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Abstract: To cope with global warming, the rapid development of carbon capture, utilization and storage (CCUS) technology has
generated unique challenges for steel structure corrosion resistance in supercritical CO® environments. The CO, storage in deep
seawater geological reservoirs is typically in a supercritical state (larger than 7.38 MPa, 31.1 C), and the fluid is commonly
characterized by high chloride contents. This chloride-containing supercritical CO, condition generally leads to serious corrosion
damage on structural steel components. Many steel materials suffer from severe grain boundary corrosion owing to their crystalline
structure, and structural steel corrosion problems in this environment is considered a significant obstacle for the development of CO,
capture and storage. Amorphous alloy possesses unique atomic structures with long-range disorder and many outstanding properties
such as high strength and hardness, good thermal stability, excellent corrosion and wear resistance. Amorphous alloy is therefore
considered an ideal candidate as coating material for structural steel protection in CCUS areas. However, few studies on amorphous
alloy corrosion behavior in this environment have been published. In this study, the corrosion behavior of a SAM2X5 Fe-based

amorphous alloy and 13Cr martensitic stainless steel is comparatively studied in a high temperature, high pressure reactor under a
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simulated supercritical CO, environment of approximately 80 ‘C and 10 MPa. X-ray diffraction (XRD), differential scanning
calorimetry (DSC), confocal laser scanning microscopy (CLSM), scanning electron microscopy (SEM), X-ray photoelectron
spectroscopy (XPS) and electrochemical Mott-Schottky tests were conducted to characterize and analyze the microstructure, corrosion
morphology, and surface film components for the two alloy samples. Corrosion test results demonstrate that after a 168 h corrosion
experiment in the supercritical CO, environment, serious pitting corrosion occurs on the surface of 13Cr stainless steel, while no
obvious corrosion was observed on the Fe-based amorphous alloy surface, which exhibited excellent corrosion resistance of the
amorphous alloy in high temperature, high pressure corrosive environments. The surface analysis results demonstrate that the surface
film formed on amorphous alloy is rich in the Si element in addition to Fe and Cr, which promotes the formation of a stable dense
passive film. Mott-Schottky tests indicate that the surface film for 13Cr stainless steel exhibits p-type semiconductor characteristics,
while the surface film for Fe-based amorphous alloy exhibits n-type semiconductor characteristics. In addition, the carrier density in
the passive film of 13Cr stainless steel is significantly higher than that of the Fe-based amorphous alloy. Based on these results, it can
be concluded that Fe-based amorphous alloy corrosion resistance in a chloride-containing supercritical CO, environment is

significantly more superior to that of 13Cr stainless steel. Finally, this demonstrates a promising material worth considering for

application in extremely corrosive environments.
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for Fe-based amorphous alloy sample
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Fig. 3 CLSM morphology of 13Cr stainless steel and Fe-based amorphous alloy before and after corrosion
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Fig. 4 Surface morphology before and after corrosion of Fe-based amorphous alloy and 13Cr stainless steel
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Fig. 6 Detailed XPS spectra of Fe, Cr, Mo, Si for corroded SAM2X5 Fe-based amorphous alloy after sputtering for 30 s
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Table 1 Parameters of XPS for the components for

13Cr steel and Fe-based amorphous alloy

Constituent Binding energy / eV
Fe’ 2ps, 707.0 + 0.2
Fe** 2psp 709.4 + 0.2
Fe** 2psp 7109 + 02
Cr’ 2ps; 5743 + 0.2
cr’t 2psp 576.8 + 0.2
Cr** 2psp 5783 + 0.2
Mo 3ds, 231.1 + 02
Mo*" 3ds, 2325 + 0.2
Mo®" 3ds, 2358 + 0.2
Mo’ 3ds 2279 + 02
Mo*" 3ds 2293 + 02
Mo®" 3ds 2326 + 0.2
Si2p 99.3 + 0.2
Si*" 2p 101.9 + 0.2
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Fig. 10 Schematic diagram of corrosion mechanism for 13Cr stainless steel

and Fe-based amorphous alloy
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