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1.1 Components 

A total of 22 components are included in the database as listed here:  

Al-B-C-Co-Cr-Cu-Fe-Hf-Ir-Mn-Mo-N-Nb-Ni-Pt-Re-Ru-Si-Ta-Ti-W-Zr 

 

1.2 Suggested Composition Range 

The suggested composition range for each element is listed in Table 1.1. It 

should be noted that this composition range is based on the validation we 

performed on commercial alloys. For particular subsystems, the application 

range may be wider. Some subsystems can be applied to the entire 

composition range as given in Table 1.4. 

Table 1.1: Suggested composition range 

Element Composition range (wt%) 

Ni 50-100 

Al,Co,Cr,Fe 0-22 

Ir,Mo,Re,Ru,W 0-12 

Hf,Nb,Ta,Ti 0-5 

B,C,Cu,Mn,N,Si,Zr 0-0.5 

Pt 0-40 

 

1.3 What's new in PanNi2020 

Model parameters for the γ' phase are significantly improved in PanNi2020 

so that the γ' solvus temperatures and equilibrium phase fractions are more 

accurate for many commercial alloys. This improvement is important not 

only for phase equilibrium calculation, but also for precipitation simulation. 
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1.4 Phases 

A total of 149 phases are included in the current database. The names and 

thermodynamic models of the major phases are given in Table 1.2. 

Information on all phases can be displayed in the TDB viewer of Pandat or 

can be found at www.computherm.com. 

Table 1.2: Phase name and related information 

Name Lattice Size Constituent 

B2 (1)(1) 

(Al,Co,Cr,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W) 
(Al,Co,Cr,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Va) 

Bcc (1)(3) 
(Al,Co,Cr,Cu,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr) 
(B,C,N,Va) 

Chi_A12 (24)(10)(24) 
(Cr,Fe,Ni,Re)(Cr,Mo,Ta,W) 
(Cr,Fe,Mo,Ni,Re,Ta,W) 

Delta (3)(1) 
(Al,Co,Cr,Fe,Mo,Nb,Ni,Re,Ta,Ti) 
(Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W) 

Eta (0.75)(0.25) (Co,Fe,Ni,Ti)(Al,Cr,Hf,Mo,Nb,Ni,Ta,Ti) 

Fcc (1)(1) 
(Al,Co,Cr,Cu,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr) 
(B,C,N,Va) 

FCC_MC (1)(1) (Co,Cr,Hf,Mo,Nb,Ni,Si,Ta,Ti,W,Zr)(B,C,N,Va) 

Hcp (1)(0.5) 
(Al,Co,Cr,Cu,Fe,Hf,Ir,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr) 
(B,C,N,Va) 

HCP_M2C (1)(0.5) (Co,Cr,Fe,Mo,Nb,Ni,Ta,Ti,W)(B,C,N,Va) 

L12_FCC (0.75)(0.25)(1) 

(Al,Co,Cr,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr) 
(Al,Co,Cr,Fe,Hf,Ir,Mn,Mo,Nb, 
Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr)(Va) 

Laves_C14 (2)(1) 
(Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W,Zr) 
(Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W,Zr) 

Laves_C15 (2)(1) (Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W,Zr) 

http://www.computherm.com/
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(Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W,Zr) 

Liquid (1) 
(Al,B,C,Co,Cr,Cu,Fe,Hf,Ir,Mn,Mo, 
N,Nb,Ni,Pt,Re,Ru,Si,Ta,Ti,W,Zr) 

M23C6 (20)(3)(6) 
(Co,Cr,Fe,Ni,Re) 
(Co,Cr,Fe,Mo,Nb,Ni,Re,Ta,Ti,W)(B,C) 

M2B (2)(1) (Co,Cr,Fe,Mo,Ni,Ta,W)(B) 

M3B2 (2)(1)(2) 
(Co,Cr,Fe,Mo,Nb,Ni,Ta,W) 
(Co,Cr,Fe,Nb,Ni,Ta,W)(B) 

M3Si (3)(1) (Co,Cr,Fe,Mo,Nb,Ni,Ta,Ti,Zr)(Si) 

M5Si3 (0.625)(0.375) (Cr,Fe,Mo,Nb,Ta,Ti,W,Zr)(Si) 

M6C (2)(2)(2)(1) 
(Co,Fe,Ni)(Cr,Mo,Nb,W) 
(Co,Cr,Fe,Mo,Nb,Ni,W)(C) 

M7C3 (7)(3) (Co,Cr,Fe,Mo,Nb,Ni,Re,W)(B,C) 

MB2 (1)(2) (Al,Cr,Hf,Mo,Nb,Re,Ta,Ti,Zr)(B) 

MSi (0.5)(0.5) (Co,Cr,Fe,Hf,Nb,Ni,Ti,Zr)(Si) 

Mu_Phase (7)(2)(4) 
(Co,Cr,Fe,Mo,Nb,Ni,Re,Ta) 
(Co,Cr,Mo,Nb,Ni,Re,Ta,Ti,W) 
(Co,Cr,Fe,Mo,Nb,Ni,Re,Ta,Ti,W) 

NiMo (24)(20)(12) (Co,Cr,Fe,Ni,Re)(Al,Cr,Fe,Mo,Ni,Re,W)(Mo) 

P_Phase (24)(12)(20) 
(Co,Cr,Fe,Ni,Re)(Mo,W) 
(Co,Cr,Fe,Mo,Ni,Re,W) 

R_Phase (27)(14)(12) (Co,Cr,Fe,Ni)(Mo,W)(Co,Cr,Fe,Mo,Ni,W) 

Sigma (8)(4)(18) 
(Al,Co,Fe,Mn,Ni,Re,Ru,Si) 
(Co,Cr,Mo,Nb,Ni,Ta,W) 
(Al,Co,Cr,Fe,Mn,Mo,Nb,Ni,Re,Ru,Si,Ta,W) 

gamma_double 
_prime 

(3)(1) 
(Al,Co,Cr,Fe,Mo,Nb,Ni,Re,Ta,Ti) 
(Al,Co,Cr,Fe,Hf,Mo,Nb,Ni,Ta,Ti,W) 

 

1.5 Key Elements and Subsystems 

Table 1.3 lists major binaries and Table 1.4 lists the modeled ternaries in the 

22-component system. Thermodynamic descriptions are fully developed for 
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the systems in green color, which means that there is no composition limits 

if calculations are carried out for these systems. Only major phases are 

considered for the systems in yellow color. For these systems, phase 

relationships are correct in the areas near the major phases. In the ternary 

systems with light blue color, only patial descriptions for major phases are 

developed, which means the descriptions are good within low concentration 

of boron or carbon. No model parameters are developed for those systems in 

white color.  

 : Full description 

 : Full description for major phases 

 : Partial description for major phases 

 : Extrapolation 

 

Table 1.3: Current Status of Key Binary Systems 

 Co Cr Fe Hf Ir Mo Nb Ni Pt Re Ru Si Ta Ti W Zr 

Al Al-Co Al-Cr Al-Fe Al-Hf Al-Ir Al-Mo Al-Nb Al-Ni Al-Pt Al-Re Al-Ru Al-Si Al-Ta Al-Ti Al-W Al-Zr 

Co  Co-Cr Co-Fe Co-Hf Co-Ir Co-Mo Co-Nb Co-Ni Co-Pt Co-Re Co-Ru Co-Si Co-Ta Co-Ti Co-W Co-Zr 

Cr   Cr-Fe Cr-Hf Cr-Ir Cr-Mo Cr-Nb Cr-Ni Cr-Pt Cr-Re Cr-Ru Cr-Si Cr-Ta Cr-Ti Cr-W Cr-Zr 

Fe    Fe-Hf Fe-Ir Fe-Mo Fe-Nb Fe-Ni Fe-Pt Fe-Re Fe-Ru Fe-Si Fe-Ta Fe-Ti Fe-W Fe-Zr 

Hf     Hf-Ir Hf-Mo Hf-Nb Hf-Ni Hf-Pt Hf-Re Hf-Ru Hf-Si Hf-Ta Hf-Ti Hf-W Hf-Zr 

Ir      Ir-Mo Ir-Nb Ir-Ni Ir-Pt Ir-Re Ir-Ru Ir-S Ir-Ta Ir-Ti Ir-W Ir-Zr 

Mo       Mo-Nb Mo-Ni Mo-Pt Mo-Re Mo-Ru Mo-Si Mo-Ta Mo-Ti Mo-W Mo-Zr 

Nb        Nb-Ni Nb-Pt Nb-Re Nb-Ru Nb-Si Nb-Ta Nb-Ti Nb-W Nb-Zr 

Ni         Ni-Pt Ni-Re Ni-Ru Ni-Si Ni-Ta Ni-Ti Ni-W Ni-Zr 

Pt          Pt-Re Pt-Ru Pt-Si Pt-Ta Pt-Ti Pt-W Pt-Zr 

Re           Re-Ru Re-Si Re-Ta Re-Ti Re-W Re-Zr 

Ru            Ru-Si Ru-Ta Ru-Ti Ru-W Ru-Zr 

Si             Si-Ta Si-Ti Si-W Si-Zr 

Ta              Ta-Ti Ta-W Ta-Zr 

Ti               Ti-W Ti-Zr 

W                W-Zr 

 

Table 1.4: Current Status of Key Ternary Systems 

 

Al-Co-Ni Al-Cr-Ni Al-Co-W Al-Mo-Ni Al-Nb-Ni Al-Ni-Pt Al-Ni-Re Al-Ni-Si 

Al-Ni-Ta Al-Ni-Ti Al-Ni-W Co-Cr-Mo Co-Cr-Ni Co-Cr-Ti Co-Cr-W Co-Fe-W 

Co-Mo-Ni Co-Ni-Si Co-Ni-Ta Co-Ni-Ti Co-Ni-W Cr-Fe-Ni Cr-Fe-Ti Cr-Mo-Nb 

Cr-Mo-Ni Cr-Nb-Ni Cr-Ni-Pt Cr-Ni-Ru Cr-Ni-Ta Cr-Ni-Ti Cr-Ni-W Cu-Hf-Ni 

Cu-Nb-Ni Cu-Ni-Si Cu-Ni-Ta Cu-Ni-Ti Cu-Ni-Zr Fe-Mo-Ni Fe-Nb-Ni Fe-Ni-Si 

Fe-Ni-W Mo-Nb-Ni Mo-Ni-Si Mo-Ni-Ta Mo-Ni-W Nb-Ni-Ti Ni-Si-Ti Ni-Ti-W 

Al-B-Cr Al-B-Ni B-Co-Cr B-Co-Ni B-Cr-Fe B-Cr-Ti B-Fe-Ni B-Ni-Ti 

B-Ni-W C-Co-Cr C-Co-Fe C-Co-Ni C-Co-W C-Cr-Ni C-Cr-Ti C-Fe-Ni 

C-Fe-W C-Mo-Ti C-Mo-W C-Nb-W C-Ni-W    
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1.6 Database Validation 

This database focuses on the nickel-rich corner of multicomponent nickel 

alloys, and has been extensively tested and validated by a large number of 

commercial nickel alloys. Table 1.5 lists the alloys and references used for 

testing the current database. In the table, 
fT , s

fT , and '
fT  represent liquidus, 

solidus ( starts to form from liquid), and  solvus ( starts to precipitate in 

the  phase matrix) temperatures, respectively. 'f  represents the volume 

fraction of the  phase, and   )( inXx , '  )( inXx  represent the equilibrium 

compositions of component X  in the  and  phases, respectively. The 

recommended composition ranges given in Table 1.1 are the ones that have 

been extensively tested. Users need to be careful when using the database 

beyond the suggested ranges. 

This database can be used to calculate phase equilibria for multi-component 

alloys, such as the equilibrium between  and . It can be used to predict 

phase transformation temperatures, such as liquidus, solidus and  solvus. 

The fraction of each phase as a function of temperature and partitioning of 

components in different phases can also be calculated. In addition to 

equilibrium calculations, Scheil simulations can also be carried out using 

this database. Some calculation results are presented in Figure 1.1 to Figure 

1.10.  

Figure 1.1 shows comparison between calculated and experimentally 

measured liquidus and solidus temperatures for nickel-based superalloys, 

while Figure 1.2 is for that of the solvus temperatures of the  phase. Figure 

1.3 shows comparison between calculated and experimentally determined 

amounts of the  phase. Figure 1.4 to Figure 1.10 are comparisons between 

the calculated and experimentally measured equilibrium compositions for Al, 

Co, Cr, Mo, Re, Ti, and W in  and  phases, respectively. These figures show 

reasonable agreement between the calculated values using the current nickel 

database and the experimentally determined ones. 
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Table 1.5: Experimental Data Used for Testing the Current Nickel Database 

Alloy  Experimental Information References 

Udimet-700 '
fT , Tvsf  . ' , 

TvsinWMoTiCrAlx  . '  ),,,,(   

[1971Mol] 

Ni-14Cr-6.5~12Al-4Ti-1~5Mo '
fT  [1972Loo] 

Ni-4~13Al-6.5~20.5Cr-
0.25~4.5Ti-0~6Mo-0~4W 

Catf o850  ' , 

'    ),,,,(  andinWMoTiCrAlx  

[1974Dre] 

IN-939 '    ),,,,,(  andinWTaTiCrCoAlx  [1983Del] 

Udimet-520 '    ),,,,,(  andinWMoTiCrCoAlx  [1983Mag] 

Udimet-710 '    ),,,,,(  andinWMoTiCrCoAlx  [1983Mag] 

Udimet-100 '    ),,,,,(  andinWMoTiCrCoAlx  [1983Mag] 

N-18 '
fT  [1988Duc] 

IN-100 '
fT  [1988Duc] 

MERL-76 '
fT  [1988Duc] 

RENE-95 '
fT  [1988Duc] 

ASTROLOY '
fT  [1988Duc] 

Nimonic-105 '    ),,,,(  andinMoTiCrCoAlx  [1991Tri] 

BJH, BJJ, BJK, BJL, BJM, 
BJP 


fT , 

s

fT , 
'

fT  [1992Dha] 

2D8625, 2D8638, 2D8639, 
2D8640 


fT , 

s

fT , 
'

fT  [1992Dha] 

MA6000 
fT , 

s

fT , 
'

fT  [1992Dha] 

CMSX-2 
fT , 

s

fT , 
'

fT  [1992Dha] 

SRR-99 '    ),,,,,(  andinWTaTiCrCoAlx  [1992Sch] 

Modified IN738LC '    ),,,,,(  andinMoWTaCrCoAlx  [1993Zha] 

MC2 '    ),,,,,,(  andinMoWTiTaCrCoAlx  [1994Duv] 

Ni-Al-Re-X(X: Cr, Mo, W, Ti, 
Ta, Nb, Co) 

'    ),,(  andinXREAlx  [1994Miy] 

Rene N6 
fT , 

s

fT , 
'

fT , 'f , 

'    ),,,,,,(  andinMoWRETaCrCoAlx  

[1998Rit] 
[1999Rit] 
[2001Cop] 
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Figure 1.1: Comparison between the calculated and experimentally 

measured liquidus and solidus temperatures 

 
Figure 1.2: Comparison between the calculated and experimentally 

measured solvus temperatures of the  phase 
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Figure 1.3: Comparison between the calculated and experimentally 

measured amounts of the  phase 

 
Figure 1.4: Comparison between the calculated and experimentally 

measured equilibrium compositions of Al in  and  phase 
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Figure 1.5: Comparison between the calculated and experimentally 

measured equilibrium compositions of Co in  and  phases 

 

 
Figure 1.6: Comparison between the calculated and experimentally 

measured equilibrium compositions of Cr in  and  phases 
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Figure 1.7: Comparison between the calculated and experimentally 

measured equilibrium compositions of Mo in  and  phases 

 

 
Figure 1.8: Comparison between the calculated and experimentally 

measured equilibrium compositions of Re in  and  phases 
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Figure 1.9: Comparison between the calculated and experimentally 

measured equilibrium compositions of Ti in  and  phases 

 
Figure 1.10: Comparison between the calculated and experimentally 

measured equilibrium compositions of W in  and  phases 
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