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Examples of Hf containing Nb-silicide based alloys with transition, refractory, simple metal and

metalloid additions (at.%)

Nb-22.0Ti-16.0Si-7.0Cr-3.0A1-2.0Hf-3.0Ta-0.1Ho — [1]
Nb-22.0Ti-16.0Si-6.0Cr-3.0A1-4.0Hf-1.5B-0.06Y — [2]

Nb-19.9Ti-19.75i-9.9Cr-3.3A1-4.2Hf-4.2Ge — [3]
Nb-(14-25.5)Ti-(12-20)Si-(10-13)Cr-2Al-(2-4)Hf-X where X=B, Fe, Ge, Mo, Sn, Ta, W — [4]
Nb-(28.9-29.5)Ti-(7.7-8.4)Si-(10-10.4)Cr-(10-10.2) Al-(3-3.7)Hf-(3.4-4)Zr-(0-1.3)W-(0.9-1.3)Sn  — [5]
Nb-(24.3-26.2)Ti-(11.9-17.6)Si-(2.5-6.7)Cr-(1.8-1.9) Al-(1.4-2)Hf-(0.2-5.5)Ge-(0.6-2.8)Fe-(0.3-1.6)Sn-

(0.02-0.1)Ce-(0.2-2.3)B — [6]
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Table S1. EPMA analysis data (at.%) for phases in the alloy NbSiTiHf-5A1-5Cr after isothermal
oxidation at 800 °C.

Area of
Phase Nb Si Ti Cr Al Hf O
interest
b 39.1+09 | 35.3+1.2 | 17.2+0.5 09+0.1 2.8+0.3 43+0.1 0.4
NbsSis
37.8-39.9 | 33.8-36.8 | 16.6-17.9 0.8-1.0 2.5-3.2 4.2-44 0-2.0
Dz*
Mixed | 34.3+1.2 | 0.8+04 17.8 +0.6 4.6+0.3 3.9+0.3 2.8+0.1 359+1.7
oxide | 33.4-36.0 0.4-1.2 16.8-18.1 4.4-5.0 3.6-4.2 2.7-2.9 33.6-37.9
b 502+35 | 1.7+15 | 284+1.5 81+24 5.7+0.2 4.4+0.5 14
N SS
30 um 46.9-542 | 05-39 | 26.6-29.9 | 6.6-11.6 5.5-6.0 4.0-5.1 0-2.9
below
DZ* 40.7 £0.2 34.2 17.4 0.8 2.6+0.1 4.3
Nbssis 0
40.4-409 | 34.2-342 | 17.4-174 0.8-0.9 2.5-2.7 4244
b 50.6+1.8 | 1.7+13 | 29.0+0.7 8.1+25 62+0.2 35+04 0.8
N SS
49.0-52.5 0.8-3.1 28.6-29.9 5.7-10.7 6.0-6.4 3.1-3.9 0-2.4
Bulk of
speciten 405 33.7 17.6 0.9 29+0.1 43
Nbssis 0
40.4-40.5 | 33.6-33.8 | 17.6-17.6 0.9-1.0 2.9-3.0 43-4.4
*DZ = diffusion zone.
Table S2. EPMA analysis data (at.%) for phases in the alloy NbSiTiHf-5A1-5Cr after isothermal
oxidation at 1200 °C.
Element
Phase
Nb Si Ti Cr Al Hf O
NbsSisin 40.3+0.9 32.1+19 18.6 £ 0.9 0.7+0.3 3.1+0.3 45+0.1 0.7
DZ* 38.5-41.8 29.5-34.2 17.8-19.8 0.3-1.2 24-35 4.3-4.7 0-2.2
Hf rich
252+24 293+2.6 27.8+1.4 2.0+0.8 3.7+04 11.9+1.1
NbsSisin 0.1
22.2-28.2 25.7-32.8 26.2-29.4 0.9-2.9 3.2-4.2 10.5-13.5
Dz*
Nbssin 453 £0.7 32.6+0.5 10.5+0.2 7.7+0.1 0.2 33x15
0.3
Dz* 44.7-46.1 32.1-33.1 10.3-10.8 7.5-7.7 0.2-0.3 1.8-4.9
0.7 1.3+0.9 0.3 37.7+1.0 60.0+1.9
HfO:2 0 0
0.1-2.7 0.5-2.7 0.2-0.6 36.0-38.5 56.7-61.3
39+28 47715 0.2 0.3 478 +4.3
Ti oxide 0 0.1
1.9-5.9 46.6-48.8 0.1-0.3 0.2-0.4 44.7-50.8
Nbss in
52.2+0.1 29.5 9.2 6.9 1.9
bulk of 0.3 0
) 52.1-52.3 29.5-29.4 9.2-9.3 6.8-6.9 1.9-1.9
specimen

*DZ=Diffusion zone.
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Table S3. Comparison of the isothermal oxidation of the alloys NbSiTiHf-5A1 and NbSiTiHf-5A1-5Cr

with other Nb silicide based alloys.

Temperature of isothermal oxidation

800 °C 1200 °C
Alloy
AW Pest AW
Kinetics Scale Kinetics
time scale time
Yes
44 477 Parabolic +
YGI1+ Solid cube + Linear Maltese cross
(18 h) (26 h) linear
powder
Yes
163 187 Parabolic +
YG2¢ Solid pieces + Linear Maltese cross
(18 h) (96 h) linear
powder
Yes
52 31 Cube + scale spallation | Parabolic +
YG3* Solid cube + Linear
(18 h) (46 h) - all sides linear
powder
84 139 Cube + scale spallation | Parabolic +
KZz4+ Maltese cross™ Linear
(85h) (65h) — all sides linear
NO**
20 101 Cube + scale spallation Parabolic +
Kz7+ Scale cracked Linear
(85h) (65h) —all sides linear
along edges
NO**
30 64 Cube + scale spallation
KZ5* Scale cracked Linear Linear
(85 h) (65 h) —all sides
along edges
No
11 26 Cube + scale spallation Parabolic +
MGT1* Scale cracked Parabolic
(100 h) (100 h) - all sides linear
along edges
No*
5 50 Cube + scale partial
JN1* Scale cracked Linear Parabolic
(100 h) (100 h) spallation
along edges

AW = weight gain (mg/cm?).

* see text, ** see [3], * see text.

+YG1=Nb-18Si-5Hf-5Cr [26], YG2=Nb-18Si-5Hf-5A1 [26], YG3=Nb-18Si-5Hf-24Ti [26], KZ4=Nb-24Ti-
18Si-5Cr [25],

KZ7=NDb-24Ti-18Si-5Al [25], KZ5=Nb-24Ti-18Si-5A1-5Cr [25], MG1=NDbSiTiHf-5Al, JN1=NbSiTiHf-
5Al1-5Cr.
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Figure S1. X-ray diffractograms of the (a) as cast and (b) heat treated alloy NbSiTiHf-5Al and (c) cast
and (d) heat treated alloy NbSiTiHf-5A1-5Cr. The non-indexed peaks correspond to un-identified

phase(s).
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(@) (b)

Figure S2. Specimens of the alloys NbSiTiHf-5Al (a) and NbSiTiHf-5A1-5Cr (b) after 100 h isothermal

oxidation at 800 °C.

(@)

Figure S3. Specimens of the alloys NbSiTiHf-5Al (a) and NbSiTiHf-5A1-5Cr (b) after 100 h isothermal
oxidation at 1200 °C.
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Figure S4. Isothermal oxidation data for the alloy NbSiTiHf-5A1 (a) 800 °C, (b) 1200 °C.
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Figure S5. Isothermal oxidation data for the alloy NbSiTiHf-5A1-5Cr (a) 800 °C, (b) 1200 °C.
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Figure S6. BSE images of cross sections of the alloy NbSiTiHf-5Al after isothermal oxidation (a) at 800
°C and (b) at 1200 °C.
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Figure S7. XRD data for the alloy NbSiTiHf-5Al (a) glancing angle data (GXRD, 6=5 degrees) for 800
°C, (b) powder XRD data from the spalled off scale at 1200 °C.
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