Table S1: EPMA data (at%)of the as-cast and heat-treated alloy EZ2.

Condition, area in the ingot and Nb Ti Si Hf Sn
phase
As cast
Top 44.8-46.7 23.4-25.9 16.5-21.2 52-5.3 49-5.6
458+ 0.7 24.4+0.9 19.5+1.8 53+0.1 50+£04
Bulk 46.1-47.4 23.0-25.3 16.3-21.0 5.1-5.3 4.7-5.7
46.5+0.5 243+0.9 18.8+1.6 52+0.1 52+04
Bottom 45.8-46.0 23.0-25.3 18.0-21.3 5.1-5.3 4.8-5.6
459+ 0.1 23.5+0.9 204+1.3 53+0.1 49+04
Nbss 47.3-56.6 29.3-359 1.9-3.1 42-5.1 7.0-8.9
534+28 31.8+£2.2 24+0.3 45+03 79+0.5
Ti rich Nbygs 31.4-39.7 43.2-49.1 2.0-3.0 6.1-7.4 8.5-10.2
35.9+43 457+3.3 25+03 6.7+0.5 9.2+0.5
A15-Nb3X (X=Si,Sn) 48.1-55.5 23.8-29.5 5.0-6.4 2.7-3.2 11.5-14.3
50.5+2.0 27.7+1.6 5.6+04 3.0+0.2 13.2+0.8
NbsSi; 42.2-44.1 13.1-17.0 34.9-37.5 3.7-5.0 1.3-1.9
432+0.5 142 +1.1 36.4+0.5 46+04 1.6+0.1
Hf rich NbsSis 25.5-40.3 17.8-25.8 35.6-38.5 54-9.5 0.8-2.3
35.8+0.6 18.8+0.3 36.7+0.2 6.9+0.2 1.8+0.1
Heat-treated - 1500°C/100 h
Bulk 44.1-47.0 22.0-24.6 18.0-22.2 5.1-5.7 4.5-5.6
458 +0.8 23.6+0.8 203+1.4 53+0.2 50+£03
Nbss 56.5-60.3 29.6-32.2 1.1-1.6 3.7-4.2 4.7-6.0
583+0.9 31.1+0.7 1.3+0.1 4.0=+0.1 53+03
A15-Nb3X (X=Si,Sn) 4.8-6-51.0 27.7-30.2 4.1-49 2.6-3.1 13.8-14.6
495+ 0.7 29.0+0.7 45+02 2.8+0.1 142+0.2
NbsSiz 374435 13.3-17.3 36.3-37.2 3.9-6.3 1.4-1.9
41.5+2.0 149+1.4 36.9+0.3 51+£0.6 1.6+0.2
Hf rich NbsSis 24.0-25.3 24.4-25.7 38.9-39.6 10.3-11.3 0.3-0.6
24.6 +0.3 25.0+0.3 39.2+0.2 10.8+0.2 0.4+0.1




Table S2: EPMA data (at%) of the as-cast and heat-treated alloy EZS5.

Condition, area in the ingot Nb Ti Si Al Hf Sn
and phase
As cast
Top 41.5-41.9 23.5-23.7 20.0-21.0 4.7-4.8 49-5.1 4.9-5.0
41.6+0.1 23.6+0.1 202+0.2 47+0.1 5+£0.1 49+0.1
Bulk 41.6-42.7 23.6-24.6 17.3-20.1 45-5.0 5.0-54 4.6-5.6
42.0+0.3 242 +0.2 18.8+0.3 48+0.1 52+0.1 5+£0.1
Bottom 42.3-42.6 23.4-24.7 17.5-20.2 44-5.1 49-5.5 4.7-5.2
42.4+0.1 24+0.2 18.8+0.4 47+0.1 52+0.1 49+0.1
Nbss 39.7-51.2 29.5-37.7 1.4-6.6 5.4-7.2 3.6-7.1 3.6-10.2
46.0+2.1 339+1.1 25+09 62+04 52+0.6 6.2+1.0
A15-NbsX (X=Al,S1,Sn) 49.3-55.6 21.2-26.9 3.8-5.6 44-59 2.2-3.5 9.1-11.5
53.3+0.8 23.6+0.6 44+03 53+£0.3 2.7+04 10.7+£0.5
NbsSi; 37.1-43.9 16.1-21.4 29.7-33.3 2.3-4.7 3.5-4.6 1.5-3.4
41.0+0.7 17.5+0.9 31.4+0.7 35+0.6 41403 25+0.5
Ti & Hf rich NbsSis 25.6-39.1 20.0-26.7 28.9-34.2 3.6-4.7 4.6-10.5 0.7-4.1
314+1.4 23.1+0.5 32.1+£0.6 35+0.1 8.5+0.5 1.4+£0.7
Nbgs-Ti & Hf rich NbsSis Eu- 37.1-40.3 29.9-31.3 11.1-15.3 5.2-5.7 6.7-8.0 3.9-5.0
tectic 389+0.4 30.6+0.2 13.4+0.6 54+0.1 7.3+£0.2 44+0.3
Heat-treated - 1500°C/100 h (EZ5-HT1)
Bulk 41.543.5 24.0-24.5 17.3-19.2 4448 5.1-5.8 4.6-5.3
425+£0.3 243+0.1 18.3+0.4 46+0.1 54+0.1 49+0.1
A15-Nb3X (X=AIL,Si,Sn) 51.4-54.2 24.6-26.8 3949 5.9-6.6 1.6-2.6 8.5-9.4
52.6+04 256+04 45+03 6.2+0.1 2.1+£02 9.0+0.2
NbsSiz 38.4-409 16.9-18.5 33.7-35.6 1.9-2.3 4.1-6.0 1.0-1.6
39.1+04 174+0.3 349+0.3 2.1+0.1 53+03 1.2+0.2
Ti & Hf rich NbsSis 24.7-27.2 23.7-25.2 34.2-359 2.9-37 9.4-11.3 0.3-0.8
26.0+0.5 246 +04 354+04 34+0.2 10.1+0.4 0.5+0.1
Heat-treated - 1500 °C/200 h (EZ5-HT2)
Bulk 41.6-42.1 24.1-24.5 18.2-18.7 4643 5.2-5.5 5.0-5.1
41.9+0.1 243 +0.1 18.4+0.1 50+0.1 54+0.1 50+0.0
A15-NbsSn (X=Al,Si,Sn) 50.9-53.4 25.5-26.0 34-53 5.9-7.0 2.0-2.9 8.6-9.5
52.2+0.8 25.8+0.1 44+0.5 62+0.2 24+0.3 9.0+0.2
NbsSi; 38.0-38.9 17.4-18.7 32.8-34.3 2.3-3.5 5.3-6.1 1.1-1.5
38.7+0.3 17.9+0.4 33.6+0.5 28+04 57+£0.2 1.3+0.1
Ti & Hf rich NbsSis 26.4-27.7 24.4-25.0 34.1-35.3 3.0-3.8 9.5-9.8 0.0-0.8
27.1+04 24.8+0.2 34.6+0.3 34+0.2 9.7+0.1 04+02




Table S3: EPMA data (at%) of the as-cast and heat-treated alloy EZ6.

Condition, area in the ingot Nb Ti Si Cr Hf Sn
and phase
As cast *
Top 41.3-42.0 22.7-24.5 18.9-21.8 3.8-5.0 5.1-5.3 4.5-5.0
41.5+0.3 235+0.5 20.6 0.5 44403 52+0.0 48+0.1
Bulk 40.8-42.3 22.9-254 17.7-21.4 3.9-55 5.0-5.5 4.8-54
4144+04 24.1+0.5 19.6 + 0.6 47+0.3 52+0.1 50+02
Bottom 37.0-41.5 22.5-29.3 14.8-21.7 4.3-7.6 5.2-6.3 49-52
403+04 24.9+0.7 189+0.9 53+£05 55+03 5.1+0.1
Nbss 46.9-56.1 26.8-31.9 1.5-2.4 4.9-8.9 3.4-4.6 6.3-7.3
50.5+0.5 29.8+0.6 1.9+0.2 72+04 3.9+0.2 6.7+0.2
Ti-rich Nbg 352474 31.7-42.4 1.2-2.5 7.8-12.0 3.5-53 6.0-8.5
42.0+0.8 35.0+0.9 1.7+0.3 10.0+0.3 42403 7.1+04
A15-Nb3X (X=Si,Sn) 50.4-55.4 22.0-25.2 5.1-5.8 1.9-3.4 2.1-2.6 12.9-13.7
53.4+0.2 23.0+0.6 54+0.2 26+04 24+0.1 13.2+£0.2
NbsSiz 40.8-42.8 14.1-17.3 33.9-36.7 0.0-2.0 3.8-5.0 1.4-2.2
41.7+0.3 148 +£0.4 36.0+0.5 09+0.2 48+0.2 1.8+0.1
Ti & Hf-rich NbsSis 22.7-38.5 16.2-26.6 31.4-38.6 0.0-2.4 6.2-10.5 0.0-2.6
292 +1.1 22.7+0.8 37.0+£0.6 1.0+£0.5 8.9+0.6 1.2+£0.6
Cr-rich C14 Laves phase 15.8-22.6 14.9-26.8 6.8-13.0 34.4-48.7 5.6-8.2 0.0-3.4
19.1+1.2 18.3+0.7 9.8+0.7 448+ 0.8 7.0+0.6 1.0+£0.8
Heat-treated - 1500 °C/100 h (EZ6-HT1)
Bulk 41.3-42.7 22.1-24.2 19.2-21.3 3548 49-54 4.4-5.6
422+0.3 232+04 20.3+0.3 42+0.2 5.1+0.1 50+0.2
Nbss 49.7-50.5 31.3-33.6 0.8-1.0 5.8-8.5 2.8-3.2 6.2-6.6
50.1+0.2 324+04 0.9+0.1 72+03 3.0+£0.1 6.4+0.1
A15-Nb3X (X=Si,Sn) 47.5-47.9 26.5-27.7 3.8-4.6 4.4-47 2.3-24 14.0-14.3
47.7+0.1 26.9+0.2 43+0.2 46+0.1 23+0.0 142+0.1
NbsSi; 38.9-42.5 14.1-17.1 36.4-36.6 49-5.7 1.6-1.6
40.7+0.4 15.6+0.2 36.5+0.1 0.3 5.3+0.1 1.6 +£0.0
Ti & Hf-rich NbsSis 25.4-25.7 24.1-24.3 38.2-38.3 1.0-1.0 10.4-10.5 0.4-0.7
25.5+0.1 242 +0.1 38.2+0.1 1.0+£0.0 10.5+0.0 0.6+0.1
Cr-rich C14 Laves phase 27.1-30.1 14.2-14.7 54-5.7 43.4-44.4 4.2-4.5 2.0-3.4
28.1+0.4 14.4+0.1 5.6+0.1 44.7+£0.1 44+0.1 28+0.3
Heat-treated - 1200°C/100 h (EZ6-HT?2)
Bulk 40.2-42.4 23.3-24.5 17.9-21.0 3.7-5.7 5.1-5.6 4.7-5.7
41.7+0.5 23.8+0.3 19.3+0.7 47+04 54+03 51+04
Nbss 53.5-57.2 28.9-31.6 0.0-0.9 5.9-8.2 2.2-2.5 3.5-4.6
55.2+0.5 30.7+0.6 0.6+0.2 72405 23+0.1 40+03
A15-Nb;X (X=S1,Sn) 44.7-47.1 30.2-31.7 2.4-4.1 2.7-3.7 1.8-2.5 14.2-15.9
457+£0.5 30.9+0.5 30+04 32+03 20+0.2 152+0.3
NbsSiz 41.9-44.9 13.6-17.1 30.2-36.9 0.0-1.0 4.7-5.2 1.5-2.3
425+ 0.6 145+0.5 35.5+0.6 06+0.2 50+0.1 1.9+0.2
Ti & Hf-rich NbsSis 18.2-26.0 25.3-27.8 31.5-40.0 0.5-1.4 10.4-14.7 0.0-3.4
21.8+0.5 26.4+0.4 37.3+0.7 0.8+0.3 12.7+0.8 1.0+£0.7
Cr-rich C14 Laves phase 21.4-23.8 11.4-13.5 8.0-13.3 44.4-52.9 5.2-6.9 0.0-1.2
21.9+04 122+0.4 9.6+0.6 497+ 0.6 5.8+0.3 0.8+0.2

* For the Nbss+NbCr2 eutectic see text




Table S4: EPMA data (at%) of the as-cast and heat-treated alloy EZ8.

Condition, Nb Ti Si Al Cr Hf Sn
area in the ingot
and phase
As cast
Top 36.9-37.5 23.5-24.3 19.0-21.0 4447 4248 5.1-54 4.9-5.0
37.1+0.1 23.8+0.2 20.0+0.3 4.6+0.1 44+02 52+0.1 49+0.0
Bulk 36.9-38.0 23.6-24.3 17.9-19.7 4.6-5.0 43-5.6 5.1-5.3 4.7-53
37.2+0.3 24.1+0.2 18.8+0.4 4.8+0.1 47+0.2 52+0.0 52+0.1
Bottom 35.5-37.0 24.3-26.4 13.3-17.9 5.0-5.5 5.6-6.5 5.1-6.2 5.1-6.1
36.3+0.3 259+04 14.7+0.7 54+0.1 6.1£0.2 57+0.2 59+02
Nbss 30.7-37.2 34.2-37.9 0.9-6.0 5.9-74 9.2-14.4 2.9-5.0 3.8-5.6
359+0.5 36.4+0.4 1.7+ 0.8 6.7+04 10.9+0.7 3.7+£0.6 47+04
A15-Nbs;X 42.1-51.9 22.1-27.1 3.6-7.7 4.7-6.8 2.1-5.5 2.0-34 8.8-12.3
X=Al,S1,Sn 48.0+09 25.0+0.5 43+0.7 55+0.5 36+0.6 25+£04 11.1+£0.8
NbsSi; 35.740.5 17.1-20.5 28.4-33.7 2.0-4.5 04-23 4.0-5.3 1.7-4.2
389+0.9 18.2+0.5 30.4+0.5 37+£0.6 1.2+0.2 45+03 3.1+£0.5
Ti & Hf-rich NbsSis 23.2-29.3 22.0-26.2 23.4-34.6 3.5-5.2 0.7-4.6 9.4-11.7 0.5-2.9
25.8+ 06 246+04 32.0+0.8 4.1+04 1.8+£0.6 10.3+£0.5 1.4+£0.6
. 20.4-26.7 14.3-26.5 4.8-10.3 3.1-52 29.2-45.5 4.9-6.7 0.5-2.8
NbCrs - Nby Eutectic | 35 o5 | 217+00 | 70206 | 4403 | 358411 | 60404 | 19+04
NbCr; Laves 19.0-19.8 14.0-15.1 9.1-10.8 3.1-3.6 44.3-47.0 6.0-6.7
19.4+0.2 14.6+0.2 103+£0.2 34+0.1 45.6+0.5 6.4+0.1 0.3
Heat-treated - 1300 °C/100 h
Bulk 37.7-39.2 22.6-24.2 17.7-20.3 4.3-4.8 3.8-6.8 49-54 4.3-5.0
38.1+0.2 23.6+04 19.1+0.3 45+0.1 47+04 53+0.1 4.7+0.1
A15-Nb;X 46.8-47.9 26.3-27.1 2.94.1 6.3-6.7 4348 1.4-1.9 9.6-10.2
X=AlLSi,Sn 474+0.2 26.7+0.2 32+0.2 6.5+0.1 4.6+0.1 1.6+0.1 10.0+0.1
NbsSi; 40.0-41.6 17.0-18.6 31.1-33.1 2.2-2.9 0.4-1.0 3.94.6 1.7-2.1
41.1+0.2 17.5+0.3 323+0.2 2.5+0.1 0.6+0.2 4.1+0.1 1.9+0.1
Ti&Hf-rich NbsSi; 22.8-25.8 24.7-26.2 31.5-34.1 3.7-5.0 0.9-2.1 9.7-12.6 0.5-1.2
244+04 25.6+0.3 33.3+0.3 40+£02 1.3+0.3 106 £0.4 0.8+0.2
NbCr, Laves phase 22.3-22.6 10.4-11.0 9.1-9.6 2.6-2.9 49.5-50.3 4.8-5.0 -
224 +0.1 10.7+0.1 93+0.1 2.7+0.1 50.0+0.2 49+0.0
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Figure S1: X-ray diffractograms of the as-cast and heat-treated alloy EZ2.
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Figure S2: X-ray diffractograms of the as-cast and heat-treated alloy EZ5.
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Figure S3: X-ray diffractograms of the as-cast and heat-treated alloy EZ6.
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Figure S4: X-ray diffractograms of the as-cast and heat-treated alloy EZS.



