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Abstract

The peculiarities crystallization of alumina, yttria and the rare-earth element oxides of the yttria subgroup in an optical furnace have been studied.
Direct evidence of oxygen dissolution during alumina melting in oxidizing atmosphere and its ejection during crystallization has been presented.
The released oxygen was captured by the inside hollows of alumina ingots, and its quantity was controlled using gas chromatography. It was not
less than 8 x 10~ g in 1 g of alumina. The quantity of the oxygen released is corresponding to that for REE oxides. The yttria specific volume
increasing during crystallization was confirmed. The apparent ingot volume of Er, Ho, Tm, and Yb oxides does not change, while the specific

volume of lutecia decreases.
© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

Alumina, rare-earth elements (REE) oxides and their alloys
are used as refractories, ionic conductors, laser materials, etc.
Alumina is the most researched material among them. To obtain
high temperature oxides and their alloys, melting and crystal-
lization of initial materials are widely used. That is why many
researchers have investigated the density and surface tension of
liquid Al,O3.'"'* The melt density of yttrium and rare-earth
oxides has been investigated by the levitation methods.!%!1> The
influence of gas medium on melting and crystallization pro-
cesses has been described.'?!162! Some authors did not observe
any influence of the gas composition on the density of small alu-
mina drops (<100 mg).'® In some works the effect of gas medium
on the alumina surface tension did not exceed the measure-
ment error,”! whereas in others the influence of gas composition
on the properties of liquid and crystallized alumina had been
found.'6-20 It has been shown that melting temperature of alu-
mina is changing with the composition of gas medium (vacuum,
air, argon or helium) by up to 6 °C.'® The reflection power of
melted alumina depends on the composition of gas medium (vac-
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uum or air).!7-?" The ingots obtained in an oxidizing medium
were white, while those obtained in argon (argon or vacuum)
were grey. Nucleation in alumina melt depends on the oxygen
partial pressure.'® Overcooling of alumina melt as has been
shown is depending on the gas medium (argon or oxygen).!”
The composition of the gas medium also influences the melting
temperature of other oxides, for example TiO; and CoO.?> The
reason for the influence is deviation from the stoichiometry. It
has been revealed, that the oxygen content in TiO, decreases
upon melting in argon, whereas that in CoO increases in an
oxidizing medium.>?> Experimental investigations and mathe-
matical calculation of bubble forming in ruby crystals have been
done in the work.?>~23 The author?>?* has shown that if alumina
(ruby) crystals are grown in argon atmosphere, the concentra-
tion of gas bubbles would be decrease greatly. Using nitrogen
atmosphere gas bubbles concentration has been diminished, too.
So, the author has made the conclusion if the alumina melting in
air, the last is being solved in the melt. At alumina solidification
the solved air is rejected from the melt. Herewith, gas bubbles
are formed close to melt—solid interface and caught by the grow-
ing crystal. The author also proposed the calculation model of
gas bubbles concentration. The author has made the conclusion
that at the following conditions: slow growing rate, small crystal
diameter, and used argon atmosphere, the crystals without bub-
bles can be obtained.?24 The authors2® have been concluded,
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that the use of non-oxidant atmospheres is determinant in order
to obtain Al;03-Y3Al5013 and Al;03-Y3Al501,-ZrO; eutec-
tics with no porosity. This fact can be explained if oxygen is the
gas dissolved in the melt.

Slight influence of oxygen medium on the melting temper-
ature of REE oxides has been established as well.2® So, it is
reasonable to relate all these peculiarities of melting and crys-
tallization of these oxides to deviation of the oxygen content
from stoichiometry caused by different media.

Hence, oxygen and water vapor dissolution in melts of oxides
should be taken into account. Here the release of oxygen and
water vapor occurs upon crystallization, which is accompanied
by intense gas bubble formation and melt splashing.?’~> Disso-
lution of large quantity of oxygen was found in melts of complex
alumina compounds with transition metals (Fe, Co, Ni, and Ln)
oxides. However, the release of oxygen upon crystallization of
pure lanthanide oxides is very small. It was figuratively classi-
fied as “smaller than the smallest”.?® So, oxygen dissolution in
them is very small as well.

The dissolution of water vapor in pure alumina has been
described.3%3! However, no information is available on the
dissolution of oxygen in pure alumina.”® Though, as above-
mentioned, the oxygen presence in the medium influences both
the composition of fused alumina and the peculiarities of melt-
ing and crystallization processes.'®?° The deficiency or excess
of oxygen is the most possible reason for the influence. There-
fore, the first task of this work was the direct observation of gas
release upon the crystallization of alumina melt and examination
of the gas composition.

An increase in the specific volume upon the crystallization
of Y,03 and some alloys of the ZrO;—Y,03-Er, O3 system has
been reported.>>33 These results contradict those obtained by
the levitation method.!®!> The method for the estimation of
volume change upon crystallization under the conditions of a
center-symmetrical temperature field in the focal zone of an
optical furnace has been proposed.32-3* It has significant limita-
tions and cannot be used for substances with high melt viscosity,
disposed to the formation of internal hollow spaces, to which
Al,O3 is related. Nevertheless, the second task was to thor-
oughly research the solidification process of alumina in the
focal zone of an optical furnace, and comparing the peculiarities
of the alumina crystallization with the crystallization processes
in REE oxides under the same conditions, and to estimate the
influence of their peculiarities on the reliability of the reported
results. 3233

In addition, crystallization of alumina and REE oxides under
the above-mentioned conditions and at different cooling rates is
characterized by other peculiarities. The third task of the present
work was to consider them as well.

2. Experimental procedure

Concentrated light heating of the optical furnace has some
peculiarities.> They are: light energy is directed to one side of
a sample; light flow has high density and normal distribution of
the energy flow density in the focal zone; the volume and mass
of samples are not large; rates of heating and cooling are very

high and experiments could be made both in protective and in
oxidizing media.

Melting and crystallization of Al,O3 and REE oxides were
performed in an optical furnace with three xenon radiators.’?
The heating light flow of the optical furnace could be changed
slowly, rapidly, or blocked with a curtain shutter. Initial samples
were pressed from powder in tablets and had cylindrical shape
with a diameter of 20 mm and a height of up to 10-15mm. A
sample was placed in the focal zone in air. Then the top of it
was melted and crystallized in the air several times, and the melt
pool of 5-8 mm depth was formed. At the same time, the sam-
ple was rotated with a speed of 60 rpm in order to symmetrize
the temperature field. Crystallization processes were conducted
using various cooling rates. In all case shrinkage hollows and
vacuoles were formed inside the Al,O3 ingots. Some of the
ingots were obtained under the special conditions, when “bub-
bles” were observed on the ingot surfaces. If the melt depth of
alumina before the beginning of crystallization was significant
(about 7-8 mm) and the cooling process was sufficiently slow,
then the bubbles on the ingots surfaces were not formed. It is
possible that thick solid crust is formed on the ingot surface and
it lost any plasticity. In this case a lot of cracks were formed
in the crust. The rejected from the melt gas released away and
the shrink cone shape is not changes on the ingot surface. If
alumina melt depth before the beginning of crystallization was
not so significant (about 5-6 mm), solid crust on the ingot sur-
face kept plasticity for some time and gas rejected from the
melt inflated the bubble on the ingot surface before the cracks
formed. Such bubble formation special conditions were selected
experimentally.

The crystallization processes were recorded by a video cam-
era fixed perpendicularly to the sample rotation axis. These
experiments made it possible to estimate the yttria specific vol-
ume increasing upon crystallization using the ingot side views
and approximation of radial ingot symmetry and thus to raise
the accuracy of the volume change determination in comparison
with the earlier described method>* up to 5%.

The method of gas chromatography in a helium flow was
used for gas composition analysis inside hollows and vacuoles
of alumina ingots. As a rule, numerous cracks are formed in alu-
mina ingots under cooling.!”!® So, the exchange between the
gases in the hollows and the environment is possible. In order to
avoid escape of gas ejected from melt into hollows, some ingots
were quenched in melt of beeswax just upon the surface solidi-
fication. The decomposition of wax complex organic molecules
occurred at high temperature, yielding coke and pitches, which
occluded all cracks and prevented gas loss. The products of ther-
mal decomposition of organic molecules are known to be free
of oxygen. Therefore, the presence of the latter in ingot hollows
can only be evidence of its releasing during melt crystallization.

In order to determine the composition of the gas filling closed
hollows, alumina ingots were put into a closed box connected
to the gas system of the chromatograph. The box was equipped
with a screw press for breaking the ingots at a room temperature.
The ingot was fixed on four props. The box was blown through
by He for 10—15 min. Then the ingot was broken with the screw
press. The mixture of the gas from hollows and He was directed
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Fig. 1. Slow crystallization of Al,O3 (Ujy =0.1 mm/s): (a) initial melt pool; (b) ingot after crystallization; (c and d) ingot cross-section: (1) concentration regions of

small pores and (2) shrinkage hollows.

(b)

(c)
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Fig. 2. Rapid crystallization of deep (6—7 mm) melt pool of Al,O3 (Uiy & 1 mm/s): (a) initial melt pool; (b) ingot after crystallization; (c and d) ingot cross-section:

(1) shrinkage cone and (2) shrinkage hollows.

(b)

(c)

Fig. 3. More rapid crystallization of less deep (4-5 mm) Al,O3 pool melt, when the heating light flow was blocked with the curtain shutter (Uiy; > 1 mm/s): (a) initial
melt pool; (b) the ingot 3 s after the light is blocked (shrinkage cone began to form); (c) ingot 4-5 s after the light is blocked, crystallization is complete and a bubble

has formed on the ingot surface.

into the chromatograph. In such a way 10 ingots with surface
bubbles were investigated. Five of them were obtained using air
cooling and the others were quenched in the wax melt.

Also, the oxides of Y, Er, Ho, Tm, Yb, and Lu were crystal-
lized under slow and rapid cooling in air.

According to the second task of this investigation, special
attention was paid to the fabrication of yttria ingots under
the described conditions and to estimation of their density by
method of hydrostatic weighing in distilled water. In addition,
yttria solid drops were smelted on a water-cooled substrate in the
focal zone of the optical furnace. Their density was measured by
the same method and the results were compared with the ones
researches. 013

3. Results
Depending on the rate of melt cooling, different pro-

cesses of alumina ingot formation were observed. In all
of the cases, shrinkage hollows were formed inside ingots

due to a significant decrease of the specific volume during
crystallization.

The sequences of shape changing of alumina melt pool sur-
face at different crystallization rates is shown in Figs. 1-4. Three
different processes accompanied the alumina crystallization in
the described conditions:

e Gradual decrease in the heating light flow density provided
slow decrease in the melt temperature, and the solid—melt
interface moved from the edges and bottom to the surface
center of the melt pool. The radial velocity of solid—melt inter-
face of Al,O3 was Uiy =0.1 mm/s. The melt pool level was
lowered, and salient cone formed in the ingot center (Fig. 1).

e Under rapid cooling (Uip; &~ 1 mm/s), lowering of the melt
pool level was insignificant, and a shrinkage cone formed in
the ingot center (Fig. 2). The surface layer of the ingot was
saturated with small pores.

e Under the most rapid cooling, when the light flow was blocked
by the curtain shutter, a dense solid crust, plastic at high
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Fig. 4. The appearance of Al,O3 ingots (a and b) before and (c and d) after breakage. (a and c) Ingot obtained via cooling in air and (b and d) ingot obtained by

quenching in wax melt.

temperature, immediately coated the ingot surface, and the
crystallization proceeded from the surface, bottom and side
edges of the melt pool to its volume center. In this case, crys-
tallization conditions could be selected in such a way that
at first a shrinkage cone began to form on the ingot surface,
then in the area of the highest temperature the surface swelled
up and a gas bubble formed in its center (Fig. 3). This phe-
nomenon confirms that gas is ejected from the melt into the
center of the melt volume when the Al,Os lattice starts form-
ing. In a deep melt pool, the solid surface crust had enough
time to lose its plasticity and a surface bubble did not form.

The composition of the released gas during crystallization
was investigated for the Al,O3 ingots obtained via rapid cooling.
The appearance of the ingots is shown in Fig. 4.

Hollow spaces inside the ingots can be seen in Fig. 4(c) and
(d). The cracks (Fig. 4b) and pores (Fig. 4d) were filled with
coke and look like black streaks and top in the ingot quenched
in the wax melt. The coke closed pores and cracks and thus
the released oxygen did not leave hollows during cooling and
washing with helium in the gas system of the chromatograph.

Among five Al;O3 ingots cooled in air and broken in the
helium flow, oxygen was found in one ingot only, whereas the
presence of oxygen in the gas system of the chromatograph was
detected upon the breaking of all the ingots quenched in the wax
melt. The volume of the opened hollows after the ingot breaking
(Vho1) was determined using the method of hydrostatic weighing
in distilled water.

The mean pressure of O, in ingot hollows P near
the crystallization temperature (at 7;,~2300K) and at the
room temperature (at 7,=300K) was estimated using

the Clapeyron-Mendeleev equation. P ~ 304kPa (3 atm) at
T=Ty~2300K and P ~ 39.2kPa (0.39 atm) at T=T, =300 K.

The quantity of oxygen released from the quenched and bro-
ken ingots related to the ingot mass (M) was changing from
6 x 107° to 2 x 107> for different ingots. The mean (M) was
equal to:

5
ol (MOZ 1) ~ 8 x 10-6 (1)
5 —1 \Ming.j

J
where Mo, j is the oxygen mass released from hollows of j-th
ingot and m;y,. j is the mass of j-th ingot.

This estimation of the quantity and pressure of the oxygen
released during alumina crystallization is rough because, firstly,
the quantity of the oxygen released through the melt surface
could not be calculated and, secondly, the cooling of the melted
ingot was so rapid that the time between the surface solidification
and the start of the ingot quenching was very short and incon-
stant. Therefore, an unknown part of the oxygen could escape to
the environment through the cracks in the ingot surface before
quenching. Thirdly, the estimation of the melted alumina mass
was not exact because the fused part of the sample could not be
completely separated from the unfused ceramic base. Moreover,
some quantity of oxygen could be spent on the oxidation of wax
organic molecules. For this reason special statistical methods for
decreasing errors were not used.

It should be emphasize, that no other gaseous products were
found in the gas released from broken alumina ingots at room
temperature.

Like alumina, the oxides of Y, Er, Ho, Tm, Yb, and Lu were
melted and crystallized with different cooling rates. All of three
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Fig. 5. Bubble formation on the ingot surfaces in the case of the most rapid crystallization: (a and c) melt pools of yttria and lutecia, respectively and (b and d) bubble

formation on the surfaces of yttria and lutecia, respectively.

kinds of processes specific for the alumina crystallization were
observed in the crystallization of yttria and the above-listed REE
oxides. However, some differences were revealed, since each
of their melts dissolved different quantity of oxygen and their
viscosity was lower than that of alumina.

Under the most rapid cooling, bubble formation was observed
for all oxides. Among the investigated oxides, the biggest gas
release occurred in the crystallization of Lu, Ho, Yb, and Tm
oxides. The gas ejection from Luy O3 was so large that the melt
splashing took place. The amount of gas released from erbia and
yttria under the same conditions was lower than that from other
oxides. Different moments of bubble formation on surface of
yttria and lutecia are demonstrated in Fig. 5.

Like Al,Os3 crystallization, decreased crystallization rate
could lead to the formation of salient cones of solid phase sat-
urated with gaseous pores in the ingot centers of the oxides.
However, remelting destroyed the cones, and the solid ingot sur-
faces of erbia, thulia, and itterbia practically coincided with their
initial melt surfaces. One can therefore concludes that the appar-
ent specific volume of erbia, thullia, and itterbia do not change
upon crystallization in the limits of the used method accuracy.

Upon slow lutecia crystallization the melt surface slightly
lowered and the top of a porous salient cone took place, in such
a way that the top of the cone became lower than the initial
melt surface. This testified that the specific volume of lutecia
diminished upon crystallization. In general, the results of the
present investigation of the specific volume change in Y, Er, Ho,
Tm, Yb and Lu oxides during crystallization differed from the
results obtained using the levitation method.

Special attention was paid to the investigation of yttria crys-
tallization. The side views of melt pools and ingots of Y,03 and
Lu,03 obtained via slow crystallization (7 & 100 s) in the focal
zone are shown in Fig. 6.

The apparent change of specific volume was estimated using
the side views of the melt pool and ingot and axial symmetry

approximation.

AV Vi — Vil
Vv Vsol

where Vi, and V) are volumes of melt and solid phases, respec-
tively.

AV/V of Y503 was found to equal ~4%.

There were no shrinkage holes or hollows (bubbles) on the
ingot cross-section.

In order to compare the present findings with the results
obtained using the levitation method, %3 Y, 05 solid drops were
smelted on a water-cooled copper substrate in the focal zone of
the optical furnace. They were almost spherical with a diameter
of 1.5-3 mm and had salient cones. Typical shapes of liquid and
solid drops during and after crystallization process are shown in
Fig. 7.

Porosity of the Y,0O3 drops and samples cut out from the cen-
tral zones of the Y,O3 ingots was measured using the method of
hydrostatic weighing. The weighing accuracy was up to 0.0001 g
and the weighing error did not exceed 0.5-1%. The results
obtained showed that both kinds of samples did not have open
porosity. The closed porosity was calculated at room tempera-
ture with comparison method of findings with the X-ray density
of cubic Y03, py,0, = 5.0259 (g/cm3).36 It was changing from
2% to 2.5% for both the solid drops and the samples cut out of
the central part of ingots.

Thus, the following three kinds of processes accompany the
crystallization of the Al, Y, Er, Ho, Tm, Yb, and Lu oxides in
the center-symmetrical temperature field in oxygen mean and
depend on the cooling rate:

e Ejection of the dissolved in the melt oxygen with the forma-
tion of surface bubbles and splashing of melted drops under
rapid crystallization.
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Fig. 6. The side views of (a) melt pool and (b) ingot of Y,03 obtained upon slow crystallization (7 & 100 s); (c and d) the same for Lu,O3.

-

(a) (b)

-

(©)

Fig. 7. Crystallization of an Y,O3 drop in the focal zone: (a) start of crystallization; (b) end of crystallization; (c) solid drop.

e Decrease of specific volume of Al,O3 and LuyO3 and the
absence of it (within limits of the experimental error) in
Er; O3, Ho203, Tmy03, and Yb,O3, or increase the specific
volume of Y,0Os3, which is accompanied by a salient cone
formation on the ingot surface under slow crystallization.

e Formation of a salient cone from a foam-like solid phase on
the ingot surface under slow crystallization, which is accom-
panied by surface lowering. This is the most characteristic
for Al,0O3 and LuyO3 and also occurs in other investigated
oxides but in a less degree. Remelting decreases or destroys
the foam-like volume of ingots.

4. Discussion

The main feature of this work is a direct observation of the
ejection of dissolved oxygen from the melts of alumina, yttria
and REE oxides of yttrium subgroup accompanied by gas bub-
bles formation and melt splashing during crystallization and
estimation of the minimal quantity of oxygen dissolved in the
alumina melt. In the case of melting in an oxidizing medium,
quantity of oxygen dissolved in the alumina melt was not less

than 8 x 107 g in the 1 g of alumina (1). According to the
observed dynamics of crystallization process, it is approximately
equal to that in the melts of yttria and REE oxides. We did not
investigate the melting of alumina in non-oxidizing atmospheres
or vacuum because of technical problems but our work showed
clearly that oxygen dissolves in alumina during melting in oxi-
dizing atmosphere (in air). Therefore, oxygen shell not been
ejected from the melt into inside hollows or environment during
crystallization Al,O3 melted in argon or vacuum. One conclu-
sion of the reference® is “the use of non-oxidant atmospheres
has been determinant in order to obtain crystals with no poros-
ity. This fact can be explained if the gas dissolved in the melt
is oxygen”. Thus, our results had confirmed that the gas, dis-
solved in the alumina melt and rejected upon crystallization at
the experimental conditions, is oxygen? (not air?>24).

Therefore, alumina is not an exception among the sesquiox-
ides with a hexagonal structure: its melt dissolves approximately
the same quantity of oxygen during melting in air.

An exact determination of the quantity of dissolved oxy-
gen may be performed using a thermogravimetric analysis of
alumina melting process, which accuracy or, in other words,
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Table 1

The data on the melt density near the melting temperature and the volume effect of crystallization for Al,O3.

Reference Density (g/cm?) AVIV (%) Method for investigation Medium

1 2.97 - PD, SD He

2 3.053 22 Arch Ar

3 3.05 - FD Ar

4 2.7 20 SD Vacuum

5 3.11 20 PQD He

6 3.04 - Arch Ar, Vacuum

7 3.01 24 M Vacuum

8 2.98 23.5 Arch Ar, Vacuum

9 3.056 - MPB Ar, He

10 2.72 - AL Ar

11 3.06 - MPB 90% Ar+10% H;
12 2.905 22.8 Y Ar

13 2.79 - AL 02, Ar, 95% Ar+5% Hy
14 2.93 - EL Vacuum

Methods: Arch, Archimedes; FD, fall-drop; PQD, porosity of hardened drops; SD, sessile-drop; PD, pendant-drop; M, shape of meniscus in W and Mo ampoules;
MPB, maximum pressure in a bubble; AL, aerodynamic levitation; EL, electrostatic levitation; -y, absorption of y-quantum.

sensitivity of the balance must not be lower than 107 to 10™° g
at 2600-2700 K.

The significant specific volume decrease upon crystallization
(by 20-24%) is another peculiarity of Al,O3 (Table 1).

It should be emphasized that the data on the alumina density
at the melting temperature obtained by different researches are
characterized by wide discrepancy (Table 1). They have been
analyzed in some works.”!1:1214 One can easily see the differ-
ence the data obtained via gas levitation!? and contact methods
(when the solid—melt interfaces play role). It is up to 8—10% and
may be caused by pollution with the container or capillary mate-
rials, for example MPB method, because pollution influences the
alumina melting temperature, and the density at the melting or
crystallization temperature changes correspondingly.'® Never-
theless, such pollutions were absent in the pendant-drop method.
Therefore another reason for these data discrepancy should be
found.

The foregoing review and the obtained data confirm that the
melting temperature of alumina decreases in the case of melting
in an oxidizing medium. Hence the melt density must increase.
The change in the melting temperature upon oxygen dissolution
must also influence the melt density of the other investigated
oxides in the same way. The existence of heterogeneous nucle-
ation boundaries influences the crystallization temperature and
the melt density at this temperature. Acoustic vibrations existed
in the gas levitation method and other perturbing factors affect
these parameters as well.!>1® All this confirms once again that
the peculiarities and errors of experimental methods should be
taken into consideration in comparison of the physical properties
data obtained by different methods.

The value of the alumina density at the melting tem-
perature obtained with a gas levitation method, d=2.72
(g/cm3),10 is lower than the mean values obtained with “con-
tact” methods'3>-21112 o average by 8-10%. Therefore, one
can expect that the data on the melt density at the crystallization
temperature, for example, for yttrium and REE oxides obtained
under the same conditions!® are understated by 8—10% as well.
Hence the crystallization volume effects calculated with these

data are overstated. Moreover, the latest data on the alumina melt
density at the crystallization temperature obtained by update lev-
itation methods were 2.79 (g/cm3)13 and 2.93 (g/cm3).14 They
are closer to the data of “contact” methods used in the present
work. In addition, the values of crystallization volume effect
were calculated on the basis of the data of melt density mea-
sured by a gas levitation method'®!> and the X-ray density
data for solids.’” So they contain the above-considered pos-
sible errors of the gas levitation method, whereas the volume
changes during crystallization observed directly in this work
and before®? have errors of the specific volume measurement
connected with the presence of volume defects and incom-
plete separation of the fused ingot from the initial ceramic
base.

It is worth noting a possibility of another mechanism of a
salient cone formation. Large increase in the surface tension with
decreasing temperature may cause diminution of the meniscus
curvature radius of the melt pool, which leads to the center ele-
vation above the rest of the ingot surface during crystallization.
However, such processes must be accompanied with lowering
the surface level around the ingot center, and the shape of the
ingot surface must be like that of lutecia ingot (Fig. 6d). So,
two mechanisms may take part in the formation of ingot sur-
face of luttecia: convection movement of foam-like volume to
the ingot center and large increasing of the surface tension with
temperature decreasing.

However, direct observation of the yttria crystallization
dynamics makes it possible to have preference for the model
(mechanism) of specific volume increasing upon crystallization.

The direct observation method of the volume change used
in this work should be related to contact methods because
solid-liquid interface existed before the crystallization starts.
So, it is characterized by existing errors in this method, which
must be taken into account in comparison to the data obtained
by itself and levitation methods. The use of this method with
calculation of the porosity of obtained ingots and solid drops
makes it possible to conclude that the specific volume of yttria
increases during crystallization is no less than 1.5-2%.
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5. Conclusion

Direct evidences of oxygen dissolution in alumina during

melting in an oxidizing atmosphere (in air) and its ejection
during crystallization are presented. The quantity of dissolved
oxygenis notless than 8 x 107® gin the 1 g of alumina. The oxy-
gen release upon the crystallization of alumina is comparative
to that for REE oxides.

Increase in the Y03 specific volume during crystallization

with taking into account the porosity of fused yttria has been
confirmed. The specific volume of lutecia decreases, whereas
that of the Er, Ho, Tm, and Yb oxides does not change, in a
practical manner.
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