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Abstract

Amorphous precursors of HEBAIO; s and ZrG—AIO. s systems covering the whole concentration range were co-precipitated from
aqueous solutions of the corresponding salts. The thermal behaviour of the amorphous precursors was examined by differential therm:
analysis, X-ray powder diffraction (XRD), laser Raman spectroscopy and scanning electron microscopy. The crystallization temperature of
both systems increased with increase in the AlContent, from 530 to 94QC in the HfG—AIO, 5 system, and from 405 to 928 in the
Zr0,—AlO4 5 system. The results of phase analysis indicate an extended capability for the incorporatitnionsin the metastable Hf©
and ZrQ-type solid solutions obtained after crystallization of amorphous co-gels. Precise determination of lattice parameters, performed using
whole-powder-pattern decomposition method, showed that the axiatr&didn the ZrQ,- and HfG-type solid solutions with 10 mol% or
more of AP+ approach 1. The tetragonal symmetry of these samples, as determined by laser Raman spectroscopy, was attributed to tr
displacement of the oxygen sublattice from the ideal fluorite positions. It was found that the lattice parameters ofthpeZsalid solutions
decreased with increasing%lcontent up te~10 mol%, whereas above 10 mol%, further increase of the édntent has very small influence
on the unit-cell volume of both Hf@ and ZrGQ-type solid solutions. The reason for such behaviour was discussed. The solubilit§of Hf
and Zf+ ions in the aluminium oxides lattice appeared to be negligible.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [1,2] or as the crystallization product of hydrous zircofdh
In the case of hafnia, the formation of metastabte c-HfO,

Pure hafnia and zirconia exhibit similar physical and (ratioc/ais nearly 1) at RT is much harderto obtfdr-8]. Cu-
chemical properties, which made them very interesting high- bic polymorphs of HfQ and ZrG can be stabilized at RT by
temperature materials. In dependence on the temperaturethe incorporation of aliovalent oversized metal cations, viz.
HfO, and ZrQ appear as monocliniartHfO,, m-ZrO,), Ca&t, SAt, Y31, etc.[9-17]. Stabilization of these high-
tetragonalt-HfO,, t-ZrO,) and cubic ¢-HfO2, ¢-ZrO5) poly- temperature polymorphs was attributed to the decrease in the
morphs of which only the monoclinic is thermodynamically Hf and Zr coordination number caused by the introduction of
stable at RT and standard pressure. High temperature poly-oxygen vacancieg,9,17]
morphs of ZrQ become stable at above 110 (t-ZrO,) and The incorporation of aliovalent undersized dopant
2300°C (c-Zr0Oy), whereas the stabilization tfandc-HfO» cations, such as Af, Fe** or Cr3, also introduces oxygen
require significantly higher temperatures, 1720 and 260  vacancies into the Hf@and ZrQ lattice. However, in the
respectively. MetastabteZrO, can be easily obtained at RT  thermodynamically stable systems the amount of the incorpo-
as a product of the thermal decomposition of zirconium salts rated dopants is too small to stabilize their high-temperature

polymorphs[17-20] The results of phase analysis of the
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metastablé-ZrO, occurred20]. The observed stabilization lected temperatures up to 130D. The phase compositions
was attributed to surface interaction between@3rand of the obtained crystallization products were analysed at RT
ZrO,. Thisinteraction prevented the diffusion of oxygen from using X-ray powder diffraction (XRD). XRD patterns were
the atmosphere into the ZpQattice, which otherwise trig-  recorded using an automated Philips diffractometer (model
gered the transformatidrzrO, — m-ZrO, on cooling[20]. MPD 1880) with monochromatized Cwiadiation. Silicon,
The solubility of undersized dopant cations in the «-Si, was used as internal standard (space gFal3m, unit-
metastable Hf@ and ZrGQ-type solid solutions obtained af-  cell parameter at 25C: a = 5.43088A, [36]). XRD patterns
ter crystallization of amorphous precursors is significantly were scanned in steps of 050@0), in the 2 range from 20
higher. High temperature cubic and tetragonal polymorphs to 110, with a fixed counting time (5 or 10 s), for the purpose
of HfO, and ZrQ could appear in such metastable solid of the accurate determination of the unit-cell parameters of
solutions. However, such stabilization is not very efficient the studied samples by means of the powder-pattern-fitting
[7,8,21-24] In our previous investigations, we examined methods.
the thermal behaviour of the amorphous precursors to the In case where monoclinic and tetragonal polymorphs of
HfO,—FeQ 5 and ZrQ-FeQ s systems[7,8,24] It was hafnia or zirconia co-exist their volume fractiong &andvyy,)
found that the incorporation of e ions has both a sta-  were estimated from the integral intensities of the monoclinic
bilizing and destabilizing influence on the high-temperature diffraction lines L 1 1) and (11 1) and tetragonal diffraction
polymorphs of HfGQ and ZrG. The destabilizing influence  line (10 1), following a procedure proposed by Toraya et al.
significantly increased if the thermal treatments were per- [37]. The volume fractions are given by following equations:
formed at small air pressure-¢ x 10-3 Pa), which was at-

tributed to the association of the introduced oxygen vacanciesy — Im(111)+ Im(111) , (1)
with smaller Fé*cations[7,8]. Im(111)+ Im(111)+ 1(101)

The capability of AP ions to stabilize the cubic poly-  y, =1 — vy, (2)
morph of zirconia in the metastable solid solutions is still a 1311y
matter of discussiof25—-35] Several authors reported that v, = ——— | 3)
the amorphous precursors to the 2r®I,03 system crys- 1+031k
tallized after heating between 500 and 9@to c-ZrO»-type Integrated intensities of the diffraction lines were deter-
solid solution containing up to 40 mol% ADs [25—-29] At mined using the individual profile-fitting method (computer
higher temperature-ZrO, converted td-ZrO, and finally to program PRO-FIT)38].
m-ZrO, that was followed by a decrease iny8l3 solubility. Laser Raman (DILOR Z24) spectroscopy was also used
On the other hand, other repof&l—35] stated that the in-  in the cases when the presence of the cubic or tetragonal
corporation of APt ions into the ZrQ lattice stabilized only polymorphs of hafnia and zirconia could not be clearly dis-
the tetragonal polymorph of zirconia. tinguished by XRD.

Differently from the ZrG—AlO1 5 system, the stabiliz- The first crystallization products of some samples at

ing influence of APt ions in the HFQ—AIO1 5 system was the ZrQ-rich side of the concentration range were also
much less investigated. In the present work, we focused onanalysed with a scanning electron microscope (JSM-5800
the thermal behaviour of the amorphous precursors to theJEOL) equipped with an energy dispersive X-ray spectrom-
HfO,—AlO1 5 and ZrQ—AlO 5 systems, covering the whole  eter (LINK ISIS 300 Oxford Instruments). Quantitative bulk

concentration region. The capability of¥#lions to incorpo- analysis was performed using SEMQuant program.
rate into the HfQ and ZrQ lattice and stabilize their high- The thermal behaviour of the amorphous precursors from
temperature polymorphs was discussed. the HA and ZA systems was also examined by differential

thermal analysis (DTA). The prepared samples were heated
in the air atmosphere up to 95C with a rate of 10C min~1,
2. Experimental using the standard instrumentation.

Amorphous precursors of the H§GAIO15 (HA) and
ZrO,—-AlO; 5 (ZA) systems covering the whole concentra- 3. Results and discussion
tion range were co-precipitated from aqueous solutions of
HfOCI,-8H,0 and AICk-6H,0 salts and aqueous solutions 3.1. Thermal behaviour
of the ZrO(NQ)2-2H,0 and Al(NG;)3-9H,0 salts, respec-
tively. The co-precipitations were performed by the addition Fig. 1shows DTA curves of the samples from the HA and
of 25% NHs-ag. up to pH~7.5. All the chemicals used were  ZA systems with AlQ 5 content between 0 and 60 mol%.
of analytical grade. The solid phase was separated from theAll curves are characterized by endothermic peaks resulting
liquid using an ultra-speed centrifuge (operational speed upfrom dehydration and exothermic peaks resulting from crys-
to 20,000 rpm), then washed repeatedly in doubly distilled tallization. The position of the exothermic peak shifted to the
water and dried at 70C for 24 h. The obtained solid phases higher temperature with increasing®Al content. The crys-
were ground in an agate mortar and calcined for 3 h at the se-tallization temperature increased from 530 to 9¢Cfor the
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Fig. 1. DTA curves of the samples from Hi©AIO1 5 and ZrQ—AlO1 5 systems. Letters a, b, c, d, e, f and g stand for 0, 10, 20, 30, 40, 50 and 60 mol% of
AlO; 5, respectively.

HA system and from 405 to 9F% for ZA system. Similar treatment at 1000C, only traces of the metastable phase are
results were observed for the Hf€FeQ s and ZrQ—FeQ 5 still present Fig. 3). The stability of the high-temperature
systemgd8], but in these cases, the rate of the increase waspolymorph of zirconia with regard to the influence of tem-
significantly smaller Eig. 2. The observed increase indi- perature increased with increasing of aluminium content and
cated that amorphous precursors are single co-gels, whichshowed to be significantly bigger compared to the stabil-
crystallized into metastable crystalline phases with extendedity of corresponding high-temperature polymorphs of hafnia

capability for the formation of the solid solutions. (Fig. 4). In some cases, it was hard to distinguished between
the tetragonal and cubic polymorph of zirconia and almost
3.2. Phase analysis impossible to distinguished between the tetragonal and cubic

polymorph of hafnia, for which thes/as ratios approach 1

Phase development of the amorphous precursors of the(as andcs are related to fluorite-type lattice), on the basis of
HfO,—AlIO1 5 and ZrQ—-AlO; 5 systems after calcinations XRD analysis alone. In a series of papers, Yoshimura et al.
(3 h) and cooling in the presence of air at atmospheric pres-[39-42]proved the existence of the tetragonal polymorph of
sure are given ifable 1. Amorphous precursors to the pure hafnia with an axial ratia;/a; = 1, having a displacement of
hafnia crystallized tan-HfO,. The incorporation of A} the oxygen sublattice from the ideal fluorite positions. Due to
ions caused the appearance of the high-temperature tetragthe significantly smaller atomic scattering factor of oxygen
onal polymorph, which in the crystallization product of the compared to hafnium, X-ray diffraction is not very sensitive
samples with 20 and 30 mol% became the only phase presentto structural changes caused by oxygen displacement. Laser
However, the stabilization is not very efficient. Additional Raman spectroscopy showed to be the most powerful tech-
temperature treatment caused transition to the monoclinicnique in such casgg,3,8,39—-42] Group theory allows six
polymorphand the appearance of aluminium oxide-type solid Raman active modes of vibratioAsg + 2B1 4 + 3Eg) for the
solutions Table J). tetragonal polymorph of zirconia and hafnia and only one

Differently form hafnia, the crystallization product ob- active modes of vibration for their cubic polymorpFg).
tained after calcinations of the amorphous precursor to pureAll those six Raman active modes of vibration are present in
zirconia contained-ZrO, as the dominant phase with only the laser Raman spectra of the HA crystallization products
traces of the thermodynamically staloieZrO, phase. Such  with 20, 30 and 40 mol% of At ions and the spectra of
a high content of metastable tetragonal polymorph can be at-the ZA crystallization products with 10, 40 and 50 mol% of
tributed to the influence of grindin@]. Further temperature A3t ions. The spectrum of the HA crystallization product
treatment causedZrO, — m-ZrO; transition, so that after ~ with 40 mol% of ABT ions contained also small bands typ-
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Table 1
The initial molar compositions and the results of phase analysis obtained after the calcination (3 h) and cooling of the amorphous precursOgs-6 @yesHf
and ZrQ—AlO1 5 systems in the presence of air at atmospheric pressure

Molar fraction of AlO; 5 T(°C) Phase composition (relative volume fraction)
HfO,—AIO1 5 system Zr@-AlO1 5 system
- 400 Amorphous t-ZrO; (0.98) +m-ZrO; (0.02)
600 m-HfO, m-ZrO; (0.63) +t-ZrO, (0.37)
800 m-HfO, m-ZrO, (0.85) +t-ZrO, (0.15)
1000 m-HfO, m-ZrO; (0.97) +t-ZrO, (0.03)
1300 m-HfO, m-ZrOz
0.05 400 Amorphous Amorphous
500 Hm (0.87) +H; (0.13) Z
600 Hm (0.92) +H; (0.08) Z
800 Hm Z; (0.84) +Zn, (0.16)
1000 Hm Zm (0.82) +Z; (0.18)
1100 Hm Zm (0.98) +Z; (0.02)
1300 Hm + Ay Zm + Ay
0.10 400 Amorphous Amorphous
600 Ht Zy
800 Hm (0.70) +H; (0.30) Z; (0.96) +Zn, (0.04)
1000 Hm (0.99) +H; (0.01) Z; (0.57) +Zy, (0.43)
1100 Hm Zm (0.94) +Z; (0.06)
1300 Hm + Ay Zm + Ay
0.20 500 Amorphous Amorphous
600 Amorphous Amorphous £
700 Amorphous H; Zt
800 Hy Zy
1000 Hm (0.98) +H; (0.02) Z
1100 Hm + Aq Zm (0.92) +7; (0.08) +As + A
1300 Hm + Aq Im+A +Z
0.30 700 Amorphous -
800 Ht Zy
1000 Hm (0.98) +H; (0.02) Z
1100 Hm + Aq Zm (0.85) +Z1(0.15) +As + A
1300 Hm + Ag + Hi Zm (0.98) +Z; (0.02) +A,
0.40 700 - Amorphous
800 Amorphous H; Z
900 H¢ + Hm -
1000 Hm +Hi + Ay Z;
1100 Hm +He +Aa + A5 L+Zmt A+ A
1300 Hm + Aq + Hi Im+Zi + Ay
0.50 700 - Amorphous
800 Amorphous H; Zt
900 Hi +Hm + As -
1000 Hm +Hi + Ay + Ay Zi + Ay
1100 Hm + He + Ay + A5 Zi+ A5+ Ag
1300 Hm + He + Aq + A5 Im+Zi+ Ay
0.60 800 Amorphous H; Amorphous +Z;
900 - Zi + Ay
1000 Hi +Hm + As Zi + Ay
1100 Hm + Hy + As + Ay 7y + Ay + Ay
1300 Ay +Hm Ag +Zm+ 7
0.70 800 Amorphous Amorphousz
1000 Hi + Hp + Ay As + 24
1100 As + Aq + Hm + Hy As + A+ Z
1300 Ay +Hm + Ht Ag +Zm+ 27
0.80 800 Amorphous Amorphouszt
900 - Ay +Zy
1000 Hi +Hm + As As+2Z4
1100 As +Aq +Hm ActAat Zy
1300 Ay +Hm Ag +Zm+Z
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Table 1 Continued

Molar fraction of AlO, 5 T(°C) Phase composition (relative volume fraction)
HfO2,—AlO1 5 system Zr@-AlO1 5 system
0.90 - - Amorphous
800 Amorphous Amorphous A, or Ay
1000 As + Ay +Hi + Hp As+Z;
1100 As + Ay + Hp + Hy As + A +Zi+ 27y
1300 Ay +As +Hm + Hy Ay +Z4 +2Zn
0.95 - Amorphous A+ A
400 - Amorphous A,
600 - Amorphous A,
1000 Amorphous A5 + Hy, + Hy Amorphous +As + Z;
1100 Zi + A A +As+Zt+ 270
1300 Zi+A A tZn+Zy
1.00 - Amorphous Ag
600 - Ay
800 A, As
1000 As + Ay As + Ay
1100 A +As Ag+As
1300 As As

Description: The symbol&n, Z;, Hm, Ht, As, A, A, Ay, As stand for the phases structurally similaneZrO,, t-ZrO,, m-HfO,, t-HfO,, beohmite, gibbsite,

a-Al03, v-Al,03 andd-Al 03, respectively.
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Fig. 2. The influence of the molar fraction of AJ@ and FeQ@s on the
crystallization temperatures of the amorphous precursors 0p+HMD1 5
(full square), HfQ—-FeQ 5 (empty square), Zre-AlO1 5 (full triangle) and

ZrO,—FeQ s (empty triangle) systems.

ical of monoclinic polymorphKig. 5). These results show
that regardless to the amount of3Alions only tetragonal
polymorph of HfG and ZrG could be stabilized.

On the Al-rich side of the concentration range, besides
the Zr& and HfQ-type solid solutions, the crystallization
products contained aluminium oxide-type solid solutions.
The solubility of ZA or Hf*" ions in the lattice of the
aluminium oxides appeared to be very small (less than
5mol%). Due to that, phase developments during the
temperature treatment of aluminium oxide-type solid
solutions are not very different from the phase development
of pure aluminium oxide. However, the phase transitions on
calcinations occurred at somewhat higher temperatures. The
starting material obtained after precipitation from the aque-
ous solution of AI(NQ@)3; was characterized agAIOOH,
which, on calcination, underwent phase transitions, first to
v-Al203, then t03-Al 203 and finally toa-Al203. The amor-
phous phase, obtained after precipitation from an aqueous
solution of AICk, crystallized on calcination tg-Al,0s3,
which underwent phase transitionsdt@\ ,O3 and finally to
o-Al»03.

3.3. Lattice parameters

Precise determinations of the unit-cell parameters of the
HfO»- and ZrQ-type solid solutions were performed us-
ing the whole-powder-pattern decomposition method (WPPF
program][38]), following the procedure described previously
[8]. The fitting was performed in the scannetrange, from
20°to0 110, using the split-type pseudo-Voigt profile function
and the polynomial background modeigs. 6 and Bhow the
observed and calculated powder patterns of the crystalliza-
tion products from the HA and ZA series, respectively. Al-
though laser Raman spectroscopy indicated that, regardless
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Fig. 3. Individual profile-fitting results of the crystallization products from Zr8I01 5 system with 0 mol% of Al@s (a), 5 mol% of AlQ s (b) and 10 mol%
of AlO15 (c). Observed data are represented by squares, and the calculated one by full line. Long and short vertical bars marked, thed0DuKkx,
positions of the reflection, respectively. Differences between the observed and calculated intensities are plotted in the same scale below.
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Fig. 4. Volume fraction of tetragonal polymorphs of Hf@ull line) and ZrQ, (broken line) in the product obtained after 3 h of calcinations of the amorphous
precursors of the Hf@-AlO1 5 and ZrG—AlO; 5 systems at the selected temperatures.
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Fig. 5. Laser Raman spectra of the crystallization products from the+K{® 5 system (left) and Zr@-AlO1 5 system (right).

the amount of the incorporated #l ions, only the tetrago-  (Hf*t or Zr*+), andm is the concentration of the dopant
nal polymorph of hafnia and zirconia can be stabilized, the cation (mol%) inthe form of R@Qs. These empirical relations
results of WPPF showed that the axial ratig/ss in the crys- were developed from the lattice parameters obtained from the
tallization products with 10 or more mol% of ¥ approach HfO,- and ZrQ-type solid solutions with divalent or triva-
1 (Table 3. The tetragonal symmetry of these samples can be lent oversized dopant cations. The results presented here, as
explained by the displacement of oxygen sublati8$e-42] well as our previous results obtained for the H®eQ s
In case of the system ZA, the obtained results indicate a de-and ZrQ—-FeQ 5 systemg8], showed that these equations
crease of the lattice parameters with increasintf Aontent could not be used in cases of Hf@nd ZrG solid solutions
up to~10 mol%. An additional increase of the¥l content with dopant cations significantly smaller than®4f(0.83A,
has a very small influence on the lattice parameters. A similar [43]) or Zr*+ (0.84,&, [43]) ions. The incorporation of P&
result was obtained for the HA system with 10—-40 mol% of ions (0.65&, [43]) caused a linear decrease of the lattice pa-
Al3t (Table 3. rameters of Hf@- and ZrQ-type solid solution, but the rate

In accordance with Vegard's law Kim et ¢l.0,11] pro- of the decrease is about two times smaller than it should be
posed empirical equations that relate the lattice constantsaccording to the relations aboveig. 8). In the case of the
of the fluorite-type HfQ and ZrQ solid solutions with the ZrO,—FeQ 5 system, a smaller amount of Heions stabi-
type (ionic radius, valency) and concentration of the dopant lized the tetragonal polymorph. However, the unit-cell vol-
cations. For the Hf@-RO, 5 and ZrQ—-RO, 5 systems, these  ume of these samples showed to be on the same line, which

equations can be expressed as follows: indicates that the transition from a tetragonal to a cubic poly-
an morph has a very small influence on the unit-cell volume. In
e 0.5098+ (0.0203Ar — 0.00022)n 4) case of the Zr@-AlO; 5 system the increase of the¥lion
(0.54A, [43]) content up to 10 mol% caused a decrease of the
dzr _ 0.5120+ (0.0212Ar — 0.00023)n (5) unit-cell volume. The rate of the decrease is bigger than for
nm the ZrO—FeQ s system, but smaller than it should be accord-
whereay; andaz, are lattice constants of tleeHfO»- andc- ing to the relations proposed by Kim et |l0,11] However,

ZrO»-type solid solutions, respectivelr is the difference in the concentration range between 10 and 50 mol% &f Al
in ionic radius of dopant cation @) and the host cation ions, theincrease of the & content had very smallinfluence
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roducts from theAlf) 5 system and Si as internal standard. Observed data

are shown by squares, the calculated one by full line. Short and long vertical bars marked the Bragg reflection positions of the crystallizatosngroduc
standard, respectively. The differences between the observed and calculated intensities are plotted in the same scale below each pattern.

on the unit-cell volume of theHfO»- andt-ZrO,-type solid
solutions Fig. 8). These results cannot be explained by stan-
dard model of cation substitution and random distribution of
oxygen vacancies.

3.4. The solubility of A" ions

No sign of the diffraction lines of aluminium oxide phases
in the XRD patterns of HA and ZA crystallization products
with 50 mol% of aluminium indicates very high solubility of
Al3t jons. High solubility was also indicated by the results
of SEM/EDX analysis. SEM images of the crystallization

product, obtained after calcination of the amorphous precur-
sors from ZA system with 10, 40 and 50 mol% offAlions

at 800°C, show only one type of grain&ig. 9). The results

of quantitative analysisTable 2 showed to be in good
agreement with initial molar fraction of the samples. The alu-
minium distribution showed to be uniform in the whole area
of the image, which also indicated the formation of the solid
solution. However, precise measurement of unit-cell param-
eters shows that an increase of the aluminium fraction above
10 mol% has very small influence on the unit-cell volume of
the HfOp- or ZrOs-type solid solutionsKig. 8). Such results
are hard to explain when we consider the significantly smaller
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Fig. 7. Whole-powder-pattern decomposition results for the crystallization
products from the Zr@-AlO; s system and Si as internal standard. Ob-

served data are shown by squares, the calculated one by full line. Short 1
and long vertical bars marked the Bragg reflection positions of the crys-
tallization products and standard, respectively. Differences between the ob-
served and calculated intensities are plotted in the same scale below eact9.67

pattern.
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Table 2
Refined values of unit-cell parameters of tHefO,- andt-ZrO,-type solid
solutions with different amount of incorporated®Alions

Phase a(d) c(A) V(A% Rup
t-Hfp.90Al0.100195 3.5682 (8) 5.0451 (14) 643 (5) 0.0855
5.0462 (113 12847 (87
t-Hfp80Al02001.90 3.5643 (8) 5.0360 (13) 6388 (5) 0.0823
5.0407 (113 12796 (77
t-Hfp70Al0300185 3.5661 (8) 5.0388 (14) 6a8 (5) 0.0838
5.0441 (113 12818 (8
t-Hfp60Al0.400180 3.5634 (8) 5.0293 (14) 687 (5) 0.0979
5.0394 (113 127.74 (8
t-ZrO; 3.6057 (6) 5.1475 (14) 682 (4) 0.0586
5.0992 (8% 13385 (77
t-ZrpgsAloos01.98  3.5974 (5) 5.0918 (9) 689 (3) 0.0726
5.0875 (8% 13179 (57
t-Zrp.90Alo.1001.95  3.5858 (5) 5.0691 (8) 658 (3) 0.0828
5.0711 (7% 13036 (57
t-ZrpgoAlo2001.90 3.5832 (4) 5.0643 (6) 660 (2) 0.0675
5.0674 (6% 12999 (4p
t-Zrp70Alo300185  3.5904 (6) 5.0672 (9) 682 (3) 0.0765
5.0776 (8% 13064 (57
t-Zrp60Al0.400180  3.5835 (5) 5.0637 (8) 663 (3) 0.0618
5.0678 (7§ 13005 (57
t-Zrp50Al05001.75  3.5816 (4) 5.0643 (5) 6864 0.0683
5.0652 12993

2 Related to fluorite-type lattice.

radius of APT ion (0.54A) compared to the radii of Hf-
(0.83,&) and Z*t+ (0.84,&) ions [43]. Here, we would like

to pay attention to the publication of Balmer et[@4]. The
authors used’Al NMR to investigate local environment of
aluminium atoms in a series of metastable ZAI .O,_, 2
crystalline materials with A content up to 57 mol%. The
obtained results showed that the products wits&lcontent
above 10 mol% contain At ions in four-fold coordination,
which cannot be explained by the standard model of cation
substitution in the solid solutions. The authors proposed
two possible explanations of these results. The first one
associated the four-fold coordinated aluminium with a

Table 3

The results of EDX analysis (program SEMQuant) of the crystallization
product from ZrQ—-AlO1 5 system with 10, 40 and 50 mol% of Al ions
calcinated at 800C

Initial Al/Zr ratio Element At.% Obtained Al/Zr ratio
(@] 7301 0.09
Al 2.30
Zr 24.69
(0] 7088 0.64
Al 11.41
Zr 17.71
1.00 (0] 6990 0.99
Al 15.02
Zr 15.08
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Fig. 8. Influence of the dopant cations gAlor Fet) content on the unit cell-volume of the corresponding fluorite-type#ad ZrQ solid solutions. Dash
lines represent theoretical values calculated from the empirical relations proposed by Kifd@tall

residual amorphous phase, present in the samples due to th&he authors concluded that solid solutions with random
incomplete crystallization. The second explanation assumeddistributions of oxygen vacancies exist only in the products
the existence of aluminium-rich clusters as disordered with molar fractions of aluminium below 10 molf84]. This

regions within the individual crystallites or on their surfaces. conclusion is in good agreement with our results obtained

Fig. 9. SEM image of the crystallization products from the Z#8I01 5 system with 50 mol% of Al@s, obtained after 3 h of calcination at 800 in the air
atmosphere and cooling to room temperature.
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