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Abstract Information of solidification processes, liquidus
temperatures, and phase relationship of the Mg-Mn-Y
system in the Mg-rich corner was systematically studied
using differential scanning calorimetry (DSC) measure-
ment, x-ray diffraction (XRD) analysis and scanning
electron microscope (SEM) analysis. One single-phase
region (Hcp), two two-phase-equilibrium regions
(Hep + Cbec & Hcep + Mgy4Ys), and one three-phase-
equilibrium region (Hcp + Cbcc + Mg,4Ys) were identi-
fied in the Mg-rich corner at 550 °C in this work. No
ternary phase was observed within the currently studying
composition range. Corresponding calculations using the
current available thermodynamic description of the Mg-
Mn-Y system for the comparison with experimental results
were performed. The experimental and calculation results
show certain deviations in the phase transition tempera-
tures and the tie-lines of the equilibrium phase regions. The
differences are attributed to the extreme low concertation
of alloying elements alloyed in Mg in this work, where few
studies were performed in literature and nevertheless
included in the previous assessment work. Therefore, the
current results could provide an essential basis for the
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further study and revision of the thermodynamic descrip-
tion of the Mg-Mn-Y system and the design/development
of new alloy and process of Mg-Mn-Y based alloys.
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1 Introduction

With the increasing demand for environmental protection
and energy-saving, magnesium (Mg) alloys, as the lightest
structural material, have attracted extensive attention in the
transportation and 3C fields,"' ™ as well as the energy
application field.">! However, the broad applications of
Mg alloys are still limited due to the poor plasticity prop-
erty at room temperature and poor corrosion-resistance
property. To improve these properties of Mg alloys, some
methods have been developed, such as alloying,'*™! rapid
solidification and processing,'®'"!  coating,!'*"?! etc.
Among them, the alloying approach is the most vital
method to improve the performance of Mg alloys. Many
works have indicated that manganese (Mn) can signifi-
cantly refine the microstructure and simultaneously
enhance the strength and ductility!'*~'”! and also purify the
melt of Mg alloys.!"®'”! Moreover, with further Rare-earth
(RE) elements addition, Mg-Mn-RE alloys have been
reported to be able to provide improved creep resistance
and an excellent combination of castability and tough-
ness.?>*!"! To also control the materials’ cost for industrial
application, those RE elements with lower prices are more
attractive for Mg-Mn-RE alloys. Yttrium (Y), as a common
rare earth element (RE) with an acceptable price, has
become a promising alloying element in Mg-Mn alloys and
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Table 1 Chemical

.. . . Alloy Chemical composition, at.% Alloy Chemical composition, at.%

compositions of the investigated

alloys analyzed by XRF (Error Mg Mn Y Mg Mn Y

< =+ 0.03 at.%)
MMY1 Bal. 0.37 0.31 MMY6 Bal. 0.18 4.06
MMY2 Bal. 0.30 0.47 MMY7 Bal. 1.46 2.89
MMY3 Bal. 0.67 0.49 MMY8 Bal. 0.99 343
MMY4 Bal. 0.21 1.32 MMY9 Bal. 0.39 6.31
MMY5 Bal. 0.64 1.52 MMY10 Bal. 0.26 7.11

has attracted many studies. It is found, the Mg alloys with
the addition of Mn and Y possess an improved creep
resistance, as well as a good combination of strength and
ductility.*>%!

Phase diagram and thermodynamic information of
materials can provide fundamental information for alloys’
behavior and processing.** ! Thus, it is necessary to
understand the phase equilibrium and relationship of the
Mg-Mn-Y system, which is essential for new alloy design
and development. Studies on the phase diagram of Mg-Mn-
Y alloys started as early as the 1970s. Sviderskaya
et al.”*® ?! studied isothermal sections of Mg-rich Mg-Y
and Mn-Mn-Y phase diagrams at different temperatures
(200, 300, 400, 500 °C) by combining thermal analysis,
microstructural investigation, electrical resistivity and
microhardness measurements. No ternary compound was
reported in their work. Drits et al.'*”! made a brief summary
of these data. Pisch et al.”" investigated the phase equi-
librium and microstructure of Mg-4Mn-1Y (wt.%) alloy by
combining thermodynamic calculations and experiments.
Giovannini™*?! also studied the isothermal section at 500°C
and his results were in good agreement with the results
reported by Sviderskaya,'*” in respect of the vertical sec-
tion and the four isothermal sections. However, the solu-
bility of Mn and Y in Hcp reported by these two studies do
not fit very well. In addition, by combining DTA, EDS
analysis of key alloys, Antion"**! has a thermodynamic
assessment of Mg-Mn-Y-Gd system. And, Kang et al.*"!
had an assessment on the Mg-Ce-Mn-Y system and they
also noted that there is quite a few experimental data of the
Mg-Mn-Y system. Further, the isothermal section of the
Mg-rich Mg-Mn-Y phase diagram at 550 °C hasn’t been
studied.

It is no doubt that the phase diagram of the Mg-rich Mg-
Mn-Y system is essential for practical applications. Hence,
the current work focuses on solidification processes and the
phase relationship of Mg-Mn-Y alloys in the Mg-rich
corner Mg-Mn-Y system, which can provide essential
information for the design of Mg-rich Mg-Mn-Y alloys.
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2 Experimental and Calculation Methods
2.1 Alloy Preparation

High purity Mg pieces (purity: 99.98 wt.%), Mg-15 wt.%
Mn master alloy, and Mg-30 wt.% Y master alloy was used
in the current work. Weighed starting materials were
melted using a resistant furnace under the protective
atmosphere of 99 vol.% CO, and 1 vol.% SFg in 211
stainless steel crucibles. The alloys were melted at ~
700 °C for 15 minutes and quenched in water with alloys in
crucibles. Ten alloys, which compositions are located at the
Mg-rich corner, were selected and prepared. Part of the
ingots was isothermal heat-treatment by being buried in
compacted graphite powder in cleaned stainless steel cru-
cibles at 550 °C for 288 hours and finally quenched in cold
water. The annealed samples were polished until the sur-
face oxidations and contaminated layers have been
removed clearly. An x-ray fluorescence spectrometer
(XRF, XRF-1800) was used to measure the obtained
chemical compositions of annealed samples, as listed in
Table 1. The compositions of samples MMY2 and MMY9
have been measured three times using XRF. Their atomic
percent of Mn in MMY2 and MMY9 is 0.30/0.30/0.30,
0.47/0.47/0.47 and Y is 0.38/0.41/0.39, 6.31/6.30/6.30,
respectively. It is shown the experimental uncertainty range
for XRF measuring these samples is less than &+ 0.03 at.%.

2.2 Sample Analysis

Differential scanning calorimetry (DSC) measurement was
performed on the annealed Mg-Mn-Y alloys using Swiss
METTLER Synchronous Thermogravimetric Analyzer
(TGA/DSC 1/1100 SF). Disks with O3mm*2mm size were
cut from each annealed sample, then polished to less 10 mg
per one in weight. Al,O3 crucibles (Outer diameter: 6.8
mm, height: 4 mm) were employed for the DSC mea-
surements. The calibration procedure has been performed
by DSC analysis on pure Mg (99.98 wt.%) and pure Zn
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Fig. 1 The DSC results of (a) pure Mg and (b) pure Zn with the scanning rate of 5 °C/min and 2 °C/min

(99.8 wt.%) from 400 °C to 680 °C/450 °C with the
scanning rate of 5 °C/min and 2 °C /min under the Argon
atmosphere. The melting points of pure Mg and pure Zn
are 650 °C°°! and 419.6 °C,”®! respectively. Our results
are shown in Fig. 1 and it is seen the experimental errors
for the melting points of these two pure metals are less than
5 °C. Therefore, for the DSC analysis in this work, the
experimental uncertainty is & 5 °C, which is acceptable for
normal DSC analysis of the phase-transformation temper-
atures of the alloys. DSC measurements of Mg-Mn-Y
alloys were performed from room temperature to 400 °C
with the scanning rate of 10 °C/min and from 400 °C to
650-700 °C with the scanning rate of 5 °C/min. No higher
temperatures were applied to avoid the high evaporation of
Mg. The DSC results have been analyzed according to the
work of Boettinger et al.*”!

Annealed samples were polished using the standard
metallographic preparation method for metallurgic inves-
tigations. Ethanol was used as the cooling medium to
avoid possible reactions with water. Later these samples
were ultrasonically cleaned in ethanol solution for 5
minutes after polishing. Microstructural investigations
were performed using scanning electron microscopy
(SEM, TESCAN VEGA 3 LMH SEM) equipped with
energy dispersive x-ray spectrometers (EDS). The accel-
eration voltage used for the EDS measurements is
20.0 kV.

Presented phases of the annealed samples were deter-
mined using the x-ray diffractometer (XRD, PANalytical
Empyrean) with Cu x-ray at the voltage of 40 kV and
current of 200 mA. 20 between 5-90 deg, 2 deg per minute
scan rate, and 0.02 deg step-size were applied. The com-
bination of backscattered electron (BSE) micrographs,
XRD patterns were used to determine phase relationships
at 550 °C.

2.3 Calculation Method

The commercial software Pandat2013*! and Thermo-
Calc2019a””! combined with their databases, PanMg2013
and TCMGS were employed in this work. In simulating the
solidification process and the relationships of phases, since
all experiments are based on annealed samples, the equi-
librium model was employed in the calculation work
instead of the non-equilibrium model. In this work, the
calculated results using the two databases were compared
with the experimental results.

3 Results and Discussion
3.1 Thermal Analysis

The obtained chemical compositions of ten annealed
samples have been listed in Table 1. Their DSC results
have been shown in Figs. 2, 3, 4 and 5 and the detailed data
has been listed in Table 2.

Figure 2 shows the DSC curves of the ten alloys studied
in this work. All the DSC curves show one very distinct
thermal effect, which corresponds to the melting point of
the primary Mg phase (Hcp). The thermal effects of each
curve, as shown in Fig. 5, were also labeled on the calcu-
lated isopleths (using PanMg database), where the dash line
shows the composition of the corresponding alloy, and the
different shapes show the temperatures of the different
thermal effects. The liquidus temperatures and solidus
temperatures of DSC results have also been marked in
Fig. 6, the Mg-Y phase diagram. Detailed calculated results
of phase transitions using PanMg database and that using
TCMG database have been listed in Table 2 and compared
with the current DSC results of Mg-Mn-Y system.
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«Fig. 2 DSC heating curves of Mg-Mn-Y system with the heating run
of 5 °C/min for (a) MMY1, (b) MMY2, (c) MMY3, (d) MMY4,
(e) MMYS, (f) MMY6, (g9 MMY7, (h) MMYS, (i) MMYO9,
(G) MMY10

As shown in Figs. 5 and 6, two thermal effects, referring
to the solid-liquid transition process, were presented on the
DSC curves of alloys MMY1, MMY2, MMY3, MMY4,
and MMYS5. The last thermal peak on each DSC curve well
presents the corresponding liquidus point, and an adjoining
small thermal effect shows the respective solidus point.
The calculated results from two commercial databases are
also close to our experimental results. The detailed values
were listed in Table 2 and it is shown the experimentally
measured temperatures and the calculated temperatures of
liquid-containing reactions are close to each other. For
example, the temperatures of liquidus of MMY1 shown
from DSC, PanMg, TCMG results are 650, 648, 648 °C,
respectively, and solidus points are 638, 639, 638 °C,
respectively. For MMY6 and MMY 10 alloys, there is only
a thermal effect in this region. This thermal effect is cor-
responding to the eutectic reaction, L < Hecp + Mgy, Ys.
And this thermal effect also can be observed in MMY7,
MMYS8, and MMY9 alloys. Sviderskaya and Padezh-
nova®®! reported that this reaction happens at 566°C in
binary Mg-Y system. Our results of this reaction occurred
at 563°C-559°C for these five alloys, which closed to the
results of Sviderskaya and Padezhnova.”*”! Furthermore,
the thermal effects of MMY6, MMY9 and MMY 10 happen
at ~ 562°C may be coming from the invariant reaction, L
<~ Hcp + Mgy Ys + Cbec  (Complex body-centered
crystal Mn). The calculated temperature of this invariant
reaction is 572 °C for PanMg and 563 °C for TCMG,
separately. Sviderkaya and Padezhnova'?®! have reported

—
| Pure Mg
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that this reaction occurred at 535°C in the Mg-Mn-Y sys-
tem. Antion*¥ reported this reaction temperature is 577°C.
Kang et al.”** assessed the thermodynamic database of the
Mg-Ce-Mn-Y system and they suggested that this value
should be 566°C. In this work, the invariant reaction of L
< Hcp + Mgy,Y5 4 Cbec occurred at 562°C for MMY9
alloy, closing to the calculated results of Kang et al.**l,
The exothermic reaction that happens at 530/560 °C
may be attributed to the formation of MgO. The MgO may
come from the reaction between Mg and Al,O5 crucibles or
the reaction between Mg and a small amount of O, in the
protective gas. To clarify this reaction, the samples pure
Mg and MMY1 have been performed by DSC analysis
using graphite crucibles. As shown in Fig. 3, these
exothermic peaks also existed for samples in graphite
crucibles. Therefore, Mg or Mg alloys may react with the
trace O, existed in the Argon gas. The content of Y in
samples MMY6 to MMY 10 is higher than that of samples
MMY1 to MMYS5, which may provide the alloys better
oxidation-resistance property*”’ and then no obvious
thermal effect has been observed. In addition, the invariant
reaction for these alloys happens at ~ 562 °C, which may
cover this minor reaction. As shown in Fig. 4, these peaks
only occurred in the first run and didn’t affect the other
reactions in the second run. Hence, this thermal peak is not
considered in the description of the Mg-Mn-Y system.
However, there are still some differences between the
current experimental results and the calculated results for
the phase transition in the solid part. For example, the
calculated results showed the formation temperatures of
Mn(Cbcc) happens at 518, 494 and 595°C for the alloys
named MMY 1, MMY2, and MMY3, respectively. And the
thermal effects of the formation of Cbcc are not observed
in this work. These differences may be attributed to two
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Fig. 3 The DSC results of (a) Pure Mg and (b) MMY1 with the scanning rate of 5 °C/min using graphite crucible.
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Table 2 The transformation of

Mg-Mn-Y alloys and their Alloy Possible correspond reaction Exp®. Pan2013 TCMGS5
corresponding temperatures MMY]1 Liquidus 650/647 648 648
(Error < + 5 °C) .
Solidus 638/639 639 638
Cbcc formation 518 518
MMY 2 Liquidus 648/647 647 647
Solidus 637/636 635 634
Cbcc formation 494 494
MMY 3 Liquidus 650 647 647
Solidus 626 635 632
Cbcc formation 599 599
MMY 4 Liquidus 637 640 640
Solidus 600 616 610
Cbcc formation 461 460
MMY 5 Liquidus 636 639 639
Solidus 600 611 603
Cbcc formation 601 599
MMY 6 Liquidus 616 615
Solidus 575
Mg,,Y s formation 562
Invariant reaction 563 566
Cbcc formation 468 464
MMY 7 Cbcc formation 676
Liquidus 631 627 626
Solidus 591 588 575
Eutectic reaction 563
Mg,,Y5 formation 482 469
MMY 8 Cbcc formation 625 661 636
Liquidus 588 621 621
Solidus 581 566
Eutectic reaction 563
Mg,4Ys formation 535 521 539
MMY 9 Liquidus 608 593 592
Invariant reaction 562 572 563
MMY 10 Liquidus 585 583
Eutectic reaction 573 567
Invariant reaction 559
Cbcc formation 550 546

Exp®: Heating run, T(°C), from 450 °C to 650 °C, 5 °C/min

Eutectic reaction: L «+» Hep + Mgy Ys

Invariant reaction: L « Hcp + Mgy, Y5 + Cbee

possible reasons: (a) the current thermodynamic descrip-
tion of the Mg-Mn-Y system still needs to be improved
with new experimental data imposed; (b) the thermal-ef-
fects of the precipitations that happen in named MMY,
MMY?2, and MMY3 alloys are too small to be experimental
detected precisely.

It has been reported that there is no ternary compound in
the Mg-Mn-Y system and there is no Mn-Y compound in
the Mg-rich corner of the Mg-Mn-Y system."*”!. Figure 6

@ Springer

shows our results that the temperature of liquidus and
solidus of Mg-Y alloys with minor Mn addition have the
same tendency as the Mg-Y system, which indicates that
Mn element has little effect on the temperature of liquidus
and solidus temperatures of Mg-Y-based alloy. Table 2
shows the temperature of L < Hcp + Mg24Y5 + Cbcec
(~ 562 °C) in the Mg-rich corner Mg-Mn-Y system is
close to the temperature of L < Hcp + Mg24YS5 (~ 563
°C) in Mg-Y system in this work. Zhou et al.*'! also
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Fig. 4 The DSC results of (a) MMY1 with the scanning rate of 5 °C/min and (b) MMY2 with the scanning rate of 5 °C/min.

reported that the addition of Mn hardly affects the transi-
tion temperature and melting point of the Mg-Sr alloy.

In addition, there are also some differences in calculated
results using two commercial databases, such as the for-
mation temperature of Mg,4Ys for MMYS8 and MMY9.
Since there are few literature investigations on the dilute
part of the phase diagram, the thermodynamic assessments
in the dilute region should have low precision, or in other
words, low reliability, which also brings differences in
respect of different assessment works.

3.2 The Isothermal Section at 550 °C

Presented phases in the samples annealed at 550 °C for 288
hours were identified using XRD and shown in Fig. 7.
Three phases, Hcp(Mg), Cbcc(Mn) and Mg,,Ys, were
observed in our alloys. Further, YH,, which is easily
formed in RE-containing alloys'**! but just got ignored in
many reports, has been observed in the annealed alloys.
Pisch et al.l*'! also reported that the solution heat treatment
leads to an unknown Y-rich phase in Mg-4Y-1Mn (wt.%)
alloy, which is proposed to be YH, according to this work.
In the following discussion, YH, was considered as an
impurity phase and supposed to have no interaction with
other phases. According to the XRD results, alloys MMY 1,
MMY2, and MMY4 consisted of Hcp, alloys MMY3,
MMYS5, MMY7 were composed of Hep and Cbcc, and
MMY6, MMY9, MMY10 were composed of Hcp and
Mgy, Ys. MMY8 was composed of Hep, Cbee and Mg,,Y's.
Figure 8 shows some examples of the backscattered elec-
tron images (BSE) for Mg-Mn-Y alloys. Figure 8a shows
that MMYS8 was composed of black matrix Hcp, blocky
gray phase Mg,,Y5 and light gray granular particles Cbcc.
Figure 8b shows MMY9 was composed of Hcp and
Mg,4Y5s, where a small amount of fine YH, particles were
presented. No ternary phase was observed within the

experimental composition range. One three-phase-equilib-
rium region of Hep + Mg,4Ys + Cbec has been observed.

The detected phases of the Mg-Mn-Y alloys (at the Mg-
rich side) in this work and the predication of phases’
compositions of these alloys by PanMg, TCMG have been
listed in Table 3. The experimental results are in good
agreement with most of the calculated data. But there were
some differences between MMY8 and MMY?9 alloys. The
experimental results show MMY8 consisted of Hcp +
Cbce + Mg,,Ys, but the calculated results show MMYS8
consisted of Hep + Cbcc. The MMY9 with 0.38 at.% Mn
and 6.31 at.% Y was a three-phase region by calculated
results, but the XRD and SEM results show that alloy was
composed of Hcp and Mg,4Ys.

The experimental results obtained in this work have
added to the isothermal section of Mg-Mn-Y at 550 °C, as
shown in Fig. 9. Shapes of different colors indicate the
different alloys investigated in this work. Four regions
were identified in the Mg-rich corner at 550 °C, including
one single-phase region (Hcp), two two-phase regions (Hep
+ Cbcc and Hep + Mgy4Ys) and one three-phase region
(Cbcc + Mg»4Ys + Hep), which agrees with the calculated
results. However, the experimentally determined solubility
of Mn in Mg(Hcp) of this work is a little bigger than that
calculated. And the experimentally obtained tie-lines
between Cbcc + Hep phase region and the Cbcec + Hep +
Mg,4Y 5 phase region, as well as the Hcp phase region and
Hcp + Mg,,Ys phase region in Mg-rich corner shifted a
little downward in the results from TCMG than that from
PanMg. There are some differences in the calculated results
about the solubility of Y in Mg-Mn alloys at 550 °C in two
commercial databases. The result from the solubility of Y
in Mg-Mn alloys at 550 °C from TCMG is ~ 3.5 at.% and
that form PanMg is ~ 3.85 at.%. Our results are more
closing to the calculated results from TCMG. Okamoto
assessed the Mg-Y system,'**** and the maximum solid
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Fig. 5 Calculated vertical sections of Mg-Mn-Y system for (a) MMY 1 and MMY?9, (b) MMY2 and MMY 10, (c¢) MMY3 and MMY5, (d) MMY4
and MMY6, (e) MMY?7, (f) MMYS. The initial Mn-contamination of nominal value was taken for calculations in this figure, as shown in the
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solubility of Y in Mg(Hcp) is 3.4 at.% at 567 °C. Based on
the current experimental results, the thermodynamic
description of Mg-Mn-Y system in the Mg rich corner need
more study.

4 Conclusion

This work investigated the phase relationship and ther-
modynamic equilibrium at the Mg-rich corner of the Mg-
Mn-Y system by combining experiment analyses and
thermodynamic calculations. Based on DSC, SEM and
XRD analyses, the solidification sequences and phase
transition temperature at the Mg-rich corner of the Mg-Mn-
Y system were experimentally investigated. And the phase
regions of the isothermal section at 550 °C in the Mg-rich
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Fig. 7 XRD analysis of Mg-Mn-Y alloys for (a) MMY1 to MMYS5; (b) MMY6 to MMY 10

Fig. 8 BSE images of the Mg-Mn-Y alloys for (a) MMY8 (Mgos.5sMng 99Y3.43) and (b) MMY9 (Mgo;.31Mng35Y6.31)
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Table 3 The detected phases of the Mg-Mn-Y alloys (at the Mg-rich side) in this work and the predication of phases’ composition of these alloys

by PanMg and TCMG

No. Experimental Results
XRD EDS PanMg TCMG
MMY1 Hcp Hcp Hcp Hcp
MMY2 Hcp Hcp Hcep Hcep
MMY3 Hep + Cbcec Hep + Cbcec Hcep + Cbec Hcep + Cbec
MMY4 Hcp Hcp Hcep Hcep
MMY5 Hcp + Cbec Hcp + Cbec Hcep + Cbec HCP + Cbcc
MMY6 Hep + MgoaYs Hep + MgoaYs Hep + MgosYs Hep + MgosYs
MMY7 Hcp + Cbee Hcp + Cbee Hcep + Cbec Hcep + Cbee
MMY8 Hcp + Cbee + Mg24Y5 Hcep + Cbee + Mgo4Ys Hcp + Cbec Hcp + Cbcec
MMY9 Hcep + Mgo4Ys Hcep + Mgy4Ys Hcp + Cbee + MgoyYs Hcp + Cbee + Mgy, Ys
MMY10 Hep + MgosYs Hep + MgoaYs Hep + MgosYs Hep + MgosYs
2. T. Xu, Y. Yang, X. Peng, J. Song, and F. Pan, Overview of
8 \ T T T Tove Advancement and Development Trend on Magnesium Alloy, J.
10 Pang Magnes. Alloy, 2019, 7(3), p 536-544.
9 This work: 3. J.P. Weiler, A Review of Magnesium Die-Castings for Closure
6L A Hcp Applications, J. Magnes. Alloy, 2019, 7(2), p 297-304.
Hep+ Hcp+Mg24Y5 4. H. Yang, L. Wu, B. Jiang, W. Liu, J. Song, G. Huang, D. Zhang,
IMg24Y5\ Hep+Cbee B Hcp+Chbcc and F. Pan, Clarifying the Roles of Grain Boundary and Grain
- 6 @® Hcp+Mg24Y5+Chce Orientation on the Corrosion and Discharge Processes of o-Mg
E“ = — - Based Mg-Li Alloys for Primary Mg-Air Batteries, J. Mater. Sci.
xR ® ) 7 Technol., 2021, 62, p 128-138.
u 5. D. Li, Y. Yuan, J. Liu, M. Fichtner, and F. Pan, A Review on
2k Hep Current Anode Materials for Rechargeable Mg Batteries, J.
a2 m5 Hep+Mg24Y5+Chee Magnes. Alloy, 2020, 8(4), p 963-979.
2 6. J. Wu, Y. Yuan, X. Yu, T. Chen, D. Li, and e. al. , The High
0 A1 5 m3 . . Temperature Oxidation Resistance Properties of Magnesium
0.0 05 10 15 20 Alﬁlg(;iz_/;;lg)]yed with Gd and Ca, J. Mater. Sci., 2020, 56,
X% (Mn) b '

Fig. 9 Isothermal section of Mg-Mn-Y system at Mg-rich corner at
550 °C, shapes with different color represent experimental data points
in the present experiment (Color figure online)

region were determined. There are some differences
between the experimental results and the calculated results
using the current databases, TCMG and PanMg. Current
thermodynamic descriptions of the Mg-Mn-Y system need
to be modified accordingly.
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