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Experimental Study on the hot corrosion by KCI molten salt in
biomass combustion under oxy-fuel mode
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Abstract: Oxy-fuel combustion has a significant advantage in controlling carbon emissions, and oxy-biomass
combustion makes it possible to realize CO2 negative emission. However, oxy-biomass combustion aggravates the
high-temperature corrosion of the heating surfaces of boilers. In this paper, molten salt corrosion was studied in a
simulated erosion system. Adopting two kinds of superheater and reheater materials (TP347H, HR3C), experiments
were carried out in different gas environment. Meanwhile, the corrosion product on the microstructure and
composition analysis were further studied. In general, the corrosion weight curves follow parabola law. When KCl
deposited on the surface of superheater and reheater, the corrosion rate was significantly higher than that of
atmosphere corrosion. The increase of temperature can significantly aggravate the corrosion of the material
mentioned above. Under oxy-fuel combustion mode, Cr element could be promoted to migrate to the surface, and
the high concentration of moisture could slightly inhibit the hot corrosion. Compared with TP347H, because of high

Cr and Ni content, HR3C is more resistant to hot corrosion.
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Table 1 Elemental composition of alloy materials

IUE YN C Mn Si Cr S Ni P Nb N
TP347H  0.04-0.10 <2.0 <075 17-20 <0.03 9-11 <0.04  0.6-0.8 /
HR3C  0.04-0.10 <2.0 <I1.00 24-26 <0.03 19-22 <0.045 0.02-0.60 0.15-0.35
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Fig. 1 Salt vapor deposition system and schematic of KCl
vapor deposition on steel sample surfaces (a, before depositing;
b, after depositing; c, fixture; d, system of salt vapor deposition

on steel sample surface)
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Fig. 2 Schematic of hot corrosion experimental system
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Table 2 Experiment conditions for hot corrosion tests.
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TP347H 550 0.2 2 20 COz 0?
550 0.2 2 0 N2 0.5
450 0.2 2 20 CO: 0.5
550 0.2 2 20 COz 0.5
650 0.2 2 20 CO2 0.5
550 0.2 2 0 COn 0.5
HR3C 550 0.2 2 20 CO2 0?
550 0.2 2 0 N2 0.5
450 0.2 2 20 CO: 0.5
550 0.2 2 20 CO2 0.5
650 0.2 2 20 CO: 0.5
550 0.2 2 0 COn 0.5
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Fig. 4 Mass gain kinetics of TP347H and HR3C samples at salt
plating
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Fig. 5 Mass gain kinetics of TP347H and HR3C samples in
different temperature atmosphere
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Fig. 6 Mass gain kinetics of TP347H and HR3C samples in

oxy-fuel and air atmosphere
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Fig. 7 Mass gain kinetics behavior in high moisture
atmosphere
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Fig. 8 SEM images of the specimen cross section after 8h corrosion test  (2%02+0.2%S02+20%H20+CO2)
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Fig. 9 XRD patterns of the corrosion layer at 550 C  (2%02+0.2%S02+20%H20+CO2)
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Fig. 10 SEM images of the specimen cross section of corrosion test (2%02+0.2%S02+20%H20+Nz2)
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(a) HR3C, 550 C, 8h

(b) TP347H, 550 C, 8h
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Fig.11 XRD patterns of the corrosion layer at 550 ‘C
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