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ABSTRACT 

Molten chlorides, such as MgCl2-KCl-NaCl, are promising advanced high-temperature (up to 800 °C) thermal 

energy storage (TES) materials in next-generation concentrating solar power (CSP) plants. However, their high 

corrosivity to commercial Fe-Cr-Ni alloys impedes the commercial applications of chloride-TES. In this work,  

we investigated the corrosion of two selected commercial Fe-based alloys (SS 310 and In 800H) in molten MgCl2-

KCl-NaCl salt, aiming to study the feasibility of affordable Fe-based alloys instead of expensive Ni-based alloys 

in the chloride-TES system. The alloy samples were immersed in the liquid-Mg-purified molten salt at 700 °C 

for 2000 hours under a protective inert gas atmosphere. After the corrosion test, SEM-EDX microstructural 

analysis and mass loss analysis showed that corrosion rates of the immersed alloy samples were lower than 15 

µm/year, and the corrosion rates had a decreasing tendency with increasing immersion time during the 2000-hour 

test. To our best knowledge, this is the first experimental demonstration that corrosion rates of the Fe-based alloys 

in molten MgCl2-KCl-NaCl salt at 700 °C can be controlled below the target (15 µm/year) proposed by the US 

Department of Energy (DOE). Using affordable Fe-based alloys as main structural materials, the cost of chloride-

TES (27 USD/kWh) could be comparable to that of commercial nitrate-TES (20-33 USD/kWh). Taking advantage 

of chloride-TES with higher operating temperature, the next-generation CSP plant could use an advanced power 

cycle (e.g., sCO2 Brayton) to have a much higher energy conversion efficiency, leading to a significantly lower 

Levelized Cost of Electricity (LCOE) than the current commercial CSP plant. 

Keywords: Concentrating solar power (CSP), Thermal energy storage (TES), Fe-based alloy, Salt purification, 
Mg corrosion inhibitor.  
                                                           

1 The short version of the paper was presented at ICAE2021, Nov 29 - Dec 5, 2021. This paper is a substantial 
extension of the short version of the conference paper. 
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1. INTRODUCTION 

In order to use the advanced supercritical carbon dioxide Brayton power cycle with high thermal to electric 

energy conversion efficiency, next-generation (Gen3) concentrating solar power plants require operating 

temperatures above 700 °C for TES materials and heat transfer fluids (HTFs) [1, 2]. However, the nitrate salt 

mixtures (e.g., Solar Salt: NaNO3-KNO3 60-40 wt.%) for heat storage and transfer in the commercial CSP plants 

have limited operating temperatures of < 565 °C due to thermal decomposition [1, 3, 4]. Molten chlorides are 

promising high-temperature TES/HTF materials for the next-generation CSP plants due to high thermal stability 

(>800°C) and low cost [5-8]. In addition, the molten chloride coolant is of interest in the nuclear field for next-

generation molten salt reactors (MSRs) [9-13]. Among the chloride salts, the MgCl2-KCl-NaCl mixture is one of 

the most noticeable mixtures with the advantages of low melting point (~383 °C) [14], high thermal stability 

(stable above 800 °C) [7], low vapor pressure (~1 kPa at 800 °C) [7, 14, 15] and low cost (~0.22 USD/kg) [16]. 

In our previous work, eutectic MgCl2-NaCl-KCl (47.1-30.2-22.7 mol.%, 56.5-22.2-21.3 wt.%) is recommended 

as one of the most promising compositions, satisfying both cost-effective and low-melting-point requirements [7, 

17]. 

However, the compatibility issues, especially the severe corrosion of structural materials, make chloride salts 

challenging for high-temperature applications [1-2]. Molten unpurified MgCl2-KCl-NaCl is strongly corrosive to 

Fe-Cr-Ni alloys even under a protective inert gas atmosphere [18-20]. Its strong corrosivity is mainly due to 

hydrolysis products, e.g., HCl and MgOHCl, formed during heating [15, 21-28]. More about corrosion 

mechanisms and behaviours of alloys in molten chlorides could be found in our previous review paper [18]. In 

contact with the unpurified molten chloride salts, few Fe-Cr-Ni alloy can reach the target corrosion rate (CR) of 

less than 15 µm/year at 700 °C. The CRs of Ni-based alloys in unpurified molten chloride salts are generally more 

than 100 µm/year at 700-800 °C, while CRs of Fe-based alloys (e.g., stainless steels) are even ten times higher 

than CRs of Ni-based alloys [13, 18, 29]. This CR-target of 15 µm/year was proposed by the US Department of 

Energy (DOE) to achieve a service life of at least thirty years for structural materials in next-generation CSP [30].  

In addition to the high corrosivity of molten chlorides, the high costs of the Ni-based alloys limit their further 

application. The National Renewable Energy Laboratory (NREL) in the US estimated that if Haynes 230 (a 

commercial Ni-based alloy) is used as the main structural material of hot salt tank, the chloride-TES system would 

cost $58/kWh-th (US dollar per kWh in thermal), which is 2-3 times of that of the commercial nitrate-TES system 

($20-33/kWh-th) [1]. Among the total estimated TES-cost, the cost of the hot tank is $41/kWh-th. It was pointed 

out that when stainless steel could be used as the main structural material of the hot tank, the cost of chloride-

TES could be reduced to $27 /kWh-t. This cost would be similar to that of the commercial nitrate-TES [1]. 
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Overall, a challenging but feasible way to achieve this cost target is to use Fe-based alloys as the main structural 

materials of chloride-TES under corrosion control. 

One positive note is that the pure MgCl2-KCl-NaCl mixture theoretically displays no spontaneous reactions 

(i.e., chemical corrosion) with Fe-Cr-Ni alloys even at high temperatures, based on thermodynamic data [31]. 

Hence, if the corrosive impurities, mainly MgOHCl, could be controlled at a low concentration level, the 

corrosivity of molten chloride salts to Fe-Cr-Ni alloys would be significantly mitigated [23, 29, 32-34]. A variety 

of methods have been explored to reduce the corrosive impurities in MgCl2-containing chloride salts, including 

electrochemical methods [35, 36], thermal methods [15, 29, 37, 38], active-metal additive (e.g., Mg) [9, 15, 24, 

32, 37-39], carbochlorination [9, 40, 41], and chlorination approaches [9, 42]. Among them , Mg-additive is 

regarded as a low-cost and powerful way for purification of industrial salts on the 30 000-metric-ton scale [9, 19, 

38], which is in line with the amount of nitrate salt in commercial 100 MW CSP plants [1, 2]. In the previous 

work, with the removal of the main corrosive impurity MgOHCl by Mg addition, the CRs of some Ni-based alloys 

in MgCl2-KCl(-NaCl) at >700 °C can be tens of microns per year, which is close to the DOE’s target (CR < 15 

µm/year) [24, 37, 39, 43]. The reaction of Mg with the main corrosive impurity in MgCl2-KCl-NaCl is shown in 

Eq. 1. 

Mg(s/l) + 2 MgOHCl(l) → 2 MgO(s) + MgCl2(l) + H2(g) Eq. 1 

On the other hand, active metal (e.g., Mg) can play the role of a corrosion inhibitor in chloride-TES. According 

to Ellingham Diagram [9, 11, 31], the Mg metal is more reactive than the main alloying elements in the Fe-Cr-Ni 

alloy in molten chloride salts. Thus, it could act as the sacrificial anode and react with corrosive impurities 

generated during operation, such as MgOHCl, HCl, and Cl2. Our previous work shows that equilibrium 

concentrations of Cr2+, Fe2+, and Ni2+ in molten MgCl2-KCl-NaCl with excessive Mg are extremely low, with 

values of 2.3×10-10, 1.5×10-12, and 8.5×10-15 mol.% at 700°C, respectively [39]. In other words, the Fe-based 

alloys like stainless steels could theoretically exhibit acceptable low CRs in purified molten MgCl2-KCl-NaCl 

with the Mg corrosion inhibitor. 

Certain Fe-based alloys (particularly some austenitic steels) are of interest due to their relatively low costs 

and good high-temperature mechanical properties, which make them promising candidates structural materials at 

>700 °C [44-46]. Incoloy (In) 800H (1.4876) and stainless steel (SS) 310 (1.4845) are two commercial austenitic 

steels. Gilardi et al. reported that the cost of In 800H is about one-fourth of Ni-based alloys, while the cost of SS 

310 is about the one-tenth cost of Ni-based alloys [47]. Therefore, if the CR of the Fe-based alloys in molten 

chloride salts can be controlled within the target (< 15 µm/year) by an affordable means, the cost of chloride-TES 
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will be comparable to the commercial nitrate-TES, benefitting from the fact that the material cost of chloride salts 

is about one-fifth of the cost of nitrate salts [1, 16].To our best knowledge, there is no literature experimentally 

demonstrating that a Fe-based alloy in MgCl2-KCl-NaCl at 700 °C reaches the DOE’s target (CR <15 µm/year 

[30]), although this is theoretically possible. In the available literature [15, 32, 39], lab-scale experiments show 

that CRs of stainless steel are still > 50 µm/year even with the addition of excessive Mg. 

This work aims to investigate if the salt purification and corrosion inhibition method with Mg additive can 

control the CRs of the commercial Fe-based alloys in molten MgCl2-KCl-NaCl at 700 °C to reach the DOE’s 

target (CRs < 15 µm/year). Based on available literature and our previous work [15, 32, 39], the corrosion test 

procedure was optimized by immersing the steel samples in the molten salt purified with liquid Mg. The SS 310 

(1.4845) and In 800H (1.4876) were immersed in MgCl2-KCl-NaCl for up to 2000 hours (~2.8 months) at 700 °C 

with 2.8 wt.% Mg under an inert atmosphere. Then the corrosion behavior of these Fe-based alloys was 

characterized via different methods, including scanning electron microscope (SEM), Energy-dispersive X-ray 

spectroscopy (EDX), and X-ray diffraction analysis (XRD), as well as mass loss. Moreover, the impurity 

concentrations of the salt samples before/after the immersion tests were also analysed by acid-base titration and 

atomic absorption spectroscopy (AAS). 

2. MATERIAL AND METHODS 

2.1 Chemicals and alloys 

Magnesium chloride (MgCl2, Magnesia, purity > 99 wt.%), potassium chloride (KCl, Alfa Aesar, purity > 99 

wt.%), and sodium chloride (NaCl, Alfa Aesar, purity > 99 wt.%) were weighed, mixed, and grinded in a glovebox 

(GSTM, O2<0.5 ppm, H2O<1 ppm), to synthesize 300 g ternary eutectic MgCl2-NaCl-KCl (47.1-30.2-22.7 mol.%) 

for the experiments [7]. Magnesium metal bars (purity > 99 %) with 5 mm diameter were cut, polished, and 

weighed as the additive. 

Table 1 summarizes the chemical compositions of two tested commercial Fe-based alloys SS 310 (1.4845) 

and In 800H (1.4876). Before immersion, 10 × 10 × 2 mm SS 310 samples and 20 × 10 × 2 mm In 800H samples 

were polished successively with finer SiC sandpapers (600, 800, and 1200 grids) and washed with deionized 

water and dried with compressed air. Then the weight of each sample was recorded by an analytical balance with 

an accuracy of 0.0001g (i.e., 0.1 mg).  

 

Table 1. Chemical compositions of the studied alloys (wt. %) 

Alloy Fe Ni Cr C Mn Si P S Al Ti 
SS 310 Bal. 19.00-

22.00 
24.00-
26.00 

0.25 2.00 1.50 0.045 0.030 - - 
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In 800H 39.5 30.00-
35.00 

19.00-
23.00 

0.05-
0.10 

1.50 1.00 0.045 0.015 0.15-
0.60 

0.15-
0.60 

Data source: www.sandmeyersteel.com, access on February 9th of 2022 

2.2 Immersion tests 

Fig. 1 shows the set-up sketch of the corrosion experiment. Six batches of 50 g chloride salt with 2.8 wt % 

Mg were produced in the glovebox by stoichiometric weighing into six separate alumina crucibles. The exposure 

time of the prepared salt in the air was less than 2 minutes to minimize the salt hydration during the transfer of 

salts from the glovebox to the test platform (autoclave). Then, the test platform was heated to 700 °C under an 

inert atmosphere (Ar 5.0: purity ≥ 99.999%, O2 and H2O < 1 ppm, flow rate: 10 L/h). After several-hour 

purification with liquid Mg (melting temperature of 650 °C) at 700 °C, a batch of salt samples was withdrawn 

from each of the six independent crucibles for post-analysis by acid-base direct titration to know their corrosive 

impurity levels. The six groups of alloy samples were then immersed into the purified molten salts in the six 

crucibles. As shown in Fig. 1, the alloy samples and nickel wire were separated by the insulating alumina tubes 

to prevent galvanic coupling due to direct contact between SS 310, In 800H, and the nickel wire. After 100, 250, 

500, 1000, and 2000 hours of exposure, the alloy samples were extracted from the furnace and cleaned with 

distilled water. Upon taking each alloy sample from a crucible, the salt sample was subsequently withdrawn from 

the crucible and analysed by acid-based direct titration. The test conditions for different samples with specific 

sample identification (sample ID) are summarized in Table 2. The specific ID will be used throughout this work 

to denote the samples. 

Table 2. Immersion corrosion test sample ID and corresponding test parameters. 

Sample ID Alloy 
Duration of 
immersion 

hour 

Sample 
size mm3 

Test condition 
CR method 

SS310-100h 

SS 310 
(1.4845)  

100 10 × 10 × 2 

Immersion in 50 
g MgCl2-NaCl-
KCl (47.1-30.2-

22.7 mol.%, 56.5-
22.2-21.3 wt.%) 

with 2.8 wt.% Mg 
additive at 700 °C 
under 10 L/h Ar 
5.0 sweep gas. 

SEM-EDX+ Mass loss 

SS310-250h 250 10 × 10 × 2 SEM-EDX 
SS310-500h 500 10 × 10 × 2 SEM-EDX 

SS310-500h-2 500 
10 × 10 × 

2 
Mass loss 

SS310-1000h 1000 10 × 10 × 2 SEM-EDX 

SS310-2000h 2000 
10 × 10 × 

2 
SEM-EDX 

In800H-100h 

In 800H 
(1.4876)  

100 
20 × 10 × 

2 
SEM-EDX + Mass loss 

In800H-250h 250 
20 × 10 × 

2 
SEM-EDX 

In800H-500h 500 
20 × 10 × 

2 
SEM-EDX 
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In 800H-500h-2 500 
20 × 10 × 

2 
Mass loss 

In800H-1000h 1000 
20 × 10 × 

2 
SEM-EDX 

In800H-2000h 2000 
20 × 10 × 

2 
SEM-EDX 

 

Fig. 1. Schematic diagram of experimental set-up for immersion test, and the sample holder with alloys 
samples. 

2.3 Alloy corrosion analysis 

Generally, the corrosion condition of an alloy can be quantitatively evaluated by corrosion rate (CR) with unit 

microns per year (µm/year). One method of calculating CR is based on the mass change of samples before/after 

the exposure tests [15, 18, 43, 48, 49]. Under the hypothesis of uniform corrosion, the CR is calculated as Eq. 2 

[48].  

 

𝐶𝑅 (µ𝑚 𝑦𝑒𝑎𝑟⁄ ) =
𝐾 × 𝑊

𝐴 × 𝑡 × 𝜌
 Eq. 2 

where, 

K is a constant 8.76 ×107 (µm·h·cm-1·year-1);  

W is the mass loss of samples in g;  

A is the sample’s surface area in cm2,  

t is immersion time in hour; ρ is the density of samples (g/cm3).  
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𝜌 is the density. The density of SS 310 and In 800H is 7.89 g/cm3 and 7.95 g/cm3, respectively.  

Before the mass-loss measurement of this work, the oxide films on samples were washed away according to the 

standard ASTM-G1 [48]. In this work, mass loss method was carried out on Samples SS310-100h, In800H-100h, 

SS310-500h-2 and In800H-500h-2. However, the mass-loss measurement has two drawbacks that lead to a biased 

view of corrosion state of the samples. Firstly, it is pointed out that the acid-washing could also damage the alloy 

matrix and thus cause overestimation [48]. Secondly, the mass-loss method cannot characterize the non-uniform 

corrosion. For example, intergranular corrosion has a low mass-loss, but it can cause significant deep selective 

corrosion, resulting in material failure. Therefore, the macroscopic corrosion analysis (mass loss) should be 

combined with the microscopic analysis method, to reduce the misjudgment of the corrosion state of the samples.  

In this work, the CRs of alloy samples were also evaluated by the microstructural analysis with Scanning 

Electron Microscopy (SEM, model: Zeiss LEO 1530 VP), equipped with Electron Dispersive X-ray spectroscopy 

(EDX). As shown in Table 2, SEM with EDX was the dominant method to investigate corrosion of samples. In 

order to maintain the maximum integrity of the samples (especially oxide film on surfaces), the SEM samples for 

mass loss tests were washed with deionized water except for the acid-washed 100h samples. As shown in Fig. 2, 

a 10-µm-thick-grid plot was put on the sample surface, divided into 1 µm x 1 µm small grids. The corroded grids 

(with the dark colour in SEM) were accounted for, while the CR was calculated according to Eq. 3 [23, 29, 39, 

50].  

 

𝐶𝑅 (µ𝑚 𝑦𝑒𝑎𝑟⁄ ) =
𝑛

𝑊
×

24 × 365

𝑡
 Eq. 3 

where,  

ncor is the total number of corroded 1 µm x 1 µm grids;  

WSEM is the width of the SEM image in µm (e.g., 274 µm for Fig. 2);  

t is the immersion time in hour.  



 8  

 
Fig. 2 Cross-section SEM image of SS 310-2000 h sample with grids for calculation of the corrosion rate. 

A typical phenomenon of the corrosion layer of Fe-Cr-Ni alloy in molten chloride salt is the Cr-depletion 

since Cr is the most active metal among the main alloying elements of Fe, Ni, and Cr [15, 22, 29, 32]. Hence, the 

Cr-depletion is also available to describe corrosion of alloys in molten chloride salt. In order to determine the 

depletion of Cr in the corrosion layer, EDX-mapping was carried out to measure the main elements in the alloy.  

The surface compositions of exposed samples were analysed by SEM-EDX and X-ray diffraction (XRD, 

Seifert PAD II) with Cu Kα1 radiation (λ = 0.15406nm, 40 kV, and 30 mA) in Bragg-Brentano geometry (θ-2θ) 

with a step size of 0.02˚ and a scan speed at 0.1˚/min. 

2.4 Salts analysis with titration and AAS 

Before and after immersion of alloy, 2-3 g molten chloride salt samples were extracted from each Alumina 

crucible. The acid-base titration was carried out to determine the concentration of corrosive impurities in 

experimental salts. It is well accepted that MgOHCl was the main corrosive impurity, as it has a high solubility 

in molten chloride salts [15, 18, 23, 29]. All the titrations were performed on the high-precision titration 

instrument 905 Titrando (Metrohm GmbH, Germany). The titers of the standard titrants (0.01 M HCl) (purchased 

from Merck KGaA, Germany) were validated with sodium carbonate (Na2CO3). About 500 mg salt sample was 

weighed and dissolved in 160 ml deionized water for each titration. During the titration, the N2 sweep gas was 

employed to exclude the effect of carbon dioxide/carbonic acid. A 0.01 M HCl titrant was filled into the salt 

solution with an average 0.2 ml/minute rate. Simultaneously, a stirrer rotated continuously to make the solution 

homogeneous. A pH electrode measured the pH value of the salt solution. During titration, the pH value declined 

from ~9 to 4 with the filling of the HCl titrant. The HCl consumption at the equivalence point, where the amounts 

of acid and base were sufficient to cause complete neutralization, was recorded and used to calculate the impurity 

concentration. In order to obtain the mean value and standard deviation, each salt sample was titrated three times 

repeatedly. According to the consumption of 0.01 M HCl titrant at equivalence points, the concentration of the 

corrosive impurity MgOHCl with unit parts per million oxygen (ppm O) was calculated according to Eq. 4. The 
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unit ppm O is given to describe the proportion of the mass of the O-element in MgOHCl to the total sample mass 

[21, 51]. One hundred ppm O means 0.048 wt. % MgOHCl in samples.  

𝐶(𝑀𝑔𝑂𝐻𝐶𝑙)[𝑝𝑝𝑚 𝑂] = 𝐶 × 𝑉 𝑚⁄ × 𝑀 × 1000 Eq. 4 

where, 

𝑉  is the volume of HCl at equivalence point in L; 

𝐶  is 0.01× titer in mol/L; 

𝑚  is the mass of the salt sample in g; 

𝑀  is the molar mass of oxygen, i.e., 16 g/mol.  

Moreover, the concentrations of Cr, Fe, and Ni elements in salt samples were measured with an atomic 

absorption spectrometer (AAS, Thermo Scientific iCE 3000 series, Thermo Fisher Scientific, US). A hollow 

cathode lamp was employed as the radiation source. The currents of the lamp were 12 mA for Cr and 10 mA for 

Fe and Ni. The analytical lines with a spectral bandwidth of 0.2 – 0.5 nm correspond to the Cr at 357.9 nm, the 

Fe at 248.3 nm, and the Ni at 232.0 nm. The operational software Solaar AA Version 11.03 was integrated into 

the spectrometer, which can be used for signal evaluation and concentration calculation. The standard solutions 

with the concentrations of 1, 2, and 5 mg/l for Cr, Fe, and Ni were prepared by dissolving the chloride or nitrate 

salt in 100 mL distilled water and adding 1 ml 1 wt.% HCl and 10 ml 10 wt.% CsCl solution. During the AAS 

tests for salt samples, about 1000 mg salt samples were dissolved in the 100 ml distilled water with 1 ml 1 wt.% 

HCl and 10 ml 10 wt.% CsCl. The procedure of AAS experiments was in line with that in our previous work [39]. 

To obtain a lower limit for AAS measurements, the amount of salt sample was ten times enlarged from 100 mg 

to 1000 mg. With this amount of salt samples, the measurement limits of AAS are 1.52 x 10-3 mol.% for Cr, 1.41 

x 10-3 mol. % for Fe, and 1.35 x 10-3 mol.% for Ni, respectively.  

2.5 Flowchart of the series experiments 

Fig. 3 presents the flowchart of the series of experiments in this work. After exposure test, metal samples were 

cross-examined from both macroscopic (mass loss) and microscopic (SEM-EDX) perspectives. In parallel, 

corrosion impurity (MgOHCl) and corrosion products (e.g. Crx+ , Fex+, Nix+) in the salt samples were also 

quantitatively analysed separately. Through such a series of experiments, the chance of experiments was reduced. 

The corrosion of metal samples and the corrosivity of salts were comprehensively evaluated. 
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Fig. 3 Flowchart of the series experiments in this work. The corrosivity of salts and the corrosion of metal samples 
were evaluated separately.  

3. RESULTS 

3.1 Concentration of impurities in experimental salt 

For evaluating the corrosivity of experimental molten chloride salts, the concentration of corrosive impurity 

MgOHCl in molten chloride salts in this work was determined by acid-base titration. After 16-hour pre-treatment 

with liquid Mg, i.e., before the immersion test of alloy samples, salt samples were extracted from each crucible. 

In addition, shortly after the exposure test of each alloy sample, the salt samples were extracted as well for post 

titration. Fig. 4 exhibits the concentration of the corrosive impurity (MgOHCl) in molten MgCl2-KCl-NaCl 

mixtures before and after alloy immersion measured by titration, in which the error bars are the standard deviation 

of three-time titrations. In general, it can be concluded that the concentrations of MgOHCl in MgCl2-KCl-NaCl 

mixtures purified with liquid Mg were lower than 200 ppm O (i.e., < 0.096 wt.%) during exposure testing of 

alloys. 

The different operation durations could cause the fluctuation of MgOHCl concentration in sampling. A small 

amount of air inevitably diffused into the autoclave during the sampling. This leads to a reaction of the MgCl2 

with moisture in the leaked air, as shown in Eq. 5. The longer the sampling continued, the more MgOHCl was 

produced. The duration of sampling varied within one minute, resulting the inconsistent concentration of 

MgOHCl from 123.3 ppm O to 182.2 ppm O as shown in Fig. 3.  

MgCl2·H2O(l/s) → MgOHCl(s) + HCl(g) Eq. 5 
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Fig. 4 Concentration of corrosive impurity MgOHCl in tested chloride salts before/after metal samples 
were immersed. 

The concentrations of Cr, Fe, and Ni in all salt samples are smaller than their measurement limits of AAS, as 

shown in Fig. 5. In other words, the corrosion products in molten chloride salt are smaller than 1.52 x 10-3 mol.% 

after the 2000h corrosion test. Based on such low concentrations of MgOHCl and corrosion products in salt 

samples, it is believed that the corrosivity of the purified molten chloride salts was controlled successfully. 

 

Fig. 5 The concentrations of Cr, Fe, and Ni in the molten chloride salt measured with AAS. The samples 
500h-1 and 2000h mean the samples were extracted immediately after metal Samples-500h and -2000h, 
respectively. All the results are much lower than limit of AAS. 

3.2 Surface characterization of exposed alloys 
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Fig. 6 shows the surface morphologies and the corrosion products of the exposed alloy samples. The optical 

pictures of the samples exposed for 250 h and 2000 h are shown in Fig. 6 (h). The sample exposed for 2000 h 

shows the black color, and its surface is covered with some particles. Fig. 6 (a) – (f) display the SEM images and 

corresponding EDX-mapping of Sample SS310-500h. Surface images of Sample SS310-500h show some 

tetrahedral crystal particles. According to the corresponding EDX-mapping, the particles are enriched in Mg and 

O, while the uncovered substrate shows a strong signal of Fe, Cr, and Ni, which are the dominant alloy elements 

of SS 310.  

The phase compositions of the species on the surfaces of Samples SS310-1000h and In800H-1000h were 

examined by XRD, as shown in Fig. 6 (g). For both SS 310 and In 800H, the diffraction reflections of MgO at 

2θ=37.1°, 42.6°, and 62.5° are dominant. In addition, the austenite phase was detectable in the XRD patterns of 

both studied Fe-based alloys, which indicates the surfaces of both samples were not fully covered by oxide 

precipitations after 1000 h exposed to molten chloride salt. Moreover, the XRD pattern of the Sample SS310-

1000h shows a slight signal of MgCr2O4. In contrast, no reflection of MgCr2O4 was detected on Sample In800H-

1000h. Based on the SEM-EDX and XRD results, MgO is the dominant deposit on the surface of both SS 310 

and In 800H. Fig. 7 shows the evolution of surface morphologies of SS 310 and In 800H samples during exposure 

to Mg-additive chloride salt for 2000 hours. After 250 h, small size MgO particles (size of < 3 μm) were 

aggregated on the surface of SS 310 and In 800H (Fig. 7 (a) and (e)), followed by MgO crystal particles with the 

size of tens of micrometre eventually covering the entire surface (Fig. 7 (d) and (h)). The growth process of MgO 

on SS 310 and In 800H samples was similar during the 2000h-immersion test.  
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Fig. 6 (a) SEM image and (b)-(f) corresponding EDX-mappings of SS 310-500h sample surface. (g) XRD 
pattern of Samples SS310-1000h and In800H-1000h sample surfaces. (h) optical pictures of 250h and 2000h 
samples after test (SS 310: 10 × 10 × 2 mm, In 800H: 20 × 10 × 2 mm). 

 

Fig. 7: Development of MgO morphology at the surface of metal samples during the 2000 hours exposure 
test in MgCl2-KCl-NaCl at 700 °C under Ar, characterized by SEM. 

3.3 Corrosion evolution of alloys in molten chloride salt 

The mass losses of Samples SS310-100h and In800H-100h were recorded after descaling according to the 

ASTM-G1 standard [48]. As shown in Fig. 8 (a) and (e), no residual oxide layer can be observed on the surfaces 

of Samples SS 310-100h and In 800H-100h after descaling, confirming the acid washing can erase the oxide 

layer. According to the mass loss of Samples SS310-100h, In800H-100h, SS310-500h-2, and In800H-500h-2, the 

CRs(mass-loss) of the studied alloys are calculated based on Eq. 2. The CRs(mass-loss) of SS 310 are 52.6 ± 2.11 and 

12.4 ± 0.38 µm/year for 100 hours and 500 hours, respectively, while CRs(mass-loss) of In 800H are 15.3 ± 2.11 and 

5.3 ± 0.38 µm/year, respectively. The error here originates from the measurement limit of the balance. 
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Fig. 8: Development of corrosion morphology of alloy samples during the 2000 hours exposure immersion 
test in MgCl2-KCl-NaCl at 700 °C under Ar, characterized by SEM on their cross-sections. 

Fig. 8 displays the development of corrosion morphology of tested samples during the 2000h-immersion test 

in the purified MgCl2-KCl-NaCl molten salt at 700 °C under Ar sweep gas. On most of the SEM images, only 

thin corrosion layers can be observed. According to grid counting on SEM images mentioned in Eq. 3 and Fig. 2, 

the CRs of samples were calculated and summarized, as shown in Fig. 9. The corrosion depths of SS 310 and In 

800H are notably small (1.73 ± 0.36 µm for SS 310 and 1.13 ± 0.5 µm for In 800H) after 2000-hour immersion, 

suggesting that CRs (grid-counting) are 7.6 ± 1.6 µm/year and 4.9 ± 2.2 µm/year of SS 310 and In 800H, respectively. 

The error here originates from the standard deviation of corrosion depth of three different parts for the same 

sample. Since the corrosion depth is limited, the position of the sample embedded in the resin and the initial 

surface roughness of the sample affected the CR calculation significantly, leading to high relative errors in CRs. 

Overall, the CRs from grid counting and mass loss are comparable under identical experimental conditions (see 

Fig. 9). The CRs of both SS 310 and In 800H show a decreasing tendency with increasing exposure time. For 

example, the CR of SS 310 decreases from ~53 µm/year to <10 µm/year with increasing immersion time from 

100 hours to 2000 hours.  
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Fig. 9 Corrosion rates of SS 310 and In 800H based on SEM-grid-counting and mass loss results as a 
function of the immersion time. 

Fig. 10 and Fig. 11 provide SEM images of 2000-hour-sample cross-sections and elemental analysis by EDX-

mapping. As shown in Fig. 10 (a), a non-uniform MgO layer with a thickness of about 80 µm was observed on 

the surface of SS 310. The corrosion layer was almost invisible. The enlarged SEM image and EDX-mapping of 

the corrosion layer of SS 310 are shown in Fig. 10 (b)-(g). Some small holes with an average depth of 3 µm 

beneath the MgO layer were observed. From the EDX-mapping images, chromium distributes in the matrix 

unevenly. In addition, there exists some nickel enrichment at the surface of the sample and depletion in the matrix 

simultaneously. 

For Sample In800H-2000h, some parts of its surface were also covered with MgO (as shown in Fig. 8 (h)), 

while another typical surface feature is covered with Ni enrichment (as shown in Fig. 11 (g)). In contrast to the 

nugget shape on Sample SS310-2000h, the Ni-enrichment on Sample In800H-2000h exhibits a relatively uniform 

and continuous layer. Besides Ni, few other matrix elements such as Fe and Cr were measured by EDX. 

Furthermore, the Cr distribution in Sample In800H-2000h is more uniform than that in Sample SS310-2000h. 

The corrosion layer is also barely visible on sample In800H-2000h and exhibits a thickness below 2 µm. For 

Samples SS310-2000h and In800H-2000h, no typical Cr-depletion layer was observed by EDX-mapping. 

Because the Cr-depletion is a typical feature of corroded Fe-Cr-Ni alloy in molten chloride salts [15, 29, 32], the 

little-Cr-depletion indicates that the corrosion on the 2000h-samples is slight. 
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Fig. 10. Cross-section SEM and EDX-mapping images of Sample SS 310-2000h. 

 

 

Fig. 11. Cross-section SEM and EDX-mapping images of Sample In800H-2000h. 

4.  DISCUSSION 

4.1 Development and Influence of MgO layer 

It is reasonable to assume that there are two sources of MgO in the presented experiments, as discussed in our 

previous work [29]. On the one hand, formed MgO was originated from the spontaneous decomposition of 

MgOHCl, which was generated from the hydrolysis of hydrated MgCl2 such as MgCl2·H2O, as shown in Eq. 6 

and Eq. 6 [25, 27, 29]. On the other hand, both alloying elements in specimens (e.g., Cr) and metal Mg react with 

the dissolved MgOHCl impurity in the molten salt, leading to the formation of the MgO layer on the surface of 

samples, as shown in Eq. 7. It should be noted that Mg is the primary reactant (the M shown in Eq. 7), owing to 

the higher activity of Mg than that of Cr. Fe, and Ni [39]. In contrast to the previous work with a clear signal of 

MgCr2O4 [23, 29], a weak signal of MgCr2O4 was detected by XRD in this work, while no Cr signal was detected 

with EDX in the oxide layer, indicating that Cr-depletion was too little from the alloy to form Cr-rich oxide. The 

little Cr-rich oxide is a sidelight of the low-level corrosion in this work.  

MgOHCl(s) → MgO(s) + HCl(g) Eq. 6 
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M (Mg, Fe, Cr, Ni) + 2MgOHCl(l) → 2MgO(s) + MCl2 + H2(g) Eq. 7 

As displayed in Fig. 7, the MgO grew gradually on the surface of samples during the 2000h-immersion test. 

It is foreseeable that without any actions, a dense MgO layer would also grow on the structural material in the 

future applications of chloride-TES. Although it makes sense in principle that a dense and continuous MgO layer 

could inhibit the attack of MgOHCl on the alloy by acting as a barrier, there is no direct evidence that the MgO 

layer on the alloy sample is dense enough to inhibit the attack of MgOHCl. In the previous work [23, 24, 29, 39] 

with significantly thick MgO layer, the corrosion layers in the matrix are still as high as tens of microns in molten 

chloride salt. In the present work, even for the same sample (e.g., Sample In800H-2000h), the distribution of the 

MgO layer is unevenly distributed. A part of the sample surface was covered by the MgO layer, as shown in Fig. 

8 (h), while a part of the sample surface was covered by Ni-enrichment, as shown in Fig. 11 (a). However, the 

corrosion depth under these two types of surfaces is equally tiny, implying that the corrosion layer depth has no 

significant relationship with the MgO layer in this case. Moreover, blockages or performance drop caused by 

MgO in the cycle of chloride-TES might lead to high operating cost. Hence, the large particle and thick layer of 

MgO in the cycle of the system are potential risks. Filters reported in reference [15] can be employed to remove 

MgO particles out of the molten salt and solve such problems. 

4.2 Corrosion of Fe-based alloys in molten chloride salt at 700 °C 

The presented results experimentally prove that Fe-based alloys can reach the target of 15 µm/year proposed 

by DOE [30] in MgCl2-KCl-NaCl mixtures at 700 °C with Mg salt-purifier and corrosion-inhibitor. Firstly, 

according to the corrosion results (Fig. 9), the CRs based on mass loss and microstructural analysis of 500-2000h 

samples are always smaller than 15 µm/year. Secondly, almost no Cr-depletion can be observed from EDX 

mapping, which confirms the low CRs of the alloy samples. In addition, the MgO is the dominant component of 

the oxide layer, while very weak Cr-enrich oxide was detected, which confirms again that the Cr-depletion from 

the matrix is small, i.e., the corrosion of alloy samples is slight. The target of 15 µm/year means that the corrosion 

depth of the primary structural material will be less than 0.5 mm, after 30 years of operation. 

Fig. 12 shows the corrosion-depth development of the samples with different exposure times. As can be seen, 

the corrosion depth increases sharply in the first 100 hours of tests, while after 250 hours, the corrosion curve is 

relatively flat. The corrosion development of SS 310 and In 800H in molten chloride salt in this work is 

comparable to that of Inconel 600 used in fluoride loop in the literature [52] (Figure 12.1 in [52]). In the long-

term corrosion test of the fluoride loop, the rapid corrosion of the first 250 hours is the initial impurity-driven 

corrosion. In comparison, the slow corrosion after 250 hours was a thermal gradient effect resulting from the 

metal solubility difference in molten fluoride salt at different temperatures and parts [52].  
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Although the corrosion curves of previous and this work are comparable, the explanations of corrosion in that 

dynamic fluoride loop and this static chloride test are not in line. There exists no thermal-gradient-effect corrosion 

in this static corrosion test. The impurities (e.g., MgOHCl) drove the corrosion of samples in this work. As shown 

in Fig. 4, the concentration of the main corrosive impurity MgOHCl was at a similar level, i.e., < 200 ppm O in 

separate crucibles after various exposure times. Hence, it is probable that the variation of CRs is not attributed to 

the concentration difference of MgOHCl. A possible cause of the relatively high mass loss in the early stage could 

be the rapid passivation of the bare metal after polishing. After that, corrosion would be controlled by diffusion 

of the alloying elements involved in the corrosion reactions, which was slower. 

 

Fig. 12. SS 310 and In 800H corrosion development in MgCl2-KCl-NaCl at 700 °C under Ar sweep gas. The 
salts were purified with 2.8 wt.% Mg at 700 °C for 16 hours before tests.  

The estimated CRs of alloy in molten chloride salt in this work are low, however, the problem of Ni-

enrichment on the surface is noteworthy, as shown in the EDX-mapping of Samples SS310-2000h and In800H-

2000h (i.e., Fig. 10 (g) and Fig. 11 (g)). This phenomenon is particularly evident in the Sample In800H-2000h, 

which shows a continuous Ni-enrichment layer with a height of 20 µm. One plausible explanation for this is that 

the Ni in the sample matrix has a high affinity with the Mg metal dissolved in molten chloride salt. The Mg-Ni 

interaction phenomenon was also observed by other researchers in corrosion tests of Fe-Cr-Ni alloys with Mg-

rich molten chloride salts [22, 43, 53]. The research on Mg-Ni interaction is insufficient and requires further 

investigation. 

Another noteworthy point from EDX-mapping is inhomogeneous Cr-distribution in SS 310 after 2000h 

exposure to molten salt at 700 °C, as shown in Fig. 10 (e). This inhomogeneity is not due to the impact of molten 

chloride but the segregation of Cr in SS 310 at 700 °C. The following two reasons are given to support this view. 
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Firstly, the inhomogeneous Cr distribution in SS 310 after 2000h exposure is observed not only near the surface 

but also in the deep matrix (see Fig. 13). In the deep matrix that was inaccessible to the melts, only high 

temperature can affect the distribution of Cr. Secondly, in literature [54, 55], the austenitic stainless steels were 

tested/in service at temperatures above 600 °C without molten salt. In these cases, Cr-rich secondary phases, such 

as the sigma phase, were presented at grain boundaries (GBs), leading to the inhomogeneous Cr distribution. The 

embrittle sigma phase precipitates at GBs, leading to the degradation of these steels' mechanical properties 

(especially anti-creep property) at high temperatures [56], indicating that the 700 °C seems not the optimum 

service temperature of SS 310. For the future application of chloride-TES tank, stainless steels with better thermal 

stability at >700 °C are required, which should have reasonably high-temperature mechanical properties, 

especially anti-creep properties [57]. 

 

Fig. 13. SEM and EDX-mapping images of Sample SS 310-2000h in the deep matrix. Cr-rich phase is 
observed. 

4.3 Influence of purification methods on CRs of Fe-based alloys  

The purification method is essential for the corrosion control. It was pointed out that the corrosion products 

can accelerate the corrosion of metal matrix in molten chloride salt [28]. For example, the corrosion product Cr3+ 

can oxide the Cr in alloy to Cr2+. Some similar conclusions have also been drawn in the field of molten fluoride 

salt [11]. Hence, the discussion of purification strategies is necessary.  

Table 3 summarizes the CRs of Fe-based alloys in MgCl2-containing molten salt at 700 °C under an inert 

atmosphere, including the results from the Chinese Academy of Sciences (CAS) [32], the Oak Ridge National 

Laboratory (ORNL) [40], our previous work [29, 39], and this work. All the molten chloride salts were chemically 
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purified, except for the molten chloride salts employed in ref. [29] not purified with any chemical methods as a 

reference, in which the CR of SS 310 is as high as 1752 µm/year.  

Table 3 Comparison of CRs for Fe-based alloys in MgCl2-containing molten salt at 700 °C under inert 
atmosphere. 

Materials 
Purification 

method 
Immersion 
time hour 

Salts 
CR based on mass 

loss µm/year 

CR based on 
SEM-EDX 

µm/year 

Data 
sources 

SS 310 
- 

500 

MgCl2-
KCl-
NaCl 

1581a 1752 DLR 
[29]  In 800H 364a 876 

SS 310 Adding 1 wt.% 
Mg 

- 298 DLR 
[39] In 800H - 262 

SS 310 Salt pre-
treatment by 2.8 
wt.% liquid Mg 

+ test with 
excessive Mg 

500 

12.4a ~12b 
This 
work  In 800H 5.3a ~8b 

SS 316 Salt pre-
treatment by 
solid Mg and 

test with 1 
wt. % Mg 

400 

51 

~ 20 µm corrosion 
along grain 

boundary after 
400-hour test CAS 

[32]  
SS 316 

(carburized) 
52 

~ 60 µm corrosion 
along grain 

boundary after 
400-hour test 

SS 316 
Salt dried at 

300 °C for 24 
hours 

100 261 

~ 50 µm corrosion 
along grain 

boundary after 
100-hour test 

CAS 
[20]  

SS 316 L 
Salt pre-

treatment by 
CCl4 bubbling 

100 
MgCl2-

KCl 
18 almost invisible  

ORNL 
[35]  

a. For mass loss measurement, the samples were washed by acid according to ASTM G1 [48]. 
b. Errors of these values are high because of almost invisible corrosion layers on samples, as shown in Fig. 8 

(c), (g) and Fig. 14 (c).  

Kurley et al. from ORNL purified 600g MgCl2-KCl salt with CCl4 bubbling at 850 °C for over 100 hours [40]. 

Then SS 316 L samples were immersed in purified salt for 100 hours at 700 °C. Based on mass loss, the CR of 

SS 316 L was about 18 µm/year in this case, implying that intensely chemical pre-treatment is an effective method 

to decline the corrosivity of molten chloride. However, due to its expensive cost and toxicity, the CCl4 bubbling 

method could be challenging for large-scale purification and application. 

In our previous work [39], Mg (1 wt.% ) was used as the additive to mitigate molten chloride salt corrosion 

of alloy samples. During the heating, some produced corrosive impurities like MgOHCl and HCl, before reacting 
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with Mg, corroded the SS 310 sample, leading to a 17 µm corrosion layer in 500 hours immersion test (298 

µm/year) [39]. Ren et al. in CAS used a Mg rod to purify MgCl2-KCl-NaCl at 600 °C for 24 hours [32]. After 

purification, standard SS 316 and carburized SS 316 samples were immersed into purified salt with 1 wt. % Mg 

for 400 hours at 700 °C. Although the mass loss results imply that the CRs of samples were not severe (~51 

µm/year), the corrosion depth at the cross-section measured by SEM was relatively high due to intergranular 

corrosion. The passivation of the Mg rod by the MgO layer (see Eq. 1) could result in the corrosive impurities 

were not reduced to a low level, leading to relatively large intergranular corrosions. 

As shown in Fig. 14, sketches of three corrosion experiments performed at the German Aerospace Center 

(DLR) are summarized. In this work, the alloy samples were immersed in molten chloride salts at 700 °C, pre-

treated by 2.8 wt. % liquid Mg for 16 hours. With this approach, the concentration of MgOHCl in this work is 

controlled under 200 ppm O, while the concentrations of Cr, Fe, and Ni were smaller than 1.52 x 10-3 mol.% in 

melts, resulting in the CRs being smaller than 15 µm/year. Furthermore, with a suitable corrosion inhibitor, the 

CR decreases with the increasing test time, as shown in Fig. 9. 

        

 

Fig. 14. Comparison of three exposure tests at DLR. The tests were performed at the same platform with 
MgCl2-KCl-NaCl at 700 °C under Ar sweep gas. (a) SS 310 was heated with the impurified salt to 700 °C 
and held for 500 hours [29]; (b) SS 310 was heated with salt and 1 wt.% Mg to 700 °C and held for 500 
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hours [39]. (c) In this work, the salt was purified with 2.8 wt.% liquid Mg at 700 °C for 16 hours, and then 
the SS 310 was immersed in purified salt. Red devil: MgOHCl; Knight: Mg metal. 

According to the experience learned from this work, an industrial procedure similar as that for the commercial 

molten nitrate-TES system could be designed for the molten chloride-TES system, as schematically shown in Fig. 

15. Based on the promising salt purification effectiveness of Mg in this work, an equipment (similar as the 

commercial pre-melting equipment for nitrate salts [58]) is patented [59] and will be developed for pre-melting 

and salt purification with Mg. After pre-melting and salt purification, the molten chloride salt will be pumped to 

the commercial salt tank of the CSP plant. During the operation of the CSP plant, the molten chloride flows in 

the molten chloride TES system. The corrosion control system (CCS) in the chloride-TES is necessary for the 30-

year service life of CSP [7]. The CCS consists of two parts: corrosion monitoring and corrosion mitigation. In 

this work, the corrosion monitoring part corresponds to the titration and AAS methods, giving ex-situ analysis of 

the salt corrosivity (e.g. MgOHCl concentration) and corrosion products. Besides the ex-situ analysis, some in-

situ techniques based on some electrochemical methods (e.g., CV [21, 60, 61] and OCP [61]) could be used for 

online monitoring. In this work, the Mg metal plays two roles as both salt purifier before metal exposure and 

corrosion inhibitor during the 2000-hour test. In other words, the Mg metal could be also used as a corrosion 

inhibitor in CCS for corrosion mitigation. Except for Mg-inhibitor, other options such as electrolysis [36] could 

be used for corrosion mitigation. With the procedure described in Fig. 15 based on the promising results of this 

work, the corrosion rate of stainless steel in chloride-TES for commercial application in CSP could be controlled 

at a low level. However, static experiments on a laboratory scale cannot fully reflect the real situation in the 

industry. Therefore, subsequent study closes to the real conditions of CSP based on dynamic platforms is 

necessary for reducing the scaling-up risk of chloride-TES. 
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Fig. 15. Industrial procedure of chloride-TES for commercial application in CSP designed based on the results in 
this work.  

4.4 Economic discussion on the chloride-TES 

The corrosion of molten chloride salt to Fe-Cr-Ni alloy has long been one of the most challenging issues for 

molten chloride salt [1, 18, 20, 43, 62]. It is the prerequisite for the application of molten chloride salts to 

overcome the high corrosivity with a cost-effective approach, especially for the next-generation CSP with up to 

30000-ton salt. In this work, we purified the inexpensive salt (MgCl2-KCl-NaCl) with an inexpensive method 

(Mg-additive), controlling the corrosion rates of inexpensive alloys (Fe-based alloys) under 15 µm/year in molten 

chloride salt at 700 °C for 2000 hours.  

The positive results of the static corrosion test suggest that stainless steel is a promising candidate for structural 

material for chloride-TES, which is in line with the main structural material for commercial nitrate-TES. Fig. 16 

shows the cost comparison of nitrate- and chloride-TES. Among them, the costs of Nitrate-TES-1 (commercial 

case: Abengoa GO 18149, 20 $/kwh-th), Nitrate-TES-2 (commercial case: WorleyParsons, 33 $/kwh-th), and 

Chloride-TES-Ha 230 (estimation, 58 $/kwh-th) are available in the report published by the NREL [1], while the 

cost of Chloride-TES-SS (27 $/kwh-th) is estimated based on stainless-steel hot tank and MgCl2-KCl-NaCl 

ternary chloride salt using the estimation model in the report of NREL. As can be seen, the stainless-steel hot tank 

leads to a sharply decreasing chloride-TES cost, resulting in a comparable cost with commercial cases of nitrate-

TES. 
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Fig. 16 A comparison of cost of commercial nitrate-TES with estimated chloride-TES [1]. When the stainless steel 
could be available in chloride-TES, the cost of chloride-TES would be in line with nitrate-TES. 

5. CONCLUSIONS AND OUTLOOK 

The main conclusions of this work are summarized as follows: 

 Based on the 2000-hour exposure test, the corrosion rates of In 800H and SS 310 in the molten MgCl2-

KCl-NaCl salt purified with liquid Mg at 700 °C under the Ar atmosphere were 7.6 ± 1.6 µm/year and 

4.9 ± 2.2 µm/year, respectively.  

 The CRs of SS 310 in this work decrease from 52.6 µm/year to 7.6 µm/year, while CRs of In 800H 

decrease from 15.3 µm/year to 4.9 µm/year with increasing exposure time from 100 hours to 2000 

hours. 

 With an optimizing salt purification by 2.8 wt.% Mg before immersion tests, the concentration of 

MgOHCl corrosive impurity was smaller than 200 ppm O (~0.096 wt.%), which can be seen as the 

acceptable impurity level of MgCl2-KCl-NaCl for Fe-based alloy. 

 The development of oxide layers on the sample surface illustrated the growth of MgO particles from 

several micro-meter to be about one hundred micro-meters during the 2000-hour test. The MgO layers 

showed no apparent correlation with the corrosion depth in this work. 

 An industrial procedure similar as that for the commercial molten nitrate-TES system could be 

designed for the commercial molten chloride-TES system to ensure the long service life time. It 

includes the salt pre-melting and salt purification by an equipment using Mg, pumping of the purified 
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salt into the commercial salt tank and corrosion control during the operation of the chloride-TES 

system by a corrosion control system.   

In summary, this work experimentally proves that Fe-based alloys can reach the target of 15 µm/year 

proposed by DOE in MgCl2-KCl-NaCl mixtures at 700 °C with Mg salt-purifier and corrosion-inhibitor. 

Moreover, if the stainless steels fulfill other essential requirements like mechanical properties, they can be used 

as the main structural material of the salt tank. This makes the chloride-TES system have a similar cost (27 

USD/kWh-th) to the commercial nitrate-TES system and be more cost-effective and competitive. 

In the future, the following work is suggested to develop the chloride-TES technology for final commercial 

applications: 

 With Mg-additive, some stainless steels or Fe-based alloys with good high-temperature mechanical 

properties could be tested in molten chloride salt. 

 Some essential structural elements (e.g., welding joint) could be tested in the purified molten chloride 

salt. 
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