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Abstract; To investigate the high-temperature corrosion behavior of heat-resistant steel, T91
ferritic heat-resistant steel, which is used in the water-cooled walls of 630 ‘C ultra-supercritical
power generation units, is selected as the research subject. The flue gas corrosion behavior of the
heat-resistant steel under different load operating conditions was studied. An analytical balance
was used to measure the mass change of the steel before and after corrosion, while scanning

electron microscopy and X-ray diffraction were employed to characterize the morphology,
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composition, and distribution of the corrosion products. The experimental results indicate that
the corrosion kinetic curve of T91 heat-resistant steel at 500 “C follows a parabolic pattern. At 550 °C and
600 °C, the corrosion kinetic curves initially follow a parabolic pattern but transition to a linear pattern
after 100 hours and 75 hours, respectively. At 600 °C, the slope of the linear portion increases, indicating
that temperature accelerates the transition in the corrosion behavior of the heat-resistant steel. The
surfaces of the heat-resistant steel exhibit reddish-brown color, with the surface morphology
transitioning from filamentous to spinel-like and spherical corrosion products. The corrosion
products on the surface of T91 heat-resistant steel present a three-layer structure, from the gas
side to the substrate side: an Fe-O corrosion layer (mainly Fe;O, and Fe,O;), an FeS corrosion
layer, and an Fe-Cr-O corrosion layer (FeCr,O,). As the temperature increases, the thickness of
the corrosion layers grows, with a 42. 9% increase in oxide layer thickness for every 100 °C rise in
temperature, The growth mechanism of the corrosion layers shift from being dominated by
outward diffusion of cations to being dominated by inward diffusion of anions. This transition

leads to the formation of defects such as pores and sulfides at the oxide/substrate interface,
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increasing the risk of failure in power plant boiler water-cooled walls.
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Fig. 1 Multi-component mixed gas high-temperature corrosion

test platform
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Table 1 Other trace element components of T91 heat-resistant

steel

J ik 5 %/ %
Ni Cr Mn  Nb C Si Mo

0.09 8.32 0.51 0.07 0.09 0.48 0.92

k2 BERGILF RS
Table 2 Chemical composition of coal ash
TS EL Y6
Na Mg Al Si S K Ca Fe
1.31 1.80 14.20 38.90 5.90 3.78 17.30 13.60
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Fig. 2 Macroscopic morphology images of the samples
after 200 h of flue gas corrosion at 500, 550, and
600 °C
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Fig. 3 Corrosion kinetics Am-t curve of T91 at 500,
550, and 600 C
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Fig. 6 Cross-sectional morphology and element surface scan

after 100 h of reaction in flue gas environment
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Table 3 EDS point scan results of T91 after 100 h of

reaction under flue gas conditions
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Fig. 7 Cross-sectional morphology and elemental surface scan of

T91 after reacting for 200 hours in flue gas environment
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Table 4 EDS point scan results of T91 after 200 hours of

reaction under flue gas conditions

o T 534/ o
C O Si S Cr Mn Fe
1 4.43 5.45 0.02 0 0.41 0.28 83.72
2 4.38 5.19 0.87 9.07 31.17 0.73 42.79
3 5.96 6.04 0.03 0 0.13 0.45 81.90
4 4.87 2.41 0.89 13.05 21.86 0.67 49.24
5 4.96 6.43 0.11 11.40 0.07 0.14 72.94
6 7.02 3.41 0.54 18.81 17.87 0.84 46.05
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Fig. 8 Thermodynamic advantage diagram of ferritic heat-

resistant steel T91 at 500, 550, and 600 °C
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Table 5 Gibbs free energy of corrosion chemical reactions of alloy elements under different temperature conditions
e A 5 AR
500 C 550 C 600 C
1 Fe+H,S=FeS+H, —61.6 —61.1 —60.7
2 Fe+CO=FeO+C —41. 2 —33.7 —26.2
3 3FeO+0. 50, =Fe; O, —172.0 —178.3 —184.0
4 2Fe; O, +0. 50, =3Fe; O, —113.6 —120.9 —128.0
5 FeO+Cr, O; =FeCr, O, —51.9 —51.1 —50.2
6 FeS+0. 50, =FeO+S —113.7 —110. 4 —107.0
7 Fe+2Cr+20, =FeCr, O, —1196.0 —1180.0 —1163.0
8 Cr+H,S=CrS+H, —107.5 —106.9 —106.0
9 FeO+H,S=FeS+H. 0O —45.5 —45. 4 —45.3
10 3FeS+50, =Fe; O, +3S0, —1433.0 —1415.0 —1398.0
11 3Fe, O; +CO=2Fe; O, +CO —72.6 —75.4 —78.3
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Fig. 9 Evolution and spalling process of corrosion products on heat-resistant steel T91
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