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Table 1  Chemical composition of experimental alloy (ω/%) 

Cr Co W Mo Al Ti Nb Hf Zr B Ni 

8.9 15.8 5.7 4.0 5.0 1.8 2.6 0.3 0.014 0.01 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

² 1  ³Q´LDµ¶:;±·¸¹ºP»bc² 

Fig.1  Cooling profiles used in this work (a) and dimensional 

drawing used for tensile tests (b) 
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² 2  µ¶:;no�e�D γ′E 

Fig.2  Secondary γ′ morphologies obtained from different cooling 

rates: (a) 15 Z/min, (b) 30 Z/min, (c) 45 Z/min, (d) 60 

Z/min, (e) 120 Z/min, and (f) 240 Z/min 
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Ç$�Ë°±¸]�]Y���1¬ 15 I/min ��

^è+,'OP 240 I/min��_`,aU$��1

|}�Ë°±¸]�]Y_K`�_��1�]±�

Ë°±¸]�]Y_]Ï$ 

( 4 (®¯°±�²Ó¼°±¸]:�� γ′1

|}78$v( 4c � 4d )*�z{178b��¤

45 � 60 I/min �£°±¸]¹�γ′1|}cä�

de78��f�_¤Y� 60 I/min �`� 45 I

/min�°±¸]¹ïcä�f-e78$bÙ��Ë

°±¸]�]Ï���1|}78FGÈ��K`$

( 5 ({æ γ′1�%WX|}�°±¸]O��b 

�$Y¾JZ������:z{1|}gh[

ÃÄ�ÈÞ(ijklm�°±¸]:��1|}  

�ÃÄ²].Y 15 I/min �� 0.38 µm K`9 240    

I/min�� 0.12 µm$γ′1�%|} rÛ°±¸] vn

¤¹o�p. 

r=0.21395logv+0.61738                   -1. 

{q�pÛ U720Li &r

[11]

���1|}Û°±¸]

�:sP���p$ 

�ptu�f�¤G\°±¸]¹�v� γ′1W

X´�ë�7wP^è+,'-e2f 15 I/min� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

² 3  ½¾��UV
D γ′E 

Fig.3  Secondary γ′ morphologies after aging at 870 Z/32 h/AC: 

(a) 15 Z/min, (b) 30 Z/min, (c) 45 Z/min, (d) 60 Z/min, 

(e) 120 Z/min, and (f) 240 Z/min 
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² 4  ^_:<>¿D γ′Ebc]À�

Fig.4  Size distribution of secondary γ′ obtained at different cooling rates: (a) 15 Z/min, (b) 30 Z/min, (c) 45 Z/min, (d) 60 Z/min,  

(e) 120 Z/min, and (f) 240 Z/min 

 

 

 

 

 

 

 

 

 

 

 

 

² 5  γ′EÁÂbc°:;<=ÃÄ 

Fig.5  Mean size of secondary γ′ vs cooling rates 

 

 

 

 

 

 

 

 

 

 

 

² 6  Å¹¤=°:;<=ÃÄ 

Fig.6  Influence of cooling rates on ultimate tensile strength 
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� 7  �������� DSC�� 

Fig.7  DSC curves of the sample under different cooling rates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8   !���"#� γ′�$% SEM&' 

Fig.8  High magnification SEM images of the second γ′ at cooling 

rates of 15 (/min (a) and 60 (/min (b) 
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FGH97 ���HI� N–0.078%JT?U®4a

René 88DTxRené 104xIN 100c��

[13,21,22]

!"§

FGH97��� γ/γ′B��0¹@���?�'!"�

�¸��$�-avr�Nd&'!"��¸�#

N$%�2 3 &'('*��)_d,- γ/γ′HI�

0¹ γ′����*+,-0&'./�ºµ�¸�� 

0 FGH97��� 15~240 �/minÇÈÉ�Þm�

���12fg345²����WÞm FGH97

���� γ′�!"��ç)�6�ø?�� γ′��

C�:EFêë�G� 

��������

1) �� γ′�!"eN]^75²����Þm

$)�6�ø?!"��EF:C�89Û�êë� 

2) 5²����1�Cb�39:�14�

� γ′ABCDEF1GxCD�1'J!"*�+

1-�� 15 �/min �?�î���Ö×��� γ′

�º4[Lñb���ý8Cb 0.38 µm./�ý

C«¬#$� 240 �/min�?�����Ö×�]

^Cb 0.12 µm./��
ýC��� γ′�� 

3) 0 15 �/min��)�� γ′�ÏX»!"4

��k� γ′�#%����¨'( 60 �/min )k

� γ′�!"+:°±;m� 

4) ��<=Ì�¦§�����©4$,-v

¨'� 120 �/min ���J>*Ì�: 650 �

'*Ì�LMÙÁ 1400.9: 1283.0 MPa� 
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Abstract: The γ′ precipitation behavior in superalloy FGH97 during continuous cooling from supersolvus temperature was investigated by 

Gleeble-3800 and heat treatment simulator furnace at cooling rates of 15~240 °C/min. The influence of cooling rates on γ′ size, particle 

morphology and tensile strength of the alloy was analyzed. The results show that during cooling from supersolvus temperature. Results 

show that γ′ nucleation and growth, even coarsening, simultaneously occur in the process of cooling. However, ageing treatment seems to 

exert little influence on γ′ evolution. At the cooling rate of 15 °C/min, a large number of secondary γ′ split and form square particles with 

~0.38 µm in size. Meanwhile, there are lots of small tertiary spherical γ′ around secondary γ′. As the cooling rate increases to 60 °C/min, 

the size of secondary γ′ decreases to ~0.22 µm and the precipitation of tertiary γ′ is completely inhibited. The tensile strength of the FGH97 

alloy tends to increase after an initial decrease with increasing of cooling rates, due to the combined influence of γ′ volume fraction, 

particle size and γ/γ′ mismatch. 

Key words: Ni-base superalloy; cooling rate; γ′; precipitation behavior 
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