5345 45 8 1
2024 4F 8 H

mEERMISIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.8
August 2024

DOI: 10.12442/.issn.1002-185X.20230368

BT AL TR X4 $ Co-Cr-W-Ni-Mo &£ 2H40 8T &
o 7] 14 =2 M)

iq:}/ﬂi 1’27 —/7;)%‘":!\:9‘{7& 17

& K2, axXA?

(1. AZEERHE RS RSB &%, A% E Bk 0140100
(2. WERIF T S Be RRIRAMAE 7T e, db st 100081)

# E: XA Co-Cr-W-Ni-Mo #4347 1 400~900 CHf b2, Z5&HAMmE . S4B . XRD KL ARt 555
BHIAL T Co-Cr-W-Ni-Mo A &£ Bt F2 iRk b ¥, W45 M. hep MR BEIHEAS, FEOM 7 A8 4b St 30 90 04 1 5
Wi, S5RFH: 4% 600 CHA 2 h BB IR LR, [ (RRFEAT Mk 9, B RUGHTH MasCe S MC
PIFHTRALA) , MasCo BN H IR BE 1B 600~800 °C, MeC FF4 B AT H BIELFE Ay 700 °C, FRALWMIRINT H 5 B8 FE 1 s 7
i, 5 900 "C R MeC 5 WR I 5 LRI T8 1 At 2 TR I B (IG5 2 T 2B 4 . 600 °C I 0 fee AH I I it 2 5 B AIC At
5 A S M T fe J2 E 18  TTT 42 w R RE J M . hep AHTE 800 CHY Z1UJS 1 86745 3 foe A N AR 15 5 1 I A4 5 AR 3 AL,
ORI R, W E IR R AE T4 S B0 B A GUN AT R EHE — 5 TR, %A S I T4 SR ZHLE ™ L]

5 PR B W8 A5 3F 3 PR A% AL 3L RIAE .
KR BESRES; WRUCHE; JiterERg
FEESES: TG146.176 XHAFRIRIS: A

WEER; R
XEHRS: 1002-185X(2024)08-2223-09

0y AR RN R T A R 0 A b i 4 T
HIVERE IR SRS AR 4, (HBEE 2 4 IRR N HEE
AT AR, 042 A DX S AT LA A P AR ) il g 2
PERESR I R . 2T mB A& 2N TSR
BN ER AP, (ET R R A S & SRR TR AR
MRS RS B O S R e, TR g i R IR Bl AL
R FAEHREM B . FFE ASTM F90 f) Co-Cr-W-Ni
44 (L605) 2 ASTM F75 ] Co-Cr-Mo £ 4= Wi fil it
BRI A G 4, ARG RIEEE . A
P T BRI, &4 m T REEBRIRNEE R =R
AT FE o AR N AR 5 5 B IR AR (SIMT) RIJBAZ
AR, ix o B E IR N B PERE . Co-Cr-Mo A4 B AR
B RAFRsmEE . R, Emimitiiz, =i FEtk
N 10%%E 47, 1 Co-Cr-W-Ni &4 BSR B W s i 9
PE, (HSREE. AEEEARGT UK, BUEARSREAR L605 &
ST Mo B LL A AR T, SEIL T SRE . R
P, RN R, T Co-Cr-W-Ni &4
Co-Cr-Mo &4, 53 A Tkt e 2 il vy e 2 v 7 P S o0
AL BT T REV UMY, SIS T 2 th kT
TREFFIS, R E AL A, H R H

Wis BEA: 2023-08-29
EeWBH: AF T EARRBEAES (2022MS05039); W HIAKX

B H TN [ VA S B RE AT I AR BRI AL, X0 T VA
AT Ji B R AR AR S D o Ukl 20V AW ¢
INAXT T L605 &4 K Co-Cr-Mo &4, 1F 400~700 ‘Ci&
T AR A B AT DA [ B 2 R o B R S

Co-Cr-W-Ni-Mo & & A B EHA P HENEZFS S
ARSI e-hep AH. TRARZR G, 24, FER Rod f b
XU T IR 2 R A, Rl b AN RIS Y 3 —
L, X H AR BA W, AT 286848
J& B RO AR S 1 SR IE R LR IE, ik, AHF
FNTA BN Mo 1) 1605 & & HEAT AN [R)iR & (1) I 23504k
H, W BORE X Co-Cr-W-Ni-Mo & 4503 11 A o
ML FEN, NTF R H— e iR T B il = )
PEREMI BT L G &1 IS5 .
1 X I

WIS AN S BT EWRE T RS R
w8, %) N C0.13,81 0.25,Mn 1.50,P<<0.04,S<0.03,
Cr 20, Ni 10, W 15, Fe 0.19, Mo 1.2, H4N Co (1

Co-Cr-W-Ni-Mo &4 . ¥ H7E 1010~1230 C #H &
@25 mm [FA#EFHEAT 1230 “Cx30 min /KA B AL, 2

SR R ) (NIYT23115)

fEEZ® . Erhok, 5, 1996 44, fid:, WEHEBMEIRE, WEEE 3k 014010, E-mail: 1239485333@qq.com


mailto:1239485333@qq.com

© 2224 -

Mty @A RS TR

JE AT 24% M5BT . ¥4 & SN RAE A HEAT
400~900 ‘Cx2 h FIRFRLAREE . X # b 3 )5 PR T
KAV E], 2D ACHL T BE 0% )5 7E 5%H,S0,-
95%CH;OH AW T HEAT 6 V. 1.5 A 30 s HLfEEE I,
H JSM-7200F 34 i1 2 B AT M 20 8¢ . TEM
FEMTERP AR LR EE R 50 pm /SR E AR 3 mm FIE A,
£ 10% 51 58HR-90% LI VAR XUE f5 7 FEI Tecnai G2
F20 75 AT T SISO TSR . X 48 L A5 ) 56— AH
K AR B HORFE 5 748 [E 45 78 D8 ADVANCE X 26T
A B AT W R AR . AR F R RE L B TR
@5 mmx65 mm [JFAHEFE 5 7E WE300B fifiia il 1
HEATIGR, kR R GB/T228.1-2010, iRXFEZ: 0.2%
IRVEAG T T2 N 0 o TR IR, AR B2 Wi RN BB
Z ) B K PR R g P . RSO 10 mmx
10 mmx55 mm ) V 245k F1ph e A 72 JBN-300B Ptk
AL EREAT P AR, h i Kb PR RIS o 3
ANFESBISFBME . SR S TH300 3% [ AE B i1 78 2 fr
150 kg, MN#REA] 10 s (156 AF N 2E47 HRC 22K, 0l
W5 RHCFME .

2 ZFRE5HMH

2.1 NEFMEE

B 1 ARERZ 400~900 CIFAL 2 h J5HIsREAL
1k, TTLAG ARG B 428 400 “C I 2%US SR B B 18
o, BEE B RCGR R T, R R BT S PR
#, 1£ 600 “CHPrhr i fERIA K R(H 2111 MPa, FHELAR
& 4R T 409 MPa, 7£ 500~650 °C 2 [a]ff
o TR, TAE 650 CLUALR, SREIFE T
B&, 800 CIN 5 LR T IR ah & 4o Bl P55 I I 00 P 1
A R AR, 7E 600 ‘CikE| i AE 56.6 HRC J&
T TR B/ 2. B3 Al LUEH, G K Th
AR R fE BT, 600 CREZIEII N 1117,

- Suts
| %02

N
wn
(=
=]

o
(=1
(=
(=]

1500

1000

500

Ultimate Tensile Strength, oy;;¢/MPa
0.2% Proof Strength, o;,,/MPa

0
No aging 400 450 500 550 600 650 700 800 900
Temperature, 7/°C

1 A LRI R0 & < A B 305 % J IR 5
Fig.1 Tensile strength and yield strength of the alloy after aging at

different temperatures
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Fig.2 Hardness and impact energy of the alloy after aging at

different temperatures
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Fig.3 Elongation and section shrinkage of the alloy after aging at

different temperatures
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Fig.4 SEM-BSE images of the alloy after aging at different temperatures: (a) 400 C, (b) 500 C, (c) 550 C, (d) 600 C, (e) 650 C, (f) 700 C,
() 800 °C, and (h) 900 C
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Fig.5 XRD patterns (a) and mass fraction (b) of the second phases of electrolytic extraction in the alloy after aging at different temperatures
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Fig.6 TEM images of precipitated phase after aging at different temperatures: (a) 600 ‘C, (b) 700 C, (c) 800 ‘C; SAED patterns of the marked

area in Fig.6a (d), Fig.6b (e), and in Fig.6¢ (f)
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marked area in Fig.8a (d), Fig.8b (e), and (f) no aged sample
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FHARPAEMITIMER . ML 600 CHRIAE, LI/~ 40L
TERE T JRFHI 8, 7E 600 CTF, fec ML T WA, %
DI RIZ R RE R, fHA25E hep M) Crv Mo JTR
T 58 2R 4 L2 di AL AR B i RE P AR AT LS, Cry Mo
TUERAEZR iy SR B AR AT G I AL A a3 1 3 42 i T4 e
TR . PRREA R R AL SR 5 K AE N S T IR
PREEAR T AR F S b 3 i 1 SE (3R

4 % B

1) ¥ Co-Cr-W-Ni-Mo £ 44 600 CIN &5 B A
R L RERE, RN B RPN IR, PihiR
£ 2111 MPa, HEFE% 56.6 HRC, #ifiDih 111,
2) WRUEHTH MyuCe Ko MC PIFFERALY, MasCo
FRIHT H L FETE T 2 600~800 °C, MgC FF 4R BH AT H 1 i
JZ2H 700 °C, AL BT B0 R T, {5 900 °C
K& MgC EEPPART & AT AT H R I PR AR L 28
PELHE
3) 600 CI AL foc AL MR H B AR RE B DR
Tt 5 1k DTS J2 A P2 A8 i B2 v R B A 8 . hep AH
7E 800 CIN A4 Wi AR Oy fee AR AR T 1 [RAAHL
AR R R, I R E T R A TS i S B A
TRV RALTRE NI, 2 E SRS SIS
AL PR S 5 I 3 MR AZALRIIE FIVER] .
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Effect of Aging Treatment on Microstructure Evolution and Strength and Ductility of
Cold Forged Co-Cr-W-Ni-Mo Alloy

Wang Zhonglin'?, Gong Zhihua', Li Quan®, Bao Hansheng®
(1. School of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010, China)

(2. Institute of Special Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: Cold-forged Co-Cr-W-Ni-Mo alloy was aged at 400-900 °C. The carbide, substructure, hcp phase and stacking faults evolution of
Co-Cr-W-Ni-Mo alloy during aging were studied by SEM, TEM, XRD and chemical phase analysis, and the influence of the changes on strength
and toughness were analyzed. The results show that the alloy aged at 600 °C for 2 h has high strength and hardness, while maintaining good
ductility and toughness. M>3Cs and MsC carbides are precipitated after aging. The precipitation temperature range of M>3Ce is 600—-800 °C, and the
precipitation temperature of MC is 700 °C. The precipitation of carbides leads to the increase in strength and hardness, but the precipitation of a
large number of network MsC along the grain boundaries and deformation bands at 900 °C reduces the strength and ductility at the same time.
When the alloy is aged at 600 °C, the fcc phase reduces the energy, so as to keep stability by forming stacking faults, which increases the density
of stacking faults and which improves the strength and ductility. The hcp phase reverses to fcc phase after aging at 800 °C, which makes the
strengthening effect of strain-induced martensitic transformation disappear. Meanwhile, recrystallization occurs at this temperature, which leads to
the disappearance of cold deformation structure and a further decrease in strength. The recrystallization nucleation mechanism of the alloy is a
combination of three nucleation mechanisms, i. e. protrusion mechanism, subgrain boundary migration and subgrain merging.

Key words: cobalt-based superalloy; aging; mechanical property; substructure; stacking faults
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