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Introduction

◮ After decades using models considering models of the type Aa(A,B)cBb

derived in order to decrease as much as possible the number of end
compounds to describe the σ phase, the pioneer work of Fries and
Sundman on Re-W justified the use of DFT total energies within the
CEF to describe the thermodynamic properties of this phase.

◮ Since, different studies, often focussed on binary systems, were reported.
They are in general either DFT studies that do not propose a description
allowing to describe the phase diagram in agreement with experiments or
Calphad description where DFT calculations are used with some freedom.

◮ The purpose of this study is to use DFT results as directely as possible to
describe the thermodynamic properties of the σ phase in order to
calculate accurately phase diagram in multicomponent systems.
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Outline

◮ Mo-Re

− (A,B)2(A,B)4(A,B)8(A,B)8(A,B)8
− Simplifications to 4, 3 and 2 SL
− Simplifications with excess interactions
− Ignoring some ordering
− The old model (A)10(B)4(A,B)16

◮ Mo-Ni-Re
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Mo-Re DFT-CEF 5SL

σ phase

Based on the crystallographic structure of the phase
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∗

For more details on DFT calculations, poster Me8 : Systematic DFT Investigation of χ

and σ Phases in Transition Metal – Re Binary Systems, Jean-Claude Crivello, et al.
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Mo-Re DFT-CEF 5SL

Disordered contribution

The CEF has actually been used within the following formalism
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Mo-Re DFT-CEF 5SL

Phase diagram
and σ properties at 500, 1500 and 2500K
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Mo-Re DFT-CEF simplifications

σ simplifications based on site occupancies

(A,B)2(A,B)4(A,B)8(A,B)8(A,B)8
CN12 CN15 CN14 CN12 CN14

4SL (A,B)10(A,B)4(A,B)8(A,B)8 G 4SL
ABCD = G 5SL

ABCAD

3SL (A,B)10(A,B)4(A,B)16 G 3SL
ABC = G 5SL

ABCAC

2SL (A,B)10(A,B)20 G 2SL
AB = G 5SL

ABBAB

These simplifications will be applied with different assumptions
keeping unchanged the description of the other phases assessed
with the 5SL DFT-CEF.
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Mo-Re DFT-CEF simplifications

Using only DFT for the σ phase

0

500

1000

1500

2000

2500

3000

3500

T
 / 

K

0 0.2 0.4 0.6 0.8 1.0

xRe

 N=1, P=1E5

→(A,B)10(A,B)4(A,B)8(A,B)8

-25

-20

-15

-10

-5

0

E
nt

ha
lp

y 
/ k

J.
m

ol
-1

0 0.2 0.4 0.6 0.8 1.0

xRe

  DFT  DFT

0

500

1000

1500

2000

2500

3000

3500

T
 / 

K

0 0.2 0.4 0.6 0.8 1.0

xRe

 N=1, P=1E5

→(A,B)10(A,B)4(A,B)16

-25

-20

-15

-10

-5

0

E
nt

ha
lp

y 
/ k

J.
m

ol
-1

0 0.2 0.4 0.6 0.8 1.0

xRe

  DFT  DFT

0

500

1000

1500

2000

2500

3000

3500

T
 / 

K

0 0.2 0.4 0.6 0.8 1.0

xRe

 N=1, P=1E5

→(A,B)10(A,B)20

-25

-20

-15

-10

-5

0

E
nt

ha
lp

y 
/ k

J.
m

ol
-1

0 0.2 0.4 0.6 0.8 1.0

xRe

  DFT  DFT

N. Dupin et al. (ARMIDE) σ Mo-Ni-Re Calphad XLI 8 / 19



Mo-Re DFT-CEF simplifications

Excess interactions fitted on phase diagram
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Mo-Re DFT-CEF ignoring some ordering

Using DFT values for most stable configurations only
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Mo-Re The old model

(Re)10(Mo)4(Mo,Re)16
with previous excess
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Mo-Ni-Re 5SL DFT-CEF

5SL DFT-CEF
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Mo-Ni-Re 5SL DFT-CEF

5SL DFT-CEF
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Mo-Ni-Re 5SL DFT-CEF

5SL DFT-CEF
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Mo-Ni-Re 4SL DFT-CEF

4SL DFT-CEF
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Mo-Ni-Re 3SL DFT-CEF

3SL DFT-CEF
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Mo-Ni-Re 2SL DFT-CEF

2SL DFT-CEF
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Mo-Ni-Re Without ternary binary DFT

DFT-CEF with only binary DFT
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Conclusion and perspectives

◮ Good Mo-Re and Mo-Ni-Re phase diagram with reduced number of
assessed parameters with 5SL DFT-CEF.

◮ Ignoring some compounds ... bad idea.

◮ All the elements in all sublattices.

◮ Need of common lattice stabilities.

◮ 2SL very appealing but bad at low temperatures

◮ to be done : other binary systems, Co-Cr-Re, ...
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