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� 1  Co-22Cr-xAl-1.5Ni-1.0Y-0.3Si(x=9, 13, 16)'���89+OPQ.RS�� 

Fig.1  Variation of equilibrium precipitation phase with temperature in Co-22Cr-xAl-1.5Ni-1.0Y-0.3Si (x=9, 13, 16) alloys: (a) β′  

phase, (b) γ phase, and (c) σ phase 
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� 2  1000 V[���89+\:O Al\:.RS�� 

Fig.2  Variation of equilibrium precipitation phase fraction with  

Al content at 1000 V 
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� 3  Co-xCr-13Al-1.5Ni-1.0Y-0.3Si (x=21, 23, 27)'���89+OPQ.RS�� 

Fig.3  Variation of equilibrium precipitation phase with temperature in Co-xCr-13Al-1.5Ni-1.0Y-0.3Si (x=21, 23, 27) alloys: (a) β′ phase, 

(b) γ phase, and (c) σ phase 
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� 4  1000 V['����89+\:O Cr\:.RS 

�� 

Fig.4  Variation of equilibrium precipitation phase fraction with 

Cr content at 1000 V 
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� 5  Co-22Cr-13Al-1.5Ni-0.8Y-0.3Si'�.+gRTU 

Fig.5  Phase transformation law of Co-22Cr-13Al-1.5Ni- 

0.8Y-0.3Si 
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Table 1  Chemical composition of CoCrAlNiYSi bond-coat  

alloy (ω/%) 

Sample Co Cr Al Ni Y Si 

Nominal  Bal. 22 13 1.5 0.8 0.3 

1# -Top Bal. 22.22 13.62 1.58 0.94 0.30 

1# -Bottom Bal. 22.42 13.63 1.60 0.96 0.28 

2# -Top Bal. 21.96 13.24 1.52 1.04 0.22 

2# Bottom Bal. 22.02 13.38 1.54 1.10 0.22 
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� 6  ~�'�. XRD�  

Fig.6  XRD patterns of as-cast alloys 

 

 a��Ñ|G3��ñòdó�µI\]�� j

k9¡|�û`®��~ kL|ôéß#k/�K

�Û¥°±�©����?¢EZ´1���1Åk

]^�G:õöM�?\]���_�/ 


�����������

X�2FyE\]�L�����M 1300 'k

®_�r�\]!���& DSC �!�¿��ôõ

z1X%"ß.710 ' ·min

-1

�÷{{ø�ùß7     

50 mL·min

-1

/<�«À 8Gq�£î DSCúÈ  800~   

1500 'cdG 3 }Ie�û�ã�M��ãü"#

Å�X 1020�1348 � 1400 '/û>��áóÁÂ

<�£ý�+ 1300 'k®_�r��J|�ABX

a� β′LYrþ XRDÕ�<�¢õ�[�ã 1M��

"#ddX 855~1147 '�»"#dd¤�G γL¥

¦�¥¦�N*�GNXIe�û�-�Wã 2�"

#56X 1332~1354 '�Èªã�8�ßr����

�-�k*�©ûÁÂ£ý M

5

Y Ä\�¥¦"#N

+X 1350 '� ã 2"#���^¥¦�¢e
�

�Uðñ���*¥¦�X 2.3 mol%()�ã 2 �

\ M

5

Y Ä\�¥¦RS/ã 3 �"#56 1354~1458 

'�©ÁÂ�\]EH"#�¬H"#Å�X 1345

� 1466 '�¸¹ã 3C\]H�L�ã

[26]

/�ç£

ý��áóÁÂ<�	�\�gi�ô� DSC úÈ

�-��Ä����õ�&�áóÁÂ<�FG2E

�£ÔS/ 

À 9X 1#ÏÖ\]+ 3�k/�_��Çr\]

� XRD ÀÜ�LnÏÖ�+�_�r�J|ßàá

âãÝa��D�+ 1000 '�-_�Y�Î 1� 2[

r�\]|{¥¦&à� γ ã�»àLãMn\åÀ

ÜªG�±æç/ÎÏ�«1�E± γ LÌT `

\]|��+9 1000 '�-_�Y�Î 1[r��J�

E± γ L�ãäa�ªG�Ä�©+�9 1300 ' 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7 ¡¢£~�¤¥~�'�.¦§,� 

Fig.7  Microstructures of as-cast alloy with different cooling 

rates: (a) 1# and (b) 2# 

 

 

 

 

 

 

 

 

 

 

� 8  klm� Co-22Cr-13Al-1.5Ni-0.8Y-0.3Si'�. DSC 

¨© 

Fig.8  DSC curve of Co-22Cr-13Al-1.5Ni-0.8Y-0.3Si after heat 

treatment 

 

 

 

 

 

 

 

 

 

 

� 9  ª«a'�. XRD�  

Fig.9  XRD patterns of alloys after annealing 
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Fig.10  Microstructures of alloys after annealing: (a) scheme 1, (b) scheme 2, and (c) scheme 3 
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Fig.11  Microscopic morphology (a) and SAED pattern (b) of secondary phase for the alloy after heat treatment 
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Application of CALPHAD Method in the Preparation of Co-based Bond Coating Alloys 

 

Zhang Zhao, Chu Maoyou, Shen Jianyun, Liu Yuyang, Bai Xue

 

(General Research Institute for Nonferrous Metals, Beijing 100088, China) 

 

Abstract: The effects of alloying elements on phase equilibria in Co-based bond coating alloys were predicted by CALPHAD method. The 

results show that Al significantly influences the precipitation amounts of β′ and γ, and Cr has a definite effect on the precipitation of σ. The 

appropriate contents of Al and Cr elements are determined to be around 13% and 22%, respectively. The results of calculated phase 

formations and phase change as a function of temperature were extensively discussed, which indicate that γ begins to precipitate from the 

matrix β′ at 1208 °C and reaches the highest content at 974 °C, and then the σ precipitates. According to the phase transformation, the heat 

treatment process of the alloy was formulated, i.e. dissolving at 1300 °C and aging at 1000 °C. The alloy samples were prepared by 

vacuum induction melting. Segregation and the amorphous structure in as-cast alloys are eliminated after the above heat treatment, and the 

two-phase structure, β′+ γ, of the commercial target is obtained.  

Key words: CALPHAD; Co-based bond coating alloy; material design; heat treatment 
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