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Fig. S1 Comparison of densities for the designed CoNi-based superalloy with Co-
based and Ni-based superalloys.

2.2.3 Crystal plasticity model

The plastic deformation of fcc crystal is mainly through the dislocation slip on 12

p
octahedral <110> slip systems [1], so the plastic strain €ij can be calculated by the slip



accumulation of every activated slip system & in crystal plasticity model [3],
sf’j = Zy“m“
a

p
where €U/ is the plastic strain rate, ¥ is the plastic shear rate on slip system @.

(15)

1
m*=—-(l“Q@n*+n* Q1% a a
2 is the Schmid tensor, " and " are respectively the unit

vectors of the slip direction and the normal of slip plane.

¥* follows the plastic flow rule and be written as,

|Ta| m_.- a a a
oo Yo o sign(t%),|t%| > %
Cc

0, |t <7 (16)

a
a . . .. .
where V' is the reference shear rate, “ ¢ is the critical resolved shear stress, and m is the

. a . « . .
plastic exponent, T is the resolved shear stress. L expounds the hardening behavior

of the matrix and can be given by the interactions between different slip systems,
af a4
DX i
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where qaﬁ is the latent hardening parameter, hy is the initial hardening rate, Ts is the

saturated critical resolved shear stress, and « is the hardening exponent.

The plastic deformation in the soft y matrix under external stress is mainly generated

by the movement of octahedral slip systems 1/2<110> [1], so the 12 octahedral slip
systems are considered in current model, S1(111)[011] s2(111y [101], s3(11D)[110],
S4(11D[011], ss¢i11) [101]) sei11y [1011, s7A11y011], ssdlnyfion],
so(111y110], sSto(11no11], S11(111)[101], and S12(111)[110]. The performance

of 12 slip systems is predicted on the basis of the resolved shear stress ™ 1In the 2D
simulation, some slip systems do not include the stress component in the direction of

external stress, they are ignored due to the small contribution to the total creep strain[3].

Numerical solution of phase-field model

To facilitate the numerical calculations, the time variables and other PF variables



r k i kn d

are first dimensionless as follows, *=LAft, r*= [, ki—Af lz, kn=Af lz, vi_a(r/ D,

ij\/[i f ch f el

© IR fi_AF fh_if . -
M~ LI s feh= Af , fel =Af , and the parameters used in the PF simulations are

listed in Table S1. The simulations were performed with grid length of /=1 x 10 m
in a cell 160 x 160 grids, and a time step of A¢* = 0.02; the standardization constant of
the free energy is Af= 6 x 10°Jm3. Substituting the dimensionless parameters into

Egs. (1) and (2) yield the dimensionless form of the equations,
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the kinetic equations are solved by the semi-implicit Fourier spectrum method after
dimensionless quantization [1].

Table S1 Parameters used in the phase-tfield simulation.

Definition Parameter Value
Molar volume Vi 7 X 107 m3/mol[1]
Interfacial mobility L 6 X 1077 J/mol[1]
Diffusion constant Dy 1.6 X 103 m?%/s [1]

Boltzmann constant k 1.3 X 10723 J/K[4]

k
Activation energy U 2.4 eV[4]

Double-well potential height 2 X107 J/m3[4]

Material parameter 8 [5]

> o 8

9.4 X 1071 J/m[5]

gradient energy coefficients
1.1 X107 J/m[5]

oy




cr 234 GPa [4]

. , v 184 GPa[4]
Elastic moduli for y C),

94 GPa[4]
Ciy
,Yl

Cii 231 GPa[4]

Elastic moduli for ¢’ C ?’2 191 GPa[4]

: 91GPa[4
i .
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