOMOTE€HHOCTI, III0 YTBOPIOIOTHCS B JOCIIKCHIM
cucrtemi. HailGinemoro o6nacTio roMoreHHocTi, sk 1 mnpu 1500 °C,
XapaKTEpU3y€EThCsl KyOIUHUM TBEpJUH PO3UYMH 31 CTPYKTYPOIO TUIY (DIIOOPUTY
F-CeO,. 3a3nauena o0jacTb TOMOT€HHOCTI BUTHYTa B CTOPOHY T'PaHUYHOI
noasiitHo1 cuctemu La,Osz—Yh,0s.

[TapameTpu eneMEHTapHUX KOMIPOK KyOIYHUX TBEPAMX PO3YHHIB 31
CTPYKTYpOIO TUIY (IIIOOPHUTY 3MiHIOIOThCA Bl a = 0.5409 HM 17151 BUXIAHOTO
niokeuay uepito 10 a = 0.5467 um nns cknanxy 75 mon. % CeO2—12.5 mon. %
La,03-12.5 mom. % Yb,Os, mo BigHOCHTHCS 10 ABodazHoi obmacti (F+R).
3a3HadeHi 3pa3ku po3TamoBaHi B3m0BXK mpoMers CeO2—(50 mom. % Lay,O3-50
Moi. % Yb,03). [Ipu gocmimkeHi 3pa3kiB, 0 PO3TAIIOBAHI B3JI0BXK MPOMEHIO
La;03—(50 mom. % CeO2—50 mon. % YbyO3) cmoctepirainoch 301IbIICHHS
napameTpiB eIeMEHTAPHUX KOMIPOK KyOIUHUX TBEPJUX POIUUHIB 31 CTPYKTYPOIO
tuny daooputy Bia a = 0.5436 um aiia rereporennoro 3paska (C+F) cknany 47.5
Mo, % CeO2—5 moir. % Lay03—47.5 moi. % Yb03 mo a = 0.5489 am 15 3paska,
o Bignosaae tpudaszHii oomacti (C+F+R) 1 10 a = 0.5490 um nis nBodazHoro
3paszka (R+F) ckmamay 32.5 mon. % CeO2-35 mom. % Lay03-32.5 mom. % Yb,0s,
a Takox 10 a = 0.5518 um ns tpudasznoro 3paska (F+R+A) cknagy 25 mon. %
CeO2-50 mo. % Lay03-25 mon. % YbyO3 (Tabun. 4.5, puc.28). 3 npencraBieHux
pe3yJIbTaTIB CIIYE, 0 TapaMeTpu eleMeHTapHuX kKoMipok F-CeO; 3pocTaroTh
31 301IBIIEHHSAM KiJIBKOCTI JIeryrounx goMimok. Ile mos’sa3ano 3 tum, mo La®*
XapaKTEePU3yeThCa OiIBIIMM 1OHHUM paaiycoM B mopiHanui 3 Ce** Ta Yb®",
OTxe, cnocTepiraeTbCsi 30UIBIIEHHS CEPEIHbOI0 10HHOTO pajiyca MpHu
301IbIIEHH] KOHIIEHTpALII] JIETYIOUUX JOMIIIOK, a00 3aMIIIEHHS B KPUCTAIIYHIN
rpatii BimOyBacThcs nepeBaxkHo Ha iomm La®". Takox ciim 3a3HauuTH, IO
napameTpH eJIeMEHTAPHUX KOMIPOK 3MIHIOIOTHCS JIIHIMHO BIJIMOBITHO /10 3aKOHY

Berapna.
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Pucynok 4.27 — KonnenTpaltiiiiti 3aJeXHOCTI TapaMeTpy €JIeMEeHTapHO1
KOMIpKH KyO14HOTO TBepAoro po3unHy tuiy ¢iatoopury (F-CeOy), 3a
nepepizom CeO,—(50 moi. % Lay03—50 moi. % Yb,03) micist repmooOpoOku
3paskiB npu 1100 °C
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Pucynok 4.28 — KoHlieHTpalliiiHi 3aJIeKHOCTI TapaMeTpy €JIeMEHTApHO1
KOMIpKH KyOi9HOTO TBepAoro po3unHy tumy ¢atoopury (F-CeOy), 3a
nepepizom La0s—(50 moi. % Ce0,—50 moi. % Yb,03) micis repmooOpobOku
3paskiB npu 1100 °C
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Ky06iuHi TBep/i po3unHU 31 CTPYKTYPOIO TUIY (II0OPUTY MepeOyBatOTh B
piBHOBa31 3 yciMa TBEpAHUMH PO3YMHAMH, IO YTBOPIOIOTHCS B JIOCIHIIKEHIH
cucteMi 3a Temrnepatypu 1100 °C 1 yTBOpIOIOTh 3 HUMH FeTE€pOreHH1 00acTi

B kyTi 306araueHoMy OKCHJIOM ITE€pOII0 CIOCTEPIra€eThCsl YTBOPEHHS
00JacTi TOMOTeHHOCTI KyOl4HUX TBepAUX po3uuHiB C-Tumy. 3a3HadyeHi TBEpIi
PO34YMHU NepeOyBaloTh B PIBHOBA31 3 YIOPSAJIKOBAHOIO (pa30I0 TUITY MEPOBCKUTY,
a TakoX TBepAuMH po3unHamu tuiy Qmoopury F-CeO,. He 3Bakaroum Ha
JOCUTh BY3bKy 00JacThb TOMOTEHHOCTI BKa3aHI TBEpJi PO3YMHHU 3aiMalOTh
3HAYHY IUJIOILY 130T€PMIYHOT0 NIEpepi3y BpaxoBytouH rereporenni odnacti (C+F),
(R+C+F).

JlocmipkeHnid  130TepMIUHUN  TIepepi3  XapaKTepU3YETbCS  YTBOPEHHSIM
TBEPAOI0 PO3YMHY 31 CTPYKTYporo Tuly nepoBckuty LaYbOs. Pozunnnicts CeO; B
kpuctamiunii rparui LaYbOs cranoButh ~2 mon. %. Ilapamerpu enemeHTapHO1
KOMIPKH TBEPAMX PO3YUHIB 31 CTPYKTYPOIO TUITY TepoBCcKUTY LaYbO3 3MiHIOIOTHCS
BiL @ = 0.6007 uM, b = 0.5819 um, ¢ = 0.8384 uM ms ckiaay, 10 MICTHTH 1
Mo, % CeO02—49.5 mon. % La,03-49.5 mon. % YbyOz no a = 0.6018 um, b =
0.5815 um, ¢ = 0.8346 um ana nBodasznoro 3paska (F+R) cknagy, no MicTuth 2
Moit. % Ce0,—49 mon. % La,O3—49moin. % Yb,O3 B3moBxk mepepizy CeO2—(50
moi. % La;03—50 moim. % Yb203). B3nosx nepepizy YboO3—(50 mom. % LayOs—
50 mon. % CeO,) criocTepiratoThCsl HACTYITHI 3MIHH MTApaMETPIiB eJIeMEHTapHUX
KOMIpPOK YIOpsIIKOBaHOi (ha3u 31 CTpyKTporo Tuiy nepoBckutry LaYbOs Big a =
0.6012 uM, b = 0.5828 M, ¢ = 0.8370 uM mns rereporenHoro 3paska (F+R)
CKJIaay, mo MicTuTh 45 Moi. % CeO2—45 mon. % Lay03—10 moin. % Yb,03 mo a
= 0.6001 um, b = 0.5819 um, ¢ = 0.8338 um mus Tpudassoro 3paska (F+R+C)
cKJanay, mo Mictuth 32.5 moit. % Ce0—32.5 mon. % LayO3-35 mon. % Yb,0s.
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Tabmuisg 4.6 — Buxingauii XiMIdHMH 1 (Ha30BUM CKIIAJN, apaMETPH eJIEMEHTapHUX
koMipok a3 cucremu CeOr—La,O3-Yb,0O3 micisa Bumany 3paskis npu 1100 °C,

10300 rox
[apamerpu enemMeHTapHUX KOMIpOK (a3, HM
XiMIYHMH CKIIAI, .
Mo % ®dazoBuit
CeO; | LaOs | YO CKIal <R> <C> <F> <A>
3 a b c a a a c
1 2 3 4 5 6 7 8 9 10 11
ITepepiz La203—(50 moa. % CeO2-50mo011.% Yb203)
47.5 5 47.5 <C>+<F> — — - 1.04220 0.5436 — —
45 10 45 <C>+<F> — - - 1.04450 0.5489 - -

425 15 425 <C>+<F>+R 05996 0.5810 0.8384 1.04510 0.5488 - -
40 20 40 <C>+<F>+R 0.6009 05809 0.8382 1.04512 0.5491 - -
375 25 375 <C>+<F>+R 05994 05811 0.8374 1.04510 0.5487 — —
35 30 35 <C>+<F>+R 0.6020 0.5810 0.8383 1.04506  0.5493 - -

325 35 325 <F>+R 0.6008 0.5795 0.8381 - 0.5490 - -
30 40 30 <F>+R 0.6012 0.5892  0.8379 - 0.5502 - -
275 45 275 <F>+R 0.6042 0.5827 0.8385 - 0.5526 - -
25 50 25 <P>+R+<A*> 05998 0.5879 0.8351 - 0.5518 - -
225 55 225 <PF>+R+<A*> 0.6011 05822 0.8390 — 0.5531 0.6575 0.3856
20 60 20 <P>+R+<A*> 06017 05814 0.8395 - 0.5527 0.6540 0.3837
175 65 175 <P>+R+<A*> 0.6031 05807 0.8387 - 0.5533 0.6531 0.3846
125 75 125 <F>+R+<A*> 0.6021 0.5810 0.8400 — 0.5531 0.6524  0.3850
7.5 85 75 <P>+R+<A*> 0.6033 0.5803 0.8397 — 0.5587 0.6521 0.3838

5 90 5 <P>+R+<A*> 0.6020 05789 0.8394 - 0.5536 0.6517 0.3832
25 95 25 <P>+R+<A*> 0.6059 05799 0.8358 - 0.5545 0.6528 0.3830

IMepepiz CeO2—(50 moi. % Lax03-50m0:1.% Yh203)

1 495 495 <R> 0.6007 0.5819 0.8384 - - - -

2 49 49 <F>+R 0.6018 0.5815 0.8346 - 0.5502 - -

3 485 485 <F>+R 0.6015 0.5809  0.8392 - 0.5506 - -

4 48 48 <F>+R 0.6028 05816 0.8375 - 0.5489 - -

5 475 475 <F>+R 05981 0.5926 0.8614 - 0.5505 - -
15 425 425 <F>+R 0.6008 0.5822  0.8371 - 0.5498 - -
20 40 40 <F>+R 0.6030 0.5821  0.8393 - 0,5497 - -

25 375 375 <F>+R 0.6019 05816 0.8388 — 0.5500 - -




[Tponorxenus Tabmuili 4.6
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1 | 2 | 3 | 4 | 5 | 6 | 7 8 9 10 | 11
30 35 35 <F>+R 0.6017 05820 0.8389 — 0.5494 - -
35 325 325 <F>+R 0.6015 05811  0.8379 - 0.5494 - -
40 30 30 <F>+R 0.6029 05816  0.8390 - 0.5485 - -
45 2715 2715 <F>+R 0.6031 05813 0.8393 - 0.5490 - -
50 25 25 <F>+R 0.6016 0.5827  0.8386 - 0.5481 - -
55 225 225 <F>+R 0.6024 05817 0.8384 - 0.5479 - -
60 20 20 <F>+R 0.6018 05817  0.8387 - 0.5475 - -
65 175 175 <F>+R - - - - 0.5479 - -
70 15 15 <F>+R - - - - 0.5468 - -
75 125 125 <F>+R - - - - 0.5467 - -
80 10 10 <F> - - - - 0.5454 - -
85 75 75 <F> - - - - 0.5432 - -
90 5 5 <F> - — — - 0.5422 - -

[Tepepi3z Yb203-(50 mo.1. % La203-50M0.1.% Ce02)
45 45 10 <F>+R 0.6012 0.5828 0.8370 - 0.5513 - -
40 40 20 <F>+R 0.6018 05856 0.8301 - 0.5546 - -
375 375 25 <F>+R 0.6014 05829 0.8373 - 0.5514 - -
35 35 30 <F>+R 0.6034 05812 0.8384 - 0.5489 - -
325 325 35 <F>+R+<C> 06001 05819 08338 1.0472 0.5489 - -
30 30 40 <P>+R+<C> 06003 05804 0.8303 1.0445 0.5487 - -
275 275 45 <P>+R+<C> 06023 05809 0.8383 1.0445 0.5462 - -
25 25 50 <F>+R+<C> 0.6008 05810 08382 1.0451  0.5496 - -
225 225 55  <F>+R+C>  0.6036 05793 0.8400 1.0460  0.5497 - -
20 20 60 <F>+R+<C> 06034 05817 08398 1.0450 0.5493 - -
175 175 65 <F>+R+<C> 06033 05817 08394 1.0451 0.5491 - -
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AHAJIOTT4YHO, SIK 1 KyO14H1 TBEP/Il PO3UYMHU TUITY (IIOOPUTY, BIOPSIKOBaHA
daza 31 cTpykTyporo Ty nepoBckuty LaYbOs; mepebyBae B piBHOBA31 3 ycima
TBEPAUMH PO3YMHAMH, 110 YTBOPIOIOTHCS B JOCTIDKEHIH cucTteMi 3a
temriepatypu 1100 °C 1 3aiimMae 3Ha4YHy IUIOILILY 130TEPMIYHOIO Mepepi3y M€l

cucTeMu BpaxoBytoun rereporenti oomnacti (C+R, F+R, A+R, R+C+F, A+F+R).

4.5 BucHoBKH /10 po3aiLy

ExcniepumMenTanbHi1 AaHi, NpeACTaBiICH] Y IIbOMY PO3JLIi, OIyOIIKOBAHO Y
[109-113, 115-118, 120, 121, 123, 124].

1. B pesynbTari Briepiiie MpoBEACHUX JOCTIPKEHb 010 (Pa30BUX piBHOBAr B
notpifiaux cucrtemax CeO,LaO3Ln,0O; (Ln = Nd, Dy, Ho, Yb) no0ynoBaHo
130TepMIYHI TIEpepi3u JlarpaM CTaHy 3a3HayeHuX cucteM 3a Temneparyp 1500 ta
1100 °C BcraHOBJIEHO, IO 3a3HAuY€Hi Mepepi3u MaroTh MOAIOHY OymoBY, Xoua 1
XapaKTePU3YIOTHCS BIAMIHHOCTSIMM, TOB’SI3aHUMHU 3 TOJIMOP(I3MOM  BUXIJTHUX
KOMITOHEHTIB.

2. Beranoscrneno, 110 y cucremi CeO,—La;03-Nd,O3 mpu 1500 °C yTBOprOOTHCS
00J1aCTi TOMOTEHHOCTI Ha OCHOBI TBEPIMX PO3UMHIB: KyOiuHux cTpykTyp F-CeO,, C-
Nd,O; Ta rekcaronanbHOi cTpykTypu A-La;0Os;. Cucrema CeO,-La,03-Nd,O; 3a
temrieparypu 1500 °C xapakTepusyroThCsl HasIBHICTIO TPhOX JBO(A3HUX obOiacTein
(AtF, A+C, F+C) ta ommiei tpudasHoi odnacti (A+C+F). HaiiOumbiry oty
JOCITIKEHOTO  130TEPMIYHOTO TIepepidy 3aiMaroTh KyOiuHI TBEPIAl PO3YMHH 3i
CTPYKTYPOIO TUITY (DIFOOPHUTY.

3. Bcranosneno, mo y cucrtemi CeOr—La0O3-Dy,0; mpu 1500 ta 1100 °C
YTBOPIOIOTBCS TIOJNS TBEPIMX PO3YMHIB HA OCHOBI KyOluHMX Momudikamiii 3i
cTpyktyporo iy (ooputy CeO; ta C-Dy,03, rekcaronanbHoi (A) Ta MOHOKITIHHOT
(B) momudikartii LnyOs. Ilpu 3umkenni temmeparypu Bim 1500 mo 1100 °C
CHOCTEPITAETHCSL 3BYKEHHSI BCIX O0JIaCTE TOMOTEHHOCTI, IO YTBOPIOIOTHCS B

JoCipKeH1H cuctemi. Halioib111010 001aCTHO TOMOT€HHOCTI TIpY 000X TeMIiepaTrypax
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3aiiMae KyOlYHHMH TBepAuM pO3YMH 31 CTpyKTyporo THiy (mooputy F-CeO..
3a3zHavyeHa 00J1acTh TOMOTEHHOCTI BUTHYTA B CTOPOHY TPaHMYHOI MO/IBIMHOI CUCTEMU
La;O3-Dy,0;. Bepuminn konmeHTparidaux TpukyTHUKiB (A+B+C) ta (F+C+B)
HarpaBjieHl B CTOPOHY rpaHn4Hoi No/BiiHHOI cuctemu CeOx—Lay0s.

4. BcTaHOBIIEHO, 1110 130TEPMIUHMN TIepepi3 TMOTPIMHOI JiarpaMy CTaHy CHCTEMU
CeOr-La;05H0,03 npu 1500 °C micTuth TBEpIl PO3YMHM HAa OCHOBI KYyOI4HOi
Moaudikariii 31 cTpykTyporo Turty ¢urooputy CeO,, kyoiunoi (C) Ta MoHOKIIHHOI (B)
momdikariit Ho,0Os, rekcaronanpHoi (A) momudikartii Lay,Os. B crctemi CeOx—Lay0Os—
H0,O3 croctepiraetecss yrBOpeHHsS 1BoX Tpudasuux (A+B+F, F+C+B) ta msamu
nBodazaux (A+F, A+B, F+B, B+C, F+C) obmacreii. HaiiOi1b11Ty 00:1aCTh TOMOT€HHOCTI
3aiiMae KyOI4HUI TBEpAUI PO3UMH 31 CTPYKTYpoto THITy ¢urrooputy F-CeOs.

5. Bcranosneno, mo y cucremi CeO—LaO3-YDb,03 mpu 1500 Ta 1100 °C
YTBOPIOIOThCA TOJSI TBEPAMX PO3YMHIB HA OCHOBI KyOI4yHOI Momaudikarii 3i
crpykryporo tumy ¢moopury F-CeO,, kyoiunoi (C) wmomudikariii Y03,
rexkcaroHabHOI (A) momudikari La;O3 Ta ymopsimkoBanoi ¢gasu LaYbOs; (R), mio
KPUCTAJIBYEThCS B CTPYKTYpl TEPOBCKUTY 3 POMOIYHUM BUKpUBICHHSM. [lpu
sHmwkeHHI Temrepatypu Big 1500 no 1100 °C croctepiraeTbcsi 3BY:KEHHS BCIX
o0nacTeld TOMOT€HHOCTI, 110 YTBOPIOIOTHCS B JOCIHIKeHIM cuctemi. HaltOoubinoro
00JIaCTIO TOMOT'€HHOCTI TIPY 000X TeMIIepaTypax 3aiMae KyOIqHUI TBEP A PO3UYMH 31

cTpykTypoto turry dirooputy F-CeOs.

6. BcTaHOBIIEHO, 10 31 3MEHIIEHHAM 10HHOTO pamiycy Ln3*

3BY)KYETBHCSI 00J1aCTI
TOMOT'€HHOCTI TBEP/IMX PO3YMHIB Ha OCHOBI r'ekcaroHasibHO1 Moaudikartii A-Ln,Os, C-
anog, F-CEOz.

7/.Ha ocCHOBI OTpMMaHUX JaHUX B TPEJCTABICHOMY JOCTI/DKEHI, a TaKOX
BIJIOMOCTEH, 1110 ICHYIOTh B JITEPATYPHUX JPKEPENIaX BCTAHOBJICHO, 1110 B 130TEPMIYHUX
niepepizax motpiHux giarpam crany cucteM CeOr-La0Os-Ln,O3 (Ln =Y, Yb, Tm,
Er, Lu) icHye He3HauHa 00JaCTh TOMOTEHHOCTI Ha OCHOBI BIOPSIKOBAHOI (hazu 3i

e*t

CTpyKTyporo Tuity nepoBckuTy Lal.nOs. 3naunoro pozurnenHs Ce™ B kpuctamiuHini

rpatii Lal.nO3 He cnocTepiraeThes.
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PO3/ILJ1 5 3AKOHOMIPHOCTI BYJOBH NOTPIMHUX CeOr—
La;O3-Ln203 (Ln=La-Yb) CUHCTEM

Ha ocHOBiI BuIlle HaBEIEHUX pE3YJbTAaTIB, a TaKOX BIJOMOCTEH, IO
MIPEICTaBIICHI B JTiTepaTypHUX Kepenax [89—-94] BCTaHOBICHO, IO Y CHCTEMAX PSITY
CeO-La;03-L.n;03 3a Temmiepatyp 1500 ta 1100 °C yTBOPIOIOTHCS TBEP/Il POZYHHU
3aMIIIEHHS HAa OCHOBI PI3HUX KPUCTATIYHUX MOAM(IKaIlii BUXITHUX KOMIOHEHTIB, a
TaKOX BIOpsAKOBaHa (pa3a 31 cTpykTyporo THiy nepoBckuty Lal.nOs. YTBOpeHHs
HOBHX (pa3 y BKa3aHUX CUCTEMaxX HE CIIOCTEPIraeThes. [30TepMiuHI iepepizu Aiarpam
craHy 3a3HadeHux cucreM npu 1500 °C matoth mnomiOHy OymOBY OJIHAK
CIOCTEPIraloThCsl  AEsSKI BIAMIHHOCTL. 31 30UIBLIEHHSM aTOMHOIO HOMeEpa
CIOCTEPIraeThCsl yCKIIaIHEHHS Oy IOBH 130TEPMIYHUX MIEPEPI3IB, BIIOYBAETHCS 3MIHA
¢a30BUX MOJMIB, 32 paXyHOK MOJIMOP(PHUX TMEPETBOPEHb OKCHIIIB JIAHTAHOIIIB, Ta
YTBOPEHHSI BIIOPSIKOBAHOI (Pa3u 31 CTPyKTYporo TUITy iepoBckuty Lal.nOs.

Anamizytoun cucremu psagy CeOx—La,Os—Ln,Os, BcTaHoBieHO jAesKi
3aKOHOMIPHOCTI 31 301IBIIIEHHSIM ITOPSIKOBOTO HOMEPY TPETHOIO0 KOMIIOHEHTA.

Jnst cucremu CeOo—LayO3-Nd,O5 ipu 1500 °C xapakTepHe yTBOPEHHS OJTHI€T
TpudazHoi oomacti (A + C + F) (puc. 5.1.a). /lana cucrema mae HemepeBHUMA psil
TBEpAMX PO3YMHIB HA OCHOBI rekcaroHanbHOi Moaudikaiii okcuaiB P3E B3moBxk
rpannyHoi  monBiHOI  cuctemu  La,O3-Nd2Os.  VTBOpeHHs  3a3Ha4YeHOro
HETIEPEPBHOTO PSTy TBEPJUX PO3YMHIB TIOB’S3aHO 3 OJM3BKICTIO 10HHUX PajIiyCiB
La®* ta Nd**. O6macTh roMOreHHOCTI 3a3Ha4€HOr0 TBEPAOTO PO3UUHY, I CUCTEM
piany CeOr-La;O3-LnyOs, 3ByXyeThCsl 31 30UIBIICHHAM MOPSAKOBOTO HOMEPY
TPETHOrO KOMIIOHEHTA Ta 3MIILY€ThCS y CTOPOHY 3 BEJTMKOIO KOHLIEHTPALIEI0 OKCHTY
nantady. KpiM Toro, ciif 3a3HayuTH, 10 00JaCTh TOMOTE€HHOCTI 3a3HAYEHOTO
TBEPJOTO PO3UYMHY 3BYKYETHCS B TOPIBHSHHI 3 TPAaHUYHUMHU TOJBIMHHUMHU
CHUCTEMaMH.

3i 30inbIIeHHEsAM opsakoBoro HoMmepa Ln** B cucremax CeOp—La05-1Ln,03

(Ln = Sm, Eu, Gd, Dy, Ho) 36iabl1yeThest KUTbKICTh TPU(A3HUX 001acTel 10 IBOX:
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(A+B+F)i(F+ B+ C) (puc. 5.1. 6, B). 30ublLIeHHS TpudazHUX obiacTeit
ITOB’SI3aHO 31 30UIBIICHHSAM KUIBKOCTI 00yiacTell roMoreHHoCTI B cuctemax CeOp—
La;03-Ln,O3 (Ln = Sm, Eu, Gd, Dy, Ho), a came BHac/Ii 10K YTBOPEHHS TBEPAUX
pPO3UMHIB Ha OCHOBI MOHOKIMHHOI Mojudikarii B-Lny,Os. 31 30u1bIIeHHIM
nopsaKkoBoro Homepa Ln®* 061acTh TOMOreHHOCTI 3a3HAYEHNX TBEPAUX PO3UYMHIB
3MIITYIOTBCS B CTOPOHY 3 OUTBIIIOI KOHIICHTPALIIEKD OKCHU Ty JJaHTaHy. Lle moB’s13aH0
3 CTIMKICTIO 3a3HadeHOi TojiMopdHOi Momudikarii Ui OKCHUIIB JIAHTAHOIIIB.

Temniepatypa dazoBoro neperBopennss C— B 30utburyeTbes Bin 875 g0 1950 ta ~

2100 °C pns Smp03, Dy>0Osta H0,03, BiamosiaHo [96]. OTxe, mpu neryBadHi Dy,0s3
ta H0,03 okcumom naHTaHy BiAOYBa€ThCs TTOHMKEHHSI TEMIIEPATYPU 3a3HAYEHOTO
BUIIIE MOTIMOP(HOTO MEPETBOPEHHS, 1110 CPUsiE ICHYBaHHIO 00JaCTI TOMOT€HHOCTI
TBEPJIMX PO3UMHIB Ha 0cHOBI B-L.N;O3 3a Temmieparypu 1500 °C.

Amnaroriuae TBEp/DKEHHS MOYKHA 3aCTOCYBAaTH Ui TBEPAUX PO3YHHIB 3
KyOlyHOIO CTpyKTyporo C-Tumy. 3a3HaueHa 00JIaCThb TOMOT€HHOCTI 3MIIIYEThCS
B3JIOBXK TpaHn4HOi moBiiHOI cuctemu CeO,—LN,O3 B cTOpoHYy KyTa 30araqeHoro
LNn,O3, 1o moB’s13aH0 3 TeMnepaTyporo noiMopdHoro rnepersopenns C-Ln,Os (puc.
1.1). Hna cucremn CeO,—La,O3-Dy,03 o065acTh TOMOT€HHOCTI 3a3HAYEHUX
TBEPAUX PO3UMHIB po3TalioBaHa B KyTi 30arauenum Dy,03 Ta cipsMoBaHa B
CTOpOHY rpannyHoi moBiitHO1 cuctemu CeO,—La;03. ['parnyna po3unHHICTh C-
dasu 3a mepepizom Dy,03—(50 mon. % CeOr—50mon. % La,Oz) craHoBUTH
31 mon.% LayOs3 (puc. 4.5).

Ipu mepexomi mo cuctem CeO,—La,03-Ln,03 (Ln = Er, Yb) cocrepiraercs
YTBOPEHHSI BIOPSIKOBaHOI (a3 31 CTpyKTyporo THiy mnepoBckuTy R-LalLnOs
(puc. 5.1. 1). Pozuunsnicts CeO; y KpUCTAIIUHIN TpaIlll YHOPSIKOBAHOI a3y TUITY
nepoBcKuTy B310BXK niepepizy CeO,—~(50 moi. % La,O3 — 50 moi. Ln,O3) cTaHOBHTS
~ 2 [92] ta 3 mon. % mia cuctem CeOr—La,O3—Er,03 ta CeO,—La,03—Yh,0s3,
BianmoBigHo (3a 1500 °C). [y 3a3HaYCHUX CHUCTEM XapaKTepHa HASBHICTH JIBOX

TpudasHux obsacTei, ae iHmoro ¢asosoro ckiaay: (A+F +R)i(F+C+R).
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Pucynok 5.1 — [3oTepmiuHi nepepizu aiarpam crany cucteM psay CeOo—

La,O3—-Ln,0O3

Haii6inpry obmacts romoreHHocTi B cucremax pagy CeO,—La03z—-Ln,03
3aliMalOTh TBEP/1 PO3UMHHU 31 CTPYKTypoto Tuity uroopury F-CeO,. Takox ciin
3a3HAYUTH, 110 BKa3aHI TBEpJl PO3YMHM MepeOyBaloTh B PIBHOBA3l 3 ycima
dazamu, 1o yTBOprOIOTECS B cuctemax psagy  CeOz—La,Os—Ln,Os.
KoHuentpaniiina rpaHuils 00JacTi TOMOT€HHOCTI KyOIYHMX TBEPJUX PO3UMHIB

TUMy (IOOPUTY BUTHYTA B HAMPSIMKY 3MEHIIEHHS BMICTY IIOKCHAY LIEpito.
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BcranoBiieHo, 1m0 31 3MEHIIEHHSM MOPSAKOBOTO HOMEpPA JIAHTAHOIAIB
BiJI0YBA€THCS ACSIKE 3BYKEHHS 3a3HAYEHOT 001aCTI TOMOT€HHOCTI.

Ha puc. 5.2 HaBeneHO KOHIIGHTpAIlIHY 3aJISKHICTh IapaMeTpiB
eJIEMEHTapHUX KOMIPOK TBepauX po3unHiB F-CeO; micis TepMooOpoOKH 3pa3KiB mpr
1500 °C B cucremax psgy CeO—LayO3—LnyOs. 3a3Hadeni KOHIEHTpariitHi
3aJIEKHOCTI  MOOyJ0OBaHA 3  BUKOPUCTAHHSM  JIaHMX  OTPUMaHUX B
MIPEACTABICHOMY JOCITIDKEHHI, a TaKoX JiteparypHux [69-74] manux. 3a
JIOTIOMOTOI0  KOHLIEHTPAIIIMHUX 3aJICKHOCTEH E€JIEMEHTapHUX KOMIPOK KyOIUHMX
TBEPIMX PO3UMHIB 31 CTPYKTYPOIO THUIY (IIIOOPHUTY (pUC. 5.2) BCTaHOBJIEHO, IO
napamMeTpu €JIeMEHTApHUX KOMIPOK TBEPIUX PO3YHMHIB 3MIHIOIOTHCS JIHIAHO
BIAMOBIHO 10 3akoHy Berapma. Ilpu mepexomi Bing nepieBoi (Ln =La—Gd) mo
iTpieBoi (Ln = Th-Lu) miarpynmu okcuniB P3E cnocrepiraerbcs 3mMiHa KyTa
HaXWIy KOHIEHTpaliiiHoi mpsamoi. Ile, HameBHO, MOB’S3aHO 13 3MEHILICHHSM
cepeHboro ioHHOro pamiycy Ln®" mpu zamimenni Ce**. Jlna cucremu CeOp—
La,03-Yb,0;3 crnocrepiracThcs HalfiMeHmMIi KyT HaxXwily OCKUIbKM YbS*
XapaKTepHU3yeThcs MeHIUM ioHHMM pazgiycom (0,086 um) mix Ce** (0,090 nm)
[73]. ToOTO B crcTeMi BiIOYBA€ThCSA 3MEHIICHHS CEPEAHBOIO 10HHOTO PajIiyCy
Ln**, mo GepyTh y4acTh B yTBOPEHHI BiAIOBiIHOTO TBEpAOro pozumny. OTKe,
MOHa 3pOOMTH MPUMYIIEHHS, U0 3MiHA KyTa HaxXWiIy MPsSMOI 3aJekKUTh BIJ
cepenHboro ionHoro pazaiycy Ln®" ms Beix cuctem psaxy CeOp—La,0s-Ln,0s.
[Ipu noHM>KEHHI TEMIEPATYPH BIIOYBAETHCS 3BYKEHHS 00J1aCTI TOMOTE€HOCTI Ha
OCHOBI KyOIYHHMX TBEpPJUX PO3UMHIB 31 CTPYKTYpPOIO THUITY (DIIFOOPUTY JJIsI BCIX
cucteM psany. Lle mos’sa3aHo 3 Oy0BOIO IPAaHUYHUX MOJIBIHHUX CUCTEM, a TAKOXK

31 3HWKEHHSAM JU(y31HHUX TPOLIECIB.



a,, nm
3+
0,552 - ® Sm
® Eu*
A cd” = 3
0,550 - v Erz*+ . ™
¢ Yb A
‘ Dy3+ - ‘
3+
0,548 - > Ho e
A N <
0,546 -
l & .’ v z
0,544 1 ! I ¢
’ ] ® ’ ‘ *
[ 1 v
0,542 - 3 L
r v
0,540 ; . . . . .
100 90 20 70 60
mol % CeQ,

152

Pucynok 5.2 — KoHiieHTpartiifHa 3aJIeKHICTh TapaMeTpPiB €JIEMEHTAPHUX KOMIPOK

TBepaux po3unHiB F-CeO, B cucremax psgy CeO,—La,03-Ln,03 3a mepepizom

CeO—~(50 mon. % La,O3—50 mom. % Ln,Os3) 3a remneparypu 1500 °C.
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3AT'AJIBHI BUCHOBKHA

3 BUKOPHCTAHHSIM METOJIIB PEHTreHO(A30BOr0 aHai3y Ta €JIEKTPOHHOI
MIKPOCKOTIIi BHepIie MPOBEICHO AOCHIKCHHS (ha30BUX PIBHOBAr B MOJBIMHUX
La,O3-Ln,05 (Ln=Dy, Ho) i CeO,-Ln,03 (Ln = Nd, Ho), a Takoxx moTpidHUX
cuctemax CeO,—La,03-Ln,O3 (Ln = Nd, Dy, Ho, YD). ITo6ymoBano enemeHTH
JiarpaM CTaHy YOTHPBhOX MOTPiHHUX cucTeM. [IpencTaBieHo eneMeHTH JBOX Ta
JBI TIOBHUX JiarpaM CTaHy TMIOABIMHUX CHCTeM. BuW3Ha4eHO 3arajibHi
3aKOHOMIPHOCTI B3aeMo/ili (pa3 B TBEpAOMY CTaHl B JOCHIJKEHUX MOTPIAHUX
cUCTeMax 3aJIeKHOCTI BiJl IOHHOT'O pajilyca JaHTaHOi/a.

Brnepie Bctanosieno, mo B cucremi CeO,—H0,03 B TemmneparypHomy
iaTepBaii 1500-600 °C yTBOproroThCs [1BI 00J1aCTI TOMOTEHHOCTI Ha OCHOBI
KyOiunux ctpykryp tumy C-H0,03 Ta F-CeO,. I'pannuna posunnnicts HO* B
kpuctaniuniit rparii CeO; ctanoButh 24, 18 Ta 12 Mon.% 3a Temnepartyp 1500,
1100 ta 600 °C, BianosigHo. Posunnnicts Ce** B kpucTaniuniii rparni C-H0,03
ctaHoBUTH 25, 20 Ta 15 moin. % 3a remnepatyp 1500, 1100 ta 600 °C, BiAnOBIIHO.

Brnepiie BuzHaueHo, Mexki 00J1aCTI TOMOTE€HHOCTI TBEPJUX PO3UUHIB, 1110
yrBOoprotoThes cuctemi CeO2—Nd,03 3a Temneparypu 1500 °C: A-Nd,O3 (100-
95 moi. % Nd,O3 ta C- Nd,O3 (6540 mon. % Nd2Os3), F- CeO, (30-0 moin. %
Ce0y).

Bnepmie mobynoBano moBHy niarpamy ctany cuctemu LaOsz—Dy,0; B
intepBani 2400-1000 °C Ha OCHOBI O/€pKaHHUX JaHUX Ta 3 BUKOPUCTAHHSIM
pe3yibTaTIB, IO MICTATH JITEPTYPHI JxKepena. [l i€l cucteMu XapakTepHo
YTBOPEHHSI TBEPJMX PO3YMHIB HAa OCHOBI PI3HUX KPUCTATIYHUX MOAUQIKALINA
BUXITHUX KOMIIOHEHTIB. BcTaHOBICHO, IO TBEpJl pO3YMHH HA OCHOBI
MOHOKJIMHHOI B-monudikartii Dy,03; yTBOprotoTscs pu temmeparypi < 1800 °C.
3 TOHWKEHHSM TEMIIEPAaTypu CIIOCTEPIraeThCs 3BYKEGHHS BCIX oOiacTei

TOMOTEHHOCTI, III0 YTBOPIOIOTHCS B IOCIII/DKEHINA CHCTEMI.
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Briepmie BcraHoBeneHo, 1mo y cucreMi CeO,—La0s—Nd,O3 pu 1500 °C
YTBOPIOIOTHCSL 00JIACTI TOMOTEHHOCTI Ha OCHOBI TBEPIUX PO3UYHMHIB: KyOIYHHX
crpykryp F-CeO,, C-Nd;O; ta rekcaroHanphoi ctpykrypu A-La,Os. Cucrema
Ce0O,-La;03-Nd,03 3a Temmneparypu 1500 °C xapakTepu3yOThCs HasBHICTIO
TphoX ABodazHux obmacren (A+F, A+C, F+C) ta omniei tpudaznoi obaacti
(A+C+F). Haii6inbpny 1ionty JTOCTiIKEHOTO 130TepMIYHOT0 TIepepi3y 3aiMaroTh
KyO14Hi TBEP/1 PO3UMHU 31 CTPYKTYPOIO TUITY (PIFOOPHUTY.

Brnepie BctanosieHo, mo y cucremi CeOy—La;Os—-Dy,03 pu 1500 Ta
1100 °C yTBOpIOIOTBCS TOJS TBEPAWX PO3UMHIB HA OCHOBI KyOI4HHX
Moaudikariii 3i ctpyktypoto Ty ¢urooputy CeO, ta C-Dy,0s3, rekcaronanbHOT
(A) Ta monokminHOi (B) Mmomudikamii LnyOs. [Ipu 3HIKEHHT TemmepaTypu Bif
1500 no 1100 °C cnocrepiraerbcsi 3By>KEHHsI BCiX 00JacTeil TOMOTE€HHOCTI, 110
YTBOPIOIOTHCA B JOCHIKEeHIH cuctemi. Haitbinpmow 0067acTi0 TOMOT€HHOCTI
pu 000X TeMIiepaTypax 3aiimae KyOIYHUM TBEpIUN PO3UUH 31 CTPYKTYPOIO TUITY
¢mooputy F-CeO,. 3aznauena o0jacTh TOMOTEHHOCTI BHTHYTa B CTOpPOHY
rpaHudHoi moBiiHOI cuctemu La,O3—Dy,0s.

Brepiiie BctaHOBIIEHO, 10 130TEPMIYHMIA TEpepi3 MOTPINHOIL larpaMu CTaHy
cuctemu CeOr-Lay0O3—H0,03 3a Temmeparypu 1500 °C wmictuth 1Bl TpudazHi
(A+B+F, F+C+B) Ta st nBodazaux (A+F, A+B, F+B, B+C, F+C) obnacreii.

Bcranosneno, mo y cuctemi CeO,—La03-YDb,05 3a remnepary 1500 Ta
1100 °C ytBoproroThes ynopsakoBana daza LaYbOs; (R), mo kpucramtizyeTses B
CTPYKTYpl MEPOBCKUTY 3 POMOIYHHUM BUKPHUBIICHHSM. 3HAYHOTO PO3YMHEHHS

Ce** B kpucraniuniii rpatui LaLnOj3 He cnocTepiraeTses.
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