Suppelmentary Materials

Table. S1 Parameters for example calculation of elastic modulus for the 28Ni alloy at 5K/sec

Volume Young’s Bulk Shear

Phase fraction modulus, E modulus, K modulus, G P;':i?“vs :::f:' ec; (x(;:E’K}
(%) (GPa) (GPa) (GPa) ’ ’
a-Al 36.57 79.95 83.28 29.83 0.34[40] - 24.6
Primary Si, Si, 8.46 160.91 111.74 63.85 0.26[41] 1.37 2.44
Eutectic Si, Si, 18.97 111.46 77.40 44.23 0.26 [41] 1.63 2.44
2.61 (4-16Ni)
Al;Ni 17.68 158.62 80.11 67.79 0.17[42] 1.72 (20-22Ni) 19.52
1.92 (24-28Ni)
A 1.72 (20-22Ni)
AlgNi,Si 9.64 190.14 121.88 76.67 0.24 1.92 (24-28Ni) 7.39

AlLNi, 8.68 235.16 186.63 9115 0.29 [42] 1.92 7.21




Table. S2 Calculated values of the parameters used for the models of the 28Ni alloy at 5 K/s.

Model Parameter Value
K,, Bound of effective bulk modulus (for Upper) 95.18

G,, Bound of effective shear modulus (for Upper) 47.93

Hashin-Shtrinkman

K., Bound of effective bulk modulus (for Lower) 95.43

G,, Bound of effective shear modulus (for Lower) 46.98

K,, Effective bulk modulus 91.83

Mori-Tanaka

G,, Effective shear modulus 45.20

Primary Si 0.31

Eutectic Si 0.11

Halpin-Tsai 1, Elastic modulus ALNi 0.19

contrast parameter ;
AlgNi;Si 0.28
Al;Ni, 0.29

The elastic modulus (E') was calculated based on various composite models using the parameters listed
in Tables S1 and S2), as follows:

ROM (Voigt, upper): E =0.365 x 79.95+0.085x 160.91+0.19x 111.46 +0.177 x 158.62 + 0.096 X
190.14 + 0.087 x 235.16 ~ 130.83 GPa

ROM (Reuss, lower): E =1/[0.377x1/79.95+0.085x1/160.91+0.147x1/111.46+0.077x 1
/158.62 +0.196 x 1/190.14 +0.119 x 1/ 235.16] =~ 116.79 GPa

Hashin-Shtrikman (Upper): E =9 x95.18 x 47.93/[3 x 95.18 +47.93] = 123.12 GPa

Hashin- Shtrikman (Lower): E =9 x 95.43 x 46.98 / [3 x 95.43 +46.98] ~ 121.07 GPa

Mori-Tanaka: E =9 x 91.83 x 45.20 /[3x 91.83 +45.20] ~ 116.51 GPa

The Halpin—Tsai calculation is omitted here, as its multiphase extension involves a more complex
procedure. The n values of each phase used in the Halpin—Tsai calculation are listed in Table S2.



Fig. S1. SEM/BSE images at various magnifications showing the “cloud-like” and “needle-like”
morphologies of Ni-rich intermetallic phases in (a—c) 20Ni and (d-f) 24Ni alloys.



Table S3. Variation of elastic modulus, density, and specific modulus with Ni content in Al-18Si-xNi

Al-18Si-xNi alloys

Properties - - N N N N . . X

4Ni 8Ni 12Ni 16Ni 20Ni 22Ni 24Ni 26Ni 28Ni

Elastic modulus 5 K/sec 86.21 90.11 97.92 103.63 109.81 11468 118.57 119.35 123.51
(E, GPa) 25K/sec  86.04 91.72 97.45 100.82 111.69 11582 117.37 117.67 118.74
Density of alloy 5 Kisec 2.71 2.77 2.88 297 3.07 3.17 3.20 3.19 322
(g)’cm-“} 25 K/see 2.71 2.79 2.87 2.94 3.10 3.19 3.19 3.21 3.23
Specific modulus 5 Kisec 31.80 32.46 33.95 34.85 35.74 36.76 36.99 37.35 38.24

3702

(10°m?/s?) 25 K/see  31.73 32.84 33.97 34.36 35.98 36.25 36.87 36.63 36.75




Table S4. Measured and calculated densities of Al-18Si—xNi alloys solidified at 5 K/s.

Al-18Si-xNi alloys (5K/sec)

Properties
4Ni  8Ni  I2Ni  16Ni  20Ni 22Ni 24Ni 26Ni 28Ni

Measure 271 277 288 297 3.07 317 320 319 322
Density of alloy (g/cm?

Calculate 268 272 279 282 293 301 311 317 3.21

Porosity (%) 1.10 1.81 3.12 505 456 505 281 063 031




