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Abstract: 9Cr martensitic heat-resistant steel is an important candidate material for ultra-supercritical steam turbine ro-
tors. Due to the large size of the rotor forgings, there is a greater tendency for microstructure inheritance. The microstruc-
ture and mechanical properties of 9Cr martensitic heat-resistant steel at different austenitization temperatures and isother-
mal annealing times were studied using optical microscopy combined with tensile and impact tests. The results showed that
the austenitization temperature had a significant effect on the isothermal transformation degree of 9Cr martensitic heat-
resistant steel. The austenitization temperature of this heat-resistant steel before isothermal annealing should be controlled
between 950 ‘C-1 030 ‘C; The coarse martensitic structure formed after forging can be transformed into a ferrite+pearlite-
like structure by isothermal annealing at 720 °C, effectively breaking the microstructure inheritance and laying a good orga-
nizational foundation for subsequent quenching and tempering treatment. The effect of insulation at 720 °C for 30 hours-100
hours on the grain size after subsequent quenching and tempering treatment showed a weak correlation. With the extension
of holding time, atomic diffusion became more complete and the distribution of microstructure became more uniform.
When annealing at 720 “C for 50 hours to 80 hours, the material exhibited excellent comprehensive performance. This
study provides theoretical basis and engineering reference for the high-performance heat treatment process design of 9Cr
martensitic heat-resistant steel forgings.

Key Words: 9Cr Martensitic Heat-Resistant Steel; Austenitizing Temperature; Isothermal Transformation; Heat Treat-
ment Process
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Table 1 Chemical composition of 9Cr martensitic heat—
resistant steel ingot %

C Si Mn Cr Ni Mo \ Co \4
0.11  0.02 040 870 0.03 040 22 3.10  0.20
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1 9CrNRIRSHL: (a) ZWHEL, (b) WiZH L

Fig. 1 Original microstructure of 9Cr steel : (a) macrostruc-

ture, (b) microstructure
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B2 9Cr XA [ L LG AR Ak Ui BE R AN 25 IR 412 : (a) 950 ‘C+720 “C-50 h, (b)950 ‘C+720 ‘C-100 h, (¢) 980 ‘C+720 ‘C-50 h, (d)
980 °C+720 ‘C~100 h, (e) 1 000 ‘C+720 “C=50 h, (£)1 000 “C+720 C~100 h, (g) 1 030 ‘C+720 ‘C=50 h, (h) 1 030 “C+720 °C

—100 h, (i) 1 080 C+720 ‘C-50 h, (j) 1 080 C+720 ‘C—100 h

Fig. 2 Isothermal microstructure of 9Cr steel at different austenitizing temperatures :

(a) 950 "C+720 ‘C-50 h, (h)950 ‘C+720 C

-100 h, (¢) 980 C+720 C-50 h, (d) 980 ‘C+720 ‘C-100 h, (e) 1000 ‘C+720 ‘C-50 h, (f)1 000 ‘C+720 ‘C-100 h, (g) 1030 °C
+720 ‘C-50 h, (h) 1030 “C+720 ‘C-100 h, (i) 1 080 ‘C+720 ‘C-50 h, (j) 1080 C+720 ‘C-100 h
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Fig. 3 Time-temperature—transformation diagram of 9Cr steel

at different temperatures
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Fig. 4 Isothermal transformation microstructure of 9Cr steel at different holding times : (a) 30h, (b)50h, (¢) 80h, (d) 100 h
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Fig. 5 Continuous shot images of isothermal transformation structure of 9Cr steel at different holding times :

80 h, (d) 100 h

FEAR A9 B E AR+ R BOL R Y B A A .
FHL K 1) J B8 G AR 43 B R R R AR B S 2 o ik 3k
SRR R R R B O A & B G IRLIR B R, &E
JSCHT I L LG A, i 722 it I AL DGR 1 it b (5 A, 12 20
J T ARAT AU/ N db R FT R R R i A B4R Ol R
S M BE S b B AR A5 T A0 /N A R B B A
A A JFHR S AR 6 fs o IREZ S RGE Joab
PRS HEAT VR AL B o 0T H R B R HEA T AR
JE RN, 25 SR AN T B, 7 (a) AR 30 bR
5 A R ) RORE, F L7 () T LR B, SRR
INGY AN R RE 00 9%, /D 025 1 7(b) 4R
50 h e VA T Ak B RE B ARORE /0N R B DD
BB 00 9% 5 181 7 (¢) R 55 il 80 h Ji5 1] Jot Ak P
FERYARRL, L7 (e) AT LA 3, SR G 2 50 B ZEAR
T 50 h, fib BB T 00~0.5 2% ; 81 7 (d) Sk 2 45 iR

(a) 30 h, (b)50h, (c)

100 h & ] J5 b BRI AR 9 ok, el 1B 7 (d) T LAUREE
2, iy TR AR TN 5 4y, AR Y R T
A1, ERLEEITESL 04% . 720 “C AR 30~100 h X% J5 4¢
A Ak 3L ) R S ) S 55 A DG, B DR IR
ST 05 SO S o 1/ S0 15 2 R0 o o £ B3
Ao FER RS IR AR KRS R] Bk E AR A B R
JEUERH R 1 B AR B 43 1 ok 2 AR R A d o, e X
AL PR S ARAT AN AT EY AR K T 4T
Bk B R L U ST AR PR R R
RS 1~3 mm, FBE AT UL, 3 5 440 28 R S T A
LEBRIE R IR S PERE AL PHBE E T R U AR

AN [R] B[] 25 3 AR O i B 9 4 BE an & 8 i
7N, PUAS S T2 R e PR BB AR 2, 451 50,80 h
b AR 459 30100 he & BETG /Mt &l 9
Jin  RERIEIR B & Cr Fe W BT H AR 2 o

(a)

K6 9Cr o AT EAH ftoks 20 AL 5T FE A - (a) JRUR LR B IRAAZAL S, () 26 P+F 22, (o) 40 B8 FR AR fok

Fig. 6 Schematic diagram of grain refinement principle for 9Cr martensitic heat-resistant steel : (a)original coarse austenite grain,

(b)similar to Pearlite +Ferrite microstructure, (c) fine austenite gain

Fig. 7 Grains of 9Cr steel after different isothermal annealing times + quenching +tempering : (a) 30 h, (b)50h, (¢) 80h, (d) 100 h
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Fig. 8 Property of 9Cr steel with different isothermal annealing times+quenching + tempering :

tility, (c) impact properties

10 pm

(a) tensile strength, (b) tensile duc-

K9 EHUOLHAEI: (a) BHEHLL, (b) FeItR, (¢) CrItH&, (d) WITR

Fig. 9 EDS of like pearlite : (a) microstructrue, (b) Fe element, (¢) Crelement, (d) W element
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Fig. 10 The morphology of precipitates in 9Cr steel after different isothermal times +quenching+tempering : (a) isothermal 80 h,

(b) isothermal 100 h



- 140 - FEIRIN

546 45

2) R Y A R AR A 2, 720 °C
E TP EP QISR XL NS S NTE A
AR F T 68 J R R L 2O B A% 3500, I 462
R Ak B R S AT Y Al 2RI 5 X AR TRAE IR
U], BFSE I, 720 °CF 441 30~100 h X 5 22

(1) 3B, BR i, MRL, . “XUk” Bin T IR ERRE & B i
BITIR R SRHAR[D ], P E L TR, 2024, 44(17) : 6900~
6910.

(2] Z& T, REA), BEIET-, 4. 50 19K FB2 th KR TR
WHRILY]. RIEEEBAT, 2024(6) : 50-54.

(3] BN, B0, PMEEAS, 55 . BRI SLAL IS LS 7 9%
-12%Cr i AMAIETE LT ] AR IR HL, 2024(2) : 56-60.

(4] W], R Bk R I S R L AL 9%~12%Cr i FA B0 AT 52
(7). —@HA,2023,3:30-33.

[5] Zhang Y Q, GuJ F, Han L Z, et al. Thermal decomposition char-
acteristics of retained austenite and its influence on impact tough-
ness of B-containing 9CrlMol1Co (FB2) steel during the two-step
tempering [J]. Journal of Materials Research and Technology,
2021, 12: 2462-2475.

(6] Z= H, BRIESE, 85, . 9%~12%Cr = G AR K S
Dife 5 TAMEOCHBAR L], Mgk, 2021, 56(2): 40-49.

(7] 5REEZE, REM, 2 B, 9. 9Cr-3W-3Co Mt #4 54 75 1 i3 0
g5 F WL e Ak RE T O [J]. K BU 85 B A, 2019 (4) : 29-
31+34.

[8] EWEIY, A, B B, 5. X12CrMoWVNDN10-1-1 5 i Il

oAk B 5 ) S 55 A S B A PR e P ) A
K T8RN 7E 4, LU AR Bk 5

3)XF b JUFRRE kT 25+ 38 5 A B, 720 “CAR IR
50~80 h i, A4 BHOZE A PEREL 5, LB = v, T 7
IeIEAh B85 A BRI T T T8k .

BB E AR BL T2 )], &8 nT.,2012,1: 34-36.

[9] TBEIY. 620 CILHeHLEE T84 F AR Sl 404k B B T 25 i 5%
[T]. KAV, 2016(2): 6-9.

(101 25 H, ZZMEF, £ 90, %. 9% ~ 12%Cr T4 ki 5
YAEIY T . CN115927798A[P]. 2023-04-07.

[11] BRAESE, 66, A, 55 . I R IGHAE EE T 22MnB5 #4
B AR 22 v HV L AR LA g () ). IR 338 5 iR e MR,
2025, 5(1): 53-61.

[12] BEVEE, SERIGE, ZfGdE . KRB PR AR AN Ak A R 5T 08 e
L) SIRHAALIR, 2019, 44(1): 7-12.

[13] B, WK, HEA, . %R KX COST-FB2 i 2H 41
PSR [T ). 4B AR, 2018, 43(3): 128-134.

[14] ohar i, B fE, D562, % B A S B H13 40 &
HAEF b vEae 2 [J]. 4 )8 AL, 2021, 46(2) :
130-135.

[15] Z=i I8, B %, 1RiEH, 55 . JEIIE KB BEXT 9C3W3Co
WA R v BRI (1], AORHALL B 244, 2017, 38(10):
67-71.

[16] & Jf. 9Cr3W3CoB ) 7E i il A< Hif b i v (1) 4 4L 28 Je Gt
JCEMMEBAT NS D], AAE . P EBFE AR, 2021



