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molten MgCl,-KCI-NaCl salt with over-added
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Abstract MgCl-NaCl-KCl salts mixture shows great
potential as a high-temperature (> 700 °C) thermal energy
storage material in next-generation concentrated solar
power plants. Adding Mg into molten MgCl>—NaCl-KCI
salt as a corrosion inhibitor is one of the most effective and
cost-effective methods to mitigate the molten salt corrosion
of commercial Fe-Cr—Ni alloys. However, it is found in
this work that both stainless steel 310 and Incoloy 800H
samples were severely corroded after 500 h immersion test
at 700 °C when the alloy samples directly contacted with
the over-added Mg in the liquid form. The corrosion attack
is different from the classical impurity-driven corrosion in
molten chloride salts found in previous work. Microscopic
analysis indicates that Ni preferentially leaches out of alloy
matrix due to the tendency to form MgNi2/MgaNi
compounds. The Ni-depletion leads to the formation of a
porous corrosion layer on both alloys, with the thickness
around 204 um (stainless steel 310) and 1300 pm (Incoloy
800H), respectively. These results suggest that direct
contact of liquid Mg with Ni-containing alloys should be
avoided during using Mg as a corrosion inhibitor for
MgCl>-NaCI-KCl or other chlorides for high temperature
heat storage and transfer.
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1 Introduction

Concentrated solar power (CSP) plants are gaining
popularity due to their potential to generate dispatchable
clean electricity with the help of cost-effective thermal
energy storage (TES) [1-4]. In commercial CSP plants,
TES materials are typically molten nitrate/nitrite salt with
operating temperature below 565 °C to avoid thermal
decomposition [4-8]. However, to achieve higher
efficiency by integrating with, e.g., a supercritical carbon
dioxide (sCO2) Brayton power cycle, a TES material
capable of operating at temperatures above 700 °C is
required [1]. The adoption of the sCO2 Brayton power
cycle in the next generation of CSP plants is expected to
achieve a thermal conversion efficiency of over 50%,
surpassing the efficiency of conventional Rankine steam
cycles used in commercial CSP plants (< 40%), and to
significantly reduce the levelized cost of electricity of the
CSP plants [1,2,9]. Among the various molten salt
candidates, MgCl2—NaCI-KCl salt mixture stands out as a
highly promising option due to its low cost
(approximately 0.22 USD-kg-1 [6]), abundance, low
melting temperature (around 385 °C [10]), and low vapor
pressure at high temperatures (around 1 kPa at 800 °C
[10,11]). However, addressing the compatibility issue
(i.e., corrosion) with structural materials, e.g., commercial
Fe—Cr-Ni alloys, when exposed to molten
MgCl2—-NaCl-KCl at temperatures above 700 °C, remains
a significant challenge [12—18].

The hygroscopic nature of MgCl2 often results in the
formation of salt hydrates, e.g., by absorbing moisture
from the surrounding atmosphere [12,16,19]. At elevated
temperatures, the reactions (as shown in Eq. (1)) between



the chloride and water can generate corrosive species,
such as HCl and MgOHCI [16,19-21]. The typical
degradation mechanism observed in Fe-Cr—Ni alloys
immersed in molten chlorides involves the preferential
depletion of Cr. This depletion primarily occurs due to
reactions with corrosive impurities in the molten
chlorides such as MgOHCI. Equation (2) shows the
reaction of Cr with MgOHCI [12,16,20].

Several corrosion mitigation strategies have been
explored, including thermal salt purification [10,22],
chemical salt purification through the addition of
corrosion inhibitors [14,23-29], carbon-chlorination [30],
and electrochemical purification by electrolysis of
corrosive impurities [31,32]. One particularly effective
and cost-effective approach is the addition of Mg as a
corrosion inhibitor [14,15,22,28,29,33]. The corrosion
mitigation mechanism of adding Mg is to lower the redox
potential of salts by reducing the corrosive impurities
such as MgOHCI (see Eq. (3)) [12,14-16,22,28,29].
For instance, the addition of 2.8 wt % Mg in the
MgCl,—NaCl-KCl mixture has demonstrated a signifi-
cantly reduction in the corrosion rates of commercial Fe-
based alloys, such as SS 310 and In 800H, to below than
15 pm-a~' at 700 °C in our previous work [29]. By
employing low-cost stainless steels as the main structural
materials for the hot salt tank, rather than much more
expensive Ni-based alloys, a TES system can be achieved
with a capital expenditure of approximately 27 $-kWh-
th™!, which is comparable to commercial TES system
with molten nitrates (20-33 $-kWh-th~!) [29].

MgCl, + H,0 — MgOHCI(s,1) + HCI(g) (1)
Cr+2MgOHCI — 2MgO + CrCl,y(s,1,2) +Ho(g)  (2)
Mg +2MgOHCI — 2MgO + MgCl,(s,1) + Hy(g) 3)

Due to the lower electromotive force (EMF) of Ni
(0.88 V at 800 °C) compared to Cr (1.35 V at 800 °C) and
Fe (1.12 V at 800 °C) in molten chlorides [16,27,34], Ni
exhibits better corrosion resistance in molten chlorides as
discussed in open literature [10,13,16,17,35,36]. Our
previous research has shown that the corrosion inhibitor
Mg (EMF: 2.46 V at 800 °C [27]) can effectively reduce
the corrosion rates of Fe—Cr—Ni alloys when immersed in
molten chloride salt with corrosive impurities like
MgOH" [29]. However, in the same study [29], a Ni-rich
layer with a thickness of 20 um was observed on In 800H
sample, while some Ni pieces formed on SS 310, after
2000 h of immersion in the Mg-rich molten chloride salt
solution. This Ni enrichment could be attributed to the
formation of Mg—Ni intermetallic compounds (IMCs),

such as Mg,Ni and MgNi, [23-26]. The formation of
Mg-Ni compounds at high temperature has been
discussed in other fields, including material processing
[37—40] and electrolysis [41]. Some previous studies have
reported instances of over-added Mg-induced corrosion in
molten chloride salt [23-26]. However, these studies are
often complicated by the typical MgOH"-driven
corrosion. The over-added Mg-induced corrosion was
considered a secondary cause of corrosion, and its
corrosion mechanism was not thoroughly investigated.

In this study, two commercial Fe-based alloys SS 310
and In 800H, with different Ni contents, were exposed to
molten MgCl,-KCl-NaCl with over-added Mg at 700 °C
for 500 h in an inert atmosphere. To reduce the
interference of MgOH'-driven corrosion, the molten
chloride salt was purified through over-added Mg, as
described in previous methods [29]. Samples that were in
contact and not in contact with Mg were obtained from
the exposure tests for comparative analysis. The surfaces
and cross-sections of the exposed samples were examined
using scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX). The discussion
focused on the effect of contact with liquid Mg on the
alloy samples.

2 Experimental

2.1 Chemicals and alloys

Each corrosion test utilized approximately 50 g of
anhydrous MgCl,—NaCl-KCl mixtures (47.1/30.2/22.7
mol %, purity > 99 wt %, Alfa Aesar). Due to the short
exposure in air, the salt mixture contains a small amount
of hydrated water (about 1 wt %) [29]. Magnesium metal
bars (purity > 99%) with 5 mm diameter were polished to
remove the surface oxides and used as the corrosion
inhibitor in the immersion test. Table 1 provides a
summary of the chemical compositions of two
commercially Fe-based alloys containing Ni (SS 310 and
In 800H), which were employed in this work [16]. Prior
to immersion, the SS 310 sample (20 mm x 10 mm x 2 mm)
and In 800H sample (20 mm x 10 mm X 2 mm)
underwent grinding by 1200 grit sandpapers, followed by
ultrasonically washing in distilled water and acetone to
achieve a smooth and clean surface.

2.2 Immersion tests

The experimental setup and photos of In 800H samples

Table 1 Chemical compositions (main alloying elements) of the studied alloys (wt %)®

Alloy Fe Ni Cr C Mn Si P S Al Ti
SS 310 Bal. 19-22 24-26 0.25 1.75 0.045 0.030 - -
In 800H Bal. 30-35 19-23 0.05-0.07 1.50 1.00 0.045 0.015 0.15-0.60 0.15-0.60

a) Data source: website of Sandmeyer Steel Company, accessed on January 29, 2023.



are illustrated in Fig. 1. As shown in Fig. 1(a), an alumina
crucible containing 50 g mixture of MgCl,—NaCl-KCl
with an additional 2.8 wt % Mg was positioned at the
bottom of a furnace. The furnace was then heated to
700 °C under an inert atmosphere (Ar purity = 99.999%,
0O, and H,0 <1 ppm (1 ppm = 107%), flow rate: 10 L-h™)
for 16 h to purify the molten chlorides with liquid Mg
prior to the corrosion test [29]. This purification process
reduced the concentration of corrosive impurity
(MgOHCI) to less than 200 ppm oxygen (ppm O, by
weight < 0.1 wt %) as determined by titration method
[12], resulting in significantly reduced corrosiveness of
the molten chloride salt. This allowed for a clear
examination of the effect of over-added Mg on alloy
corrosion.

Following the purification, the alloy pieces were
suspended by a nickel wire and fully immersed in the
molten chlorides in the crucibles. Crucibles 1 and 2

contained a SS 310 piece and an In 800H piece,
respectively, while crucible 3 contained a SS 310 piece.
To prevent galvanic coupling, the nickel wires and tested
samples were isolated using alumina tubes (for more
details refer to our previous work [29]).

After 500 h exposure, the SS 310 and In 800H pieces
(Samples 1 and 2) in crucible 1 were quickly lifted out of
molten chlorides at 700 °C to avoid contact with and
attachment of Mg on its surface (Fig. 1(c)). To study the
effects of liquid Mg contact and attachment, the SS 310
piece in crucible 3 (Sample 5) was lifted out of the molten
salt at 700 °C with attached Mg on its surface, achieved
by providing more contact time between the alloy and the
liquid Mg metal floating on the molten salt.
Subsequently, the furnace was cooled to room
temperature in Ar atmosphere over a 10-h period. The SS
310 and In 800H pieces in crucible 2 (Samples 3 and 4)
were obtained from the solidified salt after cooling to
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Fig.1 (a) Schematic diagram of experimental set-up for immersion tests. (b—d) Photos of In 800H samples obtained under different
conditions. (b) Before exposure, (c) extracted sample without contact with Mg (Sample 2), (d) extracted samples in contact with Mg
after salt cooling (Sample 4), sample in contact with liquid Mg when lifting out (Sample 5).



room temperature (about 16 h). Upon observation after
washing with distilled water, it was determined that these
samples came into contact with Mg (Fig. 1(d)).

Table 2 provides a list of the samples with different test
conditions. By comparing Sample 1 (without Mg contact)
with Sample 5, the effect of liquid Mg contact and
attachment was investigated. Additionally, the compari-
son between Samples 1 and 2 (without Mg contact) and
Samples 3 and 4 (with Mg contact due to salt cooling)
aimed to examine the effect of potential Mg solidification
in the cold parts of the molten chloride TES system
(420-800 °C) such as the cold tank, as Mg has a melting
temperature of approximately 650 °C.

2.3 Microstructure analysis

After exposure, the samples were cleaned using distilled
water to eliminate any remaining salt deposits.
Subsequently, they were dried and sealed in an airtight
manner to maintain their condition. To analyze the cross-
section and surface morphology of the samples, scanning
electron microscope (Zeiss LEO 1530 VP) equipped with

EDX was used for microstructure characterization. The
electron beam energy varies in the range of 10 to 20 keV
with a working distance of 9 mm.

3 Results and discussion

3.1 Results

Figures 1(c) and 1(d) show surface images of In 800H
samples extracted from molten salts using different
methods outlined in Table 2. In comparison to the
original In 800H (Fig. 1(b)), Sample 2 lifted out of the
molten salt at 700 °C without contact with liquid Mg was
covered only with a dark MgO layer without any presence
of Mg (Fig. 1(c)). However, Sample 4, extracted at room
temperature, displayed the presence of Mg pieces on its
surface (over-added Mg).

Figure 2 shows the SEM-EDX cross-section analysis of
SS 310 and In 800H (Samples 1 and 2) lifted out at
700 °C without any surface contamination from Mg. Our
previous work showed that the molten salts had a low

Table 2 Sample parameters and experimental conditions used for the corrosion tests

Duration of

Sample code Type  Sample size/mm® Crucible immersion hours Sampling method Contaﬁgl(?ogltigtgﬁepf rature
in molten salt

Sample 1 SS 310 10x10x2 1 500 Lifted out of the molten salt at 700 °C No

Sample 2 In 800H 20 x 10 x 2 1 500 Lifted out of the molten salt at 700 °C No

Sample 3 SS 310 10x10x2 2 500 Sampling from solid salt at room temperature Yes (cooling time)

Sample 4 In 800H 20x10%x2 2 500 Sampling from solid salt at room temperature Yes (cooling time)

Sample 5 SS 310 20x10x2 3 500 Lifted out of the molten salt at 700 °C Yes (lifting-out time)

In 800H
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Fig. 2 SEM images and EDX elemental mappings of cross section of (a) SS 310 (Sample 1) and (b) In 800H (Sample 2) lifted out
at 700 °C without contact with liquid Mg, after 500 h immersion in molten MgCl,-KCl-NaCl with 2.8 wt % Mg addition.



concentration of impurities (< 0.1 wt %, MgOHCI)
because of the salt purification and continuous protection
by the over-added Mg [29]. As a result, both Sample 1
and Sample 2 exhibited minimal corrosion, with only a
few MgO precipitates covering the alloy surface. No
depletion of Cr, Fe, or Ni was detected in the bulk
material, as observed in Figs. 2(a) and 2(b). Furthermore,
The EDX elemental mapping of SS 310 (Sample 1)
revealed an enrichment of Cr in certain regions near the
interface of MgO precipitates and the bulk material, as
depicted in Fig. 2(a). This enrichment could be attributed
to formation of Cr-rich compounds at 700 °C after 500 h
exposure, as described in the literature [29,42,43]. No
corrosion attack or depletion of elements was observed in
both samples. The aforementioned results indicate that
both SS 310 and In 800H demonstrate good corrosion
resistance when exposed to molten MgCl,—~KCl-NaCl salt
at 700 °C that has been purified with Mg, consisting with
our previous research [29].
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Figure 3 depicts the cross-sectional SEM image and
EDX elemental mapping of SS 310 (Sample 3) obtained
by cooling down to room temperature. A discernible layer
comprising of Ni, Mg, and O elements is observable on
the surface of the metal sample. Beneath the surface
layer, a porous corrosion layer with a thickness of
approximately 204 um is observed due to contact with
Mg during cooling process. The distribution of Ni
suggests the presence of a Ni-depleted layer beneath the
alloy surface, while the distribution of Cr and iron Fe
remains unchanged except within the pores. Figure 4
presents the EDX line scanning results of the cross
section of SS 310. In Fig. 4(a), the enlarged SEM image
reveals that the corrosion layer consists of numerous
islands. These islands exhibit enrichment of both Mg and
Ni, indicating the formation of Mg-Ni IMCs in the
corroded layer (Fig.4(b)). The line scan analysis
confirms a decrease in Ni content to approximately
7 wt % in the porous corrosion layer, while the contents

Fig. 3 SEM image and EDX elemental mapping of the cross section of SS 310 (Sample 3) extracted at room temperature after
cooling-down of the molten MgCl,-KCIl-NaCl with 2.8 wt % Mg addition after 500 h immersion test.
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Fig.4 (a) Enlarged SEM image and (b) EDX line scanning profile of the cross section of SS 310 (Sample 3) extracted at room
temperature after cooling-down of the molten MgCl,—KCl-NaCl with 2.8 wt % Mg addition after 500 h immersion test. The islands
marked on the SEM picture are Mg—Ni-rich phases, Mg—Ni IMCs.



of Cr and Fe remain at approximately 25 and 50 wt %,
respectively, maintaining the same levels in the matrix.
Figure 5 illustrates the cross-section SEM image of In
800H (Sample 4) extracted at room temperature after
cooling down under Ar atmosphere. The surface of the
alloy is covered by an MgO layer with dispersed Ni and
Ni-rich precipitates (Fig. 5(a)). Notably, a corrosion layer
with a thickness of approximately 1300 um (long contact
time with high-temperature Mg during cooling down) is
observed, which is significantly greater than that of
Sample 3 (~200 pum in SS 310). This contradicts the
conventional understanding that alloys with higher Ni
content have better corrosion resistance in molten
chloride salt [16]. Furthermore, the thickness of the
corrosion layer in this work exceeds that of typical Cr-
depletion corrosion in the molten MgCl,—~KCI-NaCl salt
without Mg addition after being immersed to 700 °C for
500 h (~50 pum [16]). In Fig. 5(b), the EDX elemental
mapping of the sample reveals a thick surface layer
primarily composed of Mg and Ni. The underlying Ni
shows significant depletion, with the remaining Ni is
consistently associated with the Mg signal at the grain
boundaries (GBs). This observation suggests the
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formation and retention of Mg—Ni IMCs in the corrosion
layer at the GBs. This is further supported by the EDX
line scan in Fig. 5(c), which demonstrates Ni depletion in
the internal corrosion layer.

In Fig. 6, SEM images of Sample 5 (SS 310) are
presented, which was lifted out of molten salt at 700 °C
and came into contact with and attachment of liquid Mg.
Upon cooling for a few minutes in the upper part of the
furnace, the Mg ingot solidified on the surface of SS 310,
as the melting temperature of Mg is about 650 °C. The
inset digital image in Fig. 6(b) depicts the solidified Mg
shell (visible as dark contrast) on the surface of sample.
Further cross-sectional analysis of the region covered by
Mg reveals severe corrosion of the alloy, characterized by
a corrosion layer with 120 um thickness when contact
time with high-temperature Mg < 10 min (as shown in
Fig. 6(a)). In contrast, the surface area without the Mg
shell or covered by only a few Mg droplets shows less
corrosion, with a maximum corroded layer of 40 um (as
shown in Fig. 6(b)). This result provides additional
support to the notion that corrosion observed in Figs. 3-5
is driven by Mg—Ni reactions, rather than by the molten
salt. It also indicates that corrosion induced by Mg—Ni

Fig.5 (a) SEM image, (b) the backscattered electron image and EDX elemental mapping, and (c) EDX line scanning profiles of
cross section of In 800H (Sample 4) extracted at room temperature after cooling-down of the molten MgCl,—KCIl-NaCl with

2.8 wt % Mg addition after 500 h immersion test.

Fig. 6 SEM images of cross section of SS 310 (Sample 5) with Mg adhered to the surface. (a) The area completely covered by Mg
ingot, (b) the area contacted with some Mg droplets. The inset graph: digital photos of SS 310 with Mg ingot adhesion.



alloying is significantly faster than corrosion driven by
impurities present in the molten salt.

Figure 7 displays a detailed analysis of the Mg-covered
region on the surface of Sample 5. The surface analysis,
shown in Fig. 7(a), reveals the presence polygonal flakes
enriched with Mg and Ni, in addition to the MgO
particles. This observation confirms the formation of
Mg-Ni IMCs in the corrosion layer. The cross-section
analysis in Fig. 7(b) indicates that Mg and Ni are the
dominant elements in the surface layer. Below this layer,
a porous polygonal corrosion area is observed, which is
characterized by a depletion of Ni. This depletion is
attributed to the outward leaching of Ni from the alloy
structure.

By comparing Sample 1 (without Mg contact) with
Sample 5, it can be concluded that liquid Mg exhibits
high corrosiveness toward the Ni-containing alloys.
Therefore, direct contact between liquid Mg with the Ni-
containing alloys should be avoided to prevent such

Ri N Mg-Ni
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corrosion. Moreover, comparing Samples 1 and 2
(without Mg contact) with Samples 3 and 4 (contact with
Mg due to salt cooling) indicates that Mg has high
corrosivity to the commercial Ni-Fe-Cr alloys when
close to its melting temperature. Consequently, special
attention should be given to the potential over-adding of
Mg and its solidification in the cold region of a molten
chloride TES system, such as the cold tank.

3.2 Discussion

3.2.1 Corrosion mechanism of Fe—Cr—Ni alloys with Mg
in molten chloride salt

Figure 8 presents a comparison of the densities of Mg
metal and molten MgCl,-KCI-NaCl as a function of
temperature ranging from 400 to 700 °C. The graph
shows that the density of MgCl,~KCl-NaCl is similar to
that of liquid Mg at 700 °C, indicating that liquid Mg can

Fig. 7 SEM images and EDX elemental mapping of (a) surface morphology and (b) cross section of SS 310 (Sample 5) extracted at

700 °C by lifting-out, which has Mg droplets on the surface.
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Fig. 8 Densities of Mg [44,45] and MgCl,—KCI-NaCl [11,46] in
the temperature range of 400-700 °C. The shaded areas indicate
the errors.

float or be suspended in the molten salts. This observation
was experimentally confirmed by successfully sampling
the Mg metal floating on the molten salt at 700 °C in this
work.

When the liquid Mg metal comes into directly contact
with alloy at the surface, it increases the susceptibility of

This effect is evident in the analysis of Sample 5, which
was lifted out of the molten chloride salt and had contact
with liquid Mg on the surface for <10 min. Upon cooling
the salt to room temperature, the solid Mg could settle to
the bottom of the crucible or suspend in the molten salt
due to significantly increased density upon solidification
(Fig. 8). Consequently, this could lead to the contact of
the alloy samples immersed in the molten salt with the
high-temperature (close to melting temperature of 650 °C)
Mg, resulting in severe corrosion of the alloy samples, as
observed in Samples 3 and 4.

Figure 9 shows the phase diagrams of the Mg—Ni
system [47], Mg-Fe system [48], and Mg—Cr system
[48]. The Mg-Ni phase diagram indicates that when
liquid Mg comes into direct contact with a Ni-rich region
at elevated temperature (> 508 °C), stable compounds
such as Mg,Ni and MgNi, can form. Due to the negative
Gibbs free energy of MgNi, and Mg,Ni, Ni in bulk alloy
is attracted and leached out. On the other hand, the phase
diagrams of the Mg—Fe and Mg—Cr systems, as shown in
Figs. 9(b) and 9(c), respectively, reveal that no stable
metallic compound phases are maintained in these
systems.
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Fig. 9 Phase diagrams of (a) Mg—Ni system [47], (b) Mg—Fe system [48], and (c) Mg—Cr system [48] (fcc: facedcenteredcubic, bec:
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2Mg+Ni=Mg,Ni AGyc =-29.02kJ-mol™"  (5)

In this study, 1.4 g of Mg (2.8 wt %) was over-added to
50 g of MgCl,—KCI-NaCl to remove the major corrosive
impurity (MgOHCI) during pre-purification and
immersion testing. In previous work [16,29,49], the initial
concentration of MgOHCI in MgClL,—KCl-NaCl was
approximately 3000 ppm O. After 16 h of salt purification
with Mg, the concentration of MgOHCI was reduced to
approximately 200 ppm O [29] due to the full reaction of
MgOHCI with liquid Mg at 700 °C. It is estimated that
approximately 0.1 g of Mg (equivalent to about 0.2 wt %
in the 50 g salt) was consumed during the purification
process, leaving about 1.3 g over-added liquid Mg in the
melts during the corrosion exposure.

Figure 10 depicts the corrosion mechanism of Ni-
containing metallic samples when exposed to molten
chlorides with over-added Mg at 700 °C or close to its
melting temperature. Upon contact between the liquid or
high-temperature solid Mg and SS 310 or In 800H,
Mg-Ni IMCs (Mg,Ni and MgNi,) could form
simultaneously, as shown in Fig. 10, Eqs. (4) and (5).
This phenomenon has been observed and studied by
several research groups in the field of metal processing by
various research groups [37-40]. The formation of
Mg-Ni IMCs can occur rapidly, even within a short
contact time between the alloy and liquid Mg. For
instance, in a study on the liquid phase bonding of
stainless steel to magnesium alloy, where a significant
amount of Mg—Ni IMCs formed at 530 °C within 20 min
in the AZ-31-Mg-alloy/Ni/SS 316L bond, as indicated by
X-ray diffraction spectrum [40]. In the current study, the
oxide film on SS 310 and In 800H samples is not dense
(as shown in Fig. 2), leaving the bare metal surface
directly exposed molten salts to Mg metal. Therefore, the
liquid Mg in contact with Ni-containing samples reacts

with the bare metal surface immediately, resulting in the
immediate formation of Mg—Ni IMCs, as observed in the
SEM-EDX images (Figs.3—7). This explains the alloy
containing more Ni (In 800H) corrodes faster than the one
with less Ni (SS 310) when exposed to liquid Mg. Since
Mg—Ni eutectic has the melting temperature of about
508 °C (Fig. 9(a)), considerable Ni element diffuses out
of the alloy matrix by forming Mg,Ni IMCs with liquid
Mg and lead to porous morphology in the corrosion layer.

3.2.2  Application of Mg corrosion inhibitor in molten
chloride salt system

It is widely accepted that molten chloride salts should be
thoroughly pre-treated and purified before use in molten
salt reactors [25,33,36] or in TES [2,10,15] at high
temperatures (700 °C or above). Additionally, impurity
induced corrosion in molten chloride salts should be
prevented during operation. Mg is considered to be the
most effective purifier and inhibitor for molten MgCl,—
KCI-NaCl to remove corrosive impurities such as
MgOHCI and to act as a sacrificial anode to protect
Fe—Cr—Ni alloys [10,21,25,27,29,33].

There is some literature on the design and implemen-
tation of Mg pre-treatment in molten MgCl,—~KCl-NaCl
[9,28,29,33,50]. Over-added liquid Mg in molten chloride
salt increases the contact areas and reaction rates. This
leads to an efficient process for large-scale purification
(e.g., for TES with thousands of tonnes of salt). However,
the over-added Mg-purifier should be severely restricted
and prevented from contacting Ni-containing structural
materials (e.g., vessel wall) at high temperatures.
Otherwise, the Mg-induced corrosion on the Ni-
containing vessel would destroy the container rapidly. To
avoid this problem, it is suggested to add suitable amount

Ar

Mg—Mg,Ni (1)

MgCl,—KCl-NaCl, close to melting temperature of Mg

MgNi, (s)

‘ Fe—Cr (s)
e . O @5
Ni-depletion layer

Fig. 10 Schematic illustration of the corrosion mechanism of over-added Mg to Fe-Cr—Ni alloy in molten MgCl,~NaCl-KCl at

700 °C or close to melting temperature of Mg.



of Mg in the molten salt according to the amount of
corrosive impurities in the salt or avoid the contact of the
high-temperature Mg with the Ni-containing alloys.

4 Conclusions

This work investigated corrosion mechanisms of SS 310
and In 800H caused by Mg in molten MgCl,—-KCI-NaCl
at 700 °C under an inert atmosphere. After excluding the
typical impurity-induced degradation of metallic
materials in molten chloride salt, the effect of over-added
Mg on corrosion of the two candidate Ni-containing
alloys was studied. The main conclusions of Mg-induced
corrosion are summarized as following:

1) Both SS 310 and In 800H exhibit severe corrosion
attack due to contact with high-temperature Mg in molten
MgCl,~KCIl-NaCl. The corrosion depth of SS 310 and In
800H reaches to 204 and 1300 um within 500 h, which
are much higher than typical impurity-induced corrosion.

2) The corrosion of the tested alloys in terms of Ni
leaching, is driven by the strong affinity between Mg and
Ni. SEM-EDX measurements revealed the presence of
Mg,Ni and MgNi, compounds on the alloy surfaces and
within the sample matrix.

3) The remarkably high corrosion rates observed in this
work indicate that such direct contact with high-
temperature Mg can cause severe damage to Fe—Cr—Ni
alloys. Therefore, such contact should be avoided during
salt purification and in subsequent facility operation
stage.

4) To prevent the over-added Mg corrosion, it is
recommended to add an appropriate amount of Mg to the
molten salt, taking into account the level of corrosive
impurities in the salt, or avoid the contact of the high-
temperature Mg with the Ni-containing alloys.
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