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Abstract: [Objective] This article aims to improve the corrosion resistance of 304 stainless steel in high-temperature
chloride molten salts, clarify the application effect and corrosion inhibition mechanism of aluminum powder as a
corrosion inhibitor, and provide a practical reference for the material protection of solar thermal storage molten salt
systems. [Methods] The high-temperature electrochemical corrosion behavior of 304 stainless steel was investigated
in a ternary chloride molten salt (NaCIl-KCI-MgCl,) at 700 ‘C with the addition of aluminum powder at mass
fractions of 0, 1%, 2%, and 5% respectively. Potentiodynamic polarization (PDP) and electrochemical impedance
spectroscopy (EIS) were employed to evaluate the corrosion kinetics and interfacial characteristics. The surface and
cross-sectional morphologies, elemental distribution, and phase composition of corrosion products were analyzed
using scanning electron microscopy combined with energy-dispersive spectroscopy (SEM/EDS) and X-ray
diffraction (XRD). [Results] The addition of aluminum powder significantly suppressed the corrosion of 304
stainless steel. With 5% aluminum powder addition, the corrosion current density decreased from 299.98 mA/cm?
(without addition) to 31.673 mA/cm?, representing a reduction of 89.4%. The polarization resistance increased
markedly from 0.348 Q (without aluminum) to 2.974 Q (with 5% aluminum), indicating enhanced resistance to
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corrosion reactions. Electrochemical impedance spectroscopy (EIS) analysis revealed that the addition of aluminum
altered the corrosion control mechanism from diffusion-controlled (without aluminum) to a dual-layer synergistic
protection system at higher aluminum contents. After 100 h of corrosion, the thickness of the internal diffusion layer
was significantly reduced from 150 um (without aluminum) to 36 um (with 5% aluminum powder addition). XRD
and SEM/EDS analysis showed that at aluminum additions of 2% and 5%, a continuous and dense Al>Oz layer
formed on the surface, while aluminum diffused inward to form an aluminum-rich layer and intermetallic AINi3
phase within the alloy subsurface. This dual-layer structure effectively suppressed the outward diffusion of Cr and
Fe, thereby mitigating corrosion. [Conclusion] The corrosion inhibition mechanism of aluminum powder involves
a synergistic protective process. Aluminum preferentially reacts with oxidizing impurities (e.g., moisture and
oxygen) in the molten salt, forming a stable Al,Os film on the alloy surface. Simultaneously, a portion of aluminum
diffuses inward, creating an aluminum-rich layer and precipitating AINis phases, which together act as an internal
diffusion barrier. This combined surface film and internal diffusion barrier system effectively blocks the outward
migration of Cr and Fe, substantially reducing the corrosion rate. The results demonstrate that adding aluminum
powder to chloride molten salts is a simple and effective strategy to enhance the corrosion resistance of 304 stainless
steel. Future work should focus on the evaluation of the long-term durability and erosion resistance of this protective
system under dynamic flow conditions, to facilitate its practical applications in concentrating solar power systems.
Key words: 304 stainless steel; aluminum powder corrosion inhibitor; chloride molten salt; high-temperature
electrochemical corrosion; synergistic protection system
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Tab.1 Chemical composition of 304 stainless steel

Cr C Si Mn P S Ni Fe
1840 0.05 0.95 1.90 0.03 0.02 10.60 H 4
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Fig.1 Schematic diagram of the corrosion experimental
device for 304 stainless steel in chloride molten salts
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Fig.2 Potentiodynamic polarization curves of 304 stainless
steel in chloride molten salts at 700 ‘C with different mass
fractions of Al powder
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Tab.2 Fitting results of polarization curves for 304 stainless steel in chloride molten salts at 700 ‘C with different mass
fractions of Al powder

T ba/(mV €ec?) be/(mV dec?) Ecorr/IMV jeorr/(MA €m2) Ro/Q
0%-3 h 3439.30 250.16 —201.46 202.140 3.111 40
0%-100 h 356.98 736.24 —-158.65 299.980 0.348 05
1%-3h 229.95 294.65 -310.88 46.050 1.218 10
1%-100 h 508.69 515.68 -181.65 130.960 0.802 14
2%-3 h 854.57 819.83 -409.19 12.849 14.143 00
2%-100 h 788.89 400.28 -305.62 68.101 1.663 60
5%-3 h 492.61 298.70 -334.06 24.349 3.316 70
5%-100 h 801.43 297.29 —295.48 31.673 2.973 50
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Fig.3 Electrochemical impedance spectroscopy (EIS) of corrosion of 304 stainless steel in chloride molten salts with different
contents of Al powder at 700 C
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Tab.3 Fitting values of electrochemical impedance spectroscopy (EIS) tests for 304 stainless steel in chloride molten salts with
different mass fractions of Al powder at 700 °C

T RJ/Q Rpi/Q Yo,cre1/S NcpE1 Rw/Q Yo.cpealS Ncpe2 Rp2/Q Yo,cpes/s Ncpe3

0%-20 h 0.304 93 0.989 76 0.400 59 0.7952 0.969 4 1.703 100 1.100

0%-100 h 0.32341 0.104 01 0.184 05 0.744 6 0.809 2 6.968 200 0.695

1%-20 h 0.346 18 39.526 00 1.767 90 0.669 3

1%-100 h 0.234 68 0.195 26 0.136 93 0.748 0 16103 0.049 857 1.100

2%-20 h 0.364 93 1.007 70 0.283 07 0.997 8 21.7650 0.249 28 0.8349
2%-100 h 0.421 36 0.030 92 0.233 66 0.9777 6.327 2 3.196 80 0.7890
5%-20 h 0.576 66 0.656 62 3.53320 0.942 2 95148 1.355 60 0.7858
5%-100 h 0.556 07 5.770 00 3.295 90 0.9243 17.126 0 0.73121 0.8777
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Fig.4 Equivalent circuit models for EIS data fitting
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Fig.5 XRD patterns of 304 stainless steel after corrosion for
100 h in chloride molten salts with different mass fractions
of Al powder at 700 C
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Fig.6 Surface and cross-sectional morphologies of 304
stainless steel after corrosion for 100 h in chloride molten
salts at 700 C
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Fig.7 Elemental distributions of 304 stainless steel after
corrosion for 100 h in chloride molten salts at 700 C
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Tab.4 Surface EDS analysis of 304 stainless steel corroded
for 100 h in chloride molten salts with different mass
fractions of Al powder at 700 ‘C

X O Mg Al cr Fe Ni
1 074 019 1351  76.24 9.10
2 289 020 1156 7538 9.75
3 151 1.07 1.51 8.76 70.90 12.59
4 564 140 564 1636  64.79 9.09
5 7.67 2.36 7.67 11.58 67.71 9.53
6 892 450 892 1541 6L75 8.78
7 1328 145 1328 1456  60.39 9.97
8 840 210 840 1471 6343 10.78
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