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Abstract

The second Japan/US Program on Irradiation Tests for Fusion Research (JUPITER-II) began on April 1, 2001. Part of the
collaborative research centers on studies of the molten salt 2LiF,—BeF, (also known as Flibe) for fusion applications. Flibe has
been proposed as a self-cooled breeder in both magnetic and inertial fusion power plant designs over the last 25 years. The key
feasibility issues associated with the use of Flibe are the corrosion of structural material by the molten salt, tritium behavior
and control in the molten salt blanket system, and safe handling practices and releases from Flibe during an accidental spill.
These issues are all being addressed under the JUPITER-II program at the Idaho National Laboratory in the Safety and Tritium
Applied Research (STAR) facility. In this paper, we review the program to date in the area of trititum/deuterium behavior, Flibe
mobilization under accident conditions and testing of Be as a redox agent to control corrosion. Future activities planned through
the end of the collaboration are also presented.
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1. Background and objectives

A key issue associated with the use of the molten
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fax: +1 208 526 2030, control of tritium permeation and structural material
E-mail address: pti@inel.gov (D.A. Petti). corrosion in the blanket. Irradiation of Flibe will pro-



duce in-situ tritium and free (or excess) fluorine ions
via numerous nuclear reactions. This free fluorine can
impact corrosion processes. The fluorine ions can either
combine with the triton produced to form TF, combine
with other metal impurities in the Flibe, or remain as a
fluorine ion. These can react with the structural metal,
depending on the kinetics of the competing reactions.
The tritium can also permeate through the structural
material of the coolant system with eventual release to
the environment.

Thermodynamic stability of the fluoride salt com-
ponents is quite important because molten salt corro-
sion is usually induced by reduction/oxidation (redox)
reactions. Corrosion control is best accomplished by
control of the free fluorine in the system, usually by a
redox agent via the reaction:

xM+F, = XMFZ/,r

where M is the redox agent. The redox agent if properly
selected would tie up all of the free fluorine generated
on each coolant pass in the system and thus prevent it
from being available for reaction with the metals in the
structural components. The fluoride chemical potential
is defined as —RT Inpr, and is plotted for a number of
different fluoride reactions in Fig. 1. The more nega-
tive the fluoride chemical potential the better that redox
agent is at controlling free fluorine generated in the
system. Based on these results, we have selected Be
as the redox agent for our studies. Be has been previ-
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Fig. 1. Fluoride potential for different materials.

ously proposed as a redox agent for fusion applications
such as HYLIFE-II [1]. It is probably the most natural
choice of aredox agent in the fusion context since Be is
needed for neutron multiplication in a magnetic fusion
blanket to ensure adequate tritium breeding [2]. Other
agents (Ce, Eu, HF/H;) do not have a low enough fluo-
ride potential to suppress TF formation to a level where
corrosion is not a concern.

The overall tritium behavior in the system will be a
function of the REDOX control strategy that is adopted.
The low solubility of tritium in Flibe and the strongly
reducing conditions expected in a REDOX-controlled
Flibe fusion blanket would suggest that tritium
would be present primarily as T(g). The behavior
of tritium with structural materials of interest in a
REDOX-controlled Flibe fusion blanket needs to be
understood.

Of equal importance are the safety issues associated
with the handling of the Flibe and its use as a coolant
in a fusion power plant [3]. With the recent tightening
of Be standards in the US [4], there is continued atten-
tion to the use of all Be containing compounds. There
is aneed to know the physio-chemical forms of vapors
and aerosols produced in a spill of Flibe when it inter-
acts with air or water. Although unirradiated Flibe is
not significantly chemically reactive with air or steam,
reaction with moist air or water is expected to produce
HF and could mobilize tritium, '8F and other radionu-
clides produced during irradiation.

Based on the key issues associated with the use of
Flibe as a coolant in a fusion blanket, the objectives of
our work are:

o to develop the capability to purify Flibe at the liter
scale for use in the experiments;

o to characterize tritium/deuterium behavior (e.g., sol-
ubility and diffusivity) in REDOX-controlled and
non-REDOX controlled Flibe;

e to characterize the magnitude and physio-chemical
forms of material mobilized during an accidental
spill of Flibe and to develop corresponding safe han-
dling practices;

¢ to develop a redox agent for use in Flibe in a fusion
blanket;

o to demonstrate the effectiveness of the redox agent
in terms of structural material corrosion for fusion
materials of interest using a simple dip specimens in
small scale pot type experiments.



Fig. 2. Photograph of Flibe purification setup.

2. Flibe purification, sampling and analysis

The Flibe used in the JUPITER-II collaboration
was prepared from reagent grade chemicals. Both
the BesF and LiF were listed as 99.9% pure based
upon the metals content. Oxygen, nitrogen and
carbon were determined by methods utilizing LECO®
equipment.

Metals analyses were by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES) and
mass spectrometry (ICP-MS). The powders were dried
and weighed to provide the mole ratio of 2:1 and then
purged with helium and melted. The salt was then
purged with gas mixtures of He, H, and HF at 520 °C
to reduce inherent oxides in a pot (see Fig. 2).

The salt was then filtered through a 60-um metal
mesh frit during a transfer to another vessel. The impu-
rities in the final product are given in Table 1. Mea-
surements of beryllium and lithium in the final product
ranged from 8.3 to 8.5 and 13.06 to 13.2 wt%, respec-
tively. Although these are lower than the theoretical
values of 9.04 and 14.14 wt%, the lithium to beryl-
lium mole ratios of 2.01-2.06 are close to the targeted
composition. This suggests that the weight-based dis-

crepancies might be due to absorbed water or analytical
biases.

3. Deuterium/tritium behavior

Tritium behavior in molten salts depends strongly
on the tritium chemical species in the salt and on the
diffusive and solution properties of those species [5].
Several experiments that focused on characterization of
tritium species in Flibe under neutron exposure [6—-10]
indicate that the tritium was borne as T* and most likely
was bonded to F~ in the salt as TF, unless there was an
abundance of hydrogen in solution. Use of hydrogen
in purge gas streams over and through the molten salt
increased the hydrogen in solution, promoted changes
inthe tritium chemical species to HT viaexchange reac-
tions, enhanced release of tritium from the salt to the gas
phase above the salt, and enhanced tritium permeation
through metal walls surrounding the molten salt. Only
a few studies reported transport properties (diffusiv-
ity and solubility). Diffusion coefficients (500-800 °C)
were derived in experiments based on T* diffusion from
a capillary containing irradiated Flibe into a reservoir
containing molten Flibe [11]. Tritium diffusion as T+
was also measured in solid Flibe at temperatures from
350 to 400 °C [12]. Solubility measurements, made for
H,, D,, HF and DF in Flibe at 500-700 °C, indicated
that the solubility of H, and D> was about a factor of
100 less than that for HF and DF at 600 °C [13,14].

As part of the JUPITER-II program, deuterium
transport experiments were conducted in a cylindrically
symmetric, dual probe permeation pot setup illustrated
in Fig. 3 [15]. The assembly consisted of a type-316
stainless-steel pot, a nickel crucible for containing
Flibe, two permeation probes of thin-walled nickel,
a gas-manifold to enable Ar purge gas flow through
assembly volumes, and a quadrupole mass spectrome-
ter (QMS) for on-line measurements of the flow stream
gas compositions. Each probe was equipped with bar-
rier volumes at the top to minimize direct deuterium

Table 1
Impurities in ingredients and final salt

O (ppm) C (ppm) N (ppm) Fe (ppm) Ni (ppm) Cr (ppm)
BeF> 5700 <20 58 295 20 18
LiF 60 <20 78 100 30 4
Flibe 560 10 32 260 15 16
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Fig.3. Schematic illustration of cylindrically symmetric, permeation
probe assembly. Overall dimensions of the steel pot were: 178-mm
height and a 102-mm o.d. pot wall that was 3-mm thick. Nickel
crucible dimensions were: 91.4-mm o.d., 85-mm i.d. and 150-mm
height. Probe-2 was a cylindrical annulus with 75-mm o.d., 51-mm
i.d., 0.5-mm wall, and 110-mm height. Probe-1 was a 12-mm o.d.
cylinder with 0.5-mm wall and a 110-mm height.

transport between the probes and the cover gas above
the molten salt. Typically, with the pot at test tempera-
ture, probe-1 was pressurized with deuterium and QMS
analysis of Ar gas from probe-2 provided a measure
of the deuterium that permeated through the walls of
probe-1, the molten Flibe and the walls of probe-2. The
barrier volumes and the volumes above the salt were
purged with separate Ar gas streams that were analyzed
sequentially with the QMS.

Several deuterium permeation experiments were
made with the system at temperatures of 600 and
650°C and with a deuterium pressure of around
9.0 x 10* Pa in probe-1. Fig. 4 compares the results
of deuterium permeation experiments at 600 °C with
no Flibe in the system (Exp A) and with Flibe fill-
ing the assembly (Exp B). Probe-2 Ar flow rates were
25cm?/min for both experiments. For Exp A, mea-
sured D, partial pressures in probe-2 (dash—dot line)
are plotted relative to the left axis. The Exp A deu-
terium transient behavior reflects the condition with no
Ar flow through the volume between the probes and
the case when the flow through the inter-probe volume
was changed to 100 cm?/min. The temporal deuterium
behavior followed a traditional permeation transient,
and derived permeability coefficients agreed with pre-
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Fig. 4. Comparison of measured deuterium transport data for exper-
iments at 600 °C with (Exp B) and without Flibe (Exp A).

vious work [16,17]. For Exp B, measured Dy partial
pressure data (plotted on the right ordinate) are shown
for probe-2 (solid line) and above the Flibe (dash line).
Because the QMS was alternately switched to analyze
flow streams through probe-2 and above the Flibe, the
plotted data show regions with no scatter. Two features
of the Exp B data reflect the influence of Flibe on per-
meation. First, there is significant time delay (on the
order of 300 minutes) in the probe-2 D, permeation
signal and in the buildup of deuterium above the Flibe.
Second, the maximum D; partial pressures in probe-2
and above the salt are a factor of 200 and 20 less than the
partial pressure in probe-2 observed in Exp A. These
results are due to the low solubility and low diffusivity
of D7 in Flibe.

TMAP-4 simulation calculations were used to eval-
uate the overall deuterium permeation rates in the
Flibe/Ni/D; system using previous literature transport
data for these materials. These analyses showed that
diffusion in Flibe was rate-determining for our exper-
imental conditions. Results of the analytical fit (by
adjustment of diffusivity and solubility values) were
compared to experimental data measured at 600 and
650°C.

Diffusion coefficients derived from these experi-
ments are compared to previously published data in
Fig. 5. Our diffusion results are about a factor of 2-5
less than those reported by Oishi etal. [11] for T* trans-
portinmolten Flibe, suggesting that deuterium was also
diffusing as the D" species in our experiments. Both of
these results are about a factor of 2—5 greater than those
derived from the viscosity using the Stokes—Einstein
relation, D =kT/(6tR7), assuming a particle radius, R,
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Fig. 5. Diffusion coefficients for Flibe.

of 2 A and the viscosity of Flibe, 1, reported by Can-
tor [18] for 2LiF-BeF,. The diffusion activation energy
for the Oishi et al. data is consistent with the viscosity
data. However, a two-point fit to our diffusion coeffi-
cients (a dangerous approach with such limited data)
yields a diffusion activation energy comparable to that
for F~ self diffusion. Such a result would suggest trans-
port mechanisms similar to that postulated by Ohmichi
et al. [19], namely ion-pair diffusion or exchange pro-
cesses that break Be—F bonds.

Solubility coefficients derived from these experi-
ments were comparable to those for DF in Flibe, as
reported by Field and Shaffer [14], rather than to those
for Ha, D>, reported by Malinauskas et al. [13]. These
results suggest that the chemical potential of deuterium
in the Flibe for the current experiments was greater than
the chemical potential of D solute when the dominant
species of deuterium in Flibe was D,. This interpreta-
tion is consistent with previous experiments in which
a significant overpressure of hydrogen was required to
promote exchange reactions with TF in the salt and
facilitate transport of tritium in the Flibe as HT.

Thus, these results suggest that deuterium trans-
port in the present experiments was mediated by the
presence of a bond between D and F~ in the molten
salt. This could be due to the presence of excess
residual HF or free fluorine in the salt following the
hydro-fluorination purification process, to ion-pair dif-
fusion processes suggested by Ohmichi et al. [19], or
to insufficient concentrations of deuterium in the salt.

Future experiments will examine the solubility of tri-
tium in Flibe at different partial pressures and different
REDOX conditions.

4. Flibe mobilization

A key safety issue associated with Flibe is the
mobilization of vapors and aerosols from accidental
introduction of air, moist air, or steam to the molten
salt. Mobilization tests were performed with argon, air
and moist air using a classical transpiration appara-
tus designed for vapor pressure determinations [20].
Whereas previous vapor pressures determined by Oak
Ridge National Laboratory (ORNL) studies were con-
ducted at temperatures of above 1000 °C [21], current
applications of this salt in fusion energy devices are
around 600 °C. Recent models [22,23] have been devel-
oped to express vapor pressures for temperatures more
applicable to fusion energy applications. Olander et al.
[22] compared the extrapolation of ORNL data with a
model utilizing selected activity coefficients from var-
ious studies and prominent vapor species as identified
by mass spectroscopy by Biichler and Stauffer [24].
The latter authors reported BeF, and LiBeF3 as the
dominant vapor species above the LiF-BeF, system.
Above a LiF saturated solution of 74%LiF-26%BeF;
at 600 °C these two species were found to exist in a ratio
of 10:1. The two models [22,23] provide essentially
the same pressure for BeF, that is about 60% below
the extrapolated ORNL data. The models differ only
by the minor contribution attributed to lithium bearing
species. Our study for JUPITER-II was undertaken to
provide experimental confirmation of vapor pressures
at the lower fusion-relevant temperatures and to deter-
mine influences of different environments, e.g., argon,
dry air and moist air or steam possibly encountered
during an accident. Another goal was to obtain mass
flux measurements from conditions approximating sat-
uration to provide a basis for comparison with loss of
vacuum safety studies addressing blanket design con-
cepts for APEX [25].

Mobilization tests of the salt were performed in a
transpiration setup similar to that described by Sense et
al. [26] for vapor pressure measurements. A schematic
of the test system setup in an inert gas glove box is
shown in Fig. 6. The test chamber contained a nickel
pipe, 2.09cm i.d. and 51 cm long, that was heated in
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Fig. 6. Transpiration test setup.

a 36 cm long resistance heated muffle furnace. Flibe
samples were contained at the center of the hot zone
in different types of crucibles depending on the test
environment. An Inconel 600 tube was used as a probe
through which vapors were transported by the gas flow.
A steep thermal gradient existed between the testregion
and the ends of the furnace, which forced condensa-
tion/deposition of mobilized material onto surfaces of
the probe and/or in packed quartz wool attached to the
tubing. Tests were performed in argon, dry air and moist
air (air saturated with water vapor at 40 °C).

Flibe salt was tested in argon at temperatures of
500, 600, 700 and 800 °C at flow rates of 25, 50 and
100 scem. Nickel crucibles were used for most tests;
however, some tests were also run in glassy carbon
crucibles. Tests with dry air were run at these four tem-
peratures with flow rates of 25 and 50 sccm. Tests in
moist air were run at 600, 700 and 800 °C with flow
rates of 25 and 50 sccm.

The BeF; and LiBeF3 partial pressures that were
derived from the mobilized material chemical analyses
for the argon tests are plotted in Fig. 7 along with those
from the previous studies and models [21,22,24]. The
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plot shows the excellent agreement at 600 °C of this
study with that of Biichler and Stauffer [24]. The total
pressures represented by Olander et al. [22], which are
essentially equivalent to those of Zaghloul et al. [23],
are about 60% lower than the extrapolated ORNL data
[21]. Total measured pressures for BeF, and LiBeF3
are two to three times lower than predicted values. The
increasing contribution from the lithium species in the
INEEL data is apparent at 700 and 800 °C.

Partial pressures calculated for BeF; for all three
test gases are shown in Fig. 8. The data for moist air
parallels and are about one-half of those measured for
the argon tests. The reason for the lower datum points in
the dry air tests at 700 and 800 °C is not known. This
trend is based upon limited tests and some repeated
tests would be needed to confirm this trend. The data
did not show any markedly different volatilization rates
in dry and moist air compared to those in argon.

Vapor pressures calculated for lithium bearing
species, assuming one lithium atom per molecule, are
plotted for the various test gases in Fig. 9. No differ-
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Fig. 9. Pressure of Li bearing vapor over Flibe.



ences in the results can be seen between the environ-
ments considering the scatter within the data. The data
are slightly higher than pressure of LiBeF; indicated
by Olander et al. [22] and that based on an extrapola-
tion of the LiF data by Sense et al. [26] multiplied by
0.66 the mole fraction in Flibe to simulate ideal solu-
tion behavior. The latter extrapolation was from above
the 845 °C melting point of LiF.

Mass comparisons using probe interior ICP-AES
measurements and sample loss for the argon test series
in the nickel crucibles showed that about 22% of the
material was deposited in the probe. The remainder was
deposited on the probe exterior and the walls of the test
chamber. This reflects the diffusion and re-deposition
of material down the temperature gradient. Mass flux
calculation (kg/m? h) obtained by adjusting ICP-AES
measurements for the 22% factor generally agreed
within a factor of two of the mass based determinations
for individual tests. The model for safety assessments
[25] assumes that in a spill of Flibe, the evaporation
process from the surface becomes rate limiting by dif-
fusion through the boundary layer. The boundary layer
mass transport coefficient Ky, 0f 0.01-0.03 m/s derived
for Flibe from this study was applied along with mea-
sured vapor pressures and mass based flux determina-
tions to show that the vapor pressures for the argon
tests were likely within 70% of saturation. This is in
line with the comparison made with vapor pressures
from the LiF study by Sense et al. [26]. Although the
flow conditions within the test system are not specifi-
cally representative to the relatively placid conditions
for a LOVA accident [25], the mass based flux values
of 2.6 x 1072 g/m? h at 500°C, 7.7 x 10~2 g/m? h at
600°C, 3.1 x 10~! g/m? h at 700°C and 2.4 g/m?h at
800 °C could be used as first order approximations of
evaporation rates.

5. REDOX control

A series of experiments was performed in which HF
was bubbled through Flibe with varying concentrations
of dissolved Be to investigate the viability of using Be
as aredox agent in amolten Flibe (2LiF-BeF;) blanket.
Although some previous work has been reported that
indicates Be is capable of serving as a redox agent and
keeping the TF concentrations low [27], no quantitative
measurement of the rate of the Be-TF redox reaction is

P soda-lime |
traps

titrator

Fig. 10. Test system for measuring redox kinetics.

known to have been made. The objective of this work
in the JUPITER-II collaboration was to perform such
measurements with the goal of obtaining useful kinetic
data that could be used to quantitatively validate the
feasibility of using Be as a redox agent in Flibe. Of
particular interest is whether the inclusion of Be in the
salt can keep the TF concentrations below a level which
would lead to structural materials corrosion.

A simplified diagram of the system used for observ-
ing the HF-Be redox reaction is shown in Fig. 10.
A mixture of Hy, He and HF gases was introduced
into the test reactor, while the effluent passed through
a quadrupole mass spectrometer (QMS) followed by
an autotitrator. Our initial experiments used HF gas
concentrations between ~900 and 1800 ppm in the gas
phase. This corresponds to HF solubilities in the Flibe
that are ~100-200 times higher than expected in a
fusion blanket. The autotitrator used 0.1 N NaOH to
maintain the pH constant while gas containing HF was
bubbled through a stirred titration cell. The autotitrator
and QMS yielded both consistent and complimentary
results. The QMS directly measures concentration of
HF in the effluent, while the autotitrator directly mea-
sures cumulative moles of HF that have been collected.

The reactor, shown in more detail in Fig. 11, was
designed to provide a controlled reaction between Be
and HF in the molten salt phase. The HF was intro-
duced into the system via bubbling into the salt in a
gas mixture that also contains H, and He. The H, is
intended to minimize the likelihood of HF reacting
with metal components in the system hardware. The
He is a carrier gas so that the total actual flow rate was
about 300 cm*/min to minimize transport time to the
QMS and titrator. A cylindrical beryllium rod, 0.76 cm
in diameter and 3 c¢m in length was introduced into the
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salt for a specified period of time. It is estimated that
1.9 cm of length was actually exposed to the salt, with
the rest remaining within the mounting fixture. A nickel
tube containing a slow flow of He (~2-5 sccm) acted as
a sheath to protect the Be specimen from contact with
HF or salt (via capillary action) during times when it
was not in the salt. All non-nickel metal surfaces inside
of the reactor were spray coated with nickel to prevent
HF from participating in corrosion-type side reactions.

Each experiment started with the HF—-H,-He feed
gas bubbled into the salt with the Be specimen pulled
out of the salt. Once the HF concentration in the effluent
stabilized close to the expected level, the Be specimen
was inserted into the salt. After 10-60 min, the Be was
lifted out of the salt and into its protective housing while
HF in the effluent was continually monitored for times
ranging from several hours up to a few days. Once the
HF concentration in the effluent had again stabilized,
the next experiment was run by re-inserting the Be into
the salt for a different duration. The same Be specimen
was used for each experiment because the amount of
material lost during each experiment was estimated to
be very low. As shown in Fig. 12, the effluent HF con-
centration as measured by the QMS dropped rapidly
usually within a matter of minutes after the Be was ini-
tially inserted into the salt. The slow recovery of the
effluent HF concentration after the Be was removed is
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Fig. 12. HF concentration measured by QMS on the outlet of the
REDOX experiment for several Be immersion times.

believed to be the result of continued reaction of Be
dissolved in the salt with HF added by ongoing gas
injection.

The autotitrator data from the redox experiments
were used to estimate the amount of Be that dissolved
into the salt for each experiment. The results of the
analysis are shown in Fig. 13, where mole fraction of
Be in the salt is plotted versus immersion time.

The linearity of the plot in Fig. 13 suggests a simple
mass transfer mechanism with a high saturated con-
centration. This conclusion is supported by the results
of our recent Be dissolution experiments [28] in which
the saturated concentration of Be in the salt has been
estimated to be 0.0022 mol/cm>.

To further understand the interactions between
molten Flibe and Be, a series of Be dissolution exper-
iments was performed in which a metallic Be rod was
immersed in molten Flibe at 803 K under He atmo-
sphere for 210h [28]. The Be rod was significantly
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Fig. 13. Effect of immersion time on the initial mole fraction of Be
in the salt.



Fig. 14. Photographs of samples from Flibe/Be dissolution tests.

eroded during immersion in molten Flibe, and the Flibe
changed from aclear crystal to abrownish-gray marble-
like appearance (see Fig. 14). The concentration of Be’
in Flibe was evaluated by dissolving salt samples in
acid solutions. This dissolution test is based on the
reaction of Be with proton ions in the acid solutions
to generate H,. Hydrogen gas was generated and col-
lected from Flibe contacted with Be under flowing He.
The amounts of gas generated corresponded to mole
fractions of [Be’}/[Flibe] ranging from 9.9 x 10~ to
7.6 x 1073, On the other hand, no H, was generated
from Flibe that was not exposed to Be, or Flibe exposed
to Be and then given significant He—H,—He bubbling.
These observations showed that Be does, indeed, dis-
solve in Flibe as Be®. The fact that no Be was detected
after bubbling H,—HF-He into the salt indicates that
Be! is an effective redox agent for reacting HF. Auger
analysis of the deposits confirms this inference from
these experiments.

Additional understanding about the behavior occur-
ring in the salt can be obtained by converting the data in
Fig. 13 to fractional conversion of HF (defined as one
minus the ratio of the HF QMS data to the HF concen-
tration being added to the pot). The results shown in
Fig. 15 all illustrate similar behavior but differ in their
time response because of the difference in Be exposure
time in the salt (given in parentheses in the legend of
Fig. 15). The fractional conversion of HF peaked above
0.9 for each run and then required as much as 60 h
to return to zero. A simple first order kinetics model,
shown as the curve fits in Fig. 15 and described in ref-
erence [29] appear to be reasonably representative of
the data.

The integrated moles of HF reacted was used to
estimate the mole fraction of Be in the salt (xg.) as
a function of time. In Fig. 16, the fractional conversion

HF conversion

0 10 20 30 40 50 60 70
time (hr)

Fig. 15. HF conversion versus time for redox experiments (solid lines
are kinetic model fits to the data).

of HF is plotted versus the time varying mole fraction of
beryllium in the salt, xge. The results show aremarkable
similarity over a range of Be exposure times (Be mole
fraction dissolved in the salt). Also showninFig. 16isa
single line that is based on the kinetics model developed
in Ref. [29]. The results indicate that the model in this
dimensionless form does a very good job of predicting
the conversion of HF as a function of Be dissolved in
the salt over a broad range of Be exposure times and
HF gas concentrations between ~900 and 1800 ppm.
These experiments have indicated that Be solubility
in the Flibe at 530 °C is about 0.1 wt% (xge =0.0036)
[5]. At this level, the TF concentration in the salt
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Fig. 16. HF conversion versus mole fraction of Be in the salt for all
REDOX tests (solid line is kinetic model fit to data).



could be maintained at a level well below 0.019 ppb.
This is expected to keep the corrosion rate acceptably
low.

Thus, our results to date have demonstrated the
REDOX process in a laboratory scale experiment by
using Be as the REDOX agent. The experiments used
HF concentrations that were ~100 times higher than
that expected in a fusion blanket. The kinetics of the
REDOX process was rapid in converting HF to Hj.
Continued reaction of HF following removal of the
Be from the Flibe indicates that dissolved Be is acting
to reduce the HF. A simple kinetics model has been
developed to predict the expected HF concentration
as a function of Be dissolved in the salt. Future work
includes improving the kinetics model to incorporate
the uncertainty and impurity effects and performing
additional experiments at lower HF concentrations
(~100-250 ppm) that are closer to those expected in
a fusion reactor. Measurement limitations prevent us
from performing experiments at typical fusion blanket
conditions. Our modeling will be used to extrapolate
down to blanket conditions to make preliminary
assessments of the use of Be as a redox agent in a
fusion blanket. Following the lower concentration
experiments, simple dip tests of fusion structural
materials are planned with and without Be to demon-
strate the reduction in corrosion with Be as a redox
agent.

6. Summary and conclusions

This document presents an update on the Flibe
experiments that have conducted under the US/Japan
JUPITER-II collaboration. The experimental program
has been focused on addressing the key feasibility
issues associated with the use of Flibe. To date, data
have been gathered on purification of Flibe, deuterium
transport in non-REDOX controlled Flibe, and Flibe
mobilization under accident conditions. Most impor-
tantly, our initial REDOX experiments have indicated
that Be is a good redox agent to control HF and the
kinetics at fairly high concentrations are rapid. In the
final two years of the collaboration, experiments are
planned to study tritium behavior in Flibe with and
without REDOX control and to study reduction in the
corrosion of fusion structural materials in the presence
of Be as a REDOX agent.
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