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Abstract

The phase relation in the Laz03-Lu203-Yb203 ternary system at 1500 °C were studied by X-ray diffraction (XRD) and
scanning electron microscopy in the overall concentration range. The test samples of different compositions have
been prepared from nitrate acid solutions by evaporation, drying, and calcinations at 800 °C. To study phase
relationships at 1500 °C the as-repared samples were thermally treated in two stages: at 1100 °C and then at 1500
°C (for 70 h in air). The phase composition of the test samples studied by X-ray diffraction (XRD, DRON-3),
microstructural phase and electron microprobe X-ray (Superprobe-733, JEOL, Japan, Palo Alto, CA) analyses. Solid
solutions based on various polymorphic forms of original oxides and ordered LaLuO3 (LaYbO3) phases were
detected in the system. No new phases were found in the system. The isothermal section of the phase diagram for
the La203-Luz03-Yb203 system has been developed. It was established that in the ternary La:03-Luz03-Yb203
system there exist fields of solid solutions based on hexagonal (A) modification of Laz03, cubic (C) modification of
Y203 and Lu:03, as well as perovskite-type ordered phases of orthorhombic symmetry LaLuO3z and LaYbOs (R). The
refined lattice parameters of the unit cells for solid solutions and microstructures of the definite field of
compositions for the systems solid were determined. The Laz03-Luz03-Yb203 system forms an infinite series of
solid solutions based on the perovskite-type phase. The maximum solubility of Luz0s in the R-phase is ~6 mol. %
along section Luz03 -(50 mol. % Laz0s3 - 50 mol. % Yb203). The region of homogeneity of the R-phase extends from
46 to 56 mol. % Laz0s3 in the cross section Laz03-(50 mol.% Lu203-50 mol.% Yb203).
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B3AEMOAIA OKCUAIB JIAHTAHY, JIIOTELIIO TA ITEPBIIO 3A TEMIIEPATYPH 1500 °C

Oubra B. UyainoBuul?, Onekcanp l. bukoB?, AHatoniit B. Camentok?!
1IJnHcmumym npobsaem mamepianosnascmsa im. .M. @panyesuua HAH Ykpainu, m. Kuie

2HayioHaavHuli mexHiyHull ynisepcumem Ykpainu “Kuiscokuil nosimexuiunuii iHcmumym imeni lzops Cikopcobkozo”, m. Kuie
AHoTariqa

®a3oBi piBHOBaru y mnoTpiiHiii cucremi La203-Luz03-Yb203 3a 1500°C pgociaijpkeHO 3a JA0NOMOrow
peHTreHodasosoro aHanizy (P®A) Ta ckaHy04oi eJJeKTPOHHOI MiKpockomii y BCbOMy iHTepBaJli KOHIleHTpaIiii.
JlocnifkyBaHi 3pasku pi3HOro CK/JIaAy roTyBaJM 3 PO34YMHIB HITpaTiB IIJIAXOM BHUINAPIOBAHHSA, CYIIiHHA Ta
npo:xapioBaHHs npu 800 °C. /I BuB4YeHHs ¢pa3oBux piBHoBar 3a 1500 °C 3pasku nmiagaBaau TepMidHiil 06po6ni y
ABi cragii: 3a 1100 °C i 3a 1500 °C (mpotsarom 70 roa Ha mnoBiTpi). ®asoBMil CKJaJ OTPUMAHUX 3pPa3KiB
AociaikyBaau peHtreHodazouM (DRON-3) Ta J10KaJIbLHUM peHTreHocCneKTpajbHUM (Superprobe-733, JEOL,
flnonin, Ilasmo-Anbro, KanidpopHis) Merosamu. Y cucreMi YTBOPIOIOTBCS TBepJi PO3YMHHU Ha OCHOBI Ppi3HMX
nojaiMmop¢Hux Moaudikaniii BUXiAHUX OKCUAIB Ta ynopsAajakoBaHux ¢pa3 Tunmy nepoBckity LaLuOs (LaYbOs). HoBux
da3 y cucremi He 3HaiigeHo. [I06GyA0BaHO i30TepMiuHMII nepe3pi3 aiarpamu crany cucremu Laz03-Luz203-Yb203 3a
1500 °C. BcraHoB/1eHO, 10 B MOTpiiiHii cucteMi Laz03-Luz03-Yb203 yTBOpPIOIOTECA MOJA TBEpAUX PO34YHHIB Ha
OCHOBI rexkcaroHa/ibHoi (A) Mmoaudikanii Laz03, Ky6iunoi (C) moaudikanii Y203 i Luz03, a Takok ynopsiiKOBaHHX
da3 Ttuny mnepoBckity LaLuOs i LaYbOs (R). Po3paxoBaHO mapamMeTpH eJileMeHTAapHMX KOMIpOK JJiA TBepAUX
po34uHiB. ¥ cuctreMi La203-Luz03-Yb203 3a 1500 °C yTBOpIOEThCA HeCKiHYEeHHUI pAA TBepAUX PO3YHMHIB HA OCHOBI
dasu THny neposckiTy. MakcuMaJsibHa po34uHHIicTb Lu203 y R-dasi ~6 moJ1. % y nepepisi Lu203 -(50 mo1. % La203 -
50 moa. % Ybz03). O61acTh romoreHHocTi R-pa3u nmpocraraerbes Big 46 o 56 moa. % Laz03 y nepepisi Laz03-
(50 mou1. % Luz203-50 mo. % Yb203).

Karuosi cnosa: a3oBi piBHOBAru; OKCUAU JIaHTaHY, JIIOTeLilo, iTep6ito; mapaMeTpu eJleMeHTaApHOI pelliTKU.
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B3AUMO/IEVCTBUE OKCUJOB JIAHTAHA, JIOTELIUA U UTEPBUA ITIPU
TEMIIEPATYPE 1500 °C

Osbra B. UYyaunosuul?, Anekcauap H. beikoB!, AHaTosnil B. Camesnok
Uncmumym npobrem mamepuanogedenus um. U.M. @panyesuua HAH Ypaunsi, 2. Kues
2Hayuonanvuviii mexnuyeckuti ynusepcumem Yipaunvt "Kuesckuii nonumexnuueckuii uncmumym umenu Hzops Cuxopckozo”,
2. Kues

da3zoBble paBHOBecHsi B TpOiHOH cucreMe La203-Luz03-Yb203 mpu 1500 °C muccaeaoBaHbl € MNOMOINBIO
peHTreHodaszoBoro aHasmu3a (PPA) u ckaHupywumieil 3/eKTPOHHOW MHUKpPOCKONMHM BO BCEM HHTeEpBaJe
KOHIleHTpauui. UccieayeMble 06pa3nbl pa3HOro cOCTaBa rOTOBUJIM U3 PaCTBOPOB HUTPATOB NMyTEM BbiNapUBaHUA,
CylmIKM U mpokaauBaHus npu 800 °C. Jas usydyeHus ¢a3oBbix paBHoBecuil nmpu 1500 °C o6pasnbl mojBepraau
TepMu4YecKoil 06pa6oTke B ABe craguu: npu 1100 °C v npu 1500 °C (B TeueHue 70 4 Ha Bo3ayxe). Pa30BbIii COCTaB
MOJIyYEeHHBIX 006pa3uoB ucciaeaoBaiu peHTreHodaszoBbiM (DRON-3) u JIOKaJbHBIM PEHTreHOCHEKTPAa/IbHBIM
(Superprobe-733, JEOL, finonus, llaso Anwsto, Kasimdopuus) merogamu. B cucreme 06pa3yoTcsi TBepAble pacCTBOPHI
Ha OCHOBE Pa3/INYHbBIX NOJTUMOPGHBIX MOANPUKALUNA HCXOAHBIX OKCU/0B M YNIOPs/J0YeHHbIX ¢a3 TUNa nepoBcKUTA
LaLuOs (LaYbOs). HoBble ¢a3sl B cucTeMe He HalAeHbI. [locTpoeH M30TepMUYeCcKHUil pa3pes AMarpaMMbl COCTOSIHUSA
cucteMmbl Laz03-Luz03-Yb203 npu 1500 °C. YcTaHOBJIEHO, YTO B TPOiHOM cucteMe Laz03-Luz03-Yb203 oGpasyroTcsa
MoJisi TBEPJABIX PaCTBOPOB HA OCHOBe rekcaroHajJbHo# (A) moaudukanuu Laz03, ky6uueckoi (C) moaudpukanuu
Y203 u Luz03, a Takke ynopsagoyeHHbIx ¢a3 Tuna nepoBckuta LaLuOs u LaYbOs (R). PaccuuTaHbl mapamMeTpbl
3JIeMeHTapHbIX siYeeK JAJIsi TBepAblX pacTBopoB. B cucreme La203-Luz03-Ybz03 mpu 1500 °C o6pasyeTtcs
GeCKOHEeYHBIH ps/i TBepAbIX paCTBOPOB HAa 0CHOBe ¢a3bl THIIA NePOBCKUTA. MaKcuMaJibHasA pacTBopuMocTb Luz0s B
R-dpase ~6 moua. % B cedeHun Luz03-(50 moua. % Laz03 - 50 moa. % Ybz03). OG1acTek roMoreHHOCTH R-¢dasbl

1

HaXoJMTCA B IpeAesiax oT 46 10 56 MoJ1. % Laz03 B ceueHun Laz03-(50 mo1. % Luz03-50 MoJ1. % Yb203).
Karouesbie cn06a: pa3oBble paBHOBECHsT; OKCU/bI JIAHTAHA, JIOTELUs], UTTepOUs; TapaMeTphl 3JleMEHTaPHOM peLIeTKH.

Introduction

Oxides of rare earth elements (REE) due to the
transparency in a wide spectral range, thermal
and chemical stability, high absorption coefficient
of X-rays are used to obtain fluorescent materials
for a wide range of uses. Interest in optical
ceramics as laser, scintillation media is due to
high optical transparency in a wide range of
wavelengths, thermal conductivity, good
thermomechanical properties, radiation and
chemical resistance and thermal stability.
Ceramics has high manufacturability, wide
possibilities of varying the chemical composition
and can be obtained in the form of composite
elements with different structures [1-5]. Doping
lanthanum oxide with different REE allows
obtaining substances with special optical,
luminescent, dielectric properties, which makes it
attractive as a material for photo converters.
Ytterbium oxide has scintillation properties
(fluorescence) and is used in optical fiber
technology, as well as materials such as solar
panels, lasers, radiation sources for portable X-
ray sources. Materials based on REE oxide
systems can be used to create high-temperature
ceramics based on SizNs [9], in the optical
industry [10], for dielectric films [11], and so on.
The development of new materials and
technologies for them needs phase equilibria
studies and knowledge of properties of the
phases formed in the systems.

Phase relations and structure of the phases
formed in the La;03-Yb203 system were studied
in [12-15]. Using X-ray investigation of samples
in the temperature range 1650-2000 °C, an

ordered phase of perovskite LaYbOs (R) type has
been revealed with a region of homogeneity of
38-55 mol % Yb,03 [12]. The lattice periods for
ordered lattice phase LaYbOs; are: a=0.601,
b=0.581, ¢=0.839 nm, Z=4 [13]. According to
[15], the LaYbOs; crystallizes in two polymorphic
modifications: orthorhombic and hexagonal with
the transition temperature between them - 1850
°C. However, the polymorphism of the ordered
phase is not confirmed yet [14; 15]. Accordingly
to [15] the homogeneity field of R phase is 47-
62 mol % Yb,03 npu 1400 °C, 45-63 mol % Yb,03
at 1800 °C, 48-56 mol % Yb203 nmpu 1500 °C [16].
It is assumed that the perovskite phase has a
narrow homogeneity region. The maximum
temperature of the R-phase existence is 2040 °C.
Above this temperature, the X-Yb,0s; solid
solutions exist in the concentration range from 0
to 91-92 mol % Yb,03 [14]. These solid solutions
are characterized by three-phase transitions:
peritectic types and two eutectoid types near the
compositions containing 28 mol % Yb03 at
1820°C and 72Zmol % Yb203 at 1930 °C,
respectively.

In the system, there are solid solutions based
on C-Yb203 low-temperature A, and high-
temperature H of La,03; modifications. The phase
transition A2 H has been determined using
thermal analysis in the range of compositions
with a high content of La;03 (presence of
exothermal pick on the cooling curves), though
the solubility limits at the diagram of the binary
system are not defined. The liquidus surface of
the La03-Yb;03 system is characterized by a
minimum  temperature point near the
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composition containing 50 mol % Yb,03 and
transformation of perovskite-type.

At 1500 °C in the Laz03-Ybz03 system are
formed solid solutions based on of hexagonal (A)
modification of lanthanum oxide in the range of
concentrations of 0-9 mol. % Yb203, cubic (C)
modification of ytterbium oxide in the range of
concentrations 98-100 mol. % Yb203, ordered
phase of perovskite-type LaYbO3 (R) in the range
of concentrations 48-56 mol. % Yb,0s3 [13]. The
solubility of La,03 in the C-type of Yb,03 is ~ 2
mol. % at 1500 °C (50 h) [16]. The solubility of
Yb203 in the A-type of La;03 is ~ 9 mol. % at 1500
°C(50h) [16].

Phase equilibria in the La;03-Luz03 system
were studied using X-ray and thermal analyzes at
high temperatures [14]. Crystallization of the
melt from a temperature above 2000 °C obtained
single crystals of perovskite LaLuOs. The lattice
periods for ordered lattice phase LaLuOs; are:
a=0.60, b=0.579, ¢=0.835nm, the spatial
group Pnam [14]. In [19] the calculation of
oxygen vacancies in La;03, Luz03, LaLuO3 is given,
the data on phase is not given. The region of solid
solutions based on polymorphic modifications of
La;03 and Lu;03 oxides has not been
experimentally determined but has been
calculated using the Thermo-Calc [19]. At 1500
oC in the Lay03-Luz03 system are formed solid
solutions based on hexagonal (A) modification of
lanthanum oxide in the range of concentrations of
0-9 mol. % Lu03, cubic (C) modification of
ytterbium oxide in the range of concentrations
96-100 mol. % Luz0s, ordered phase of
perovskite-type LaLuOz (R) in the range of
concentrations 48-56 mol. % Lu;03 [20]. The
solubility of La;03 in the C-type of Lu;03 is ~4
mol. % at 1500 °C (50 h) [20]. The solubility of
Luy03 in the A-type of La;03 is ~ 9 mol. % at 1500
°C (50 h) [20].

State diagrams of the system based on the
oxides of the end of a series of lanthanides are
characterized by the formation of continuous
series of solid solutions based on H- and C-
modifications of REE oxides [21-25].

Experimental

Lanthanum oxide, La;03 (LaO-1 grade),
lutetium oxide, Lu,03 (produced by Merck Corp.),
ytterbium oxide, Yb;03 (produced by Merck
Corp.) (all 99.99 %), and analytical grade nitric
acid were used as the starting materials. The

lanthanum powder of preliminary dried at 200 °C
for 2 h followed by dissolving in dilute nitric acid
(1:1). The Laz03-Lu,03-Yb203 test samples were
prepared in concentration step 1-5 mol % from
nitrate  solutions with their subsequent
evaporation and calcinations at 800 °C for 120
minutes. The prepared powders were subjected
to single-action pressing in a steel die without a
binder at 10-30 MPa to make pellets 5 mm in
diameter and 4 mm in height.

Annealing at 1500 °C was conducted via two
stages: first in a furnace with H23US5T (fecral)
heaters at 1100 °C (for 200 h in air), then in a
furnace with molybdenum disilicide heaters at
1500 °C (for 70 h in air). The test samples were
heated at a rate of 3.5 °C/min. The samples were
fired continuously.

The phase composition of the samples studied
by  X-ray diffraction (XRD, @ DRON-3),
microstructural phase and electron microprobe
X-ray (Superprobe-733, JEOL, Japan, Palo Alto,
CA) analyses.

X-ray analysis of the test samples was
performed by powder procedure on the
apparatus DRON-3 at ambient temperature under
the influence of CuKe radiation. The scanning
step was 0.05-0.1 degrees in the range 20 = 15-
90 °. The lattice parameters were calculated using
the LATTIC code. The accuracy of the lattice
parameter of the cubic phases was in the range of
0.0002 nm.

Microstructural studies were performed on
polished sections and rough fractured surfaces of
annealed samples in secondary electron (SE) and
backscattered electron (BSE).

Results and discussion

Studies on solid phase interaction of La;03 (A,
hexagonal modification), Lu03 (C, cubic
modification), and Yb203 (C, cubic modification)
at temperatures of 1500 °C has shown that the
La;03-Lu203-Yb203 system consists of three
types of solid solution, based on hexagonal
modification (A-La;03), cubic modification (C-
Yb,03(Lu203)), perovskite-type ordered phase R
LaLuO3(LaYbO3), separated by the two-phase
fields (A+R) and (R+C) (Fig. 1).

The chemical and phase composition of the
samples annealed at 1500 °C and lattice
parameters of the equilibrium phases at the given
temperature are shown in Table 1.
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Fig. 1 Isothermal section for the system Laz03-Luz03-Yb203 at 1500 C (© - single-phase samples, (B - two-phase

samples)

Table 1

The chemical and phase compositions, lattice parameters of solid solutions, in the La203-Luz03-Yb203 system at
1500 °C, annealed for 70 h

Chemical composition Phase composition and Lattice parameters of the phases
(mol %) lattice parameters of the a+0.0001 (nm)
phases
Lu203 Laz203 Yb203 R <C>
a b c a
Section Luz03—(50 mol. % La203—50 mol. % Yb203)
0 50 50 R
1 49.5 49.5 R 0.6020 0.5815 0.8290 —
2 49 49 R 0.6013 0.5824 0.8300 —
3 48.5 48.5 R 0.6013 0.5818 0.8310 —
4 48 48 R 0.6016 0.5826 0.8297
5 47.5 47.5 R 0.6014 0.5819 0.8338
10 45 45 R+ <C> 0.6016 0.5817 0.8353 1.0419
15 42.5 42.5 R +<C> 0.6014 0.5819 0.8354 1.0418
20 40 40 R +<C> 0.6012 0.5801 0.8334 1.0413
30 35 35 R +<C> 0.6022 0.5828 0.8355 1.0430
40 30 30 R +<C> 0.6016 0.5826 0.8333 1.0416
50 25 25 R+ <C> 0.6006 0.5816 0.8341 1.0404
60 20 20 R+ <C> 0.5987 0.5817 0.8342 1.0403
70 15 15 R +<C> 0.5997 0.5822 0.8328 1.0403
85 7.5 7.5 R +<C> 0.5999 0.5827 0.8297 1.0404
90 5 5 Rer + <C> 1.0403
95 2.5 2.5 <C> — — — 1.0397
100 0 0 <C> - - — 1.0390
Section La203—(50 mol. % Lu203—50 mol. % Yb203)
50 0 50 <C> | | 1.0404
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49 49 <C> 1.0405
48 4 48 <C> 1.0409
47.5 5 47.5 <C> 1.0409
45 10 45 Ry + <C> 1.0412
30 40 30 R +<C> 0.6013 0.5801 0.8389 1.0412
29 42 29 R +<C> 0.5969 0.5835 0.8377 1.0415
27.5 45 27.5 R+ <C> 0.5969 0.5828 0.8382 1.0418
26 48 26 R 0.5896 0.5810 0.8348
25 50 25 R 0.5996 0.5822 0.8312
22.5 55 22.5 R 0.5944 0.5856 0.8138
20 60 20 <A>y+ R 0.6021 0.5851 0.8225
7.5 85 7.5 <A>+R 0.6020 0.5836 0.8214
(a=0.6497,c=0.3825)
5 90 5 <A> + Rur
(a=0.6502,c=0.3828)
4 92 4 <A> + R
(a=0.6511,c=0.3829)
2.5 95 2.5 <A>
(a=0.6507,c=0.3830)

*Under given conditions (T= 1500 ©C, 70 h, in the air) the hexagonal A-La203 cannot be fixed, the hexagonal phase of A-
La(OH)sis formed instead; <A> - solid solution based on hexagonal modification of La203; <C> - solid solution based on cubic
modification of Lu203 and Yb20s3; R - solid solution based on perovskite-type ordered phases of LaLuO3(LaYbOs); tr - traces.

Lu203 (48—56 mol. % Lu203) and Lazo3—Yb203

The La203—Lu203—Yb203

system forms an

infinite series of solid solutions based on the
perovskite-type phase. The homogeneity range of
the R-phase extends in compliance with its
solubility limits in the boundary binary La,Os-

0,838 -

0,836

(48-53 mol. % Yb203) systems. The maximum
solubility of Lu,Os3 in the R-phase is ~6 mol. %
along section Lu;03 - (50 mol. % La;03 - 50 mol.
% Yb203) (Fig. 2).

0,834

¢(R), nm

0,832

0,830 —

088 4—787 1

T T T T T T T 1
10 12 14 16

mol. % Lu203

Fig. 2 Concentration dependence of lattice parameters (c) for solid solutions based on R-phase along the Luz03-(50
mol. % Laz03-50 mol. % Yb203) section in the system Laz03-Luz03-Yb203 at 1500 °C

The lattice parameters are changed from a =
0.6020 nm, b = 0.5815 nm, ¢ = 0.8290 nm in
single-phase sample, containing 49.5 mol %
La,03-1 mol % Luz03-49.5 mol % Yb203  to
a=0.6016 nm, b=0.5817 nm, ¢=0.8353 nm in
two-phase sample (R + C), containing 45 mol %
La;03-10  mol % Lu203-40 mol % Yb;03.  The
addition of the lutetium ion Lu3+ leads to its

replacement of the yttrium ion Yb3+ (0.086 nm) in
node B and increases the stability of the R-phase
(increase in the conversion temperature).

The region of homogeneity of the R-phase
extends from 46 to 56 mol. % La;03 in the cross
section La;03- (50 mol.% Lu203-50 mol.% Yb.03)

(Fig. 3).
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0,840

0,835

0,830

0,825

¢(R), nm

0,820

0,815

R+A

0,810 —_ —
46 56
40 50 60

T J T T 1
70 80 90

mol. % La203

Fig. 3 Concentration dependence of lattice parameters (c) for solid solutions based on R-phase along the Laz03-(50
mol.% Luz03-50 mol.% Ybz0s3) section in the system Laz03-Luz03-Yb20s3 at 1500 °C

Oxides of lutetium and ytterbium formed a
continuous field of solid solutions based on the C-
type of REE oxides. The region of the
homogeneity of the solid solution is based on the
cubic modification of lutetium and ytterbium
oxides along the side of the Lu;03 - Yb203
concentration triangle. The region of the
homogeneity of the C-phase proceeds from the
corresponding coordinates in the boundary
binary systems La;03-Lu;03 (96-100 mol. %
LuZ03), La203—Yb203 (98—100 mol. % Yb203) i
Lu03-Yb,03 (0—100 mol. % Yb203). In this

1,0406 —

1,0404 - ]

direction the region of the homogeneity of the C-
phase indicates, however, that the substitution of
Lu3+ ions by Yb3* predominates, and vice versa.
Using the concentration dependences of lattice
parameters, it is established that the region of the
homogeneity of the solid solutions based on C-
Lu,03 extends from 91 to 100 mol. % Lu,03 along
the section of Lu;03-(50 mol. % La;03-50 mol. %
Yb203) (Fig. 4) and from 0 to 7 mol. % La;03 along
the section of La;03-(50 mol. % Lu203-50 mol. %
Yb.03) (Fig. 5).

1,0402
1,0400

1,0398

¢(C), nm

1,0396 —
1,0394

1,0392

C+R

T g T y T g T y T
80 75 70 65 60

mol. % Lu203

Fig. 4 Concentration dependence of lattice parameters (c) for solid solutions based on C-phase along the Luz03-(50
mol. % Laz203-50 mol. % Yb203) section in the system Laz03-Lu203-Yb203 at 1500 °C
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1,0412

1,0410

nm

. 1,0408

c(©O)

1,0406

1,0404

R+C

T y T y T
20 30 40

mol. % La1203

Fig. 5 Concentration dependence of lattice parameters (c) for solid solutions based on C-phase along the Laz03-(50
mol. % Luz03-50 mol. % Yb20s3) section in the system Laz03-Luz03-Yb203 at 1500 °C

Annealed samples with lanthanum oxide
content from 55 to 100 mol. % in the air absorb
moisture. For XRD data in these samples, instead
of the hexagonal modification of La;0s3 the
hexagonal modification of A-La(OH)3 is provided.
The region of the homogeneity of the solid
solution based on the hexagonal A-La;0s3
modification is small. The region of this region of
the homogeneity is concave in the direction of
decreasing the content of ytterbium oxide and

0,385

0,380

0,375

c(A), nm

0,370 4

0,365

0,360

proceeds from the corresponding coordinates in
the boundary binary systems La;03-Lu,03; (0-9
mol. %. Luz03) and Laz03-Yb203 (0-9 mol. %
Yb203). Using the concentration dependences of
lattice parameters, it is established that the
region of the homogeneity of the solid solutions
based on A-La;03 extends from 94 to 100 mol. %
La;03 along the section of La;03-(50 mol. %
LUZO3—50 mol. 0/0 Yb203) (Fig. 6).

0,355 . . ; .
100 98 9%

94 92 90

mol. % La203

Fig. 6 Concentration dependence of lattice parameters (c) for solid solutions based on A-phase along the Laz03-(50
mol. % Luz203-50 mol. % Yb203) section in the system Laz03-Luz03-Yb203 at 1500 °C

The diffraction patterns of the samples
characterizing the phase regions of the solid

solutions in the La;03-Luz03-Yb203 system at
1500 °C are shown in Fig. 7.
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Fig. 7 XRD patterns of the samples from the Laz03-Luz03-Yb203 system heat-treated at 1500 °C: a - 92 mol % Laz0s -
4 mol % Luz03 - 4 mol % Yb203 (<A>+R); b - 49 mol % Laz03 - 2 mol % Luz03 - 49 mol % Yb203 (R); c- 35 mol %
Laz03 - 30 mol % Luz0s - 35 mol % Yb20s3 (R+<C>); d - 30 mol % Laz03 - 40 mol % Luz03 - 30 mol % Yb2z03 (R+<C>);
e -2,5mol % Laz0s3 - 95 mol % Luz0s3 - 2,5 mol % Yb203 (<C>)

The change in the microstructure of two- samples along the section of Lu;03-(50 mol. %

phase samples (C + R) depending on the
concentration of lutetium oxide can be seen in
Fig. 8. Fig. 8 is shown the microstructures of the

Laz03-50 mol. % Yb,03). The matrix light phase is
the isotropic C phase. The matrix dark phase is

the R-phase.

AL099 202

A1109_202

A1103.202

d
C
Fig. 8 SEM microstructures of the samples from the Laz03-Luz03-Yb20s system heat-treated at 1500 °C: a) 40 mol. %
Luz03-30 mol. % Laz03-30 mol. % Yb20,BSE x2000 (R+<C>);b) 60 mol. % Lu203-20 mol. % Laz03-20 mol. % Yb20,BSE,

%2000 (R+<C>c) 70 mol. % Luz03-15 mol. % Laz03-15 mol. % Yb2z0,BSE x2000 (R+<C>);d)85 mol. % Luz203-7.5 mol. %
Laz03-7.5 mol. % Ybz0, BEIx 2000 BSE, x2000 (R+<C>) (grey phase - <C>, dark phase - R, black - pores).
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The ordering of the R-phase is a gradual
diffusion-controlled process. In the early
sintering stage, the samples acquire high relative
density, and then the R phase becomes ordered in
the dense ceramics. This leads to a great number
of pores concentrated at grain boundaries of the
C phase and the ordered R-phase.

Conclusions

The phase equilibria in the La;03-Lu;03-Yb,03
system at 1500 °C were studied in the whole
concentration range. The isothermal section has
been developed. The solid solution of limited
solubility based on all components in their
different polymorphic modifications was found
and characterized. The isothermal section of the
Laz03-Luz203-Yb203 system at 1500 °C contains
three one-phase fields (A-La:0s3, R, C-
Y203(Luz03)) and two two-phase fields (A + R)
and (C + R).
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