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� 1  VWX�FGH96Y�¸¹fg 

Fig.1  Initial microstructure of FGH96 alloy 

 

  1  !"#�FGH96$�%&'()�  

Table 1  Chemical composition of powder metallurgy FGH96 alloy (ω/%) 

Cr Co Mo W Ti Al Nb Zr Ni N O H C 

15.98 12.96 3.89 3.98 3.85 2.21 0.73 0.033 Bal. 0.0018 0.0096 0.000144 0.051 

 

2  ����� 

2.1  ���� FGH96 �����	 EPMA 
� 

!789: FGH96=:���L¶*�ì$ý

þ��!áâ3LLb�©�Ñ'(LH�'" 2#

$�cd�ýþ"e�fkgùhi°jkl�mA

n��!o EDSáâÑ'("e�f�pmmAn�

^��qráâ W� Mo5�cd�"e�Øfkg

ùr,nÇ�stnu�vAn�wAnjk�Z3


�^���78jk%Ñxy� Oáâ�78%Ñ

z�
{�GH�C� Tip
+áâ�|A�è�Z

3�Ti�Nb��C�O�(HN��¦�789:QY

}?�¯f~��¢jk�� PPB�ib�����

�Sûü�cQYüB?��wr,����XWp

���z�����3ôPQLb�û�����A

cd78=: �78kC�u�wr,�;�78

jk%Ñ��Z3Õ,� ZrO

2

�3� MCvAnZ3

������Õ, MC�Z3

[6]

 PPB�Ù����

78jkç��d��=�3����������

=:��R�~�RS�� ��[Z��k|æ�

ô`"=:����c

[6-8]

  

2.2  �
������� FGH96�����	��� 

2.2.1  ��������	
�� 

)*¶­789: FGH96=:���L��)*

�Ñst 15 mmO15 mm�¤«�� 1110~1190 X<

C_`�kæÕ ¡�'" 3#$ �"�f�¢N�

µåV£��kst¤�
<CD;µ¥f�|[A�

¦^�¦=:�Ù�Õ,§d�vwAn!���¨

©¥$fÄ =:�ªg�kst¤�
<C«;�

[A¬Î­" 4 ¦¦®¯°

[9]

p¤«�p±þ²³ý

´bcd789: FGH96 =:�kæÕ��f#µ

Ì�¤«¶N γ′�!�kæÕf�·��¥$���

" γ′��
<C(1109 X)O�� �Õ,¸
/� γ′

��\�kæÕ¹º5�;" γ′��
<C�� �

=:�Ê�»¼{����k¤<C�«;½¾æÕ 

�kæÕ	~�%¿3�;" γ′��
<C�� �

�k|æ¶\¤ÀO��<C�«;_ÁP5�O�

�<C� 1135 � 1150 Xõ��kæÕÂÃS�

293.4 kJ/mol��kæÕ
��­�düB�c
�  

2.2.2  ��
������
� γ´�
�� 

RSO��� GleebleÄÅ)À
��©�)*�

O��cC��xyz)*POùü�
<C 1140 X

�
���Y< 10 min�ÔALÌ� 10�70�200�450�

7000 X/min ¾CRS. 600 X RS¾Æ!�Â γ´

�ZJ�ÇÈ�&��'(ýþ���"e'" 5 #

$ >" 5a f­�10 X/min �¾CR. 600 X �

²{�N��ô�ÉÊl�L�� γ´���Ë γ´�äå

L�3ÌaujkLb� γ´��f�L γ´�� Í�|

ÀL�Î�|ôlmæÕ 2�ZJôlm�Ï�'
Ð

#$��L�ÇÈôlmæÕ�µãøùÑ`�Òjk

�ÇÈ

[10-12]

 ¤ÀRS¾ÆÁP. 70 X/min (" 5b)  �

�L γ´�ZJ�}f@Ó�aZ�¦�ZJÔÕ��� 

20 µm 



� 7�                               �  ���FGH96����	
��
����                            �2299� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  ���� FGH96������������ EPMA�� 

Fig.2  EPMA analysis of elemental composition of turbine disk edge of FGH96 alloy 
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� 3  +,-./0- 1 h1���� FGH96��23	
 SEM45 

Fig.3  SEM images of powder metallurgy FGH96 alloy after solution treatment for 1 h at different temperatures: (a) 1110 6,  

(b) 1130 6, (c) 1150 6, (d) 1170 6, and (e) 1190 6 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  FGH96��23789:;+,-.�<=>?@A 

Fig.4  Curve of the average grain size increasing with the 

solution temperature for FGH96 alloy 
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� 5  B+, 1130 6CDEFGHIJ1�2K γ′LM FESEM45 

Fig.5  FESEM images of intragranular γ′ morphologies of FGH96 alloy after over solution treatment at 1130 6 at different cooling  

rates: (a) 10 6/min, (b) 70 6/min, (c) 200 6/min, (d) 450 6/min, and (e) 7000 6/min 

 

 

 

 

 

 

 

 

 

 

� 6  EF+,-.N FGM96��OPQ.�RS 

Fig.6  Effect of different solution temperatures on tensile 

strength of FGM96 alloy 
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� 7  EF+,-.GHTU�2KVW γ′X  

Fig.7  Intragranular secondary γ' phase of the samples cooled at different solution temperatures: (a, b) 1080 6 and (c, d) 1130 6 

 

 

 

 

 

 

 

 

 

� 8  YB 1130 6+,1Z[EFGIGHN�� 650 6O

PQ.�RS 

Fig.8  Effect of cooling at different cooling rates on tensile 

strength at 650 6 of the sample after solid solution at 

1130 6 
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� 9  EF+,-.CD��T\] 704 6/690 MPa^_/�

`>@A 

Fig.9  Creep curves of alloy samples of different solution 

temperatures conditions under 704 6/690 MPa 

 

 

 

 

 

 

 

 

 

� 10  1130 6/+,EFGHIJCDT\] 704 6/ 

690 MPa/`>�� 

Fig.10  Effect of different cooling rates of solid solution samples 

at 1130 6 on creep properties under 704 6/690 MPa 
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� 11  YBEFGHIJTU`>ab1 TEMcd	e 

Fig.11  TEM Dislocation configuration of sample with different cooling rates after creeping: (a) 10 6/min, creep to 68 h interrupt;       

         (b, c) 200 6/min, interrupted after 0.2% plastic deformation; (d, e, f) 7000 6/min, interrupted after 0.2% plastic deformation 
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Abstract: The microstructure evolution and mechanical properties of powder metallurgy FGH96 alloy under different solution heat 

treatment conditions were analyzed by electronic probes, field emission scanning electron microscopy and other advanced detection 

methods. The results show that bright white granular boride phase is observed in the edge of the powder metallurgy FGH96 alloy turbine 

disk by electron probe. According to the scanning results of the control element, it can be ascertained that the boride phase is mainly rich 

in elements W and Mo. As the solution temperature increases from 1080 to 1160 °C, both tensile strength and yield strength increase 

slightly, and they increase with increasing cooling rate. FGH96 alloy after the treatment with different solution temperatures exhibits 

comparable creep performance; however, as the cooling rate increases, the creep resistance is greatly increased.  

Key words: FGH96 alloy; superalloy; microstructure evolution; solution treatment 
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