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All elements from the periodic table meeting the criteria that they are 1) non-toxic 2)
non-radioactive 3) cost effective (< 50%/g) were included in the Thermo-Calc
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* NigyCo,SIc and Cugy,Alg showed
good oxidation resistance

Conclusions

Nig,Co.Si: showed good oxidation
resistance after 5 days of oxidation
testing, but further composition

g |[Cu-B-Ag |Cu-C-Ag |Cu-Mg-Ag
!No liquid phase present in the phase diagram below 1000 °C
adjustment Is needed to lower the
melting point

There exists _s_ome sp_ecific composition zone, whi_ch c_om_pletely §o|id_ifie_s from liquid phase, between temperature window of 900 and 1000 °C
The composition of liquid zone at 1000 °C, remains liquid or solid+liquid below 900 °C
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Sample image showing composition selection based on the solidus temperatures:

0.6

|
— DSC
7 Temperature

N
~

o
3]
]

Alloy Liquidus Solidus
Composition | Temperature (°C) | Temperature (°C)

Cu,, Al, Good (1047) Good (1034) Refe renNCces

Cu,.Si. Good (861) Good (974)
Cu,, Cr, - Good (1075) Good (1086)

o
o
|

DSC (uV/mg)

S
ro
|
Temperature (°C)

[1] Wachsman E D, Lee K T. Lowering the Temperature of
Solid Oxide Fuel Cells. Science, 2011, 334 (6058): 935-
9309.

S
=
|

[2] Bause T, Malzbender J, Pausch M, et al. Damage and
Failure of Silver Based Ceramic/Metal Joints for SOFC
Stacks. Fuel Cells, 2013, 13 (4): 578-583.

Ni..C0,Si. Bad (>1300) Bad (>1300)

T y T y T
0 200 400

Mass percent Mn Mass percent Mn

Time (min)

Sample DSC Data for the Cugy,Alg _ _ _
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1 Shows the liquid phase.



25 elements-Binary

				B		C		Mg		Al		Si		Ti		V		Cr		Mn		Fe		Co		Ni		Cu		Zn		Ga		Y		Zr		Nb		Mo		Ag		In		Sn		Hf		Ta

		C		B-C

		Mg		B-Mg		C-Mg

		Al		B-Al		C-Al		Mg-Al

		Si		B-Si		C-Si		Mg-Si		Al-Si

		Ti		B-Ti		C-Ti		Mg-Ti		Al-Ti		Si-Ti

		V		B-V		C-V		Mg-V		Al-V		Si-V		Ti-V

		Cr		B-Cr		C-Cr		Mg-Cr		Al-Cr		Si-Cr		Ti-Cr		V-Cr

		Mn		B-Mn		C-Mn		Mg-Mn		Al-Mn		Si-Mn		Ti-Mn		V-Mn		Cr-Mn

		Fe		B-Fe		C-Fe		Mg-Fe		Al-Fe		Si-Fe		Ti-Fe		V-Fe		Cr-Fe		Mn-Fe

		Co		B-Co		C-Co		Mg-Co		Al-Co		Si-Co		Ti-Co		V-Co		Cr-Co		Mn-Co		Fe-Co

		Ni		B-Ni		C-Ni		Mg-Ni		Al-Ni		Si-Ni		Ti-Ni		V-Ni		Cr-Ni		Mn-Ni		Fe-Ni		Co-Ni

		Cu		B-Cu		C-Cu		Mg-Cu		Al-Cu		Si-Cu		Ti-Cu		V-Cu		Cr-Cu		Mn-Cu		Fe-Cu		Co-Cu		Ni-Cu

		Zn		B-Zn		C-Zn		Mg-Zn		Al-Zn		Si-Zn		Ti-Zn		V-Zn		Cr-Zn		Mn-Zn		Fe-Zn		Co-Zn		Ni-Zn		Cu-Zn

		Ga		B-Ga		C-Ga		Mg-Ga		Al-Ga		Si-Ga		Ti-Ga		V-Ga		Cr-Ga		Mn-Ga		Fe-Ga		Co-Ga		Ni-Ga		Cu-Ga		Zn-Ga

		Y		B-Y		C-Y		Mg-Y		Al-Y		Si-Y		Ti-Y		V-Y		Cr-Y		Mn-Y		Fe-Y		Co-Y		Ni-Y		Cu-Y		Zn-Y		Ga-Y

		Zr		B-Zr		C-Zr		Mg-Zr		Al-Zr		Si-Zr		Ti-Zr		V-Zr		Cr-Zr		Mn-Zr		Fe-Zr		Co-Zr		Ni-Zr		Cu-Zr		Zn-Zr		Ga-Zr		Y-Zr

		Nb		B-Nb		C-Nb		Mg-Nb		Al-Nb		Si-Nb		Ti-Nb		V-Nb		Cr-Nb		Mn-Nb		Fe-Nb		Co-Nb		Ni-Nb		Cu-Nb		Zn-Nb		Ga-Nb		Y-Nb		Zr-Nb

		Mo		B-Mo		C-Mo		Mg-Mo		Al-Mo		Si-Mo		Ti-Mo		V-Mo		Cr-Mo		Mn-Mo		Fe-Mo		Co-Mo		Ni-Mo		Cu-Mo		Zn-Mo		Ga-Mo		Y-Mo		Zr-Mo		Nb-Mo

		Ag		B-Ag		C-Ag		Mg-Ag		Al-Ag		Si-Ag		Ti-Ag		V-Ag		Cr-Ag		Mn-Ag		Fe-Ag		Co-Ag		Ni-Ag		Cu-Ag		Zn-Ag		Ga-Ag		Y-Ag		Zr-Ag		Nb-Ag		Mo-Ag

		In		B-In		C-In		Mg-In		Al-In		Si-In		Ti-In		V-In		Cr-In		Mn-In		Fe-In		Co-In		Ni-In		Cu-In		Zn-In		Ga-In		Y-In		Zr-In		Nb-In		Mo-In		Ag-In

		Sn		B-Sn		C-Sn		Mg-Sn		Al-Sn		Si-Sn		Ti-Sn		V-Sn		Cr-Sn		Mn-Sn		Fe-Sn		Co-Sn		Ni-Sn		Cu-Sn		Zn-Sn		Ga-Sn		Y-Sn		Zr-Sn		Nb-Sn		Mo-Sn		Ag-Sn		In-Sn

		Hf		B-Hf		C-Hf		Mg-Hf		Al-Hf		Si-Hf		Ti-Hf		V-Hf		Cr-Hf		Mn-Hf		Fe-Hf		Co-Hf		Ni-Hf		Cu-Hf		Zn-Hf		Ga-Hf		Y-Hf		Zr-Hf		Nb-Hf		Mo-Hf		Ag-Hf		In-Hf		Sn-Hf

		Ta		B-Ta		C-Ta		Mg-Ta		Al-Ta		Si-Ta		Ti-Ta		V-Ta		Cr-Ta		Mn-Ta		Fe-Ta		Co-Ta		Ni-Ta		Cu-Ta		Zn-Ta		Ga-Ta		Y-Ta		Zr-Ta		Nb-Ta		Mo-Ta		Ag-Ta		In-Ta		Sn-Ta		Hf-Ta

		W		B-W		C-W		Mg-W		Al-W		Si-W		Ti-W		V-W		Cr-W		Mn-W		Fe-W		Co-W		Ni-W		Cu-W		Zn-W		Ga-W		Y-W		Zr-W		Nb-W		Mo-W		Ag-W		In-W		Sn-W		Hf-W		Ta-W

				NO liquid phase below 1015C (all the composition below 1015C at 1 atm is solid)

				Only Liquid/gas phase or it coexists with solid phase below 900 C at 1 atm

				Liquid to solid phase transition between 1015 and 900C

				Not available in database
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		B-Co		C-Co		Mg-Co		Al-Co		Si-Co		Ti-Co		V-Co		Cr-Co		Mn-Co		Fe-Co

		Co-Ni		Co-Cu		Co-Zn		Co-Ga		Co-Y		Co-Zr		Co-Nb		Co-Mo		Co-Ag		Co-In		Co-Sn		Co-Hf		Co-Ta		Co-W

		B-Co		C-Co		Mg-Co		Al-Co		Si-Co

		Ti-Co		V-Co		Cr-Co		Mn-Co		Fe-Co

		Co-Ni		Co-Cu		Co-Zn		Co-Ga		Co-Y

		Co-Zr		Co-Nb		Co-Mo		Co-Ag		Co-In

		Co-Sn		Co-Hf		Co-Ta		Co-W

				NO liquid phase below 1015C (all the composition below 1015C at 1 atm is solid)

				Only Liquid/gas phase or it coexists with solid phase below 900 C at 1 atm

				Liquid to solid phase transition between 1015 and 900C

				Not available in database

		B-Co		C-Co		Mg-Co		Al-Co		Si-Co

		Ti-Co		V-Co		Cr-Co		Mn-Co		Fe-Co

		Co-Ni		Co-Cu		Co-Zn		Co-Ga		Co-Y

		Co-Zr		Co-Nb		Co-Mo		Co-Ag		Co-In

		Co-Sn		Co-Hf		Co-Ta		Co-W

				NO liquid phase below 1015C (all the composition below 1015C at 1 atm is solid)

				Only Liquid/gas phase or it coexists with solid phase below 900 C at 1 atm

				Liquid to solid phase transition between 1015 and 900C

				Not available in database





25 elements ternary

		Cu		B		C		Mg		Al		Si		V		Cr		Mn		Fe		Co		Ni		Zn		Nb		Mo		In		Sn		Ta		Ti		Zr		Ag

		B

		C		Cu-B-C

		Mg		Cu-B-Mg		Cu-C-Mg

		Al		Cu-B-Al		Cu-C-Al		Cu-Mg-Al

		Si		Cu-B-Si		Cu-C-Si		Cu-Mg-Si		Cu-Al-Si

		V		Cu-B-V		Cu-C-V		Cu-Mg-V		Cu-Al-V		Cu-Si-V

		Cr		Cu-B-Cr		Cu-C-Cr		Cu-Mg-Cr		Cu-Al-Cr		Cu-Si-Cr		Cu-V-Cr

		Mn		Cu-B-Mn		Cu-C-Mn		Cu-Mg-Mn		Cu-Al-Mn		Cu-Si-Mn		Cu-V-Mn		Cu-Cr-Mn

		Fe		Cu-B-Fe		Cu-C-Fe		Cu-Mg-Fe		Cu-Al-Fe		Cu-Si-Fe		Cu-V-Fe		Cu-Cr-Fe		Cu-Mn-Fe

		Co		Cu-B-Co		Cu-C-Co		Cu-Mg-Co		Cu-Al-Co		Cu-Si-Co		Cu-V-Co		Cu-Cr-Co		Cu-Mn-Co		Cu-Fe-Co

		Ni		Cu-B-Ni		Cu-C-Ni		Cu-Mg-Ni		Cu-Al-Ni		Cu-Si-Ni		Cu-V-Ni		Cu-Cr-Ni		Cu-Mn-Ni		Cu-Fe-Ni		Cu-Co-Ni

		Zn		Cu-B-Zn		Cu-C-Zn		Cu-Mg-Zn		Cu-Al-Zn		Cu-Si-Zn		Cu-V-Zn		Cu-Cr-Zn		Cu-Mn-Zn		Cu-Fe-Zn		Cu-Co-Zn		Cu-Ni-Zn

		Nb		Cu-B-Nb		Cu-C-Nb		Cu-Mg-Nb		Cu-Al-Nb		Cu-Si-Nb		Cu-V-Nb		Cu-Cr-Nb		Cu-Mn-Nb		Cu-Fe-Nb		Cu-Co-Nb		Cu-Ni-Nb		Cu-Zn-Nb

		Mo		Cu-B-Mo		Cu-C-Mo		Cu-Mg-Mo		Cu-Al-Mo		Cu-Si-Mo		Cu-V-Mo		Cu-Cr-Mo		Cu-Mn-Mo		Cu-Fe-Mo		Cu-Co-Mo		Cu-Ni-Mo		Cu-Zn-Mo		Cu-Nb-Mo

		In		Cu-B-In		Cu-C-In		Cu-Mg-In		Cu-Al-In		Cu-Si-In		Cu-V-In		Cu-Cr-In		Cu-Mn-In		Cu-Fe-In		Cu-Co-In		Cu-Ni-In		Cu-Zn-In		Cu-Nb-In		Cu-Mo-In

		Sn		Cu-B-Sn		Cu-C-Sn		Cu-Mg-Sn		Cu-Al-Sn		Cu-Si-Sn		Cu-V-Sn		Cu-Cr-Sn		Cu-Mn-Sn		Cu-Fe-Sn		Cu-Co-Sn		Cu-Ni-Sn		Cu-Zn-Sn		Cu-Nb-Sn		Cu-Mo-Sn		Cu-In-Sn

		Ta		Cu-B-Ta		Cu-C-Ta		Cu-Mg-Ta		Cu-Al-Ta		Cu-Si-Ta		Cu-V-Ta		Cu-Cr-Ta		Cu-Mn-Ta		Cu-Fe-Ta		Cu-Co-Ta		Cu-Ni-Ta		Cu-Zn-Ta		Cu-Nb-Ta		Cu-Mo-Ta		Cu-In-Ta		Cu-Sn-Ta

		Ti		Cu-B-Ti		Cu-C-Ti		Cu-Mg-Ti		Cu-Al-Ti		Cu-Si-Ti		Cu-V-Ti		Cu-Cr-Ti		Cu-Mn-Ti		Cu-Fe-Ti		Cu-Co-Ti		Cu-Ni-Ti		Cu-Zn-Ti		Cu-Nb-Ti		Cu-Mo-Ti		Cu-In-Ti		Cu-Sn-Ti		Cu-Ta-Ti

		Zr		Cu-B-Zr		Cu-C-Zr		Cu-Mg-Zr		Cu-Al-Zr		Cu-Si-Zr		Cu-V-Zr		Cu-Cr-Zr		Cu-Mn-Zr		Cu-Fe-Zr		Cu-Co-Zr		Cu-Ni-Zr		Cu-Zn-Zr		Cu-Nb-Zr		Cu-Mo-Zr		Cu-In-Zr		Cu-Sn-Zr		Cu-Ta-Zr		Cu-Ti-Zr

		Ag		Cu-B-Ag		Cu-C-Ag		Cu-Mg-Ag		Cu-Al-Ag		Cu-Si-Ag		Cu-V-Ag		Cu-Cr-Ag		Cu-Mn-Ag		Cu-Fe-Ag		Cu-Co-Ag		Cu-Ni-Ag		Cu-Zn-Ag		Cu-Nb-Ag		Cu-Mo-Ag		Cu-In-Ag		Cu-Sn-Ag		Cu-Ta-Ag		Cu-Ti-Ag		Cu-Zr-Ag

				No liquid phase present in the phase diagram below 1000 °C

				There exists some specific composition zone, which completely solidifies from liquid phase, between temperature window of 900 and 1000 °C

				The composition of liquid zone at 1000 °C, remains liquid or solid+liquid below 900 °C

				Not available in database





39 elements-binary

				B		C		Mg		Al		Si		Ti		V		Cr		Mn		Fe		Co		Ni		Cu		Zn		Ga		Ge		Y		Zr		Nb		Mo		Ag		In		Sn		Sb		I		La		Ce		Pr		Nd		Sm		Gd		Dy		Ho		Er		Yb		Hf		Ta		W

		C		B-C

		Mg		B-Mg		C-Mg

		Al		B-Al		C-Al		Mg-Al

		Si		B-Si		C-Si		Mg-Si		Al-Si

		Ti		B-Ti		C-Ti		Mg-Ti		Al-Ti		Si-Ti

		V		B-V		C-V		Mg-V		Al-V		Si-V		Ti-V

		Cr		B-Cr		C-Cr		Mg-Cr		Al-Cr		Si-Cr		Ti-Cr		V-Cr

		Mn		B-Mn		C-Mn		Mg-Mn		Al-Mn		Si-Mn		Ti-Mn		V-Mn		Cr-Mn

		Fe		B-Fe		C-Fe		Mg-Fe		Al-Fe		Si-Fe		Ti-Fe		V-Fe		Cr-Fe		Mn-Fe

		Co		B-Co		C-Co		Mg-Co		Al-Co		Si-Co		Ti-Co		V-Co		Cr-Co		Mn-Co		Fe-Co

		Ni		B-Ni		C-Ni		Mg-Ni		Al-Ni		Si-Ni		Ti-Ni		V-Ni		Cr-Ni		Mn-Ni		Fe-Ni		Co-Ni

		Cu		B-Cu		C-Cu		Mg-Cu		Al-Cu		Si-Cu		Ti-Cu		V-Cu		Cr-Cu		Mn-Cu		Fe-Cu		Co-Cu		Ni-Cu

		Zn		B-Zn		C-Zn		Mg-Zn		Al-Zn		Si-Zn		Ti-Zn		V-Zn		Cr-Zn		Mn-Zn		Fe-Zn		Co-Zn		Ni-Zn		Cu-Zn

		Ga		B-Ga		C-Ga		Mg-Ga		Al-Ga		Si-Ga		Ti-Ga		V-Ga		Cr-Ga		Mn-Ga		Fe-Ga		Co-Ga		Ni-Ga		Cu-Ga		Zn-Ga

		Ge		B-Ge		C-Ge		Mg-Ge		Al-Ge		Si-Ge		Ti-Ge		V-Ge		Cr-Ge		Mn-Ge		Fe-Ge		Co-Ge		Ni-Ge		Cu-Ge		Zn-Ge		Ga-Ge

		Y		B-Y		C-Y		Mg-Y		Al-Y		Si-Y		Ti-Y		V-Y		Cr-Y		Mn-Y		Fe-Y		Co-Y		Ni-Y		Cu-Y		Zn-Y		Ga-Y		Ge-Y

		Zr		B-Zr		C-Zr		Mg-Zr		Al-Zr		Si-Zr		Ti-Zr		V-Zr		Cr-Zr		Mn-Zr		Fe-Zr		Co-Zr		Ni-Zr		Cu-Zr		Zn-Zr		Ga-Zr		Ge-Zr		Y-Zr

		Nb		B-Nb		C-Nb		Mg-Nb		Al-Nb		Si-Nb		Ti-Nb		V-Nb		Cr-Nb		Mn-Nb		Fe-Nb		Co-Nb		Ni-Nb		Cu-Nb		Zn-Nb		Ga-Nb		Ge-Nb		Y-Nb		Zr-Nb

		Mo		B-Mo		C-Mo		Mg-Mo		Al-Mo		Si-Mo		Ti-Mo		V-Mo		Cr-Mo		Mn-Mo		Fe-Mo		Co-Mo		Ni-Mo		Cu-Mo		Zn-Mo		Ga-Mo		Ge-Mo		Y-Mo		Zr-Mo		Nb-Mo

		Ag		B-Ag		C-Ag		Mg-Ag		Al-Ag		Si-Ag		Ti-Ag		V-Ag		Cr-Ag		Mn-Ag		Fe-Ag		Co-Ag		Ni-Ag		Cu-Ag		Zn-Ag		Ga-Ag		Ge-Ag		Y-Ag		Zr-Ag		Nb-Ag		Mo-Ag

		In		B-In		C-In		Mg-In		Al-In		Si-In		Ti-In		V-In		Cr-In		Mn-In		Fe-In		Co-In		Ni-In		Cu-In		Zn-In		Ga-In		Ge-In		Y-In		Zr-In		Nb-In		Mo-In		Ag-In

		Sn		B-Sn		C-Sn		Mg-Sn		Al-Sn		Si-Sn		Ti-Sn		V-Sn		Cr-Sn		Mn-Sn		Fe-Sn		Co-Sn		Ni-Sn		Cu-Sn		Zn-Sn		Ga-Sn		Ge-Sn		Y-Sn		Zr-Sn		Nb-Sn		Mo-Sn		Ag-Sn		In-Sn

		Sb		B-Sb		C-Sb		Mg-Sb		Al-Sb		Si-Sb		Ti-Sb		V-Sb		Cr-Sb		Mn-Sb		Fe-Sb		Co-Sb		Ni-Sb		Cu-Sb		Zn-Sb		Ga-Sb		Ge-Sb		Y-Sb		Zr-Sb		Nb-Sb		Mo-Sb		Ag-Sb		In-Sb		Sn-Sb

		I		B-I		C-I		Mg-I		Al-I		Si-I		Ti-I		V-I		Cr-I		Mn-I		Fe-I		Co-I		Ni-I		Cu-I		Zn-I		Ga-I		Ge-I		Y-I		Zr-I		Nb-I		Mo-I		Ag-I		In-I		Sn-I		Sb-I

		La		B-La		C-La		Mg-La		Al-La		Si-La		Ti-La		V-La		Cr-La		Mn-La		Fe-La		Co-La		Ni-La		Cu-La		Zn-La		Ga-La		Ge-La		Y-La		Zr-La		Nb-La		Mo-La		Ag-La		In-La		Sn-La		Sb-La		I-La

		Ce		B-Ce		C-Ce		Mg-Ce		Al-Ce		Si-Ce		Ti-Ce		V-Ce		Cr-Ce		Mn-Ce		Fe-Ce		Co-Ce		Ni-Ce		Cu-Ce		Zn-Ce		Ga-Ce		Ge-Ce		Y-Ce		Zr-Ce		Nb-Ce		Mo-Ce		Ag-Ce		In-Ce		Sn-Ce		Sb-Ce		I-Ce		La-Ce

		Pr		B-Pr		C-Pr		Mg-Pr		Al-Pr		Si-Pr		Ti-Pr		V-Pr		Cr-Pr		Mn-Pr		Fe-Pr		Co-Pr		Ni-Pr		Cu-Pr		Zn-Pr		Ga-Pr		Ge-Pr		Y-Pr		Zr-Pr		Nb-Pr		Mo-Pr		Ag-Pr		In-Pr		Sn-Pr		Sb-Pr		I-Pr		La-Pr		Ce-Pr

		Nd		B-Nd		C-Nd		Mg-Nd		Al-Nd		Si-Nd		Ti-Nd		V-Nd		Cr-Nd		Mn-Nd		Fe-Nd		Co-Nd		Ni-Nd		Cu-Nd		Zn-Nd		Ga-Nd		Ge-Nd		Y-Nd		Zr-Nd		Nb-Nd		Mo-Nd		Ag-Nd		In-Nd		Sn-Nd		Sb-Nd		I-Nd		La-Nd		Ce-Nd		Pr-Nd

		Sm		B-Sm		C-Sm		Mg-Sm		Al-Sm		Si-Sm		Ti-Sm		V-Sm		Cr-Sm		Mn-Sm		Fe-Sm		Co-Sm		Ni-Sm		Cu-Sm		Zn-Sm		Ga-Sm		Ge-Sm		Y-Sm		Zr-Sm		Nb-Sm		Mo-Sm		Ag-Sm		In-Sm		Sn-Sm		Sb-Sm		I-Sm		La-Sm		Ce-Sm		Pr-Sm		Nd-Sm

		Gd		B-Gd		C-Gd		Mg-Gd		Al-Gd		Si-Gd		Ti-Gd		V-Gd		Cr-Gd		Mn-Gd		Fe-Gd		Co-Gd		Ni-Gd		Cu-Gd		Zn-Gd		Ga-Gd		Ge-Gd		Y-Gd		Zr-Gd		Nb-Gd		Mo-Gd		Ag-Gd		In-Gd		Sn-Gd		Sb-Gd		I-Gd		La-Gd		Ce-Gd		Pr-Gd		Nd-Gd		Sm-Gd

		Dy		B-Dy		C-Dy		Mg-Dy		Al-Dy		Si-Dy		Ti-Dy		V-Dy		Cr-Dy		Mn-Dy		Fe-Dy		Co-Dy		Ni-Dy		Cu-Dy		Zn-Dy		Ga-Dy		Ge-Dy		Y-Dy		Zr-Dy		Nb-Dy		Mo-Dy		Ag-Dy		In-Dy		Sn-Dy		Sb-Dy		I-Dy		La-Dy		Ce-Dy		Pr-Dy		Nd-Dy		Sm-Dy		Gd-Dy

		Ho		B-Ho		C-Ho		Mg-Ho		Al-Ho		Si-Ho		Ti-Ho		V-Ho		Cr-Ho		Mn-Ho		Fe-Ho		Co-Ho		Ni-Ho		Cu-Ho		Zn-Ho		Ga-Ho		Ge-Ho		Y-Ho		Zr-Ho		Nb-Ho		Mo-Ho		Ag-Ho		In-Ho		Sn-Ho		Sb-Ho		I-Ho		La-Ho		Ce-Ho		Pr-Ho		Nd-Ho		Sm-Ho		Gd-Ho		Dy-Ho

		Er		B-Er		C-Er		Mg-Er		Al-Er		Si-Er		Ti-Er		V-Er		Cr-Er		Mn-Er		Fe-Er		Co-Er		Ni-Er		Cu-Er		Zn-Er		Ga-Er		Ge-Er		Y-Er		Zr-Er		Nb-Er		Mo-Er		Ag-Er		In-Er		Sn-Er		Sb-Er		I-Er		La-Er		Ce-Er		Pr-Er		Nd-Er		Sm-Er		Gd-Er		Dy-Er		Ho-Er

		Yb		B-Yb		C-Yb		Mg-Yb		Al-Yb		Si-Yb		Ti-Yb		V-Yb		Cr-Yb		Mn-Yb		Fe-Yb		Co-Yb		Ni-Yb		Cu-Yb		Zn-Yb		Ga-Yb		Ge-Yb		Y-Yb		Zr-Yb		Nb-Yb		Mo-Yb		Ag-Yb		In-Yb		Sn-Yb		Sb-Yb		I-Yb		La-Yb		Ce-Yb		Pr-Yb		Nd-Yb		Sm-Yb		Gd-Yb		Dy-Yb		Ho-Yb		Er-Yb

		Hf		B-Hf		C-Hf		Mg-Hf		Al-Hf		Si-Hf		Ti-Hf		V-Hf		Cr-Hf		Mn-Hf		Fe-Hf		Co-Hf		Ni-Hf		Cu-Hf		Zn-Hf		Ga-Hf		Ge-Hf		Y-Hf		Zr-Hf		Nb-Hf		Mo-Hf		Ag-Hf		In-Hf		Sn-Hf		Sb-Hf		I-Hf		La-Hf		Ce-Hf		Pr-Hf		Nd-Hf		Sm-Hf		Gd-Hf		Dy-Hf		Ho-Hf		Er-Hf		Yb-Hf

		Ta		B-Ta		C-Ta		Mg-Ta		Al-Ta		Si-Ta		Ti-Ta		V-Ta		Cr-Ta		Mn-Ta		Fe-Ta		Co-Ta		Ni-Ta		Cu-Ta		Zn-Ta		Ga-Ta		Ge-Ta		Y-Ta		Zr-Ta		Nb-Ta		Mo-Ta		Ag-Ta		In-Ta		Sn-Ta		Sb-Ta		I-Ta		La-Ta		Ce-Ta		Pr-Ta		Nd-Ta		Sm-Ta		Gd-Ta		Dy-Ta		Ho-Ta		Er-Ta		Yb-Ta		Hf-Ta

		W		B-W		C-W		Mg-W		Al-W		Si-W		Ti-W		V-W		Cr-W		Mn-W		Fe-W		Co-W		Ni-W		Cu-W		Zn-W		Ga-W		Ge-W		Y-W		Zr-W		Nb-W		Mo-W		Ag-W		In-W		Sn-W		Sb-W		I-W		La-W		Ce-W		Pr-W		Nd-W		Sm-W		Gd-W		Dy-W		Ho-W		Er-W		Yb-W		Hf-W		Ta-W

		Bi		B-Bi		C-Bi		Mg-Bi		Al-Bi		Si-Bi		Ti-Bi		V-Bi		Cr-Bi		Mn-Bi		Fe-Bi		Co-Bi		Ni-Bi		Cu-Bi		Zn-Bi		Ga-Bi		Ge-Bi		Y-Bi		Zr-Bi		Nb-Bi		Mo-Bi		Ag-Bi		In-Bi		Sn-Bi		Sb-Bi		I-Bi		La-Bi		Ce-Bi		Pr-Bi		Nd-Bi		Sm-Bi		Gd-Bi		Dy-Bi		Ho-Bi		Er-Bi		Yb-Bi		Hf-Bi		Ta-Bi		W-Bi

				NO liquid phase below 1015C (all the composition below 1015C at 1 atm is solid)

				Only Liquid/gas phase or it coexists with solid phase below 900 C at 1 atm

				Liquid to solid phase transition between 1015 and 900C

				Not available in database
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