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Abstract

The phase diagram of the AD;—ZrO,—L&0; system was constructed in the temperature range 1250<280We liquidus surface of the
phase diagram reflects the preferentially eutectic interaction in the system. Three new ternary and two new binary eutectics were found. The
minimum melting temperature is 1666 and it corresponds to the ternary eutectic Lapdd-ZrO, + La,03-11AI,03. The solidus surface
projection and the schematic of the alloy crystallization path confirm the preferentially congruent character of phase interaction in the ternary
system. The polythermal sections present the complete phase diagram of@GieZD,—La, 03 system. No ternary compounds or regions
of remarkable solid solution were found in the components or binaries in this ternary system. The latter fact is the theoretical basis for creating
new composite ceramics with favorable properties in th&®AZrO,—La,03 system.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction (LA) with perovskite-like structure and incongruently melt-
ing Lax0O3-11AI,03 (B-phase) with hexagonal structure. The
The Al,O3-ZrO,—La;O3 system consists of compounds phase R (80 mol.% L#s3) was discovered to be orthorhom-
widely known as high-performance ceramic materials. An bic and unstabl&® No solubility regions on the base of
accurate phase diagram of this system is necessary for thehe components and binary compounds were found in the
successful development of these materials. Al,03—Lap03 system. The phase transformations 0fQa
The phase diagrams of the bounding binary systems haveX < H = Adisplay on the liquidus curve as metatectic points
been examined in some dethif The AlLO3-ZrO, sys-  at 2140°C, 89mol.% LaOs, 2050°C, 85mol.% LaOs,
tem is of the eutectic type and is described elswheFae respectively®
ZrO>—La O3 system is one with limited mutual solubility of The phase diagram of the AD3—ZrO,—LapOs3 sys-
the components in the solid st#t&. A congruently melting tem has not been sufficiently studied. Subsolidus rela-
compound LaZr,O; (LZ») of a pyrochlore-type structure tions only were establishétNo ternary compounds were
was found in this system. It also has rather wide temperaturefound in the system and its triangulation was defined by
dependent solubility region. The phasejlfdrms eutectics LZ, phase, which equilibrates with phases LA,>®§
with the components. The cubic fluorite-like {F)etragonal (AL) and, evidently, B-phase. In this paper the results
(T)=monoclinic (M) phase transformations of Zr@nd of reinvestigation of some features of the binary bound-
high temperature cubic (X) high temperature hexagonal ing system Zr@-LaO3 and ALbOs—ZrO,—LaxO3 phase di-
(H)=low temperature hexagonal (A) phase transformations agram investigation are presented as isothermal sections
of LapyOs take place in the solid state and are not seen onat 1250 and 1650C, liquidus and solidus projections
the liquidus curves. The AD3—LayO3 systerﬁ‘7 includes on the concentration triangle, phase diagrams of the tri-

two compounds: congruently melting at 21D LaAlO3 angulating sections, schematic of the reactions proceed-
ing during equilibrium crystallization of melted samples
* Corresponding author. and three isopleths in a wide range of temperatures and
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2. Experimental details in a DTA devicé? at total pressure of ffabout 1.2 atm and
annealed below the solidus temperature for 1 h. The speci-

Specimens were obtained by both chemical method andmens were investigated by X-ray (DRON-1,5, Burevestnik,
from melting the component oxides. Powders of alumina St.-Petersburg), DTA in Hat temperatures to 230C,10
(99.9%; Donetskij zavod khimreaktiviv, Donetsk), zirconia petrographic (MIN-8 optical microscope, LOMO, St. Peters-
(99.99%); Donetskij zavod khimreaktiviv, Donetsk), lanthana burg) and microstructure phase (ZEISS DSM982 GEMINI)
(Laod OST-48-194-81) were used as raw materials. The ap-analysis.
propriate quantities of oxides were blended in an agate mortar
with ethanol, dried and pressed into pellets 5 mm in diameter
and 5mm in height.

Powders of AI(NQ)3-9H,0, ZrO(NQ;s)2-2H20 with pu- 3. Results and discussion
rity 99.9% (Donetskij zavod khimreaktiviv, Donetsk) and lan-
thana (Laod OST-48-194-81) were used for chemical route  Reinvestigation of some features of the bounding bi-
preparations. Both salts and lanthana were dissolved in watemary system Zr@-LapO3 reveled the congruently melting
with some droplets of concentrated nitric acid added, dried, at 2340°C LZ, phase. It forms eutectics with the compo-
calcined at 900C in air and pressed into pellets of the same nents at 2315C, 25 mol.% LaOs and 1980C, 62.5 mol.%
dimensions. The specimens were taken at 5-10 mol.% in-LayO3.
tervals on the two isopleths: 20 and 60 mol.% Zr©n the Two isothermal sections at 1250 and 16&0were con-
bisector with a A}O3/ZrO; ratio of 1, and along two sections:  structed incorporating literature data and the XRD results
LaAlO3—ZrO; and LaAlOs—LapZr,O7. Additional composi- obtained Figs. 1 and 2 They are similar and only differ in
tions were chosen in the process of identifying the location of the width of phase fields. In contrast witive established the
the ternary eutectic points. For the constructing of isothermal principal interaction in this system is between LA phase and
sections chemically derived samples were annealed at 125@ther phases of the systemy@8—ZrO,—LapO3. No ternary
and 1650C for the time necessary to attain equilibrium, es- compounds or regions of remarkable solid solution were
tablished by unchanging XRD patterns. Other samples werefound in the components or binaries except small region of
fired at 1250 C in air for 6 h then melted in molybdenum pots ternary solid solutions in the ZegOcorner. It appeared be-
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Fig. 1. Isothermal section of the AD3—ZrO,—La;O3 phase diagram at 125C: (®) two-phase samples(Y) three-phase samples.
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Fig. 2. Isothermal section of the AD3—ZrO,—Lay03 phase diagram at 165C: (®) two-phase samples(Y) three-phase samples.

cause of limited A0z and LaOgz solubility in ZrO,.13 The tion B—T is considered to be a partially quasibinary as far as
construction of isothermal sections prognosis the following B-phase is stable only below 1848.° Moreover3-phase
sections to be triangulating the system®4—2rO,—LapO3: is not in equilibrium with pure Zr@, but solid solutions T
LA-LZ», LA-T and B—T. It should be noted that the sec- and according to the phase equilibrium theory such section
cannot be recognized as quasibinary it$elf.
T,°C
2700 2690
® - [4¢6]
2600

O - our results
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® -

O -ourresults
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Fig. 3. Partially quazibinary section LaA¥S(1.5L803-98.5Zr%) of the Fig. 4. Partially quasibinary section LaAd©LapZr,0O; of the Al,Oz—
Al,03—-ZrO,—LapO3 phase diagram. ZrO,— LapO3 phase diagram.
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Fig. 5. Microstructures of some alloys in the system@4d—ZrO,—La;O3, mol.%. Saddle points: (A) 32403 + 36ZrQ; + 32La 03 (ey): white phase, LA,
grey phase, T; (B) 26AD;3 +32Zr0, + 42L& 03 (e5): white phase, LA, grey phase, kZTernary invariant points: (C) 26403 +36ZrQ; + 38L& 03 (E»):
white phase, L3, grey phase, LA, dark grey phase, T; (D) 538 +27Zr0, + 20L& 03 (E3): white phase, LA, grey phase, T, black phgze,

The triangulating AlO3—ZrO,—LaO3 phase diagram  quasibinary sections of the AD3—ZrO,—Lay0O3 phase dia-
sections LA-T and LA-LZ are shown irFigs. 3 and 4n gram.
the temperature range 1700-28@0 Both sections are of The liquidus surface for the AD3—ZrO,—La;O3 phase
the eutectic type and phase LA exhibits no solubility region. diagram Fig. 6) consists of nine fields for primary crystal-
Solubility on the base of T and lZphases do not exceed lization. Every component and binary compound has its own
1mol.% at ambient temperature and slowly increase with field. The largest liquidus area is occupied by solid solutions
temperaturé:* The coordinates of eutectic points were es- of Lay,Os in ZrO,. This field is divided by the monovari-
tablished as (mol.%) 32A03—-36Z2r—32Lg03, 1815°C ant line (F=T+L) into two primary crystallization fields
(e9) and 26Ab03—32ZrQ—42La03, 1985°C (es). These for solid solutions with fluorite-like cubic (F) and tetragonal
eutectics were noted according to their temperature positions(T) structures. The monoclinic form of Zghas no primary
in the ternary system. Their microstructures are shown in crystallization field on the liquidus because it exists attemper-
Fig. 5 (A and B). At the same time these eutectic points atures that do not exceed temperatures of binary and ternary
& and e5 are saddle points in the phase diagram of the eutectics. The Zr@solid solutions in LaO3 with X-, H- and
Al,03—ZrO—Lap O3 system (se€ig. 6). Because of therea-  A-structures of rare earth oxides have their own fields for pri-
sons mentioned above for the sect@AT! both sections  mary crystallization. As far as high-temperature phases X and
LA-LZ, and LA-T can also be recognized as as partially H cannot be quenched from high temperatures so the coordi-
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Fig. 6. Projection of the liquidus surface for the;®s—ZrO,—La,O3 phase diagram.
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Fig. 7. Solidus surface projection for the83—ZrO,—LayO3 phase diagram @) two-phase samples(Y) three-phase samples.
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Fig. 8. Schematic of the reactions proceeding during sample crystallization in the sys©g+210,—LaO3.

nates of monovariant cunegU; (X <= H+L) and nonvariant ~ or regions of remarkable solid solution were found in the
peritectic pointdJ; andU3 are shown tentatively. The coor- components or binaries in the Ab3—ZrO,—Lay,O3 system.
dinates of invariant points of the AD3—ZrO,—LaxO3 phase The projection of the solidus surface of the
diagram are listed ifable 1 The microstructures of some  Al,03-ZrO,—LapO3 phase diagram is shown iRig. 7.
invariant points are shown iRig. 5(C and D). It should be ~ Data on the coordinates of the conoid triangles of solid
noted that it was impossible to make a photo of ternary eutec-phases on the solidus surface were obtained from XRD
tic E; because of high hydration properties ob0g that was measurements and are givenTiable 2 According to the

the component of this eutectic. The minimum melting tem- liquidus construction the solidus surface consists of seven
perature in the system is 1666 and relates to the ternary isothermal three-phase fields corresponding to three invariant
eutecticEs. The maximal liquidus temperature is 271D equilibrium of the eutectic type and four of the peritectic
and refers to the melting point of pure ZrNo new phases  type. The linear surfaces representing the solidification



Table 1
Coordinates of the experimentally determined and tentative invariant points in0g-AlrO,—La,O3 system
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Equilibrium points TemperatureC) Composition, % (mol.) Invariant equilibrium
Al 203 ZrOy LaxOs3
& 1985 26 32 42 S LZo+ LA
Uy 1975 5 27 68" L+HSA+X
U, 1950 3 35 62 L+ET+LZ,
Us 1940 18 52 30 L+XSA+LZ;
=) 1815 32 36 32 =S T+LA
E1 1750 18 29 53 IS LZo+LA+A
Ug 1730 56 31 13 L+ALST+B
E> 1715 26 36 38 IST+LA+LZ,
E; 1665 53 27 20 ISB+T+LA
* Temperature and composition are shown tentatively.
Table 2
Coordinates of the apexes of solid phase tie-line triangles on the solidus surface of@he 240,-La;O3 phase diagram
Phase field Compositions of equilibrium phases, mol.%
Al,03 T LA LZ>, A
AL+T+B 100 97Zr@-0.5La03—2.5AL03 - - -
B+T+LA 97.5ZrQ-1La03-1.5AL03 100 - -
LA+T+LZ>, 98.5Z2rQ-1.5L803 100 74ZrQ—-26La03 -
LA+LZy+A - 100 64Zr@-36L&03 12Zr0,—88L&03

ends of the monovariant eutectics AL+g+T, LA+T,

LA+LZ,> and LA+A are the parts of the solidus too.

Three isothermal fields LA+LZ+A, LA+T+LZ, and

B+ T+ LA that correspond to invariant eutectic equilibrium

LSLA+LZo+A (E1, 1750°C), LS LA+T+LZ, (Ep,

1715°C) and L= B+ T+LA (E3, 1665°C), respectively,
form the main solidus surface. Among four isothermal
fields that correspond to invariant peritectic equilibrium the
largest one is the field IA+ T + B. It is the part of peritectic

guadrant, where the peritectic reaction L+ALT + 3 (Ug,

1730°C) finishes with total liquid expenditure. Other three
isothermal fields of peritectic origin corresponding to phase

T.°C
2100
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1900 L+AL
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LA+LZE +A

/ L+AL+T
1800 —| -
AL+T .|
0 10 20
80 AlLO,
20 Zr0,
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La,0, mol. %

T
70 80

0ALO,
20 710,
80La,0,

Fig. 9. Isopleth at 20 mol.% Zrfor the Al,O3—ZrO,—LayO3 phase dia-

gram.

transformations of LgOs (L+HSA+X, U, 1975°C;
L+XSA+LZy,U;3,1940°C) and ZrQ (L+FS T+ LZo,

Uz, 1950°C) solid solutions are degenerated. The first two
are located in the L#D3 corner; the latter coincides with
ZrOx—Lap O3 concentration axis in 80—-95 mol.% region. On
the base of data on liquidus, solidus and bounding binary
systems a schematic of the reactions that proceed during
the equilibrium crystallization of the AD3—ZrO,—LaxO3
system alloys is shown iRig. 6. So the equilibrium alloys
crystallization in this system is characterized with four in-

O
1715°C

LA+T ©

T+LA+LZ,

LZ, 2+X
Ll Z X

LZ +X+A

.'2'2+A

L+LZ, 2+A

1750°C

20 30
La,0, mol.%

60 210,
40 La,0,

Fig. 10. Isopleth at 60 mol.% Zrfor the Al,O3—ZrO,—Lay O3 phase dia-

gram.
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Fig. 11. Bisector AlO3/ZrO, =1 for the AbO3—ZrO,—La 03 phase dia-
gram.

variant four-phase incongruent processes at 19{} (950
(U2), 1940 Usg), 1730°C (Ug4), three invariant four-phase
congruent processes at 1798;), 1715 E») and 1665C

(E3) and two invariant three-phase congruent processes at s,

1985 §5) and 1815 C (eg) (Fig. 8).

Three polythermal sections were constructed to present
the phase diagram of the AD3—ZrO,—LaO3 system more
completely: isopleths 20 and 60 mol.% Zr@nd bisector
Al203/ZrO2 =1 (Figs. 9-1). These figures confirm the tri-
angulation and discover the interaction in different parts of
the Alb,O3-ZrO,—La;O3 phase diagram.

4, Conclusions
The phase diagram of the AD3—ZrO,—La;O3 system was

constructed in the temperature range 1250-2800 he lig-
uidus surface of the phase diagram reflects the preferentially

eutectic interaction in the system. The minimum melting tem- 11.

perature is 1665C and it corresponds to the ternary eutectic

S.M. Lakiza, L.M. Lopato / Journal of the European Ceramic Society 25 (2005) 1373-1380

LA +T + B. The solidus surface projection and the schematic
of the alloy crystallization path confirm the preferentially
congruent character of phase interaction in the ternary sys-
tem. The polythermal sections present the complete phase
diagram of the AJO3—ZrO,—LapyO3 system. No ternary com-
pounds or regions of remarkable solid solution were found in
the components or binaries in this ternary system. The latter
fact is the theoretical basis for creating new composite ce-
ramics with favorable properties in the &3—ZrO,—LapyO3
system.
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