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About the TCS Mg-based Alloys Database (TCMG)

TCS Mg-based Alloys Database (TCMG)is a thermodynamic and properties database for magnesium-based
alloys. It can be used for a wide range of compositions from pure magnesium to very complex magnesium-
based commercial magnesium alloys. It can be used for calculating phase diagrams and thermodynamic
properties of assessed systems, but also for predicting phase equilibria and simulating solidification
processes for a wide range of magnesium alloys of industrial relevance, including:

e Mg-Al based alloys such as AZ, AE, AJ, AM, AS, and AX

e Mg-Zn-Zr alloys such as ZK60

e Mg-RE (rare earth)-Zn (EZ) alloys

e Mg-RE-Zr alloys such as WE

e Experimental magnesium alloys under development

In addition to thermodynamic data, it has thermophysical properties data available for:

Electrical resistivity of all solid phases and liquid

e Thermal conductivity of all solid phases and liquid

¢ Molar volume and thermal expansivity of all solid phases and liquid
e Viscosity of liquid

e Surface tension of liquid

TCMGS8 Thermophysical Properties

#_
e

Interconnectivity with Other Products

The database can be used with our entire suite of products: Thermo-Calc, the Add-on Diffusion (DICTRA),
Precipitation (TC-PRISMA), and/or Additive Manufacturing Modules, and all available SDKs.

The thermodynamic database is compatible with the corresponding mobility database TCS Mg-alloys
Mobility Database (MOBMG) that provides kinetic data for those working with the add-on kinetic modules —
the Diffusion Module (DICTRA) and the Precipitation Module (TC-PRISMA) — as well as a few specific
calculation types, such as Scheil with back diffusion. The current version is MOBMG2.

Use Case Examples

There are examples available to both demonstrate the validation of the database and to showcase the
types of calculations that can be used for different materials or application areas such as process
metallurgy, heat treatment, and more depending on the database. Sometimes an example is both a
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validation and a calculation example.

The TCS Mg-based Alloys Database (TCMG) enables predictions (such as multi-component phase equilibria
calculations, equilibrium solidification simulation and Scheil solidification simulation) to be made for
multicomponent systems and alloys of industrial importance. This means that the database can be utilized
to extrapolate to higher-order systems by combining several critically assessed systems.

Combining Databases

It is possible to combine several databases to make calculations using Thermo-Calc. For more information
related to a specific type of problem, contact one of our support specialists at info@thermocalc.com. The
experts are available to make recommendations on the most suitable database to use for your needs.

Revision History

— TCMG: TCS Magnesium-based Alloys Database Revision History. The current version of the
- database is TCMGS. See the link for any subversion release details.
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TCS Mg-based Alloys Database (TCMG) Resources

Information about the database is available on our website and in the Thermo-Calc software online Help.

e Website: On our website the information is both searchable and the database specific PDFs are
available to download.

e Online Help: Technical database information is included with the Thermo-Calc software online Help.
When in Thermo-Calc, press F1 to search for the same information as is contained in the PDF
documents described. Depending on the database, there are additional examples available on the
website.

Database Specific Documentation

e The TCS Mg-based Alloys Database (TCMG) Technical Information PDF document contains version
specific information such as the binary, ternary, and higher-order assessed systems, phases and
models. It also includes details about the properties data (e.g. viscosity, surface tension, etc.), a list
of the included elements, and summaries of the database revision history by version.

e The TCS Mg-based Alloys Database (TCMG) Validation and Calculation Examples Collection PDF
document contains a series of validation examples using experimental data, and a set of calculation
examples showing some of the ways the database can be used.

Go to the Magnesium-based Alloys Databases page on our website where you can access a
o Validation and Calculation Examples Collection and the Technical Information plus learn more
e about the compatible kinetic database. Also explore further applications of Thermo-Calc to
magnesium including links to resources such as examples, publications, and more.

The CALPHAD Method

The Thermo-Calc databases are developed with the CALPHAD approach based on various types of
experimental data and theoretical values (e.g. those from first-principles calculations). It is based on the
critical evaluation of binary, ternary, and for some databases, important higher order systems. This enables
predictions to be made for multicomponent systems and alloys of industrial importance. Among these, the
thermodynamic database is of fundamental importance.

o Learn more on our website about the CALPHAD Method and how it is applied to the
Thermo-Calc databases. Also visit the video tutorials on our website or our YouTube playlist.



https://thermocalc.com/products/databases/magnesium-based-alloys/
https://thermocalc.com/solutions/solutions-by-material/magnesium/
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https://thermocalc.com/support/video-tutorials/databases-and-calphad/
https://youtube.com/playlist?list=PLfv6McToaTGSqlXQJSOMDnbCO3uVOYISc&si=mvvIPlHcO0WW3C8M
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This section summarizes the available elements, assessed systems, and total number of phases in the TCS

Mg-based Alloys Database (TCMG).

| Included Elements

There are 33 elements included in the most recent version of the database.

Included Elements

Ag Al Bi Ca Ce Cu Dy
Gd H Ho In K La Li
Nd Ni Pr Sb Sc Si Sm
Y Zn Zr

| Assessed Systems and Phases

Er Fe Ga
Mg Mn Na
Sn Sr Th

A hybrid approach of experiments, first-principles calculations and CALPHAD modeling have been used to
obtain thermodynamic descriptions of the constituent binary and ternary systems over the whole

composition and temperature ranges.

All the stable solution phases and intermetallic compounds that exist in each assessed system are included.
Note that in most cases phases having the same crystal structure had been merged as the same phase.

The most recent version of the database contains:

229 assessed binary systems

133 assessed ternary systems

5 assessed quaternary systems
575 phases

In Console Mode, you can list phases and constituents in the Database (TDB) module and the
Gibbs (GES) module. For some phases, supplementary information is included in the definitions.
To show the information, it is recommended in the Database (TDB) module to use the

command LIST_SYSTEM with the option constituents.
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TCMGS8 Thermophysical Properties

This section summarizes the available properties in the TCS Mg-based Alloys Database (TCMG).

e Intotal, 168 binary systems have viscosity parameters.
e 178 binary systems have surface tension parameters.

e Interactions have been either assessed or estimated for every binary combination in the common
solution phases, including liquid, FCC_A1, BCC_A2 and HCP_A3.

You can find information on our website about the properties that can be calculated with
Thermo-Calc and the Add-on Modules. Additional resources are added on a regular basis so
keep checking back or subscribe to our newsletter.

| Model Descriptions

For more information about the various thermophysical, thermomechanical, and properties models, and
when in Thermo-Calc, press F1 to search the online help. The details are found under a General Reference
section.

| Thermophysical Parameters and Variables

Below is a summary of the available thermophysical parameters and variables for the databases when
working in Thermo-Calc. There are differences when you are working in Console Mode versus Graphical
Mode as well as if you use an SDK such as TC-Python or TC-Toolbox for MATLAB®.

Variables to Show or Plot in Console Mode or

Property (and Graphical Mode

Variable Name) Model Parameters ;:: 75-,?4’(35 @)()Cifython, or TC-Toolbox for
Molar volume VO, VA VM for a system vM (pu1) for phase PHI
Electrical conductivity ELQHD ELCD for a system ELCD (PHI) for phase PHI
Electrical resistivity ELRS, ESPD ELRS for a system £1rs (pHI) for a phase PHI
Thermal conductivity THCD THCD for a system TucD (PHT) for phase PHI
Thermal resistivity THRS for a system THRS (PHI) for phase PHI

Thermal diffusivity THDF for a system TaDF (PHT) for phase PHI


https://thermocalc.com/content/uploads/Documentation/Current_Static/properties-that-thermo-calc-can-calculate.pdf
https://thermocalc.com/news-events/#subscribe
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O L e IR Variables to Show or Plot in Console Mode or

Variable Name)

Model Parameters the SDKs (TC-Python, or TC-Toolbox for
MATLAB®)***

SURF (LIQUID)

Surface tension SIGM, XI* .
SURF (ION)

DVIS (LIQUID)

Dynamic viscosity VISC DVIS (ION) **

KVIS (LIQUID)

Kinematic viscosity VTS (TON) **

* Xlis not used in the TCOX database (all versions). As of 2023b it is also not used starting with the following versions of these databases:
TCFE13, TCNI12.1, TCTI5.1, TCNOBL3, TCPMAG2, and TCCU®6. As of 2024a, TCMG7, TCAL9, and TCHEA7. As of 2024b, TCSLD5.

** 1on is used in the TCS Metal Oxide Solutions Database (TCOX)

*** The examples listed for the SDKs are using Console Mode syntax. The quantities can also be accessed in both ThermodynamicQuantity
and scheilQuantity classes. See the various model descriptions or the SDK help for details.

| Examples

Go to the Magnesium-based Alloys Databases page on our website where you can access a
o Validation and Calculation Examples Collection and the Technical Information plus learn more
N about the compatible kinetic database. Also explore further applications of Thermo-Calc to
magnesium including links to resources such as examples, publications, and more.



https://thermocalc.com/products/databases/magnesium-based-alloys/
https://thermocalc.com/solutions/solutions-by-material/magnesium/
https://thermocalc.com/solutions/solutions-by-material/magnesium/
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TCMGS8 Systems

In this section:

TCMGS8 Assessed Binary Systems 10
TCMG8 ASSESSEA T NAIY SY S OIS .o 11

TCMGS8 Assessed QUaterNary SYS M ... 13
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TCMGS8 Assessed Binary Systems

These are the 229 assessed binary systems in the full range of composition and temperature.

Ag Al Bi Ca Ce Cu Dy Er Fe Ga Gd H Ho In K La Li MgMnNa Nd Ni Pr Sb Sc Si Sm Sn St Th Y Zn Zr

Ca O Ca

Ce BESEESG b Ce

Cu BES C N Cu

Dy X Dy

Er X Er

Fe X X X Fe

Ga Ga

Gd BES X X X Gd

H XX H

Ho X Ho

In A ¥ X X % % In

K P K

La B XX XX X La

Li X X X X X Li

T x X X X X X X X X X x x x x x x x L4

Mn O A A % % X X ES VI

Ma % % S 4 XX MNa

Nd BES X X X X X XX X X X X Nd

Ni B X X X X XX X X X X Ni

Pr BESE % % X XX N Pr

Sh X sh

S5c A X X X X X Sc

Si PR X X X X X X X X X X N Si

Sm X % X Sm

Ol X X X X X X % X F S T E S S P SN

Sr B X X X X X X X b 5r

Th X X X X Th
Y A ¥ X X % % X X XX XX X X XX Y
Fil X X X X X X X X X X X X X X X X X X X X X X X X X X x g
Fige * X ¥ X X ® ® X XX X ER EO X XX x
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These are the 133 assessed ternary systems.

Assessed Ternary Systems

Ag-Al-Cu

Ag-Mg-Sn

Al-Ce-Mn

Al-Fe-Mn

Al-La-Mn

Al-Mg-Sc

Al-Mg-Zn

Bi-Mg-Sn

Ca-Mg-Ni

Ca-Mg-Zr

Ce-Mg-Nd

Ce-Mg-Zr

Cu-Mg-Ni

Dy-Mg-Zn

Gd-La-Mg

Gd-Mg-Zn

In-Li-Mg

La-Mg-Sn

Mg-Mn-Sn

Mg-Nd-Y

Ag-Al-Sc

Ag-Pr-Sn

Al-Cu-Mg

Al-Gd-Mg

Al-Li-Mg

Al-Mg-Si

Al-Mg-Zr

Bi-Mg-Zn

Ca-Mg-Si

Ca-Sr-Zn

Ce-Mg-Si

Cu-Fe-Mg

Cu-Mg-Si

Er-Mg-Zn

Gd-Li-Mg

Gd-Mg-Zr

In-Mg-Sn

La-Mg-Y

Mg-Mn-Sr

Mg-Nd-Zn

Ag-Cu-Mg

Al-Ca-Mg

Al-Cu-Si

Al-Gd-Mn

Al-Mg-Mn

Al-Mg-Sm

Al-Mn-Y

Ca-Ce-Mg

Ca-Mg-Sn

Ce-Gd-Mg

Ce-Mg-Sn

Cu-H-Mg

Cu-Mg-Sn

Fe-Mg-Mn

Gd-Mg-Nd

H-La-Mg

In-Sn-Zn

La-Mg-Zn

Mg-Mn-Y

Mg-Nd-Zr

Ag-Gd-Mg

Al-Ca-Sr

Al-Dy-Mg

Al-Ho-Mg

Al-Mg-Na

Al-Mg-Sn

Al-Y-Zn

Ca-Gd-Mg

Ca-Mg-Sr

Ce-H-Mg

Ce-Mg-Sr

Cu-In-Mg

Cu-Mg-Y

Fe-Mg-Ni

Gd-Mg-Sm

H-Mg-Nd

La-Mg-Nd

Mg-Mn-Ni

Mg-Mn-Zn

Mg-Ni-Y

Ag-In-Mg

Al-Ca-Zn

Al-Er-Mg

Al-In-Mg

Al-Mg-Nd

Al-Mg-Sr

Bi-Ca-Mg

Ca-Li-Mg

Ca-Mg-Y

Ce-La-Mg

Ce-Mg-Y

Cu-Li-Mg

Cu-Mg-Zn

Fe-Mg-Si

Gd-Mg-Sr

H-Mg-Ni

La-Mg-Ni

Mg-Mn-Sc

Mg-Nd-Sn

Mg-Ni-Zn

Ag-In-Sn

Al-Ce-Mg

Al-Fe-Mg

Al-La-Mg

Al-Mg-Ni

Al-Mg-Y

Bi-Mg-Mn

Ca-Mg-Nd

Ca-Mg-Zn

Ce-Mg-Mn

Ce-Mg-Zn

Cu-Mg-Mn

Cu-Mg-Zr

Fe-Mg-Zn

Gd-Mg-Y

Ho-Mg-Zn

La-Mg-Si

Mg-Mn-Si

Mg-Nd-Sr

Mg-Pr-Sn
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Assessed Ternary Systems

Mg-Pr-Y Mg-Pr-Zn Mg-Sb-Sn Mg-Si-Sn Mg-Si-Y Mg-Si-Zn
Mg-Sn-Sr Mg-Sn-Y Mg-Sn-Zn Mg-Sr-Zn Mg-Sr-Zr Mg-Y-Zn

Mg-Zn-Zr
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TCMGS8 Assessed Quaternary Systems

Quaternary Systems

Mg-Al-Ca-Zn

Mg-Al-Ca-Sr

Mg-Al-Cu-Si

Mg-Al-Mn-Zn

Mg-Gd-Nd-Y
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TCMGS8 Phases

In this section:

Common Phases for Magnesium AllOys .. 15

TCMGS8 Models for the Included Phases ... 17
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Common Phases for Magnesium Alloys

O TCMGS8 Models for the Included Phases

The following lists common phase names and the corresponding Thermo-Calc database phase names for
some key magnesium alloys.

Name in the Database Common Name and Description

LIQUID liquid phase, which covers the melt of Mg alloys

HCP_A3 HCP_A3 type solid solution phase, which covers the (Mg) matrix phase
GDMG5 GdMg5-based Mg-rich phase, dissolving other elements, especially rare earth elements
MG24R5 Mg-rich phase, including Mg,,4Ys, Mg,4Hos, Mg)4Dys and Mgy4Ers
AL12MG17_A12 Al-Mg compound that forms in Mg-Al based alloys

AL13CEMG6 Laves_C36-type ternary phase in Al-Ce-Mg

ALCUMG_Q Al-Cu-Mg ternary compound

ALLIMG_T Al-Li-Mg ternary compound

LPSO_14H Long-period stacking-ordered (LPSO) structure, type 14H

LPSO_18R Long-period stacking-ordered (LPSO) structure, type 18R

I_MGRZN Icosahedral quasi-crystalline phase in Gd/Y-Mg-Zn system

Z_MGRZN hexagonal Z phase in Gd-Mg-Zn. Also known as the S-phase, hP92
M_MGRZN hexagonal M phase in Gd-Mg-Zn, hP238, related to the S/Z- and L-phase
L_MGRZN hexagonal L phase in Gd-Mg-Zn, hP480, related to the S/Z- and M-phase
F_MGGDZN Gd,ygMg19Zng; and CeygMg;9Zng. Also known as the F-phase

121_RMGZN2 Heusler phase in Mg-alloys, including CeMgZn,, GdMgZn, and MgZn,Y. Also known as the W-phase. Related to

MG3R_DO03
C15_LAVES Laves_C15 phase, which covers some Mg-compounds, Al,Ca, Al,Ce, Cu,Mg, Fe,Gd and Mg,Gd etc.
C36_LAVES Laves_C36 phase, which covers MgNi,, (Cu,Zn),Mg and (Al,Mg),Ca
C14_LAVES Laves_C14 phase, which covers some Mg-compounds, Al,Zr, Cali,, CaMg,, Mg,Sr, Mg,Y, MgZn,, Mn,Zr and Na,K

etc.
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Name in the Database Common Name and Description

MG17SR2

MG3R_D03

AL11R3

MG12R

MG41R5

MG2SI_C1

MG7RE

MG3R_D019

MG2NIH4

MGH2_c4

Mg44Sr, and Ce,Mg,, also Ce,Feq5, Gd,Feq5, Gd;Niy, La,Mgq7, LagZn47, PryZng,, ThoZngs and YoZny5

stable or metastable phase in Mg-RE (rare earth) alloys, MgsCe, Mg3Gd, Mg3Nd, Mg3Pr, MgsLa and MgzSm

Alj1Ces, Alyqlas L, Alj1Nd3_L, Aly1Pr3_L, Zny4Pr3 and Znq,Y;

Mg-rich phase, may form in Mg,,Ce, Mg,La, Mg,,Pr, also Zny,Y, Mn,,Gd and Mny,Y and more systems

Mg-rich phase, may form in Mg,;Las, Mgs,Ces, Mgy1Nds, Mgy, Prg and Mgg,Smg and more systems

Mg,Si, also Si,Ni, Mg,Sn

metastable precipitate in Mg-RE(rare earth), including Mg5Gd, Mg5Y and Mg5Nd, as well as dissolving Zn

metastable precipitate in Mg-RE(rare earth), including Mg3Gd, Mg3Y and Mg3Nd, as well as dissolving Zn

High-pressure phase in the Mg-Ni-H system, important to hydrogen storage

MgH,, important to hydrogen storage
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TCMGS8 Models for the Included Phases

Pearson

Prototype Strukturbericht Symbol Space Group Info Sublattices Formula Unit

(AG, AG1AL1, AG1CU1, AG1H1, AG2, AL, AL1CU1, AL1H1, AL1H2, AL1H3,
AL1SB1, AL2, BI, BI1H1, BI1H3, BI2, BI3, BI4, CA, CA1H1, CA2, CE, CU, CU2,
CUH, DY, ER, FE, FE1H1, FE2, GA, GA1H1, GA1SB1, GA1SB2, GA2, GD, H,
H1IN1, H1K1, H1LI1, HIMN1, HINA1, HINI1, H1SB1, H1SI1, H1SR1, H1ZN1,
H1ZR1, H2, H2SI1, H3SB1, H3SI1, H4SI1, H4SN1, H6SI2, HMG, HO, IN,
IN1SB1, IN1SB2, IN2, K, K1LI1, KINAL, K2, LA, LI, LIINA1, LI2, MG, MG2, MN,
NA, NA2, ND, NI, NI2, PR, SB, SB2, SB3, SB4, SC, S|, SI2, SI3, SM, SN, SN2, SR,
SR2,TH, Y, ZN, ZR, ZR2)1

GAS Gas 1

(AG, AL, AL2SM, BI, BI2MG3, BI3CA5_N, CA, CA2SN, CE, CU, DY, ER, FE, GA,
LiQuib Liquid 1 GD, H, HO, IN, K, LA, LI, MG, MG2SN, MG3SB2, MN, NA, ND, NI, PR, SB, SC,
SI, SM, SN, SNSR2, SR, TH, Y, ZN, ZR, 7Z)1

Body-Centered Cubic (AG, AL, BI, CA, CE, CU, DY, ER, FE, GD, HO, IN, K, LA, LI, MG, MN, NA, ND, NI,

BCC_A2 (W, AZ, bec) A2 cl2 (229, Im-3m) 2 PR, SC, SI, SM, SN, SR, TH, Y, ZN, ZR)1(H, VA)3

A B2 phase

described with

:gdpj';::f"'”g (AG, AL, BI, CA, CE, CU, DY, ER, FE, GD, HO, IN, K, LA, LI, MG, MN, NA, ND, NI,

° PR, SC, SI, SM, SN, SR, TH, Y, ZN, ZR)0.5(AG, AL, BI, CA, CE, CU, DY, ER, FE,

Bec_B2 CsCl(82) B2 cp2 (221, Pm-3m) havinga 3 GD, HO, IN, K, LA, LI, MG, MN, NA, ND, NI, PR, SC, SI, SM, SN, SR, TH, Y, ZN,

contribution

! ZR)0.5(H, VA)3

from its

disordered

counterpart.

B2 phases

modeled
B2_BCC cscl (B2) B2 P2 (221, Pm-3m) 2 (AG, CU, NI, ZN)0.5(CE, GD, ND, PR, Y, ZR)0.5

separately from

A2

LaMg, MgNd,

Ndzn, CeMg,

' ’ (AG, AL, CU, IN, MG, MN, ND, SN, ZN)0.5(AG, CA, CE, CU, DY, ER, GD, HO, IN,

B2_MGR CsCl (B2) B2 cP2 (221, Pm-3m) CeZn, Mgy, YZn, 2 LA, MG, ND, PR, SC, SM, SN, Y, ZR)0.5

GdMg, GdZn,

MgSm, AgMg

(141, 14_

BCT_AS beta-Sn (A5) AS t14 1 (AG, AL, BI, IN, SB, SN, SR, ZN)1

1/amd)
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Prototype Strukturbericht :;:'r:sln Space Group Sublattices Formula Unit
CBCC_A12 alpha-Mn (A12) A12 cl58 (217, 1-43m) 2 (AL, CU, FE, IN, MG, MN, NI, SI, SN, ZN, ZR)1(VA)1
CUB_A13 beta-Mn (A13) A13 cP20 (213, P4_132) 2 (AG, AL, CA, CE, CU, FE, IN, MG, MN, NI, S, SN, ZN, ZR)1(VA)1
DHCP alpha-La (A3") A3’ hpa (194, P6_ ) (AG, AL, CA, CE, CU, DY, GD, IN, LA, MG, MN, ND, NI, PR, SN, SR, Y, ZR)1(H,
3/mmc) VA)2
DIAMOND_A4 Diamond (A4) A4 cF8 (227, Fd-3m) 1 (AL, SI, SN, ZN)1
Face-Centered Cubic (AG, AL, BI, CA, CE, CU, FE, GD, IN, K, LA, LI, MG, MN, NA, ND, NI, PR, SC, SI,
FCC AL (Cu, AL, fec) Al cFa (225, Fm-3m) 2 SM, SN, SR, TH, Y, ZN, ZR)1(H, VA)1
L12 phases,
CaSn3, LaSn3,
Bogdanovite (Cu3Au, Mg1.2In2.8, (AL, CA, CE, IN, LA, MG, ND, PR, SC, SM, SN, TH, Y)1(AG, AL, CE, IN, MG, ND,
L12_Fcc 112) L12 cha (221, Pm-3m) Celn3, NdIn3, 2 NI, PR, SN, ZR)3
Scin3, Prin3,
Thin3
HCP A3 Hexagonal Close A3 hp2 (194, P6_ 2 (AG, AL, BI, CA, CE, CU, DY, ER, FE, GA, GD, HO, IN, K, LA, LI, MG, MN, NA,
- Packed (Mg, A3, hcp) 3/mmc) ND, NI, PR, SB, SC, SI, SM, SN, SR, TH, Y, ZN, ZR)1(H, VA)0.5
FE2SI AINi2 hP6 (164, P-3m1) 2 (FE)2(SI)1
) (123,
FESI2_H FeSi2-h tP3 pa/mmm) 2 (FE)3(MG, SI)7
FESI2_L FeSi2-| 0548 (64, Cmce) 2 (FE)1(S1)2
Al2Zr, Cali2,
14 LAVES MgZn2 Hexagonal 14 hP12 (194, P6_ CaMg2, Mg2sr, ) (AL, CA, CU, GD, LI, MG, MN, NA, NI, SR, Y, ZN)2(AL, CA, CE, CU, DY, ER, GD,
- Laves (C14) 3/mmc) Mg2Y, MgZn2, HO, K, LA, MG, MN, ND, PR, SC, SR, TH, VA, Y, ZN, ZR)1
Mn2Zr, Na2K
Itincludes 18
Cu2Me Cubic Laves compounds, e.g. (AL, CA, CU, DY, ER, FE, GD, HO, IN, LA, LI, MG, MN, ND, NI, SI, SN, Y, ZN,
C15_LAVES (C15) g C15 cF24 (227, Fd-3m) Al2Ca, Al2Ce, 3 ZR)2(AL, CA, CE, CU, DY, ER, FE, GD, HO, IN, LA, LI, MG, ND, NI, PR, SC, SI,
Cu2Mg, Fe2Gd, SM, SN, SR, TH, Y, ZN, ZR)1(H, VA)2
Mg2Gd

C36_LAVES MgNi2 Hexagonal Laves C36 hP24 (194, P6_ MgNi2 type 2 (AL, CU, FE, GD, MG, MN, NI, ZN)2(AL, CA, CU, DY, ER, GD, HO, MG, NI, TH,
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MG2SI_C1

MSI_B20

M5SI3_D88

AG51R14

MGA41R5

XZN13

AL3R

MG3R_D03

L21_RMGZN2

ALR_0OS16

(C36)

Fluorite (CaF2, C1)

FeSi (B20)

Mavlyanovite (Mn5Si3,
D88)

Ag51Gd14

Ce5Mg41l

Nazn13 (D23)

AL3HO

BiF3 (D03)

Heusler (L21)

AlCe

C1

B20

D88

D23

D03

L21

cF12

cP8

hP16

hP68

t192

cF112

hR20

cF16

cF16

0516

3/mmc)

(225, Fm-3m)

(198, P2_13)

(193, P6_
3/mcm)

(175, P6/m)

(87, 14/m)

(226, Fm-3c)

(166, R-3m)

(225, Fm-3m)

(225, Fm-3m)

(63, Cmcm)

phase, also
includes MgNi2,
(Cu,zn)2Mg,
(Al,Mg)2Ca

This is also Si2Ni
& Mg2Sn

FeSi & MnSi

Fe5Si3, Gd5Si3,
Mn5Si3, Y5Si3,
2Zr5Si3, also
LA5SN3(HT)

AG51PR14,
AG51CE14,
AG51LA14

Mg41La5s,
Mg41Ce5,
Mg41NdS,
Mg41Pr5,
Mg41Sm5

Cazn13, Lazn13,
Nazn13, SrZn13

MG3CE, GDMG3,
MG3ND, MG3PR,
MG3LA, Mg3Sm

isostructural to
GdMg3:
CeMgZn2,
GdMgzn2,
MgZn2Y, aka W

a phase based on
ALCE, ALLA, ALPR

N, ZR)1

(BI, MG, SI)2(BI, MG, NI, SI, SN)1

(FE, MN)1(MG, SI)1

(CE, FE, GD, LA, MN, ND, PR, SM, Y, ZR)5(IN, SI, SN)3

(AG)51(CE, LA, PR)14

(MG, ZN)41(CA, CE, DY, GD, LA, ND, PR, SM, SR, Y)5

(CA, LA, NA, SR)1(ZN)13

(AL)3(DY, ER, HO)1

(LI, MG, ZN)3(CA, CE, DY, ER, GD, LA, MG, ND, PR, SM, SR, Y, ZR)1

(CE, GD, Y)1(MG)1(MG, ZN)2

(AL)1(CE, LA, PR)1
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(rt)

CAS5SI3, CA5SN3,

CA5AG3,
CA5X3 Cr5B3 (D8I) D8l 132 (140, 14/mcm) CASZN3. also 2 (CA, LA, SR)5(AG, SI, SN, ZN)3

La5Si3

based on Bi and
RHOMBO_A7 alpha-As (A7) A7 hR2 (166, R-3m) b 1 (BI, SB, SN, ZN)1

(191,
RM5 CaCu5 (D2d) D2d hP6 2 (CA, CE, GD, LA, ND, SR, Y)1(AG, CU, IN, NI, ZN)5
P6/mmm)

CU6R CeCub oP28 (62, Pnma) 2 (CU)6(CE, GD, LA, ND)1
XZ2_C16 Khatyrkite (Al2Cu, C16) C16 t112 (140, 14/mcm) 2 (AG, AL, CU, FE, NI, SI, ZN, ZR)1(AL, FE, IN, SN, TH, ZR)2
X3NI Cementite (Fe3C, D0O11) D011 oP16 (62, Pnma) 2 (AL, GD, LA, NI, PR, Y)3(NI, SI)1
MR_B27 FeB (B27) B27 oP8 (62, Pnma) 2 (CU, NI, SI, ZN)1(CE, GD, LA, ND, PR, SR, Y, ZR)1
M2R KHg2 ol12 (74, Imma) 2 (AG, AL, CU, MG, ZN)2(CA, CE, DY, ER, GD, HO, LA, ND, PR, SR, Y)1
M3R Ni3Pu hR12 (166, R-3m) 2 (FE, N1)3(CA, GD, LA, MG, PR, TH, Y)1
MG17SR2 Th2Zn17 hR19 (166, R-3m) 3 (CE, GD, LA, ND, PR, SR, TH, Y)2(AL, FE, MG, NI, ZN)17(H, VA)14
CE2ZN17 Th2Zn17 hR19 (166, R-3m) 2 (CE)0.105(MG, ZN)0.895
FE17ND2 Th2zZn17 hR19 (166, R-3m) 2 (FE)1(ND)0.1176
FE17PR2 Th2Zn17 hR19 (166, R-3m) 2 (FE)17(PR)2
FE17TH2 Th2Zn17 hR19 (166, R-3m) 2 (FE)0.89(TH)0.11
MN17ND2 Th2Zn17 hR19 (166, R-3m) 2 (MN)17(ND)2
NI7PR2 Th2Zn17 hR19 (166, R-3m) 2 (N1)0.7778(PR)0.2222
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M23R6 Th6Mn23 (D8a) D8a cF116 (225, Fm-3m) 2 (AL, FE, MG, MN)23(CE, GD, ND, PR, SR, TH, Y, ZR)6
XR CrB (B33) B33 0S8 (63, Cmcm) 2 (AG, AL, MG, NI, SI, SN, ZN)1(CA, CE, GD, LA, ND, PR, SC, SR, Y, ZR)1
(141, 14_
R3ZN22 Ce3Zn22 t1100 2 (CE, GD, LA, ND, PR)0.12(ZN)0.88
1/amd)
(141, 14_
RZN11 BaCd11l t148 1/amd) 2 (CA, LA, ND, PR)1(ZN)11
MS5R AuBe5 (C15b) C15b cF24 (216, F-43m) 2 (CU, NI, ZR)5(GD, VA, ZR)1
Xz2_C37 Co2Si (C37) C37 oP12 (62, Pnma) 2 (AL, SI, SN)1(CA, DY, ER, GD, HO, MG, ND, NI, PR, SM, SR, Y)2
ALR_OP16 DyAl oP16 (57, Pbcm) 2 (AL)1(DY, ER, GD, HO, ND, PR, SM)1
(139,
AL11LA3_H Al4Ba (D13) D13 t110 2 (AL)11(LA, SM)3
14/mmm)
AL1IND3_H Al4Ba (D13) D13 t110 (139, 2 (AL)11(ND)3
- 14/mmm)
AL11PR3_H Al4Ba (D13) D13 t110 (139, 2 (AL)11(PR)3
- 14/mmm)
AL11R3 Al11la3 ol28 (71, Immm) 2 (AL, ZN)11(CE, LA, ND, PR, Y)3
GD3ZN11 AlllLa3 0l28 (71, Immm) 2 (DY, GD)0.214(ZN)0.786
CE3ZN11 All1la3 ol28 (71, Immm) 2 (CE)0.214(MG, ZN)0.786
R7M3 Fe3Th7 (D102) D102 hP20 (186, P6_3mc) 2 (CE, LA, PR, TH)0.7(FE, NI)0.3
MG12R Mn12Th (D2b) D2b t126 I(i/ar?l,mm) 2 (AL, MG, MN, ZN)12(CE, DY, ER, GD, HO, LA, ND, PR, SR, Y)1
RSI2 Gdsi1.4 ol12 (74, Imma) 2 (LA, Y)1(S1)2
RZN3 Zn3Y oP16 (62, Pnma) 2 (DY, ER, GD, HO, ND, PR, Y)1(ZN)3
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AL2R3 Zr3A12 tP20 (136, P4_ 2 (AL, ZN)0.4(DY, ER, HO, Y, ZR)0.6
2/mnm)
R5SI4 Sidzrs tP36 (92,P4_12_ 2 (LA, MG, ZR)5(S1)4
12)
M10ZR7 Ni10Zr7 0568 (64, Cmce) 2 (CU, NI)10(zR)7
. (127,
R3SI12 Si2U3 (D5a) D5a tP10 P4/mbm) 2 (LA, MG, ZR)3(SI)2
R2NI7 Ce2Ni7 hP36 (194, P6_ 2 (CE, LA, MG, Y)2(NI)7
3/mmc)
(194, P6_
RZN5 Erzn5 hP36 3/mmc) 2 (ER, HO)1(zN)5
ALLA3 Ni3sn (D019) D019 hpg (194, P6_ 2 (AL)L(LA)3
3/mmc)
ALND3 Ni3sn (D019) D019 hpg (194, P6_ 2 (ALL(ND)3
3/mmc)
AL3LA Ni3Sn (D019) D019 hP8 (194, P6_ 2 (AL)3(CE, GD, LA, ND, PR, SM, Y)1
3/mmc)
MG3R_D019 Ni3Sn (D019) D019 hP8 (194, P6_ 2 (MG)3(GD, ND, Y, ZN)1
3/mmc)
) (194, P6_
SC3IN Ni3Sn (D019) D019 hP8 3/mmc) 2 (SC)3(IN)1
) (194, P6_
NI3IN1 Ni3Sn (D019) D019 hP8 3/mmc) 2 (N1)3(IN)1
IN3SR1 Ni3sn (D019) D019 hpg (194, P6_ 2 (IN).75(SR)0.25
3/mmc)
) (194, P6_
NI3ZR Ni3Sn (D019) D019 hP8 3/mmc) 2 (N1)3(ZR)1
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AL4SR Al4Ba (D13) D13 tl10 (139, 2 (AL, MG)0.8(CA, SR)0.2
14/mmm)
ALACA Al4Ba (D13) D13 tl10 (139, 2 (AL, MG)4(CA, SM, SR)1
14/mmm)
(139,
ALACE Al4Ba (D13) D13 tl10 14/mmm) 2 (AL)0.8(CE)0.2
(139,
KIN4 Al4Ba (D13) D13 tl10 14/mmm) 2 (IN)0.8(K)0.2
(139,
THZN4 Al4Ba (D13) D13 tl10 14/mmm) 2 (TH)1(zN)4
AL4SM_D1B Al4U (D1b) D1b 0l20 (74, Imma) 2 (AL)4(SM)1
RHOMB_C19 alpha-Sm (C19) Cc19 hR3 (166, R-3m) 1 (AL, GD, MG, SM)1
) (194, P6_
NI2IN_HT Ni2In (B82) B82 hP6 3/mma) 3 (NI, VA)L(NI)1(IN, NI)1
) (194, P6_
NI2IN_LT Ni2In (B82) B82 hP6 3/mmd) 2 (LA, NI)2(IN)1
X2IN Ni2In (B82) B82 hP6 (194, P6_ 2 (CE, GD, MN, ND, PR, SC, Y, ZR)2(AL, IN, SN)1
3/mmc)
NI3SN2_H Ni2In (B82) B82 hP6 (31/?:;;?_ 3 (N1)0.33333(NI, SN)0.33334(SN)0.33333
ALCU_EPS Ni2In (B82) B82 hP6 (194, P6_ 2 (AL, CU, NI, ZN)1(CU, FE)1
3/mmc)
CU2IN_BS82 Ni2In (B82) B82 hP6 (194, P6_ 3 (CU, MG)1(CU, VA)1(IN)1
3/mmc)
) (194, P6_
ETA Ni2In (B82) B82 hP6 3/mma) 3 (Cu)1(CU, SN)1(SN)1
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) (194, P6_
FESSN3 Ni2In (B82) B82 hP6 3/mma) 2 (FE)5(SN)3
MG2NI9Y LaMg2Ni9 hR36 (166, R-3m) 3 (MG)2(N1)9(Y)1
~ (193, P6_ (MG)70(CE, DY, ER, GD, HO, LA, MG, ND, PR, SC, SM, Y)8(AL, CU, MG, NI,
LPSO_14H LPSO-14H hP170 3/mem) 4 ZN)6(MG)1
LPSO_18R LPSO-18R mS146 (12, C2/m) 2 (MG)58(CE, DY, ER, GD, HO, LA, MG, ND, PR, SC, SM, Y)8(AL, CU, MG, NI,
ZN)6(MG)1
CE13ZN58 Gd13Zn58 hP142 (194, P6_ 2 (CE)0.183(zZN)0.817
3/mmc)
(194, P6_
GD13ZN58 Gd13Zn58 hP142 3/mmc) 2 (DY, ER, GD, HO)0.183(MG, ZN)0.817
PR13ZN58 Gd13Zn58 hP142 (194, P6_ 2 (PR)0.1831(ZN)0.8169
3/mmc)
) (194, P6_
GD2ZN17_L Ni17Th2 hP38 2 (DY, ER, GD, HO)0.105(AL, MN, ZN)0.895
3/mmc)
GD2ZN17_H Th2Zn17 hR19 (166, R-3m) 2 (DY, ER, GD, HO, SM)0.105(ZN)0.895
|_MGRZN Quasicrystal 3 (DY, ER, GD, HO, Y)0.1(MG, ZN)0.3(MG, ZN)0.6
LAMGZN_T1 Unknown Structure 2 (LA)0.08(MG, ZN)0.92
LAMGZN_T2 Unknown Structure 3 (LA)0.21(ZN)0.57(MG, ZN)0.22
LAMGZN_T3 Heusler (L21) 121 cF16 (225, Fm-3m) 3 (DY, ER, HO, LA, PR)1(MG, ZN)2(MG)1
LI2MGIN Heusler (L21) L21 cF16 (225, Fm-3m) 3 (L1)2(MG)1(IN)1
) (139,
AG2Y MoSi2 (C11b) Clib tl6 2 (AG)0.667(Y)0.333
14/mmm)
CU2SC_C11B MosSi2 (C11b) C11b tl6 (139, 2 (AG, AL, CU)2(SC)1
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14/mmm)
) (139,
CUZR2 MoSi2 (C11b) Clib tl6 2 (CU, ZN)0.333(ZR)0.667
14/mmm)
Y13ZN58 Y13Zn58 hP146 (194, P6_ 2 (Y)13(ZN)58
3/mmc)
ND13ZN58 Y13Zn58 hP146 (194, P6_ 2 (ND)0.183(ZN)0.817
3/mmc)
MgZn2 Hexagonal (194, P6_
T1_MGZNZR Laves (C14) C14 hP12 3/mmc) 3 (MG)0.2633(ZN)0.6667(ZR)0.07
T2_MGZNZR Unknown Structure 3 (MG)0.1633(ZN)0.6667(ZR)0.17
T3_MGZNZR Unknown Structure 3 (MG)0.1133(ZN)0.6667(ZR)0.22
T4_MGZNZR Unknown Structure 3 (MG)0.086(ZN)0.84(ZR)0.074
AL3DY_D024 Ni3Ti (D024) D024 hP16 (194, P6_ 2 (AL3(DY)1
3/mmc)
R5SN3_D8M W5Si3 (D8m) D8m t132 (140, 14/mcm) 2 (LA, PR, Y)5(SN)3
RASN3_D73 Th3P4 (D73) D73 cl28 (220, 1-43d) 2 (SM)4(SN)3
R5SN4_OP36 Sm5Ge4 oP36 (62, Pnma) 2 (CE, LA, ND, PR, SM, Y)5(SN)4
ND4SN5 Unknown Structure 2 (ND)4(SN)5
PR5SN4_HT Unknown Structure 2 (PR)5(SN)4
(139,
R11SN10 GelOHo11 t184 2 (CE, LA, ND, SM, Y)11(SN)10
14/mmm)
R3SN5_0S32 Pd5Pu3 0532 (63, Cmcm) 2 (CE, LA, ND, PR, SR)3(SN)5
PR3SN5_HT Unknown Structure 2 (PR)3(SN)5
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R2SN3 Nd2sn3 aP20 (2, P-1) 2 (CE, LA, ND, PR, SM)2(SN)3
RSN2 Ga2Zr 0S12 (65, Cmmm) 2 (ND, PR, SM, Y)1(SN)2
R2SN5 Ce2Sn5 0528 (65, Cmmm) 2 (CE, ND, PR, Y)2(SN)5
R3SN7 Ce3Sn7 0S20 (65, Cmmm) 2 (, CE, ND, PR)3(SN)7
MGRESN_TI12 CeMgsn 1112 (139, 3 (MG)1(ND, PR, Y)1(SN)1

14/mmm)

MGRESN_OP12 TiNiSi oP12 (62, Pnma) 3 (MG)1(CE, LA)1(SN)1
MGRESN2 LaMgSn2 t132 (121, 1-42m) 3 (MG)1(CE, LA, ND, PR)1(SN)2
MG23RE6SN SizZn237r6 cF120 (225, Fm-3m) 3 (MG)23(CE, LA, ND, PR)6(SN)1
MGPRSN_T4 Unknown Structure 3 (MG)0.56(PR)0.17(SN)0.27
MGPRSN_T5 Unknown Structure 3 (MG)0.42(PR)0.335(SN)0.245
MGPRSN_T6 Unknown Structure 3 (MG)0.38(PR)0.25(SN)0.37
MGPRSN_T7 Unknown Structure 3 (MG)0.2(PR)0.35(SN)0.45
LAMGSN_T2 Cu4si2zr3 hP9 (189, P-62m) 3 (LA)3(MG)4(SN)2
LAMGSN_T3 Unknown Structure 3 (LA)25(MG)40(SN)35
LAMGSN_T4 LaMg3Ge2 hP34 (163, P-31¢) 3 (LA)1(MG)2.65(SN)2
LAMGSN_T6 Unknown Structure 3 (LA)25(MG)35(SN)40
LAMGSN_T7 Unknown Structure 3 (LA)35(MG)20(SN)45
MGNDSN_T4 Unknown Structure 3 (MG)40(ND)33.3(SN)26.7
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MGNDSN_T5 Unknown Structure 3 (MG)44(ND)22(SN)34
MGNDSN_T6 Unknown Structure 3 (MG)40(ND)24(SN)36
MGNDSN_T7 Unknown Structure 3 (MG)16(ND)39(SN)45
CEMGSN_T4 Cu4si2zr3 hP9 (189, P-62m) 3 (CE)3(MG)4(SN)2
CEMGSN_TS Unknown Structure 3 (CE)22(MG)44(SN)34
CEMGSN_T6 Unknown Structure 3 (CE)24(MG)40(SN)36
AGPRSN_T1 GaGeli hP6 (31/?;‘;“2?— 3 (AG)1(PR)1(SN)1
AGPRSN_T2 CuHf5Sn3 hP18 (31/?1:]?_ 3 (AG)1(PR)5(SN)3
AGPRSN_T3 Cu4Gd3Ged ol22 (71, Immm) 3 (AG)4(PR)3(SN)4
SBSN Sbsn hR8 (166, R-3m) 2 (SB, SN, VA)4(SB)3
SB3SN4 Sn4As3 hrR7 (166, R-3m) 2 (SB)3(SN)4
AG9CA2 Unknown Structure 2 (AG)0.818182(CA)0.181818
AG7CA2 Ag7Yb2 0536 (63, Cmcm) 2 (AG)0.777778(CA)0.222222
AGCA3 Unknown Structure 2 (AG)0.25(CA)0.75
AGACE Unknown Structure 2 (AG)4(CE)1
AG2GD MoSi2 (C11b) c11b tl6 (139, 2 (AG)0.667(GD)0.333

14/mmm)

AG51GD14 Ag51Gd14 hP68 (175, P6/m) 2 (AG)0.785(GD)0.215
AG2IN_D83 gamma-brass (Cu9Al4, D83 cP52 (215, P-43m) 2 (AG)0.68(IN)0.32
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D83)
AGSLA Eﬁizz(cqi’;agma' c14 hP12 (31/?:['“'1?— 2 (AG)5(LA)1
AGMG4 Ag9Mg37 hP116 (176, P6_3/m) 2 (AG)0.2(MG)0.8
AGMG3 Hf540s17 ol142 (71, Immm) 2 (AG, CU, SN)0.23(CU, IN, MG)0.77
AG51ND14 Ag51Gd14 hP68 (175, P6/m) 2 (AG)0.785(ND)0.215
AG2ND_H Unknown Structure 2 (AG)0.666667(ND)0.333333
AG2PR Unknown Structure hP* 2 (AG)2(PR)1
AG5PR Unknown Structure 2 (AG)5(PR)1
AGA4SC Ni4Mo (D1a) Dla t110 (87, 14/m) 2 (AG, AL)0.8(5C)0.2
AG3SN1 beta-TiCu3 (DOa) DOa oP8 (59, Pmmn) 2 (AG)0.75(AG, SN)0.25
AGASR Unknown Structure 2 (AG)4(SR)1
AGSR SrAg oP16 (62, Pnma) 2 (AG)1(SR)1
AG2SR3 Er3Ni2 hR15 (148, R-3) 2 (AG)2(SR)3
AGY csCl (B2) B2 cP2 (221, Pm-3m) 2 (AG)0.5(Y)0.5
AG51Y4 Ag51Gd14 hP68 (175, P6/m) 2 (AG)0.785(Y)0.215
AG1ZN1 zeta-AgZn (Bb) Bb hP9 (147, P-3) 2 (ZN)1(AG, ZN)2
AGZN3 ;'::;eggr(‘;:gc':;e hep) A3 hP2 (31;::’;12?— 1 (AG, ZN)1
AG5ZN8 gDaS’;)ma'brass (CusZns, D82 cl52 (217, 1-43m) 4 (AG, ZN)2(AG)2(AG, ZN)3(AG, ZN)6
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AG1ZR1 gamma-CuTi (B11) B11 P4 Liz/i'mm) 2 (AG)0.5(ZR)0.5

AGZR2 cuzr2 116 (139, 2 (AG)0.3333(ZR)0.6667
14/mmm)

AL14CA13 Al14Ca13 ms54 (12, C2/m) 2 (AL, MG, ZN)14(CA)13

AL3CAS Ca8in3 aP22 (2, P-1) 2 (AL)3(CA, MG)8

AL3CE_H Ni3Sn (DO19) D019 hPs (31/?:;;?— 2 (AL)0.75(CE)0.25

ALCE2 Unknown Structure 2 (AL)0.3333(CE)0.6667

ALRE3 ffzg)da"m’ite (Cu3Au, L12 P4 (221, Pm-3m) 2 (AL, IN)1(CE, PR)3

ALCE3_L Ni3Sn (D019) D019 hPs glli:‘r'nzf;— 2 (AL)0.25(CE)0.75

ALCU_DEL AlsCu8 hR52 (160, R3m) 2 (AL, ZN)2(CU, FE)3

ALCU_ETA AlCu(r) ms20 (12, C2/m) 2 (AL, CU)1(AG, CU)1

ALCU_PRIME Alocu11(h) oF8s8 (42, Fmm2) 2 (AL)2(CU)L

ALCU_ZETA Alocu11(h) oF88 (42, Fmm2) 2 (AL)9(AG, CU)11

GAMMA_D83 gDasrg)ma'brass (CusAl4, D83 cP52 (215, P-43m) 3 (AL, S)4(AL, CU, SI)1(AG, CU)8

GAMMA_H gDasrg)ma'brass (CusZns, D82 cl52 (217, 1-43m) 3 (AL)4(AL, CU)1(AG, CU)8

AL13FE4 Al13Fed ms102 (12, C2/m) 3 (AL)0.6275(FE, MN)0.235(AL, VA)0.1375

AL2FE Al2Fe aP18 (1,P1) 2 (AL)2(FE, MN)1
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3/mmc)

ALSFE2 Al2.8Fe 0524 (63, Cmcm) 2 (AL)5(FE, MN)2

AL2GD3 Gd3AI2 tP20 (102, P4_2nm) 2 (AL)2(GD)3

AL53LA22 Hexagonal omega (C32) Cc32 hP3 (191, 2 (AL)0.707(LA)0.293
P6/mmm)

AL2LI3 Li3AI2 hrs (166, R-3m) 2 (AL, MG)2(LI)3

ALLI2 Li2Ga oS12 (63, Cmcm) 2 (AL)1(LI)2

ALALI9 Al4Li9 ms26 (12, C2/m) 2 (AL)4(LI)9

AL1LIL NaTl (B32) B32 cF16 (227, Fd-3m) 2 (AL, LI, MG)1(LI, MG, VA)1

ALMG_BETA Al45Mg28 cF1832 (227, Fd-3m) 2 (AL, ZN)140(LI, MG)89

ALMG_EPSILON AI30Mg23 hR53 (148, R-3) 2 (AL, ZN)30(MG)23

AL12MG17_A12 alpha-Mn (A12) A12 cl58 (217, 1-43m) 3 (GD, LI, MG)10(AL, CA, MG, ZN)24(AL, MG, NI, ZN)24

LTAL11IMN4 Al11Mn4 aP15 (2,P-1) 2 (AL)11(FE, MN)4

AL12MN Al12W cl26 (204, Im-3) 2 (AL)12(MN)1

AL6MN MnAl6 (D2h) D2h 0528 (63, Cmcm) 2 (AL)6(FE, MN)1

ALAMN mu-Al4Mn hP574 gl/?:r;‘i?— 2 (AL)4(FE, MN)1

R_ALAMN lambda-Al4Mn hP586 (176, P6_3/m) 2 (AL)461(FE, MN)107

AL3NI2 AI3Ni2 (D513) D513 hpP5 (164, P-3m1) 3 (AL)3(AL, MG, NI)2(NI, VA)1

AL3NIS Ga3Pt5 0516 (65, Cmmm) 2 (AL)0.375(N1)0.625

ALPR3_L Ni3Sn (D019) D019 hP8 (194, P6_ 2 (AL)1(PR)3
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AL7SR8 Bag8Ga7 cP60 (198, P2_13) 2 (AL)0.46667(CA, SR)0.53333
AL3SR8 Unknown Structure 2 (AL)0.27273(SR)0.72727
AL3Y_H BaPb3 hR12 (166, R-3m) 2 (AL)0.75(Y)0.25
AL3ZR5 WS5Si3 (D8m) D8m t132 (140, 14/mcm) 2 (AL)0.375(ZR)0.625
(191,
AL3ZR4 Al3zr4 hP7 2 (AL)0.42857(ZR)0.57143
P6/mmm)
AL4ZR5 Ti5Ga4d hP18 (193, P6_ 2 (AL)0.44444(ZR)0.55556
3/mcm)
AL3ZR2 Zr2A13 oF40 (43, Fdd2) 2 (AL)0.6(ZR)0.4
(139,
AL3ZR1 AlI3Zr (D023) D023 tl16 2 (AL, IN, MG)0.75(ZR)0.25
14/mmm)
BI2CAL ZrSi2 (C49) c49 0512 (63, Cmcm) 2 (B1)2(CA)1
(139,
BI10CA11l GelOHoll t184 2 (BI)10(CA)11
14/mmm)
BI3CAS beta-Yb5Sb3 oP32 (62, Pnma) 2 (BI)3(CA)5
(139,
BICA2 La2Sh t112 14/mmm) 2 (BI)1(CA)2
BI2MG3_LT La203 (D52) D52 hP5 (164, P-3m1) 2 (BI, SN, VA)2(MG)3
BI2MG3_HT Bixbyite (Mn203, D53) D53 cl80 (206, 1a-3) 3 (BI, SN)1(BI, SN, VA)3(MG)6
) (194, P6_
BIMN_LT NiAs (B81) B81 hP4 3/mmc) 2 (BI)1(MN)1
BIMN_HT Mn2.23Bil1.88 oP10 (51, Pmma) 2 (BI)1(MN)1.08
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CACUS CaCus (D2d) D2d hP6 (191, 2 (CA)0.1667(CU)0.8333
P6/mmm)
CAICUL alpha-CaCu mP20 (11, P2_1/m) 2 (CA)0.5(CU)0.5
cA2CU ca2cu oP12 (62, Pnma) 2 (CA)0.6667(CU)0.3333
CASIN3 Ca8in3 aP22 (2,pP-1) 2 (CA)8(IN)3
CALIN2 Caln2 hP6 gl/i:‘r'nﬁ— 2 (CAL(IN)2
CANI2 (Cculzs'\)"g Cubic Laves 15 cF24 (227, Fd-3m) 2 (CA)0.333(N1)0.667
CA2NI7 Co7Gd2 hR18 (166, R-3m) 2 (CA)0.2222(N1)0.7778
CA3Sl4 Ca3si4 hP42 (176, P6_3/m) 2 (CA)0.428571(S1)0.571429
CA145119 Cal4si19 hR66 (167, R-3¢) 2 (CA)0.424242(S1)0.575758
CASI2 casi2 (C12) c12 hR6 (166, R-3m) 2 (CA)0.333333(S1)0.666667
CA2SN_X CrB (B33) B33 058 (63, Cmcm) 3 (CA, MG)1(CA)L(SN)1
CA365N23 Sn23Yb36 tP118 (127, 2 (CA)36(5N)23
P4/mbm)

CA315N20 PU31Rh20 11204 (140, 14/mcm) 2 (CA)31(SN)20
CA7SN6 Ca7sn6 oP52 (62, Pnma) 2 (CA)7(SN)6
CA3ZN Re3B 0516 (63, Cmcm) 2 (CA)3(zN)1
CAZN3 cazn3 hP32 gl/i:‘r'nﬁ— 2 (CA)L(ZN)3
CUSCE (C,\j’;’)pz?'(”) Azide [Cu oP28 (62, Pnma) 2 (CU)0.857(CE)0.143
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CUSCE CaCus5 (D2d) D2d hP6 (191, 2 (CU)0.833(CE)0.167
P6/mmm)

CU4CE Unknown Structure oP20 2 (CU)0.8(CE)0.2

CU2CE KHg2 ol12 (74, Imma) 2 (CU, IN)0.667(CE, LA)0.333

CEGD3 alpha-Sm (C19) c19 hR3 (166, R-3m) 1 (CE, GD)1

CE5IN4 Unknown Structure 2 (CE)5(IN)4

CE9IN11 Unknown Structure 2 (CE)9(IN)11

CE3IN5 Pd5Pu3 0532 (63, Cmcm) 2 (CE)3(CE, IN)5

CENI3 CeNi3 hP24 (194, P6_ 2 (CE)0.25(N1)0.75
3/mmc)

CENI2 fculzs'\)"g Cubic Laves 15 cF24 (227, Fd-3m) 2 (CE, NI)0.333(CE, N1)0.667

CEZN2 KHg2 ol12 (74, Imma) 2 (CE)0.333(MG, ZN)0.667

CEZN3 Cezn3 0516 (63, Cmcm) 2 (CE)0.25(zN)0.75
(191,

CEZNS CaCus5 (D2d) D2d hP6 2 (CE)0.167(MG, ZN)0.833
P6/mmm)

CEZN11 BaCd11 t148 (141, 14_ 2 (CE)0.083(MG, ZN)0.917
1/amd)

CU9GD2 Unknown Structure t** 2 (CU)9(GD)2

CU7GD2 Unknown Structure 2 (CU)7(GD)2

CUH_B3 Zincblende (ZnS, B3) B3 cF8 (216, F-43m) 2 (CU)1(H)1

CUH_B4 Wurtzite (ZnS, B4) B4 hP4 (186, P6_3mc) 2 (CU)1(H)1
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CU9IN4_D83 gDaS';)ma'brass (CusAld, D83 P52 (215, P-43m) 3 (CU)0.654(CU, IN)0.115(IN)0.231
CU7IN3 Cu7In3 aP40 (2, P-1) 2 (CU, MG)0.7(IN)0.3
CU2IN_LT Unknown Structure 2 (CU)0.64(IN)0.36
CU11IN9 AlCu(r) mS20 (12, €2/m) 2 (CU)0.55(IN)0.45
CU37LA3 Nazn13 (D23) D23 cF112 (226, Fm-3c) 2 (CU)37(LA)3
CUBLA_L Cu6la mpP28 (14, P2_1/c) 2 (CU)6(LA)L
CU4LA Cudla t190 (119, 1-4m2) 2 (CU)4(LA)L
CU2LA Hexagonal omega (C32) | €32 hP3 (191, 2 (Cu)2(LA)L
P6/mmm)
CUMG2 Mg2Cu (Cb) Cb oF48 (70, Fddd) 2 (AG, CU, IN, NI)1(IN, MG)2
CU4ND Unknown Structure o** 2 (CU)0.8(ND)0.2
CU7ND2 Unknown Structure 2 (CU)0.77777778(ND)0.22222222
CUND_H Unknown Structure 2 (CU)0.5(ND)0.5
CU6PR Cu6la mpP28 (14, P2_1/c) 2 (CU)0.857(PR)0.143
CUSPR CaCus5 (D2d) D2d hP6 (191, 2 (CU)0.833(PR)0.167
P6/mmm)
CU4PR Unknown Structure o** 2 (CU)0.8(PR)0.2
CU2PR KHg2 ol12 (74, Imma) 2 (CU)0.667(PR)0.333
Cu4sc Unknown Structure tr* 2 (CU)4(sC)1
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cusc CsCl (B2) B2 cP2 (221, Pm-3m) 2 (cu)1(sc)1

CU15SI4_EPSILON Cu15Si4 (D86) D86 cl76 (220, 1-43d) 2 (CU, MG)15(AL, SI)4

CU56S111_GAMMA Mg3Ru2 cP20 (213, P4_132) 2 (CU, MG)56(S1)11

CUSI_ETA Cu3Si-h2 hR* (162, P-31m) 2 (CU)0.76(S1)0.24

CU33SI7_DELTA Unknown Structure 2 (CU)0.825(S1)0.175

CU3SN_H_GAMMA BiF3 (D03) D03 cF16 (225, Fm-3m) 1 (CU, SN)1

CU10SN3 Cu10sn3 hP26 (173, P6_3) 1 (CU, SN)1

CU3SN_L Cu3sn 0580 (63, Cmcm) 2 (CU, SN)3(CU, SN)1

CU41SN11 Cu41sn11l cF416 (216, F-43m) 2 (CU, SN)41(CU, SN)11

CUBSN5 CubSn5 mS44 (15, C2/c) 3 (CU)1(CU, SN)1(SN)1

CUSR BaCu hPs (31/?:;;‘;’— 2 (CU)0.5(SR)0.5

CUTH2 Khatyrkite (Al2Cu, C16) c16 12 (140, 14/mcm) 2 (CU)0.333(TH)0.667

CU2TH Hexagonal omega (C32) C32 hP3 (191, 2 (CU)0.667(TH)0.333
P6/mmm)

CU6TH CeCub oP28 (62, Pnma) 2 (CU)0.857(TH)0.143

CU51TH14 Ag51Gd14 hP68 (175, P6/m) 2 (CU)0.7826(TH)0.2174

cu7Y1 Cu7Tb hPs (191, 2 (cu2, Y)1(cu)5
P6/mmm)

cuay Cu5Y1.25 mP16 (11, P2_1/m) 2 (cua(y)1
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cu7Y2 Ag51Gd14 hP68 (175, P6/m) 2 (cu)7(v)2
CU2Y_H Unknown Structure hP* 2 (CU)2(Y)1
EPSILON :'::;fg’(‘:,:;':;e hep) A3 hp2 (31/?:;;?_ 1 (CU, M, ZN)1
CUZN_GAMMA gDZr;)ma'braSS (Cuszns, D82 cl52 (217, 1-43m) 4 (CU, ZN)2(CU, ZN)2(CU)3(MG, ZN)6
CU51ZR14 Ag51Gd14 hPe8 (175, P6/m) 2 (CU)0.7846(ZR)0.2154
CUSZR3 CusHf3 oP44 (62, Pnma) 2 (CU)0.7273(2R)0.2727
MNI3_L12 fff)da“""ite (Cu3Au, L12 P4 (221, Pm-3m) 2 (FE, MN, NI)1(FE, MN, NI)3
FE17ND5 Fe17Nds hp264 (sl/i’c;‘;— 2 (FE)L(ND)0.2941
FE2SC_C14 'L‘gsiﬁg'li’;ag"“a' cla hpP12 gl/?;‘r;‘i‘;— 2 (FE)0.67(5C)0.33
FE2SC_C36 :\ggg;z Hexagonal laves | ¢ hp24 (31/2:61?)5_ 2 (FE)0.67(SC)0.33
FE2SC_C15 (Cculzs")"g Cubic Laves cis cF24 (227, Fd-3m) 2 (FE)0.64(5C)0.36
FE6SC29 Unknown Structure 2 (FE)0.17(SC)0.83
FE3SN2 Fe3Sn2 hR10 (166, R-3m) 2 (FE)3(SN)2
FESN CoSn (B35) B35 hP6 (191, 2 (FE)L(SN)1
P6/mmm)
FESTH CaCus (D2d) p2d hP6 (191, 2 (FE)0.83(TH)0.17
P6/mmm)
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FE7TH2_L Ce2Ni7 hP36 gl/?:r'nﬁ— 2 (FE)0.78(TH)0.22
FE7TH2_H Th2zn17 hR19 (166, R-3m) 2 (FE)0.78(TH)0.22
FE17Y2 Fel7Lu2 hP8O gl/?:r’npc?— 2 (FE)1(Y)0.1176
FE23Y6 Th6Mn23 (D8a) D8a cF116 (225, Fm-3m) 2 (FE)1(Y)0.2609
GAMMA_FEZN gDZT)ma'braSS (Fe3zn10, | oy cl52 (229, Im-3m) 4 (FE, ZN)0.154(FE, ZN)0.154(FE, ZN)0.231(ZN)0.461
GAMMA1_FEZN Fe11Zn40 CF408 (216, F-43m) 3 (FE)0.137(FE, ZN)0.118(2N)0.745
DELTA_FEZN Fezn10 hP632 gl/i:‘r'nsz— 4 (FE)0.058(FE, ZN)0.18(ZN)0.525(ZN)0.237
ZETA_FEZN Cozn13 ms28 (12, €2/m) 3 (FE, VA)0.072(ZN)0.856(VA, ZN)0.072
FEZR3 Re3B 0516 (63, Cmcm) 2 (FE, ZR)1(FE, ZR)3
ORTHO_GA alpha-Ga (A11) All 058 (64, Cmce) 1 (GA)L
MG5GA2 Ga2Mg5 (DSg) Dsg 0l28 (72, Ibam) 2 (MG)0.7143(GA, IN)0.2857
MG2GA1 Li2sb hP18 (190, P-62¢) 2 (MG)0.6667(GA)0.3333
MG1GA1 MgGa 1132 (88, 14_1/a) 2 (MG)0.5(GA)0.5
MGGA2 MgGa2 oP24 (55, Pbam) 2 (MG)0.3333(GA)0.6667
MG2GAS5 Ga5Mg2 1128 (139, 2 (MG)0.2857(GA)0.7143

14/mmm)

GDSIN3 WS5Si3 (D8m) D8m 1132 (140, 14/mem) 2 (GD)5(IN)3
GD1IN1 Unknown Structure 2 (GD)1.1(IN)1
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GD3IN5 Pd5Pu3 0532 (63, Cmcm) 2 (GD)3(IN)5
GDIN3 ffzg)dm"“e (CusAu, 112 cpa (221, Pm-3m) 2 (GD)L(IN)3
GDMG5 Sm11Cd45 cF448 (216, F-43m) 2 (AG, CA, CE, GD, LA, ND, SM, SR, Y)1(MG, ZN)5
MG7RE Unknown Structure 2 (MG)7(GD, ND, Y, ZN)1
GDND alpha-Sm (C19) Cc19 hR3 (166, R-3m) 2 (GD, ND)0.5(GD, ND)0.5
GD3NI2 Unknown Structure 2 (GD)3(NI)2
GD2NI7 Co7Gd2 hR18 (166, R-3m) 2 (GD)2(NI)7
GDNI4 Unknown Structure 2 (GD)1(NI)4
GD5SI4 GdsSi4 oP36 (62, Pnma) 2 (GD)0.5556(S1)0.4444
GD3SI5 Unknown Structure 2 (GD)0.375(S1)0.625
GDSI2 alpha-Thsi2 (Cc) ce 112 (141, 14_ 2 (GD)0.3333(S1)0.6667
1/amd)
GDZN2 KHg2 ol12 (74, Imma) 2 (GD, SM)0.333(ZN)0.667
GDZN12 Mn12Th (D2b) D2b t126 (139, 2 (GD)0.077(ZN)0.923
14/mmm)
K17IN41 K17In41 cF464 (227, Fd-3m) 2 (IN)0.69(K)0.31
K39IN80 K39In80 hP238 (164, P-3m1) 2 (IN)0.635(K)0.365
B2REIN CsCl (B2) B2 cP2 (221, Pm-3m) 2 (LA, ND, Y)1(IN, ND)1
INSRE3 Pd5Pu3 0532 (63, Cmcm) 2 (IN)0.625(LA, ND, PR, TH, Y)0.375
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IN3LA2 Unknown Structure 2 (IN)0.57(LA)0.43

LIIN NaTl (B32) B32 cF16 (227, Fd-3m) 2 (IN, L)Z(IN, LI)1

LI5INA Li5Ga4 hP9 (164, P-3m1) 2 (LI)5(IN)4

LI3IN2 Li3AI2 hr5 (166, R-3m) 2 (L)3(IN)2

LI2IN Li2Ga 0512 (63, Cmcm) 2 (L1)2(IN)1

LI13IN3 Li13In3 cF128 (227, Fd-3m) 2 (LI)13(IN)3

LI3IN1 Unknown Structure 2 (LI)3(IN)1

LI7ZIN Unknown Structure 2 (L)7(IN)1

TETRA_A6 In (A6) A6 t12 (139, 1 (IN, MG, SN, ZN)1
14/mmm)

MG2IN Mg2in hP9 (189, P-62m) 2 (MG)2(IN)1

MG3IN Mg3In hrl6 (166, R-3m) 2 (IN, MG, SN)3(IN, MG, SR)1

MN3IN Unknown Structure 2 (MN)3(IN)1

NI13INS GadNi13 mS44 (12, C2/m) 3 (NI, VA)1(NI)1(IN)1

B2NIIN CsCl (B2) B2 cP2 (221, Pm-3m) 2 (NI, VA)L(IN)1

NIIN CoSn (B35) B35 hP6 (191, 2 (NI)1(IN)1
P6/mmm)

NI2IN3 AI3Ni2 (D513) D513 hpP5 (164, P-3m1) 2 (NI)2(IN)3

NI3IN7 Ir3Ge7 (D8f) D8f cl40 (229, Im-3m) 2 (NI)3(IN)7

NA6IN11 Na15In27.4 05344 (63, Cmcm) 2 (NA)0.3526(IN)0.6474
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NA7IN12 In12Na7 tP228 (2]}::‘?;];4— 2 (NA)0.3731(IN)0.6269
NAIN NaTl (B32) B32 cF16 (227, Fd-3m) 2 (NA)L(IN)1
NA2IN Na2Tl 0548 (20, €222_1) 2 (NA)2(IN)1
SCIN2 Li2Ga 0512 (63, Cmcm) 2 (SC)L(IN)2
B2_SCIN CsCl (B2) B2 cP2 (221, Pm-3m) 2 (SC)1.1(IN)0.9
PR3IN4 Unknown Structure 2 (PR)3(IN)4
PR6INS Unknown Structure 2 (PR)6(IN)5
INSN_AF f;r:tf’c': (':':f’)‘agma' Af hP1 Llsﬁmm) 1 (IN, SN)1
TET_ALPHA1_A6 In (A6) A6 t12 (139, 1 (IN, SN)1

14/mmm)
IN5SR2 Unknown Structure 2 (IN)0.7143(SR)0.2857
IN2SR Caln2 hp6 (31;::’;:2?— 2 (IN)0.6667(SR)0.3333
IN3SR2 Unknown Structure 2 (IN)0.6(SR)0.4
IN1SR1 Srln oF64 (43, Fdd2) 2 (IN)0.5(SR)0.5
IN3SR5 Cr5B3 (D8l) D8l ti32 (140, 14/mcm) 2 (IN)0.375(SR)0.625
INSR3 Unknown Structure 2 (IN)0.25(SR)0.75
THIN Thin oP24 (57, Pbcm) 2 (TH)1(IN)1
TH2IN Khatyrkite (Al2Cu, C16) c16 t112 (140, 14/mcm) 2 (TH)2(IN)1
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ZRIN2 Ga2Hf ti24 g];:rlr']:)l— 2 (ZR)1(IN)2
ZR1IN1 Unknown Structure 2 (ZR)1(IN)1
RE3IN fff)da“m’ite (CusAu, 112 cPa (221, Pm-3m) 2 (LA, ND, PR, ZR)3(IN)1
MGH2_C4 Rutile (Ti02, C4) ca tP6 (zl/?ner']:ﬁ— 2 (MG)1(H)2
NDH_GAMMA Unknown Structure 2 (ND)1(H, VA)2
LANIS CaCus5 (D2d) D2d hP6 (191, 3 (LA, NI1)0.16667(LA, NI1)0.33333(N1)0.5
P6/mmm)
LA2NI7_H Co7Gd2 hR18 (166, R-3m) 2 (LA)2(NI)7
LA7NI16 La7Nil6 tl46 (121, 1-42m) 2 (LA)0.3043(N1)0.6957
LA2NI3 La2Ni3 0520 (64, Cmce) 2 (LA)0.4(N1)0.6
LASI2_Al Gdsil.4 ol12 (74, Imma) 2 (LA)0.36(S1)0.64
LAY alpha-Sm (C19) C19 hR3 (166, R-3m) 2 (LA, Y)1(Y)1
LAZN4 LaZnd 0520 (63, Cmcm) 2 (LA, SR)1(SN, ZN)4
L1225I5 Li21Si5 cF416 (216, F-43m) 2 (L)22(s1)5
L113S14 Li13Si4 oP34 (55, Pbam) 2 (Lha3(sha
LI7s13 (Li7Si3) hP60 (154, P3_221) 2 (Lh7(s)3
LI12S17 Li12si7 oP152 (62, Pnma) 2 (Ln12(s1)7
LI13SN5 Li13Sn5 hP18 (164, P-3m1) 2 (L1)13(SN)5
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LI225N5 Li175i4 cF420 (216, F-43m) 2 (L1)22(SN)5
LI2SN5 Hg5Mn2 tP14 (127, 2 (L)2(SN)5

P4/mbm)

LI5SN2 Mo2B5 (D8i) D8i hR7 (166, R-3m) 2 (LI)5(SN)2
LI7SN3 Li7Sn3 mP20 (11, P2_1/m) 2 (L)7(SN)3
LISSN3 Unknown Structure 2 (LI)8(SN)3
LISN Lisn mP6 (10, P2/m) 2 (LI)1(LI, SN)1
LI7SN2 Ge2li7 0536 (65, Cmmm) 2 (LI, SN)7(SN)2
LI2ZN3_L Li(Li0.91Zn0.09)2Zn4 hR7 (166, R-3m) 2 (L1)2(LI, ZN)3
LI2ZN3_H Li5Ga4 hP9 (164, P-3m1) 2 (LI, ZN)2(LI, ZN)3
LI2ZN5_L Unknown Structure 2 (LI, ZN)2(ZN)5
LI2ZN5_H Unknown Structure 2 (LI, ZN)2(ZN)5
LIZN4_L Unknown Structure 2 (LI, ZN)1(LI, ZN)4
LIZN4_H ;'::Iffg'(‘:/:;'z;e hep) A3 hP2 (31/?:;;?— 2 (LI, ZN)0.2(LI, ZN)0.8
LIZN2 Unknown Structure 2 (L1)1(ZN)2
BCC_B32 NaTl (B32) B32 cF16 (227, Fd-3m) 2 (LI, ZN)1(LI, ZN)1
MG2NI1 Unknown Structure 3 (MG)2(CU, NI, ZN)1(H, VA)1
MG5PR Unknown Structure 2 (MG)5(PR, Y)1
MG3SB2_LT La203 (D52) D52 hP5 (164, P-3m1) 2 (MG)0.6(SB)0.4
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MG3SB2_HT Bixbyite (Mn203, D53) D53 cl80 (206, 1a-3) 2 (MG)0.601(SB)0.399

MG38SR9 Mg38Sr9 hP94 (194, P6_ 2 (AL, MG)38(CE, ND, SR)9
3/mmc)

MG24R5 alpha-Mn (A12) Al2 cl58 (217, 1-43m) 3 (MG)24(CA, CE, DY, ER, GD, HO, LA, MG, ND, PR, Y)4(DY, ER, HO, Y)1

MG2ZN3 Mg4zn7 ms110 (12, C2/m) 2 (MG)2(AL, CU, ZN)3

MGZN Zr21Re25 hR92 (167, R-3c) 2 (MG)12(AL, CU, ZN)13

MG51ZN20 Mg51Zn20 0l158 (71, Immm) 2 (MG)51(MN, ZN)20

MG2ZN11 Mg2Zn11 (D8c) D8c cP39 (200, Pm-3) 2 (MG)2(AL, CU, SI, ZN)11
(123,

L10_TETRA CuAu (L10) L10 tP2 2 (IN, MG, MN, NI, SC)0.5(IN, MG, MN, NI)0.5
P4/mmm)

MNNI2 Unknown Structure 2 (MN, NI)1(NI)2

MN11SI19 Mn11Si19 tP120 (118, P-4n2) 2 (MN)11(S1)19

MN3SI BiF3 (D03) D03 cF16 (225, Fm-3m) 2 (MN)3(SI)1

MNG6SI Fe7W6 (D85) mu-phase D85 hR13 (166, R-3m) 2 (MN)17(sI)3

MN9SI2 Mn9si2 0l186 (71, Immm) 2 (MN)33(S1)7

MN23SC6 Th6Mn23 (D8a) D8a cF116 (225, Fm-3m) 2 (MN)23(SC)6

MNSC4 Unknown Structure 2 (MN)0.2(SC)0.8

) (194, P6_

MN19SN6 Ni3Sn (D019) D019 hPs 2 (MN)0.76(SN)0.24
3/mmc)

MNSN2 Khatyrkite (Al2Cu, C16) c16 tl12 (140, 14/mcm) 2 (MN)0.333(SN)0.667
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MN23Y6 Th6Mn23 (D8a) D8a cF116 (225, Fm-3m) 2 (MG, MN)23(Y)6
MNZNS_LT unknown Structure hp* gl/?;‘r'npc?— 4 (MN)58(MG, MN, ZN)180(ZN)525(ZN)237
MNZN9_HT Unknown Structure hP* 2 (MN, ZN)9(MN, ZN)1
ZETA_MNZN Cozn13 ms28 (10, P2/m) 3 (MN, VA)9(ZN)107(MN)9
GAMMA_MNZN Unknown Structure c52 4 (MN, ZN)154(MN, ZN)154(MN, ZN)231(ZN)461
ALPHA_MNZN fff)da“""ite (Cu3Au, L12 P4 (221, Pm-3m) 2 (MN, ZN)3(MN, ZN)1
BETA_MNZN cscl (B2) B2 P2 (221, Pm-3m) 2 (MN)L(ZN)1
ND2Y alpha-Sm (C19) 19 hR3 (166, R-3m) 2 (ND, Y)2(ND, Y)1
NDZN2 KHg2 ol12 (74, Imma) 2 (ND)0.333(2N)0.667
ND3ZN11 All1la3 0l28 (71, Immm) 2 (ND)0.214(MG, ZN)0.786
ND2ZN17 Ni17Th2 hP38 gl/?:r';?— 2 (ND)0.105(ZN)0.895
NDZN11_H Unknown Structure 2 (ND)0.0833(ZN)0.9167
NISPR CaCus (D2d) D2d hpe (191, 2 (NI)0.8333(PR)0.1667

P6/mmm)

NI2PR (Cculzs")"g Cubic Laves c1s cF24 (227, Fd-3m) 2 (NI)0.6667(PR)0.3333
NI3SI_M Ge9Pd25 hP34 (147, P-3) 2 (N1)0.75(S1)0.25
NI3SI_L fff)da"m’ite (Cu3Au, L12 P4 (221, Pm-3m) 2 (N1)0.76(S1)0.24
NISSI2 Ni31512 hP42 (150, P321) 2 (N1)0.7143(51)0.2857
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THETA K2UF6 hP9 (189, P-62m) 3 (NI)I(NI, VA)1(SI)1
NI3SI2 Ni3Si2 oP80 (36, Cmc2_1) 2 (N1)0.6(S1)0.4
NISI MnP (B31) B31 oP8 (62, Pnma) 2 (N1)0.5(S1)0.5
NI3SN_H BiF3 (D03) D03 cFl16 (225, Fm-3m) 3 (NI, SN)0.25(NI, SN)0.25(N1)0.5
NI3SN_L Ni3sn (D019) D019 hps gl/?;‘r;‘i‘;— 2 (N1)0.75(SN)0.25
NI3SN2_L Ni3sn2 oP20 (62, Pnma) 3 (SN)0.2(NI, SN)0.4(N1)0.4
NI3SN4 delta-Ni3Sn4 (D7a) D7a ms14 (12, C2/m) 3 (N1)0.25(NI, SN)0.25(SN)0.5
NI17Y2 Fel7Lu2 hP80 (31/?;‘;“2?— 2 (NI)17(Y)2
NI4Y Unknown Structure hR* 2 (N1)4(Y)1
NI2Y1 Ni2Tm cF192 (216, F-43m) 2 (NI)2(MG, Y)1
NI2Y3 Ni2Y3 tP80 (1922) RS 2 (N1)2(Y)3
BETA_NIZN delta-CuTi (L2a) L2a tP2 (123, 1 (NI, ZN)1

P4/mmm)

GAMMA_NIZN g;’;)ma'brass (Cuszns, D82 cl52 (217, 1-43m) 1 (NI, ZN)1
DELTA_NIZN Ni3zn22 ms50 (12, C2/m) 2 (N1)0.111(ZN)0.889
NI7ZR2 Ni7zr2 mS36 (12, C2/m) 2 (NI)7(ZR)2
NI21ZR8 Hf$Ni21 aP29 (2,P-1) 2 (NI)21(zR)8
NI11ZR9 Pt11Zr9 tl40 (87, 14/m) 2 (NI)11(ZR)9
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PR2Y alpha-Sm (C19) c19 hR3 (166, R-3m) 2 (PR, Y)2(PR, Y)1

PR2ZN17_H Nil17Th2 hP38 g}?:&::j‘ 2 (PR)2(zN)17

scssi3 g";z‘;’)'yam""e (MnSSi3, | pgg hP16 gl/?ne»cnr:f)s_ 2 (5C)0.625(51)0.375

N CrB (B33) B33 0S8 (63, Cmcm) 2 (5C)0.5(S1)0.5

SC3SI5_LT Hexagonal omega (C32) Cc32 hP3 (191, 2 (SC)0.375(S1)0.625
P6/mmm)

SC3SI5_HT Unknown Structure o** 2 (5C)0.375(S1)0.625

SI2Y_H Hexagonal omega (C32) C32 hP3 (191, 2 (S1)2(Y)1
P6/mmm)

SI4Y5 Gd5Si4 oP36 (62, Pnma) 2 (S1)4(Y)5

SI5Y3_H Hexagonal omega (C32) Cc32 hP3 (191, 2 (S1)5(Y)3
P6/mmm)

SIsY3_L Gdsil.4 ol12 (74, Imma) 2 (S1)5(Y)3

SI4ZR5_H Unknown Structure 2 (S1)4(ZR)5

SI2ZR ZrSi2 (C49) C49 0512 (63, Cmcm) 2 (S1)2(zR)1

SIZR3 Ti3P tP32 (86, P4_2/n) 2 (S)1(zR)3

ZR3SN_A15 Cr3si (A15) Al5 cP8 (223, Pm-3n) 2 (SN, ZR)3(SN, ZR)1

ZRSSN3 g";z‘;’)'yam""e (MnSSi3, | pgg hP16 gl/?ne»cnr:f)s_ 3 (ZR)5(SN)3(SN, VA)1

ZRSN2 TiSi2 (C54) C54 oF24 (70, Fddd) 2 (ZR)1(SN)2

SRZN5_L Srzn5 oP24 (62, Pnma) 2 (SR)1(zN)5
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THZN2 Hexagonal omega (C32) C32 hP3 (191, 2 (TH)1(zN)2
P6/mmm)
H_RZN5 Unknown Structure 2 (GD, Y)1(MG, ZN)5
YZN2_A Unknown Structure 2 (Y)1(ZN)2
YZN2_B Unknown Structure 2 (Y)1(ZN)2
ZN22ZR Zn227r cF184 (227, Fd-3m) 2 (ZN)0.9565(ZR)0.0435
ZN39ZR5 Zn392r5 ms8s (12, €2/m) 2 (ZN)0.8864(ZR)0.1136
ZN3ZR_L Unknown Structure tle4 2 (ZN)0.75(ZR)0.25
ZN3ZR_H Unknown Structure 2 (ZN)0.75(ZR)0.25
T1_AGALSC Heusler (L21) 21 cF16 (225, Fm-3m) 3 (AG)2(AL)1(SC)1
T2_AGALSC Unknown Structure 3 (AG)0.28(AL)0.36(SC)0.36
T3_AGALSC Unknown Structure 3 (AG)0.55(AL)0.27(SC)0.18
AGGDMG_T Unknown Structure 2 (AG, GD)0.15(MG)0.85
AL9CA31ZN10 Unknown Structure 3 (AL)1(CA)1(zN)1
AL2CAZN2 Al4Ba (D13) D13 1110 (139, 3 (AL)2(CA)L(ZN)2
14/mmm)
AL13CEMG6 'L‘gsiﬁg'li’;ag"“a' cla hpP12 gl/?;‘r;‘i‘;— 3 (AL)13(CE)1(MG)6
ALSCEMA4 Mn12Th (D2b) D2b 1126 S?:;mm) 3 (AL)0.6154(CE, GD, LA, ¥)0.0769(AL, MN)0.3077
AL10CE2MN7 Zn17Th2 hR57 (166, R-3m) 2 (AL, MN)0.8947(CE, GD, LA, Y)0.1053
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ALCUMG_Q g;‘i;wpy”te (CuFes2, E1l t116 (122, 1-42d) 3 (AL)7(CU)3(MG)6
ALCUMG_S MgCUAI2 (E1a) 0516 (63, Cmcm) 3 (AL, SI)2(CU)1(MG)1
ALCUMG_T Bergman [Mg32 DSe cl162 (204, Im-3) 4 (MG)26(AL, MG)6(AL, CU, MG, ZN)48(AL)1

- (A1,Zn)49, DSe]
ALCUMG_V Mg2zn11 (D8c) D8c cP39 (200, Pm-3) 3 (AL)5(CU)6(MG)2
HTALSMN5 Unknown Structure 2 (AL, FE, MN)8(AL, FE, MN)5
LTAL8MNS gDaS';)ma'b'ass (Cuszns, D82 cl52 (217, 1-43m) 3 (AL)12(FE, MN)5(AL, FE, MN)9
HTALL1MN4 Mn6(Mn0.5A10.5)8A125 0P156 (62, Pnma) 2 (AL, MN)29(FE, MN)10
D3_ALFE Unknown Structure 3 (AL)0.7(AL, FE)0.08(FE, MN)0.22
Z_ALFEMN Al14.4Cr3.4Ni1.1 hP227 (176, P6_3/m) 2 (AL)4(FE, MN)1
PHI Unknown Structure 3 (AL)0.7(AL, MN)O0.15(FE, MN)0.15
ALLAMG_T1 Unknown Structure 3 (AL)2(LA)0.15(MG)0.85
ALSLAMN Unknown Structure 3 (AL)8(LA)1(MN)1
ALLIMG_T Unknown Structure 3 (AL)0.53(LI)0.33(MG)0.14
ALMGMN_T Mg3Cr2AI18 CF184 (227, Fd-3m) 3 (AL)18(MG)3(MN)2
ALMGND_T xs@%gxagwal c14 hP12 (31/?:;“1?— 3 (AL)2(MG)0.88(ND)0.12
ALMG3NI2 Mn3Ni2Si cF96 (227, Fd-3m) 3 (AL)1(NI)2(MG)3
AL38MG58SR4 Unknown Structure 3 (AL)38(MG)58(SR)4
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ALAMGY Unknown Structure 3 (AL, MG, Y)0.6667(AL, MG, Y)0.1667(MG, Y)0.1666

ALMGZN_PHI Mg21(Al,Zn)17 0P152 (57, Pbcm) 2 (MG)21(AL, ZN)17

ALMGZN_T1 Bergman [Mg32 D8e cl162 (204, Im-3) 4 (MG)26(AL, MG)6(AL, MG, ZN)48(AL)1
(Al,Zn)49, D8e]

ALMGZN_Q Quasicrystal 3 (AL)0.15(MG)0.44(ZN)0.41

ALMGZN_T2 Mg46Zn37A117 cP640 (205, Pa-3) 3 (AL)0.15(MG)0.43(ZN)0.42

BI2CAMG2 La203 (D52) D52 hPs (164, P-3m1) 3 (BI)2(CA)1(MG)2

CA7MG6SI14 Ca7Mg7.5Si14 hP42 E’:LGQ/::\:\mm) 3 (CA)0.2592593(MG)0.2222222(S1)0.5185185

CAMGSN_T1 Co2Si (C37) c37 oP12 (62, Pnma) 3 (CA)156(MG)94(SN)175

CA2MG6ZN3 Unknown Structure h** 3 (CA)2(MG)6(ZN)3

REH_EPS Fluorite (CaF2, C1) c1 cF12 (225, Fm-3m) 3 (CE, LA, ND)1(H, VA)2(H, VA)1

CEH2_35 Unknown Structure 2 (CE)1(H)2.35

CEH2_9 CeH3 cF44 (225, Fm-3m) 2 (CE)1(H)2.9

REMG2H7 Mg2LaH7 tP40 (1922) Pa_12_ 3 (CE, LA)1(MG)2(H)7

MG5CEY Sm11Cd45 cF448 (216, F-43m) 2 (MG)5(CE, Y)1

T2_CEMGZN Unknown Structure 3 (CE)0.018182(MG)0.527273(ZN)0.454545

T4_CEMGZN Cu7Th hps (191, 3 (CE, PR)1(MG)2.5(ZN)4.5

_ P6/mmm)
T5_CEMGZN Mg13Zn30Sm3 hP92 g])?;l;ni?— 3 (CE, PR)0.065217(MG)0.282609(ZN)0.652174
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T6_CEMGZN Unknown Structure 3 (CE)0.0625(MG)0.125(ZN)0.8125
T7_CEMGZN Mg19Zn81Ce20 cF480 (216, F-43m) 3 (CE)0.166667(MG)0.158333(ZN)0.675
MGCU4IN MgCu4sn cF24 (216, F-43m) 3 (IN, MG)1(CU, IN, MG)4(IN, MG)1
CULIMG_T Mg2Ni (Ca) Ca hP18 (180, P6_222) 3 (CU)1(L1)0.08(MG)1.92
CU16MG6SI7 Th6Mn23 (D8a) D8a cF116 (225, Fm-3m) 3 (CU)16(MG)6(SI)7
CU3MG2SI_C1 :\ggg;z Hexagonal Laves | ¢ hP24 gl/?:r';?— 3 (CU)2.74(MG)2(S1)1.26
CU4MGSN_T1 Half-Heusler (C1b) cib cF12 (216, F-43m) 3 (CU)0.666(SN)0.167(MG)0.167
CUMGSN_T2 Unknown Structure 3 (CU)0.334(SN)0.333(MG)0.333
CUIMG2Y CugMg2Th hp24 (31;::’;::?— 3 (CU)0.75(MG)0.166667(Y)0.083333
CUMGY_T2 MgCudsn cF24 (216, F-43m) 3 (CU, NI)A(MG)1(Y)1
CUMGY_T3 Mo2FeB2 tP10 (127, 3 (CU, NI)2(MG)1(Y)2

P4/mbm)

CUMGY_T4 ZrNiAl hP9 (189, P-62m) 3 (CU)LMG)1(V)1
CUMGY_TS CuSMg8Y5 oP36 (51, Pmma) 3 (CU)0.277778(MG)0.444444(Y)0.277778
CUMGY_T6 CuSMg13Y5 0592 (63, Cmcm) 3 (CU)0.2173913(MG)0.5652174(Y)0.2173913
CUMGY_T7 Unknown Structure 3 (CU)0.18(MG)0.57(Y)0.25
CUMGY_T8 CuSMg16Y5 05104 (63, Cmcm) 3 (CU)0.1923077(MG)0.6153846(Y)0.1923077
CUMGY_T9 CuMg4Tb 0548 (63, Cmcm) 3 (CU)LMG)A(Y)1
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CUMGY_T10 Unknown Structure 3 (CU)0.09(MG)0.78(Y)0.13
F_MGGDZN Mg19Zn81Ce20 cF480 (216, F-43m) 3 (GD)0.166667(MG)0.158333(ZN)0.675
Z_MGRZN Unknown Structure 3 (GD, Y¥)0.07(MG)0.28(ZN)0.65
M_MGRZN Unknown Structure 3 (GD)0.08(MG)0.28(ZN)0.64
L_MGRZN Unknown Structure 3 (GD)0.14(MG)0.22(ZN)0.64
LAMGNI_T1 MgCuAl2 (Ela) 0516 (63, Cmcm) 3 (LA)0.25(N1)0.25(MG)0.5
LAMGNI_T2 Mo2FeB2 tP10 (127, 3 (LA)0.4(N1)0.4(MG)0.2

P4/mbm)

LAMGNI_T3 Unknown Structure 2 (LA, MG)0.333333(NI)0.666667
LAMGNI_T4 Unknown Structure 3 (LA)0.666666(NI1)0.166667(MG)0.166667
LAMGNI_T5 Unknown Structure 3 (LA)0.666666(NI1)0.22(MG)0.113334
LAMGNI_T6 Unknown Structure 2 (LA)0.675(MG, NI)0.325
LAMGSI_T1 Unknown Structure 2 (LA, MG)0.6(S1)0.4
LAMGSI_T2 Unknown Structure 3 (LA)0.2(S1)0.4(MG)0.4
LAMGSI_T3 Unknown Structure 3 (LA)0.25(S1)0.5(MG)0.25
LAMGSI_T4 Unknown Structure 3 (LA)0.2(S1)0.03333(MG)0.76667
LAMGSI_T5 Unknown Structure 3 (LA)0.3293(S1)0.004(MG)0.6667
MG2NIH4 Mg2NiH4 ms56 (15, C2/c) 3 (MG)2(NI)1(H)4
MGSNSR_T1 Unknown Structure 3 (MG)25(SN)24(SR)14
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MGSNSR_T2 Unknown Structure 3 (MG)5(SN)3(SR)1

MGSNSR_C37 Co2Si (C37) C37 oP12 (62, Pnma) 3 (MG)1(SN)1(SR)1

MG3MNNI2 NiTi2 cF96 (227, Fd-3m) 3 (MG)3(MN)1(NI)2

MGNDZN_T1 Unknown Structure 3 (MG)0.35(ND)0.05(ZN)0.6
MGNDZN_T2 Unknown Structure 3 (MG)0.35(ND)0.1(ZN)0.55
MG6REZN3 Unknown Structure 3 (MG)0.6(CE, LA, ND, PR)0.1(ZN)0.3
MGNDZN_T4 Unknown Structure 3 (MG)0.3(ND)0.15(ZN)0.55

AL3CU2MGISI7 Q-(Al,Cu,Mg,Si) hpP21 (174, P-6) 4 (AL)3(CU)2(MG)9(SI)7
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TCMG: TCS Magnesium-based Alloys Database Revision History

| Current Database Version

Database name (acronym):  Tcs Mg-based Alloys Database (TCMG)

Database owner: Thermo-Calc Software AB
Database version: 8.0
First release TCMG1 was released in 2012

| Changes in the Most Recent Database Release

TCMG7.0 to TCMGS.0

Software release version 2025b (June 2025)

BINARY SYSTEMS
e Six (6) newly assessed binary systems (total 229): (Ce, Nd, Pr, Sb, Sm, Y)-Sn

e One (1) reassessed system: La-Sn

TERNARY SYSTEMS
¢ Nine (9) newly assessed ternary systems (total 133): (Ce, La, Nd, Pr, Sb, Y)-Mg-Sn, Ag-Pr-Sn, Cu-Mg-Sn, Mg-Sr-Zr,
e Three (3) reassessed systems: Al-Fe-Mg, Mg-Mn-Ni, and Mg-Nd-Zn
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PHASES
¢ 34 new phases (575 phases in total)

| Previous Releases

TCMG6.3 to TCMG7.0

Software release 2024a (December 2023/January 2024)

MOLAR VOLUME

e Modeled molar volume of the BCC phase in the Li-Mg, Al-Fe, and Fe-Si systems.

SURFACE TENSION RE-ASSESSED

The surface tension was re-assessed based on the Redlich-Kister-Muggianu (R-K-M) sub-regular solution model.

BINARY SYSTEMS

A total of 223 assessed binary systems:

e 15 new systems: Al-Dy, Al-Er, Al-Ho, Al-Sm, Bi-Sn, Dy-Nd, Dy-Zn, Dy-Zr, Er-Zn, Gd-La, Ho-Zn, La-Mn, Mn-Sr, Nd-Zr, and Sn-Sr.
e 5 updated systems: Al-Sc, Cu-Sr, Mg-Sc, Mn-Zn, and Ni-Si.

TERNARY SYSTEMS

A total of 124 assessed ternary systems:
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e 22 new systems: Ag-Al-Sc, Al-Dy-Mg, Al-Er-Mg, Al-Gd-Mn, Al-Ho-Mg, Al-La-Mn, Al-Mg-Sc, Al-Mg-Sm, Al-Mn-Y, Al-Y-Zn, Bi-Mg-Sn, Dy-
Mg-Zn, Er-Mg-Zn, Gd-La-Mg, Ho-Mg-Zn, Mg-Mn-Sn, Mg-Mn-Sr, Mg-Nd-Zr, Mg-Ni-Y, Mg-Pr-Zn, Mg-Sn-Sr, and Mg-Zn-Zr.

e 11 updated systems: Al-Gd-Mg, Al-Mg-Nd, Ce-Gd-Mg, Ce-La-Mg, Cu-Mg-Y, Gd-Mg-Nd, Gd-Mg-Zn, La-Mg-Zn, Mg-Ni-Zn, Mg-Si-Sn, Mg-
Mn-Zn.

LONG-PERIOD STACKING-ORDERED (LPSO) PHASES

A variety of work is done to improve the LPSO phases.

¢ A new model for the following phases are used, where RE is rare earth elements that are included in the current database:

For LPSO-14H phase: (Mg)o(RE)g(Al,Cu,Ni,Zn)g(Mg);.
For LPSO-18R phase: (Mg)sg(RE)g(Al,Cu,Ni,Zn)g(Mg).

e Five (5) updated binaries related to the LPSO phases:

Cu-Sr: The DHCP phase that appeared on the Cu-rich side is destabilized.

Ni-Si: The Mg2Si_C1 phase at the Si-rich side had a wide homogeneity range, which was not experimentally confirmed. In the
new version, this homogeneity range is negligible.

Mg-Sc: It is remodeled as a subsystem for modeling of Al-Mg-Sc. B2 had a large solubility range in the previous version. In this
version, the B2 solubility range is smaller.

Mn-Zn: It is remodeled using new experimental data.

Al-Sc: B2 was a ground state in the previous version. In this version, XR is modeled as a stable phase.
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e Eleven (11) updated ternary systems related to the LPSO phases:

¢ These systems are updated to include the LPSO phases: Al-Gd-Mg, Al-Mg-Nd, Cu-Mg-Y, and Gd-Mg-Zn.

e These systems are remodeled based on the recent experimental data: Ce-(Gd,La)-Mg, (La,Mn)-Mg-Zn, Gd-Mg-Nd, Mg-Ni-Zn,
and Mg-Si-Sn.

TCMG6.2 to TCMG6.3

Software release version: 2022b (June 2022)

e Remodeled Ag-Mg over the entire composition range, with a focus on the Mg-rich corner.
e Refined Al-Mg-Y description via stabilizing the Al2Y phase.

e The GAS phase now has a complete thermodynamic description within the framework of the database.

TCMG6.1 to TCMG6.2

Software release version: 2022a (December 2021/January 2022)
e Electrical resistivity (ELRS) and thermal conductivity (THCD) descriptions for hcp_A3 Mg-Ca/Mn/Sn/Zr are derived based on
experimental data.
e The Mg-Y hcp_A3 THCD description is refined.

* Mg-Cu hcp_A3 ELRS and THCD are re-estimated. ELRS and thermal conductivity (THCD) of CuMg, are tentatively estimated with
experimental data from (Mg)+CuMg2 two-phase alloys.

e Mg-Dy and Mg-La ELRS and THCD are re-estimated.

e Molar volume and thermal expansion coefficient of DHCP and liquid Pr are updated
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TCMG6.0 to TCMG6.1

Software release version: 2021b (June 2021).

New Assessments:

e The interaction parameters for liquid viscosity of 30 binary systems and 1 ternary system.

e The interaction parameters for surface tension of the liquid of 12 binary systems.
Other Updates:

e Viscosity parameters of Al-Mg and Al-Ga systems were re-assessed.
e Surface tension parameters of the Al-Ga system were re-assessed.

e Improved thermal conductivity for systems including but not limited to:
e HCP_A3 Mg-Al, Mg-Ce, Mg-Gd, Mg-Nd, Mg-Sm, Mg-Y, Mg-Zn, and Mg-Gd-Y.

e FCC_A1 Al-Mg, Cu-Zn, Fe-Ni, Fe-Si, Mn-Ni, Ni-Si, and Ni-Zr
e BCC_A2 Al-Fe, Fe-Ni, Fe-Si, and Ni-Zr

¢ liquid Fe-Ni and more

e Improved electrical resistivity for systems including but not limited to:

e HCP_A3 Mg-Sm, Mg-Nd, Mg-Gd, and Mg-Y
e fcc_Al Cu-Fe, Fe-Si, Mn-Ni, Ni-Si, and Ni-Zr
* bcc_A2 Al-Fe, Cu-Fe, Fe-Mn, Fe-Ni, Fe-Si, and Ni-Zr
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 Electrical resistivity and thermal conductivity were reassessed for Mg;,Ce, Mg41Sms, MgsGd, Mg,,1Nds, Al;,Mgq7, MgZn and AlFe.
e Phase equilibria of Ce-La was extrapolated.

TCMG5.1 to TCMG6.0

Software release version: 2021a (January 2021).

NEwLY MODELED THERMOPHYSICAL PROPERTIES
» Electrical resistivity assessed or estimated for all the phases (except for GAS)

Thermal conductivity assessed or estimated for all the phases (except for GAS)

Viscosity assessed for liquid

Surface tension assessed for liquid

Molar volume and thermal expansivity assessed for all the phases

NEW ELEMENTS
e BiandH

NEwLY MODELED THERMODYNAMIC SYSTEMS
11 ternaries and 12 binaries were updated.

4 binaries and 3 ternaries are within the scope of Mg-Bi-based alloys:
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e Bi-Ca, Bi-Mg, Bi-Mn, Bi-Zn,
e Bi-Ca-Mg, Bi-Mg-Mn, Bi-Mg-Zn

8 binaries and 5 ternaries are among the core systems of hydrogen storage Mg alloys:

Ce-H, Cu-H, La-Zn, H-La,
H-Mg, H-Nd, H-Ni, H-Zn,
Ce-H-Mg, Cu-H-Mg, H-La-Mg,
H-Mg-Nd, Mg-H-Ni

3 important ternary systems:

e Al-Ce-Mn, Al-La-Mg, La-Mg-Zn

NEwLY MODELED METASTABLE PRECIPITATES

The metastable precipitates Mg;R, Mg3R (D03), Mg3R (D0;g) that form during aging of Mg-RE (rare earth) alloys have been modeled in the
following systems:

e Mg-Gd

e Mg-Nd

e Mg-Y

UPDATED PHASE EQUILIBRIA
e Cu-Gd: thermodynamic descriptions are improved for several compounds

e Mg-Nd-Zn: remodeled based on the recent experimental data

* Mg-Al-Ce: remodeling of the Mg-rich Mg,,Ce phase and the ternary C15 and Al;3CeMgg¢ phases
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TCMG5.0 to TCMG5.1

Software release version: 2019a (December 2018).

The Al-Mn, Al-Fe and Al-Fe-Mn systems were updated.

TCMG4 to TCMG5

Software release version: 2018b (June 2018)

e 7 new elements added: Dy, Er, Ga, Ho, In, Sb and Sm.

e 9 Mg-containing binary systems are assessed: Mg-Dy, Mg-Er, Mg-Ga, Mg-Ho, Mg-In, Mg-K, Mg-Sb, Mg-Sm and Mg-Th. Ag-Mg is
remodeled.

e 25 non-Mg binary systems are assessed: Ag-In, Al-In, Ca-In, Ce-In, Cu-In, Fe-In, Gd-In, Gd-Sm, In-K, In-La, In-Li, In-Mn, In-Na, In-Nd, In-
Ni, In-Pr, In-Sc, In-Si, In-Sn, In-Sr, In-Th, In-Y, In-Zn, In-Zr and Sm-Zn. Most of these are In-containing.

e 11 ternary systems are modeled: Mg-Ag-In, Mg-Ag-Sn, Mg-Al-In, Mg-Cu-In, Mg-Gd-Sm, Mg-In-Li, Mg-In-Sn, Mg-In-Zn, Mg-Sn-Zn, Ag-In-
Sn and In-Sn-Zn. Ag-Gd-Mg is remodeled.

e These systems are also updated: Al-Mg-Zr, Mg-Si-Sn, Cu-Li and Cu-Li-Mg.

TCMG3 TO TCMG4

Software release version: 2015a (June 2015)

e Seven Mg-containing ternary systems were assessed and added to the database: Ag-Cu-Mg, Ag-Gd-Mg, Ca-Gd-Mg, Ca-Mg-Nd, Ce-Mg-
Sr, Cu-Li-Mg and Cu-Mg-Y. As a subsystem of Ce-Mg-Sr, the Ce-Sr binary system was assessed.

e Gd-Mg-Zn was deeply refined and Mg-Y-Zn was updated as well.

e The binary Ca-Y and Cu-Li systems and the Mg-containing ternary Al-Ca-Mg, Ca-Mg-Y, Ce-Mg-Zn and Mg-Nd-Sr systems were
reassessed.
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e The ternary Ca-Sr-Zn system was extrapolated.

e HCP_ZN was merged into HCP_A3. Necessary adjustments were made for the descriptions of Zn-containing systems in order to
reproduce the phase equilibria.

TCMG2 TO TCMG3

Software release version: 4.0 (June 2014)

e Scwas included in the database, resulting in a total number of 24 elements. Sc-containing systems, Ag-Sc, Al-Sc, Mg-Sc, Mn-Sc, Cu-Sc,
Fe-Sc, Sc-Si, Sc-Zr, and Mg-Mn-Sc, were added. Of them, Fe-Sc, Mg-Sc, and Mn-Sc were reassessed.
e The Mn-Nd, Sr-Y, La-Nd, Ce-La-Mg, Ce-Mg-Nd, and La-Mg-Nd systems were assessed and added.

e The La-Mg, Ce-Mg, Mg-Nd and Mg-Y-Zn systems were deeply revised and the La-Nd, Ca-Mn, Mg-Nd-Sr, and Gd-Mg-Sr systems were
updated.

¢ Some known issues were solved.

TCMG1.1 TO TCMG2.0
TCMG2 was released in 2012.

Three binary systems are refined, Ag-Mg, Ce-Mg, and Al-Li. For Ag-Mg, the description of L12 was updated. For Ce-Mg, the Mg-rich
description was refined to better account for the Mg-rich binary eutectic reaction, as well as the ternary eutectic reaction in the Ce-Mg-Mn
system. In the Al-Li system, the AlLi2 phase was implemented.

Ten ternary systems are assessed or extrapolated, Ca-Ce-Mg, Cu-Mg-Mn, Fe-Mg-Ni, Fe-Mg-Zn, Mg-Mn-Ni, Mg-Mn-Si, Mg-Mn-Zn, Mg-Ni-Zn,
and Mg-Si-Zn, together with a non-Mg containing ternary system Ag-Al-Cu.

TCMG1.0 TO TCMG1.1

TCMG1 released in January 2012 and TCMG1.1 in August 2012.
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The Gd-Mg-Zn ternary system are reassessed and validated against the experimental information on the phase formation in as-cast and heat
treated Gd-Mg-Zn-(Zr) alloys. Consequently, the H and Z phases had been removed from the database, and the W phase was treated as the

solution based on GdMg3. The following systems have been assessed, Ca-Nd, Ca-Mn, Ce-Gd, Nd-Sr, Ca-Mg-Zr, Gd-Mg-Zr, Ce-Gd-Mg and Gd-
Mg-Sr.
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