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Preparation of Al,O3—Cr,035 Solid Solutions as Buoyancy Markers and Their High Pressure
Synchrotron X-ray Diffraction Analysis

HANSHU LIU,] LiaNG LI,2 BENXIAN LI,]’3

Abstract—Understanding the density of silicate melts under
high pressures is of great significance for establishing the differ-
entiation and dynamic modeling of materials in the interior of the
Earth. The sink/float method is widely used in the density mea-
surement of silicate melts under high pressures. However, there are
significant limitations in using natural minerals as buoyancy
markers in this method. In this study, the Al,0;—Cr,O5 solid
solution, which is a buoyancy marker, was prepared using the
optical floating zone melting method. The crystalline structures of
Al,03-Cr,05 solid solutions with different Cr,O; contents at
ambient pressure were studied. It was found that lattice parameters
a and c increase linearly with the increasing Cr,O5 content, but the
doping with Cr*>" ions leads to a more severe lattice strain in the c-
axis direction. As the Cr,O3 content increases, the diffraction angle
of the diffraction peak decreases linearly. In addition, it was found
that the relationship between the theoretical density of each solid
solution and its Cr,O5 content can be fitted using a second-order
polynomial. AlI95Cr05, A190Cr10, and AI30Cr70 were analyzed
using synchrotron radiation X-ray diffraction analysis under dif-
ferent pressures in order to study the stability and compressibility
of the Al,03—Cr,0O; solid solutions under high pressure. The results
show that the cell parameters of the three solid solutions vary with
pressure. The bulk elastic moduli of these three solid solutions were
obtained, which provides experimental data for the design and
preparation of different buoyancy markers in the future.

Keywords: High pressure, synchrotron, Al,O3;-Cr,0O;3 solid
solution, X-ray diffraction.
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T. Introduction

Silicate melt is an important carrier of material
and energy in the Earth. It plays a key role in the
formation and evolution of the Earth, and it is also
closely related to the formation of many metal
deposits (Bouhifd et al., 2016; Eakins-Tanton, 2012;
Mysen, 2018). In the early formation stage of the
Earth, large-scale melting and melting-crystallization
processes may have occurred in the Earth’s interior
under extremely high-temperature conditions (Guil-
laume et al., 2018). The density differences between
the materials promoted the formation of the Earth and
its spherical structure (Agee, 2008; Lagos et al.,
2008). The density of silicate melts controlled the
formation of the mantle and crust (Solomatova &
Caracas, 2021). Experimental studies of metal/silicate
zoning show that there may be a magma ocean in the
Earth (Chabot et al., 2005; Kuwahara et al., 2017; Li
& Agee, 2001). During the Earth’s rapid growth and
material differentiation, minerals were constantly
being separated from the magma. The densities of the
melt and its coexisting crystals not only controlled
the separation of the liquid and solids, but they also
controlled the properties of the early Earth and its
internal structure to a great extent, such as the
transport properties of the materials (Agee, 2008;
Lagos et al., 2008). Magmatism makes the interior of
the Earth and earth-like planets undergo material
differentiation and energy transmission under the
planet’s gravitational field, and it forms the ring
structure of the modern Earth and earth-like planets
(Agee, 2008; Courtial et al., 1997; Matsukage et al.,
2005; Suzuki & Ohtani, 2003). To understand and
model magmatic processes, knowledge of the
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temperature- and pressure-dependent physical prop-
erties of silicate melts is essential. In each stage of
magmatism, the initial melt and the final intrusive or
extrusive rock are not only affected by the physical
and chemical evolution processes in the Earth and its
interior, but they are also controlled by the density of
the silicate melt. Therefore, the density crossover
between the crystals and melt has a far-reaching
impact on deep mantle melting and the existence of a
magma ocean (Agee, 2008).

The upper mantle transition zone is considered to
be a potentially water-rich reservoir, so the appro-
priate thermal anomaly process can quickly produce
melts (Debayle et al., 2020; Pearson et al., 2014;
Shao et al., 2021; Soltanmohammadi et al., 2018).
Seismic wave research has shown that there is dis-
continuity at 410 km, and the D" layer at the bottom
of the lower mantle above the layer velocity will
propagate abnormally, which is related to the exis-
tence of dense silicate melt in the lower mantle
(Ohtani, 1983; Knittle & Jeanloz, 1991; Ohtani &
Maeda, 2001; Sifré et al., 2014; Williams & Garnero,
1998). Mosenfelder et al. (2009) and Funamori and
Sato (2010) proposed the possibility of density
crossover in the deep mantle based on various min-
eral-physics data obtained by static-compression
experiments. Shock-compression experiments have
indicated that the density of melts does not exceed
that of crystals with the same chemical composition
in SiO, but does exceed in MgSiO; and Mg,SiO, at
the conditions of the deep mantle (Akins et al., 2004;
Luo et al., 2004; Lyzenga et al., 1983; Miller et al.,
1991; Mosenfelder et al., 2007). Therefore, different
models of magma eruption and the magma ocean
evolution of komatiite have been proposed (Inoue,
1994). Due to the phase transformation relationship
under extremely high pressures and the uncertainty of
the equation of state for silicate melt, it is difficult to
make an objective evaluation of this hypothesis. The
properties of silicate melts may have a significant
impact on the chemical geodynamics of the upper
mantle (Inoue, 1994; Matsukage et al, 2005; Romano,
2020). In addition, the seismic low-velocity zone
(LVZ) of the upper mantle is generally associated
with a low-viscosity asthenosphere that has a key role
in decoupling tectonic plates from the mantle (Ricard
et al., 1991). Experimental studies about the Earth
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mantle conductivity have shown the importance of
small amounts of hydrated CO,-rich melts in the
geophysical signature of the LVZ (Dasgupta et al.,
2013; Gardésa et al., 2020; Hirschmann, 2010;
Novella & Frost, 2014; Presnall & Gudfinnsson,
2005). The aforementioned geophysical and experi-
mental geochemical studies strongly show that melt
can exist in a deeper area in the Earth and its interior.
Because the bulk elastic modulus of the silicate melt
is much smaller than that of the surrounding minerals,
the density of the silicate melt increases, becoming
even higher than that of the surrounding minerals.
Therefore, the properties of silicate melts are also one
of the frontier issues in the study of the deep mate-
rials in the Earth (Matsukage et al., 2005;
Mookherjee et al, 2008; Romano, 2020; Suzuki &
Ohtani, 2003). The density plays a very important
role in the chemical evolution of the Earth and other
terrestrial planets.

For the range of upper mantle pressures, there are
many experimental technical methods for the silicate
melt density measurement, such as the Archimedes
method under zero pressure and sound velocity
measurements at zero pressure, the shock-compres-
sion method, the falling-sphere method, and the sink/
float method (Agee, 1998; Funamori & Sato, 2010;
Jing & Karato, 2008; Lange et al., 1987; Miller et al.,
1991; Rivers & Carmichael, 1987; Stolper et al.,
1981). The first two methods provide a basis for
predicting the development of the quantitative vol-
ume model under atmospheric pressure and high
temperatures, and the last two methods have been
widely used to measure the densities of silicate melts
under high pressures. However, there are many
problems in these research methods, such as the
quality of some thermodynamic parameters and input
data involved in their calculation process and the
scope of application of their own methods, which
limit their application. In addition, in terms of the
occurrence of a phase transition and the estimation of
the melting temperature, the shock-compression
method can solve some melt problems under deep
mantle pressures, but the problem of crossover den-
sity of melts cannot be solved.

Another static compression technique, the sink/
float method, can be determined directly without
resorting to these indirect measurements of velocities.
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It eliminates the need to measure the velocity of the
sphere indirectly, overcomes the error caused by the
velocity of the falling-sphere method. Therefore. the
resulting error in the density should be potentially
smaller, and the measurement error is reduced to
0.04 g cm™> or 1% of the absolute density in the
upper mantle pressure range (Jing & Karato, 2012).
In this method, a limited number of minerals (e.g.,
feldspars, quartz; some garnets, spinels, olivines) that
are suitable as possible candidates of buoyancy
markers and a limited number of data points were
obtained (Knoche & Luth, 1996). Moreover, mineral
buoyancy markers have certain applicable systems
and limitations. Chemical minerals as the candidates
of buoyancy markers were chosen in the previous
study: spinel (MgAl,O4, po: 3.58 g cm ™), forsterite
(Mg,Si0y, po: 3.22 g cm_3), adularia (KAISi30g, po:
2.56 g cm >, and quartz (SiO», po: g cm ™) (Knoche
& Luth, 1996). Choosing a new stable buoyancy
marker that can be used in different research systems
is the key to the sink/float method. The accuracy of
the melt density measurement depends on the reso-
lution of the density difference of the buoyancy. The
density range of the natural mineral density buoyancy
marker is limited and often cannot meet the needs of
practical research. To accurately measure the density
of the melt, it is necessary to improve the resolution
of the density difference of the buoyancy marker.
Identifying a stable high-resolution density buoyancy
marker for the sink/float method is urgently needed to
obtain melt density measurements under high pres-
sures. Using the Al,O3—Cr,O5; solid solution as a
density buoyancy marker avoids the disadvantage of
using natural minerals as a density buoyancy marker,
and it has unique advantages. First, the density range
of the materials in the mantle is 3.4-5.6 g/lcm® (Jor-
dan, 1979), and the densities of Al,O5; and Cr,O5 are
3.9-4.0 g/lem® and 521 g/em®, respectively. A
buoyancy marker with a density similar to that of
silicate in the mantle can be obtained by preparing
solid solutions with continuous changes in their
components, which is more conducive to improving
the resolution of the melt density. Second, the bulk
elastic modulus of Al,O; and Cr,0z, which are
stable in the pressure and temperature range to be
studied over the time scale of the experiment, are
both > 200 GPa. Finally, the melting temperatures of

Al,0O3 and Cr,0O5 are higher than 2000 °C, and the
chemical stability and hardness are very high. Thus,
they can coexist with silicate under high-temperature
and high-pressure conditions (Dorogokupets et al.,
2016; Gasparik, 1984; Ringwood, 2012).

2. Experimental Methods

1. Synthesis experiment of Al,O;—Cr,O5 solid
solution

Al,O3 and Cr,O5; powders with purity of 99.99%
were mixed according to a stoichiometric ratio and
were ground in an agate mortar for 2 h. Then, the
mixture was placed in a muffle furnace at a temper-
ature of 1200 °C for 10 h. After naturally cooling to
room temperature, the samples were ground again for
2 h and then sintered at 1200 °C for 10 h. After all of
these processes, the sintered powders were loaded
into a rod balloon, and the hydrostatic pressure was
increased to 70 MPa to prepare a cylindrical rod with
a diameter of 6 mm and a length of 500 mm. Then,
the rod was sintered in a vertical muffle furnace at a
temperature of 1400 °C for 10 h to obtain a uniform
cylindrical polycrystalline ceramic bar. Finally, the
solid solutions were grown in a commercial optical
floating zone furnace (CSI FZ-T-10000-H-VI-VP,
Crystal Systems, Inc., Japan) which was equipped
with four 1000 W halogen lamps as heat source.
After optimization of the conditions, the optimum
melt growth conditions were as follows: the feed and
support rods were rotated in opposite directions at a
rate of 5 rpm; the growth rate was 6 mm/h, the air
flow rate was 0.5 L/min, and pressure of 0.2 MPa
was maintained. The sample was heated in air at a
rate of 1000 °C/h, after which the sample melting
temperature was maintained for about 2 h, and the
melting and solidification rate was set at 10 mm/h.

2. X-ray diffraction analysis of Al,03;—Cr,0Oj3 solid
solution

The samples and the raw materials were studied
via X-ray diffraction (XRD) under ambient pressure
and high pressure. First, the XRD patterns at ambient
pressure were obtained using an X-ray diffractometer
(Rigaku D/max 2550 VB =+ 18 kW) using CuKu
radiation (1 = 1.5418 A), a graphite monochromator
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with a step of 0.02°, a tube voltage of 50 kV, a tube
current of 200 mA, and a scanning speed of 1°/min.

Second, several of the prepared samples
(A195Cr05, AI90Cr10, and Al130Cr70) were selected
for high-pressure XRD analysis. The high-pressure
experiments were carried out in a diamond anvil cell
with a culet size of 500 pm. A steel T-301 was pre-
indented to 40 um, and then a center hole with a
diameter of 165 um was drilled as the sample
chamber. This chamber was filled with a small
amount of sample and a tiny ruby chip. A 4:1
methanol-ethanol mixture was used as the pressure-
transmitting medium, and the internal standard Au
was used to measure the pressure (Anderson et al.,
1989). The in situ high-pressure angle-dispersive
synchrotron XRD experiments were carried out at the
X17C beamline of the Brookhaven National Labo-
ratory. A charge-coupled device (CCD) detector was
used in the synchrotron radiation experiment, where
an incident wavelength of the monochromatic beam
of 0.4099 A and acquisition time of 600 s were used.
All of the XRD patterns were integrated to obtain
one-dimensional powder diffraction patterns using
the FIT2D program, yielding patterns of one-dimen-
sional intensity versus diffraction angle 260.

3. Results and discussion

1. X-ray diffraction under ambient pressure

A series of Al,O3—Cr,0O5 solid solutions were
prepared to obtain buoyancy markers with continuous
density changes. The XRD patterns of the relevant
samples and raw materials are shown in Fig. 1, and
all of the compositions form substitutional solid
solutions with a high crystallinity. The shapes of all
of the XRD patterns are similar; however, the posi-
tions of the diffraction peaks are slightly shifted
toward a smaller angle as the Cr>content increases.
This can be explained by the replacement of larger
Cr** (0.62 A) ions with smaller AI** (0.53 A) ions
(Nguyen et al., 2019).

Then, the lattice parameters of the samples were
calculated using the Rietveld method to refine their
structures, and the refined results are shown in
Table 1 (Barsoum, 1997; Gehre et al., 2015; Graham,
1960; Li et al., 2013; Murakami et al., 2002).
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Figure 1

X-ray diffraction patterns of the prepared Al,O3;—Cr,O5; solid
solutions under ambient pressure

Table 1
The fitted cell parameters of the prepared Al,O3;—Cr,03 solid
solutions
Cr content (molar percentage) a (A) c (A)
0 4.7537(41) 12.9888(15)
5 4.7597(35) 13.0261(93)
10 4.7679(93) 13.0620(09)
30 4.8095(84) 13.1647(64)
50 4.8483(28) 13.2738(72)
70 4.8945(78) 13.3799(54)
100 4.9598(46) 13.6007(57)

Figure 2 shows the lattice parameters a and ¢ both
changed linearly with the Cr,O5 content. The results
of the linear fitting are shown in Egs. (1) and (2):

a = 4.7490(3) + 0.2077(5)y (1)
¢ = 12.9911(5) + 0.5879(5)7, (2)

where y is the mole percent content of Cr,O5 in the
AlL,05-Cr,05 solid solution. The doping of Cr** ions
causes the a-Al,O5 to produce a large lattice strain in
the ¢ axial direction [the slope of a is 0.2077(5), and
the slope of ¢ is 0.5879(5)], and this may be related to
the crystalline structure of a-Al,O3. In their struc-
tures, which belong to space group R 3c, the oxygen
atoms are arranged in the densest hexagonal packing
pattern, while the Al/Cr atoms fill the 2/3 octahedral
interstices, and a single cell contains 12 Al/Cr and 18
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Figure 2
The change curve of the unit cell parameters of the prepared Al;O3;—Cr,0O;5 solid solutions with different Cr,O3 contents

O atoms (Khatibi, 2011). Due to the doping of larger
Cr*" ions, one third of the interstices are empty in the
a(b) axis direction. The existence of these vacancies
releases the lattice strain caused by the Cr’" ion
doping. Although the lattice parameters gradually
increase with the increasing crt concentration, the
expansion and contraction of the atomic radii of Cr?
and A13+, respectively, are equal in magnitude.
Therefore, Vegard’s law holds true here, and the
obtained fitting results follow it (Kirkaldy, 2007
Zhang and Li, 2014).

Although Al,O3-Cr,O3; solid solutions with
obvious changes in lattice parameters have been seen,
the content and form of the Cr,Oj5 still need to be
considered further because in the AI-Cr-O system,
Cr,0; exists in two indistinguishable and separate
forms (i.e., the free form and dissolved form) in the
solid solution (Nguyen et al., 2021; Zhao et al.,,
2018). However, if the relationship between the
diffraction angle (26) and the Cr,O3 content (y, in
mol%) of the diffraction peak is determined, the

Cr,05 content of the Al,03—Cr,0j5 solid solution can
be calculated according to the diffraction angle of the
(104) plane. Therefore, in view of the above two
factors, the Cr,O; content is obtained by the classical
Bragg’s law.

Figure 3 shows the diffraction peak of (104) shifts
toward the lower angles. There should be a functional
relationship between the diffraction angles corre-
sponding to the (104) plane and the amount of Cr,05
in the solid solution. The relationship between the
diffraction angle of the (104) plane and the lattice
parameters should be given by Eq. (3) based on the
formula for the lattice spacing of a hexagonal cell and
Bragg’s law.

A 4 a\ 2
20 = 2arcsin| — /= (h2 + 2+2+_)2
0 arcsin 2a\/3 (h hk k) (c ],

(3)

where /4 is the wavelength of the incident radiation
(Cu: 1.5418 A), a and c are the lattice parameters,



H. Liu et al.

/N AI30Cr70
/ \ Al70Cr30]

AI90Cr10]

Intensity(a. u.)

AI95Cr05|

Al100Cr0

— T T Tt T T T T 1T
33.0 33.5 34.0 34.5 35.0 35.5 36.0

26/degree (Cu Ka)

Figure 3
Enlarged X-ray diffraction patterns of the (104) plane

and A, k, and [ are the crystallographic indices. Then,
by substituting lattice parameters a and ¢ from
Egs. (1) and (2) into Eq. (3), the relationship between
the diffraction angle of the (104) plane and the Cr,0O;
content can be obtained. However, this relationship is
an inverse trigonometric function, which is very dif-
ficult to calculate. To simplify the calculation,
different Cr,O5 contents were substituted into Eq. (3)
to determine the corresponding diffraction angles,

@ m  Caculated
N é O Measured
@ """ Linear Fit for
N Calculated Data

352
3.0
348
3464
344 %

34.2

26/degree(Cu Ka)

34.0
] No Weighing
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Figure 4
The relationship between the diffraction angle of the (104) plane
and the Cr,O; content. The black squares and the hollow circles
represent the calculated values and the measured values, respec-
tively. The dotted line represents the linear fitting of the intercept
and slope
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and then the relationship diagram of the two variables
was obtained (as seen in Fig. 4).

The results indicate that the Cr,O5 content and the
diffraction angle exhibit a linear relationship that can
be fitted using Eq. (4), and the theoretical calculation
results are in good agreement with the experimental
data. Therefore, the Cr,O3z contents of the Al,Oz—
Cr,05 solid solutions can be determined based on the
diffraction angle 26.

20

(4)

Although the Cr,O5 content in the Al,03—Cr,03
solid solutions has been clarified, their densities,
which are the fundamental problem in using them as
a buoyancy marker, are still not solved. The theo-
retical density of a material is an intrinsic property,
but it is difficult to measure. However, the true den-
sity of a material can be measured and can reflect its
theoretical density. Therefore, to utilize the Al,O3—
Cr,03 solid solution as a buoyancy marker in the
sink/float method, it is necessary to determine either
its theoretical density or its true density.

As is well known, the density of a material is
defined as the ratio of the sample mass to the volume
occupied by that mass. Thus, the theoretical density
(p) of the Al,03—Cr,0j3 solid solution can be simply
calculated as follows:

p= (5)

v
where M and V are the mass and volume of the unit
cell, respectively. However, for a hexagonal cell of
Al-Cr-O, each cell has six units. Therefore, Eq. (5)
can be rewritten as

_M_ 4v/3[man0, X (1= %) + mer0, X 7
Vv Naa?c

, (6)

where may,0, and mc;,0, are the molecular weights of
Al,03 and Cr,03, respectively, and N4 is Avogadro’s
number.

The theoretical density of the Al,03—Cr,03
solid solution (p) was obtained by substituting
different contents of Cr,O;. The fitting calculation
in Fig. 5 indicates that there is a second-order
polynomial relationship between the theoretical
density and the Cr,O; content (as shown in
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Figure 5
Relationship between the density and Cr,O3 content. The squares
and the circles represent the theoretical density and true density,
respectively. The dotted line represents the linear fitting of the
intercept and slope

Eq. (7)). However, the actual density is lower than
the theoretical density, which may be due to the
different densities and microstructures of the solid
solutions caused by the preparation method, as well
as the crystal defects in the solid solutions, the
existence of impurities, and experimental errors. In
a previous study of the effect of TiO, on the
densification behavior and properties on alumina
chromium ceramics, Nath et al. (2013) found that
the density of the sample was the highest at 1650
°C. Therefore, the true density of the Al-Cr solid
solution measured by Nath et al. was 4.50 g/cm?,
which is consistent with the 4.53 g/cm® obtained in
this study.

p =—0.2727(4) x 1> + 1.5033(5) x y + 3.9966(9).
(7)

2. X-ray diffraction under high pressure

Although buoyancy markers with different den-
sities were obtained by changing the content of
Cr,03 in the Al,O3-Cr,0O5 solid solutions under
ambient pressure, the compressibility of these solid
solutions needed to be studied further. The XRD
experiments under high pressure were performed
using XRD characterization under high synchrotron
radiation pressures. Then, the bulk elastic moduli of
the Al,O3—Cr,O;5 solid solutions and their unit cell
volumes under different pressures were obtained,
providing an experimental basis for calculating the

density of a buoyancy marker under different
pressures. Based on the XRD results under ambient
pressure, several Al,O3—Cr,O3; solid solutions
(A195Cr05, AI90Cr10, and Al130Cr70) were selected
for the XRD characterization under high syn-
chrotron radiation, and their elastic properties were
calculated by using the third-order Birch—Mur-
naghan equation of state (EOS).

The crystal structure of AI30Cr70 is still consis-
tent with that of Al,O3, and the cell parameters of the
sample under high pressure were refined by Pow-
derCell software (Nolze & Kraus, 1998). As shown in
Fig. 6a, b, cell parameters a and c¢ gradually
decreased with the increasing pressure. From the
variation curve of a with pressure (Fig. 6¢), it can be
seen that the bulk elastic modulus of AI30Cr70 is
284.40 GPa, which is slightly higher than that of
Al,O5 based on fitting the pressure and cell volume
curve (as shown in Fig. 6d).

The XRD results for sample A190Cr10 show that
cell parameters a and c also decreased with the
increasing pressure (Fig. 7a, b). As can be seen from
Fig. 7d, the bulk elastic modulus of sample A190Cr10
is 207.89 GPa.

Similarly, the XRD results for sample AI95Cr05
show that cell parameters a and ¢ also decreased with
the increasing pressure (Fig. 8a, b). It can be con-
cluded from Fig. 8d that the bulk elastic modulus of
sample AI95Cr05 is 249.30 GPa.

A substance with a larger ion will have a
smaller bulk elastic modulus than a substance with
a smaller ion. Based on the XRD analysis under
high pressure, we conclude that the higher the
Cr,053 content of the Al,O3—Cr,05 solid solution,
the smaller the bulk elastic modulus. Previous
studies on elastic properties of Al,O3 and Cr,O3
showed that the bulk elastic modulus of Al,O5; and
Cr,03 is 254.25 GPa and 240.00 GPa, respectively
(Rekhi, et al., 2000; Ru & Qiu, 2009). A195Cr05 is
closer to the raw material (Al,O3) than Al90Cr10
in terms of chemical composition. Thus, in this
study, the bulk elastic modulus of AI95Cr05 is
slightly smaller than that of Al,Os, but significantly
larger than that of AI90Cr10. In terms of the sto-
ichiometric ratio, Al95Cr05 is closer to the raw
material (Al,O3) than AI90Cr10, and its bulk
elastic modulus is significantly greater than that of
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The variations in the cell parameters of sample AI30Cr70 with pressure. a—c¢ Variations in cell parameters a and ¢ and the volume V with
pressure, respectively. d Fitting curve of the change in volume with pressure

sample Al90Cr10, but the bulk elastic modulus of
A130Cr70 is significantly larger than that of the
previous two samples. We hypothesize that there
are two possible reasons for this result. First, the
introduction of a small amount of Cr,Os; leads to
the larger Cr’"disorderly occupying the lattice site
of the hexagonal structure, so this structure is
easily deformed under high pressures compared
with the original structure, which makes the struc-
ture of the Al,O3;—Cr,0O5 solid solution easier to
compress. When the Cr,O;3 content reaches a cer-
tain proportion, the orderly introduction of Cr,O;
produces a more compact structure, resulting in an
increase in the bulk elastic modulus. Second, the
Cr,0; content of AI30Cr70 is large, and the mis-
cibility of the Al,O3—Cr,O5 solid solution is poor,

which may lead to the precipitation of more Cr,O3
in the sample. Thus, the bulk elastic modulus of
A130Cr70 under high pressures is significantly
higher than those of AI95Cr05 and AI90Crl0.
However, a more specific reason still needs to be
obtained through additional experiments and theo-
retical calculations in future research.

4. Conclusions

In summary, the Al,03;—Cr,O;3 solid solution,
which can be used as a buoyancy marker in the
future, was prepared using the optical floating zone
melting method, and this solid solution makes up for
the lack of resolution of natural minerals as buoyancy
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Variations in the cell parameters of sample AI90Cr10 with pressure. a—c¢ Variations in cell parameters a and ¢ and the volume V with pressure,
respectively. d Fitting curve of the change in volume with pressure

markers. The crystalline structures of the Al,Os;—
Cr,03 solid solutions were characterized via XRD at
ambient pressure. The results show that lattice
parameters a and c increase with the increasing Cr,0;
content. However, due to the doping of Cr’7 ions, the
lattice strain in the c-axis direction is more serious.
The angles of the diffraction peak decrease linearly
with increasing Cr,O; content. In addition, it was
found that the relationship between the theoretical
density and the Cr,O3 content can be fitted using a
second-order polynomial. Furthermore, in order to
study the stability and compressibility of Al,O3—
Cr,03 solid solutions under high pressure, A195Cr05,
Al90Cr10, and AlI30cr70 were analyzed via the syn-
chronic radiation XRD analysis under different
pressures. The results show that the cell parameters of
the three solid solutions vary with pressure. In

addition, the bulk elastic moduli of these three solid
solutions were obtained, providing experimental data
for the design and preparation of different buoyancy
markers in the future.
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