F31% H6H

L S B

Journal of Chinese Society for Corrosion and Protection

2011 4E 12 A

v & k-2 E=RIATE L B S: pLEAE P

fiakak  RREFE EbL IRE AIRE FRKX
(FEFMAY L) ARBRE S TRR R 102249)

F&

8 E . SABRBERENEME TSR ERTEANEZ —, BBABRP WA, 58 k5
TREMER. HE TR AR, KEFKER AT AABR SRR, nf s inZE
B K ZIRH FHRFREE A RO 09 J1 £ AR REAN A7 i 2 Tl AP e ) — B BEAY L. ARSCERdE T 8 K Xt

Vol.31 No.6
Dec. 2011

SRMEMTRENE. RN, RS E R AR TS

XHE . BB KER et "l
PESES : TGI8  XEIFIRE : A

1 &f

IR K AR HZAFAE T AL 5E A A
e 021 R AAUR SR B A A s R
PRERELEL (SOFC) 16 48, R 2= S AR R TR
H g U, PEENE &SR R E
i, AT EATRE S K ZE I Rl R P ER B R
RO S AP RE R B BT Ll A i e g — > B

WEE LAY A R, R R i or 5 T 2R R
PR B R RE T R AR R e 4
FREIBR. EEMEL. WEE, ERZEE. TR
B ALBMIESES B, ALO; R X LB R
B R ERIPEEMREZ —, BB A R B EHE
it T A AR . T AR B 8 A Y K 2R A
AR R AT RAEER N P B
AW TSR WK 28I 71 2 I PR A AL B IR R S AL
D0~ A R U R SR 2 AR AL SR R Y
S 1314 g — SR s R B AR AL 5
JER E AL R RN 0, SRR R
TR J2 W9 EAL ML A R iR S AR AT o A E RIS B 2
B DO ARSERR T K AR B SRR R
BN T | RS & SR EA SRR TSR 5
W, RE— B RABARE T 2%,

2 KFERMEERE SR
m i A F R T 2R 5 AR R

i[9

1

EfREHE -
HEEWH :
fEEET -

2010-08-31
HFMERE R LR ETRESIE (200809) ¥TH)
TRaksk, 4, 1985 fEAE, WA, BRFIT R A RY
LI it

BIREE . MEZE, Email: yanjun_zheng@hotmail.com

XELHS : 1005-4537 (2011) 06-0409-05

R, EHESRES SRR — R R EE
TR, 48 e iR A AL AR AR B TR P RE . 24
SRBEHKERN, SRRSHERPHKER
REKG N, STFRESETFHELYEE DA
&, HEaEmEr Bk TR AT TAESE. &
& % AL T E A FE RN, R SRR
Bk, IR BT X R A R TE B R AL . B
SRFMAKERSHEREHESE, AR
SN K I 22 58 I R S A I

GG SR L, T R T AL TR A
(7. 0 — o) WHEGEE. KA. 2 TEURE
RS REERAE, SAE RS 08, fT
KHEIR 5 EAL AL 7] T RS AR 2 TR S H e 2,
T X 7K ZE 1A P T A 50 I 5 2R 2 70 5o PR
Ho/b, Lin % 09 gifsn s, mTREERmE R
SEM S YRR v BB ALO;, i
BT, AR —EEE T E S 1-ALO;
AL AR ES a-Al Oy #4675 1320 i Hfsx I
SHHIN 40% KA HITT LA g B2y (1]
TRV N A 45 5 TR A P R T 485 S VT R S
TR A 4RARR. Cotlind % 21 BFs2 Y
FeCrAl, EAbG—BIE A v-AlL O3, A& 4 Fes Al
— IR 0-AL,OL™ | 3 FLIX W W IT BT Rl K 260K
B B R 3 L T IR B K IR S AR B A AR T
FaZs S AR

AR AL B 4 % R T TR T R R
MR IR T &S0 BRE, BT &8k IRE
FAr. 457E 1100 T ~1900 C FHEEMEA S T
Fh AIOH)Y”, HAREAR, JLHESI YL
ERMITEN: Al(OH)s <Si(OH); <CrO,(OH)s,



410 H R 5 B P 2 AR 3%

Opila % 122 B &% Al(OH)s 7E 02+50% H,0
HA 5, 1250 C ~1500 CIRE TR KLEZE N 5x
1071 ~5x10710 g.em =257, [K M FR T REAE TE AL 7
PR ERN & ETE 1200 CUA_ LA EIRIA S )
BRIFAZBHAY. HENRKHZRELESERT L
Ve, sHE A G R & B 4 SA L 5
. AHFRRIAEE . FALE A SRR
FE R HERAT, 1T 1900 CARSHE L 23~251,
iR AL R LR 2 TBCs, 4IRS T 1200 C
i, SEAYF W EE S WX LR E .

3 KFRMEMNEBEERSFHIR W
S PUE NI :R) L 2 iney S N U E N ¢
EHAT TR, BN KR SRR S AL
HAREMAK, WEAEEEN EENEIEER
SFENKAEIRA IR/ TR Y, BIA
RESE IR, (AR # ZK 2R 55 M
BT T Y R S Rt P AR A PO,
Hs0(ads) = OF + Ha(g) (1)

H T2 A B LAEIE E e " K,
HOB A MK ZE IR R R EALE R, sk 1
TE 950 CTHETERFUEEHE 1% KERHY
£ R E4EY) FesAl, FesAl-Zr, Mo DA I FesAl-
Zr, Mo, Nb, WEALWEEEN, HAEMEEEM
Al BHEAR 1% KERERPEERK
THiEIHPHENHEE, FesAl-Zr, Mo Ml FesAl-
Zr, Mo, Nb, W ED & K, [ KT Fes Al £J@ ]
&Y. R TIRSS P EERME EE A
H RS E B REN RS a-ALOs #4748, i
—BBFIEIESE T K ZEIR M IE AL S & E AL
REIVEF e/ 7)) 4 Fe-21.5%Cr-5.6%Al &4 75
14.85% HoO+0, HHyE AL RGN T 2K iy E AL
R, AR T KRN SE T N E
i, MEBIEHME a-AlOs, MERTKERWES
AL, SRR TSR AR T SL AT 7-ALOLY, i
B EN, AR A K Z IR E A
A REREHAK, RSB MEENER
R P

5 LR RIRA BEI 25 SRAEH T KR & &
FAL I F A RBR, WA RERS
M, W MCrAlY &4:7E 1080 CF Ha/H20 IBA
SR ENE RS A SRR B
T 25% oAy, X EBEF N I 22 TR BEAR 3 SAE
M, FERFARHFE R BT B REBRHALE,
{56 75 ] B LSBT s a3 o (801,

Ao B, YilfeE TRESKATH, ®
TSR & B SR, K ZEVEH B

PSR, 3X 35 B 7E 3R T A= < 1 S8 A0 0 50k TR B 7K
IR AL RERE, W RRES @,
RN T EAL K BEZ, Henry 55 B2 47H, W
HARPIERZER T Ha0 2N OH- METEE
INF O JykAR, PHGERKKR, A5 T4 O H14f
W, MKZERFAEN AR TRER M.

KZERIMEAEE R A 554 Al TR
A, FHGRFsT 19 R, Ko Al #§ Fe-Cr &
%, afEEIPEMNEEHRE Cro05 LK Cra05/
FeyOs A A AL P & /K 281K 0 & i B i o
K. MiMA—EEN Al J5, §&RHIEBESD
a-Aly O3 IREEME R H B FHIKERRLRAK.
HAEIYIMAR Al & 2K T i 2L E AL R R 7R
B, SeRENERE ZEERSHEILA, 58MH
R AloOs B, X P54 TR EALE R E
KRS BT, 7 H R & R E L
MRFLEH AT HoO, Hy Fl Op S MRTEAHY.

FALE A Y S BT S K R A K B 12
WEA—EWER. AHFERE P, FeCrAl 541
02+40% HoO AR HSEALPIEIHET 72 b, A4k
BRI B KT O FEAER, XATREEH T -
Al O3 7E FeCrAl 3R 900 C T REMETE AL iR SR A
KA EAMY. BEHR B LT 1-ALO;s 7
900 'C T REME M — & /K, BIFEEALBIHANT Bk
ZRIR B T SR R FALAE A& H-ALOs 1] o-
AlyOg #748, R E/KAAT, EAWIEIN S 2
Hoe .

WA R R PIKZE R FTERE % 5 ma A AL 3R I
IR EALAT R, ITE— e R L e A as i ek
PR # |, Janakiraman 2§ 34 #5587 PWA 1480, PWA
1484, CMSX-4 &4 EREALEREAE 1100 THI 1000
CHTRZ2SFMIEHRENIT . TERPELS
WESH BT MR, 7K ZEIRNE 1 34 LIk =K
HEEE TR R BRE &R YEETER
R SR EE AL R, KBRS ESHEIT N
WA, G Ee. AR T IEFE bt 4K
HIRWFESIRET 45 AlOs R H I 158
LISIEAN

TKZBR M RE M X E AL FER R A — & B 52T
i T AT AR B A AL AR IR AE B K R TR AL R
W, MR, {HERERZEEES M,
TERERFESERGEBRERE ¥, Maris-Side
% 35 MR G B AE 1100 CTFFESMEKE
K - BEPENET o-AlL,Os EHIT TR, 53
ERZESIAT RN ENBEEERT TEKHE
MBI EALRE, X FEBEH TEAAAFRIKZERM
BT RSEAYEAERE LY. B EHR



6 TRAHHE - KFRE AN BRE R EHE R 411

B4R OKFEREE—MBAE 0.03%~40% Z [8]) &
B ET X I R HOK ZEIR IR B BT

HIULRT UL, K ZEIR A H M E AR i E AL &,
XHEAL SR BN R A — @ MR s (HE B AT
55 ST X 7K ZE IR % SE AL 4R FE A 3y 7 23X 7 THT 9 BF 55
N g B 28 T8 B o g — 25 I 9 SRR T K 289K
XA AL R RE R R

4 KESMEERE S HHIRm

RZ TS s 77, IR R 2 3 1 SR TEAR
SRR AR Fp AR R R KR I I, dnfir i
I ETE S KA SRS T, ERMRES
KA Tt P15 P R A A A T SR AL
REFFRELIUET T /KZERXT AL ER A A
BEEREW, (ERKZER AR A 6]
W2 G A — @M., AR 056~ Rul T
KAIRREHE T GENEAL, & T &R+ Al
TURWITHFE, MITTE SR RS 1 A0 7 AR R £L
TAISER, ELFLIF B9 Hc i BB K 2805 & Ry 34 n
Behn 1O, A ScHkiRE Y, ERARAPE ST
EENIHIRE, SN Cr, AL JFETSF9 /L Bl 54
fLi. BT BOE R R e % = 8 AL,
ET AL IO — R T RAER TR E
AR RKZFIRAEE BB T, TGS
FTH A 5 K KA SO A T AR, T A
SRR H, FEREL AR FLIF R, S
H A BOKZIR, e LI AR 583 .
TEAFTE M 1 FL I Fr s OBt BLAR T, WA g FLIR
B TERF 2l o T IS B 8 B RO A P A S AL
R,MRRAETEIP AR, NESZETT
2L 739 SRR M HAESE T AR AR
KA PR R A TTR, TR R A S
FERALIA , AKZ&IGE I B R S BN T AL TR S
FRBSEE T MAEAETKEG Tl FRATINER
SALSERL YA Py A AT AT T LI Y,

S R AP T R B 5 T T A — e R A
BRAN 2= B B RS B Z MR 455 1, 1
TR M R AR . 9 T Feii LI TE s S
AR AN 8 A AL A P ™ A 8 B T A B R AL
PERE. ALY S Fm A Ry SRIE RO A/
EEAIUIERE. B AT, X TIERS IR IR A
WRIZRIUERERT AR B>, Fpl XK 20
AALFR R AR ERE R MBI AT S E A, B A
IKZIRAR PR RZ B T2 EREAF T TR
I TR R I 122 R E B R Oy AR KR R R A
T, BRI IR A T A, G2 1, ikt T
M5 R AR R RE, B R A B

A RES BRI R EE, BFFFOKRIHE
PRETE At 72 B R M A — I AR S BB ] .

0 FARMEBIRREH IR

TKZEIR T E AL ETE S 4 52 ) 3R BLAE A T i Y
e, AR /NS . T B X
P 5 T 43 A K ZE IR EAL SR R 52 . X T LAFH S
TYHCY EREAD R MRS EE, o
RFH, KERWAFERETREAH ER, Hd
KT RERKT AN TR RER 42 3
KEALETE], ERE Y2 R s N AL
JZ U3, Tallman % MO G T UK E LI TE
BALH, MATIA A AR A AL 0 B 5 8 Ay A i
BN S O, XN N T & @ FHE FrIPHEL. 7E
TKEEH, HoO ZM ik BE i K155 F i 7 i
B, TELLAS KR BT B, |l
A RKBRRK PR A RKER, FETRELDTW
R, B, BT B RHELE A IMAKE
1R ] DA BRI 5 S AH AL T Ab S AL 45 S TR B RO TR R,
MAEAR T KT O SR FEAME LAER T KEWE,
XA T /K ZER B I REME U EAL AR A TE 5

IKZEEX EALE SRR — E R, 2
T 5 & E AL T R SR A RE RN LRIV PERE . Engkvist
s W R RFSERMIZE 1000 C, 1100 C FHRE A
JESERITE O HEALE Z2RTBRAY, Sk T
H. MAE O2+HO AR H S b 3R TH B A #A B M BpAR
4, HAE 1100 CFEkL B EH K. b/ R
BE R 3G T A, (AR K EEIR PR G o
LMRT Oy HHHEKEEE.

6 B4

BT, ERHIRER LR KER
X R EAC R RGO K, (H 2 REAE 2 E 5 2L A
Z LB, XA SR RS — 2/
S . BEE R BRI TR SR B R, HREIR T AL
BEERER, ERIPERNRERT TR
SRR, BN WARS B T REHE, 7
AL L P R E IR Tt B T,
WR PR, RIFEATAFHIK R E T R4
Bt E S/ A, NIRRT RS 2R 2 T 8 4
=71

SE Mk

[1] Horsley G, Cairns J. The inhibition of carbon deposition
on stainless steel by prior selective oxidation [J]. Appl.
Surf. Sci., 1984, 18(3): 273-286

[2] Millward G R, Evans H E, Aindow M, et al. The influence

of oxide layers on the initiation of carbon deposition on



412

H R 5 B P 2 AR

31%

3]

[4]

[9]

(10]

11]

(12]

(13]

[14]

[15]

[16]

(17]

(18]

(19]

stainless steel [J]. Oxid. Met., 2001, 56(3): 231-250
Kofstad P, High Temperature Corrosion [M]. London/New
York: Elsevier Applied Science, 1988

Saunders S R J, Monteiro M, Rizzo F. The oxidation be-
havior of metals and alloys at high temperatures in at-
mospheres containing water vapour: A review [J]. Prog.
Mater. Sci., 2008, 53: 775-837

Sébastien F, Sébastien C, Gilles C. Metallic interconnects
for solid oxide fuel cell: Effect of water vapour on oxi-
dation resistance of differently coated alloys [J]. J. Power
Sources, 2009, 193: 136-145

Larring Y, Haugsrud R, Norby T. H T. corrosion of Cr-
5wt%Fe-1wt% Y203 alloy and conductivity of the oxide
scale-effects of water vapor[J]. J. Electrochem. Soc., 2003,
150: 374-379

Quadakkers W J, Zurek J, Hansel M. Effect of water
vapour on high temperature oxidation of FeCr alloys [J].
JOM, 2009, 61(7): 44-50

Prescott R, Graham M J. The formation of aluminum ox-
ide scales on high-temperature alloys [J]. Oxid. Met., 1992,
38(3-4): 233-254

Smialek J L, Robinson R C, Opila E J, et al. SiC and
SigNy recession due to SiOg2 scale volatility under com-
bustor conditions [J]. Adv. Compos. Mater, 1999, 8(1):
33-45

Zhou C G, Yu J S, Gong S K, et al. Influence of water
vapor on the isothermal oxidation behavior of low pressure
plasma sprayed NiCrAlY coating at high temperature [J].
Surf. Coat. Technol., 2002, 161: 86-91

Al-Badairy H, Tatlock G J. The influence of moisture con-
tent of the atmosphere on alumina scale formation and
growth during high temperature oxidation of PM2000 [J].
Mater. High Temp., 2000, (17): 133-137

Simms N J, Norton J F, Encinas-Oropesa A, et al. An
evaluation of the performance of candidate gas turbine
abradeable seal materials exposed to a high temperature
combustion atmosphere [J]. Mater. Sci. Forum, 2004, 461-
464: 875-882

Chevalier S, Juzonl P, Przybylski K, et al. Water vapor
effect on high-temperature oxidation behavior of Fez Al in-
termetallics[J]. Sci. Technol. Adv. Mat., 2009, (10): 7-12
Canovic S, Engkvist J, Liu F, et al. Microstructural in-
vestigation of the initial oxidation of the FeCrAIRE alloy
Kanthal AF in dry and wet Oz at 600 and 800 C [J]. J.
Electrochem. Soc., 2010, 157(6): 223-230

Kvernes I, Oliveira M, Kofstad P. High temperature oxi-
dation of Fe-13Cr-xAl alloys in air/water vapor mixtures
[J]. Corros. Sci., 1977, 17: 237-52

Cheng S Y, Kuan S, Tsai W. Effect of water vapor on an-
nealing scale formation on 316SS [J]. Corros. Sci., 2006,
48(3): 634-649

Janakiraman R, Meier G H, Pettit F S. The effect of wa-
ter vapour on the oxidation of alloys that develop alumina
scales for protection[A].Tri-Service Conference on Corro-
sion, Proceedings [C]. Wrightsville Beach: N.C, 1997. 1-15
Molins R, Huntz A M. Recent improvements in the un-
derstanding of alumina film formation and durability [J].
Mater. Sci. Forum, 2004, 461-464: 29-36

Liu F, Josefsson H, Svensson J E, et al. Cyclic oxida-
tion of two FeCrAIRE foils at 1100 deg C-The influence of

20]

21]

(22]

(23]

[24]

25]

[26]

27]

(28]

29]

(30]

31]

(32]

(33]

(34]

(35]

(36]

the concentration of minor alloying elements on scale [J].
Mater. Sci. Forum, 2008, 595-598 (part 2): 707-716
Pijolat M, Dauzat M, Soustelle M. Influence of additives
and water vapour on the transformation of transition alu-
minas into alpha alumina [J]. Thermochim. Acta, 1987,
122(1): 71-77

Gotlind H, Liu F, Svensson J E, et al. The effect of water
vapor on the initial stages of oxidation of the FeCrAl alloy
Kanthal AF at 900 C [J]. Oxid. Met., 2007, 67: 251-266
Opila E J, Myers D L. Alumina volatility in water vapor
at elevated temperatures [J]. J. Am. Ceram. Soc., 2004,
87: 1701-1705

Opila E J, Jacobson N S, Myers D L, et al.
oxide stability in high-temperature water vapor [J]. JOM,
2006, 1: 22-28

Bansal N P, Zhu D. Thermal conductivity of zirconia alu-
mina composites [J]. Ceram. Int., 2005, 31: 911-916
Krikorian O H. Thermochemical hydrogen production

Predicting

studies at LLNL: a status report[A]. International Energy
Agency Annex 1 Workshop on Thermochemical Hydro-
gen[C]. United States: High Temp High Press, 1982. 1-7
John Y. High temperature oxidation and corrosion of met-
als, Chapter 10: Effects of water vapour on oxidation, Cor-
rosion Series [J], 2008, 1: 455-495

Douglass D L, Kofstad P, Rahmel A, et al. International
workshop on high temperature oxidation-subject area 1:
the role of water vapour in the oxidation of metals and
alloys[J]. Oxid. Met., 1996, 45(5/6): 529-620

Buscail H, Heinze S, Dufour Ph, et al. Water-vapor-effect
on the oxidation of Fe 21.5 wt.% Cr, 5.6 wt.% Al at 1000
C [J]. Oxid. Met., 1997, 47(5-6): 445-64

Pint B A, Haynes J A, Zhang Y, et al. The effect of water
vapor on the oxidation behavior of Ni-Pt-Al coatings and
alloys [J]. Surf. Coat. Technol., 2006, 201(7): 3852-3856
Leyens C, Fritscher K, Gehrling R, et al. Oxide scale for-
mation on a MCrAlY coating in various Hz-H20 atmo-
spheres[J]. Surf. Coat. Technol., 1996, 82: 133-144
Gunnar H, Tveten B, Hérnlund E. Hydrogen in chromium:
influence on the high-temperature oxidation kinetics in
H50, oxide-growth mechanisms, and scale adherence [J].
Oxid. Met., 2000, 54(1-2): 1-10

Henry S, Mougin J, Wouters Y, et al. Characterization of
chromia scales grown on pure chromium in different oxidiz-
ing atmospheres [J]. Mater. High Temp., 2000, 17: 231-4
Hudson L K, Misra C, Perrotta A J, et al. Aluminium Ox-
ide[A]. In Ullmann’s Encyclopedia of Industrial Chemistry
[C]. New York: Wiley-VCH Verlag, 2002

Janakiraman R, Meier G H, Pettit F S. The effect of wa-
ter vapour on the oxidation of alloys that develop alumina
scales for protection[A]. Cyclic oxidation of high temper-
ature materials-mechanisms, testing methods, characteri-
zation and life time estimation [C]. European: European
federation of corrosion publications, 1999. 27: 38-62
Maris-Sida M C, Meier G H, Pettit F S. Some water va-
por effects during the oxidation of alloys that are a-Al2O3
formers [J]. Metall. Mater. Trans., 2003, 34A: 2609-2619
Brady M P, Yamamoto Y, Santella MI, et al.

position, microstructure, and water vapor effects on in-

Com-

ternal/external oxidation of alumina-forming austenitic
stainless steels[J]. Oxid. Met., 2009, 72(5-6): 311-333



6

TRAHHE - KFRE AN BRE R EHE R

413

(37)

(38]

(39]

[40]

Onal K, Maris-Sida M C, Meier G H, et al. Water va-
por effects on the cyclic oxidation resistance of alumina
forming alloys [J]. Mater. High Temp., 2003, 20: 81-91
Janakiraman R, Meier G H, Pettit F' S. The effect of wa-
ter vapor on the oxidation of alloys that develop alumina
scales for protection [J]. Metall. Mater. Trans., 1999, 30A:
2905-13

Smialek J L, Morscher G N. Delayed alumina scale spalla-
tion on Rene’N5+Y: moisture elects and acoustic emission
[J]. Mater. Sci. Eng., 2002, 332A: 11-24

Tallman R L, Gulbransen E A. Crystal morphology and
mechanisms of growth of a-Fe (III) oxide whiskers on iron
[J]. J. Electrochem. Soc., 1967, 114(12): 1227-1230

[41]

(42]

[43]

[44]

Ru Diger D. Solution and transport of water in oxides [J].
Mater. High Temp., 2005, 22: 93-103

Raynaud G M, Rapp R A. In situ observation of whiskers,
pyramids and pits during the high-temperature oxidation
of metals [J]. Oxid. Met., 1984, 21: 89-102

Huntz A M, Hou P Y, Molins R. Study by deflection of
the oxygen pressure influence on the phase transformation
in alumina thin films formed by oxidation of FezAl [J].
Mater. Sci. Eng., 2007, 467A (1-2): 59-70

Engkvist J, Canovic S, Hellstrom K, et al. Alumina scale
formation on a powder metallurgical FeCrAl alloy (Kan-
thal APMT) at 900-1100 C in dry O2 and in O2+H2O [J].
Oxid. Met., 2010, 73: 233-253

PROGRESS OF WATER VAPOUR EFFECT ON GROWTH OF
ALUMINA FORMING ALLOYS

XING Linlin, ZHENG Yanjun, CUI Lishan, SUN Maohu, SHAO Mingzeng, LU Guiwu

Departments of Materials Science and Engineering, China University of Petroleum, Beijing 102249

Abstract: Alumina coating has excellent thermal stability at elevated temperatures, this can provide a good

diffusion barrier to withstand high temperature oxidation and therefore, increase their life time in aggressive

atmospheres. With the industrial development, water vapour is present in nearly all atmospheres where alumina

forming alloys are used at high temperatures for industrial process. The most important problem is that how

to maintain excellent performance of alloy in humid atmospheres. This paper summarizes the effect of water

or water vapour on the stability of alumina scales, growth kinetics, film adherence and alumina film surface

morphology.

Key words: alumina scale, water vapour, stability, oxidation rate



