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TCNI

▶ Commercial thermodynamic Database developed by TCSAB
in the framework of a collaboration with industrial partners
to describe the phase equilibria in the Ni base superalloys .

J. Bratberg et al. Superalloys 2012
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-Cr-Fe-Hf-Mn-Mo-N-Nb-Ni-O-Pd-Pt-Re-Ru-Si-Ta-Ti-V-W-Y-Zr
are described.

▶ Only the phases of interest for the industrial alloys are extracted
by default.

When the database is selected,
the list of all the phases rejected
by default is displayed.

The user can of course restore
the phases of interest for any cal-
culation.
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TCNI

▶ Commercial thermodynamic Database developed by TCSAB
in the framework of a collaboration with industrial partners
to describe the phase equilibria in the Ni base superalloys .

▶ All the binary system consituting the complex system Al-B-C-Co
-Cr-Fe-Hf-Mn-Mo-N-Nb-Ni-O-Pd-Pt-Re-Ru-Si-Ta-Ti-V-W-Y-Zr
are described.

▶ Only the phases of interest for the industrial alloys are extracted
by default.

▶ The description of all the binary systems and of many assessed
ternary systems are available using the BINARY and TERNARY

modules.

▶ This database uses a single equation to model the A1/L12 on
the one hand and A2/B2 on the other hand that show ordering
cristallographic relationship.
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fcc ordering
go bin
TCNI
Al
Ni
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fcc ordering
go bin
TCNI
Al
Ni

back
go poly
list_cond
read,,
set_cond x(ni)=.8 t=1200
compute_eq
list_eq
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fcc ordering

l_e

N

L12

A1

(Al0.005Ni0.995)0.75

(Al0.907Ni0.093)0.25

(Al0.147Ni0.853)0.75

(Al0.147Ni0.853)0.25
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fcc ordering
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MC

go bin
TCNI
Ti C
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MC

go bin
TCNI
Ti C

back
go poly
list_cond
read,,
set_cond x(ti)=.6
compute_eq
list_eq

N
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The FCC_L12 phase also describes the cubic
carbides of MC type when the last sublattice
contains an important fraction of C.
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Al-Ni-Ti-C

go data
sw TCNI
def_sy Al Ni Ti C
get
go pol
s_c p=1E5 n=1 t=1200
s_c x(Al)=.05 x(Ti)=.1
s_c x(C)=.01
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Al-Ni-Ti-C

go data
sw TCNI
def_sy Al Ni Ti C
get
go pol
s_c p=1E5 n=1 t=1200
s_c x(Al)=.05 x(Ti)=.1
s_c x(C)=.01

The FCC_L12 phase
describes

− γ, A1

− γ’, L12

− MC, B1.
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bcc ordering

go ter
TCNI
Ni Cr Al
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bcc ordering
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bcc ordering

go ter
TCNI
Ni Cr Al

b
go pol
l_c
rea,,
s_c x(cr)=.1
s_c x(ni)=.5
c_e
l_e

N

A2
✑✑

✑✑

✑✑

✑✑

✈

✈

✈

✈
✈

✈

✈

✈
✈

❢

❢

❢

❢
❢

❢

❢

❢
❢

B2
✑✑

✑✑

✑✑

✑✑

✈

✈

✈

✈
✈

✈

✈

✈
❢

❢

❢

❢
❢

❢

❢

❢
❡

Nathalie Dupin (CThermo) TCNI Paris, Ecole des Mines, 20 oct. 2016 10 / 12



bcc ordering
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The BCC_B2 phase describes

− B2, the AlNi compound.

− A2, the Cr based solid
solution
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2nd order transition

go ter
TCNI
Co Cr Al

1300
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2nd order transition

go ter
TCNI
Co Cr Al

1300

...

There is a field where the transition
between the B2 ordered phase and the A2
disordered phase occurs ccontinuously,
without A2+B2 two phase field.

Nathalie Dupin (CThermo) TCNI Paris, Ecole des Mines, 20 oct. 2016 11 / 12



2nd order transition

go ter
TCNI
Co Cr Al

1300

...

There is a field where the transition
between the B2 ordered phase and the A2
disordered phase occurs ccontinuously,
without A2+B2 two phase field.
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2nd order transition

go ter
TCNI
Co Cr Al

1300

...

There is a field where the transition
between the B2 ordered phase and the A2
disordered phase occurs ccontinuously,
without A2+B2 two phase field.

It is called a second order transition
as, for a given composition, during
heating, there is no noticeable effect
on H, first derivative of G, but for
the le Cp, second derivative.

It is also called a λ transition, due
to the shape of the Cp curve
during such a transition.

The way to calculate such a
transition is showed in the
Fe-Al binary case by
tcex16 example.

Nathalie Dupin (CThermo) TCNI Paris, Ecole des Mines, 20 oct. 2016 11 / 12



Conclusion

▶ The commercial thermodynamic database TCNI
allows to calculate multicomponent equilibria of interest
in the field of Ni base superalloys.

▶ It is charaterized by

− a complete description of all the constitutive binary
systems, allowing calculations for simplified compositions
or very far from usual industrial alloys,

− a thermodynamic description taking into account the
ordering relationships between the phases A1/L12 and
A2/B2, allowing in particular to describe the second
order transition of these latter.
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