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High Temperature Mechanical Properties and Fracture
Mechanism of 9Cr-2W-3Co Martensitic Heat—resistant Steel
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(1 State Key Laboratory of Advanced Refractories, Wuhan University of Science andTechnology,
Wuhan 430081, China; 2 Da Ye Special Steel Co., Ltd., Huangshi 435001 ,China)

Abstract: The microstructure of normalized & tempered 9Cr-2W-3Co martensitic heat-resistant steel and its tensile
strength and fracture mechanism at different strain rates (5x10°, 5x10", 5x107, 5x107, 5x10™* s™) at 625 C was re-
searched. The results showed that the tempered lath martensitic structure of 9Cr-2W-3Co martensitic heat-resistant steel
was mainly structure obtained after normalizing and tempering, and there were a large number of chromium-containing car-
bide precipitation phase at the interface between the original austenite grain boundary and the lath bundle, and a certain
density of dislocations in the matrix. The test steel was stretched at 625 “C, with the increasing of strain rate, the yield
strength of steel increased from 237 MPa to 430 MPa, the tensile strength was increased from 268 MPa to 480 MPa, and
the reduction of area was between 28% and 15. 5%. There were a large number of dimples of different sizes in the fracture,
and there were high density dislocation in the test steel matrix at different strain rates. The dislocation interacts with the in-
terface of inclusions or lath or precipitates, leading to the initiation and expansion of micropores, and eventually the frac-
ture of the material.
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Fig. 2 Microstructure of OM, SEM and TEM and precipitated phase chemical composition of 9Cr-2W-3Co steel after heat treat-
ment: (a)500%, (b)10000%, (¢)30000x%, (d)60000x, (e) EDS of point 1 in figure (c¢)
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Fig. 4 Mechanical properties of 9Cr—2W-3Co steel at different stain rate at 625 ‘C : (a) stress—strain curve, (b) strength, (c) re-

duction area rate

%5

500 pm

2000 - 2000 —
1800} (k) TR BFTAL®| g0 M 7R RFHAL
1600f, o 40.08 1600f & 0 59.37
: 1400 1676 1400 Al 31.84
=% 51200 1955 | 1200f,
% 51000 : #1000
800 800
600 600
4001 400
200 ke 200}
50 pm 0 6 8 10 12 14 0 4 6 8 10 12 14
E— AR /keV BB /keV

STR] A T 9Cr—2W=3Co 4N 1E 625 °CF B B4 : (a) (b)5x10°

5x107 s 5 () (j) 5x107 s 5 (k) Je 2y 1) 5 (1) Je A 2 e

Fig. 5 Fracture morphology of 9Cr—2W-3Co steel at 625 “C at different strain rates

: (a) (b)5x10°s™" 5 (¢) (d)5x107"

sty (e)(d) 5x107" s 5 (e)(H)5x1072 s 5 (g)(h)

s (e) ()

5x107s™ 5 (g) (h)5x107° s 5 (i) (j) 5x10*s™ 5 (k) chemical component of inclusion 1; (1) chemical component of inclusion 2



55 3 4

Bk 545 :9Cr—2W-3Co Lh FRAARTH PHY 5 i 7 2 ML RE-5 1B 2L B -+ 49 -

24X R I N FE W L BT ) T — o 1 AR
o W8 RAFARE] s KNG I 2 R S5
A RSE A G, WA SRR AR E G e 4t
Y 3), 586 (F2) , 35040 7 i A i A5 %
A IR EARTE | SR P (3 4 12 20 31 e 2 ST S A JE
Bl e A A Aty SRR, P2 T N S B v, 2 0 g i e
ZW) SRR RE , 1 BGAL , BEAR T AT, SFL
KIS g — AR T2 e A B S H L)
Ko A5 A8 B £ A o] LAY /D S8 Ak A0 S 2 ot 3 6 4
REAY A FISE I
2.4 WrAHLIES B

&) 6 Shy i 2y 5%10°0 s B3R B0 89 TEM 2H 21
JES . BB 6 0] UL, 7E 625 “C LA w1 I 728 5 Fe
AR FE R A % B, T AR AR AR A
Yk RSFHr AT . B 6 (e) il Ul Ih AR 4% 9 356 H
LT R I GG A X S AR A BAE A R
= A TR 4% o A7 AR 388 30 A 4 A T T kA ZE RN
5,3z S 4 8 B HT A, ZE AT H AR S AR B T
AFEBVER . AR HE P, o152 A0 p 4G A
FERA R 7843 64T , 58 B8 1 1 ER AR M 2% i 4 v
BT , ZH 23 (9 25 4 ROST R B85 FLE Al . oo %
JE AV 4 =2 1) 4 538 E AR RS B0 4 i AR 1 T 7 0 A
5507 8 A B AR BR824 ok, 5 A
M 2% 5 T BEL A5 465 42 ol 31 i Ak, L, ARt
B LA 5x10° s~ P EAG 58 e A

[&] 7 P s %y 5x 10 s (30 A9 76 i3 G Fl
BETRRHLUES . K 7(a,b,c) Al WL E [CHA KR 45 3R
WA — 2 S A, AR AT A MR R
SIRTET D AT AR B E Coli ik laves M, WA
7(d) () Fim o W AR R AL, AL A 78 53 B )i %
S8Ry S O A R I I LR T, SR X 7 4
T RRAR o 80 DX I A7 R AR 717 1 (S 6 8 45 T

PLASHLZE A, IR 7 () i o BT AS s R e
I A5G 70 0L (4 R (R A 70 B R RS | O 1 P A4 245
a1 1] 52 P2 ot R R AIL T R A B B[R] [] kAl
IR W8 5 R B R AR T A o
b, S EOR AR B RS A O R ZE RIS
P4 FEFR G T3k BN 4 o, DT A Bt A R R
T RCEL T BRI, R AR R R 5x10* s i
I, 3 BE HE Sx 107 s ' it 56 9 A o AR .

P& 8 A 50 4N 11 i A FE 625 "CLA S x10° s [ ]
7SR T e A T AL T 1 R ZH 45 . BT 8 W]
B R A e e BT A S R
MBI A

&l 8 (d)EDS Ji 5343 B vl %, LI 7 & e A4 &=
BN AL O, AR RE B E TR lH &
TESERIR 1) ALOFR AR . BATMAEEREIR T
TR AN Y L P M A e S IR B R e, 4
HEIE Bl 3] e 22 ) JE L AR SE R R T B R S
J1HE L ALO, 5 LA ) BT 45 A 5k B k23 08 AL
T2 9Cr-2W3-Co SEH AN H il T Cr & i 45y L
5 CIE R Cr,,Coli Ak, alebr s W Y laves AH , 24
142 SR A R R 2 =2k ZE R D (& 7
) AN e, B FAEAT AR R DR BFLAR | 3X
S A PR R A R R PR 5 B0
A0k BT S A R A b R A s B B R
B PG i R B A% LT, A7 4 1 B KA B R A
FERL, S RSO A 25 BTIR  FE R R) R AR
HURTTTE 625 CRYTRBEIREE T, M A M AR A sie 2y
st £ A I RIBLE], L FEZ S 9Cr-2W-3Co 5
[ AR TR HRER ) 2 S 51 B AL ™= A, X i B 4K )
e AR ) 2 RE A A BRI, AR SE PR AR
Fe B e a2 g RGE i ST Bk B
b R PR AR P R RSE AT S AH , DABH AR 5% 5 IR

6 9Cr-2W-3CoMIfE 625 ‘C T M ARl 5x10° s~ Ay TEM ZHEUE i
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