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Fig.1  Initial optical microstructure of GH79 superalloy 

 

������	
�

�����GH79 ����	
��
���� 

GH79 ����UVÓWXï]¼Y�3g900~ 

1150 
ª�¼rMg5×10

-4

~10 s

-1

��¼g0.6^+�

�-�¼�YI� 2�Ö/Z� 2�~O�f����

��¼YV�+©¼��«¬�¼rM+­¡�­

¡��©¼�� σ �$�¼p ε �p®Tf¯}+d

�°$%±$%ØÙ�	/ 

�����P���¼Y+¯}���]�3g

1000 
��¼rMg10 s

-1

^+©¼���Yí½Ï

e�I� 3 �Ö/Z� 3 �~O�f�GH79 ���

�¼Yx 0.026 ¢�d�°$T����d�°$M

]θ=∂σ/∂ε �̂x 1000 MPa��¼ ε� 0.026~0.092¢�

d�°$M¿ ²v��¼ ε �V DRX ³´ ε

c

¢�

d�°$M²G�µ���«¬�¼+­d θ �¶·

¸xlØ/¹º KMÓ}

[22,23]

�» ¼½]��¾¿^

©¼���r­d�b�¼�V ε

c

��©¼��¸x

lØ�ÀTf¯}+5ÙÁ��	/���GH79 �

����¼YV���©¼��NG
��� σ

p

��

®TfÂr²v+¸Ã�$jÒÓ}�pÄ� ∆σ +

©¼��Å��Æ:����1V5ÙÜÑÝ]DRX^

±$6BÇr5k�]��È¿ �̂b�¼ ε ÉÊ 0.6

¢�NGlØÙ]��Ë¿ /̂�����¼YV�+

±$Ì�+�¼ÍÎ ε=0.12~0.58�ÏÐP�³´��

F����3
 1000 
�A¡�¼rM�+±$Ì�

�¼ÍÎIÀ 1�Ö�ZÀ 1+�º�~O�f���

���¼Y±$½
��¼rMÑb*��(¡/ 

�����GH79 ���	������� 

�,-.�¼YV�+óf�	ÒÓ Backofen

[24,25]

³�� 

m

K=σ ε

�

                               ]1  ̂

K��σ 
�,-.�¼YV�+©¼��ª ε

�


� 

100 µm 



� 12�                               �  ���GH791
234567845/9?@                          �3941� 

�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

u 2  GH791
VW45��]>XF-X4�Q 

Fig.2  True stress-true strain curves of GH79 alloy under different deformation conditions: (a) 900 �, (b) 950 �, (c) 1000 �, (d) 1050 

�, (e) 1100 �, and (f) 1150 � 
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Fig.3  Flow stress curve and working hardening rate curve of 

GH79 alloy 
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Table 2  Strain rate sensitivity (m) of GH79 alloy at different 

temperatures (ε=0.6) 
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Fig.5  lgσ-l/T curves of GH79 alloy 
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Fig.6  Variations of Q, m for GH79 alloy with temperature 

 

����� mCI����7��56#J0�-<

K?�@127B����� Q C$ 341.57~737.73 

kJ/mol�LIM����7N3�OP?QRSTN

37��UV�$��� 1100 WAXYZ[C#\

]2^_`ab Guo cd

[26]

e GH625 12Bfg*

47hij:klmnopqrst7_`�:;E

u/IM����v��wxyh�z�\{|}k

~���}k��T���wxyh�������

��k~�J���hij:kq�7����_`

�F��7 GH79 12hij:kn����_`:

���1#�A�127	�������� mCX

YZ�C 0.239#�������N3A���r γ�H

γ′���7��������N3#���$���

���'�GH79 127B������3| GH761

12HIn71812HN70612

[27-29]

���A ¡¢£

¤�7���B��¤�¥¦# 

�����GH79 ����	
��
����� 

2^� 73���*47lm§¨©�UVe

ªB����\M«¡7¬­��#k®¯°7=>

±²D'�FG

[30]

/ 

1.74d L=                               �5� 

– – – –

1

lg( / s )ε

−

�

0.72 0.76 0.80 0.84

1.2

1.6

2.0

2.4

2.8

3.2

 5�10

- 4

 s

- 1

 10

-3

 s

-1

 5�10

- 3

 s

- 1

 5�10

- 2

 s

- 1

 10

-1

 s

-1

 1 s

-1

 10 s

- 1

l
g
(
σ
/
M
P
a
)

 

 

T

 -1

/�10

-3

 K

-1

900 950 1000 1050 1100 1150

0.05

0.10

0.15

0.20

0.25

0.30

0.35

 

 

300

350

400

450

500

550

600

650

700

 

m

Q
/
k
J
·
m
o
l

-
1

Temperature/�

•

�

��

� 

- In718

�

��

� 

�

��

� 

- GH761

- GH79 - N706



� 12�                               �  ���GH79��	
��
��������                          �3943� 

�

���d�����	
�L���
�������

� 7� GH79����� 1100 ������� 5×10

-3

�

5×10

-2

�1�10 s

-1

���� �!�"#$5%&��

7�'()*��+,�-./0���	
12�3

23.13�18.43�11.9�9.21 µm� 

Arrhenius

[30]

456789:;�<0=>3 

1/

0

exp

p m

AD Gb

b Q

kT d G RT

σ

ε

     

= ⋅ ⋅ ⋅ −

     

     

�

       $6% 

���d���	
�D

0

�?@7A�b�BCDE� 

G�FG:E�k�HIJKLA�R�MNOPLA� 

� 8 � GH79 ������-��	
�67Q

��RS"#$6%TU���V�W��XY*��

��	
Z�[\-]^_`���aA p b�1100 

�c������aA� 2.02�!�+,de�^f

gh*���ijk��0� pb�<� 9=>� 

l� 9 �Tmn)�GH79 �����aA p b

o����pqrs����tu]aA mb�k�

�v 1100 �cwxb�Syz{|

[29]

�} pb~� 2

c��������\-]^��c�[�-��^

Qb������*��v 1100 �c�*���\;

]^��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  GH79��� 1100 ����������� !"ε=0.6# 

Fig.7  Microstructures of GH79 alloy deformed at 1100 � and different strain rates: (a) 5×10
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Fig.8  Strain rate as a function of average grain size 

in GH79 alloy 
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Fig.9  p-T curve of GH79 alloy 
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Fig.10  Processing maps through different instability criterions 

for GH79 alloy at ε=0.6 (I-Prasad; II-Gegel; III-Malas; 

IV-Murty; V-Semiatin) 
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Table 4  Physical parameters of nickel-based superalloys

[37]
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Fig.11  Deformation mechanism maps for nickel-base high super- 

alloy constructed at 950 � (a) and 1050  (b)�  
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Table 5  Calculated results for hot compression deformation 

of GH79 alloy 
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Fig.12  TEM microstructures of GH79 superalloy at 

1050  (� ε=0.6) 
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Elevated Temperature Compression Deformation Behavior 

and Mechanism of GH79 Superalloy 

 

Zhou Ge, Zhang Siqian, Zhang Haoyu, Yu Xuemei, Liu Lirong, Chen Lijia 

(Shenyang University of Technology, Shenyang 110870, China) 

 

Abstract: The hot compression deformation of GH79 superalloy was investigated systematically on a Gleeble-3800 thermal simulating 

tester. Based on the hot compression test, the high temperature deformation behavior and microstructure evolution were investigated, and 

the variation of strain rate sensitivity exponent m, activation energy Q and grain size exponent P values at different strain rates and 

different temperatures were obtained. The dynamic DMM hot processing map based on different instability criteria was drawn while the 

deformation mechanism maps incorporating dislocations inside the grains were obtained. The processing map was used to analyze the 

processing instability regime and appropriate processing regime. With the deformation mechanism maps, the Burgers vector compensated 

grain size, the dislocation evolution rule at modulus compensated flow stress and the hot deformation mechanisms were elucidated.   

Key words: GH79 superalloy; deformation activation energy; strain rate sensitivity exponent; grain size exponent; processing map; 

deformation mechanism map 
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