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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% 

O 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 

45.6–46.5 

24.8 ± 0.3 

24.3–25.3 

19.5 ± 0.5 

18.8–20.4 

4.7 ± 0.1 

4.4–4.9 

4.9 ± 0.2 

4.8–5.3 

Bulk* 

 

46.5 ± 0.3 

45.8–46.7 

24.2 ± 0.9 

22.2–25.3 

20.3 ± 1.8 

17.8–22.0 

4.0 ± 1.1 

3.5–4.9 

5.0 ± 0.4 

4.2–5.6 

Bottom* 

 

44.7 ± 0.6 

44.1–45.7 

27.3 ± 1.0 

25.7–28.8 

16.7 ± 1.4 

14.7–19.1 

6.1 ± 0.7 

5.2–7.1 

5.2 ± 0.2 

4.9–5.6 

Nbss 

 

44.5 ± 2.6 

40.3–46.8 

35.0 ± 1.6 

33.3–37.7 

3.6 ± 0.8 

2.2–4.5 

11.3 ± 0.9 

10.2–12.1 

5.6 ± 0.5 

4.7–6.1 

Nb3Sn 

 

55.8 ± 0.4 

55.5–56.4 

22.3 ± 0.5 

21.6–23.0 

7.5 ± 0.5 

6.8–8.4 

2.5 ± 0.3 

2.2–3.0 

11.9 ± 0.7 

10.7–12.5 

Ti-rich 

Nb5Si3 

41.1 ± 0.4 

40.7–41.7 

22.1 ± 0.9 

20.9–23.4 

33.1 ± 1.4 

31.1–34.3 

1.9 ± 0.5 

1.1–2.7 

1.8 ± 0.2 

1.4–2.1 

Nb5Si3 

 

45.2 ± 0.5 

44.5–45.8 

17.2 ± 0.4 

16.7–17.9 

34.8 ± 0.2 

34.5–35.2 

0.9 ± 0.1 

0.8–1.1 

1.9 ± 0.2 

1.7–2.2 
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Laves phase 

 

20.8 ± 2.3 

18.7–24.4 

 

28.3 ± 4.2 

21.0–34.7 

 

10.7 ± 2.2 

8.5–12.0 

 

38.4 ± 3.9 

34.0–44.8 

 

1.8 ± 0.7 

0.7–3.0 

Heat treated 

 

Bulk* 

 

44.6 ± 0.5 

43.9–45.6 

 

26.0 ± 0.5 

25.0–26.4 

 

20.0 ± 0.5 

19.1–20.7 

 

4.3 ± 0.2 

4.1–4.6 

 

5.1 ± 0.4 

4.6–5.5 

Nbss 

 

52.1 ± 0.8 

50.9–53.4 

 

33.3 ± 0.8 

32.3–34.2 

 

0.7 ± 0.1 

0.5–1.0 

 

9.0 ± 0.4 

8.7–9.7 

 

4.9 ± 0.2 

4.7–5.2 

 

Nb3Sn 

 

49.8 ± 0.3 

49.3–50.4 

 

26.3 ± 0.3 

25.8–26.8 

 

5.2 ± 0.5 

4.7–6.5 

 

5.0 ± 0.2 

4.6–5.2 

 

13.7 ± 0.2 

13.3–13.9 

 

Nb5Si3 42.9 ± 0.9 

41.7–44.4 

19.5 ± 0.8 

18.4–21.0 

35.6 ± 0.6 

34.8–36.2 

0.5 ± 0.1 

0.4–0.8 

1.5 ± 0.4 

1.1–2.2 
* Large area analysis. 

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

 Nb Ti Si Al Sn 

As cast 

Top* 

 

44.8 ± 0.1 

44.6–45.1 

26.3 ± 0.3 

25.8–26.9 

19.2 ± 0.3 

18.8–19.7 

4.8 ± 0.2 

4.4–5.1 

4.9 ± 0.2 

4.7–5.2 

Bulk* 

 

45.1 ± 2.7 

40.6–49.6 

26.0 ± 1.7 

23.3–29.4 

18.9 ± 1.5 

16.1–21.5 

5.1 ± 0.3 

4.7–5.6 

4.9 ± 0.4 

3.7–5.4 

Bottom* 

 

49.9 ± 0.3 

49.4–50.3 

23.2 ± 0.6 

22.1–24.4 

16.9 ± 0.5 

16.0–18.0 

4.9 ± 0.2 

4.5–5.1 

5.1 ± 0.1 

5.0–5.4 

Nbss 

 

52.4 ± 3.6 

45.9–56.9 

34.1 ± 3.2 

30.2–38.9 

2.8 ± 0.7 

1.8–4.3 

5.9 ± 0.2 

5.5–6.1 

4.8 ± 0.3 

4.5–5.4 

Nb5Si3 

 

45.7 ± 1.3 

44.5–47.4 

17.1 ± 1.4 

15.3–18.3 

32.5 ± 0.8 

31.5–33.3 

2.9 ± 0.5 

2.2–3.5 

1.8 ± 0.4 

1.3–2.4 

Ti rich 

Nb5Si3 

42.2 ± 1.2 

40.1–43.5 

20.9 ± 1.3 

19.4–23.4 

31.3 ± 0.3 

30.6–31.7 

4.0 ± 0.2 

3.6–4.2 

1.6 ± 0.2 

1.2–1.8 

Nb3Sn 

 

54.8 ± 1.4 

52.7–57.2 

24.0 ± 1.2 

21.6–25.8 

6.6 ± 0.4 

6.1–7.3 

5.9 ± 0.5 

5.2–6.8 

8.7 ± 1.0 

7.3–9.9 

Heat treated 

Bulk* 

 

47.9 ± 0.2 

47.6–48.2 

23.9 ± 0.6 

23.1–25.0 

19.3 ± 0.9 

17.7–21.2 

4.5 ± 0.2 

4.1–4.9 

4.4 ± 0.2 

4.0–4.7 

Nb5Si3 46.5 ± 0.8 

45.6–47.5 

16.8 ± 0.7 

15.8–17.6 

33.2 ± 0.1 

33.0–33.4 

2.1 ± 0.1 

2.0–2.4 

1.4 ± 0.1 

1.3–1.6 
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Ti-rich 

Nb5Si3 

44.0 ± 0.8 

43.2–45.6 

19.2 ± 0.6 

18.1–19.8 

34.2 ± 0.4 

33.5–34.6 

1.7 ± 0.2 

1.4–2.0 

0.9 ± 0.2 

0.7–1.2 

Nb3Sn 55.0 ± 0.5 

53.9–55.5 

25.1 ± 0.6 

24.3–26.3 

4.7 ± 0.3 

4.2–5.0 

7.0 ± 0.2 

6.7–7.3 

8.2 ± 0.1 

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* 41.3 ± 0.7 

40.4–43.0 

28.1 ± 1.1 

25.8–30.0 

14.1 ± 1.9 

10.9–18.8 

6.4 ± 0.7 

4.8–8.0 

5.2 ± 0.2 

4.9–5.6 

4.9 ± 0.3 

4.3–5.3 

Bulk* 45.8 ± 0.9 

43.3–46.6 

21.4 ± 0.9 

20.3–23.9 

19.7 ± 1.0 

18.0–20.9 

4.5 ± 0.8 

3.3–5.3 

4.3 ± 0.5 

3.7–5.2 

4.3 ± 0.2 

4.0–4.8 

Bottom* 45.4 ± 0.4 

44.9–46.3 

22.1 ± 0.3 

21.6–22.6 

17.7 ± 0.5 

16.9–18.6 

5.5 ± 0.3 

5.0–6.2 

4.8 ± 0.2 

4.6–5.1 

4.5 ± 0.1 

4.3–4.8 

Nb5Si3 42.0 ± 0.6 

41.2–43.2 

20.6 ± 0.5 

19.9–21.4 

31.9 ± 0.9 

30.7–33.3 

1.1 ± 0.2 

0.8–1.4 

2.6 ± 0.5 

1.7–3.2 

1.8 ± 0.4 

1.2–2.2 

Ti-rich Nb5Si3 35.2 ± 1.1 

33.2–36.6 

27.5 ± 1.2 

26.2–29.9 

29.2 ± 0.9 

27.5–30.0 

2.6 ± 0.6 

1.9–3.6 

3.7 ± 0.2 

3.3–4.0 

1.8 ± 0.2 

1.6–2.3 

Nb3Sn 50.3 ± 1.3 

48.0–52.0 

26.2 ± 1.1 

24.8–28.3 

5.3 ± 0.2 

5.0–5.6 

3.4 ± 0.3 

2.9–4.1 

5.2 ± 0.4 

4.6–6.2 

9.6 ± 0.6 

8.2–10.1 

Laves phase 27.0 ± 1.6 

25.9–28.8 

20.8 ± 0.6 

20.1–21.3 

9.6 ± 1.8 

8.4–11.7 

38.8 ± 2.5 

36.7–41.6 

2.7 ± 0.4 

2.3–3.1 

1.1 ± 0.4 

0.7–1.6 

Heat treated Nb Ti Si Cr Al Sn 

Bulk* 

 

46.6 ± 0.7 

45.9–47.5 

21.1 ± 0.8 

20.3–22.2 

18.6 ± 1.1 

17.4–20.4 

5.1 ± 0.4 

4.6–5.7 

4.0 ± 0.2 

3.8–4.5 

4.6 ± 0.3 

4.0–5.0 

Nb5Si3 

 

45.3 ± 0.6 

44.7–46.1 

17.1 ± 0.7 

16.1–17.7 

34.3 ± 0.2 

34.1–34.5 

0.7 ± 0.1 

0.6–0.9 

1.5 ± 0.2 

1.3–1.7 

1.1 ± 0.2 

0.9–1.2 

Ti rich Nb5Si3 34.7 ± 0.6 

33.9–35.4 

27.0 ± 0.9 

26.2–28.4 

32.5 ± 0.6 

31.8–33.3 

2.3 ± 0.2 

2.0–2.6 

3.2 ± 0.1 

3.0–3.3 

0.3 ± 0.1 

0.3–0.4 

Nb3Sn 

 

51.9 ± 0.4 

51.4–52.5 

22.5 ± 0.6 

21.6–23.4 

4.8 ± 0.2 

4.2–5.0 

6.3 ± 0.6 

5.8–7.6 

5.8 ± 0.2 

5.4–6.1 

8.7 ± 0.1 

8.5–8.9 

Nbss 50.4 ± 2.7 

48.1–54.6 

32.0 ± 2.4 

28.5–34.4 

0.6 ± 0.3 

0.4–1.1 

9.2 ± 0.5 

8.4–9.6 

6.0 ± 0.5 

5.1–6.5 

1.8 ± 0.2 

1.5–2.0 

Laves phase 27.3 ± 0.4 

26.6–27.8 

13.7 ± 3.6 

11.2–20.0 

8.3 ± 1.89 

6.1–10.4 

48.5 ± 2.2 

45.1–50.6 

1.9 ± 0.2 

1.6–2.1 

0.3 ± 0.2 

0.1–0.6 
* Large area analysis. 


