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Pyroprocessing of spent nuclear fuels uses the LiCl–KCl molten salt as an electrolyte,
which contains dissolved fission products and can be very corrosive to the structural
alloys. This study investigates the effect of EuCl3 on the corrosion behavior of four
commercial alloys: Haynes C276, Inconel 600, Incoloy 800, and 316L stainless steel.
Static immersion tests and electrochemical polarization measurements were carried out in
molten LiCl–KCl salts with and without EuCl3 additives at 500°C. The results showed that
the presence of EuCl3 caused the severe dissolution of Ni, Fe, and Cr from alloys,
accompanied by the cathodic reduction of EuCl3 to EuCl2. All alloys suffered from
intergranular dissolution and cracking, with additional pitting and void attacks for
Incoloy 800 and 316L stainless steel.
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1 INTRODUCTION

Nuclear energy produces carbon-free electricity and plays an important role in reducing the carbon
emissions. However, for the sustainable development of nuclear energy, the spent nuclear fuels
(SNFs) must be reprocessed to recycle the fertile and fissile materials (e.g., uranium) and to minimize
the radioactive nuclear waste. Pyroprocessing is a next-generation SNF reprocessing technology
based on molten salt electrolysis. Compared to the conventional hydrometallurgy process,
pyroprocessing exhibits some usual benefits, including high resistance to radiation, less
proliferation risk, minimum radioactive waste, and low criticality safety risk (IAEA, 2008).

The electrorefining of uranium in LiCl–KCl molten salt is the key step of pyroprocessing. As the
formation of the protective oxide layer on the alloy surface is challenged in molten chloride media,
the structural alloys used for the construction of an electrorefiner may suffer corrosion attack during
its design life (e.g., 40 years). To screen the candidate alloys, several studies have evaluated the
corrosion resistance of commercial alloys in LiCl–KCl molten salt (Shankar et al., 2010; Shankar
et al., 2013a; Shankar et al., 2013b; Rao et al., 2015). In general, alloys exhibit preferential dissolution
or oxidation of the active element Cr, which is induced by impurities such as moisture and oxygen in
the molten salt. The weight loss for all alloys tested under an inert atmosphere is insignificant.
However, it should be noticed that a high concentration of actinide and fission products (e.g., Cs, Sr,
and lanthanides) are dissolved as their chloride products in LiCl–KCl molten salt during
electrorefining. UCl3 was found to have an activating effect on the corrosion, especially the
localized corrosion, at grain boundaries of EP-823 steel in molten LiCl–KCl salt, while CeCl3
and NdCl3 showed a weak inhibitory effect (Nikitina et al., 2019). However, there is also a study that
observed little corrosion for alloys exposed to LiCl–KCl–UCl3 molten salt (Rao et al., 2018). The
soluble fission product Cs may induce severe intergranular cracking and void attacks, as observed for
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stainless steels and a single-crystal superalloy in LiCl–KCl–CsCl
molten salt (Hofmeister et al., 2015). The addition of LaCl3
decelerates the corrosion rate of pure nickel because of the
formation of a protective LaOCl film (Karfidov and Nikitina,
2019). In our previous study (Guo et al., 2020), EuCl3 was
revealed to be very oxidizing in LiCl–KCl molten salt, which
caused the rapid dissolution of Inconel 718 and Alloy 709 with
additional intergranular cracking in Inconel 718. In theory,
chlorides of uranium and fission products may influence the
alloy corrosion by oxidation or chlorination of the oxide layer.
This may be illustrated using electrochemical characterization
and a thermodynamical phase diagram, which has not been
visited. Therefore, this study further investigated the effect of
EuCl3 on the corrosion behaviors of four commercial alloys in
LiCl–KCl molten salt using the E-pO2− diagram, electrochemical
polarization, and immersion tests.

2 MATERIALS AND METHODS

Haynes C276, Inconel 600, Incoloy 800, and SS 316L were tested in
this study. The chemical compositions of the four commercial alloys
are shown in Table 1. Alloy coupons with a dimension of 15mm ×
5mm × 2mmwere wire cut from the alloy bars provided by Jiuli Hi-
TechMetals. A 2-mm-diameter hole wasmade at the top center of the
coupon for hanging using a nickel wire. All couponswere groundwith
SiC papers up to 1,500 grit and then polished with 3.0- and 0.3-µm
alumina polishing agent. Before testing, each coupon was
ultrasonically cleaned with acetone, ethanol, and deionized water.

All tests and salt preparations were conducted in an argon-
filled glove box (Mikrouna Universal) in which the
concentrations of moisture and oxygen contaminations in the
Ar atmosphere were controlled less than 0.01 and 1 ppm,
respectively. All salt constituents were procured from Aladdin
with purity of 99% for LiCl, 99.99% for KCl, and 99.9% for EuCl3.
For each test, approximately 70 g of LiCl–KCl eutectic with
desired EuCl3 concentration was weighed using an analytical
balance (Mettler, 10−4 g accuracy) and then mixed in an alumina
crucible. The crucible was put into a muffle furnace equipped
with three-electrode assembly on the lid. Prior to testing, the salt
was dehydrated at 200°C for 1 h to minimize the O2− byproduct
that may result from dehydration at evaluated temperatures. A
test temperature of 500°C was selected, which is the typical
operating temperature in the spent fuel electrorefiner. No HCl
or CCl4 gas sparging was performed to further remove the
possible O2− impurities in the melt.

Once the salt was melted at 500°C, alloy samples attached with
nickel wires were lowered into the salt solution. The duration for

the immersion test was 24 h. After the test, alloy samples were
naturally cooled to room temperature, and the residual salt on the
coupon surface was cleaned with deionized water and ethanol.
The corrosion morphologies and chemical compositions of the
corroded samples were characterized using scanning electron
microscopy (SEM, Zeiss GeminiSEM 500) equipped with
energy dispersive spectroscopy (EDS, Oxford Ultim Max 50).

Electrochemical measurements were carried out using a
Gamry Interface 1010E potentiostat. The electrodes were
isolated using quartz tubes and inserted through electrode
holes customized on the furnace lid. The counter electrode is a
3-mm-diameter graphite rod. The Ag/AgCl reference electrode
was made by dipping a 0.5-mm-diameter silver wire in the
LiCl−KCl eutectic salt with addition of 1 wt% AgCl. The
reference salt was contained in a 5-mm NMR tube. In this
paper, all electrode potential values are reported versus the
Ag/AgCl reference electrode unless otherwise specified. Alloy
samples were used as the working electrode for the polarization
measurement. The potentiodynamic scan was performed after
the stabilization of the open circuit potential (OCP), which
typically took less than 1 h. The potential was swept
from −0.15 to +0.5 V versus the OCP at a scan rate of
0.167 mV/s. Cyclic voltammetry (CV) was also carried out
using a 1-mm-diameter tungsten rod as the working electrode
to monitor the evolution of soluble ionic corrosion products in
the molten salt at a scan rate of 100 mV/s.

3 RESULTS

3.1 Thermodynamics and Corrosion
Kinetics
Owing to the hydrophilic nature of chloride salt, moisture is the
most common contaminant that will react with chlorine ions to
form oxide ions according to H2O(g) + 2Cl− ↔O2− +
2HCl(g) (Córdoba and Caravaca, 2006). At sufficiently high
concentrations of oxide ion impurities, formation of insoluble
oxide products rather than soluble chloride products might be
possible during the metal corrosion process in molten chloride
media. The thermodynamical stability domains of elements in
their different forms as a function of electrode potential and salt
basicity can be illustrated using the E-pO2− diagram. Here, the
salt basicity is defined as pO2− � −log aO2− . The calculated
E-pO2− diagrams for nickel, iron, chromium, molybdenum,
and europium in LiCl–KCl molten salt at 500°C are plotted in
Figure 1. The equilibrium lines for reactions involving the metal
chlorides were calculated at a MCln activity of 10

−6. The electrode
potential was plotted versus Ag/AgCl by considering the

TABLE 1 | Chemical compositions of the alloys (wt%).

Alloy Cr Fe Ni Mo Al Si C W Mn Others

Haynes C276 16.17 6.22 Bal. 16.08 0.28 − − 3.21 − Cu 0.079, Co 0.057, V 0.081
Inconel 600 15.716 9.904 Bal. − − 0.118 0.024 − 0.396 Cu 0.11
SS 316L 16.3 Bal. 10.15 2.57 − 0.48 0.015 − 0.97 −

Incoloy 800 22.2 Bal. 33.8 0.01 0.41 0.51 0.018 − 0.75 Ti 0.43, Cu 0.11
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correlation between the standard potential of Ag/AgCl with that
of Cl2/Cl

− in LiCl–KCl (Fusselman et al., 1999). According to
these diagrams, molybdenum is more immune to chlorination
than nickel, iron, and chromium,
i.e., EMo/MoCl2 >ENi/NiCl2 >EFe/FeCl2 >ECr/CrCl2. With regard to
the oxidation, the formation of Cr2O3 and MoO2 is
thermodynamically favored at relatively lower O2−

concentrations in comparison with oxides of nickel and iron.
It is also noticed that the stability domain of EuCl3 is located at
much more positive potentials than the immune domains of Ni,
Mo, Fe, and Cr. Hence, EuCl3 can serve as a strong oxidant to
cause corrosion of these metals in molten chlorides during which
EuCl3 is reduced to soluble EuCl2, i.e., Eu3+ + e− → Eu2+. For the

reference, the reported standard formal potentials (vs. Ag/AgCl)
evaluated from the electrochemical measurements in LiCl–KCl
molten salt at 450°C are 0.364 V for Eu(III)/Eu(II), 0.189 V for
Ni(II)/Ni, −0.187 V for Fe(II)/Fe, and −0.441 V for Cr(II)/Cr,
respectively (Laitinen and Liu, 1958; Zhang, 2014).

To identify the corrosion kinetics of Haynes C276, Inconel
600, SS 316L, and Incoloy 800, potentiodynamic scan was
conducted with a scan rate of 0.167 mV/s in the anodic
direction. As shown in Figure 2A, all four alloys exhibit active
dissolution at their natural corrosion potentials. The corrosion
potentials are all located near the chlorination potential of Fe.
This suggests the dissolution of Cr from Incoloy 800 and
additional dissolution of Fe for other three alloys at the

FIGURE 1 | E-pO2− diagrams calculated at 500°C for Cr (A), Fe (B), Ni (C), Mo (D), and Eu (E) in LiCl–KCl.
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corrosion potential. It is also noticed that the anodic dissolution
rates of Haynes C276 and Inconel 600 are considerably lower
than those of SS 316L and Incoloy 800. This should be attributed
to the lower Cr and Fe content in nickel alloys of Haynes
C276 and Inconel 600. The anodic passivation was observed in
the potential range starting from approximately −0.5 V, where
formation of oxides of Cr, Fe, and Mo are possible. With the
increase of potential, all alloys suffered from transpassive
dissolution above −0.2 V that corresponds to the chlorination
potential of Ni. In comparison, the changes of cathodic current
near the OCP is more enhanced, following an order of Haynes
C276 > Inconel 600 = SS 316L > Incoloy 800. This is in the same
trend with the changes in the corrosion potential. It is clear that
the increase in the cathodic reaction rate is responsible for the
increase in the corrosion potential, considering that it takes away
excess electrons with negative charges from the alloy surface. The
cathodic reaction should be contributed to the impurities in the
salt such as moisture, oxygen, and metallic impurities. Because all
alloy specimens are tested in the same salt under a well-controlled
atmosphere, the increase in the cathodic reaction rate may
indicate a decrease in the work function of the alloy, which
defines the energy for losing an electron from the alloy matrix.

Figure 2B shows the polarization curves of the four alloys
obtained in the LiCl–KCl–2 wt% EuCl3. Compared to the blank
LiCl–KCl salt, the cathodic current is increased by approximately
two orders of magnitude because of the presence of oxidizing

EuCl3. The corrosion potentials of all alloys are thus increased to
values of above −0.2 V, which corresponds to the chlorination
potential of nickel. At these potentials, the alloys undergo
transpassive dissolution, as we previously observed in
Figure 2A. It is reasonable to infer that all alloy elements
including noble nickel are actively dissolved in the presence of
EuCl3. The reduction of EuCl3 to EuCl2 should be responsible for
the cathodic reaction. The feature of the limiting diffusion current
observed in the cathodic polarization curves indicates that the
reduction rate of EuCl3 is very fast and limited by the diffusion
rate of Eu(III) ions from the bulk solution to the metal surface.
Increase in the EuCl3 concentration results in the increase in the
cathodic limiting current density, as shown in Figure 2C. It
should be mentioned that the increment of the limiting current is
not proportional to the increase in the nominal concentration of
EuCl3 as suggested by Eq. 1. This is probably because of the
thermal decomposition of EuCl3 to EuCl2,
i.e., 2EuCl3 � 2EuCl2 + Cl2(g) (Kuznetsov and Gaune-Escard,
2001; Kuznetsov et al., 2005).

id � nFDc0/δ (1)
where id is the diffusion current density in A/cm

2; n is the number
of transferred electrons; F = 96,485 C/mol is the Faraday constant;
D is the diffusion coefficient of Eu(III) ions in m2/s; c0 is the
concentration of Eu(III) ions in mol/cm3; and δ is the thickness of
the Nernst diffusion layer in cm.

FIGURE 2 | Polarization curves of alloys obtained in the molten salt at 500°C: (A) LiCl–KCl; (B) LiCl–KCl–2 wt% EuCl3; (C) SS 316L in LiCl–KCl–EuCl3; and (D) the
corrosion rates calculated from the corrosion current densities in (A), (B), and (C).
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The corrosion current density was determined by the
extrapolation of the cathodic polarization curve at the
corrosion potential. For the case of EuCl3, the corrosion
current equals the cathodic limiting current. The rate of alloy
corrosion vcorr in mm/a can be converted from the corrosion
current density icorr according to Eq. 2:

v � 3.27icorr A
nρ

(2)

where icorr is the corrosion current density in A/cm2, A is the
atomic weight in g/mol, n = 2 is the number of electrons lost for
metal dissolution, and ρ is the density of the alloy in g/cm3. As
shown in Figure 2D, the corrosion rate of the tested alloys in the
blank LiCl–KCl molten salt is in the range of 0.06–0.28 mm/a.
This should meet the requirements for the construction of an
engineering-scale spent fuel electrorefiner, which typically has a
design life of more than 40 years. However, as the electrorefining
proceeds, soluble fission products including europium are
gradually accumulated in the salt electrolyte. If considerable
amount of europium is accumulated in the salt, e.g., 2 wt%
EuCl3, the corrosion rate of commercial alloys can be
accelerated to tens of millimeters per year (see Figure 2D),
which is unacceptable.

The corrosion products dissolved in the molten salt after the
polarization tests were monitored using CV measurement. As
shown in Figure 3, three pairs of redox peaks are observed from
the cyclic voltammograms recorded in LiCl–KCl–2 wt% EuCl3
melt. The cathodic peak centered at 0.17 V corresponds to the
reduction of EuCl3, which is a one-electron exchange process with
the formation of soluble EuCl2 (Kim et al., 2011). Another two
pairs of redox peaks are clearly observed with onset potentials
of −0.13 and −0.47 V. According to reported formation potential
values in the literature (Guo et al., 2018), these two peaks are
associated with the redox behaviors of soluble Ni(II) and Fe(II)
ions in the molten salt. Hence, it is evident that considerable

amounts of nickel and iron from the alloy specimens were
chlorinated by EuCl3 during the anodic polarization. There are
no soluble Cr and Mo ions detected from the CV signals. This
might be because of the formation of chromium and
molybdenum oxides, which can be formed at relatively lower
O2− concentrations than those of Ni and Fe (see Figure 1).
Nevertheless, the formed oxides must be nonprotective and
might be destabilized from the alloy surface. Accumulation of
black oxide powders had been previously observed after the
corrosion of Alloy 709 and Inconel 719 in LiCl–KCl–EuCl3
melt (Guo et al., 2020).

3.2 Scanning Electron Microscopy
Corrosion Morphologies
To identify the influence of EuCl3 on the corrosion morphologies,
corrosion tests were carried out in LiCl–KCl and LiCl–KCl–2 wt
% EuCl3 molten salts at 500°C. Considering the fast dissolution
rate of alloys in the presence of EuCl3, the test duration must be
limited to prevent the premature running out of the EuCl3 in the
salt solution. Once all EuCl3 has been consumed, reduction of the
soluble nickel corrosion product will be involved in the corrosion
process. This results in the formation of a metallic nickel layer on
the alloy surface, making it unsuitable for the observation of the
europium-induced corrosion attack (Guo et al., 2020). In theory,
a reduction of 2 wt% EuCl3 in 70-g LiCl–KCl salt mixture will
chlorinate approximately 0.15 g of Fe, which corresponds to 170-
µm corrosion depth for each side of the tested alloy specimen.
According to the corrosion rates determined from the
polarization curves in Figure 3D, the calculated corrosion
depths are 91 ± 5 µm after 24 h of immersion. Therefore, the
test duration of 24 h is good to observe the corrosion attack
induced by EuCl3 and to avoid the depletion of EuCl3.

3.2.1 Haynes C276
Figure 4 shows the SEM images of Haynes C276 alloy specimens
after 24 h of immersion in LiCl–KCl and LiCl–KCl–2 wt% EuCl3
molten salts. After immersion in LiCl–KCl salt, the alloy surface is
quite flat without formation of any corrosion product. The
fluctuation of the surface is much less than the corrosion
depth calculated from the corrosion rate in Figure 2D, which
is 0.95 µm after 24 h of immersion. Hence, it can be deduced that
Haynes C276 suffered uniform corrosion at very limited rate in
the blank LiCl–KCl salt. However, after the addition of 2 wt%
EuCl3 in the initial salt, severe intergranular corrosion attack with
an average depth of approximately 29 µm was observed (see
Figures 4C,D). As the grain boundary is a rapid diffusion
channel for alloy elements, the intergranular dissolution is a
common feature in molten halide salts where formation of a
protective oxide layer is not favorable (Fabre et al., 2013;
McAlpine et al., 2020). This is more pronounced in this case
because the alloy dissolution rate is significantly enhanced by the
oxidizing EuCl3. EDS mapping of the cross-sectional images
demonstrated that elements of Ni, Fe, and Cr are dissolved,
while Mo seems only partially dissolved and segregates near
the grain boundaries. This might be because of the relatively

FIGURE 3 | Cyclic voltammetry curves recorded on tungsten WE after
the polarization tests in LiCl–KCl–2 wt% EuCl3 molten salt.
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positive chlorination potential of Mo and possible formation of
MoO2 at lower O

2− concentrations (see Figure 1).

3.2.2 Inconel 600
For Inconel 600, no obvious corrosion except some nickel-rich
particles were observed from the SEM surface image (see
Figure 5A). As suggested from the shape of the particle
locations, these Ni-rich particles might be the intergranular
precipitates that resulted from the selective dissolution of Cr
at the grain boundaries. The cross-sectional image shows some
surface roughness. In comparison, the presence of 2 wt% EuCl3 in
the melt largely accelerated the alloy corrosion. As shown in
Figures 5C,D, significant intergranular corrosion with some well-
developed intergranular cracks up to a depth of 60 µm was clearly
observed. The EDS mapping of the cross-sectional images was
checked, which showed a uniform distribution of elements Ni, Fe,
and Cr in the alloy matrix. This means that all alloy elements are
dissolved at a similar rate because of the addition of EuCl3. In
addition, oxygen was not detected at the alloy interface from the
EDS analysis results.

3.2.3 Incoloy 800
As can be seen from Figures 6A,B, the immersion of Incoloy 800 in
LiCl–KCl molten salt only results in slight surface roughening. The
EDS mapping of the cross-sectional image found no obvious Cr
depletion in the near-surface region, which might be because of the
very low dissolution rate. After the addition of 2 wt% EuCl3, Incoloy
800 suffered from severe intergranular corrosion up to a depth of
65 µm. Dense cracks were clearly observed at the grain boundaries.
There are also some voids distributed in the near-surface corroded
region, which should be because of the depletion of alloy elements.
Although the polarization curves indicated the lowest general
dissolution rate of Incoloy 800, the intergranular corrosion and
void attack are more severe than those of Inconel 600.

3.2.4 SS 316L
SS 316L exhibits corrosion features similar to those of Incoloy 800.
Little corrosion attack was observed on SS 316L immersed in
LiCl–KCl molten salt. After the addition of EuCl3, SS 316L
suffered from severe intergranular attack and additional pitting
corrosion. With the rapid dissolution of alloy elements at the

FIGURE 4 | (A) scanning electron microscopy (SEM) surface image and (B) cross-sectional backscattered electron SEM image of Haynes C276 after 24-h
immersion in LiCl–KCl. (C) SEM surface image and (D) cross-sectional image of Haynes C276 after 24-h immersion in LiCl–KCl–2 wt% EuCl3. (E) energy dispersive
spectroscopy (EDS) mapping results of SEM image (D).

Frontiers in Materials | www.frontiersin.org July 2022 | Volume 9 | Article 9582966

Chang et al. EuCl3 Induced Molten Salt Corrosion

https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


FIGURE 5 | (A) SEM surface image and (B) cross-sectional backscattered electron SEM image of Inconel 600 after 24-h immersion in LiCl–KCl. (C) SEM surface
image and (D), cross-sectional image of Inconel 600 after 24 h immersion in LiCl–KCl–2 wt% EuCl3.

FIGURE 6 | (A) SEM surface image and (B) cross-sectional backscattered electron SEM image of Incoloy 800 after 24-h immersion in LiCl–KCl. (C) SEM surface
image and (D) cross-sectional image of Incoloy 800 after 24-h immersion in LiCl–KCl–2 wt% EuCl3.
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grain boundaries, the cracks were formed and propagated deeply
along the grain boundaries up to a depth of 42 µm.Many voids were
observed near the grain boundaries region, which is a clear sign of
diffusion of alloy elements from the grain matrix to the gran
boundaries. Therefore, it can be deduced that the intergranular
cracks were formed by the enhanced anodic dissolution mechanism
at the grain boundaries. In addition, the size of the pits seems closely
related to the grain size, ranging from several to hundreds of
micrometers. As shown in Figure 7D, some grains at the surface
were totally isolated from the alloy matrix by the intergranular
cracks. In due course, the isolated grain may be peeled off from the
bulk alloy, resulting in the formation of surface pitting.

According to above observations, Haynes C276, Inconel 600,
Incoloy 800, and SS 316L all exhibit rapid dissolution of elements
of Ni, Fe, and Cr because of the presence of EuCl3 in the salt. The
polarization results indicated a general dissolution rate of
19.00~31.26 mm/a at a 2 wt% EuCl3 concentration. Such a
high dissolution rate leads to severe localized attacks including
intergranular corrosion cracks, voids, and pitting corrosion.
Therefore, the fission product europium is a threat to the
construction of the spent fuel electrorefiner using these
commercial alloys. During the electrorefining of the spent
nuclear fuel, lanthanides as a main group of fission products
was dissolved in the LiCl–KCl electrolyte salt. The concentration
of the soluble europium product depends on the burn-up of the
spent fuel and the reprocessing time. Let us take the EBR-II spent
metallic fuel as an example. An accumulation rate of
approximately 3 wt% lanthanide fission products in the salt

electrolyte per ton of processed uranium was found during the
treatment (Bae et al., 2010). Although the contribution of
europium to the lanthanide fission product group is typically
only approximately 1–2 wt%, its concentration will increase with
the processing time. Hence, the concentration of EuCl3 must be
controlled below a limiting value where the corrosion rate satisfies
the design life of the electrorefiner (e.g., 40 years). This may be
achieved by periodic replacement of the electrolyte salt or by
removal of the europium products using separation techniques
such as electrochemical deposition. It should also be
acknowledged that the presence of other fission products may
mitigate the europium-accelerated corrosion, as recently
observed in LiF–NaF–KF molten salt (McAlpine et al., 2020).
The reason might be the complex salt redox conditions involving
other fission products that may neutralize some portions of
Eu(III) to nonoxidizing Eu(II). It is also worthy to notice that
the corrosion rate is also influenced by the addition of UCl3,
CeCl3, and NdCl3 in LiCl–KCl molten salt (Nikitina et al., 2019).
Therefore, further experimental investigations in the simulated
electrolyte salt including UCl3 and miscellaneous soluble fission
products at various concentrations are necessary.

4 CONCLUSION

In the present study, the corrosion of Haynes C276, Inconel 600,
Incoloy 800, and SS 316L were carried out in molten LiCl–KCl and
LiCl–KCl–EuCl3 salt at 500°C under an argon atmosphere. The

FIGURE 7 | (A) SEM surface image and (B) cross-sectional backscattered electron SEM image of SS 316L after 24-h immersion in LiCl–KCl. (C) SEM surface
image and (D) cross-sectional image of SS 316L after 24-h immersion in LiCl–KCl–2 wt% EuCl3.
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corrosion of all alloys in molten LiCl–KCl salt is mainly the selective
dissolution of Cr and Fe elements at a relatively slow rate (less than
0.3mm/a). However, with the presence of EuCl3, all alloys suffered
from the rapid dissolution of elements of Ni, Fe, and Cr. The anodic
dissolution of elements results in the severe intergranular corrosion
and cracking of all tested alloys and additional pitting and void attacks
of Incoloy 800 and SS 316L. The dissolution rates are controlled by the
mass transfer rate of Eu(III) ions from the bulk solution to the alloy
surface. In molten salt containing 2 wt% EuCl3, the corrosion rates of
the alloys are in the range of 19.0~31.3mm/a, which are two orders of
magnitude higher than that in the blank LiCl–KCl salt. Periodical
lowering of the concentration of EuCl3 in the electrolyte salt may be a
way tomitigate the alloy dissolution induced byEuCl3, whichmight be
achieved by electrochemical deposition or addition of reducing agents
such as lithium.
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