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Oxidized Film at Steam-Side of Steel T91 Tube in
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Abstract The ingredient, phases, morphology and exfoliation mechanism of oxide formed at steam-side of ®90
mm x 10 mm tube of steel T91(/% ; 0. 10C, 0.35Si, 0.43Mn, 7. 85Cr, 0. 81Mo, 0. 24V) for supercritical power unit in
vapour at 571.5 C vapour served for 28800h have been analyzed and studied by optical microscope, scanning electron mi-
croscope with energy dispersive spectroscope and X-ray diffractometer. Results show that the thickness of oxide film of steel
T91 is about 307. 3 pm with multi-layer structure, iis diffusion layer is mixture of Cr,0; and grains of base metal, the inner
oxidized layer is FeCr,0,, the middle oxidized layer is mixture of FeCr,0, and Fe,0,, and the outer oxidized layer is
Fe,0, and Fe,0,. There are a lot of pores at FeCr,0,-Fe,0, interface, by the action of thermal-stress the outer oxidized
layer is easily to crack and exfoliate.
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Table 1 Main chemical composition of tested steel T91 /%

C Si Mn Cr Mo A
0.10 0.35 0.43 7.85 0.81 0.24
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Fig. 1 Morphology of oxidized layer section (a), oxidized diffusion layer (b) and lamellae oxide (c) of T91 steel tube
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Fig.2 Diagram of line scanning energy spectrum of steel T91
oxidized film
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Fig.3 X-ray diffraction (XRD) diagram of peeled oxidized film (a) and base metal (b)
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crack; (c¢) curling of oxidized film and (d) exfoliation

SNEALR, Bk EER Y RZE ML
BAELE. B 3(a) HHEHEER XRD &
£, 3(b) AEARM XRD 455, MK 3(a) WAL S
SAEMPEELZ NEWLED T Fe,0,.Fe;0,,
FeCr,0,, MWE 3(b) W, NEMLEMY HESH
Fe,0,.FeCr,0,.Cr,0,, B1 T Fe,0, REESTES
AR BRI E M, BT Fe,0, TEE LR
SMU, BEEITRAMAN, TLBRTBEN
Cr,0, FIEMAE GRS Y. WELZEH FeCr,0,,
s[E E LR N FeCr,0, il Fe,0, KR & H, SN 1L
B3 Fe,0, Al Fe,0,.
2.4 EABRIEDLRI T

h TR R N RBARY %
PAEFR R P R AL A P A 1 IR
B ERE=EAEKN A, BTU, B3 EAE
HRTERARN 1. EACRETER I AR (Gt 3t

FWER T &7=a4: 58, WA 4 (a) Fim, S L
JE (B 4b) R4 (B 4c) 7% (& 4d),
FALBLE R Fe [5M 8K O 1Y AL
5824 Cr,0, F1 FeCr,0, BRI AR MK
e, °T LA S B Y85, R Cr,0,
FeCr,0, SMUlEY) Fe [0 5M 8L, B RS AL, 2 LR
ERBR TR FUTBEIMIE LG TRER
W PESEHTLIA, R, FeCr,0, Fil Fe,0, B &# %
BORE, T F B R E LT R RS SRS
AP XBH T PHELEU RS EELESE
R RE L AB/AR IR, Fe,0, hasfl
REHBA, B Fe,0, HILABAER TR K,
LR R A AL A R A E i R E
571.5 CH},Fe-Cr 225 A i Fe, 0, RYIZIK £



%3M

BA2% BRI 191 MERRMECRIHERMBE VLR KT

l53l

BAT 1 &R% , R ih, S =4 h
Bif1. MEERERE, 91 MEESTLS ClIER
KA HRB:28 800 h /5 ,Fe,0; BN ELEN —Z, H
KX 382 12. 087 pm, BRI X8 %) 42.307 um, H 5
Fe;0, 456 B %, Fe,0, WK RE S T91 H
W BTUA Fe,0, B BERT Fe,0, J2 R AYRLIY
T HAx NEACRE R PR R LR  Fe, 0, )R AR RN
1. HEEME-SMEALZ R A ERRILA, 1L
TARERR I, B BB R, fLREY#
REFUMAERATY BRARARE %Y R
R ARV AU I 75 1 e AT 19, BT AR
SO —HREL, RN E P AR S F . 7
FEREAVERT , IR AL E R i , 72 B X S
GAEF= R A1 o BRI B A

B2 30wk

[1] Viswanathan R, Coleman K, Rao U. Materials for Ultra-Supercritical
Coal-Fired Power Plant Boilers[ J]. International Journal of Pressure
Vessels and Piping,2006,83(11-12) .778-783.

[2] Montgomery M, Hansson A, Vilhelmsen T, et al. Steam Oxidation of
X20CrMoV121 ;: Comparisen of Laboratory Exposures and in Situ Ex-
posure in Power Plants[ ] ]. Materials and Corrosion,2012,63(8) :
674-684.

[3] Wright I G,Dooley R B. Morphologies of Oxide Growth and Exfoliat-
ion in Superheater and Reheater Tubing of Steam Boilers[ J]. Mate-
rials at High Temperatures,;2011,28(1) :40-57.

[4] Shingledecker ] P,Pint B A,Sabau A S, et al. Managing Steam-Side
Oxidation and Exfoliation in USC Boiler Tubes[ J]. Advanced Mate-
rials & Processes,2013,171(1) ;23-25.

[5] Yin K,Qiu S, Tang R, et al. Corrosion Behavior of Ferritic/Martensit-
ic Steel P92 in Supercritical Water[ J]. The Journal of Supercritical
Fluids ,2009,50(3) :235-239.

[6] Chen Y, Sridharan K, Allen T. Corrosion Behavior of Ferritic-Marten-
sitic Steel T91 in Supercritical Water[ J]. Corrosion Science,2006,
48(9) :2843-2854.

[7] Schiitze M, Schorr M, Renusch D, et al. The Role of Alloy Composi-
tion, Environment and Stresses for the Oxidation Resistance of Mod-
em 9% Cr Steels for Fossil Power Stations[ J]. Materials Research,
2004,7(1) :111-123.

[8] Ampornrat P,Was G S. Oxidation of Ferritic-Martensitic Alloys T91,
HCMI12A and HT9 in Supereritical Water[ J]. Journal of Nuclear
Materials2007,371 (1-3) :1-17.

[9] Laverde D,Gémez-Acebo T, Castro F. Continuous and Cyelic Oxida-
tion of T91 Ferritic Steel Under Steam( J]. Corrosion Science,2004 ,
46(3) :613-631.

[10] Martinelli L, Balbaud-célérier F, Terlain A, et al. Oxidation Mecha-

nism of a Fe-9Cr-1Mo Steel by Liquid Pb-Bi Eutectic Alloy ( Part
1 )[I]. Corrosion Science,2008,50(9) :2523-2536.

[11] Martinelli L, Balbaud-célérier F, Terlain A, et al. Oxidation Mecha-
nism of a Fe-9Cr-1Mo Steel by Liquid Pb-Bi Eutectic Alloy at 470
C (Part I )[]]. Corrosion Science 2008 ,50(9) :2537-2548.

[12] Martinelli L, Balbaud-célérier F, Picard G, et al. Oxidation Mecha-
nism of a Fe-9Cr-1Mo Steel by Liquid Pb-Bi Eutectic Alloy ( Part
M) [J]. Corrosion Science,2008,50(9) :2549-2559.

{13] Zhong X, Wu X, Han E-H. The Characteristic of Oxide Scales on
T91 Tube After Long-Term Service in an Ultra-Supercritical Coal
Power Plant [ J]. The Journal of Supercritical Fluids, 2012, 72
( Complete ) :68-77.

[14] Evans H. Cracking and Spalling of Protective Oxide Layers[ ]]. Ma-
terials Science and Engineering: A,1989,120:139-146.

[15] Zurek ], Wessel E, Niewolak L, et al. Anomalous Temperature De-
pendence of Oxidation Kinetics during Steam Oxidation of Ferritic

RE 3 JEE I, S i P AL BT 3, Bt o
3 &t

()91 WEHEMBRESERREW, 77
B A Cr,0,, WAL A FeCr,0, MIFRE Cr B
Y, s EE AR FeCr,0, Fl Fe,0, BB EY,SME
{LZH Fe, 0, il Fe,0,,

Q)T BEMNEARE R E L E LT ES
BFLIE , RIS B RS B R B B Lo XL
T Y B PR B FE R

(3) I THEIEMZE S EE R HLFER
RO, TERNIERT , A R TEIERNE
T, SACRER i, A% o

Bt Rl K F AT b S AL T 49 KA B

Steels in the Temperature Range 550 ~650 °C [ J]. Corrosion Sci-
ence,2004 ,46(9) :2301-2317.

[16] Wright I G, Dooley R. A Review of the Oxidation Behaviour of
Structural Alloys in Steam [ J]. International Materials Reviews,
2010,55(3) :129-167.

[17] Was G, Ampornrat P, Gupta G, et al. Corrosion and Stress Corrosion
Cracking in Supercritical Water[ J]. Jounal of Nuclear Materials,
2007,371(1) : 176-201.

[18] Ren X, Sridharan K, Allen T R. Corrosion of Ferritic-Martensitic
Steel HT9 in Supercritical Water[ J]. Journal of Nuclear Materials,
2006,358(2-3) :227-234.

[19] Kaito T,Narita T, Ukai S, et al. High Temperature Oxidation Behav-
ior of ODS Steels[ J]. Journal of Nuclear Materials 2004 ,329-333,
Part B(0) :1388-1392.

[20] Ennis P J, Quadakkers W J. Implications of Steam Oxidation for the

Service Life of High-Strength Martensitic Steel Components in

High-Temperature Plant[J]. International Journal of Pressure Ves-

sels and Piping,2007,84(1-2) ;82-87.

Chen Y ,Sridharan K, Allen T R, et al. Microstructural Examination

of Oxide Layers Formed on an Oxide Dispersion Strengthened Fer-

ritic Steel Exposed to Supercritical Water[ J]. Jounal of Nuclear

Materials, 2006 ,359(1-2) .50-58.

[22] ARIZTEGUI A,GOMEZ-aCEBO T,CaSTRO F. Steam Oxidation of

Ferritic Steels : Kinetics and Microestructure[ ] ]. Boletin De La So-

ciedad Esafiola De Cerdmica y Vidrio,2000,39(3) :305-311.

Isselin J,Kasaka R, Kimura A. Corrosion Behaviour of 16% Cr4%

Al and 16% Cr ODS Feritic Steels Under Different Metallurgical

Conditions in a Supercritical Water Environment[ J]. Corrosion Sei-

ence,2010,52(10) :3266-3270.

[24] Bischoff J,Motta A T,Comsteck R J. Evolution of the Oxide Struc-
ture of 9CrODS Steel Exposed to Supercritical Water[ J]. Journal of
Nuclear Materials,2009,392(2) :272-279.

[25] Tokei Z, Viefhaus H, Grabke H J. Initial Stages of Oxidation of a
9CrMoV-Steel ; Role of Segregation and Martensite Laths[ J]. Ap-
plied Surface Science,2000,165(1) :23-33.

[26] Ennis P J, Quadakkers W J. Mechanisms of Steam Oxidation in
High Strength Martensitic Steels[ J]. International Journal of Pres-
sure Vessels and Piping,2007 ,84(1-2):75-81.

[21

[a—

[23

[t

B4 (1973-) , 5, 54 (2009 Eb R RE) , BRT
TR, 1998 SE40 LMk R , & BMBBIZ
E-mail ; 1sqjy@ 263. net

Wi s B #7:2015-12-07



