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Abstract

Alloying effects on the corrosion in liquid Li at 1473 K have been investigated for both binary Nb-based and Mo-
based alloys. For the binary Nb-based alloys, the weight change due to the corrosion varied largely with alloying el-
ements. Also, there was a clear difference in the surface morphology between them after corrosion tests. Either one or
two corrosion products and large cracks were observed on the surface of all the Nb-based alloys. The weight change of
a Nb-Hf alloy was the smallest among a variety of Nb-based alloys, indicating that the Hf addition was very effective in
improving the corrosion resistance. On the other hand, for the binary Mo-based alloys the weight change was about a
factor of 10 smaller than that for the binary Nb-based alloys. There were no cracks and a little corrosion products on
the surface of them, indicating that the Mo-based alloys have much superior corrosion resistance in liquid Li than the
Nb-based alloys. © 1999 Elsevier Science B.V. All rights reserved.

PACS: 28.41.Qb; 81.65.Kn

1. Introduction resistance of Nb-based alloys [3]. Recently, corrosion
behavior in liquid Li has been investigated of Nb—1 wt%
Zr and PWC-11 (Nb-1 wt% Zr-0.1 wt% C) [4]. How-
ever, there has not been any study of alloying effects on
the corrosion resistance of Nb-based and Mo-based al-
loys. Also, for alloy design it is really necessary to get

basic information of the corrosion in liquid metals at

Both the Nb-based and the Mo-based alloys are
promising materials for structural applications in ad-
vanced nuclear plants. In particular, they are expected to
be one of the super-heat resisting materials durable even
in severe nuclear environments of fast breeder reactor.

They are required to have an excellent combination of
high temperature strength and good corrosion resistance
against liquid alkali metals. The effects of interstitial
impurities on the mechanical properties have been re-
ported for Nb-based alloys [1,2]. Also, it is known that
the oxygen impurity affects significantly the corrosion
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high temperature. In our previous study, alloying effects
on the corrosion resistance against liquid Na at 923 K
were examined in Nb-based alloys [5]. In the present
study, alloying effects on the corrosion behavior of both
the Nb-based and the Mo-based alloys were first inves-
tigated using a capsule test in liquid Li. A series of
corrosion tests was carried out in liquid Li at 1473 K,
and beneficial elements for improving corrosion resis-
tance were proposed on the basis of these experimental
results.
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2. Experimental procedure
2.1. Specimens and corrosion test

The binary Nb-based and the Mo-based alloys used
in the present experiments were Nb-5 at.% M (M: Mo,
Ru, Hf, Ta, W, Re), and Mo-5 at.% M (M: Nb, Ru,
Hf, Ta, W, Re). All these alloying elements, M, have a
large solid solubility Nb or Mo, and their addition can
improve the mechanical strength and the weldability of
pure metals. A commercial alloy, Nb-1 wt% Zr, was
also used as a reference alloy in this study. These alloys
were melted using a tri-arc furnace in a high purity Ar
gas atmosphere. Every raw material had a purity
higher than 99.9%. After arc-melting, homogenized
heat treatment was carried out at 1773 K for 3.6 ks in
vacuum. The specimens for corrosion tests were then
cut into the size of 10 mm square and 2 mm thick. The
specimen surface was polished using a #1200 emery
paper.

The corrosion tests were performed by setting the
specimen in the capsule which was filled with liquid Li
and heating it at 1473 K for 1.08 Ms. Fig. 1 shows the
appearance of the inner capsule and the specimen
holder used for the present corrosion tests. Employing
this equipment, 12 specimens were able to be tested at
the same time. The inner capsule was set inside the
outer capsule. This system of double capsules, which
are made of Nb-1 wt% Zr, guarantees against the
leakage of liquid Li to the outside. Every operation for
setting-up and taking-out of specimens was performed
in the high purity Ar gas atmosphere in a glove-box.
The gas concentration of O,, N, and H,O in the glove-
box were controlled so that the oxygen concentration
<1 ppm, the nitrogen concentration <100 ppm, and
the moisture concentration <25 ppm. During the cor-
rosion test at 1473 K, the capsule system was held in a
high purity Ar gas atmosphere. The chemical compo-
sitions of liquid Li measured before corrosion tests
were shown in Table 1. Two kinds of liquid Li were
used in this experiment.

2.2. Micro-analysis before and after corrosion tests

The specimen size was measured accurately using a
micrometer before corrosion tests. The weight of the
specimen was also measured using a high-precision
balance before and after corrosion tests. The accuracy of
the weight measurement was better than 13 x 107¢ g.
The surface morphology of the specimen was observed
using optical microscope at the interval of every 0.36 Ms
during the corrosion test. After 1.08 Ms, the surface
morphology, the microstructure and the composition of
corrosion products were examined by scanning electron
microscopy (SEM), electron probe micro-analysis
(EPMA) and X-ray diffraction methods.
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Fig. 1. Capsule and specimen-holder used for corrosion test.

3. Results
3.1. Weight changes due to the corrosion in liquid Li

The weight changes with the corrosion time are
shown in Fig. 2 for the Nb-based binary alloys. Here, a
plus sign of the weight change means the weight gain,
whereas a minus sign means the weight loss. The two
results of a reference alloy, Nb—1Zr, are shown in this
figure in order to check the reproducibility of the ex-
perimental data. From this figure, it was apparent that
Nb-Mo and Nb-W alloys showed the weight gain, but

Table 1
Results of the chemical analysis of impurities in Li before
corrosion test (wt ppm)

Lot No. Elements

Ca Fe Mg K Na N
1 20 20 10 10 80 90
2 40 10 10 10 40 30
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Fig. 2. Weight change of Nb-based alloys with corrosion time.

Nb-Hf, Nb-Ta, Nb-Ru and Nb-Re alloys showed the
weight loss. In particular, Nb-Re alloy showed the
largest weight loss among them, and sometimes it was
broken into small chips in the edge of the specimen due
to very severe corrosion. In contrast to this, the Nb—Hf
alloy showed a moderate weight change. Nb—1Zr alloy
showed the weight gain, which was comparable to that
of the Nb-Mo alloy.

The result for the Mo-based binary alloys are shown
in Fig. 3 together with the results of a reference alloy,
Nb-1Zr, which was tested with the Mo-based alloys in
the same capsule. All the Mo alloys showed the weight
gain except for a Mo-Ru alloy. The weight change of
the Mo-Hf alloy was very small, similar to the result of
the Nb-Hf alloy. The Nb-1Zr alloys showed the much
larger weight gain, as compared to the Mo-based alloys.
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Fig. 3. Weight change of Mo-based alloys with corrosion time.
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The corrosion curve of the Nb—1Zr alloy shown in Fig. 3
was different in some way from the result shown in
Fig. 2, probably due to the difference in the alloy spec-
imens tested together in the capsule. However, still the
weight change after 1.08 Ms lay at the similar level be-
tween them.

There was a strong dependence of the weight change
on the alloying elements in both alloy systems. Also, the
Mo-based alloys exhibited about 10 times smaller weight
change than the Nb-based alloys. Thus, the corrosion
resistance against liquid Li was more excellent for the
Mo-based alloys than for the Nb-based alloys. In ad-
dition, there were a few resemblances in the corrosion
behavior between these two alloy systems. For example,
Hf-containing alloys exhibited the smallest weight
change, and Ru-containing alloys showed the weight
loss in both alloy systems.

3.2. Evolution of surface morphology with corrosion time

The surface morphology was observed using optical
microscopy at every 0.36 Ms in the corrosion process.
The morphological evolution of the specimen surface
with corrosion time was traced, while keeping attention
to the same small region throughout the observation.
The initial surface morphology prior to the corrosion
test is shown in Fig. 4 for Nb—1Zr alloy. All the speci-
men had similar initial surface morphology.

3.2.1. Nb-based alloys

The appearances of the surfaces of the Nb-based al-
loys are shown in Fig. 5. Three micrographs in each
column showed the respective surface morphology after
the corrosion tests for 0.36, 0.72 and 1.08 Ms. The traces
of polishing flaws shown in Fig. 4 were no longer ob-
served in these micrographs. However, for example, as
shown in (a), straight cracks ran through the surface of
the Nb-Mo alloy even after the short term test for 0.36

Fig. 4. Surface morphology of Nb-1Zr alloy observed prior to
corrosion test.

Ms, and they appeared independent of grain boundaries.
Also, they became wider, and their number on the sur-
face increased with increasing corrosion time. A corro-
sion product indicated by A in the bottom micrograph
of (a) grew up on the surface and the number increased
significantly after the test for 1.08 Ms. The surface
morphology of Nb-Ta and Nb-W alloys was nearly
similar to that of Nb-Mo alloy. However, the corrosion
product grew more quickly in these alloys than in the
Nb-Mo alloy.

There were many and large corrosion products on the
surface of the Nb-Ru alloy after the test for 0.36 Ms as
was indicated by A in Fig. 5(a). The curved cracks also
ran through the surface, independent of grain bound-
aries and they sometimes cut through the corrosion
products. As the corrosion proceeded, the corrosion
products grew up and the cracks were further widened.
After 0.72 Ms, formed were some fine corrosion prod-
ucts as indicated by B in the micrograph. Thus, two
types of the corrosion products coexisted on the surface
of this alloy. The Nb—Re alloy was similar in the surface
morphology to the Nb-Ru alloy.

The surface morphology of the Nb-Hf alloy was
shown in Fig. 5(c). The large gains were observed in this
alloy. The appearance of the surface did not change with
the corrosion time, and no corrosion product was seen
on the surface. Only the intergranular corrosion took
place slightly in it. Also, the cracks were observed in
some parts of the specimen, although they were scarcely
seen in these micrographs.

The uniform corrosion took place in the Nb-1Zr
alloy as shown in Fig. 5(d). The grain boundaries in
the A and the B regions shown in the micrographs
moved with the corrosion time at 1473 K. This phe-
nomenon will be interpreted as due to the grain
growth. There were a little corrosion products on the
surface after the test for 1.08 Ms. Also, cracks were
observed as shown in the bottom micrograph of (d).
This surface morphology was approximately similar to
that of the Nb-Hf alloy.

3.2.2. Mo-based alloys

The surface morphology of the Mo-Nb alloy is
shown in Fig. 6(a). The fine corrosion products indi-
cated by A in the micrograph were observed on the
surface of the specimen after the corrosion test for 0.36
Ms. The size and the number of these products increased
with the corrosion time. However, there were no cracks
on the surface, which was clearly different from the re-
sult of the Nb-based alloys. A similar surface mor-
phology was also observed in Mo—W, Mo-Re and Mo-
Ta alloys.

As shown in Fig. 6(b) large corrosion products were
formed along the grain boundary and also inside the
grain of the Mo—Ru alloy. The size and the number of
these products increased with increasing corrosion time.
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(c) Mo-Hf alloy =}

Fig. 6. Evolution of surface morphology for Mo-based alloys with corrosion time: (a) Mo—Nb; (b) Mo-Ru; and (c) Mo-Hf alloys. For
each column, top, middle and bottom micrographs were taken in the course of corrosion time for 0.36, 0.72 and 1.08 Ms, respectively.

Also, corrosion products were scarcely observed on
the surface of the Mo-Hf alloy as shown in Fig. 6(c).
There was a very small change in the surface morphol-
ogy with corrosion time, even though grain boundaries
were etched slightly after the test for 1.08 Ms.

It is noted here that the surface morphology changed
part to part in the Mo-based alloys. Four micrographs
taken in some regions are shown in Fig. 7. For example,
the corrosion product of the Mo—Nb alloy, indicated by
A in Fig. 6(a), was nearly absent in the region shown in
Fig. 7(a). This was also the case of the Mo—Re alloy as
shown in Fig. 7(d). The grain boundary corrosion
products scarcely existed in the region of the Mo-Ru
alloy are shown in Fig. 7(b), which was a great contrast
to the observation shown in Fig. 6(b). In addition, a
small amount of the corrosion product was seen in the
region of the Mo-Hf alloy shown in Fig. 7(c), which was
slightly different from the observation shown in
Fig. 6(c). Thus, compared to the corrosion of the Nb-
based alloys, more non-uniform corrosion may be
characteristic of the Mo-based alloys.

3.3. X-ray diffraction patterns

3.3.1. Nb-based alloys

The X-ray diffraction patterns is shown in Fig. 8(a)
for the Nb-Mo alloy. There were a few peaks in ad-
dition to the strong peaks of bcc Nb. They were
identified with the peaks originated from ZrN. Such
extra peaks also appeared in the X-ray diffraction
patterns of Nb-Ta and Nb-W alloys, both of which
had similar surface morphology as the Nb-Mo alloy.
The corrosion products indicated by A in Fig. 5(a)
were probably ZrN.

The X-ray diffraction pattern of the Nb—Ru alloy is
shown in Fig. 8(b). There were many extra peaks,
probably due to the appearance of both ZrN and Nb,C
in it. The peaks of Nb,C were strong, which means that
a large amount of Nb,C exists on the corroded surface.
According to the microstructure shown in Fig. 5(b),
there were two types of corrosion products on the sur-
face after the test for 1.08 Ms. Consequently, a large
corrosion product indicated by A and a small corrosion
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Fig. 7. Surface morphology of Mo-based alloys taken after the corrosion test for 1.08 Ms at 1473 K.

product indicated by B were supposed to be ZrN and
Nb,C, respectively. A similar diffraction pattern was
also observed in the Nb-Re alloy, in agreement with the
observation of the surface morphology shown in
Fig. 5(b). In addition, Nb,C was not detectable in the
Nb-W alloy by the X-ray diffraction, but a small

amount of Nb,C was still present in it, as explained la-
ter.

The X-ray diffraction pattern of the Nb—Hf alloy is
shown in Fig. 8(c). No extra peaks were found besides
the peaks of bcec Nb, in agreement with the microscopic
observation in Fig. 5(c).
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Fig. 8. X-ray diffraction patterns of (a) Nb-Mo, (b) Nb—Ru and (c) Nb-Hf alloys, obtained after corrosion test for 1.08 Ms.
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Fig. 9. X-ray diffraction patterns of (a) Mo—Nb, (b) Mo-Hf and (c) Mo-Re alloys, obtained after corrosion test for 1.08 Ms.

3.3.2. Mo-based alloys

The X-ray diffraction pattern is shown in Fig. 9(a)
for the Mo—Nb alloy after the corrosion test for 1.08 Ms.
There was three strong peaks of bcc Mo, but no extra
peaks from the corrosion products were seen in
Fig. 6(a), probably due to a limited amount of the cor-
rosion products in it.

There were a few extra peaks in the X-ray diffraction
pattern of the Mo-Hf alloy as shown in Fig. 9(b).
However, they were much weaker in the intensity com-

12308 20KV

1
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pared to the peaks of bcc Mo. These peaks may come
from the corrosion product indicated by A in Fig. 7(c).
They may be identified with the peaks from ZrN.

The X-ray diffraction pattern of the Mo—Re alloy,
which had a similar surface morphology as the Mo—Nb
alloy, is shown in Fig. 9(c). Compared to the X-ray
pattern of the Mo—-Nb alloy shown in Fig. 9(a), there
were a few extra peaks which were not able to be iden-
tified. The diffraction pattern of the Mo-W alloy was
similar to that of the Mo—Re alloy.

(d) Nb-1Zr alloy (Reference alloy)

z

182317

Fig. 10. Surface morphology of Nb-based alloys observed after corrosion test for 1.08 Ms at 1473 K.
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3.4. EPMA analysis

3.4.1. Nb-based alloys

There were lots of corrosion products on the cor-
roded surface in the Nb-Mo alloy after the corrosion
test for 1.08 Ms as shown in Fig. 10(a). There was a
large amount of Zr and also a small amount of Hf in the
corrosion product indicated by A in the figure. Similar
results were also obtained for the corrosion products in
the Nb-Ta and the Nb-W alloys. The matrix region in
these alloys contained the alloying element of more than
5.5 at.%. In other words, the concentration of the al-
loying element was higher on the surface than the av-
erage value, 5 at.%, in the bulk. From this result, it was
supposed that Nb atoms were dissolved into liquid Li
more easily than the alloying element in the Nb-Ta and
the Nb-W alloys.

The two types of corrosion products were observed in
the Nb-Ru alloy as shown in Fig. 10(b). They were
denoted by A and B in the figure. The surface was nearly
covered by the two types of the corrosion products.
There was a large amount of Zr in the larger corrosion
product, A, in this alloy. About 4.4 at.% Ru was de-
tected in the matrix region where corrosion products did
not exist. Thus the concentration of the alloying element
was slightly lower on the surface than in the bulk, in
contrast to the results of Nb-Ta and Nb-W alloys. This
means that a small amount of Ru was dissolved into
liquid Li.

The uniformly corroded surface is shown in
Fig. 10(c) for the Nb-Hf alloy and (d) for the Nb-1Zr
alloy. There was no corrosion product on the surface.
The sub-grain boundary was observed in the Nb-Hf
alloy. Also, the grain boundary of the Nb-1Zr alloy was
deeply corroded. About 3.3 at.% Hf was detected on the
surface of the Nb-Hf alloy. This means that Hf atoms
were dissolved into liquid Li.

3.4.2. Mo-based alloys

The surface morphology after the corrosion test for
1.08 Ms is shown in Fig. 11(a) for Mo-Nb (b) for Mo-—
Ru and (c) for Mo-Hf alloys. The surface of the Mo-Nb
alloy was covered by small granular corrosion products
as shown in Fig. 11(a). From the Energy Dispersive X-
ray spectroscopy (EDS) analysis, this corrosion product
was found to have the composition near a Mo—-34 at.%
Zr, even though the Mo composition may be overesti-
mated due to the picking-up of the X-ray signal from the
base Mo metal, because the size of the corrosion product
(~2 pm) was smaller compared to the incident beam size
(~3 pm).

The corrosion products on the Mo-Ru alloy were
observed along the grain boundaries and inside the
grains as well, as shown in Fig. 11(b). The product
formed on the grain boundary was MoRu (B2 type
structure) according to the EDS analysis. Also, Zr, Mo

and Hf were detected from the corrosion products inside
the grains. Thus, there was a compositional difference
between the corrosion products formed on the grain
boundaries and formed inside the grains.

The surface morphology of the Mo-Hf alloy is
shown in Fig. 11(c). About 3.0 at.% Hf was detected on
the surface. From this result, it may be said that
Hf atoms were dissolved into liquid Li. The similar
surface morphology was observed in the Mo—Re alloy,
however, about 6.8 at.% Re was detected on the sur-
face, indicating the Re atoms were not dissolved into
liquid Li.

(a) Mo-Nb alloy

3

&
"192320 28KV

(c) Mo-Hf alloy &

£

Fig. 11. Surface morphology of Mo-based alloys observed after
corrosion test for 1.08 Ms at 1473 K.
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4. Discussion
4.1. Nb-based alloys

Corrosion tests of pure metals were carried out pre-
viously using the same experimental conditions. Pure Nb
showed a large weight gain, about 5.4 g/m?, after the
corrosion test for 1.08 Ms. However, some Nb-based
alloys showed the weight loss as shown in Fig. 2. It
means that the corrosion behavior changes largely by
alloying. In response to this change, surface morphology
of binary alloys varied largely depending on the alloying
elements, as shown in Fig. 5. Also, as shown in Fig. 2
both the Nb-Ru and the Nb-Re alloys showed a large
weight loss, even though there were lots of corrosion
products on the surface. Therefore, not only the weight
change but also the surface morphology is a good in-
dication to show the corrosion behavior of these alloys.

Two corrosion products were observed in the Nb-
based alloys. One is ZrN and the other is Nb,C, as ex-
plained earlier. Both ZrN and Nb,C are very stable
compounds according to the Ellingham diagram for the
free energy of formation of nitrides or carbides. The
existence of these compounds was further confirmed by
measuring the N and C concentration distributions on
the corroded surface of Nb—-W alloy using Auger elec-
tron spectroscopy (AES). On the corroded surface
shown in Fig. 12(a) there are lots of large corrosion
products indicated by A and small corrosion products
indicated by B. From (b) and (c), it was found that ni-
trogen was present mainly in the large corrosion prod-
uct, whereas carbon was present in the small corrosion
product. Therefore, it was supposed that the large one
was ZrN and the small one was Nb,C.

Session has reported that mass transfer of Zr atoms
takes place from high temperature region to low tem-
perature regions [6,7]. Therefore, it is considered that the
Zr atoms are firstly dissolved into liquid Li from the
capsule and the holder, both of which are made of Nb-
1Zr alloy, and then combined with nitrogen atoms, and
finally ZrN is deposited on the surface of specimens.
Here, nitrogen atoms interacting with Zr atoms may
come from liquid Li. This is because the nitrogen con-
tent in liquid Li was 5-20 ppm after corrosion test,
which was much lower than the original value before the
corrosion tests, 30-90 ppm. It was evident that nitrogen
atoms in liquid Li were consumed partially for the for-
mation of ZrN. Similarly, carbon atoms are dissolved
into liquid Li from the capsule and the holder, both
containing 0.003 wt% C, and probably from the test
specimens as well. Such dissolution of carbon atoms into
liquid Li is expected to occur in the present case. In fact,
for stainless steel, it is known that the decarburization
takes place in liquid Na [8,9]. It is likely that Nb atoms
are combined with these dissolved carbon atoms in lig-
uid Li, leading to the formation of Nb,C.

Thus, C and N impurities affected the corrosion be-
havior of the Nb-based alloys. In addition, oxygen at-
oms in the metal specimen may play an important role
on the corrosion behavior in liquid Li [4,9]. For exam-
ple, ternary oxides (Nb,LiyO.) are formed on the grain
boundaries or on certain crystallographic planes, and
then some cracks may initiate in them by operating the
wedging mechanism. In the present experiment, many

Fig. 12. (a) SEM image, (b) N and (c) C concentration maps on
the corroded surface of Nb-W alloy measured using Auger
electron spectroscopy.
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cracks were also observed on the surface, although the
mechanism for cracking is still unknown at the moment.

The weight changes were more moderate for Nb—Mo,
Nb-Ta and Nb-W alloys, compared to Nb-Re and Nb-
Ru alloys, So, it may be said that the addition of Mo, Ta
and W does not affect the corrosion behavior signifi-
cantly. On the other hand, the weight change was small
for the Nb—Hf alloy, and there was nearly no corrosion
product on the surface. Also, the corrosion occurred
uniformly in this alloy. Therefore, it is evident that Hf is
the most effective element in improving corrosion resis-
tance among alloying elements. Zirconium appears to be
another effective element, because the corroded surface
of the Nb—1Zr alloy was similar to that of Nb—Hf alloy.
Both these alloys also exhibited excellent corrosion re-
sistance in liquid Na [5]. Barin has reported that getter
elements (e.g., Zr) are effective elements to suppress
grain boundary attacking, because those elements can
stabilize the dissolved oxygen by forming zirconium
oxides [10]. In this experiment, in addition to oxygen,
nitrogen and carbon were found to be very important
impurities in liquid Li. Zirconium and Hf get the dis-
solved impurities in liquid Li and stabilize their com-
pounds. Also, Zr and Hf were used for the hot-trap
equipment of Li refinement [11]. Such a gettering effect is
probably one of the reasons why Nb-Hf and Nb-Zr
alloys had good corrosion resistance.

A macro-model for the corrosion of Nb-based alloys
in liquid Li was made on the basis of these experimental
results, as shown in Fig. 13. The polished surface of a
specimen is shown in Fig. 13(a). It is very rough at this

(a)
.
@ Uniform Corrosion
(b)
7%
! | Corrosion Products
(©)
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! | Cracks
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Fig. 13. Schematic drawing of corrosion sequence of Nb-based
alloys in liquid Li.

initial stage. Then, the corrosion occurs uniformly and
the surface becomes smooth as shown in Fig. 13(b).
Subsequently, the corrosion products adsorb on the
corroded surface as shown in Fig. 13(c). Finally, they
grow up and their number increases. At this stage,
cracks initiate on the corroded surface. But the mecha-
nism for the cracking still remains unknown.

4.2. Mo-based alloys.

Pure Mo showed a large weight loss, about 1.8 g/m?,
after the corrosion test for 1.08 Ms. The weight loss
turned to the weight gain by the addition of alloying
elements except for Ru, and the amount of the weight
change was smaller in the Mo-based alloys than in pure
Mo. Thus, the addition of alloying elements to pure Mo
could improve the corrosion resistance in liquid Li.
Furthermore, it is supposed that those alloys which
contain alloying elements with a stronger affinity for
impurity elements such as C, N and O, exhibit higher
corrosion resistance. For example, Hf is such an alloying
element, and the Hf addition is very beneficial to the
further enhancement of the corrosion resistance.

The weight change was about 10 times smaller for the
Mo-based alloys than for the Nb-based alloys. Roy
suggested that Mo-based alloys can be used at the
temperatures higher than 1623 K [12]. In contrast, Nb-
based alloys are corrosive around 1523 K or at the flow
velocity of about 6 m/s in liquid Li. DiStefano et al.
reported that the Nb-1Zr alloy coated with a thin Mo
film showed high corrosion resistance at 1073 K [4].
Also, even in case of liquid Na, the weight loss of the
Mo-based alloys was about 10 times smaller that of the
Nb-based alloys [5]. Therefore, it is apparent that Mo-
based alloys have excellent corrosion resistance to liquid
metals. The difference of solubilities between Nb and
Mo in liquid Li may be related partially to the difference
in the corrosion resistance between them. Namely, the
solubility of Mo is about 3 x 107 wt% at 1473 K, which
is much smaller than the solubility of Nb, (about
2.5 x 107 wt% at 1473 K) [13,14]. Thus, the less soluble
elements exhibit the higher corrosion resistance.

5. Conclusion

The corrosion tests of Nb-based and Mo-based bi-
nary alloys were performed for 1.08 Ms in liquid Li at
1473 K. The corrosion resistance was modified strongly
by alloying. For example, the addition of Re and Ru
reduced remarkably the corrosion resistance against
liquid Li. On the contrary, the Nb—Hf alloys showed a
very small weight change, and there was no corrosion
product on the surface. Hafnium was indeed a beneficial
element in improving the corrosion resistance. However,
the were many cracks running through the surface of all
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the Nb-based alloys at 1473 K. A model for the corro-
sion sequence was proposed for Nb-based alloys on the
basis of the present experimental results.

The binary Mo-based alloys exhibited much higher
corrosion resistance than the binary Nb-based alloys. In
order to enhance the corrosion resistance further, Hf is
probably one of the best alloying elements in these al-
loys.
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