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Effect of Metallic Li on the Corrosion Behavior of Inconel 625 in
Molten LiCl-Li2O-Li
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The corrosion behavior of Inconel 625 in molten LiCl solutions maintained at 650°C and containing various quantities of Li2O and
metallic Li was studied for possible application in the electroreduction of used oxide-based nuclear fuel. This study focusses on the
morphological and elemental changes on the surface of the samples with an emphasis on cross-sectional analyses conducted using
focused ion beam microscopy. In the absence of metallic Li, a stable oxide film is formed that limits the corrosion of the base material
to 0.07mm/year. However, in the presence of metallic Li, the formation of this film is impeded, resulting in dealloying of the base
material and the formation of a highly porous microstructure composed primarily of Ni.
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In order to reprocess used nuclear fuel (UNF) from light water
reactors using pyrometallurgical techniques, a reduction operation is
necessary to convert UO2-based UNF into a metallic product that can
then be processed in subsequent unit operations.1–5 The prototypi-
cal process by which the reduction of UO2 is conducted is via the
electrolytic reduction operation developed at Argonne National Lab-
oratory (ANL).2,6 In this process, LiCl containing 1 to 2wt% Li2O
and maintained at 650°C serves as the electrolyte.7,8 The reduction is
performed with UNF loaded in a stainless steel cathode basket which
is polarized vs. a suitable anode, typically made of Pt, either galvano-
statically or potentiostatically.3,9 To achieve high reduction yields, it
has been shown by a number of researchers that it is necessary to po-
larize UO2 at potentials beyond the electrochemical window of Li2O,
which results in the formation of metallic Li at the cathode.3,9,10 Some
of the metallic Li thus generated then metalothermically reduces the
UNF in the cathode; however, LiCl is capable of solvating Li to a
limited degree, which leads to the formation of a tertiary LiCl-Li2O-
Li electrolyte.3,9,10 As the process goes to completion, the electrolyte
eventually reaches Li saturated conditions, and may even form and be
present as clusters.11

The dissolution of alkali metals in their respective alkali halides
has been well studied over the last century, notably by M.A. Bredig at
Oak Ridge National Laboratory, among others.12–14 The two primary
models of alkali metal – alkali halide systems are the f- center model
and the sub-halide model.13 In the f- center model typical for alkali
metal – alkali halide systems, the excess electron is delocalized
from any particular cation core, leaving a free electron that imparts
a metallic character to the molten solution.13 This leads to several
orders of magnitude increase in electrical conductivity of solution as
the concentration of the alkali metal increases toward saturation, as
well as causing a number of other changes in physical and chemical
properties. The sub-halide model is typically representative of transi-
tion metals and post-transition metals in their respective halides and
gives rise to the formation of abnormally reduced species due to the
formation of complex molecules that keep electrons localized to the
molecular scale, as is typical for the Bi-BiCl3 system.13 Sub-halide
forming systems are not associated with an increase in electrical
conductivity in the same manner as the f- center model predicts. Other
dissolution mechanisms have also been reported, such as the formation
of colloidal suspensions of nanoclusters of Na2 or Li8 in the Na-NaCl
and Li-LiCl systems, respectively.11,13 It is important to note that
none of these effects are mutually exclusive, and it is possible that the
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simultaneous action of multiple dissolution mechanisms may occur
simultaneously in the same system. Of the alkali metal – alkali halide
systems, the Li-LiCl system has proven to be particularly challenging
in the determination of the solubility limit of the metal in the metal
salt, with the apparent solubility limit seeming to vary depending on
the experimental methods; however, approximately 0.3wt% has been
shown to be a useful estimate at the temperatures of the electrolytic
reduction operation.12,13,15–19 Importantly, the concentration of Li2O
has been shown to have minimal effect on the measured solubility limit
of Li in LiCl-Li2O.19 The discrepancy between the various reported
values of the solubility limit of Li in LiCl may be due to the simulta-
neous action of the various dissolution mechanisms theorized for this
system.11

For the electrolytic reduction of UNF to be implemented on a large
scale, knowledge of the degradation of materials in contact with the
electrolyte is necessary, particularly for the container material. Cor-
rosion in molten LiCl-Li2O under inert or oxidizing atmospheres has
been fairly well studied, and the corrosion of various materials has been
found to follow similar mechanisms to those observed in other molten
salt systems.20–26 Primarily, the dissolution of alloying elements, and
consequently the corrosion rate, is governed primarily by the activity
of the O2− ion in the solution according to the Lux-Flood model of
salt basicity, as well as by the presence of impurities such as moisture
or transition metal halides.20,27,28 For the electroreduction process,
such models are insufficient to completely describe corrosion due to
the presence of dissolved Li. To date, very few investigations into the
effects of Li on the corrosion of materials exposed to this system have
been performed.29–34 The initial studies conducted by Indocochea,
et al. conflicted with studies conducted by Mishra and Olson due to
widely varying experimental parameters, leading to confusion about
the effect Li had on the degradation observed.29,30 Recent studies have
been performed to address these issues, but were of short term in na-
ture and did not investigate the degradation of the materials studied in
cross section.31–33 These studies showed that a transition from molten
salt based corrosion to a liquid metal attack induced degradation
occurred at approximately 0.6wt%Li, and that the concentration of
both Li and Li2O affected the corrosion processes that were observed.
Recent work by researchers at the Korean Atomic Energy Research
Institute showed that Ni displayed minimal corrosion in the absence of
Li, but underwent significant degradation in the presence of metallic
Li.34 In this light, the current study investigates the corrosion behavior
of Inconel 625 (I625) in the LiCl-Li2O-Li system at 650°C. To under-
stand the effect of oxide concentration, metal concentration and the
period of exposure, the solution chemistries studied consisted of LiCl
containing 1 or 2wt% Li2O and 0, 0.3, 0.6, or 1wt% Li, with samples
exposure periods of 500 and 1000hr. This study focusses on the
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observed degradation of I625 under these conditions by determining
the changes to the microstructure and elemental composition using
scanning electron microscopy (SEM) coupled with energy dispersive
X-ray spectroscopy (EDS) of the sample surfaces as well as their
cross sections.

Experimental

Experiments were conducted in a Vacuum Atmospheres OMNI-
LAB glove box under Ar containing less than 2ppm O2 and less than
1ppm H2O. Anhydrous LiCl, Li2O, and Ni crucibles were obtained
from Alfa-Aesar and were of 99%, 99.5%, and 99% purity, respec-
tively. Li metal of 99% purity was purchased from Strem Chemicals.
I625 coupons were cut from a 3.175mm thick plate obtained from
High Performance Alloys. The composition of this alloy as measured
via the EDS used for cross sectional investigation was 62.3wt% Ni
23.5wt% Cr, 6.5wt% Mo, 5.1% Fe, and 2.6wt% Nb.

Studies were conducted using duplicate samples, and 500 hour and
1000 hour exposures were conducted in parallel, with the 500 hour
samples removed from the experiment upon completion of the allot-
ted exposure period. A 6.5 inch inner diameter, 6 inch tall cylindrical
heater from Watlow (1500 watts) was used to maintain a temperature
of 650 ± 5°C for the duration of the exposure period. A 6 inch di-
ameter graphite block was machined to accommodate 5 Ni crucibles,
with slots machined to accommodate the sample hanging rods. This
configuration allowed for repeatable placement of the samples within
the melt during the salt replacement procedure outlined below. Two
identical furnaces were constructed to maximize the number of ex-
periments that could be ran in parallel. In operation, four experiments
were ran simultaneously in each furnace, which allowed for the extra
5th crucible location to be used for salt replacement purposes.

Prior to exposure, the metal samples were cut into 1.27cm by
1.27cm squares using a CO2 laser. The samples were then polished
to a 1 μm surface finish on both sides using a diamond abrasive and
spot welded to loops of SS316L wire for suspension from the sample
hanging rods, as was performed in our previous studies.31–33 Sample
hanging rods were made of like material to the samples, as alumina
rods proved to be incapable of withstanding the highly reducing atmo-
sphere directly over the molten solutions containing metallic Li for the
duration of these experiments. The mass of each sample was recorded
immediately prior to exposure.

Considering the evaporation of Li and Li2O over time that was
observed in other short-term studies and the extended exposure periods
of this study, the salt charge for each test was replaced at a period of
once every 96 hours to maintain the solution chemistry.31–33,35,36 To
minimize the effects of impurity H2O, LiCl was dried in a vacuum oven
in air at 200°C for 24 hours before being transferred into the glove box
for storage.31,37 Immediately prior to insertion in the primary furnace,
a cleaned Ni crucible containing the weighed amount of LiCl was dried
under Ar for 2hr in a dedicated furnace maintained at 550°C. After
insertion into the primary furnace, the LiCl was allowed 1 hour to reach
thermal equilibrium, after which time the required mass of Li2O and Li
were added to the molten salt by placing the Li2O powder and Li pellets
on top of the solution. Total salt mass contained in each crucible was
50g. The melt was allowed to equilibrate for another hour prior to the
transfer of the corrosion specimens from the old salt charge to the new
salt charge. As the concentration of Li was above the solubility limit
for the 0.6 and 1wt% tests, a significant fraction was likely present as a
colloidal suspension. Sample transfer was accomplished via specially
fabricated tongs, which allowed for the transfer time to be less than
5 seconds on average. Following transfer of the samples to the new salt
charge, the old salt charge was removed from the furnace and allowed
to cool to room temperature. The cooled salt ingot was then dissolved
in deionized (DI) water. The Ni crucible was then sanded with 600 grit
SiC paper, rinsed with DI water, cleaned with isopropyl alcohol, and
dried under vacuum prior to re-use for the next salt charge for the
same solution chemistry conditions. Two Ni crucibles were alternated
between for each solution chemistry.

Following completion of the exposure period, the samples were
removed from the furnace and allowed to cool to room temperature in
the glove box atmosphere. All samples were stored in the Ar glove box
between analytical procedures. As it was unknown if the surface films
formed on the corrosion specimens would be stable in atmosphere,
surface analysis was performed both prior to and following removal
of the residual salt layer. Following the initial surface analytical proce-
dures, residual LiCl was removed by placing each sample in 25ml of
HPLC grade methanol for 15 minutes with constant agitation. Prior to
the methanol rinsing procedure, all surface analysis was performed un-
der inert atmosphere or vacuum conditions, depending on technique.
The data presented here were collected following the methanol rins-
ing procedure, as the residual salt layer significantly interfered with
surface analysis as has been described earlier.31 No chemical or mor-
phological changes were observed as a result of the methanol rinsing
procedure. Gravimetric weight change measurements were performed
following the methanol rinsing procedure.

All samples exposed to Li containing melts were cross sectioned
using a Buehler cubic-BN wafering blade on a slow speed saw and
polished according to Buehler’s recommended polishing techniques
to a 0.05μm surface finish prior to analysis. Samples exposed to LiCl-
Li2O in the absence of Li were investigated using only FIB milling for
cross sectional analysis due to the relatively shallow depth of attack.

SEM of the sample surfaces was performed using a Hitachi S-4700
and EDS data was collected via the attached Oxford Instruments en-
ergy dispersive X-ray spectrometer. The electron beam was operated at
an accelerating voltage of 5kV for surface morphology images, while
20kV was used for collection of EDS spectra. Emission current was
maintained at 10mA. FIB milling and subsequent SEM-EDS analysis
for cross sectional images was performed using a FEI Scios dual-beam
FIB/SEM equipped with a TEAM Pegasus Integrated EDS-EBSD. The
same dual-beam FIB/SEM was used to perform the SEM-EDS analy-
sis of all of the cross sectioned samples, including those mechanically
cross sectioned and polished. The electron beam was operated at 20kV
for both imaging and EDS analysis.

The exposed surface area was calculated based on the measured
submersion depth of each sample. The average corrosion rate in
mm/year and the mass loss rate in mg cm−2 hr−1 was then calcu-
lated based on the mass change, density of the alloy, exposed surface
area, and length of exposure.

Results

The surface of I625 samples exposed to LiCl-Li2O solutions in
the absence of Li displayed a high degree of crystallinity indicative
of a well-formed oxide layer, while the surfaces of samples exposed
to LiCl-Li2O in the presence of metallic Li showed a very porous,
almost sponge-like microstructure. To illustrate these points, the SEM
micrographs taken of the I625 samples exposed to LiCl-1wt%Li2O
containing 0, 0.3, 0.6, or 1wt%Li for 500hr are shown in Figure 1.

In the absence of Li, the oxide layer is well formed and shows
evidence of a multi layered structure that is discussed in greater detail
below. EDS analysis of the area shown in Figure 1a showed that the
surface was composed of 22at% Cr, 66at%O, and 13at%Ni, with mi-
nor quantities of other elements, indicating a primarily Cr based oxide
layer. Li is not detectable via EDS, however, spectroscopic analysis
has definitively shown this compound to be LiCrO2.38 The presence
of Li in the molten LiCl-Li2O solution destabilizes the oxide layer
and forms a very porous microstructure that is similar in appearance
to a Ni foam. EDS analysis of these areas consistently showed greater
than 80at%Ni, with high depletion of Cr, Mo, and Nb, although the
Ni:Fe ratio remained close to that of the base material. There was lit-
tle difference between the microstructures observed at low and high
Li concentrations, with the microstructure of the I625 samples ex-
posed to melts containing 0.3wt%Li displaying microstructures nearly
identical to samples exposed to melts containing 1wt%Li. Exposure
periods of 500hr and 1000hr both yielded nearly indistinguishable
microstructures, as can be observed by comparing the micrographs of
I625 samples exposed to LiCl-1wt%Li2O containing 0, 0.3, 0.6, and
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Figure 1. SEM micrographs of I625 exposed to LiCl-1wt%Li2O at 650°C containing A) no Li, B) 0.3wt%Li, C) 0.6wt%Li, and D) 1wt%Li for 500hr and rinsed
with methanol.

Figure 2. SEM micrographs of I625 exposed to LiCl-1wt%Li2O at 650°C containing A) no Li, B) 0.3wt%Li, C) 0.6wt%Li, and D) 1wt%Li for 1000hr and rinsed
with methanol.
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Figure 3. SEM micrographs taken at (A) low magnification and (B) high magnification of the highlighted area on the I625 sample exposed to LiCl-2wt%Li2O-
0wt%Li at 650°C for 500hr after methanol rinsing. The delamination of the outer surface layer on this sample provided a unique opportunity to examine the layered
structure of the oxide films that form on I625 upon exposure to molten LiCl-Li2O in the absence of Li. The compositions of Layers 1 through 4 in image B were
obtained via EDS analysis and are given in Table II, below.

1wt%Li for 1000hr shown in Figure 2 to the micrographs presented
in Figure 1.

Variations in Li2O concentration and exposure length did not dra-
matically alter the morphology observed on I625 samples exposed to
LiCl-Li2O-Li compared to those shown in Figures 1 and 2. Consis-
tent morphology was observed in the presence of Li, with all sam-
ples displaying similar structures. Likewise, in the absence of Li, a
well-developed, highly crystalline oxide layer was consistently ob-
served. Additionally, the surface of the I625 sample exposed to LiCl-
2wt%Li2O-0wt%Li for 500hr had a small number of locations where
the oxide layer had partially delaminated, which allowed for direct
observation of the layered structure of the oxide films formed on I625
during exposure to LiCl-Li2O in the absence of Li. SEM micrographs
of one of these locations are shown in Figure 3, and the compositions
of locations 1 through 4 detected via EDS are given in Table I.

The presence of a multilayered oxide structure is easily discernable
in this image. Each layer was analyzed using EDS at the spots marked
by the arrows. The layers were numbered 1 through 4 starting with the
innermost and proceeding outward. Due to the composition of Layer
2 and the lack of Ti in both Layers 1 and 2, which is present as an
impurity in the Li2O used in this study, it is thought that Layer 1 is
the result of the inward diffusion of O into the base material. The O
concentration of Layer 2 is much lower than in any of the other layers
observed here, and its composition is the most similar to the base
alloy, although all areas analyzed were notably depleted in Mo and
Nb. The size of the grains in Layer 2 and their relative orientations
are also similar to the morphology of the I625 samples exposed to
LiCl-Li2O in the presence of Li, as can be observed by comparison
with Figures 1 and 2, indicating that this is likely the base material

Table I. EDS compositional analysis obtained for locations 1
through 4 marked in Figure 3B for the I625 sample exposed to
LiCl-2wt%Li2O-0wt%Li at 650°C for 500hr.

Layer 1 Layer 2 Layer 3 Layer 4
Element Atomic% Atomic% Atomic% Atomic%

C 5.07
O 62.43 11.22 61.07 65.48

Mg 1.35 2.56 3.14
Cl 0.41 0.27 0.47
Cr 18.34 3.33 12.99 20.07
Fe 0.61 3.74 1.21 0.32
Ni 15.23 80.97 21.44 5.13
Nb 0.9
Mo 0.73 0.74
Ti 0.46 0.32

which has been depleted in Cr to facilitate the outward growth of
Layers 3 and 4. These outermost layers differ in both morphology and
composition, suggesting a difference in the compounds that compose
them. Layer 3 is the layer closest to the base material, and has a plate-
like morphology. The high Ni content of Layer 3 compared to Layer
4 implies that Layer 3 is composed of primarily NiFexCr2-xO4 with a
relatively low value of x, while Layer 4 is primarily LiCrO2 based. Both
Layer 3 and Layer 4 have incorporated Ti from the impurities present
in the Li2O used in this study. The spheroidal morphology of Layer
4 suggests that its growth begins at specific nucleation sites. Some
of these spheroids from Layer 4 appear to be broken or incompletely
formed, showing that they are hollow. Figure 4 shows the results of
EDS mapping of Ni, Fe, Cr, and O for the same location shown in
Figure 3 which further highlights the differences between the layers
observed on this sample.

Cross section SEM-EDS.—The cross sections of the samples
were investigated to determine the depth to which the degradation
of the surface penetrated into the bulk of the sample. In the absence
of Li, the penetration into the bulk of the sample was minimal, as
evidenced by Figures 5 and 6, which show the FIB milled cross section
of the I625 samples exposed to LiCl-1wt%Li2O-0wt%Li at 650°C
for 500hr and 1000hr, respectively. Small pores of less than 2μm
in diameter were observed immediately below the outer oxide layer
for the 500hr sample, corresponding to a layer of Mo enrichment as
evidenced in Figure 5d. As shown in the EDS analysis of this sample
previously, the oxide layer does not incorporate a significant amount
of Mo, indicating that the surface enrichment of Mo is deleterious to
the integrity of the base material. At an exposure period of 500hr, the
thickness of the oxide layer is approximately 1μm, while the thickness
of the Mo enriched layer containing the pores is approximately 2μm.
Based on a total thickness of 3μm, the corrosion rate was calculated
to be 0.05mm/year.

Careful observation of the EDS maps in Figures 5b through 5f
show that Cr is depleted in this region. Consequently, our hypothesis
is that the pores are a result of the diffusion of Cr toward the surface to
form the outer oxide layer, causing contraction of the base material at
the interface between the base alloy and the oxide layer. As corrosion
proceeds, the diffusion of Cr from the bulk alloy becomes the limiting
factor, and the surface of these voids then offer the path of least resis-
tance to allow reaction of Cr with the salt to form the Cr-based oxide
layer. The increased volume of the oxide eventually fills in the void
space. The growth and subsequent infill of these voids may give rise to
the multi-layered oxide structure observed on the samples exposed to
identical conditions for 1000hr in Figure 6. The lack of voids observed
in Figure 6 may be due to the path required for diffusion of Cr from
the alloy. This is supported by near complete depletion of Cr in the Ni
and Fe rich layers between the Cr-based oxides.
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Figure 4. SEM images and EDS maps of the same area for the I625 sample exposed to LiCl-2wt%Li2O-0wt%Li for 500hr. (A) SEM micrograph same as in
Figure 3B given for reference, taken at 5kV accelerating voltage, (B) EDS map of O Kα, (C) EDS map of Cr Kα, (D) SEM micrograph of same area, taken at 20kV
accelerating voltage (E) EDS map of Fe Kα, and (F) EDS map of Ni Kα. For the EDS maps, lighter tones indicate higher concentrations of that element.

Figure 5. SEM micrograph (a) and EDS mapping analysis of the FIB milled
trench on the I625 sample exposed to LiCl-1wt%Li2O-0wt%Li for 500hr show-
ing variations in concentration of (b) Cr, (c) Ni, (d) Mo, (e) Fe, and (f) O. The
sample surface is observed as the image was taken at an angle of 52° from
normal to the plane of the sample. The delineation between sample surface
and cross section is demarked by the location of the abrupt change in intensity
of all elements. Cr is seen to be enriched on the surface of the sample, while
Mo is slightly enriched just below the outer corrosion layer. Oxide thickness
is approximately 1μm, while the depth to the bottom of the lowest void space
is 2.25μm.

For the I625 sample exposed to LiCl-1wt%Li2O-0wt%Li for
1000hr, the corrosion rate was approximately 0.07mm per year,
indicating that corrosion was approximately linear for these experi-
ments. The oxide film was well developed, and showed a multi-layered
structure similar to that shown for the I625 sample exposed to LiCl-
2wt%Li2O-0wt%Li for 500hr in Figures 3 and 4. The Mo enriched
layer below the outer corrosion layer was still observed, however,
there were no voids located in this area as there were on the 500hr
sample. Mo accumulation was also observed at the grain boundaries,
along with Cr and Nb, which is likely due to thermal aging of the
microstructure, rather than a result of exposure to the molten LiCl-
Li2O solution.39 Although enrichment of Cr, Mo, and Nb were ob-
served along the grain boundaries, carbon was not observed at these
locations, so it cannot be concluded that sensitization was observed.
Corrosion did not proceed along the grain boundaries, so it seems that
the enrichment of the grain boundaries in Cr, Mo, and Nb did not
negatively impact the observed corrosion rate. However, sensitization
followed by intergranular corrosion was observed in our previous work
on SS316L under similar conditions.36

As was observed via SEM imaging of the sample surfaces, the
cross sections of the I625 samples exposed to LiCl-Li2O in the pres-
ence of Li were consistent in morphology and showed an outer layer
of a highly porous Ni rich foam-like structure. The formation of this
porous layer is believed to be a result of the selective dissolution of
Cr, Mo, and Nb from the base material, leaving the Ni-Fe matrix in
place, similar to the formation of Rainey Nickel by the selective dis-
solution of Al from Ni-Al alloys.40 This mechanism is likely similar
to the void formation observed in Figure 5a, as diffusion of elements
within the alloy is unlikely to be affected by the solution chemistry.
The SEM images of the cross sections of the I625 samples exposed
to LiCl-1wt%Li2O containing 0.3, 0.6, or 1wt% Li at 650°C for 500
and 1000hr are shown in Figure 7. For the sample exposed to LiCl-
1wt%Li2O-0.3wt%Li for 500hr, the porosity penetrated into the sur-
face to a depth of approximately 30μm, corresponding to a corrosion
rate of 0.53mm/year. However, all other samples consistently showed
a penetration depth of 15μm, regardless of Li concentration or pe-
riod of exposure, indicating that a direct measure of the corrosion rate
is not necessarily applicable for these specimens. The similarity in
the morphology and depth of attack regardless of Li concentration or

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 134.197.0.22Downloaded on 2019-09-01 to IP 

http://ecsdl.org/site/terms_use


Journal of The Electrochemical Society, 166 (6) C162-C168 (2019) C167

Figure 6. SEM micrograph (a) and EDS mapping analysis of the FIB milled
trench on the I625 sample exposed to LiCl-1wt%Li2O-0wt%Li for 1000hr
showing variations in concentration of (b) Cr, (c) Ni, (d) Mo, (e) Fe, (f) Nb, (g)
Ti, and (h) O. The multi-layered structure observed here corresponds to a similar
oxide layer structure observed in Figures 3 and 4. Again, Mo enrichment is
seen immediately below the corrosion layer, without significant incorporation
of Mo into the oxide layer itself. The precipitate seen at a depth of 17μm
consists largely of Ti, Mo, and Nb. Cr, Mo, and Nb were also observed to be
enriched along the grain boundaries.

exposure period indicates that there may be a threshold concentration
of Li necessary to cause this morphology and that threshold is likely
below 0.3wt%, and the reactions responsible for pore formation may
not be diffusion controlled. Further studies at Li concentrations below
0.3wt% would be necessary to determine at what concentration this
morphology begins to be observed as well as the mechanisms responsi-
ble for pore formation. Due to the presence of metallic Li, liquid metal
embrittlement may play a role in the formation of the microstructures
observed here, although verification of this hypothesis would require
further investigation.

The variation in composition as a function of depth was investigated
via EDS of the cross sections. As all samples exposed to LiCl-Li2O
in the presence of Li displayed similar variations in composition, the
SEM-EDS results for the I625 sample exposed to LiCl-1wt%Li2O-
1wt%Li at 650°C for 1000hr are shown in Figure 8, while spot EDS
analysis for the locations shown in Figure 8a are given in Table II. Cr,
Mo, and Nb are all significantly depleted from the material remain-
ing in the porous layer, leaving primarily Ni, with Fe remaining at
approximately the same ratio as in the base material. The depletion
of Cr, Mo, and Nb was also observed to irregularly penetrate into the
sample beyond the depth of the porous layer. The loss of the amount

Figure 7. Cross section SEM images for I625 samples exposed to LiCl-
1wt%Li2O containing 0.3wt% Li for (a) 500hr or (b) 1000hr, 0.6wt%Li for
(c) 500hr or (d) 1000hr, or 1wt%Li for (e) 500hr or (f) 1000hr. The porous
microsctructure observed via SEM of the sample surface was also observed in
cross section, and was consistent amongst sample exposed to LiCl-Li2O in the
presence of Li.

Figure 8. SEM micrograph (a) and EDS mapping analysis of the cross section
of the I625 sample exposed to LiCl-1wt%Li2O-1wt%Li for 1000hr showing
variations in concentration of (b) Cr, (c) Ni, (d) Mo, (e) Fe, and (f) Nb. Locations
marked 1, 2, and 3, were analyzed via point analysis, which is presented in
Table II.
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Table II. EDS spot analysis of the locations demarked in Figure 8a
for the I625 sample exposed to LiCl-1wt%Li2O-1wt%Li for
1000hr. The outermost layer was depleted in Cr compared to the
base material, while the dark spots seen in some locations on these
samples did not show any observable variation in composition
compared to the base material.

Element Spot 1 (wt%) Spot 2 (wt%) Spot 3 (wt%)

Nb - 2.87 2.97
Mo 4.86 7.18 7.19
Cr 5.31 22.34 23.7
Fe 8.35 5.17 5.17
Ni 81.48 62.45 60.98

of Cr, Mo, and Nb necessary to reach the composition of spot 1 shown
in Figure 8a represents the loss of a significant fraction of the material,
which may account for the porous microstructure seen on this sample
and other I625 samples exposed to LiCl-Li2O in the presence of Li.

Conclusions

I625 samples were exposed to molten LiCl solutions containing 1
or 2wt% Li2O and 0, 0.3, 0.6, or 1wt% Li maintained at 650°C for
periods of 500 and 1000hr to investigate the effect of metallic Li on the
degradation of the material. In the absence of metallic Li, I625 formed a
highly crystalline, stable oxide film with a multi-layered structure that
limited corrosion to approximately 0.05 to 0.07mm/year. The presence
of metallic Li in solution prevented the formation of any substantial
oxide film, resulting in a highly porous, foam-like structure. The de-
pletion of Cr, Mo, and Nb from the surface was also observed on
these samples via EDS, indicating that these elements were preferen-
tially leached from the base material by the molten solution. The loss
of these elements from the sample surface, which together constitute
one-third of the material, is likely responsible for the highly porous
microstructure observed.
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