
� 48�    � 3�                               ��������	                                Vol.48,   No.3 

2019�      3�                      RARE METAL MATERIALS AND ENGINEERING                    March   2019 

 

�����2018-03-20 

���	����	
��
�2017YFB0305201� 


��
�������1992 ����������������� !"�#��� 100083�$%&010-62332884, E-mail: 

xmxiang0369@163.com 

 

617B ��������	
��
� 

 

���

1

����

1

��  	

1

�
��

1

�
��

2 

 

(1. ��������� 100083) 

(2. '($)$*+,-./0�'( 201199) 

 

�  ��1 617B234 65057005750 �6789: 3000 h;<=>�?@A5B�CDE$AFGHI6JK48

9="LMNOPQRSTU
V�W�489="L 617B23LXYMJZ[\γ ′[5] Cr5MoM M

23

C

6

T650 ^

/600 h_`aJZγ ′[�bcd898eMfgFGhiMjk��lm"iMnoTpq 700 �89�γ ′[Mnor

stuM LSWvw�x�q 750 ^g�89yzQ\F{|\XMno}~T���o������6�M����

�nozo\��M��������o�JZ��T750 �khg�89��o��4 ��5γ ′[�eM[���T  

������kh23�g�89�NOPQ 

�������TG146.1

+

5        ������A        �����1002-185X(2019)03-0865-08 

 

��������	
��
����
���

������
�����
��� !"#$��


�%
&'()�*+,-./01234567

8
9: ;<=#>?�%@A
B75C2D� 

�>?EFG�
�H�IJKLLMNO700 PQ

RS�TNU�
VWEX�YZ>?B7[\]@

A^_�?5`/>abc�
d��JKLLMN

#$`/efg700 P/10

5 

h hijCYkl 100 

MPam2n10

5 

hZopqrCsl 2 mm

[1-4]

� 

617 ��tuvjwxyz?5{| {|�}

~ Co 2 Mo �uvjw�� ����4�
 Al�

Ti ����� γ′��������	
��
��

������
?5�����������
��

w�pq�����
�{��<�� 700 PLLM

N
��`/

[5-9]

�617B {|�� 617 {|
z��

}~b4� B��< ¡
¢x{| £ 617{|�

�¤?
��hi����¤~��
¥¦���

617B{|§¨
©�ª«�uv« ©�5C� 700 

P¬­ �®VW�¯°5C±²
�FS³´�]

��µ¶
·����#¸¹��� �º»
VW

¼�½¾�] 617 {|S³¿���b��À_ Á

�] 617B {|
À_Â]Ã4ÄÅ4Æa�Ç¯°

5C±²º�F()�
S³´�
ÈÉ�ÊË�Ì

VWÍ�uv«
 617B{|ÎÏ� 650�700�750 P

ÎÏ�FÐ 3000 h VW���F()
S³´� 

Æab�F()� γ′���ÑNÒwÓ�ÑºÒwÓ


´�ÊË�ÌVW�ÔÕ�Ö×�� 700 PLLM

N��%ØÙÚÛ
�`>Ü\ÝÞh� 

��������

µß� 617B{|�àáâ·ãäOVIMQ��å

�ãOESRQ�àáæ1�ãOVARQçè¼éêä×

�ëìwíî � 1100 P/5 huvïð×�ñòóô

��õò óõòö÷Ûøùú� 650 P�Kû 20�

50�600�1000�3000 h�� 700�750 P 2�5Cô

ÎÏKû 20�50�500�1000�3000 h �Fïð��

wü�Îýþ 1��� 

S³��
ùú�����	
×KûR��


�|Âùú� CuCl

2

+HCl+H

4

C

2

OH v��q �

�ëì�ù 5 s×�������������
ù

ú� H

3

PO

4

+H

2

SO

4

+CrO

3

�{v����q ���

D 10 V����� 10 s����� JMatPro�òKû

E�ü'��µß�� \Ý>Ü[,��ð ß

!�� Image-Pro"#ïð�ò]����$%Kû

γ′Â
&ë'(��o)Î\
'���F�×
*

C�+,*C'-� µß.� 3�X
&ë.�{

|
65/0ùú�12ùú µß.� 3�ùú


&ë.� 

������	
�



�866�                                         �-3 �� !"                                             � 48� 

 1  !"# 617B$�%&'()*� 

Table 1  Chemical composition of 617B alloy (ω/%) 

C 

Cr Co Mo Al Ti Fe Nb B Ni 

0.06 22.0 12.0 9.0 1.3 0.4 1.2 0.03 0.003 Bal. 
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Fig.1  Microstructures of as-received specimens: (a) OM image of the grain morphology; (b) SEM image of grain boundary morphology; 

(c, d) SEM images of M
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C
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 carbide particles within the grains  
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Fig.2  Evolution of gamma prime aged at 650 � for different time: (a) 600 h, (b) 1000 h, and (c) 3000 h 
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Fig.3  Evolution of precipitate size, area fraction and hardness 

during 650 � aging treatment 

Ãs ]{|
jw��Ão ÄÑºÒwÓ<aÃ

4 p���q���©{|
*CÃkmMa�F

��
rb sÂ
YZfg<a ©{|
*C

(HBW)7h@�h
it�l34«
 1820 MPa �

hÐ 3000 h�F×
 2410 MPa���{|
u¯j

Cvl34«�
 389 MPa �hÐ 3000 h �F×


579 MPa X~d 200 MPam�/jCX~d 100 MPam

Á�woxyG2Z×0bGëôzd 25%� 

700 P�F()� γ′Â
�{�wý" 4���γ′

�'(�o)Î\��*C
�wý" 5�����

Fmn 20 h×|� γ′�
<a [\�Z '(Ãs 

d 15 nm�Ma�F��
rb γ′�'(�cX� 

500 h�F× γ′�
&ë'(¿ 650 P/3000 h�F×


Â} d� 27 nm��]��F()� γ′�
�{

~k ����ª�w
it�{|
*C��Fm

n78a���h
it W¡ 500 h ×Y�X~�

h~k�Á� ���o����¡�FÐ 1000 h× 

γ′�
o)Î\��zk �ll��F×n γ′�


ÚÎv�2_w�I� 

 

 

 

 

 

 

 

 

 

¡ 4  700 �89 γ′[MPQ  

Fig.4  Evolution of gamma prime aged at 700 � for different time: (a) 20 h, (b) 500 h, and (c) 3000 h 
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Fig.5  Evolution of precipitate size, area fraction and hardness 

during 700 � aging treatment 
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¡ 6  750 ^89 γ′[MPQ  

Fig.6  Evolution of gamma prime aged at 750 ^ for different time: (a) 20 h, (b) 1000 h, and (c) 3000 h 

 

 

 

 

 

 

 

 

 

 

 

¡ 7  750 �89="L γ′[M§¨��5©ª6«FG23

¬iMQo 

Fig.7  Evolution of precipitate size, area fraction and hardness 

during 750 � aging treatment 
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Fig.8  Evolution of intergranular carbides aged at 650  � for  

600 h (a) and 3000 h (b) 
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¡ 9  700 �89���o�PQ 

Fig.9  Evolution of intergranular carbides aged at 700  � for     

500 h (a) and 3000 h (b) 
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¡ 10  750 �89���o�PQ 

Fig.10  Evolution of intergranular carbides at 700  a� ging for  

20 h (a) and 3000 h (b) 
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Fig.11  Evolution of intragranular carbides during aging: (a) 650 �/3000 h; (b) 700 �/3000 h; (c) 750 �/3000 h
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Fig.12  Evolution of carbides: (a) 750 �/1000 h, intergranular carbides; (b) 750 �/3000 h, intergranular carbides; (c) 750 �/3000 h, 

intragranular carbides  
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Fig.13  Coarsening mechanism of γ′ phase 
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Fig.14  Agglomeration of γ′ phase 
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Fig.15  Schematic diagram of coarsening of γ′ phase by agglomeration 
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Abstract: The 617B alloy was aged for 3000 h at 650, 700, 750 °C. The microstructure evolution was characterized by optical microscope 

(OM), field emission scanning electron microscope (FESEM) and energy dispersive spectrometer (EDS). The result shows that the γ′ phase 

and Cr, Mo-rich M

23
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 are the major precipitates during aging treatment. The γ′ phase precipitates after aging at 650 °C for 600 h and gets 

coarsening with a prolonged time and an increasing temperature. The coarsening of γ′ phase satisfies the LSW theory during aging below 

700 °C but when exposed above 750 °C, agglomeration becomes the primary coarsening mode. The carbides along the grain boundaries 

transform gradually into continuous network structure by coarsening from fine serration carbides; and the carbides within grains increase in 

number during aging. When aged at 750 °C, the M
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 carbides interact with the surrounding matrix and some special evolution 

characteristic could be observed. 
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