
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-MoCu-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

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

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

Computational Predictions and Experimental Characterization of Cobalt and Copper Based 
Solid Oxide Fuel Cell Brazes
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Introduction
Solid Oxide Fuel Cells (SOFCs) are a desirable clean energy conversion technology, due
to their fuel flexibility, high efficiency, and relatively low cost [1]. However, long term
stability is a issue than needs to be considered when designing a SOFC stack. Sealants
often display durability problems. For standard silver-based brazes, the high diffusivity
of hydrogen and oxygen create pores inside the braze after long-term operation, leading
to mechanical failure and hermetic seal failure [2]. In this work, promising cobalt and
copper-base braze systems were computationally identified using Thermo-Calc. Samples
were fabricated via arc-melting, oxidation tested via thermogravimetric analysis (TGA),
and melting point analyzed with differential scanning calorimetry (DSC).

Element Selection
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
simulations as possible braze components:

Computational Braze Alloy Selection II
Co-based Ternary Alloy Calculations
Database: TCIN7 and TCSLD2

Cu-based Ternary Alloy Calculations
Database: TTTI3 and TCSLD2

TGA Results

DSC Results

Conclusions
• Ni89Co6Si5 showed good oxidation

resistance after 5 days of oxidation
testing, but further composition
adjustment is needed to lower the
melting point

• Most of the computationally
identified copper-based alloys from
computational results were
modifications of either Cu-Al or Cu-
Si.

• Cu91Al9 composition showed good
oxidation resistance after 24 hrs of
oxidation

• Future work is aimed at testing the
wetting, bond strength and long
term stability of these, and
additional, Co and Cu based brazes

• Nominal Ramp Rates: 5oC/min Heating 
and Cooling

• Maximum Temperature: 1300oC
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Testing Conditions: 5oC/min Heating and 
Cooling; holding at 750oC for 2~5 days

Target Braze Properties
• 900oC ≤ Solidus temperature ≤1015oC
• Oxidation resistance similar to commercial alloy BNi2
• Wetting and Bonding on YSZ and Stainless Steel 441

Sample Fabrication

Sample DSC Data for the Cu91Al9 
Braze:
Liquidus Temperature: 1047oC
Solidus Temperature: 1034oC

Phase Transformation:
565oC

Solidus 
Temperature:
1034oC

Liquidus
Temperature:
1047oC

• Ni89Co6Si5 and Cu91Al9 showed 
good oxidation resistance

Sample image showing composition selection based on the solidus temperatures:
Computational Braze Alloy Selection I

• White: Three Phase Mixture or Insufficient Data
• Green Lines: Two Phase Mixture
• Blue: Liquid Phase

Cu91Al9

Co57Mo35Si8


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









Sheet1

		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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