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Vacuum metallothermic reduction is the main method to produce magnesium (Mg) metal from
Mg-containing ores. In the process, a mixture of ore and reductant material is charged in
retorts, which provide a vacuum atmosphere of about 100 Pa (1 mbar) in the process. The
accounts in the literature stated that the process is viable for the metallothermic reduction of
strontium (Sr) as well. The main problem for the reduction of the Sr is the high affinity of Sr to
oxygen. Moreover, the Sr is an important metal for Mg alloying. In the present study,
production of Mg-Sr alloy from oxide raw materials was studied through the vacuum
metallothermic process. Thus, it was aimed to develop a simple and commercially viable method
to directly produce Mg-Sr alloys, and the Sr content would be in the form of Mg17Sr2
intermetallic alloy. In the experiments, calcined dolomite ore and SrO were used as raw
materials. Investigated parameters were reductant type (FeSi and Al), process temperature, and
process time on the recovery ratios of Mg and Sr in produced alloys. The highest recovery
ratios, 97.1 pct for the Mg and 81.2 pct for the Sr, were obtained in the experiment conducted at
1250 �C for 480 minutes. The reductant material was the Al, and the Sr-Al addition ratio was
5 wt pct in the experiment.
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I. INTRODUCTION

MAGNESIUM (Mg) is a silvery white metal; it has
two valance electrons, and its configuration is 1s2, 2s2,
2p6, 3s2. The residual 3s2 valance electron structure
removes the Mg from the covalent bond structure,
resulting in a structural material with the lowest average
valence bond energy and with the lowest interatomic
bond. The crystal structure of Mg is hexago-
nal-closed-packed (hcp).[1–8] Strontium (Sr) is one of
the alkaline earth metals, and it belongs to group II of
the periodic table with its atomic number 38. Strontium
has allotropic transformation and it has three crystal
structures: face-centered-cubic (up to 215 �C), hcp (from
215 �C to 605 �C), and body-centered-cubic (greater
than 605 �C).[9,10] With respect to Hume–Rothery rules,
it is possible to make Mg-Sr alloy. Because their ionic

balance is (Mg�2, Sr+2), the difference between their
atomic diameters is 3.2 pct, which is lower than the
limitation of 15 pct.[11]

The world’s demand for Mg increases about 10 pct
annually because it has the lowest density (1.738 g/cm3)
among all structural metals. However, the mechanical
properties and processing performances of Mg alloys
(such as AZ series alloys) are not still enough for some
important parts in transportation and in aviation
industries in which high strength is critical.[12] In order
to improve high-strength Mg alloys, a lot of processes
have been investigated in the world. Grain refinement is
an alternative method to enhance the strength of
metals.[13] The Sr is a grain refiner for particularly Al-Si
alloys, and it is widely used in commercial scale for that
purpose. Also, it is stated in the literature that it has a
remarkable grain refinement effect for Mg alloys as
well.[14,15] Apart from its grain refinement effect, Sr as an
alloying element can decrease the ratio of microporosity
and remarkably enhance the heat resistance and the
creep properties of Mg alloys.[16,17] The Sr is added to Al
or Mg alloys in the form of Sr-containing master alloy
(such as containing 5, 10, or 15 pct Sr) because it
prevents the burning loss of pure Sr metal addition.[15,18]

Direct reaction, metallothermic reduction, vacuum ther-
mal reduction, and electrolysis methods are main
methods to produce Mg-Sr master alloys.[13]
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The main primary production method of Mg metal is
the Pidgeon process. The process is carried out to
produce Mg metal from calcined dolomite (MgCaO2,
MgOÆCaO) ores under vacuum atmosphere of approx-
imately 100 Pa (1 mbar). FeSi (ferrosilicon) is used as
reductant material in the conventional process. More-
over, it is reported that Al can be used as reductant
material as well. To provide vacuum atmosphere, the
reactant mixture is charged in steel airtight retorts. The
main reactions of the process are given with Eq. [1] for
FeSi reductant and with Eq. [2] for Al reductant. The
process is conducted for nearly 6 hours and at temper-
atures between 1200 �C and 1250 �C. After the reaction,
retorts are cooled to room temperature and the pro-
duced Mg metal (in the form of crown) and remaining
slag phase are removed from them.[19–23] Moreover, it
was reported that Sr metal can be produced through the
metallothermic process from Sr oxide-containing raw
materials (Eq. [3]).[24]

2MgCaO2 þ FeSi ! 2Mg þ 2CaO � SiO2 þ Fe ½1�

3MgCaO2 þ 2 Al ! 3Mg þ 3CaO �Al2O3 ½2�

3SrO þ Al ! 3Sr þ Al2O3 ½3�
Nayeb-Hashemi and Clark investigated the Mg-Sr

system and plotted the phase diagram. Mg17Sr2,
Mg38Sr9, Mg23Sr6, and Mg2Sr phases occur up to 66
wt pct Sr content, respectively, and after that point,
Sr[Mg] solid solution starts to form.[25] Zeng et al.
investigated the effect of Sr addition on the mechanical
properties of Mg alloys. The highest yield strength was
obtained at the Sr addition of 0.01 pct. It shows that a
slight amount of Sr addition is enough to enhance the
mechanical properties of Mg alloys.[26] The Mg17Sr2 was
the phase with the lowest Sr content observed in Nayeb
et al.’s study. Therefore, in the present study, the
production of a Mg-Sr alloy containing Mg17Sr2 inter-
metallic compound was sought through a simple and
combined method (vacuum metallothermic process).
The alloy would provide optimum mechanical proper-
ties with minimum Sr content.

II. MATERIALS AND METHODS

Before the experiments, some thermochemical mod-
eling studies were carried out through the ‘‘Equilib-
rium’’ module of the FactSage 6.4 thermodynamic
simulation software to predict possible reaction prod-
ucts and experimental parameters. The Equilibrium
module uses the Gibbs energy minimization method for
the calculations.[27]

In experimental studies, calcined dolomite samples
(� 74 lm), which were obtained from domestic sources,
were characterized by use of an atomic absorption
spectrometer (AAS, Perkin Elmer Analyst 800) and
chemical analysis methods (Table I). The SrO used had
a purity of 99.50 pct (Alfa Aesar, � 149 lm). FeSi
(ferrosilicon, � 150 lm) and Al (� 150 lm) were used
as reductant materials in the experiments, and their

chemical analysis results, which were measured by using
AAS and chemical analysis techniques, are shown in
Table II.
In the experiments, calcined dolomite, SrO, Al, and

FeSi were weighed in stoichiometric proportions and the
raw materials were mixed by using a turbula mixer for
30 minutes. Reduction experiments were mainly carried
out by means of a lab scale furnace (in 1 L retort), but
by using optimum reduction conditions, an experiment
was duplicated in a semipilot scale (in 10 L retort). Both
retorts were airtight and were made of 304 grade
stainless steel (Figures 1(a) and (b)). For 1 L retort
experiments, a homogenized mixture was put in the
retort on alumina boats after briquetting, while mixtures
were directly put in a 10 L retort without boats in the
semipilot scale. All experiments were conducted under
air atmosphere of 100 to 200 Pa. In order to condense
the Mg and Sr vapors formed during reduction, a
water-cooling system was used, which was located in the
lids of both retorts. Both retorts were heated using an
electrical resistance tube furnace. At the end of the
experiments, the retorts were cooled to room tempera-
ture under vacuum to prevent burning of produced
alloys at high temperatures with oxygen in the air. The
reaction pressure in retorts was reduced by means of an
ILMVAC-PK8D two-stage integrated rotary vane
pump. The ILMVAC PIA 100 piezoelectric sensor was
used as an integrated system to measure the vacuum
values. In the experiments, the temperature measure-
ment was performed using the 6RhPt-30RhPt (EL-18)
thermocouple.
Reduction conditions of Mg-Sr alloys were investi-

gated in the experiments to obtain the Mg17Sr2 inter-
metallic compound. Investigated parameters were
reaction temperature (from 1100 �C to 1250 �C), reduc-
tant type (FeSi + Al and only Al), and duration (240 to
480 minutes).
In the first experimental series, 100 pct stoichiometric

mixtures of calcined dolomite + FeSi and SrO + Al
were prepared and the SrO + Al mixture was added to
the calcined dolomite + FeSi mixture with increasing
ratio from 2.5 to 10 pct by mass. Final mixtures were
shaped in the form of pellets and were put in a 1 L retort
with a total amount of 20 g. The effects of increasing
temperature and SrO + Al addition ratios were inves-
tigated for 240 minutes.
In the second experimental series, only the Al was

used as the reductant material for both calcined
dolomite and SrO. Similar to the first experimental
series, increasing the SrO + Al ratio and temperature
were tried for a constant duration of 240 minutes.
Increasing the reaction duration from 240 to 480 min-

utes was the parameter that was investigated in the last
experimental series of lab scale reduction experiments.
In this series, the reductants used were only Al and
FeSi + Al. Experiments were carried out at 1250 �C
and for a SrO-Al addition ratio of 5 pct. These
parameters were previously determined as optimum.
After lab scale experiments, to determine the effi-

ciency of the developed process in laboratory scale, a
semipilot scale experiment was conducted in 10 L retort.
The constant experimental parameters were temperature
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of 1250 �C, duration of 240 minutes, and SrO-Al
mixture addition ratio of 5 pct to the calcined dolomi-
te-FeSi mixture. The total weight of reactants was 2 kg,
and the experiment was conducted under a vacuum
pressure of 100 to 200 Pa.

The recovery ratios of the Mg and Sr metals were
calculated from reduction slag (residue) for 1 L retort
experiments and from collected metal in the condensa-
tion zone (in the form of crown) for 10 L semipilot scale
experiments. Related recovery ratios were calculated
with Eqs. [4] and [5]:

Me recovery reduction slagð Þ pct
¼ Me0 pct �W0ð Þ Me1 pct �W1ð Þ½ � =f

Me0 pct �W0ð Þg � 100;

½4�

Me recovery crownð Þ pct ¼ Me2 pct �W2ð Þ=½
Me0 pct �W0ð Þ� � 100;

½5�

where W0 refers to the weight of the reactant mixture,
Me0 pct is the weight percent of Mg or Sr in the reac-
tant mixture, W1 is the reduction slag weight, Me1 pct
is the weight percentage of Mg or Sr in the reduction
slag, W2 is the weight of the crown Mg-Sr alloy, and
Me2 pct is the weight percent of Mg or Sr in crown.
AAS, chemical analysis, and X-ray diffraction (XRD

spectrometry, PANalytical PW3040/60) were used for
the characterization of obtained reduction slag and
metal phases. Micrographs of produced alloy, in semip-
ilot scale, were taken using optical microscopy (Olym-
pus GX71) and scanning electron microscopy–energy
dispersive spectroscopy (SEM-EDS, JEOL*

JCM-6000Plus NeoScope operated at 15 kV)
techniques.

III. RESULTS AND DISCUSSION

A. Thermochemical Modeling

The first thermochemical simulation was plotted for
the case in which FeSi was used as reductant for calcined
dolomite and Al reductant was used for SrO (Figure 2).
In Figure 2, the change of reaction products is given
with the increase in reaction temperature under 100 Pa
atmospheric pressure. Sr and Mg reduction starts at
750 �C. Mg reduction reaches equilibrium at a temper-
ature slightly lower than 800 �C, while Sr reduction
reaches equilibrium after 1150 �C. Reduced Mg and Sr
phases are in the gas phase at the temperatures and
atmospheric conditions at which they are reduced. The
relationship between the vapor pressures of Mg and Sr
and the process temperature is given in Supplementary
Figure S-1 (refer to the Electronic Supplementary
Material) (Fact Sage 6.4, reaction module).
The second thermochemical simulation was done for

the case in which Al was used as reductant material for
both calcined dolomite and SrO under 100 Pa atmo-
spheric pressure with the increase in temperature (Fig-
ure 3). Both Mg and Sr start to be reduced at 750 �C.
The Mg reduction reaches equilibrium at 920 �C,
whereas the ratio of the Sr increases with increasing
proportion up to 1250 �C. Also, a slight amount of
reduced Ca is predicted to exist in reaction products
after 850 �C. All metals are in the gas phase at
temperatures they reduced.

B. Vacuum Metallothermic Reduction Experiments

In the first series of experiments, reduction behaviors
of cocharged Mg and Sr in different mixtures were
investigated for increasing temperature and for a SrO-Al
addition ratio up to 10 pct. In these experiments, the
required amount of FeSi in a stoichiometric ratio was
used to reduce the Mg in calcined dolomite and the
stoichiometric amount of aluminum was used to reduce
Sr. The effects of temperature and the SrO-Al addition

Table I. Chemical Analysis of Calcined Dolomite Ore

(Weight Percent)

CaO MgO SiO2 Fe2O3 Al2O3 Na2O K2O

58.57 40.55 0.45 0.13 0.12 0.04 0.03

Table II. Chemical Analysis Results of the Reductants
(Weight Percent)

Reductant Si Fe Al Ca Mg

FeSi 75.00 24.00 0.90 0.10 —
Al — 0.84 99.02 — 0.01

Fig. 1—Schematic sketch of the (a) lab scale and (b) semipilot scale
systems: (1) furnace, (2) stainless steel retort, (3) raw materials, (4)
metal vapor condensation unit, (5) cooling water, (6) vacuum
connector, (7) vacuum pump, (8) vacuum data logger, and (9)
resistance (horizontal for lab scale and vertical for semipilot scale).

*JEOL is a trademark of Japan Electron Optics Ltd., Tokyo.
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ratio on the Mg, Sr recovery are shown in Figures 4 and
5, respectively. The highest yields for both metals were
obtained at 1250 �C. The recovery yield of 78.2 pct for
Mg was obtained in the experiment at 1250 �C with the
addition of 2.5 pct SrO-Al. The Mg recovery ratio was
78 pct by the addition of 10 pct SrO-Al to the mixture at
the same temperature. The Sr recovery yield increased

from 34.5 to 63.5 pct in the experiment conducted at
1250 �C. A clear effect on the recovery ratios of Mg and
Sr was not determined for the increasing SrO-Al ratio.
The amounts of MgO and SrO in reduction slag are
given in Supplementary Figures S-1, S-2, and Table S-I.
According to Supplementary Figure S-2, the lowest
amount of MgO (12.8 pct) in reduction slag was

Fig. 2—Thermochemical modeling of the calcined dolomite + FeSi-SrO + Al system with increasing temperature and under 100 Pa
atmospheric pressure.

Fig. 3—Thermochemical modeling of the calcined dolomite + SrO + Al system with increasing temperature and under 100 Pa atmospheric
pressure.
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obtained in the experiment at 1250 �C with 2.5 pct
SrO-Al addition ratio. The amount of SrO was 1.3 pct
for the same reduction slag (Supplementary Figure S-3).

XRD investigations of selected reduction slags are
illustrated in Figure 6. Slags are from experiments
conducted with 5 pct SrO-Al addition ratio. The main
phases in the patterns are MgO, SrOÆAl2O3, SiO2, FeSi,
Fe3O4, and CaSiO4. In the pattern at 1250 �C, the
intensity of the FeSi peak decreases, while the intensity
of SiO2 increases. This result supports the reduction
effect of FeSi being similar to chemical analysis results.

In the second series of experiments, Al was used as
reductant for both calcined dolomite and SrO. The Mg
recovery ratios are given in Figure 7, whereas the Sr
recovery ratios are shown in Figure 8. In the experi-
ments, the highest Mg yield (89.8 pct) was obtained at
1250 �C with 2.5 pct SrO-Al, while the highest Sr yield
was 78.6 pct for 7.5 pct SrO-Al addition at 1250 �C. The
results of the chemical analysis of reduction slags,
formed as a result of experiments, are given in Supple-
mentary Figure S-4, S-5, and Table S-II. The lowest
MgO and SrO contents were obtained at 1250 �C with

the addition of 2.5 pct SrO-Al by weight. In this
experiment, the amount of MgO was measured as 5.3
pct and that of SrO was determined as 1.9 pct.
The XRD patterns of reduction slags (for 5 pct

SrO-Al addition) are shared in Figure 9. It can be
clearly seen that the amount of Mg in slags decreases
with the increase in temperature up to 1250 �C, and the
amount of oxide formed of used reducing agents
increases. In the same figure, it is shown that the
amount of SrOÆAl2O3 phase represented by S at 1100 �C
decreases as the temperature rises. The amount of

Fig. 4—Effects of increasing temperature and SrO-Al addition ratios
on the Mg recovery (reductants FeSi for calcined dolomite and Al
for SrO, 1 L retort, 240 min, and 100 Pa).

Fig. 5—Effects of increasing temperature and SrO-Al addition ratios
on the Sr recovery (reductants FeSi for calcined dolomite and Al for
SrO, 1 L retort, 240 min, and 100 Pa).

Fig. 6—XRD patterns of reduction slags (reductants FeSi for
calcined dolomite and Al for SrO, 1 L retort, 240 min, and 100 Pa).

Fig. 7—Effects of increasing temperature and SrO-Al addition ratios
on the Mg recovery (reductants Al for both calcined dolomite and
SrO, 1 L retort, 240 min, and 100 Pa).
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Ca2(AlO3)2 phase represented by C was determined to
increase with increasing temperature. This phase stops
SrOAl2O3 formation and makes Sr recovery higher.

In the last experimental series, the reaction duration
was investigated up to 480 minutes both for FeSi and Al
and for only Al reductants. Experiments were done in
the lab scale system and at 1250 �C for a SrO-Al
addition ratio of 5 pct. 5 pct SrO-Al addition mixture
was preferred because the highest Mg recovery ratio was
previously obtained at this addition ratio as 79.3 pct.
The results of the experiments that were conducted with
FeSi (for calcined dolomite) and Al (for SrO) reductants
are given in Figure 10, Supplementary Figure S-6, and
Table S-III. The Mg recovery ratio increased from
79.3 pct after 240 minutes to 84.5 pct after 360 minutes
and to 85.8 pct after 480 minutes. The efficiency of Sr in

the same conditions increased from 61.25 to 65.8 pct
after 360 minutes and 66.30 pct after 480 minutes. The
amount of MgO in reduction slag (Supplementary
Figure S-6 and Table S-III) decreased from 14.4 pct
after 240 minutes to 7.57 pct after 480 minutes. Under
the same conditions, the SrO amount was 2.7 pct in
reduction slag after a reaction duration of 480 minutes.
In the second stage of the experiments that were process
duration investigated, Al was used as the reductant
material to reduce both Mg from calcined dolomite and
Sr from SrO. Other experimental parameters were the
same as in the previous reduction experiments, in which
duration was investigated under process temperature of
1250 �C, SrO-Al addition ratio of 5 pct, and process
atmospheric pressure of 100 to 200 Pa. The results are
given in Figure 11, Supplementary Figure S-7, and
Table S-III. As can be seen, the recovery ratio of the Mg
increased from 89.8 pct after 240 minutes to 97.1 pct
after 480 minutes. In the experiment that was conducted
for 480 minutes, the Sr recovery ratio obtained was 81.2
pct. The Sr recovery ratio was 75.1 pct after 240
minutes. It is obvious to see that increasing the
temperature positively affected the Sr recovery. The
recovery ratios after 360 minutes were close to the values
after 480 minutes, which shows that reactions reach
equilibrium between 360 and 480 minutes. Furthermore,

Fig. 8—Effects of increasing temperature and SrO-Al addition ratios
on the Sr recovery (reductants Al for both calcined dolomite and
SrO, 1 L retort, 240 min, and 100 Pa).

Fig. 9—XRD patterns of reduction slags (reductant Al for both
calcined dolomite and SrO, 1 L retort, 240 min, and 100 Pa).

Fig. 10—Effect of duration on Mg and Sr recovery ratios
(reductants FeSi for calcined dolomite and Al for SrO, 1 L retort,
100 Pa, 5 pct SrO-Al ratio, and at 1250 �C).

Fig. 11—Effect of duration on Mg and Sr recovery ratios (reductant
Al for both calcined dolomite and SrO, 1 L retort, 100 Pa, 5 pct
SrO-Al ratio, and at 1250 �C).
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the recovery ratios, which were obtained after 480
minutes for both metals, were the highest values
calculated during the experiments. The amount of
MgO in reduction slag decreased to 3.6 pct after 480
minutes, and the SrO amount was 1.7 pct for the same
process duration (Supplementary Figure S-7 and
Table S-III).
After laboratory scale experiments of Mg-Sr alloy

reduction, a semipilot scale experiment was conducted
to determine the viability of the developed technique at
industrial scale. It was not possible to produce any metal
phases in the lab scale system because of the volume of
the retort and inefficient condensation. However, it was
easy to see that the reduction of the Mg and the Sr took
place as a result of reduction slag analyses. But reduced
metals were in the gas phase and could not condense in
the condensation zone of the retort due to the volume of
the retort. The semipilot scale experiment was done
under acceptable conditions to reduce the alloy such as
at 1250 �C, for 240 minutes, and under 100 to 200 Pa
atmospheric pressure in 10 L retort. The reductant
materials were FeSi for calcined dolomite and Al for
SrO, and an additional ratio of 5 pct for the SrO-Al
mixture was used. The total weight of the reactant
mixture was 2 kg. After the process was completed

Fig. 12—Photograph of produced crown Mg-Sr alloy in semipilot
scale.

Fig. 13—Optical microscopy micrograph of produced crown Mg-Sr alloy in semipilot scale (a: magnification 200 times, b: magnification 500
times).

Fig. 14—(a) SEM micrograph–EDS results and (b) XRD pattern of produced crown Mg-Sr alloy in the semipilot scale.
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under the previously given conditions, the retort was left
to cool to room temperature for 24 hours under
vacuum. The retort was not opened before fully cooling
to prevent the burning of reduced alloy at high
temperatures with the oxygen in the air. Cooled retort
was opened, and the reduced alloy (crown shape in
condensation zone) and reduction slag were taken out.
The photograph of the obtained alloy is given in
Figure 12.

There were some metallic powders with crown alloy
crystals, and those metallic powders burned while they
were being taken out. But the remaining alloy (crown),
which was the major part of the product, was still in a
metallic state. The obtained alloy phase was charac-
terized by means of optical microscopy and SEM-EDS
techniques after metallographic sample preparation
operations. The alloy was polished using 800-, 1200-,
1800-, and 2500-grit polishing discs, respectively, and a
following etching was applied using an ethanol-nitric
acid (2 vol pct) mixture. The optical microscope micro-
graph of the alloy is given in Figure 13. Dendritic
Mg-Sr structures were observed at magnification 500
times.

SEM micrograph and EDS results of the alloy are
shown in Figure 14 with the XRD pattern of the alloy.
EDS analysis showed that the alloy consists of 89.62 pct
Mg and 1.76 pct Sr with a slight amount of Ca (0.32 pct)
and 8.30 pct oxygen. It was thought that the oxygen was
the result of partial burning of the alloy. From the EDS
results, the Mg recovery ratio was 71.32 pct, while the Sr
recovery ratio was 41.24 pct. A similar result was
observed and reported in the study conducted by Yang
et al. In that study, the Mg content of the alloy was 98.1
pct, whereas the Sr content was 1.88 pct.[13] The XRD
pattern indicates the alloy consisted of mainly Mg with a
slight amount of Mg17Sr2 phase. However, a slight
amount of MgO was observed in the alloy too as a result
of its high affinity to oxygen. The XRD pattern was
consistent with the SEM-EDS results.

IV. CONCLUSIONS

Experimental studies were conducted to investigate
the reduction conditions of Mg-Sr alloy from calcined
dolomite and SrO raw materials for increasing reaction
temperature, duration, and SrO + Al addition ratio.
FeSi and Al powders were used as reductant materials.
The experiments were done by using FeSi + Al and only
Al reductants to see the effects of different reductant
types. Thermochemical modeling studies were carried
out using a FactSage 6.4 thermodynamic database to
determine the most suitable experimental conditions
before the reduction experiments. As a result of the
studies, the minimum reduction temperatures of metals
were determined and possible products that would occur
as a result of reactions were determined. The evapora-
tion temperatures of Mg and Sr were determined by
calculating the cooling conditions of the test system. It is
a thermodynamical requirement to conduct reduction
experiments under vacuum atmosphere. The experi-
ments, therefore, were conducted in airtight retorts

under a vacuum atmosphere of 100 to 200 Pa. The
reduction experiments were carried out in a lab scale
system (in 1 L retort) first, and reduction efficiencies
were calculated through amounts of MgO and SrO
remaining in the reduction slag. Calcined dolomite and
SrO mixtures were used as the raw materials, FeSi and
Al were used together as reducing agents, and the effects
of reduction temperature changes on metal recovery
ratios were investigated. In this experimental group, the
highest metal reduction efficiencies were obtained by
adding 5 pct SrO of calcined dolomite at 1250 �C for 480
minutes. These values were 85.8 pct for Mg and 66.3 pct
for Sr. In the final stage of the experiments, in which the
reduction conditions of Mg and Sr were investigated,
the mixture was reduced with Al for both oxide raw
materials. In this experimental series, the highest recov-
ery values were determined as 97.1 pct for Mg and as
81.2 pct for Sr at 1250 �C for 480 minutes with 5 pct
SrO-Al addition ratio. After lab scale experiments, a
semipilot scale experiment was conducted to see the
viability of the developed method at industrial scale. In
a semipilot scale experiment, 10 L retort was used at a
pressure of 100 to 200 Pa for 240 minutes and at 1250
�C. Metallic structures, which were used to examine the
resulting product quality, were collected in the water-
cooled zone of the retort in the form of crown. As a
result of the experiment, it was determined that the alloy
contains 89.62 pct Mg and 1.76 pct Sr in the EDS
analysis, which was obtained from the crown Mg-Sr
alloy. In the experiment, the Mg recovery ratio was
calculated as 71.32 pct and the Sr recovery ratio was
determined as 41.24 pct.

ELECTRONIC SUPPLEMENTARY MATERIAL

The online version of this article (https://doi.org/10.10
07/s11663-020-01825-9) contains supplementary mate-
rial, which is available to authorized users.
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