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Abstract: The synergy of fireside corrosion and stress is one of the challenges for austenitic steels used in modern
fossil-fuel power plants during their service process. The creep rupture tests of Super 304H steel are carried out
under static air and fireside corrosion environment at 650 °C. The stress range is set at 200 to 300 MPa. The creep
rupture life and microstructure evolution of different samples were studied. The results show that creep rupture life
of Super 304H steel in corrosion condition decreases significantly, compared with that in static air. The rupture life
decreases more seriously as the stress decreases, up to 83% at 200 MPa. The complete and continuous corrosion
products scale is damaged by fireside corrosion, including the occurrence of cracks and spallation of these surface
products. The formation of internal sulfide in the matrix caused by fireside corrosion leads to the deterioration of
grain boundaries. Then it tends to crack along grain boundaries during creep rupture tests to accelerate the
accumulation of creep damage. The surface of matrix undergoes recrystallization upon to the combination of high
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temperature and stress due to the loss of alloy elements caused by corrosion/oxidation. The formation of these fine
recrystallized grains is unfavorable to creep properties of metals. The ferrite transformation also occurs in the same
area during the cooling process after creep tests. Fireside corrosion increases the width of recrystallized grains area,
thus expands its influence on the creep rupture life of the alloy. The fireside corrosion accelerates the creep rupture
of Super 304H steel by promoting its corrosion process and the microstructure evolution.
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Tab.1 Chemical composition of Super 304H steel
%S Cr Ni Cu Mn Nb Si C N P S Fe
Sl 18.62 7.59 2.56 0.47 0.37 0.12 0.07 0.07 0.04 001 Bal
BARE R 17.00~19.00 750~1050  250~350 <1.00 0.30~0.60 <030 0.07~0.13  0.05~0.12 <0.04 <003 Bal.
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Fig.1 Microstructure of as-received Super 304H
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Tab.2 The composition of simulated flue gas and coal ash

i CO; 02 SO, H.0 N2
THSU% 15.0 35 0.3 5.0 Bal.
% Al,O;  CaSO;  Fe03 Na;SOs+KzSOs  SiO;
PR Wi% 22 29 6 4 Bal.

% 3 BSE A RES/EIRINET Super 304H $REF A Fn
Tab.3 The creep rupture life of Super 304H in static air and
fireside corrosion

R F1/MPa 200 220 240 260 300
JRSMERIAEE R/h - 656 546 321 151 72
WA HE T/ 3858 1579 898 269 98
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Fig.2 Fracture morphologies of rupture specimens in
different environments at 220 MPa
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Fig.3 Cross-section morphologies of specimens after
fracture under different environments
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Fig.5 Surface morphologies of specimens after fracture
under different environments
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Fig.6 Cross-section morphologies and EDS maps of
specimens after fracture under different environments

Ty W
T’ L
o b : MO
A4 T
LTS lum = A&f& 1 pm

a) A N AR Gafi) b) B A R R Gt

B 7 FRMETHAREREAR LR
Fig.7 Surface oxide scale of specimens after fracture under
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(A= Cr Fe Ni o S
a 7.95 33.69 4.40 4.56 49.40
b 1.19 38.53 0.19 59.42 0.67
[+ 1.15 25.77 1.32 27.19 44.56
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Fig.9 Surface fine grains area of specimens under different
environments
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