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One of the advance concepts of breeding blanket for future fusion reactor is the concept of self-cooled
lithium-vanadium blanket. In this case beryllium is necessary for providing the tritium breeding efficiency.
Corrosion behavior in beryllium - liquid lithium - V-4Ti 4Cr alloy system is the important and at the same time
insufficiently investigated aspect of the beryllium application in fusion.
The first experimental results on the beryllium corrosion in liquid lithium are presented. Experiments have been
performed in V4Ti4Cr alloy - liquid lithium static system at the temperatures in the range of 600 - 800'C
during up to 500 hours. The influence of test conditions (temperature, duration, lithium purity and beryllium
specimens characteristics including protective beryllium oxide coating) on beryllium corrosion resistance is
discussed.

1. INTRODUCTION corrosion resistance to lithium at the temperatures up
to 700T. The results of previous investigations of

On development of the ITER and ITER-FEAT beryllium resistance to liquid lithium are rather
reactor concept and projects the development of test discrepant 24], relate to the "old" types and do not
blanket module to be a prototype blanket of a nxt- give a proper indication of the behavior of Russian
step demonstration power reactor was considered as modem beryllium grades.
an important issue. All basic materials science, The first experimental results of corrosion behavior
physical and technical approaches in such a module of the modem beryllium grades in liquid lithium at
should be extensively investigated experimentally high temperatures are presented.
during ITER technological phase and serve as the
basis for the development of a tritium breeding 2. MATERIALS AND EXPERIMENTAL
blanket for the fusion power reactor. One of the most PROCEDURE
promising concept for the tritium breeding blanket of
fusion reactor is a vanadium-lithium liquid self-
cooling blanket wherein lithium is a coolant and The specimens made of two Russian beryllium
tritium breeding material and vanadium alloy is a grades DIP and TE-56 were used as a subject of
structural material [1]. investigations. Some initial characteristics of the
The use of beryllium in such a blanket for neutron beryllium grades are presented in Table .
multiplication and moderation makes it possible to The specimens of dimensions D=6 m and H= mm
provide a necessary efficiency in the tritium breeding (three specimens of each grade per one experimental
ratio and apply natural lithium and as well ensure a point) were enclosed in capsules from V-4Ti4Cr
breeding zone to be enough compact. alloy, having D=16xl mm and H60 mm. The
Besides stable physical-mechanical properties under capsules were filled with liquid natural lithium of
irradiation beryllium must possess reasonable commercial grade LE-I (Table 2 in an argon
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Table I
Initial characteristics of the beryllium grades
Grade Densl Grain Composition, wt.%

g/cm size, prn Be Fe C Al Si Li 02 I(Cu+Ni+M
(BeO) n+Mg)

DIP 1.860 13 98.56 0.028 0.067 0.005 0.013 <3.8 x 1.3 0.012
lo-, (2.0)

TE-56 1.856 22-25 98.63 0.17 0.08 0.026 0.016 no 0.98 0.04
data (1.48)

Table 2
Chemical composition of lithium

Grade Impurities, wt.%
02 K2 H, C Mg Na Ca Fe

Commercial 0.02-0.03 0.02-0.03 <0.005 0.02-0.03 0.001 0.06 0.03 0.001
High-purity 0.02-0.03 0.001 <0.005 0.001 0.001 0.06 0.03 0.001

Commercial 0.02-0.03 0.02-0.03 0.1 0.02-0.03 0.001 0.06 0.03 0.001
H2

Commercial + 0.02-0.03 0.5 <0.005 0.02-0.03 0.001 0.06 0.03 0.001
N2

Table 3
Testing condition of beryllium specimens

Temperature, 'C Lithium grade Duration, hour
200 500

600 Commercial DIP, TE-56
700 Commercial DIP, TE-56 DIP, TE-56

Commercial 0 I H2 DIP DIP
Commercial 0.5 % N2 DIP DIP

High-purity DIP, TE-56 DIP, TE-56
800 Commercial DIP, TE-56

assemblies were isothermally annealed at 600'C,
atmosphere. To determine the effect of a lithium 700'C and 800'C for 200 and 500 hours at each
purity on a beryllium corrosion behavior, a portion of temperature. Testing conditions are listed in Table. 3.
capsules intended for testing at 700'C was filled with The investigation of lithium distribution in beryllium
the lithium of high purity, and others - with the specimens was performed using the laser mass-
lithium, having the increased contents of H2 (0-1 WtN spectrometer EMAL-2 with a resolution up to 4000
or N2 (0.5 wt.%). The high-purity lithium was (112 UP t U)-
produced by preliminary holding of commercial
lithium in contact with zirconium getter at 800'C 3. EXPERIMENTAL RESULTS
during 35 hours. One specimens of each beryllium
grade was covered with protective coating from BeO. Visual inspection of specimens after testing
In addition, the witness-specimens from V-4Ti4Cr revealed that their surface was heavily oxidized with
alloy with dimensions of 8x 184. I mm were inserted a formation of a BeO film, having a weak adhesion
in capsules. After sealing vanadium capsules were (Fig. 2.
enclosed into a protective casing from 304 type stainless
steel. Assembly structure is shown in Fig. 1. he
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1 6 increased ydrogen content (0.1% 1-12) and also in
4

2 6 high-purity lithium. The increase of annealing duration
up to 500 hours resulted in an increase of weight loss
but did not change qualitatively a picture of a weight

In 7 -- f loss distribution. The effects of etal impurities and
grain size on a weight loss of beryllium were not
revealed. After testing a weight gain for the witness-

-5 specimens from V-4Ti-4Cr alloy was found, with the

weight gain of V-4Ti-4Cr specimens in proportion
A to the weight loss of Be specimens.

5 The results of investigation on a lithium
A-�A penetration into beryllium are presented in Fig.3.

The data obtained suggest that lithium
concentration in beryllium is rather small even after
annealing at 800'C. After testing in commercial
lithium at 800'C for 200 hours, in spite of a full
penetration of lithium into the specimens, Li

Fig. 1. Structure of assembly: I - capsule from V- concentration in the center did not exceed 28-10 4
4Ti-4Cr 2 - getter (foil); 3 - argon; 4 - liquid wt.%. From a surface to the center of the specimens

lithium; - beryllium specimens-, 6 - protective the lithium concentration gradient reaches - 102.

casing from stainless steel; 7 - vanadium capsules After testing at 600'C for 200 hours lithium
with beryllium specimens. penetrates only - I nun in depth and its concentration

in srface layers does not exceed 2-3) .104 wt.%. Layer
by layer metallography of beryllium specimens did

After testing a coating partly flaked out from a surface not reveal any change in structure in wole range of
of the specimens preliminary covered with BeO and testing.
the remaining part of a coating was poorly joined to a
specimen body. 4. DISCUSSION
The results of weight loss/gain measurements are
presented in Table 4 From these data it follows that a It is known 1,4], that a corrosion process in a
weight loss for beryllium specimens increased with a liquid metal depends on a solubility of structure metals
rise of a temperature and duration of annealing. After and could be accelerated by the impurities contained
annealing at 600'C for 200 hours the weight loss of in a liquid etal, ainly C, N, 0 14]. The silent
Be specimens in commercial lithium is negligible, at features of the corrosion in liquid metals are
800'C the weight loss reached maximum of 8-10 intermetallic compounds fori-nation ad intercrystallite
mg/cm ad at 700'C ranged between 13-7.2 Mg/CM2. penetration of a liquid metal into a structure metal. The

At 700'C minimum weight loss was found results of this investigation conform to main features
when the specimens were tested in lithium with the of a structure metal behavior in liquid metals.

I J As1U.

Fig.2 A view of the specimens after testing
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Table 4
Weight oss/gain of Be and V-4Ti-4Cr specimens

Weight loss/gain, mg/cm" Data from 4)
Be grade T, T Li grade 200 h 500 h APB./SEI,

2APB�SBe, APV/Sv, AP8e,/S&, APv/Sv, mg/cm

DIP 600 Commercial - 04 +0. 1 -2.5 600 C,
TE-56 -0.4 200 h)

DIP Commercial -7.29 +2.59 -10.15 +3.69
TE-56 4.73 -9.48

DIP High-purity -4.11 +0.24 -7.39 +2.59
TE-56 700 3.87 -7.48 -18(7000C,400
DIP Commercial -1.33 +0.52 -6.5 +2.17 h)

0 I 2

DIP Commercial -5.25 +1.48 -6.5 +2.17
0.5 % N2

DIP 800 Commercial -8.24 +3.69 -16(800-C,200
h)

Due to a strong sensitivity to oxygen, 800'C, and is significantly lower than it was
beryllium interacts with 02 contaminated in liquid observed earlier 3,4]. The distribution of
lithium with a formation of loosing scale of beryllium lithium in beryllium is characterized by a high
oxide, that is why a weight loss was observed for Be gradient of concentrations (from 102 to 103), that was
specimens after testing (Table 4, which was increased not observed in above-mentioned works (Fig.3) It
with an increase of a temperature and duration of could be associated with a higher purity of
annealing. beryllium investigated in this study, because the

After testing in commercial lithium at 600'C lithium penetration in solid metals usually correlates
the weight loss was rather small 0.4 mg/cm 2), while with its sensitivity to the impurities located on the
at 800'C it reached 8-10 Mg/CM2 . The use of high grain boundaries.
purity lithium results in a suppression of the beryllium A surface oxidation of beryllium with the
corrosion due to decrease of a -corrosion rate. On the formation of loose scale takes place in liquid
contrary, the increased content of nitrogen in lithium lithium as well as a minor penetration of lithium into
accelerates the corrosion. The decreased corrosion beryllium (very likely intercrystallites).
rate of beryllium in commercial lithium with the The processes that occur in a zone of a direct
increased hydrogen content (0.1 wt.%) has engaged contact of beryllium with liquid lithium must mainly
our attention, because it is perspective for use of contribute in beryllium failure.
beryllium in tritium breeding blanket of fusion The data obtained suggest that a stability of te
reactor, where the increased content of hydrogen modem beryllium grades in lithium is much higher
isotopes will occur in lithium. However this effect than for the "old" grades 24]. However, taking
requires more detailed investigations. Beryllium into account that the supposed operating life
dissolved in lithium during testing partly transferred for beryllium blanket modules is >104 hours, it is
to walls of vanadium capsules as demonstrated by the too early to conclude that it is possible to use an
preliminary results of spectrum analyses of their unprotected beryllium for this application. Additional
surface. experimental data are needed, especially after

The penetration of lithium into beryllium is testing with extended duration.
rather small, especially at temperatures below
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Fig. 3 Distribution of lithium concentration in beryllium specimens (Lithium of commercial grade): a - along the
height; b - along the diameter
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Summary 5. The modern beryllium grades are much more
corrosion-resistant in lithium than those grades,

1. The experimental data are obtained on a which were investigated early.
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