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Design and Evaluation of Super-Heat-Resisting
Nb-Based and Mo-Based Alloys

Masahiko Morinaga*, Mitsuaki Furui* , Katsuya Manabe**, Kenji Noda* and Satoshi Inoue***

[PURPOSE]
In order to develop the frontier domain of technique for the high temperature liquid alkali metal,

candidate Nb-based and Mo-based alloys are needed. They are needed to have excellent compatibility
with liquid Li (max. 1200°C) and super-heat-resistance. In this study, alloy design using a d-electrons
alloy theory and estimation of designed alloy were performed.

[EXPERIMENTAL METHODS]
(1)Workability . A bend test was carried out with the provisionally designed Mo-based alloys, but by
modifying the compositions by adding intergranular strengthening elements, Ti,B,C,Hf, into them to
improve the ductility. :
(2)Corrosion resistance to liquid Li . The provisionally desingned Nb-based alloys were immersed in
liquid Li at 1200°C for three hundred hours, and the weight change due to the corrosion was
measured. The corrosion surface was also analyzed using SEM and EPMA. In addition, a similar
corrosion test was carried out with binary Nb-based and Mo-based alloys.
(3)Embrittlement at 800°C . A series of experiments such as the hardness test, X-ray analysis and
microstructure observation was perfomed with the Nb-1Zr alloy which was creep-tested at 800°C or
1200°C. Also, a Nb-1Zr alloy specimen which was not creep-tested, was used as a reference
specimen.

[RESULTS AND DISCUSSIONS]
(1)Workability . The Ti addition into the Mo-based alloys was effective in improving workability,
The brittleness of Mo may be caused by the existence of oxygen in the grain boundaries, so that the
formation of Ti oxides probably weakened the oxygen effect, resulting in the better workability of the
alloy. However, B, C and Hf additions into Mo-based alloys never improved the workability.
(2)Corrosion resistance to liquid Li . Many cracks were observed on the corroded surface of the
provisionally designed Nb-based alloys despite the addition of a corrosion resistant element, Hf, into
them. In paticular, such cracks were developed remarkably in case of the W addition. Therefore, in
order to improve the corrosion resistance, it is needed to reduce the W content in the alloy. On the
other hand, binary Mo-based alloys exhibited excellent corrosion resistance and any cracks were not
observed on the surface. Also it was found that the addition of Hf and Ta into Mo improved the
corrosion resistance without forming any granular precipitates on the surface.
(3)Embrittlement at 800°C : The hardness of the Nb-1Zr alloy creep-tested at 800°C was larger than
that of the alloy creep-tested at 1200 °C. However, any precipitates were not detected by the
conventional X-ray diffraction method.

[CONCLUSIONS]
(1YWorkability .

The Ti addition into the Mo-based alloys was found to be effective in improving the workability.
(2)Corrosion resistance .
The W addition into the Nb-based alloys was not effective in improving corrosion resistance,

whereas the Hf addition into the Mo-based alloys was very effective.

Work performed by Masahiko Morinaga under contact with Power Reactor and Nuclear Fuel Development Corporation.
PNC Liason . Frontier Technology Section, Advanced Technology Division, Oarai Engneering Center Jun-ichi Saito
* Department of Material Science and Engineering, Nagoya University

**  Department of Production Systems Engineering, Toyohashi University of Technology

*#%  Mechanical Engineering, Numazu College of Technology
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35 1 P BRER A BURH

Table 1-1
7 [NbEA 4]
) b . . A
YEH—XK ZRREE (%) 2ILHEE (at%) t%ﬁﬁﬁ
Nb-1W-1Zr Nb-5V  Nb-5Ta | Nb-17Zr
Nb-3W-1Zr Nb-5Mo Nb-5W Pure Nb
Nb-5W-1Zr Nb-5Ru  Nb-10W
Nb-4W-4V-1Zr Nb-5Rh  Nb-2.5Re
Nb-6W-4V-1Zr Nb-2.5Pd Nb-5Re
Nb-4W-2Mo-4V-1Zr | Nb-5Pd  Nb-10Re
Nb-6W-6V-1Zr Nb-5Hf  Nb-15Re _
4 EERBTo 0%
[MoZ:4 4]
SRy | Ermasawn | mreeaw |wwes
015 | Mo-7.5Re-0.5Zr Mo-5V  Mo-5W TZM
St | Mo-15Re-0.57r Mo-5Nb Mo-5Re | Pure Mo
Mo-5Re-3W-0.5Zr | Mo-SRu Mo-10Re
: Mo-10Re-3W-0.5Zr | Mo-5Hf Mo-15Re
Mo-15Re-3W-0.5Zr | Mo-5Ta Mo-20Re
Mo-15Re-6W-0.57Zr
Mo-20Re-6W-0.57r
Mo-20Re-9W-0.5Zr
.}‘ 3 &
S EERR T4

XL, C,BOBIMEIwWt%
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Table 1-2 NbZEE 5 D35 T Bk 2

(FzEi—KBELE)

oW BASH A BRRIGH S
(at%) (BE) ~ {MPa) (Hv)
Nb-5W-2Hf 162.7 281.8 223
Nb-2W-4Hf 164.8 221.5 195
Nb-2W-4Hf-0.1Y | 169.4 212.9 185
[2E%&4]
SR M) A BRRED T
(at%) (BE) (MPa) (Hv)
Nb-5V 159.1 289.0 174
Nb-5Mo 160.9 288.1 176
Nb-5Ru 20.4 468.9 276
Nb-5Rh 16.3 349.5 218
Nb-2.5Pd 156.5 201.8 153
Nb-5Pd 542 404.0 212
Nb-5Hf 163.3 253.7 167
Nb-5Ta 156.6 - 154.3 129
Nb-5W 159.6 247.7 182
Nb-10W 11.7 351.8 231
Nb-2.5Re 157.3 207.5 180
Nb-5Re 16.1 382.5 232
Nb-10Re 3.3 — 366
Nb-15Re 6.4 — 460
[£TRE4]
A BMA) BE | BRIGH ma
(at%) () (MPa) (Hv)
Pure Nb 159.1 101.2 99
Nb-1W-1Zr 154.6 126.4 122
Nb-3W-1Zr 158.9 163.1 141
Nb-5W-1Zr 158.0 226.1 175
Nb-1wt%Zr 163.5 252.5 118
Nb-4W-4V-1Zr 40.6 325.6 185
Nb-6W-4V-1Zr 34.0 325.7 203
Nb-4W-2Mo-4V-1Zr 52.8 333.3 201
Nb-6W-6V-1Zr 21.0 361.2 227
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Table 1-3 MoZE S5 & D35 TR ERRE B

[—k#&EE<]

-3

5 —

e B h EE FefRIs B
(at%) () (MPa) (Hv)
Mo-15Re-0.1Z1-0.1Ti 159.1 299.6 255
Mo-15Re-0.1Z1-0.1Hf 75.5 303.5 251
Mo-15Re-0.1Zr-0.05wt % C(H{K) 0 312.4 271
Mo-15Re-0.1Zr-0.05wt% C({t.- &) 0 310.1 272
Mo-15Re-0.1Zr-0.05wt % B(H /%) 5.4 278 264
Mo-15Re-0.1Z1-0.05wt % B({t.& ) 0 281.4 250
[2c%E£]
v AN ARE] BRASH S
(at%) (BE) (MPa) (Hv)
Mo-5V 14.0 244.5 195
Mo-5Nb 15.4 292.7 213
Mo-5Ru 3.8 7114 424
Mo-5HFf 1.5 S 381
Mo-5Ta 14.0 264.3 211
Mo-5W 53.8 1219.8 187
Mo-5Re 161.3 244.9 173
Mo-10Re 83.1 252.8 218
Mo-15Re 163.0 368 249
Mo-20Re 162.0 4052 273
[Z27RE6€]
A A AHE | BRRICH S
(at%) (BE) (MPa) (Hv)
Pure Mo 163.5 216.7 190
Mo-7.5Re-0.5Zr 52 240.9 226
Mo-15Re-0.5Zr 53.3 363.4 274
Mo-15Re-0.1Zr 75.6 349.8 252
TZM 136.4 366.0 293
Mo-5Re-3W-0.5Zr 111.0 236.7 222
Mo-10Re-3W-0.5Zr 7.8 279.2 251
Mo-15Re-3W-0.5Zr 21.0 350.0 321
Mo-15Re-6W-0.5Zr 2.7 — 314
Mo-20Re-6W-0.5Zr 14.3 435.0 326
Mo-20Re-9W-0.5Zr 4.5 491.5 368
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Table 1-4  JRFWINE & OMBIHTHER

(at%)

Mo-15Re-0.1Zr-0.05C(CEi4k)

Mo-15Re-0.1Zr-0.05C(Mo2:C)

TR 7T iy BERF T iyeet?) 15%2)
Mo 37.9 412 Mo 34.5 42.2
Re 8.2 10.3 Re 7.5 10.8
Zr 3.7 4.1 Zr 3.9 5.1
C 50.2 44.4 C 54.1 41.9
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Table 2-1  HEAKLiflG ALSUERBUR

Wby Nb-5W-2Hf
—RBRLL Nb-2W-4Hf
Nb-2W-4Hf-0.1Y
Nb-5Mo Nb-5Ta
2TCREE Nb-5Ru Nb-5W
Nb-5Hf Nb-5Re
wEss | Nb-1Zr
MoZz4E4&
[ 54] (at0)
. Mo-5Nb Mo-5Ta
2LHREE Mo-5Ru Mo-5W
Mo-5Hf Mo-5Re
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Table 3-1 BB 29)

(1ME2EHARE (Wi%)
5% C N 0 H Zr Ta
M (wt%)| <0.003 | 0.005 0.007 <0.0005 | 1.14 0.082
% Fe W Ni Mo Hf Nb
Bal

H B(wt%) <0.005 | <0.003 | <0.002 <0.005 | <0.005

(2)7 V- THEREE

RERF & RERBE(T)
NBC-1,NBC-3 800
NBC-5,NBC-6 1200
(3)7 Y — TRABRGRM
HERFZHEA 172100 Torr)
BRI 0.5mm/min
51 B I 305"

~64—
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Table 3-3 BRI E S

32)

A /=iy bV

LT +TTRYT AN I TS 4 M (0.125mol)
R 20T
BE 30V
B 10mA
L 2
R 10
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