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Progress in turbine disk alloys
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> Increase of the operating temperature of turbine engines is required to improve the efficiency and reduce the emissions.

> New deformation mechanisms (thermally activated) become important above 700 °C.

> Understanding the effects of microstructure and composition on functionality of these creep deformation mechanisms
will lead to design of new materials with improved creep resistance.
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Deformation mechanisms in Ni-based superalloys
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Ni-Based Superalloys for Turbine Disks
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Deformation mechanisms in Ni-based superalloys

Ni-Based Superalloys for Turbine Disks
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Interaction of the dislocations with

Y' precipitates is the main reason for

high creep strength of Ni superalloys
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Formation of high energy faults




Simulation model

high energy faults.

APB

LAMMPS package; Ni-Al-Nb
interatomic potential by Mendelev.

) ) X z<111> . 112
Simulation cell size: High ener SN
g gy

~20X20X3O nm3 (~1.1X106 atoms); i y<11§> X<liO> planar faults X<1i0>
PBCs in all directions. z<111>

NPT ensemble (zero stress).

Annealing at a target temperature
for 0.3 ns.




Spontaneous transformation of high energy faults

APB — SISF
transformation —
(Taps - sisr ~ 1120 K)

transformation
(Tesp 12 ~ 1057 K)

1o A A AN A AN AT vy,
AR AR T R




The Condat & Decamps mechanism of SISF formation




The Condat & Decamps mechanism of SISF formation




The Condat & Decamps mechanism of SISF formation




The Condat & Decamps mechanism of SISF formation

SISF nucleus
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The Condat & Decamps mechanism of SISF formation
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Simulation geometry and procedure

Composite simulation system (Ni-Al), containing y phase (matrix) and y ' phase (precipitate)
regions and two edge dislocation dipoles.

LAMMPS package; Ni-Al interatomic potential by Mendelev.

Simulation cell size: ~100x10x30 nm? (~3x10% atoms).

PBCs in all directions.

The system was relaxed at T = 1000K, using hybrid MC/MD prior to introduction of dipoles.
The dipoles were positioned in such a way that individual dislocations of upper and lower
dislocation pairs would glide on adjacent {111} planes when a o,, shear stress was applied.

The MD deformation simulations were carried out under applied shear stress c,, = 800 MPa.
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Modified version of the Condat & Decamps mechanism of SISF formation
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» The leading dislocation, entering the precipitate produces high energy APB inside the precipitate.
> Arrival of the second (trailing) dislocation to the interface triggers APB — SISF transformation.
> APB — SISF transformation significantly reduces the energy penalty associated with precipitate cutting.

> As aresult, the deformation can progress further. The dislocation cuts through the whole precipitate,

leaving an isolated SISF behind, and then escapes into the y matrix. -



Effects of solutes on the transformation temperatures

> The simulation system (Ni;Al with two high energy faults), was modified by replacing 6% of atoms by Nb (Nb on Al-sites).

> Using the same procedure, we obtained the following transition temperatures: T f;/%ﬁbS,SF ~1439K, T 6650/2 N~ 773 K.

> Comparing with the results for pure Ni3Al system (T spg _, gisp ~ 1120 K, Tgr 112 ~ 1057 K), we can see that addition of
Nb increases the temperature of spontaneous APB — SISF transformation and decreases the temperature of spontaneous
CSF - L1, transformation.

> VYapg =219 mJ/m2, yo5p = 214 mJ/m? and yg;5p = 62 mJ/m2.

> SEAPB = ]/SISF - ]/APB: ‘157 mJ/m2 (APB - SISF) and 5ECSF = _yCSF =-214 mJ/m2 (CSF - L12)

The change of energy associated with formation of a nucleus of radius r:

AE = nr?S8E + 2mry,, where v, is the energy per unit length of the dislocation line surrounding the nucleus.
2

The energy of the critical nucleus: AE™* = — %. Assuming that y, is the same in both cases (APB and CSF),

we can see that AE,pp > AE g and, therefore, Typp_,s1sr > Tcspo11, in agreement with our MD simulation results.

SESS'? =-150.6 mJ/m? and SESSY? = -235.5 mJ/m2 Thus, [6ESes " | < |6Eapp| and [SESSN?| > |6Ecspl.
6%ND 6%Nb

Assuming that y, is not affected by the presence of Nb we obtain that Tgpp_,s;5r > Tapposise and Tespory, < Tespora,
which is also in agreement with our MD simulation results.
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Conclusions
Using atomistic simulations, we demonstrate that the anti-phase boundary (APB) can spontaneously transform
into super intrinsic stacking fault (SISF) and the complex stacking fault (CSF) can spontaneously transform into

L12 lattice structure.

The former transformation explains the experimentally observed presence of isolated SISFs and super extrinsic
stacking faults (SESFs) in the precipitates.

Multiple studies were focused on finding alloying additions which increase the APB and CSF energies.

We demonstrate that alloying additions which increase stacking fault energies may conversely decrease
their stabilities.

This is important! If the high energy faults produced by lattice dislocations entering y * precipitates can transform
spontaneously into lower energy structures, then the strengthening effect due to second phase precipitates will be

diminished.

Further research into the effects of solutes on stability of superlattice faults in Ni-superalloys is required!



