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Abstract The thermodynamic equilibrium phases in T122 heat-resistant steel (0.11 ~ 0.12C, 11.37 ~ 11.97Cr,
1.90~1.93W, 0.38Mo, 0.86 ~ 0.90Cu, 0.05Nb, 0.19 ~0.20V, 0.58 ~ 0.67N, 0.002 3 ~ 0.002 8B) and the effect
of alloying element Cr, Al, Ti on & ferrite and major precipitated phases at temperature between 820 °C and 1 200 °C have
been studied by Thermo-Calc software. The results show that there is a large amount of & ferrite in T122 heat-resistant steel
and the main precipitated phases in steel are M;; G, Laves phase and MX. At temperature between 950 C and 1 050 °C
the amount of § phase is lowest, of which the content is 15.7% ~ 18.9% . The initial precipitated temperature for My; G is
940 °C, for Laves phase is 750 °C, but for MX is more than 1 250 °C which is a very stable phase. It is found that chromi-
um has a great influence on formation of & ferrite and has minor influence on that of precipitated phases; to lower Al and Ti
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content is available to decrease & ferrite amount and increase MX phase amount.
Material Index T122 Heat-Resistant Steel, Thermo-Calc Software, 3§ Ferrite, Precipitated Phase
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Table 1 Chemical compositions of T122 heat-resistant steel /%

S5 C Si Mn P S Cr Ni Mo w Nb v Ti B Cu N Al
ASME 0.07~ <« < < < 100~ < 025~ 1.50~ 0.04~ 0.15~ 0.0005~ 0.30~ 0.040~ <
bRfE 0.14 0.50 0.70 0.020 0.010 12.5 0.50 0.60 2.0 0.1 0.30 0.05 1.70 0.100 0.04
1*  0.12 0.38 0.58 0.007 0.007 11.37 0.37 0.38 1.93 0.05 0.20 0.058 0.0028 0.8 0.067 0.037
2¥ 0.1 0.29 0.50 0.008 0.006 11.97 0.31 0.338 1.90 0.05 0.19 0.036 0.0023 0.90 0.058 0.006
3*  0.12 0.38 0.58 0.007 0.007 11.37 0.37 0.38 1.93 0.05 0.20 0.058 0.0028 0.8 0.067 -
4* 0.12 0.38 0.58 0.007 C.007 11.37 0.37 0.38 1.93 0.05 0.20 - 0.0028 0.8 0.067 -
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Table 2 Comparison of calculated value and measured val-

ue of § ferrite of 2* T122 heat-resistant steel
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Table 3 Calculated value and measured value of precipitated phases, mp and mole fraction of 2" TI122

heat-resistant steel at different temperature

S Hi IR Fe Cr C N Ma W Ni Mn Nb ¥ T
MX  4.26F-03 - 5.13E-4 1.23E-02 1.87EAL = = = - 1.72E-01 4.09E-01 2.19E-01
laves 8.38E-03 3.17E-01 6 o D 2.48E-02 5.89E-01 = 7.55E-04 2.15E-3 0 Q
Myt 2.61E02 138101 6.33 5.061-02 1] 9.63E-02 7.68E-02 3.96E-D04 5.00E-03 ] 3.37E-04 1)
MX 4, 42E-03 JT6E-03 1,87E-01 = = = = 1.63E-01 5.15E-01 1.24E-01
My (s 2.08EA12 1.78E L99E-02 = 8. 14E-02 9.96F-02 = 1.69E-03 = = =
MX  3.29E-03 JTOE-02 1,80E-01 1.09E-04 3. 48E-04 - = 2.07E-01 3.06E-01 2.80E-01
MX 322503
Laves 2.08E-02
Mo 4. 12502

P SEIIE

N SESE TR, T122 59 efe iyl S S #7 L

AR My Gy MX F Laves H%E, M, C, M EBIGH
2 Cr.Mo.Fe . W.C,MX EHS 403N V. TN,
N.C, Laves #l £ 85 &I H N W.Fe,Cr, Mo L3R
3), PFREE R S O 4T M. BRILZ AN, B A
AIN. MnS FFRURAL T ALT 5 N 250 R 4025
B RS £y e A By SR A Helk 7 4E T s L AL
(TLEE 1), 00 HL AL S Fe G 250 8T —A 4
FAREA TR (L 2) . 7950~ 1050 ©
B & SR Ml /b, My, G MR U AT IR O 940
C, Laves A8 FF 45 #r tH R A 750 €, MX HETE
1250 CLRA GRS B0 MY H R — g
SEMEIRAH . MEAh, T122 WS A T SS 4 L F s
TRZTRE SR 501 440 CHIL 550 Chidy. A
R 1 A rp SR A AN 2 2 BoR, S ST e
BEIRY B HAR S LA N5 3 Bk, (he 2 W LA
i TR M S TR R (A, )2 8150 (i

SE 21-Jan-05 001043 WD 5.7mn

1 TI22 e A A A ALFD T A1 0s0 C)
Fig.1 & lerrite and inclusions bearing Al ang Ti in T122

steel at 1 030 °C

001043 WD12 .4xm 15 0%V

3
24-Dec-04

*30K 600

B2 T2 PR E Al S
Fig.2  Inclusion phase bearing Al at grain boundary in T122
steel

B 109 BLEC{ARRT AR EEHHEE ), S5 SC i 820 TR
2.2 Cr ALT AT & BRFHAHT HAH AT 5205

PRERA AT 1% ~ 4% G B I A s ot 1R
P bee (R F ) BAR 3 8129 N 9%, 17% , 3% Fl
0% , UG T AR EAE S N 2 ey & %
PRIR AL AT BS99, 17% 3% 0%, FLi
1 op 1T 2" I T LRI 2% Y
Cr B EE 19 402 0.73% , 1T & s {dic ey
T# 2%, TR, C FRDELLX 5 82k
HOEEERARI. 5 1WA, 3T 4" B ALT
HERAT, B F Al & R ETH D 5 ik
TR B BT AL SR R R 2 R T
IR & SRR B i — A AT

PEEE R, Cr & B RY /D 8728 £h R s 41
F R B HCATT R SE R AR )S  TT ALLTS 34 MX
— AR . BT ALCTE A BRRR S MX B9 A, (R
TSP FEAR Ti SRR MX RO BT R


http://www.cqvip.com

5% 6 3

G 34 TI22 TR P A R R T B A - 19 -

Xt 9% ~ 12% Cr MBIHFHAT T RBEHBIRIGIN
ook B A SR B A SRR R AR B R R GRS A
M, G FIBHIFFEAR AIN M X & Z #8% , A RE
FHRBEFRAERERAY S SRESEM My
Cs My BLAL, Tib & Cr 8k R R BN 1 8% A8 1
RES , FIR B R AR RSN THERE B B AL
R A BREAF 2R G &R
AT R 40 NIMS-9% Cr X | Eurofer97 % J04A] 58 5
i S R EBE I RAMA BT —ITEEA

< [12]
o]

%=

CNEBAMMBRMKER TR, BHESET
ZMEEBEEE, N KR KK TRE, R
REARAT AR RSB M. Cu 2 T122 TSR M &
BEENEE TR, ASEKEETHIE Cu i,
HATRY & B SRR AR Co & Cu kKB
100% AR T D) ) 3 F T122 TR &, B3
WO SRR E R, HAEHRIER Cr B &,

ALTi 2, 6 SRR WITEIH HIE T122
WP AIN Z4 A (L 1 fE 2), A&
E R A BE, BT LAt R AT RE R R & &
XF 9% ~ 12% Cr MFFARE M S , MX B2 RERE
VEFRRTRALARY B B RS, B (k19 Z 4
A R BRI R HA NS, HE3FAIH,

B 0k

1  Fujimitu Masuyama. History of Power Plants and Progress in Heat Re-
sistant Steel, ISI] International ,2001,41(6) ;612

2 Iseda A, Teranish H, Yoshikawa K, et al. Effects of Chemical Composi-
tions and Heat Treatments on Creep Rupture Strength of 12 wt% Cr
Heat Resistant Steels for Boiler. Tetsu-To-Hagane, 1990,76(7) : 1076

3 Tchizhik A A, Tchizhik T A, Tchizhik Anna A. Optimization of Heat
Treatment for Steam and Gas Turbine Parts Manufactured form 9-12%
Cr Steels. Journal of Materials Processing Technology, 1998,77:226

4 Kaori Miyata, Fujimitsu Masuyama, et al. Microstructural Evolution of
a 12Cr2W-Cu-V-Nb Steel during Three-year Service Exposure. IS1]
Intemational ,2000,40(11) : 1156

5 Andersson J-O, Thomas Helander, Lars Hdghmd, et al . Thermo-Calc &
Dictra, Computational Tools for Materials Sciences. Calphad, 2002, 26
(2):273

6 Homolova V, Janovec J, Kroupa A. Experimental and Thermodynamic
Studies of Phase Transformations in Cr-V Low Alloy Steel, Materials
Science and Engineering A, 2002,335:290

7 LiuZ D, Cheng S C,Bao H S, et al. Effect of Vanadium Concentration
on Microstructure and Property of T122 Steel. Proceedings Symposium
on Ultra Super Critical Steel for Fossil Power Plants 2005, Beijing,
China, April 12-13,2005, 100-110

8 Hiroyuki Semba, Fujio Abe. Effects of Precipitates and Their Stability
on the Creep Strength of Advanced 9% Cr Heat Resistant Steel Con-
taining High Boron. Proceedings Symposium on Ultra Super Critical
Steel for Fossil Power Plants 2005, Beijing, China, April 12-13,2005,
157-170

EEBMN MXF Ti SBER, XHEABEN T W
RE7E B T30 T122 WPV M REE e

MERGEERTUFH, TI22 WA F Cr
FREHE, HRF S R G REMBR, BIHE
PreEre Cr B M ERIE 10.5% ~ 11% T E
W, FEME ALTI &, BEFT LI R &8, X
FHTFES MX i AH0=RAER.

3 i

(1) T1I22 AR EEFLHHEAHERA
M,; Cs JMX 1 Laves #%F o>y B HETREY
815 C,7E 950~ 1 050 CHEE N S HEEESH
BV TI22 M MG WP EF R RBES R
940 °C, Laves FHBFFER AT HHIRE LA 750 €, MX
AHTEL 250 CLAEFFHRHT

(2) Cr BT T122 R E S K E P miR
K, EUHERK GCERE NDAERE B EMRE S &
EiEgEHX A A R,

(3) FE(K ALTI B A B TR S Kk &,
[E] A 386 i MX 47 A8 (NbV) (C, N) 5 &, B B Fi2
HAR R R,

AFRBEEABDEZEARL TR (863 5 B )#
B3 B (AA2003331060)

9 Kazuhiro Kimura. A Method of Long-term Creep Rupture Data Analys-
is for High Cr Femitic Creep Resistant Steel. Proceedings Symposium
on Ultra Super Critical Steel for Fossil Power Plants 2005, Beijing,
China, April 12-13,2005,145-156
10  Seog-Hyeon Ryu, Yeon-Sco Lee, Je-Hyun Lee, et al . Effects of Alloy-
ing Elements on the Hot Workability and the Creep Rupture Strength
in 12%Cr Ferritic Heat Resistant Steels. Proceedings Symposium on
Ultra Super Critical Steel for Fossil Power Plants 2005, Beijing, Chi-
na, April 12-13,2005 ,63-77

11  Carsi M, Allende R, Penalba F, et al.Simulation of Forming Behavior
of Boron Modified P91 Femitic Steel. Steel Research Intemational,
2004,75(1):26
12 Knezevic V, Sauthoff G, Singheiser L, et al. Martensitic/Femitic Super
Heat-resistant 650 “C Steel-design and Festing of Model Alloys, ISIJ
International , 2002, 12(42) : 1505

13 Katsumi Yamada, Masaaki lgarashi, Seiichi Muneki, et al. Effect of
Co Addition on Microstructure in High Cr Ferritic Steel. ISIJ Interna-
tional, 2003,43(9) : 1438

G2 R1965-), B, BETHEI, EiEt, N EH B8
a5 (BB 57 ) ok F HLAE oK B8 R b R O T B B 92
AR FBRBTIT B BE S HI BRI ST BT, JL 2 100081,

R B $4 .2005-06-08


http://www.cqvip.com

