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Fig.1  XRD pattern of the aged L605 alloy 
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Table 1  Phase content of the aged L605 alloy (ω/%) 
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Content 78.28 12.62 7.67 1.43 
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Fig.2  SEM backscattered electron micrographs of the aged L605 

alloy: (a) low-magnification and (b) high-magnification 
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Fig.3  EBSD analysis of the aged L605 alloy: (a) orientation imaging mapping (OIM), (b) grain boundary characteristic distribution,    

(c) {111} pole figure, and (d) grain boundary misorientation distribution 
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Fig.4  TEM micrographs of the aged L605 alloy: (a) low- 

magnification and (b) high-magnification 
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Fig.5  TEM micrograph of the aged L605 alloy: (a) bright-field 

dual-beam image and (b) corresponding SAED pattern  
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and M
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C in the aged L605 alloy: (a) bright-field image, (b) corresponding SAED pattern of zone 1, (c) corresponding 

SAED pattern of zone 2, (d) corresponding SAED pattern of zone 3, and (e) corresponding SAED pattern of zone 4 
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Fig.7  TEM analysis of M
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 in the aged L605 alloy: (a) bright-field image, (b) corresponding SAED pattern of zone 1, (c) corresponding 

SAED pattern of zone 2, (d) corresponding SAED pattern of zone 3, and (e) corresponding SAED pattern of zone 4 

 

3  �  � 

1) Co-Cr-W-Ni��Z�¥¦?µ��S� Σ3ÄÀ

!��yB9�Ü�| M

23

C

6

� M

6

C�RS@T@wI

7.67%� 1.43%) 

2) ]�f Co-Cr-W-Ni ��?��×y�B9��

�ÃeàM

7

C

3

�B9�@� LÌ����� M

6

C �

B9�)YZ�Pâ�BL�}��cÀ"#$���

~P�f M

6

C �B9��UV)�Ø��Ãe�R!

t�B9�@A´b2��2NÑ]���8s) 

3) Co-Cr-W-Ni��Z�¥¦?�M

23

C

6

�B9�


¥�ÄÀ�-.�XYZ!.���a�À®T�-

. γ6� 3°�,-. γ6�±O-±O��gEF�¶

·�	�] L605�����¸%×yR!) 

 

����    References 

[1] Poncin P, Millet C, Chevy J et al. Proceedings of the Materials 

& Processes for Medical Devices Conference[C]. Foster City: 

Metallurgical solutions, 2004: 279 

[2] Sun F, Mantovani D, Prima F. Materials Science Forum[C]. 

Switzerland: Trans Tech Publications, 2014: 1354 

[3] Narushima T, Mineta S, Kurihara Y et al. The Journal of the 

Minerals[J], 2013, 65(4): 489  

[4] Marrey R V, Burgermeister R, Grishaber R B et al. 

Biomaterials[J], 2006, 27(9): 1988  

[5] Cook S D, Walsh K A, Haddad J R J. Clinical Orthopaedics 

and Related Research[J], 1985, 193: 271   

[6] Lee S H, Takahashi E, Nomura N et al. Materials 

Transactions[J], 2006, 47(2): 287 

[7] Chiba A, Nomura N, Ono Y. Acta Materialia[J], 2007, 55(6): 

2119  

[8] Davis J R. Alloying: Understanding the Basics[M]. Ohio: ASM 

Int Materials Park, 2001: 540 

[9] Mori M, Yamanaka K, Sato S et al. Metallurgical and 

Materials Transactions A[J], 2012, 43(9): 3108  

[10] Byadretdinova M A, Ivanova R G, Iofis N A et al. Biomedical 

Engineering[J], 1986, 20(1): 21.  

[11] Mineta S, Namba S, Yoneda T et al. Metallurgical and 

Materials Transactions A[J], 2010, 41(8): 2129 

[12] Kuzucu V, Ceylan M, Celik H et al. Journal of Materials 

200 nm 

1 

2 

3 

4 

a 

111  200  

5 1/nm 

fcc-Co twin 

(111) ⁄⁄ (111) 

[011] ⁄⁄ [110] 

111  

b 

111  

111  

111  

5 1/nm 

111  

220  

M

23

C

6

 

γ  phase 

c 

111  

200  

111  

γ  phase 

5 1/nm 

[011] Crystal zone axis 

d 

5 1/nm 

M

23

C

6

 

γ  phase 

e 

111  

111  

111  

111  



s2898s                                       tu,v�� !"                                             � 48� 

Processing Technology[J], 1998, 74(1): 137 

[13] Gupta R K, Karthikeyan M K, Bhalia D N et al. Metal 

Science and Heat Treatment[J], 2008, 50(3-4): 175 

[14] Teague J, Cerreta E, Stout M. Metallurgical and Materials 

Transactions A[J], 2004, 35(9): 2767 

[15] Yukawa N, Sato K. Trans Japan Inst Met[J], 1968, 9: 680 

[16] Tanaka M, Iizuka H. Metallurgical Transactions A[J], 1992, 

23(2): 609  

[17] Ueki K, Ueda K, Narushima T. Metallurgical and Materials 

Transactions A[J], 2016, 47(6): 2773 

[18] Ueki K, Ueda K, Narushima T. Key Engineering Materials[J], 

2014, 616: 282  

[19] Poncin P, Gruez B, Missillier P et al. Proceedings of the 

Materials & Processes for Medical Devices Conference[C]. 

Foster City: Metallurgical solutions, 2005: 85 

[20] Tanaka M, Iizuka H. Journal of Materials Science[J], 1990, 

25(12): 5199  

[21] Favre J, Koizumi Y, Chiba A et al. Metallurgical and 

Materials Transactions A[J], 2013, 44(6): 2819  

[22] Jiang W H, Yao X D, Guan H R et al. Metallurgical and 

Materials Transactions A[J], 1999, 30(3): 513 

[23] Jiang W H, Yao X D, Guan H R et al. Journal of Materials 

Science Letters[J], 1999, 18(4): 303  

[24] Rajan K, Vander S J B. Journal of Materials Science[J], 1982, 

17(3): 769  

[25] Vander S J B, Coke J R, Wulff J. Metallurgical Transactions 

A[J], 1976, 7(3): 389 

[26] Remy L, Pineau A. Materials Science and Engineering[J], 

1976, 26(1): 123 

 

 

 

Precipitation Mechanism of Carbide in Co-Cr-W-Ni Alloy 
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Abstract: The type and precipitation mechanism of carbide in Co-Cr-W-Ni alloy have significant influence on the mechanical properties of 

alloy. Therefore, the precipitation type, distribution characteristics and precipitation mechanism of carbides after aging of Co-Cr-W-Ni 

alloy were studied in this work. The aged samples were characterized by XRD, scanning electron microscopy and transmission electron 

microscopy. The results show that the main carbides are M

7

C

3

, M

6

C and M

23

C

6

. M

23

C

6

 carbide preferentially precipitates at grain 

boundaries and twin boundaries, and its relationship with matrix is of cube-cube orientation. The M

7

C

3

 carbide decomposing gradually with 

the M

6

C carbide precipitating in situ is an important precipitation mechanism of carbide in the Co-Cr-W-Ni alloy.  

Key words: Co-Cr-W-Ni alloy; carbides; precipitation 
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