2024 SE8HIET3E IR F.;.UN;.W
RENEERIT A HH S ERNIEE LN

S5 2,
(1. bR AR MERI2ES TIZER, #HLRIN 430074; 2. EMRIHERASIS C-HH5H,

EEREN:

Z {5 7R (1985-) , =,
SRIEM TEWHR
FEHARKHES S
F & K [N F3. E-mail:
liweidong589@163.com
BIEE

Z=7, B, %, E-mail:
hslining@hust.edu.cn

FESES: TG144;
TG113

NERFRIRAS: A

NEHHS : 1001-4977 (2024)

08-1083-06

m

WHSHER:
2023-09-13 WEI#¥FE,
2023-11-02 W ZHELTTS .

EMRERISZN

XUMHE> 3, sEE> 2, £ >3, £ 523, = F
IR FH 471000;

XN,

3. BIRIRIEHEIN I BIRAT, TEEHE 471000 )

BE: HREcEERFNEMERERTEYE, RE8XTPEANBER ZNEEMR .
5T 1 150 CIRE2 hia=d. M. 7J</7 HERNESIRENAGIET ZXWiREaE
MEHBLR SN, ERER: BELIDRENREF, HRESSFIRARMIEE
R/ BRIREUBS %‘E?%{Mﬂ M*Jrﬁif&ﬁrii’jf HARABERA. EETEZHT
1 150 C{RIE2 h, TESENSIRITIS0 C/MInEE T, MEERE. BREE. HKEES5)
X889 MPa. 585 MPa. 13%.

Xigia: misEes, RAIE;, RIEE, H=S

H

BXD (BXD. BXT ) EEAKNETFE R, XEANERES, &
S5ER. Br). BASHE, EREEERhESEIEENAEY. BT +FUR
SENTEFEEAXLZFUREERE™E, MXPRITEBSXTHREEFANE LR
5, XPBEREATXDRITENOMEERN—MITZEMNA X, BR8X
BRIANHIHFESIERETR20% L4, FNBEFASHERRERY . Fit, A
TR mUARERRAREEM A T2 LR AR SNZS FRIBE R XAIH
AR FFEALE T

TE=RBVFEEAN, STCAREGZURAFENEL, HESZHEERESA
HRERERELD, JURESBERSBERZERITINNEN . EE2E, HE
EEEERFNMAMERMEIRIET, EARPEALRMEIFTS, BRI ARELRR
RERtE, BETULSTR., Ft, HEESSBITREBENSEEE,

HIREESENIEAGRRZEREA—ERDENE, BEE—ENRER,
BEIFIERETEARROMRMEE (LLAFENS40E) - RItzI, HigEa2E
BRIFAREN. FUER. MESMEDERE, BEENALIEXT (BX.
BXT ) RERNESBEADRT,

ASTM F75YY 0117.3 (SMHEAN-B X TIRIAR . HH-HBES2HN) 17
EPHEEASSRIRE S EERSE, HERP0.35%" ., REaSaLIERRA
FHTER, T2BURATEIRERAS (FRSsKaE ) , iSRS (HIa
HE, REIMHRAT ) MEERGIE (EIERIE, AEREIRE ) | XL
PAMBREUA TR EFIEE . . & BEEETRIINRRUMEKTE, TE
AORAMBEIERT S A & PR E LIS R MR =EB 2 m™ . EY
ATRFBEGENEGERE, GPEEIHFN—ESENRATER, [E5
'5A$EPE’JTU%E/521%%, [UMEARRIPRGIEFE T 2R A BRIARTLSR

Z‘E MNESMHRREEEZENHEY . ANEERR T FAENHIZSNIREISH
IS ERIES S HR L MRERIST .




Vol.73 No.8 2024

r M —p
1084 FOUNDRY Etgﬁﬁﬁ?—ﬁ

1 B H RIIE TS 5
11 iRaH
AR HESHEER SR OLS Mz,

ZEEESRFE50 kgEE RN B IEEIE, SANENS
B FAYY0117.3-200593 RESK, EFEMHINE
1Ff7R.

Rl SHRHESEUFENS

Table 1 Chemical composition of cobalt-chrome-molybdenum alloy W /%
C N Cr Mo Fe Mn Si Co
0.220 0.110 27.64 5.75 0.046 0.029 0.22 0.685 AR
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Table 2 Experimental scheme
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Fig. 1 Sizes of tensile specimens
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Fig. 3 Metallographic structure of HIP state
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Fig. 4 Microstructure and composition of the HIP state alloy
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Table 3 Mechanical properties of cobalt-chrome-
molybdenum alloys at different heat treatment cooling

rates
WES BUPiERE/MPa R IRGRE/MPa %
Frif =665 =450 =8
A (B535) 676 424 4
B (#EA) 817 590 5.5
C(=RE) 807 558 8.5
D (X&) 887 586 12
E (KBE) 945 595 14.5
FORES) 889 585 13
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Fig. 5 Metallographical structures of cobalt-Cr-Mo alloys at different heat treatment cooling rates
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Fig. 6 Microstructure and composition of water-cooled cobalt-chrome-

molybdenum alloy
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Fig. 7 Microstructure and composition of gas-quenched alloy
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Fig. 8 Stress-strain curves of the cobalt-chrome-molybdenum alloys
under different states

2.3 HuRftFERrORZR O
EONAEERESHIFT O SR, EBRER
BIZRH, HWRIDERD . BB TERERESH

E  wi%h at%
¥ —ST 0.64 01.30
y Mo 11.87 07.09
& Cr 50.55 55.70
Co 3694 3591

FRid@
LHE wi% ate
C 0398 173

Si 0201 0374
Mo  27.88 1518
Cr 43,62 4383
@ Co 2251 1996

tRid@

(b) sy

(a) WrHJBse
Eo AESEFHESHFNORRNEAD
Fig. 9 Fracture morphology and composition of the HIP state specimen
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Effect of Cooling Rate on Microstructure and Mechanical Properties of
Cobalt-Chrome-Molybdenum Alloy

L1 Wei-dong"?®, LIU Xiao-tao", LIU Yi-hui*®, ZHANG Zhi-zheng®*®, WANG Fei*®, WANG Zhe*?, LI Ning*
(1. School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China; 2.
Luoyang Ship Material Research Institute, Luoyang 471039, Henan, China; 3. Luoyang sunrui Titanium Precision Casting Co., Ltd.,
Luoyang 471000, Henan, China)

Abstract:

Cobalt-chromium-molybdenum alloy is the most widely used metallic material for bone and joint implants
owing to its outstanding biocompatibility and wear resistance. In this work, the impacts of heat treatment
processes with different cooling rates of air cooling, air blast cooling, water cooling, air quenching after
treated with the regime of 1150 °C for 2 h on the microstructures and mechanical properties of cobalt-Cr-Mo
alloys were studied. The results demonstrated that with the increase of cooling rate, the carbide strengthening
phases of the Co-Cr-Mo alloys became markedly finer and more dispersive in the matrixes, and both the
strength and plasticity of the material were remarkably enhanced. Under the conditions of keeping 1150 °C for
2 h in vaccum and the argon cooling rate of 150 °C /min, the tensile strength, yield strength and elongation of
the specimen reached 889 MPa, 585 MPa and 13%, respectively.
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cobalt-chrome-molybdenum alloy; heat treatment; cooling rate; vacuum gas quenching
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