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The corrosion tests of V-4Ti-4Cr alloy (NIFS HEAT 2) tensile samples were carried out in static liquid Pb with
~10"° mass% dissolved oxygen at 500 and 700 °C for 1000 h. A clear intergranular corrosion attack was observed
on the surface of the samples. Corrosion losses increase ten times, from around 3.0 um to 30 pm, as the tem-
perature increased from 500 °C to 700 °C, respectively. The alloy remained ductile after the tests at both tem-

peratures. A phenomenology of interaction processes in Pb[O]-V[Cr,Ti] system is discussed.

1. Introduction

Vanadium alloys are considered as potential materials for nuclear
energy applications, both fusion and fission [1-4]. It is well known that
the mechanical properties of V-alloys are very sensitive to non-metallic
impurities (C, O, N, H) that exist in the initial alloy composition due to
manufacturing or scavenging from surrounding gas or liquid metal (Li,
Na) during operation [1,5-9].

In the V-alloy/liquid Li system, there is a transfer of oxygen from the
solid metal to liquid Li, while carbon and nitrogen are scavenged by
solid metal from the liquid Li [5,10]. In the V-alloy/liquid Na system,
solid metal absorbs carbon and nitrogen, and is particularly sensitive to
the concentration of oxygen in liquid sodium [5,10]. At low oxygen
levels (2-6 ppm) in liquid sodium, V-alloys gained the weight in a
protective manner. However, at high levels (10 ppm), the alloys lost
weight, indicating corrosion [10]. Therefore, the importance of getter-
ing liquid sodium to reduce oxygen content in order to enhance the
corrosion resistance of V-alloys is underlined. The alloying elements,
such as Cr, Mo, Fe, Ta, and Nb, reduce the solubility of oxygen in solid
alloys, whereas Ti, Al and Zr enhance the level of oxygen absorption by
the alloy [10]. Borgstedt summarized the research on sodium corrosion
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of vanadium alloys and proposed that adequate corrosion resistance can
only be achieved in V-alloys containing Cr and Ti in liquid metal with
oxygen levels below 1 x 10 4 mass% by means of hot trapping with Zr
[11].

The impetus for this study stems from the limited literature data on
the compatibility of vanadium and V-alloys with Pb-based melts,
although the V-alloys can be a promising alternative to steels, particu-
larly at elevated temperatures (>500 °C). The limited experimental and
theoretical data on the corrosion behavior of vanadium and V-alloys in
Pb-based molten metals are briefly reviewed below.

Ali-Khan carried out experiments on vanadium samples in a thermal
convection loop at 625 °C for a duration of 1658 h and found no signs of
corrosion [12]. Likewise, no corrosion was observed in vanadium sam-
ples when tested in circulating molten lead at 700 °C for 306 h.
Furthermore, when tested in stationary lead up to approximately 950 °C,
the vanadium samples indicated no signs of corrosion [12]. However,
the waviness of the sample surface indicated potential vanadium
dissolution at 950 °C for 100 h [13]. Subsequently, a noteworthy
corrosion attack near the surface was observed after 20 h at 1100 °C
[13].

Intermetallic compound formation was observed in the solid V/



liquid Pb system after 400 h at 1000 °C, indicating corrosion interaction
[14,15]. Smith notes that few reports exist on the relevant phase re-
lationships in the V-Pb system [16], and some studies failed to synthe-
size the V3Pb phase even at elevated temperatures and high pressures.

The solubility data calculations suggest that the maximum amount of
V that can dissolve in Pb-based melts is only slightly less than that of Ni,
which is known to be highly soluble [17]. This discovery is somewhat
unexpected and contradicts the previously reported low solubilities of
refractory metals in group V and VI within liquid metals [18].

Experimental data on corrosion interaction in the V, V-alloys/liquid
Pb-Li system are available in the literature. These data are comparable to
the corrosion interaction in Pb with low dissolved oxygen content, due
to the high oxygen affinity of Li. Generally, the dissolution rates of V and
V-alloys in Pb-Li are substantially lower when compared with austenitic
and ferritic steels [19-21]. The scoping tests carried out in the Pb-17Li
forced circulation loop at 430 °C for 2300 h revealed no measurable
corrosion on V-15Cr-5Ti alloy [18]. In flowing Pb-17Li at 550 °C,
however, samples of V-3Ti-1Si and V-15Cr-5Ti alloys showed some
weight gain over time [22]. The weight gain was attributed to the Fe
depositions, as a result of mass transfer from the material of the loop,
while the samples themselves did not show any remarkable corrosion
effect. At 830 K, mass transfer of Cr and Ni to the surface of the V-3Ti-1Si
alloy was observed after 1000 h of exposure to flowing Pb-17Li, in
addition to Fe [23]. The micro-hardness measurements revealed a
hardened layer with a thickness of around 55 um, indicating the uptake
of non-metallic impurities by the alloy [22].

Regarding the influence of non-metallic impurities, it is expected
that the V-alloy/liquid Pb system will exhibit similar behavior as the V-
alloy/liquid Na system. Specifically, oxygen, which is the main non-
metallic impurity in the liquid Pb, should be absorbed by the solid V-
alloy.

In Pb and Pb-Bi eutectic, the oxygen concentration is maintained at
certain level, typically between 107 and 10 5 mass% within the tem-
perature range of 400 to 650 °C, in order to provide steel oxidation and
prevent steel dissolution. At these concentrations, vanadium and V-al-
loys are expected to act as getters for oxygen dissolved in liquid Pb or Pb-
Bi. However, the kinetics of the interaction is not investigated in order to
draw a definitive conclusion regarding the potential degradation
(embrittlement) of mechanical properties of V-alloys due to the uptake
of oxygen from the liquid metal.

The aim of this work is to acquire preliminary data on the compat-
ibility of the V-4Ti-4Cr alloy (NIFS HEAT 2) with liquid lead at high
temperatures. The main objective is to perform the screening corrosion
tests in static liquid lead with monitored concentration of dissolved
oxygen at 500 and 700 °C and to determine the effect of 1000 h exposure
on the corrosion and post-test mechanical properties of alloy.

2. Material and method
The V-4Ti-4Cr alloy NIFS-HEAT-2 (NH2) after solution annealing at

1273 K for 1 h is investigated in this work. Compared to similar alloys [2,
24], it is distinguished by its significantly lower non-metallic impurity
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Fig. 1. Dimensions of V-4Ti-4Cr alloy tensile samples.

content (ppm%: 62C-84N-1580).

Tensile samples (15.99 x 1.22 x 0.775 mm) were machined (Fig.1)
followed by additional degasation treatment in high vacuum (107 torr)
at 400 °C for 1 h [25].

The apparatus for corrosion test is shown schematically in Fig.2. It
consists of stainless steel capsule ended with a lid housing ports for: gas
inlet and outlet; thermocouples residing in alumina tubes; an electrode
(molybdenum wire) that closes the electric circuit; specimen holder
(molybdenum rod); and two electrochemical oxygen sensors with a Pt/
air reference electrode for active monitoring and controlling the oxygen
concentration in the liquid lead [26]. The alumina crucible, filled with 2
kg of fresh lead, is positioned at the bottom of the steel capsule. The
latter is placed in the vertical furnace (Fig.2). Working gasses (Ar,
Ar-5vol%Hy, and synthetic air) are supplied over the surface of liquid
metal by the Oxygen Control System (OCS) developed at Karlsruhe
Institute of Technology (KIT) in order to provide the required oxygen
concentration in the liquid metal.

Target conditions of corrosion tests are: 500 and 700 °C; 1000 h and
“low” oxygen concentration in liquid Pb. The latter parameter was
achieved by purging the Ar-5 vol% Hs gas mixture over the surface of the
liquid metal during the course of the test in order to minimize the ox-
ygen content in liquid metal and its mass exchange from the liquid metal
towards alloy.

When the output of sensor 1 (S1), which is placed at the level of
samples, reaches the stable value, holder with samples is inserted into
the liquid metal through the tube port (Fig.2). Sensor output was
recalculated into the concentration of oxygen in the Pb using following
equation [26]:

6338.1
T(K)

E'(V)

2.3335 + T(K)

logCo(mass%) =

10,080

where: Co — concentration of oxygen in Pb (mass%); E*=U-Uygy; U -
sensor output (V); Uy, — thermoelectric voltage resulting from different
electric leads (V) and T- temperature (K).

Corrosion test at ~502(+0.5) °C was performed at constant con-
centration of oxygen measured at the level of samples (Sensor 1) of ~6 x
10"%mass%0 (Fig.3a). Concentration of oxygen at the top of the liquid
metal surface which directly contacting covering gas Ar-5 vol% Hp
(Sensor 2) was higher ~8 x 10"°mass%0 at the same temperature ~501
(+0.5) °C.
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Fig. 2. Sketch of apparatus for corrosion test.
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Fig. 3. Time dependence of oxygen concentration in liquid Pb during the
exposure at 500 °C (a) and 700 °C (b).

Corrosion test at 701(+2) °C was performed at concentration of
oxygen measured at the level of samples (Sensor 1) of ~8 x 10" mass%0
(Fig.3b). Concentration of oxygen at the top of the liquid metal surface
gradually decreased during the course of the test (Sensor 2) from about
10° to ~6 x 10! mass%O0.

Based on the thermodynamic evaluations shown in Fig.4 the con-
centration of the oxygen at both test temperatures was sufficiently
enough in order to provide formation of the majority of vanadium oxides
as well as Ti and Cr oxides.

Corrosion losses were determined by means of weight change mea-
surements recalculated into the uniform thinning of sample using den-
sity of vanadium (6.1 g/cm®) and by direct measurements of post-test
thickness of samples.
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Fig. 4. Standard Gibbs free energy of formation (DeltasG®) of vanadium oxides,
in comparison with PbO, Fe304, Cry03, TiO, and concentrations (wt%) of ox-
ygen dissolved in the liquid Pb depending on temperature (K).

Mechanical properties of the samples were determined using Slow
Strain Rate Tensile (SSRT) test at room temperature and temperatures of
tests (500 and 700 °C) with an initial strain rate 6.7 x 104 s and
compared with those of the samples treated by standard vacuum
annealing (VA). Vickers hardness was measured under the loading of 50
gf for 30 s. The Scanning Electron Microscope (SEM) equipped with
Energy Dispersive X-ray (EDX) detector was used in order to determine
morphological and compositional changes caused by the corrosion.
Thermo Fisher Scios, which combines the FEG-SEM with a 30 kV Ga+
ion beam (Dual-Beam focused ion beam: DB-FIB) was used to mill local
cross-sections directly from the samples surface areas of interest.

3. Results

In this paragraph, the results on corrosion behavior and post-test
mechanical properties of the V-4Ti-4Cr alloy are presented.

3.1. Corrosion behavior

After corrosion tests, the surface of the samples was entirely covered
by the well adhered and solidified lead. Thus, the samples were chem-
ically cleaned in CH3COOH-H302-C2HsOH (1:1:1) mixture at ~5 °C in
order to remove adhered Pb. The cleaning procedure was repeated with
a refreshed cleaning mixture until the weight of samples showed no
change. After the intermediate cleaning step, which involved removing
an adhered layer of shiny lead, a black-colored surface layer composed
of V, Pb and O was observed according to the EDX surface analyses
(Fig.5). Following the final cleaning step, the black-colored corrosion
layer disappeared, revealing a matte metallic surface on the samples.
After the samples were cleaned, they were additionally degassed in a
vacuum at 400 °C for one hour in order to remove hydrogen that may
have been absorbed by the samples during cleaning, which could
potentially affect the mechanical properties of alloy [25,27].

Fig. 6 shows morphology of corroded surface (a) and sub-surface
zones (b, ¢) formed on the V-4Ti-4Cr sample after exposure at 500 °C
to static liquid Pb for 1000 h. The sample revealed clear evidence of
preferential integranular corrosion attack. The surface of the grains
facing the liquid lead is covered with small cavities (Fig.6a,b). The
corrosion losses illustrated in Fig.7 show that in the average about 3 pm
were removed by the corrosion after 1000 h at 500 °C. The depth of
intergranular attack, as shown in the representative example in Fig. 6c,
reaches about 10 pm, which is several times higher than the average
corrosion attack. However, it does not exceed the grain size of the V-
alloy (15-20 pum), at least under the given duration of the test.

The corrosion losses increase by approximately ten times, reaching

Fig. 5. Surface of corrosion layer covered samples after intermediate cleaning
step when solidified Pb was removed revealing black-colored surface of
corrosion layer.
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Fig. 6. Intergranular corrosion attack observed on the surface (a) and in the
sub-surface zones (b, c) of V-4Ti-4Cr sample exposed at 500 °C to static liquid
Pb for 1000 h.
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Fig. 7. Corrosion loss of samples exposed to static Pb at 500 and 700 °C for
1000 h.

about 30 pm, as the interaction test temperature increases from 500 to
700 °C (Fig.7). The grain boundaries and sub-structure of the grains
experienced marked corrosion attack (Fig.8).

After the both tests, nevertheless, the composition of the corroded
surfaces is identical to the initial composition of the alloy (wt%:
Vpal, 4Ti-4Cr) based on the EDX analyses.

Two different types of Ti-rich precipitations were observed on the
corroded surface of samples depending on the test temperature (Fig.9).
Thus, after test carried out at 500 °C, the spherical precipitations were
detected (Fig.9a,b), while after the test at 700 °C the plate-shaped pre-
cipitations were observed (Fig.9c,d). Similar plate-shaped precipitations
were observed after the test performed at the same temperature (700 °C)
and for similar time (1000 h) in liquid Li, and characterized as a Ti(CON)
compounds [24,28].

Fig. 10 shows the scheme of developing of corrosion attack with
respect to initial interface between solid alloy and liquid Pb. The very
first near-surface row of grains experienced corrosion interaction during
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Fig. 8. Morphology of corroded surface (a) and sub-surface zones (b, c) of V-
4Ti-4Cr sample exposed at 700 °C to static liquid Pb for 1000 h.

1000 h exposure of V-alloy at 500 °C. At 700 °C, at least two rows of
grains have already undergone corrosion.

3.2. Mechanical properties

3.2.1. Hardness

The slight increase in hardness of the sample tested at 500 °C,
compared to the unexposed sample, suggests that the alloy absorbed
oxygen from the liquid metal (Fig.11). The sample exposed to liquid lead
at 700 °C did not experienced any changes in hardness compared to the
initial sample, while the visible decrease in surface hardness is attrib-
uted to a lower density of material caused by intergranulal corrosion.

3.2.2. Slow strain rate tensile (SSRT) test

Fig. 12 shows stress-strain curves plotted depending on the tensile
test temperature and compares initial and corroded samples. Table 1
summarizes the results of the tensile tests.

The tensile properties of samples exposed to liquid lead at 500 °C are
not significantly different from those of initial samples (Fig.12a,b;
Tablel). Exposed samples retained their strength and ductility. Insuffi-
cient increase in strength, accompanied with a decrease in total elon-
gation of Pb-exposed sample in the room temperature SSRT test, may
result from slight hardening due to oxygen uptake, which correlates with
a slight increase in hardness (Fig.12).

The SSRT test at 500 °C indicates that thermal exposure to liquid lead
for 1000 h at the same temperature does not have an impact on the
amplitude of serrations (~12.5 MPa) observed in strain-stress curves of
initial and exposed samples as a result of the interaction between the
interstitials and dislocations (Fig.12b). This result indirectly implying
the absence of any influence of 1000 h exposure to liquid lead at 500 °C
on the phase-structural state of alloy.

SSRT tests of samples exposed to liquid lead at 700 °C show a
degradation in strength while maintaining uniform elongation as
compared to the initial samples (Fig.12c,d). The total elongation of the
exposed sample remains high enough (~35 %) after an SSRT test at
room temperature (Fig.12c), whereas after an SSRT test at 700 °C, the
total elongation significantly increased compared to the initial sample
(Fig.12d).

Fig. 13 compares the fracture surfaces obtained in SSRT tests of
initial and Pb-exposed tensile samples. The samples after corrosion tests
showed substantial necking formation, similar to the initial samples, and
a ductile fracture mode with characteristic dimples.

4. Discussion

It is well known that the oxygen could be present as an interstitial
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Fig. 9. Micrographs showing spherical (a, b) and plate-shaped (¢, d) Ti-rich precipitations (Ti(CON)) observed in the composition of V-4Ti-4Cr alloy samples exposed

at 500 °C (a, b) and 700 °C (c, d) to static liquid Pb for 1000 h.
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Fig. 10. The scheme of corrosion recession of V-alloy after 1000 h exposure to static liquid Pb at 500 and 700 °C.
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Fig.11. Vickers hardness measured on the cross-section of initial sample and
samples exposed to static Pb at 500 and 700 °C for 1000 h.

solute in the solid solution of vanadium BCC lattice and in the view of Ti
(CON) precipitations [29]. In both cases, the strengthening of alloy takes
place. The annealing at 1373 K, which dissolves precipitates, and sub-
sequent reheating in the temperature range 873-973 K results in the
reprecipitation strengthening of the V-4Ti-4Cr alloy [29]. In our work,
V-alloy specimens were solution annealed at 1273 K prior to corrosion
testing. Therefore, the subsequent corrosion exposure (aging) could
affect the distribution of oxygen in vanadium matrix.

It seems that the test carried out in liquid lead at 500 °C for 1000 h

does not affect the phase-structural state of the alloy. It agrees well with
the literature statements that at temperatures < 500 °C the diffusion
mobility of Ti atoms is low enough to scavenge oxygen from the solid
solution, although the mobility of the latter is sufficient at this tem-
perature [30,31]. The dynamic strain aging, observed as serrated
stress-strain curves in the SSRT test performed at 500 °C for
corrosion-tested samples (Fig.12b), indirectly confirms the presence of
oxygen as an interstitial in the solid solution, similar to the initial
sample.

However, after the corrosion test carried out at 700 °C for 1000 h, a
reduction in strength and total elongation was observed in the room
temperature SSRT test. It could be explained by the thinning of the
effective cross-section of samples caused by the corrosion attack. The
absence of a yield drop and the marked increase in total elongation of
the sample (TE=40.4 %) compared to the initial sample (TE=26.2 %)
may indirectly indicate about changes in the bulk composition of the
alloy regarding interstitials and Ti(CON) precipitations and represent
effect of aging, while a direct observations of plate-type Ti-based pre-
cipitations confirms this supposition (Fig.9d). It is difficult to separate
the effect of temperature aging from the effect of corrosion for correct
interpretation of the changes in tensile properties of samples since we
did not performed in parallel the aging test in high vacuum. However,
the observed softening of the alloy after the corrosion test at 700 °C
indirectly indicates that the primary cause of the softening was due to
aging rather than the corrosive environment of Pb[O].

Literature data regarding the effect of thermal aging on the evolution
of phase-structural state of V-alloys are discussed briefly below, which
may help us to shed a light on the our results.

At temperatures > 600 °C, titanium becomes diffusional mobile
which results in the interaction with interstitial atoms of O followed by
formation of Ti(CON) precipitations [30]. However, the strengthening



450 T T T
4004

SSRT test at RT

350 A
3004 |
250 1 :
200
150 4

Stress (MPa)

—— Sample exposed to Pb at 500°C -
Initial sample a ]

10 50

2|0 3|O
Strain-LVDT (%)
SSRT test at RT

40

504 |[—— Sample exposed to Pb at 700°C 3
----- Initial sample C
O T T T T
0 10 20 30 40 50

Strain-LVDT (%)

450 . . SISRT testlat 500 C

................ Initial sample

400 4 Sampl o

ple exposed to Pb at 500°C|

3504 : 3

T 3001 & E

S 250 4 3

) N ]

8 20047 % :

@ 1504 ] k

1004 #* E

335 \\ :

504 i E

0 I (ram-LVDT(%)I l‘-; l b 1

0 10 20 30 40 50
Strain-LVDT (%)

450 . SISRT testlat 700°C
----- Initial sample

400 Sample exposed to Pb at 700°C|]

Stress (MPa)

d

0 T T T T

10 20 30 40 50
Strain-LVDT (%)

Fig.12. Stress — strain curves obtained by means of SSRT tests of initial samples (blue dotted lines) and samples exposed to static Pb (red solid lines) at 500 and 700
°C for 1000 h performed at room temperature (RT) (a, ¢) and 500 °C (b) and 700 °C (d).

Table 1

Tensile properties of initial samples and samples exposed to static Pb at 500 and
700 °C for 1000 h obtained by means of SSRT tests at room temperature and at
500 and 700 °C.

Exposure to Pb Sample SSRT test YSo.2 UTs UE TE
at temperature temperature (MPa) (MPa) (%) (%)
(O] (O] Calculated for
initial cross-
section
Initial 23 310.8 397.5 16.8 43.4
Exposed 23 331.5 414.1 15.0 35.4
to Pb
500 Initial 500 208.7 349.7 16.1 30.9
Exposed 500 232.0 351.7 13.9 294
to Pb
Exposed 23 225.7 328.2 18.0 345
to Pb
700 Initial 700 209.0 374.6 12.7  26.2
Exposed 700 185.1 255.7 13.7 40.4
to Pb

effect disappears at temperatures > 700 °C because of precipitates
coarsening [29]. Chen et al. studied the effect of aging at 600 °C for 393
h on the precipitation behavior and tensile properties of solution
annealed V-alloys [32]. A significant peak in hardness (AHV53) for the
V-4Ti-4Cr alloy was observed after 10 h. Over time, however, the
hardness gradually decreases and even after 393 h, it is still slightly
higher (AHV20) compared to the annealed state (HV146). A tensile test
at room temperature shows an increase in strength properties similar to

the hardness tests, but elongation changes adversely with aging time
[32].

Tensile properties of the V-4Cr-4Ti alloy degraded after exposure at
700 and 800 °C to liquid Li for up to 1443 h. Nonetheless, the alloy
maintained good ductility despite substantial contamination by C and N
from the liquid metal [33]. The 80 MPa decrease in ultimate tensile
strength (UTS) after the exposure at 800 °C to liquid Li in SSRT tests
carried out at 700 and 800 °C was supposed to be attributed to several
possible mechanisms: the loss of precipitation hardening caused by
Ti-C-O precipitates; the loss of hardening from oxygen in solid solution
and changes in grain-boundary conditions.

Similar tests carried out in static liquid Li at 700 and 800 °C for 1000
h resulted in the increase in strength and a decrease in ductility of V-4Cr-
4Ti alloy due to the uptake of nitrogen by the solid alloy from the liquid
metal, followed by Ti(CON) precipitation hardening [28]. However, the
ductility remained high even after a 1000 h exposure at 700 and 800 °C.

An increase in strength accompanied by the minor decrease in
ductility and a reduced dynamic strain aging were observed in tensile
tests performed in vacuum at 500 °C on samples of V-4Cr-4Ti alloy
exposed to flowing Li (2-3 cm/s) with temperatures ranging from 400 to
700 °C for 2355 h [34]. However the near-surface layer with higher
hardness and grain boundaries with increased number of Ti- and N-rich
precipitates was formed. Samples aged at 700 °C in Ar-filled quartz
ampoule for 2355 h showed no effect on the tensile properties of alloy.

Summarizing the effect of aging, it can be noted that the V-4Cr-4Ti
alloy during the exposure at 700 °C to liquid lead for 1000 h goes
relatively quickly through the stages of precipitation-assisted hardening
followed by the softening, which is caused by the growth and
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coagulation of Ti(CON) precipitations as a result of high diffusion
mobility of Ti and interstitials in solid solution at this temperature.
Based on the obtained results a phenomenological interaction in
solid V-alloy/liquid Pb[O] system could be described as the following
steps: the interaction starts with oxygen diffusion from liquid lead to-
wards the solid surface of the V-alloy as a result of differences in the
chemical potential of oxygen in the liquid and solid phases. Oxygen
atoms, adsorbed at the solid surface, diffuse further into the V-matrix
which results in the formation of near-surface zone where oxygen is
present in solid solution of V-alloy lattice as an interstitial. As the con-
centration of oxygen in solid solution increases with time and reaches
solubility limit, the formation of V-O oxides (most probably VO) takes
place in the vicinity of the solid metal/liquid metal interface. The for-
mation of V-O oxide layer stimulates increase in oxygen activity at the
side of the liquid metal, which in turn results in formation of Pb-O
complexes. The latter could react with V-oxide surface layer with for-
mation of triple oxide PbyVyO,, an existence of which is confirmed in
phase diagram PbO-V,05 [35]. It is worth mentioning that the corrosion
products are growing at the expense of the vanadium matrix, i.e., from

the initial solid V-alloy/liquid Pb interface into the material bulk. The
corrosion develops preferentially along the grain boundaries which are
less stable against chemical attack [11].

The further experimental work is necessary in order to better un-
derstand the mechanisms of interaction in liquid Pb[O]/solid V-alloy
system and determine the optimal temperature - oxygen concentration
ranges in order to minimize the corrosion providing at the same time the
long-term stability of mechanical properties, as well as to investigate
susceptibility of V-alloys to liquid-metal embrittlement in lead-based
melts as the material with a body centered cubic structure.

5. Conclusions

Screening tests on the corrosion compatibility between V-4Ti-4Cr
alloy and static liquid Pb with ~10 ° mass% dissolved oxygen at 500
and 700 °C for 1000 h were carried out. Based on the observed corrosion
interaction and mechanical properties, the following conclusions can be
drawn:



The V-alloy experienced intergranular corrosion attack which accu-
mulated in the near-surface zone and proceeded through the for-
mation of non-protective VyPbyO, oxides;

Average corrosion losses increase by a factor of ten, from 3.0 to 30
um, as the interaction temperature increased from 500 to 700 °C,
respectively;

The V-alloy retained ductility after 1000 h exposure at both test
temperatures, although it lost strength at 700 °C due to aging;

The V-alloys could be a good alternative to steels in liquid Pb with
low oxygen concentration at high temperatures 500 °C < T < 700
°C.
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