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Review of corrosion behavior of metal materials in supercritical carbon dioxide
environment
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Abstract: The supercritical carbon dioxide (S-CO;) cycle power generation technology has become an epoch-
making and revolutionary frontier technology in the field of thermal power generation because of its own technical
advantages. Due to the very harsh working environment, S-CO; is easy to cause corrosion problems of equipment
materials. In order to ensure the safe and effective operation of S-CO, system, the range of working medium
parameters and candidate materials of the system’s key equipment are introduced. The current research status of
corrosion behavior of metal materials in S-CO; environment are then reviewed. The corrosion mechanism in S-CO>
carbon environment is elaborated in detail. The influences of temperature, pressure, impurities, flow rate and
material composition on S-CO; corrosion process are summarized. Meanwhile, the research progress of S-CO;
corrosion prevention and control technology is introduced. Finally, the shortcomings of existing research and the
main direction of future research wereare summarized, so as to provide scientific basis for the safe operation of
S-CO; recycling system in China.
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Fig.1 Diagram of Brayton cycle system of simple
regenerative S-COz
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Tab.1 Cycle characteristics of some typical S-COz
Brayton cycles
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Tab.2 Parameters of some S-CO2 Brayton cycle
demonstration projects

L&A N 1) Hps b NNE |
PSSR 2012 4F 250kW 341 “C. 12.50 MPa
% E P EE T 20194 1MW 700 ‘C. 28.00 MPa
H 2 28 5UROR I 9% 20124 10kw 260 ‘C. 10.60 MPa
R RHERL 20144 80kW 401 ‘C. 11.20 MPa
o P e AT B 2016 £ 5MW 600 ‘C. 20.00 MPa
5 [E ZR AR R 7] 2014 42 100kW 299 °C. 16.45 MPa

1.2 TR

SHAMATEE WHE AL, S-CO A B WAEH HIAE
R E R, XRHA CO EFEIG A & ML A
“UETAT RGP R =2 g, BUEEIA b R 48
PU TAE R ZZ I, 480 T imEe 3. LT S-CO;
AR R G, S-CO A TG MR AL S5 (F
JEAEHIN R FERNE F) BT CO, HIs SR Al
FEF7, B CO I L M5 2 S-CO A TR iIEHNE AT I

http://rlfd.cbpt.cnki.net

BARSEGEAT . RN AR IZMER, T Do e
PIEI N S EIEHERIR I R . i IX—
HERIH T S-CO2 A B W, #(ifi nf LU AE CO, H
ESIMHAR A, 49 T 1) Is SFHR R A0, AT
AT L (B I FAT B WG MRS . BFFLERE, 4L
FEAIC S-CO2 I FHREE A HARKS, RIARIN Xey Kr 555
A, R HS (BRALED CeHi Gk 131,
HFER, InNRE S ESREA AR A F], (H
ANFIFRE ST R 51 AR thn) &, X R4 %
A ar R G .

1.3 RGFIREMFL

R AR R R B G &M R R
785 N 2 B BAHIR I, i K HL R AR 1) R R AE
TRRARSE EIHGRT M RHER R A . Xf T S-CO2 A
TR RS, HEE. & PSR L i
MLZEL T I B e i BE PRI 5 0, 38PN 1 Ak ) sl v
X RGEIR I PUEAR . P57 miRPUEL 5B
JEhAEVEREER IR Y T+ w2 Bk . B H AT,
S-CO i F IR i L A IZ AT IHLAH, Rk
R TEEV A RHE T B S-COL A7 T WG T
FUIE S 2 —

H AT AT DU N 52 R A B gz ARk 32 EEA0 35 2k
RS IRA (F-MD. BRI RN AR A 4.
BRI EENNELER S ATIuR, BAERE. &
AR TN = R, T b bk R R R, T
2T CO MR 2k, 4% X70. X65. X60 4.
L [N 2R AR D /D & Cr # Mo JC &R TE R,
Hr Cr M3 MAE 8%~18%, Hif#Ere
KIEFESETE, Tz AT 38 B 280K
ETESE OB A, FEAFE T, PIL. T92. P92
&, RAEANFENF Cr PIESE— MR 18%LA
b, HoomEvET H R A SRR, IF HAE B
FEIPUE Bk Re, R AL P] LA ] 650~700 C,
FEA TP347H. 304. 310S. 316L %5, #3454
Ni JCE AR, ARSI ERE, HAES
TRIREE T ELAT S BN i 5 i S5V, 7E S-CO;
RISz k. A, AT S-CO, KH
AR P R S MEEESSEEME FER
Inconel740. Haynes230. Haynes282. Inconel625 %% .

2 S-CO, [@h# 2

LY B S-CO, JE T s i i kL L JE@ AR 32
T ERIBE T B YRS RN (F-MDL RIK




4 kA% e

2023 4

AR SRS 3 PR . [ A AE X )R
FHEHE) S-CO JETHLEEREAT T V2 0T, 2R IT
T ERMBHE S-CO2 251 T IR S NI REANA] 4
JEAEH R i IR, BAROS B T AN F s JE A
BHE S-CO 261 NI P RE . BF TE R BUAE A
JE e S MR PR AR T SRR L A 48T
EJEMEHE S-CO, Mt iR g RN B
2%, CHGBX T AFE R G @R B
HIsZI R AN A 0T8], BARLEANH] & @A R CO,
Y BASE IR, (BN TR,
HorpiBpiad RE 2 AT B T S ML i -

CO,+M — CO+MO Q)
CO,+2M — C+2MO 2
CO+M — C+MO 3)

A MOAAEJEITER: MO NERALY.
F LN XT TOL ANAE S-COp Mg H (175
WRERETIT TWETE, R mE S S e R A A R

Kl 3 ffim. Hai R RN RS, —4&
JBREAZEANK, SNZEMZ NI FeoOs BURLER
W™ FesOsr, WEEMYIN FeCro04, [FIRTEEALE H 17
EWTGER . 1 S-COp i, CO, FE it S
Cr Fl Fe KA = A4 4 A e — Ak,
K@FXG) .
CO,+Fe — Fe,0,+CO 4)
CO,+Cr —> Cr,0,+CO (5)
R e R 7 A R — SR A B BE T DLE i — A AL
TR R R = AR R (3(6)), BT LA4kEES Fe
A Cr kAL ((T)FI(8)) o — A BRI AR B
(0 R A 37 B R J ol J2 2 T B S8 )= BRI FLER I
FOPE AR BB R A WA B IE

CO— C+0, (6)
CO+Fe — Fe,0,+C (7
CO+Cr — Cr,0,+C (8)

3Tl fMABIG R S ML BRIMEMR 500 h BB EERE R TEAMER
Fig.3 Sectional morphology and element scanning results of corrosion interface of T91 steel in supercritical carbon dioxide
environment for 500 h
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Fig.4 Corrosion mechanism diagram of iron-based
materials in supercritical carbon dioxide environment
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Fig.6 The three alloys gained weight after exposure to CO2
for 1 000 h at 550~650 ‘C and 0.1~20.0 MPa
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Fig.7 Corrosion mechanism diagram of X65 Steel in S-CO>
environment (including H20)
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Fig.8 Corrosion rate of X65 steel at S-CO2 (50 °C, 96 h)
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Fig.9 Diagram of corrosion mechanism in S-CO2
environment
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Fig.10 Corrosion rate of X665 steel in aqueous S-COz
environment (120 h, 50 ‘C, 10 MPa)
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Fig.12 Mechanism of surface flow accelerated corrosion of
iron matrix
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