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Abstract: Stainless steel is mainly used for components such as thermal molten salt tanks, heat transfer
pipes, heat exchangers, valves, and pumps in solar thermal power generation systems. Molten salt, with
its excellent thermophysical properties, serves as the heat transfer and storage medium in solar thermal
power generation. However, molten salt exhibits strong corrosive properties towards metal materials. This
paper provides an overview of the corrosion assessment and mechanisms of stainless steel in molten salt
environments. Firstly, the application of stainless steel in solar thermal power generation systems and its
corrosion evaluation in molten salt are introduced. Subsequently, the main corrosion types of stainless steel
in molten salt, as well as the corrosion mechanisms in nitrate, carbonate, and chloride salts, are
summarized. Austenitic stainless steel meets the corrosion rate requirements for structural materials in solar
salt, aluminum-containing stainless steel exhibits superior corrosion resistance in carbonate salts, and 310
stainless steel is suitable for use in purified chloride salts under inert atmosphere protection. The corrosion
of stainless steel in molten salt mainly depends on the types of salt anions. Corrosion in salts containing
oxygen anions and halide salts is categorized under the molten salt acid-base theory, while chloride salt
corrosion also involves the activation-oxidation theory. Finally, the electrochemical corrosion behaviors of
atmosphere, impurities and temperature that affect the corrosiveness of molten salt are discussed, and it is
pointed out that chloride salt purification can greatly reduce the corrosion of metal materials. Aluminum-
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containing stainless steel can form a more stable A1,0; passivation film in the oxygenated anionic salt,

which can effectively prevent the dissolution of chromium and iron and the penetration of corrosive

impurities, which is the main research direction of molten salt corrosion-resistant stainless steel.

Key words: solar thermal power generation; molten salt energy storage ; molten salt corrosion; molten salt

acid-base theory ; activation-oxidation theory ;chloride salt purification ; aluminum-containing stainless steel
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Table 1 Corrosion rates of stainless steel in molten salt
Alloy Molten salt T/C Atmosphere CR/(pm-a™ 1) Reference
SS 304 Solar salt 550-1SO Air 4.1 [15]
NaNO;/KNO;, 565-1SO Air 16.5 [16]
(60%/40%) 570-1SO Air 6-15 [17]
SS 316 600-1SO Air <254 [18]
565-1SO Air 13.7 [16]
565-TC Air 4.0 [19]
570-1SO Air 6-15 [17]
SS 316L 600-1SO Air <254 [18]
630-1SO Air 101.6 [18]
SS 316 565-TC Air 2.6 [19]
SS 321 550-1SO Air 8.6 [20]
565-TC Air 2.9 [19]
600-1SO Air 8.4 [21]
400-1SO Air 1.0 [22]
500-1SO Air 7.1 [22]
600-1SO Air 15.9 [22]
SS 321H 600-1SO Argon 434 [23]
SS 347 680-1SO Air 460 [22]
290,600-TC Argon 114 [23]
550-1SO Air 9.0 [20]
400-1SO Air 0.7 [22]
500-1SO Air 4.6 [22]
600-1SO Air 10.4 [22]
SS 347H 600-I1SO Argon 317 [23]
SS 430 550-1SO Air 45.4 [15]
0C4 680-1SO Air 447 [22]
SS 304 Hitec XL 390-1SO Air 0.1 [24]
SS 430 KNO,/NaNO,/Ca(NO,), 390-I1SO Air 0.6 [24]
(45%/7%/48%)
OCT LiNaK-NO, 550-1SO Air 5.95 [25]
SS 304 LiNO,/NaNO,/KNO, 550-1SO Air 3.93 [25]
(30%/13%/57%)
SS 3108 KNO,/NaNO,/NaNO,/KCI1(50.35%/38%/6.65%/5%)  500-1SO Air 0.499 [26-27]
SS 316 500-1SO Air 1.460 [26-27]
SS 321 500-1SO Air 1.895 [26]
SS 310 LiNaK-CO, 600-1SO N, 63220 [28]
LLCO,/Na,CO,/K,CO, 600-1SO Air 433+3 [29]
(32.1%/33.4%/34.5%) 650-1SO CO, 589+29 [28]
700-1SO CO, 2456 [28]
SS 316 700-1SO Air N/A [30]
700-1SO Argon 94 [31]
SS 321 750-1SO 4640 [10]
SS 347 710-1SO Air 180-210 [5]
750-1SO 2360 [10]
HR3C 700-1SO Air N/A [32]
710-1SO Air N/A [5]
800-1SO Air N/A [32]
0C4 650-1SO Air 35.56 [10]
HR224 650-1SO Air 5.08 [10]
0C6 750-1SO N, 17504490 [28]
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Alloy Molten salt T/C Atmosphere CR/(gm-a™") Reference
SS 304 KC1/ZnCl,/NaCl 250-1SO Air 2043 [33]
(23.9%/68.6%/7.5%) 400-1SO Vacuum 14 [33]
500-1SO Air 38040 [33]
SS 316 KCl/ZnCl,/NaCl 700-1SO Air 1700 [30]
(31.3%/60.6%/8.1%) 700-1SO Argon 892 [31]
SS 310 KC1/MgCl,/NaCl 700-1SO Argon 1581 [34]
(17.8%/68.2%/14.0%)
SS 310 KC1/MgCl,/NaCl 700-1SO-P Argon 4.942.2 [8]
(21.3%/56.5%/22.2%)
SS 304 KF/LiF /NaF 700-1SO Air 137.0845 [35]
SS 316H (59%/29%/12%) 700-1SO Air 68.6+3 [35]
SS 316L 700-1SO Air 49.4+3 [36]

Note: T-temperature ; SS-stainless steel ; ISO -isothermal ; TC -thermal cycling ; P-purification; N/A-not applicable
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Fig.5 Corrosion mechanisms of 304 and 316L stainless steel in solar salt at different temperatures
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