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Effect of Rare Earth on Oxidation Behavior of 9Cr-3Co-2W
Martensitic Heat—resistant Steel in 625 °C Water
Vapor Environment

Geng Wei', Zhu Zhibao?, Ma Jinhui®, Song Xinli', Ge Rui’
(1 State Key Laboratory of Refractory Materials, Wuhan University of Science and Technology, Wuhan 430081,
China;2 Daye Special Steel Co., Ltd., Huangshi 435001, China)

Abstract: Steam oxidation corrosion resistance is an important index to evaluate boiler steel. In this study 9Cr-3Co-2W
martensitic heat-resistant steel (/% 0.08C, 0.40Si, 0.40Mn, 9.00Cr, 0. 20Ni, 0. 50Mo, 1.50 W. 0.05Nb, 0.20V,
0. 07N, 0. 030Al, 0.0012B, S<0.010, P<0.020), the oxidation kinetics curves of the two groups without rare earth and
with rare earth w[ Ce] 0. 03% in 625 “C water vapor environment were carried out, and the morphology and structure of the
oxide film were analyzed by SEM and XRD. The results show that the outer layer of iron oxide scale in both sets of experi-
mental steel are mainly rich in Fe oxide Fe,0, or Fe,0;, and the inner layer is rich in Cr and Fe oxides (Fe, Cr),0, and
(Fe,Cr),0, in the 625 °C water vapor environment. However, the outer layer of iron oxide scale in the experimental steel
without rare earth addition has poor density , and even cracks appear. The experimental steel with rare earth added has
dense outer oxide layer and large chromium-rich oxide layer thickness. On the surface of the oxidation kinetics curve, at
the initial stage of oxidation (0 h-200 h) , with the extension of oxidation time, the oxidation rate of the test steel is large.
After the oxidation time exceeds 200 h, the oxidation rate gradually decreases, and after 2 000 h, the oxidation rate ap-
proaches the level, and the oxidation rate continues to decline and gradually becomes stable. The addition of a small
amount of rare earth Ce can help to form a dense oxide film and improve the oxidation resistance of the steel.

Key Words: Martensite Heat Resistant Steel; Rare Earth Elements; Oxidation Kinetics; Oxide Film; Oxidation Rate;
Oxide

R AR 74T 2030 AR SE B AR Ik, B AK R BT T R I e R A R
2060 4 S BLAR A . TIED COLMIHERL, 75 20T & 28RS IS R BOmBRERAE S PO2 A
HE R S HLALH Y (9~12) Cr SRR AV EATOE 0B =AU IR, 75 PO B9 AY L At b [ Mo &%
SRR AR SRE R A A RIFR S RVERBUNG B BN w[ W2 1.8% M B, 3RS T B R

EEWA : 2023 W64 EARBEITH (DJ) (2023BAA019)
fEEB: Bk H5(2000—), B Wi+ E-mail : gengwei@wust.edu.cn; Wi EE: 2025-03-12
BEEE: BHAI(1973—) & W1 #63%; E-mail : xlsong@wust.edu.cn



44 FEIRIN

546 45

FIERPERE, T2 N T 600~625 C2 B I B
By, AR BIIRE TE R A P, S 2N
PN R T I B ST R i 4 A BB T 1 I AN S R AIR
HLACR, P E I S BURSOT ML, 444k i il
KL TFIRD . R, B 58 S FC R $0H 7 = TL
IKZE RIS TR i ) AT o 5 A R AR K Bl
SR L o S T AN A R TR K R TR
T AT I R R AR A A R VR
PR 5 e ] 2 RS T LIS NS
P92 HITE 650 “CRZEIAIIE AT R, R IR
A2 HLKAEAR Fe,0,, 2R ALIE N Fe-CraR i A1
> Fe,0,, N2 AL A LI . HFRACE RS
S AT R RIS T A S e R AN iR
SAALTERER I XRS5 R TR I ALT R
AL IR A IE 1 ALO, . Cr,0,.Fe(Cr, A1),0, Fll Fe (Cr,
AD,O, 55 AR R 3 (E RS 1Y AL 1S N
MR HRMERE o 0 A5 5T & IR [CARAS S5 0 v
A 0.4% 19 B AT LA (5 it 4050 e 2 1T T B 3850 1 4
AR, T2 Y BT BR 26 (Fe,BO, ) RE 541 ) S8 AL AT
ITRA KR . KIEBFFEIA R, R s in 2 it i #
JCE AT LAEARANK , AR e 22 W 35 5 5 A 4 4RI
PEBESEAEH A VN TP LT R AR s B T 5
BT IR AR TR AR RIS L
P4 9Cr-3Co-2W HUMBIFFE XS G2, WF 9% 1A i s
5 I I £ Ce & & LI AITE 625 CKZEIRIF
B S ARAT N S A B 12 B R ds Ak
R R 5 45 H S A LB
1 XBEMBE5RE

15 I BG4 89 19 Ak 2% Bl 4 o (& 4y
/% . 0.08C, 0.40Si, 0.40Mn, 9.00Cr, 0.20Ni,
0.50Mo, 1.50W, 0.05Nb, 0.20V, 0.07N, 0.030Al,
0.001 2B, $<0.010, P<0.020 il Fe A3 . 2 5 525 4K
22 1A R TE 175 SES AN A Bl s 7 1
Ceo S35 A9 A v ik 4 ) 11 23 J& W 7 (SGML VE150/
18Q) 1 #k , SE U0 9 45 bR 48 ok B s 5 5L S L TE
1070 ‘CIEK 1 h,Z¥ SRJG7E 770 ClELK 1 h, Z=5¥%,
AL FR R L B A (045 SX2-10-13) ¢

1t By & U0 F) MUK 52 56 4K U0 #) 8 4~ 4 mm x
4 mmx20 mm M HEIE RS, TR 8 AeiT e H
1807~ 1000 1) 0 AR AT IS S A 1A 1 A — A T
TE—~ 4 mmx20 mm [ B9 U4 /A EEA %5 A
BB T e SR PR DRSO IE Uk B ST
R A 60 “CHYHEAR o £ IR 2 h, % /5 J] METTLER

XS205 KVHRE, FEA 6 IRBCE Y HE id 5% .

AR WA R R R K VS B 1 A T
W 60 CEIRACAREIE, SR 5 B il 4 4F 1 AR ST
TR A —TE L R E TN R R RE L, R
PRUEREAN AR RE 5 25 A48 il B 1 308 8 1 e i A =X
AP (S SXK2-5-11) FRub i B, TP SR E
20% M Z& SR AR i ik 625 “CI7K 2877 ik
FE S — BET E] S5, A FH 1203 e B HE R 39 )3k
BE B S A A N2 . R T A0 e
VA A0 R R TR T B R P (R ORS A £
107 ) AR X L AYUE 4R b (U 4R 20 25 oAb B ) | %
RVIEATIAFANBE Bl 5 3% 2 X HRFE AT 10 AR
i, FBR S EH RO B E I e 5 o BTG
AAL IR IR F I S, R LR S L R 4
U, i i 5 80 £ T 3 1 180%~2000% b 4% FT 1 - HLAK
Mt EMERHERIEE, TR . R MR
(5 gFeCl+2 mL HCI+100 mLH,0) J& fth . il k¢ 5¢ 1k,
Ji RIS 4 AR RE A T IS 42 b 3, PR iR T
HH# BT (Apreo S HiVac) SE LA T WA R 19 44
A JZTE S D 7 S AL IR B, 91 F EDS R i {30
S AR I g 28R 245 4 RS [] X3 1 b 27 B 43 647 40
Mr, LB E AR B A 2 8 [l s, ) A XRD-
7000 BY x S 2 AT AN AR R B AT x S AT 5
(XRD) 37, — 20 ff i S AR REE ) 25 A8 SIS AL
2 GRS
2.1 FHERIRSYHEERR

BB 2 B S P AL S B0 AN AE 625 “C/KZETRIA
B rpOR A S AL T R RS . 15 S8R iN R )2 4k
Y1k bk B TR 22, T I BB AL, R IR 1 Ce
(1) 2 5 1= Ce T 4 S 5080 119 2 1 420 Fk BS v ot bz
RGP /N BUB PSR, A R R4
3 1 4 TR N SEEAE 625 CoK 28I FREE R A Ak
832 hlIFIES . 15 S NI A A 2 24 40 pm
AT N FEIEE Fe (R, WEREE Cr . Fe s
6o IR -1 245 S50 A AR T AR TR R B 24
104 pm, FALIEECE | SNEWIEE Fe H ALY, N2
& Cr,Fe ALY, T 1 5300040 6 10 S TR B B0
PE2E BB E B, L, kT AR R L 2 5
SO/ o TSR - ST g R R A v S
K, A FIF AR KZE R Ao R Ak — 2 S A
Pl WES RN AR XRD YA, S
LA, SEE AN AL EE S A AL EE R
Fe,0,.Fe, 0,8 (Fe, Cr),0, 20 1, , M2 F B R4



%41 Bk 5% A 0 9Cr-3Co-2W L [T PN TE 625 CAK AR IR P S8 A A7 32 ) 45 -

/f’h% F€304ﬁ Fezoj;v W)%EE%%(FG, Cr)zo—;ﬁ(Fe, (1"’4)}5)]"5—‘_\‘91:‘6—'::" O}imﬂéhji Fezoavﬁil—jﬂ(%?%}im
Cr);0,0 T W Fe,0, 3 5 M A& H,, Fe,0, 5 H, KL RTE 1)
SR AE K ZE R B P A AL IR IR N AT Fe, O, FERIRAIE T 3Lk Crin) EALZY 8, T

Bl 1SRN+ SC8 897 625 ‘C/KEIR TP 4EAL 832 hm R TEAR : (a) BAKTESH, (b) SR AUR

Fig . 1 The surface morphology of No. 1 experimental steel without rare earth was oxidized in water vapor environment at 625 “Cfor

832 h: (a)overall morphology, (b)local magnification
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Fig .2 The surface morphology of No. 2 Ce added experimental steel was oxidized for 832 h in 625 °C water vapor environment: (a)

overall morphology, (b)local magnification
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Fig. 3 Analysis of the thickness and composition of the oxide layer of No. 1 experimental steel without rare earth in 625 °C steam af-

ter oxidation for 832 hours: (a) cross—sectional morphology of the oxide layer, (b) linear scan results of the oxide layer
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Fig. 4  Analysis of the thickness and composition of the oxide layer of No. 2 Ce—added experimental steel after oxidation in 625 C

steam for 832 hours: (a) cross—sectional morphology of the oxide layer, (b) linear scan results of the oxide layer
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Fig. 5 XRD phase analysis of oxide layer
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Fig. 6  Oxidation kinetics curve of No. 1 heat—resistant test steel without rare earth : (a)relationship between oxidation time and oxi-

dation gain per unit area, (b)relationship between 0. 5 power of oxidation time and unit oxidation gain
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Fig. 7 Oxidation kinetics curve of heat—resistant steel with rare earth addition No. 2 : (a)relationship between oxidation time and oxi-

dation gain per unit area, (b)relationship between 0. 5 power of oxidation time and unit oxidation gain
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