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Table S1. EDS analysis data (at.%) of the alloy JZ4.

Nb Ti Si Mo W Sn Ge Hf Al Cr
Ascast
Top 394+03 124+£03 182+07 60+ 03 25+ 01 53+03 52+£02 1101 49+ 03 50+ 03
391-397 122127 175-191 57-64 2427 4856 49-55 09-13 4652 47-54
Bulle ¥8+04 121£02 187£03 60+ 04 23402 53103 54+01 10x01 46+ 03 48103
393-403 119125 181-190 57-66 2126 4956 53-55 0911 42-50 4551
3B2+03 129+£01 1661041 65103 19+ 02 66+ 02 50+£03 1101 55+ 02 57+ 03
379-386 128131 61-172 62-68 1823 6570 4554 1012 52-57 5562
NbSh 41+02 9%6+02 282405 45+ 02 17+ 01 12+ 01 57+£02 0701 194+ 02 14+ 01
48-452 94-100 275285 42-48 16-19 12-14 55-59 06-09 1720 12-15
TirichNbSi 407+15 128111 208+11 47401 13+ 02 50+ 10 59+03 15%£02 46+ 04 27+ 05
383423 117-146 189-216 4549 09-15 42-68 55-62 13-18 4253 2335
AISNbX 21+03 107+£02 25103 142403 83+ 03 91+ 01 1602 B 66+ 02 49401
417494 104-109 2230 138-145 80-83 9093 1419 65-70 4850
Tirich AT5 208+23 151+10 11+06 144+ 12 46+ 04 125+14 09+ 01 02+01 94 +07 120+ 12
290-326 141-163 04-19 128-149 43-54 112-145 06-10 00-04 87-104 107138
289 2z 18 46 06 257 16 21 8 5
TMSX 28 274 26 46 05 238 21 22 81 59
ClACEND 23+ 06 61103 7709 49+ 01 34 +£ 03 11+03 13+£02 20+£03 94 +12 418+1
2162832 56-65 6990 47-50 3037 07-14 11-15 1623 73-104 404431
Heattreated
Average 309+03 123+02 182+03 58+03 22+01 54+03 54403 12101 48 +02 48 +02
compositior? 394-402 119-125 179-185 56-63 2123 50-54 5158 10-14 4649 46-50
(NDW) 267+02 54 +01 0 218+ 03 204 +02 08% 01 01 06 32+01 120+ 01
’ 265270 52-55 21322 292-296 0709 3135 118-122
NbSi 308+02 134+02 208+02 43+ 03 06+ 02 53+ 01 5701 13%01 48+ 01 40+ 01
396-401 132135 206210 4047 04-08 52-55 55-58 12-14 46-50 3941
TirichNbSi 347+04 153+£03 241+£05 37+03 _ 16+ 02 68+01 43+02 56+ 01 39+ 02
342-351 149-157 234-246 3340 04-18 66-69 40-45 5557 3842
AT5NBX 303+01 106+02 20+02 143+ 02 56+ 01 103+ 01 12+ 01 01 71+£01 95+ 03
392-395 104-110 1722 141-143 54-57 102-105 10-14 70-70 9098
ClACENb 2594 04 40+ 01 102403 40+ 03 35+ 03 03 10+02 13+01 44402 454+ 07
254-262 3841 98-105 3742 3337 09-12 12-14 4247 447461
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S 8+02 134+02 208+02 43403 06402 53401 57401 13+01 48+01  40+01
06401 132135 206210 4047 04-08 5255 5558 12414 4650 3941
ThNhg | /T04 153103 M1+05 37403 16402  68+01 43+02 56+01 39+ 02
° 32351 149157 234246 3340 04-18 6669 4045 5557 3842
ABSNBX 393+01 106402 20402  143+02 56+01 103+01 12401 01 71+ 01 95+ 03
0235 104110 1722 141-143 5457 102-105 10-14 7070 9098
a 259+ 04 40+01 102403  40+03 35403 03 10402 13+01  44+02  454+07
+CeND 254262 3841 98105 37-42 3337 09-12 12414 4247 47461
a =large area analysis.
Table S2. EDS analysis data (at.%) for the alloy JZ5.
Nb T Si Mo W Sn Ge Hf Al Cr
Ascast
. 317406 206+06 194+10 63+ 02 13402 54403 52401 09+01  45+03 47+03
F 312324 200215 184209 6066 1015 50-58 5153 0810 4250 4249
e P8+14  199+06 198+19  63+05 13403  53+10  53+01 08+01 41405 44+05
311-339 193207 172217 6071 10-16 4564 5055 0709 3647 3951
315407 206+05 183409 63+01 08401 65+04 51404 09401  48+04 52407
0332 202212 173192 6164 07-09 60-69 4754 08410 4450 4764
- 379405 169+05 281+06 49+ 02 10+ 01 12402 62402 08401 16402 14401
)¢
373-386 163174 275288 4551 10411 09-15 5763  07-09 14418 1314
311406 219+06  183+03 53+ 02 13401 62+02  66+01 13402 50401 30+02
TirichNb:Ss
02316 21226 178186 5055 12414 61-65 6568 115 4951 2832
s 01+07 194+03 21+04 162404 48402 103405 21404 05 71402 74405
292312 191-199 1827 159-168 159168 954107 1827 6975 7081
AL 191426 27+14 08+03 155404 39405 116408 14+03 04 105+ 10 141409
H(
16324 212245 0411 150159 3445 106-123 1018 93117  131-155
137 48 36 34 - 248 29 12 82 74
TMSroX
114 375 3 34 - 246 27 15 84 75
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185+ 03 105+ 02 75+ 07 50+ 04 23402 09+ 04 14+02 14101 93+13 432+ 04
ClaCeNb 183-191 103-107 67-83 4656 2126 05-16 12-18 1416 78-106 4928438
Heattreated
Average 314403 205+ 02 188+ 04 62+ 01 12+ 01 57+02 56+02 10+02 47+02 49+02
composition? 311-318 204208 184-193 60-64 10-13 5459 5459 08-13 4650 4751
212+ 04 113+ 03 284403 180+ 03 12+ 01 16+06 03 53+03 177103
oW 209217 108-116 0 29239 177-183 10-14 0823 51-58 172-180
] 314+ 02 211+ 04 203405 50+ 01 05 57+ 03 62+03 11101 46+ 01 41102
Moo 312-316 206217 195209 4952 53-61 59-68 1112 4548 3842
TidhiNbSs 274+ 03 287+ 04 241+ 03 38+ 03 ~ 14+ 01 72401 32401 52+ 01 40+02
269277 231-242 286244 3644 13-15 71-73 31-34 5153 3742
299+ 04 174+ 03 24+ 02 163+ 03 47+ 01 92+ 01 18+01 02 73+£01 108+ 06
AIRNDX 293304 169-175 2026 159-166 4548 92-93 1720 72-74 102-117
a=Large area analysis.
Table S3. EDS analysis data (at.%) of phases in the alloy JZ4 after oxidation at 800 °C for 100 h.
Phase o Nb Ti Si Mo W Sn Ge Hf Al Cr
Oxidescale
MixedStiichoxide ~ 708 + 14 1344 08 32+ 01 77+ 08 13+03 05 04 08+ 05 03 09+02 08+01
690-724 121-141 3033 66-88 08-16 03-14 07-10 07-10
Bulk
NbsSis - 450+ 08 96+ 01 281+ 04 44+ 03 14+ 02 11+01 64+ 06 10+01 19403 12+02
442459 9598 275285 3946 1116 0912 62-70 08-11 1523 09-14
TirichNbsSis - 399+ 22 142+ 16 201+ 05 44401 10+ 03 51409 591 06 l6+02 49+02 29106
382436 115154 194207 4246 07-15 37-61 56-69 13-19 4751 20-36
TMESreX - 23.8 279 34 37 - 249 21 28 73 41
A15NbX - 419+ 15 116108 26+ 04 142+ 03 67+ 04 86+ 05 21402 05+02 65+04 54+08
397430 105-126 21-30 139-146 62-73 8091 1923 04-08 59-68 4566
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Cl4-CeNb - 22403 74404 81+ 06 48+ 02 26402 06+ 01 17+ 02 29401 82+10 416+08
21625 70-81 73-89 4751 2-28 05-08 1521 2831 7298 404424
Table S4. EDS analysis data (at.%) of phases in the alloy JZ5 after oxidation at 800 °C for 100 h.
Phase o Nb Ti Si Mo W Sn Ge Hf Al Cr
Oxidescale
MixedStichoxide ~ 723+ 10 105+ 11 51403 71+10 13+ 02 03 05 15+ 05 02 06 07
714740 87-114 4857 52-77 10-14 1123
Bulk
NbsSis - 398+ 02 157+ 02 294+ 05 48+ 02 10+ 01 10+ 01 53+ 02 07+01 12402 10x01
394400 155-159 293-298 4652 0911 07-11 51-56 06-08 1114 09-11
Tirich NbsSis - 337+ 08 204+ 04 197+ 02 56+ 03 09401 57+ 03 55+ 02 11+£01 48+02 25104
325343 201210 195-199 53-61 07-10 53-62 5357 08-12 4651 2331
TMESeX - 125 371 42 36 - 251 28 16 81 5
A15NbX - 322403 183+ 03 27402 166+ 02 54+ 01 94+ 01 20+ 04 03+01 6601 64+02
316-325 179-188 2529 165-169 5355 9395 1625 01-04 65-68 62-67
Cl4-CeNb - 200+ 03 109+ 04 83+ 04 52+ 02 25+ 02 07401 13+ 02 1l6+01 84+07 412104
194202 104-114 80-89 50-55 2327 06-09 1116 1518 7794 405415
Table S5. EDS analysis data (at.%) of phases in the alloy JZ4 after oxidation at 1200 °C for 100 h.
Phase (0) Nb Ti Si Mo \4 Sn Ge Hf Al Cr
Oxidescale Nb+ichoxide 742+04 197+05 29401 07 02 10+ 01 - - 03 07 02
735746 190205 2831 10-11
Tirichoxide 717403  96+05 85+ 06 10+ 07 12+ 10 - - 03 05 34401 37406
710-719 89-102 7691 0321 0428 33-36 2842

- 40+ 05 103+ 01 247+ 05 49+ 02 13+ 03 26+ 01 63+ 02 10+£02 33+£05 16+02
433-445 102-105 241-254 47-51 08-16 2528 61-64 07-11 2737 1420

Nb(SGep - P54+ 22 90+ 10 132+ 10 73+ 07 03 97+31 115+20 03 27+03 34%+02
392-453 77-103 119147 64-81 72-146 88-135 2532 31-36
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NbsSiGep - 29+ 26 85+ 09 118450 79+ 16 15+ 07 - 2B8+48 08+03 05+01 24406
394450 7797 72174 6297 0520 184-280 0411 04-06 1530
A15Nm:X - 417+11 41401 15+ 01 219+ 11 254+ 02 200+£07 21+05 - 11+£03 53103
402-432 4042 1417 205232 2228 191-209 1429 07-14 4857
NbW)s - 165+ 23 17+ 07 0 203+ 27 $33+36 08+04 26+ 04 02 09+03 48+04
140-198 08-28 267-326 389478 04-13 2131 06-14 4554
Bulk Nb:Sis - 44+ 02 103+ 02 249+ 09 49+ 03 16+ 01 21+01 62+ 05 10+£02 30+02 16401
42-447 100-107 246250 4350 15-18 2023 54-64 08-12 27-32 1417
TirichNbsSs - 361+ 20 194+21 139423 36+ 05 04 115+23 50404 20+£03 55403 26+03
330392 157216 116177 2841 79135 4557 1623 53-59 2029
A15NbX - 408+ 07 102+ 03 22403 153+ 06 77 £ 02 88+ 04 18+ 04 03 73+£03 57402
398414 99-104 1826 143-158 7580 8495 1222 7077 55-60
NbW)s - 239+ 08 51+ 03 0 240+ 05 B5+13 06 16+ 07 03 17+02 92+13
230-46 46-54 235246 316-351 0721 1419 74-109
Cl4-CrNb - 268+07 47402 105+ 03 39+ 02 31+05 05 14+ 02 18+£02 51+£02 41106
259279 4550 102-110 3641 2540 12-16 1521 4953 413430
Table S6. EDS analysis data (at.%) of phases in the alloy JZ5 after oxidation at 1200 °C for 100 h.
Phase (0] Nb Ti Si Mo W Sn Ge Hf Al Cr
Oxidescale Nb-ichoxide 747+11 176+ 19 48+ 05 09+ 07 - 04 - - 03 10+04 02
734761 154-189 40-52 0-14 0514
Tirichoxide 725+ 07 80+ 11 19+ 17 07 - - 02 - 04 39+05 23404
715736 6796 104-146 3345 1928
Diffusonzone  NbSi - 408+ 02 174403 204+ 04 52402 11+£13 13+£01 10+ 03 07 15+£02 14402
404410 171179 289-300 5055 1113 12-15 0714 13-18 1217
NbSiSn)p - 316+ 14 203+18 1324+ 19 58+ 03 02 169+ 15 44405 08+02 23+06 45+02
303-335 174217 111-160 56-63 150-190 3853 06-10 12-28 4147
NS Gep - 466+ 15 33+09 175+ 46 103+ 17 17+ 03 03 167+41 03 09+05 24406
44478 2545 108233 86-126 1423 112227 04-15 1833
AI5NX - 309+ 16 99+ 06 11+ 02 252+ 08 39+ 07 1924+ 07 13401 - 14+ 06 71104
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283-326 9.3-10.7 0913 242-263 3049 184202 1114 0824 6877
(NbW)s 127+12 36+ 06 - 315+ 08 ¥1+13  10+07 22+ 04 03 16+06 81+09
115145 28-44 309-328 380410 01-19 1927 0926 7594
Bulk NbSis 390+ 08 162 + 05 281106 52402 08+ 01 13+ 02 56+ 04 08+ 01 16+02 14401
379-400 156-169 274288 50-54 0709 11-16 51-59 07-08 1520 13-16
Tirich NS 282426 267+ 31 1394 26 42+ 08 02 118+29 5005 12+01 59+£03 29408
256-323 258299 108177 3453 77148 4357 1014 54-62 2137
A15NbX 271+ 09 186+ 09 14+ 03 199+ 08 42+ 05 106+03 14+03 02 89+03 76+11
259281 177198 1119 188209 3649 103-112 12-18 8592 64-90
NbW)s 195+ 08 97+ 05 - 279+ 07 300+£20 16x06 20+ 04 04 22+04 68%+05
184206 92-102 271-288 277316 1123 1526 1828 6373
Cl4-CrNb 29+ 04 78+ 03 87+03 46+ 01 33+ 01 04 10+ 01 13+£01 70+£05 43004
25234 72-81 8592 4546 3135 0911 12-15 61-73 924432




Materials 2020, 13, 4548 7 of 8

JZ4AC raw] JZIAC r

A

NbsSmSi

B NbsSis

a NbsSis
NbsSi(A15)
NbsSn

NbzAl AlS
NbzGe
C14-Cr:2Nb
HfO:2

2000

3500 [ ]

2000

2500

- eOp > O®F

Intensity(Counts)

2000

Fay
. 5 4
[ o Py
. i 4
.J < [
J Jﬁ . g
30

+ .

4o
*

=
>

< n
. A
s P RN "’JW """'J.AL#V‘W’ LMMMJM

40 80 0

70
Two-Theta (deg)

[JZ4HT raw] JZ4HT

(b) (Nbo 5, M00.5)ss
B NbsSis

@ NbsSiz
NbsSi(Al5)
NbsSn

Nb:Al :|—A15

NbsGe

2000

1500

e P00

HfO2

Intensity(Counts)

1000

20 20 40 50 80 70 20 50 100 110 120
Two-Theta (deg)

Figure S1. X-ray diffractograms of the (a) as cast and (b) heat treated alloy JZ4.
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Figure S2. X-ray diffractograms of the (a) as cast and (b) heat treated alloy JZ5.
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