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Table S1. Calibration standards and their compositions for the EPMA analyses.

Elements | Reference Materials Composition of the reference materials (wt.%)
Nb Nb Nb: 100%
Ti Rutile Ti: 59.34%, O: 39.89%, Mg: 0.01%, Fe: 0.59%, Nb: 0.17%
Si Zircon Si: 15.24%, Mn: 0.03%,Zr: 49.14%, Hf: 0.82%, O: 34.77%
Al Spinel Mg: 17.08%, Al: 37.93%, O: 44.99 %
Cr Cr Cr: 100%
Sn Sn Sn: 100%
(@) Forsterite O: 45.5%, Mg: 34.5%, Si: 20.0%

Table S2. Analysis data (at.%) of the as cast and heat treated alloy ZX4 (average values in bold

numbers).
Nb Ti Si Cr Sn
As cast

Surface’ 46.1+£0.3 248 +0.3 19.5+0.5 47+0.1 49+0.2
45.6-46.5 24.3-25.3 18.8-20.4 44-49 4.8-5.3

Bulk” 46.5+0.3 242 +09 203+1.8 40+1.1 50+04
45.8-46.7 22.2-25.3 17.8-22.0 3.5-49 4.2-5.6

Bottom” 44.7 £ 0.6 273+1.0 16.7+1.4 6.1+0.7 52+0.2
44.1-45.7 25.7-28.8 14.7-19.1 52-7.1 4.9-5.6

Nbss 445+2.6 35.0+1.6 3.6+0.8 11.3+09 5605
40.3-46.8 33.3-37.7 22-45 10.2-12.1 4.7-6.1

NbsSn 55.8+04 223+05 75+05 25+0.3 11.9+0.7

55.5-56.4 21.6-23.0 6.8-8.4 2.2-3.0 10.7-12.5

Ti-rich 41.1+04 22.1+£09 33.1+14 1.9+0.5 1.8+0.2
NbsSis 40.7-41.7 20.9-234 31.1-34.3 1.1-2.7 1.4-2.1
NbsSis 45205 172 +0.4 348+0.2 09+0.1 1.9+0.2
44.5-45.8 16.7-17.9 34.5-35.2 0.8-1.1 1.7-2.2

Materials 2020, 13, 245; doi:10.3390/ma13010245

www.mdpi.com/journal/materials



Materials 2020, 13, 245
Laves phase 20.8+2.3 283 +4.2 10.7£22 38.4+3.9 1.8+0.7
18.7-24.4 21.0-34.7 8.5-12.0 34.0-44.8 0.7-3.0
Heat treated
Bulk” 446 £0.5 26.0+0.5 20.0+0.5 43+0.2 51+04
43.9-45.6 25.0-26.4 19.1-20.7 4.1-4.6 4.6-5.5
Nbss 52.1+0.8 33.3+0.8 0.7+0.1 9.0+0.4 49+0.2
50.9-53.4 32.3-34.2 0.5-1.0 8.7-9.7 4.7-5.2
NbsSn 498 £0.3 26.3+0.3 5.2+0.5 5.0+0.2 13.7+0.2
49.3-50.4 25.8-26.8 4.7-6.5 4.6-5.2 13.3-13.9
NbsSis 42.9+09 19.5+0.8 35.6+0.6 0.5+0.1 15+04
41.7-44 .4 18.4-21.0 34.8-36.2 0.4-0.8 1.1-2.2

Table S3. Analysis data (at.%) of the as cast and heat treated alloy ZX6 (average values in bold

* Large area analysis.

numbers).
Nb Ti Si Al Sn
As cast

Top” 448 +0.1 26.3+0.3 19.2+0.3 4.8+0.2 49+0.2
44.6-45.1 25.8-26.9 18.8-19.7 4.4-5.1 4.7-5.2

Bulk’ 45.1+2.7 260+1.7 189+1.5 51+0.3 49+04
40.6-49.6 23.3-29.4 16.1-21.5 4.7-5.6 3.7-5.4

Bottom” 499+0.3 232+0.6 16.9+0.5 49+0.2 51+0.1
49.4-50.3 22.1-244 16.0-18.0 4.5-5.1 5.0-5.4

Nbss 524 +3.6 341+32 2.8+0.7 59+0.2 4.8+0.3
45.9-56.9 30.2-38.9 1.8-4.3 5.5-6.1 45-54

NbsSis 45.7+1.3 171+14 325+0.8 29+05 1.8+0.4
44.5-47.4 15.3-18.3 31.5-33.3 2.2-35 1.3-2.4

Tirich 422 +1.2 209+1.3 31.3+0.3 4.0+0.2 1.6+0.2
NbsSis 40.1-43.5 19.4-23.4 30.6-31.7 3.6-4.2 1.2-1.8
NbsSn 548+14 240+1.2 6.6+0.4 59+05 87+1.0
52.7-57.2 21.6-25.8 6.1-7.3 5.2-6.8 7.3-9.9

Heat treated

Bulk” 479+0.2 239+0.6 19.3+0.9 45+0.2 44+0.2
47.6-48.2 23.1-25.0 17.7-21.2 4.1-49 4.0-4.7

NbsSis 46.5+0.8 16.8 £0.7 33.2+0.1 2.1+0.1 14+0.1
45.6-47.5 15.8-17.6 33.0-33.4 2.0-2.4 1.3-1.6
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Ti-rich 44.0+0.8 19.2+0.6 342+04 1.7+0.2 09+0.2
NbsSis 43.2-45.6 18.1-19.8 33.5-34.6 1.4-2.0 0.7-1.2
NbsSn 55.0+0.5 25.1+0.6 4.7+0.3 70+0.2 82+0.1

53.9-55.5 24.3-26.3 4.2-5.0 6.7-7.3 8.0-8.4

* Large area analysis.

Table S4. Analysis data (at.%) of the as cast and heat treatment alloy ZX8 (average values in bold

numbers).

As Cast Nb Ti Si Cr Al Sn
Surface* 413+0.7 28.1+1.1 14119 6.4+0.7 52+0.2 49+0.3
40.4-43.0 25.8-30.0 10.9-18.8 4.8-8.0 4.9-5.6 4.3-5.3
Bulk* 458+0.9 214+0.9 19.7+£1.0 45+0.8 43+0.5 43+0.2
43.3-46.6 20.3-23.9 18.0-20.9 3.3-5.3 3.7-5.2 4.0-4.8
Bottom* 454+04 22.1+0.3 177 £0.5 55+0.3 4.8+0.2 45+0.1
44.9-46.3 21.6-22.6 16.9-18.6 5.0-6.2 4.6-5.1 4.3-48
NbsSis 42.0+0.6 20.6 +0.5 31.9+09 1.1+£0.2 26+05 1.8+04
41.2-43.2 19.9-214 30.7-33.3 0.8-14 1.7-3.2 1.2-2.2

Ti-rich NbsSis 352+1.1 275+1.2 29.2+09 2.6+0.6 3.7+0.2 1.8+0.2

33.2-36.6 26.2-29.9 27.5-30.0 1.9-3.6 3.3-4.0 1.6-2.3
NbsSn 50.3+1.3 262+1.1 53+0.2 34+03 52+04 9.6+0.6
48.0-52.0 24.8-28.3 5.0-5.6 29-4.1 4.6-6.2 8.2-10.1
Laves phase 27.0+1.6 20.8+0.6 9.6+1.8 38.8+25 27+04 1.1+04
25.9-28.8 20.1-21.3 8.4-11.7 36.7-41.6 2.3-3.1 0.7-1.6

Heat treated Nb Ti Si Cr Al Sn
Bulk* 46.6+0.7 21.1+0.8 18.6+1.1 51+04 40x0.2 46+0.3
45.9-47.5 20.3-22.2 17.4-204 4.6-5.7 3.8-4.5 4.0-5.0
NbsSis 453 +0.6 17.1+0.7 343+0.2 0.7+0.1 1.5+0.2 1.1+02
44.7-46.1 16.1-17.7 34.1-34.5 0.6-0.9 1.3-1.7 0.9-1.2

Ti rich NbsSis 34.7+0.6 27.0+09 32.5+0.6 23+0.2 32+0.1 03+0.1

33.9-35.4 26.2-28.4 31.8-33.3 2.0-2.6 3.0-3.3 0.3-0.4

NbsSn 519+04 225+0.6 4.8+0.2 6.3+0.6 58+0.2 8.7+0.1
51.4-52.5 21.6-234 4.2-5.0 5.8-7.6 5.4-6.1 8.5-8.9

Nbss 504 2.7 320+24 0.6+0.3 9.2+05 6.0+0.5 1.8+0.2
48.1-54.6 28.5-34.4 0.4-1.1 8.4-9.6 5.1-6.5 1.5-2.0

Laves phase 273+04 13.7+£3.6 8.3+1.89 485+2.2 19+0.2 0.3+0.2
26.6-27.8 11.2-20.0 6.1-10.4 45.1-50.6 1.6-2.1 0.1-0.6

* Large area analysis.




