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[PURPOSE]

Nb-based and Mo-based alloys are ones of the promising structural materials for advanced
nuclear power system in the next generation, because of the excellent high temperature
properties and the low density among various refractory metals.

The development of these super-heat-resisting alloys, together with the progress in the
technology of high-temperature liquid metals, are strongly needed in order to realize a plan of the
portable FBR and the other new power systems. For this purpose, design and evaluation of these
alloys have been performed, and several provisionally designed alloys have been chosen despite
the current limitation of available experimental data. The purposes of this study are two-fold.
One is to examine the workability, the corrosion resistance to liquid Li and the weldability of
these provisionally designed alloys. The other is to determine the alloy systems and compositions
which meet the various requirements of structural materials for new power systems.

[EXPERIMENTAL METHODS]
(1)Workability : A bend test was carried out with the provisionally designed alloys and also with
various experimental alloys in order to establish the guide for the workability of the alloys.
(2)Corrosion resistance to liquid Li . A variety of alloys including the provisionally designed
alloys were immersed in liquid Li at 1200°C for five hundred hours. The weight change due to
the corrosion was measured, and the corroded surface was also examined in detail employing the
conventional SEM and the EPMA/EDX methods.
(3)Weldability : A TIG spot-welding test was also performed using provisionally designed
alloys. The size of the melt region and the Vickers hardness distribution over the welded area
were measured in order to obtain an indication for the weldability of the alloys.

[RESULTS AND DISCUSSIONS]
(1)Workability . The yield stress and the bend angles were found to be predictable by using a
difference value, A Md, of the d-orbital energy levels of the constituent elements in Nb-based
alloys. The excellent workability was obtained if the AMd value was lower than 0.05. Also, the
Re addition into the Mo-based alloys improved workability significantly.
(2)Corrosion resistance . A large number of cracks of more than 40 # m in depth were observed
in the corroded surface of Nb-based alloys. The Mo-based alloys were superior in the corrosion
resistance to the Nb-based alloys. Also, there were granular precipitates on the surfaces of these
both alloys, which were probably formed as the result of materials transfer from the capsule and
the holder to the specimen. Furthermore, it was shown that the addition of those elements which
had the large free energy of formation of oxides, could increase the corrosion resistance of these
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alloys from the views of the measured weight change and the solubility of high-temperature
metals to liquid Li at high temperatures.

(3)Weldability : The provisioally designed alloys seemed to be weldable, and the W addition
into Nb metal was effective in improving the weldability. Mo-15Re-0.5Zr alloy exhibited the
best weldability among the alloys tested in the present experiment.

[CONCLUSIONS])

Employing a series of experimental and calculated results, alloy design was carried out,
and compositions of the first designed alloys were determind as follows.

@®Mo-based alloys * * + * * * Mo-15Re-0.1Zr , Mo-15Re-0.5Zr

For Nb-based alloys there is still a serious barrier to the selection of the first designed
alloys because of the existence of a large number of cracks in the corroded surface. Further
experiments on the corrosion properties of them are needed in order to choose the most
promising Nb-based alloys.
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Tablel-1 35 BT EUERFH 50E
[NbEA £]

o=k ) _ _ IS
%gggaté) SZTLHEE (at%) 2TLHREE (at%) r%i%;) =

Nb-1W-1Zr Nb-4W-4V-1Zr Nb-5V Nb-5Ta Nb-1Zr

Nb-3W-1Zr Nb-6W-4V-1Zr Nb-5Mo Nb-5W Pure Nb

Nb-5W-1Zr Nb-4W-2Mo-4V-1Zr| Nb-5Ru  Nb-10W

Nb-6W-6V-1Zr Nb-5Rh  Nb-2.5Re
Nb-2.5Pd Nb-5Re
Nb-5Pd  Nb-10Re
Nb-SHf Nb-15Re
[MoE A& £]

e A AE — _ . s A AN
S, | srReew | mAezaw | LEEE
Mo-7.5Re-0.5Zr | Mo-5Re-3W-0.5Zr Mo-5V  Mo-5W TZM
Mo-15Re-0.5Zr | Mo-10Re-3W-0.5Zr Mo-5Nb Mo-5Re Pure Mo

Mo-15Re-0.1Zr Mo-5Ru Mo-10Re
Mo-15Re-3W-0.5Zr Mo-5Hf Mo-15Re
Mo-15Re-6W-0.5Zr Mo-5Ta Mo-20Re
Mo-20Re-6W-0.5Zr
Mo-20Re-9W-0.5Zr
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Fig.1-1 35 HITHERIGE
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Tablel-2 NbZ:E & D35 /1T BRFS #

[YERE—RBESE]

AR HEASH) #E | IR
(at%) (BE) (MPa)
Nb-1W-1Zr 154.6 126.4
Nb-3W-1Zr 158.9 163.1
Nb-5W-1Zr 158.0 226.1

[ TE%E£])

AW mAsh el RIS
(at%) (BE) (MPa)
Nb-1Zr 163.5 252.5
Nb-4W-4V-1Zr 40.6 325.6
Nb-6W-4V-1Zr 34,0 325.7
Nb-4W-2Mo-4V-1Zr 52.8 333.3
Nb-6W-6V-1Zr 21.0 361.2

[MEEB L V2TRE£]

VB HiAsh MmAE | FRIKICH

(at%) (BE) (MPa)
Pure Nb 159.1 101.2
Nb-5V 159.1 289.0
Nb-5Mo 160.9 288.1
Nb-5Ru 20.4 468.9
Nb-5Rh 16.3 349.5
Nb-2.5Pd 156.5 201.8
Nb-5Pd 54.2 404.0
Nb-SHf 163.3 253.7
Nb-5Ta 156.6 154.3
Nb-5W 159.6 247.7
Nb-10W 11.7 351.8
Nb-2.5Re 157.3 207.5
Nb-5Re 16.1 382.5
Nb-10Re 3.3 —_—
Nb-15Re 6.4 —_—
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Fig.1-2 NbEEEB L UHEBEED3IFMITRERER

_43....




1%236‘—‘.:‘.&—»1::. R e T T TR T T

PNC TY9623 95-001

BALEERIE © 1500°C
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Table1-3 MoZEEE& D3I REE R

[(YEE—RBEELE]

Ak HaAsh) fyRe ARG )
(at%) () (MPa)
Mo-7.5Re-0.5Zr 5.2 240.9
Mo-15Re-0.5Zr 53.3 363.4
Mo-15Re-0.1Zr 75.6 349.8

[ZTERE4£]

B A b £ g BRARIE T
(at%) (BE) (MPa)
TZM 136.4 366.0
Mo-5Re-3W-0.5Zr 111.0 236.7
Mo-10Re-3W-0.5Zr 7.8 279.2
Mo-15Re-3W-0.5Zr 21.0 350.0
Mo-15Re-6W-0.5Zr 2.7 _—
Mo-20Re-6W-0.5Zr 14.3 435.0
Mo-20Re-9W-0.5Zr 4.5 491.5

[MEB B LT REE]

Al HiAs b fyRE FEARIC T

(at%) () (MPa)
Pure Mo 163.5 216.7
Mo-5V 14.0 244.5
Mo-5Nb 154 292.7
Mo-5Ru 3.8 711.4
Mo-5Hf 1.5 —
Mo-5Ta 14.0 264.3
Mo-5W 53.8 219.8
Mo-5Re 161.3 244.9
Mo-10Re 83.1 252.8
Mo-15Re 163.0 368
Mo-20Re 162.0 405.2
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Table2-3 NbEGEDOET{LEE

Eaw 28 TOONFIEE £tk | 2000FMIRE A% | 3000FRIB R | 40005MIE 1L | SO0RFRIEE K%

(at%) TR R(mglem?) | ZREmgam?) | TETRmgm?) | Et@Rmgamd | Z{LERMmgm?)
Wiy Nb-1W-1Zr +0.028 +0.023 +0.115 +0.019 +0.186
RNy Nb-3W-1Zr +0.079 +0.088 +0.159 +0.112 +0.220
= Nb-5W-1Zr +0.073 +0.066 +0.084 +0.117 +0.247
Nb-5Mo +0.035 +0.113 +0.171 E— —_
Nb-5Ru -0.081 -0.132 -0.362 —_— —_—
g AL Nb-5Hf -0.061 -0.031 -0.035 —_— _—
2TLAREE Nb-5Ta -0.255 -0.156 -0.144 _ —
Nb-5W +0.013 +0.020 +0.096 _— _—
Nb-5Re -0.241 -2.349 -4.757 _— —_
.H: $)J£7H- Pure Nb -0.004 +0.016 +0.098 -_— —
Nb-1Zr +0.091 +0.103 +0.113 +0.133 +0.290
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(at%) ZtTRmgem®) | ZHefikmyem?) | BERogm?Y) | ZfRSmgmd) | ZERRmgam?)
. HEH Mo-7.5Re-0.5Zr|  0.000 +0.014 +0.020 +0.022 | +0.026
B —RKEEEE | Mo-15Re-0.5Zr| - 0.008 +0.005 +0.018 +0.016 +0.026
Mo-5Nb +0.017 +0.026 +0.036 e —_
Mo-5Ru -0.024 - 0.027 -0.028 — —_
B Mo-5Hf - 0.003 - 0.002 +0.001 — —
27GRE4E | Mo-5Ta +0.010 +0.014 +0.021 — —_
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Mo-5Re +0.008 +0.013 +0.016 —— —_
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" Pure Mo +0.003 +0.008 +0.010 e
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Stk 1000F [H] 1 £ 1%

(at%) Z{L AL f(mg/cm ?)
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Pure W - 0.197
Pure Re + 0.081
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Table3-7 EPMAI%E#E &

a0,

|-5 -4 -3|-2 -1 0 1 2|3 4 5|

[Nb-1W-1Zr] (150A , 2sec) (at%)

Nb \%Y Zr Total
@ | 98.182 | 1.078 0.744 | 100.004
@ | 98213 | 0990 | 0.800 | 100.003
(® | 98.207 | 1240 | 0.553 | 100.000

[Nb-5W-1Zr]  (150A,2sec) ()

Nb W Zr Total
@ | 93.772 | 4.880 | 1.398 | 100.050
@ | 93483 | 5.100 | 1.417 | 100.000
(3 | 93.553 | 4.927 1.523 | 100.003
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Table3-8 EHEBERRTONDES & UModt &8 H T My R a4 It

AT . .

IRE | 2 s Hms (wtppm) (LSRR (wt %)
SRER SR N O H C
Nb-5W-1Zr 18 382 16 0.008
Mo-15Re-0.5Zr 4 75 1 0.004
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~ Table4-2 MoZEEEDEEIF M & @ H

R | BRIRGMEE | TEE i [y
(C ) | StREEE | I ¥
: (MPa) | (Mg/m') (MPaJ' mY/g) (kJ/molO:)
Mo-15Re-0.17Zr |25 337 1184 284 73039
s R0z O |TO | O MO | A MO

Mo-15Re-0.5Zr 2535@ 3 © “.820 00 @) A -305.@
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