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Super-Heat-Resisting Nb-Based and Mo-Based Alloys
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[PURPOSE]

Both the Nb-based and Mo-based alloys have been designed and developed in order to
establish the frontier technique for super-heat-resisting materials used in the liquid alkali metal
environment at high temperatures. In this study, mechanical properties of the designed Nb-1Hf
alloy were experimentally evaluated. In addition, the brittleness of Nb-based alloys observed
at 1073K were discussed. Moreover, characteristics of both the designed Nb-based and the
Mo-based alloys were summarized in a consistent way.

[EXPERIMENTAL METHODS]
(1) Tensile test : The tensile test was performed at room temperature and 1473K in an Ar gas
atmosphere for the designed Nb-1Hf alloy and also for commercial Nb-1Zr alloy.
(2) High temperature creep test : The creep test of the designed Nb-1Hf alloy was carried out
at 1473K in an Ar gas atmosphere under several applied stress levels.
(3) TEM observation : The TEM observation was performed with the creep specimens tested
at both 1073K and 1273K in order to get information for the 1073K brittleness of the Nb-1Zr
alloy.

[RESULTS AND DISCUSSIONS]
(1) Tensile test : The tensile stress and the proof stress of the designed Nb-1Hf alloy were
slightly lower than those of commercial Nb-1Zr alloy at room tempetarute. But the alloy was
superior in the elongation to the Nb-1Zr alloy. High temperature tensile properties were not
able to be evaluated properly because of the large grain size of the specimens.
(2) High temperature creep test : The Nb-1Hf alloy was superior in the creep resistance to
other solid solution hardened Nb-based alloys.
(3) TEM observation : A modulated structure with about 1nm preiod was observed in the
specimen which was brittle at 1073K. This was supposed to cause the 1073K brittleness of
the Nb-1Zr alloy.

[CONCLUSION]

The tensile strength of the designed Nb-1Hf alloy was slightly lower at room temperature
than that of the commercial Nb-1Zr alloy. But, the designed alloy was superior in high
temperature creep properties to any other solid solution hardened Nb-based alloys. In addition,
the modulated structure was observed in the brittle specimen crept at 1073K, but not in the
ductile specimen crept at 1273K. Therefore, it caused probably the brittleness of the Nb-1Zr
alloy at 1073K.

It was concluded that all the designed Nb-1Hf, Mo-15Re-0.1Zr and Mo-15Re-0.1Zr-0.1Ti
alloys had an excellent total balance in the tensile and creep properties at high temperatures,
corrosion resistance to liquid Li and cold-workability, compared to other experimental and
commercial alloys. '

Work performed by Masahiko Morinaga under contact with Power Reactor and Nuclear Fuel Development
Corporation
PNC Liaison : Frontier Technology Section, Advanced Technology Division, Qarai Engineering Center,
Tun-ichi Saito :
% : Department of Material Science and Engineering, Graduate School of Engineering, Nagoya University
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Table2-1 NbIEIRE S & DIV FHHER

(mass%)
Hf C N 0 I
.69 0.0009 0.004 0.006 0.00016
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Table2-2 7|3ERBRS{4-
FHER 99.999% 7 /L T H A
1.14atm
1R it/
O HEE 1.2 %1031
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Table2-3 7 U —7RBREMH

FZHER 99.999% 7 /L = H A
1.07atm
BE 1473K
nh 50,60,70,75,100MPa
T RwrRE S U< X
EE T A ER S




Table2-4 B|3E3RBE R

RS | sEEER EREIE Eo
FI9RIEEE | MW B | RBE | SIRME | W ;X0
(MPa) MPa) | (%) | ) | (MPa) (MPa) | (%)
ERiE
Nb-1Hf 265 165 52 1473 58.5 59 72.5
Nb-1Zr 331 206 46 1473 83 84 61.5
SCHREL
Nb-1Zr 279 161 35 1363 137 63 40
Nb-10Hf-1Ti 462 294 30 1473 137 109
Nb-10Hf-10W- 600 454 23 1583 170 150 54
0.5Ta-0.1Y
Nb-10W-2.5Zr 519 406 20 1473 192 150 25
Nb-10W-1Zr- 558 387 12 1473 219 196 9
0.1C
Nb-28Ta- 583 445 25 1473 233 35
10.5W-0.9Zr
Nb-10Ta-10W 377 260 25 1533 150 109 25
Nb-20Ta-156W- 905 837 4 1573 389 337 37
5Mo-1.57r
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Table 2-5 Nb-1HfGEDEIRE Y ) — THEER

- - KRERIS S | AR 1A 9
EW (MPa) ) (tom) il ES
No.1-1 SRERICH X R R D7 O REBRERT
No.1-2 50 327.7 0.00 TAR0IC X b T
) B L L L ICETR
No.1-3 100 .0.4 4.00 B RBE T 1 0.ARSR R
No.1-4 75 65.1 4.00 R E O
No.1-5 60 210.9 0.10 FERPAI X D hif
No.1-6 70 3.4 3.00 B ER R T
No.1-7 70 10.9 3.00 B S ER TR T
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Table 2-6 TEH 03 AEE & ARSI ORR

50MPa 70MPa 75MPa

X E2327.7hr ik 1.0X 10 ,

Nb-1Hf {8 0mm® 77 8.3X10
HH T 44X105
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Table3-1 FEHABR R 2 1) — TREREH

(1EFHA R (Wi%)

e C N 0 H Zr Ta
HEk(wi%)| <0.003 | 0.005 0.007 <0.0005 | 1.14 0082
5% Fe W Ni Mo Hf Nb
Hk(wt%)] <0.005 | <0.003 | <0.002 <0.005 | <0.005 Bal

27V —TRBREBE

AR ES HAERBIE(K)
NBC-1,NBC-3 1073
NBC-5,NBC-6 1473
(3) 7V — THEBEEMF
HERBHHS B 75(1074 Pa)
5 | 0.5mm/min
AR 3043+




Table 4-1 MoEEE GEF LT [IRBER
5liRIME /MPa feR5EE /MPa RN 1%
Mo-15Re-0.1%r 728 433 44
Mo-15Re-0.1Zr-0.1Ti 721 426 46
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Table 4-2  MoZE%E

=] 1’1[11.5l Igﬁnitgﬁ'ft%

5IIRAE /MPa | BRFEE /MPa O /%
Mo-15Re-0.1Zr 267 132 31
Mo-15Re-0.1Zr-0.1Ti 266 130 29
TZM 178 57 39
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Table 4-3 Mo EE

FNZBIUT 509 HEE & BRSO BR

(s
25MPa 50MPa 75MPa 100MPa
Mo-15Re-0.17r 1.8 X10% 2.0X107 3.0x10° 2.2X10°
Mo-15Re-0.1Zr-0.1T1 1.1 X108 2.3X107 2.2X10° 2.0X10°
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Table 4-4 MoZEE &&= R MITHEAER
HAVAE E | BRES MPa | & /Hy
R & il ) ot > 2
Mo-l?&e};:é)j;%r)—o.lﬂ 164 331 237
Mo-15Re-0.1Zr-0.1Ti 164 345 237

(EHES 10 & BE A
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