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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.

Key words: Super 304H steel; simulated fireside corrosion; creep rupture properties; microstructure evolution

AT, DRI R FOA AR I K 0 R B a3k
BTV SR R ERIE, 1E 2021 K R IR HE
57 ik R 68%M. IR EMAEE, HRIERN
P e B — R BRYR, RIS R) AT o R K DR
HU 3 A . DR, $R R AR AR, (e E A
RIS, MARAS ST 9 9808, FRARARHE
JEC ST BRI H AR 2 254 K TR R IR
ey, MIEBH IS, HEGFYESEEERE N,
FARREERSRA 1 C, HCRHERZ 0.25%0,
FERENERT 1 MPa, AAFWIREY
0.28%0. (HFHE RS EMTEm, Wl ZREE.
i P B 52 BT T8 S 0 IR PR B — 2%
b, Ik AR T B KRB

Super 304H fN{EN—Fhdt Al 18-8 7Y B[4
i #4M, 650 ‘CF 10° h KE AR 100 MPa,
PERNIE (B #RESMRII, 5 8 A 6 mTIA
650 ‘CLALM, BT 18-8 HY B A #AEK B H
T K IIWV R 52 2 B b T HH U A I BT ER 2 1
REOTI B — 5 T, 5 5L FRig AT R0 R JE ek 5 . 4
HIRBERAFATE BN, WS (SO2v CO2v 02%)
R R A BT T8 B R (&
AT SRR SRR B Kbt
RHOFE ANG A HERED), B 2235 1 508 - B 3t
FEFEFR, AN R BTN, Bk I Fi R B
T A A B 1) 2 R SO BV AT 85 28 s AR 3 v iR
B 4 I AR S R0, i AT e IR AR B IR 3R 8 5
T FEERT, SRR RE & 21 2548 1R 7L
W RNFENL . R, ASCER T (B s pR R
BIEE, WHFCT 650 C R, MHA/ER-N S IE A
R Super 304H ¥ AMERE M HZEAE, LUH N
Super 304H HH7E K JIHLAH 2 4 it i =% .

1 R 577%

AHFF KR Super 304H B FCAATIR VR 1 4k 27
B Wk 1. RIGHLG NSRS, P ak AL
9 13 um (] 1), FAAb B 58 5 3550 /2 ASTM A213
PRUEEER . S5 EEARE (& B AR Al (i A
RI6 7)) (GBIT 2039—2012) $ AR EE R, 4% M8-
@4 mm FEIRFF AR . 8T HST304-A1 BUGEAR A
O HLEAT SRR R R A LSS, R AL gk
ATFEIR IS EE T R A ST, DRI ST S K -
N A3 [EIVE AR Super 304H ARZH 2R A AR . 94
FHSCIG I, FEARUESEIGSE el SEMRTEE T, At
FoH 2 P2 PE T REA SIS A S s, o sis
T 5% B N 73350 v T S B IR A o S v e FH PR A
PEIR TSR IR 2, S A SR ) G A2 o
7136 2 200~300 MPa, 5256 I 52 U 45 1) £ 650 C o

SISEER G, THERAERTR K, FEXE
73 Wi RGO HE AT A 22 A A 3 DUOR 3 3R T S ok
Y. BHFE AT EE . Y% 5 R R R A %1 T
(25 mL HC1+5 g CuSO4-5H,0+25 mL H,0) #A4T
Zh. A RS (OM, OLYMPUS-GX-71,
Japan) M H T EME (SEM, ZEISS-SIGMA
300, Germany) 4rHTiRkFRLLLILEHY . RIS AW
RS 8 X S 4afiT it 4 (XRD, D8 DISCOVER
A25, Germany) FEHIHE (TEM, TECNAIF30
G2, America) 73 BT AN R P85 T 65 = 4 A 2H il B
gtk . HA B RE R RS T XUOR iR
(FIB, FEIHelios G4CX, America) i, #4807
SR FH AL B B A ) L R ek

2 KR
Super 304H #47F 650 C A L% 3.

# 1 WA Super 304H & ELF S A wi%
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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Bl 1 KW FAHEZS Super 304H N R R4ALR
Fig.1 Microstructure of as-received Super 304H
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Tab.2 The composition of simulated flue gas and coal ash

D% CO2 [67) SO2 H.0 N2

<% 15.0 35 0.3 5.0 Bal.
5% AlbO3  CaSO;  Fe;0s3 NaxSO4+K3S0;  SiOz
TR Wi% 22 29 6 4 Bal.

% 3 BT R RBSERINET Super 304H fREF A F i
Tab.3 The creep rupture life of Super 304H in static air and
fireside corrosion
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2 220 MPa T A RIIME R A XM O R 5R
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.4 XRD patterns of surface corrosion products under
different environments
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Fig.5 Surface morphologies of specimens after fracture
under different environments
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E 6 FEFETHARFSEMEKEEE
Fig.6 Cross-section morphologies and EDS maps of
specimens after fracture under different environments

B 7 FRBETHAREREELE
Fig.7 Surface oxide scale of specimens after fracture under
different environments
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[ 8 FEImAT:A TEM BRIZHE RITH A
Fig.8 TEM morphology and diffraction patterns of the
corrosion front
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Tab.4 Elements content at different positions in Fig.8

(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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Fig.10 Cr concentration of different specimens
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Fig.11 Schematic diagram of surface structure of creep
rupture specimens in different environments
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