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Characteristics and Experimental Evaluation of
Super-Heat-Resisting Nb-Based and Mo-Based Alloys

Masahiko Morinaga', Mitsuaki Furni®, Kenji Noda™ and Masaaki Oda’

[PURPOSE]

Nb-based and Mo-basd alloys have been investigated in order to develop the frontiers of
materials technique which will be utililized in the environment of high-temperature liquid alkali
metals. In this study, both mechanical properties and corrosion resistance to liquid Li were
evaluated for two designed Mo-based alloys, Mo-15Re-0.1Zr and Mo-15Re-0.1Zr-0.1Ti. In
addition, a series of corrosion test was performed with provisionally designed Nb-based alloys,
Nb-(1-4)Hf.

[EXPERIMENTAL METHODS]
(1)High-temperature tensile test . A tensile test in the Ar atmosphere was carried out at 1473K
for the designed Mo-based alloys. Commercial TZM alloy was also tested as a reference.
(2)High-temperature creep test . A Creep fest in the Ar atmosphere was performed at 1473K
under the several applied stress levels for the designed Mo-based alioys.
(3)Workability test . A three-point bend test was carried out at room temperature to evaluate the
workability of the designed Mo-based alloys.
(4)Corrosion resistance to liquid Li . Both the provisionally desingned Nb-based alloys and the
designed Mo-based alloys were immersed in the liquid Li at 1473K. The weight change was
measured as an indication of the corrosion resistance. Also, the Auger electron spectroscopy
analysis was performed with several specimens to examine the surface state of them after
corrosion tests.

[RESULTS AND DISCUSSIONS]
(1)High-temperature tensile properties : The designed Mo-based alloys were superior in the
tensile properties at 1473K to the commercial TZM alloy. In fact, both the tensile and yield
strengths of them were about 1.5 and 2.3 times higher than the TZM alloy, respectively.
(2)High-temperature creep properties . The creep rate of the designed Mo-based alloys at 1473K
was lower, compared to other solid solution hardening Mo-based alloys, but higher than the
precipitation hardening TZM alloy.
(3)Workability . The workability of the designed Mo-based alloys was satisfactory regardless
of the Ti addition. This result may be due to the smaller grain size of the present specimens
compared to the specimens prepared previously in a laboratory scale in size.
(4)Corrosion resistance to liquid Li . The weight change due to the corrosion tended to increase
with the Hf content of the provisionally designed Nb-Hf alloys. The smallest weight change was
observed in the Nb-1HF alloy among them. Also, corrosion cracks were scarcely observed on
the surface of the Nb-1Hf alloy. On the otrher hand, the designed Mo-based alloys exhibited
excellent corrosion resistance. The weight change of the alloy containing Ti was slightly higher



PNC T49603 87-001

than that of the Ti-free alloy. But intergranular corrosion was observed in the latter alloy.
Therefore, Mo-15Re-0.1Zr-0.1T1 alloy was considered to be superior in the corrosioin resistance
in liquid Li to Mo-15Re-0.1Zr alloy.

[cONCLUSIONS])
(1)High-temperature tensile properties . The designed Mo-based alloys were found to have
more excellent high-temperature tensile properties, compared to the commercial TZM alloy.
(2)High-temperature creep properties . The designed Mo-based alloys were superior in the
high-temperature creep properties to other solid solution hardening Mo-based alloys.
(3)Workability . The designed Mo-based alloys exhibited an excellent workability, irrespective
of the Ti addition.
(4)Corrosion resistance to liquid Li - The Nb-1Hf alloy was chosen as a promising alloy of
having the highest corrosion resistance among the Nb-based alloys. Also, the Mo-15Re-0.1Zr-0.1Ti
alloy was superior to Mo-15Re-0.1Zr alloy, in view of the corrosion resistance to liquid Li.

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
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Table 1-1 MoZEEE & E DL
(wt%)
Re Zr Ti H C N 0 Mo
235.2 0.07 free 0.005 0.007 0.003 0.099 bal,
25.0 0.07 0.03 0.006 0.007 0.003 0.098 bal.

(DMo-15Re-0.1Zr(at%)
(Mo-25.5Re-0.08Zr(wt%))

(@Mo-15Re-0.1Zr-0.1Ti(at%)
(Mo-25.5Re-0.08Zr-0.04Ti(wt%))

100-46 80961 L INd



Table 1-2 TZME & DM

(wt%)
Ti Zr H C N O Mo
0.45 0.10 =0.002 0.02 =0.002 =0.03 bal.
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PNC TJ9603 97-001

Table 1-3 ZLALER|Z4E ) T S DEAL
(Hv)
FLALEEHY FALHE TR
Mo-15Re-0.1Zr 388 239
Mo-15Re-0.1Zr-0.1Ti 364 237
TZM 245 171
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Table 1-4 =iRFIEREBOLMt

JEN P THA
R 99.9999
0.108MPa
B 1473K

O TAEE| 1.2X10-3s-1
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Table 1-5 MoZEE & D5 iR B

5| IRMBEMPa) | FEREREL(MPa)
Mo-15Re-0.1Zr 267 132
Mo-15Re-0.1Zr-0.1Ti 266 130
TZM 178 57
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Table 2-1 7 Y — 7 ERSH
- FIIVITH R
ZHER 99.999%
0.108MPa
E 1473K
m 25,50,75,100MPa
B S L3
SRESIR T | EEOT AEETE

(~7.2X1055s)




Table 2-2 BRERICT] & BE O3 AEE - BEHTEERE - BB OO B4R
N o REBIEH | OFGEE | B B OF
= = [MPa] = [hr] [mm] s %
25 1.8%X108 | 210.0 (#Ep) 0.1 H W
| 50 20xX107 | 157.8 (=KD 1.8 eI}
Mo-15Re-0.1Zr
75 3.0X 106 27.485 9.0 G.L.ERA TR i
100 22X 103 4.200 12.0 G.L.ERA CHERT
25 1L1x108 | 186.1 () ok SKERREORE L LR L Y S
50 “23%107 | 168.0 (FiF) 2.0 T
Mo-15Re-0.1Zr-0.1Ti
75 22X 106 43.606 10.2 G.L.ERPI THE T
100 20X105 | = 5016 7.0 G.L.EZRA CHERT
1) G.L#R . BB FE47E (10mm)

2) REZBTERERF OB A I HERF M S ToOMm

100-L6 €096[L INd
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Table 3-1 35 BT ERSE:

B iR
EHR REH
EFREEE 8.3X10-3mmy/s
mErD L <13
SRESIR T ETFHEI=MRA
(6.5mm)

791—




Table 3-2 MoEEESEL I NE — M O3EHITREE R

2% ) ABEGE) | BERIB I (MPa)| T S (Hv)
Mo-15Re-0.1Zr
(L5 1) 164 333 239
Mo-15Re-0.1Zr
(ERE 0] & FEE 5 1A) 164 334 239
Mo-15Re-0.17Zr-0.1T1
(X T) 164 331 237
Mo-15Re-0.1Zr-0.1Ti
(B ) & Tl 517) 164 345 237

100-L6 €096fL INd



Table 3-3 Mo%@

——

&5 Kb — MO SR B R
B3 D A B () |BERIE 71 (MPa) S (Hv)
Mo-15Re-0.1Zx 76 350 252
Mo-15Re-0.1Zr-0.1Ti 159 300 255
TZM 136 366 203

100-46 09611 INd
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Table 6-1 EFEIOEEH 23)

(1)L R (Wi%)
a7 C N 0 H Zr Ta
H¥(wi%)] <0.003 | 0.005 0.007 <0.0005 | 1.14 0.082
)% Fe W Ni Mo Hf ~ Nb
MK (wt%)| <0.005 | <0.003 | <0.002 | <0.005 | <0.005 Bal

(2)7 Y —THREREE

RRHES SRERIBIE(C)
NBC-1,NBC-3 800
NBC-5,NBC-6 1200

(3)7 VU — THBREN

HEREER H.725(1074 Pa)

5 R EE 0.5mm/min_

iR 3043
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Table 6-2 EEFELGE"

TR BE(C) BEWV) BF(A)

-25 40 0.3

-25 50 0.3

-35 30 0.2

A5/ —=I93% -35 40 0.2

Wi 5% -

7 vk 2% -40 20 0.1
-45 20 0.1

-50 20 0.1

-50 15 0.1

-40 20 0.1
_40 16 0.07
A&/ —IL96% -45 25 0.25

BBk 3%
7w 1% -45 20 0.15
-50 15 0.05
-50 10 0.02
-13 40 0.04
-10 20 0.02
AL ) — )Lt -10 60 0.1
I(\)}1.OE;>:|ir(1)0I/l -7 20 0.02
9(Cl04) -7 12 0.01
-5 40 0.06
-5 70 0.1
-28 60 0.05
-22 40 0.01
-18 30 0.02
A&/ — I -18 30 0.02
0.025mol/I

Mg(ClO4) -15 21 0.01
-15 25 0.01

-12 21 0.01

-5 21 0.01




