
� 48�    � 11�                              ��������	                                    Vol.48, No.11 

2019�       11�                    RARE METAL MATERIALS AND ENGINEERING                      November 2019 

 

�����2018-11-05 

���	����	
�����2017YFA0700703�������������51661019��������������145RTSA004� 


���� !"#"1991�$"%&$"'()*��+,��-*.�/"�� '( 730050"E-mail: gaoyubi1991@126.com 

 

������� GH3625 �	
������� 

 

���������	
����������� 

('()*�� �01234�5678*-9:;���	<=>, �� '( 730050) 

 

�  ��?@AB GH3625C�D�EFGHIJ"KLMN*.�GBE�ODPQRC�ST"UVAWC�G�X

STYZ[\]^;_`[ab;cdefghg�EBSD�PijEklm�n�OIM�
opqBrs)t GH3625

C�MNuvFw�GBCD�Gxyaz{|}"GH3625C�MNuvFwGOD~��KL9zML.�qEG Σ3

n

MN�<�G"��~���Bq�P����Gxy�GH3625C��� ΣCSLMN�����Bq�G�8V��"

����X�G��V�8"�C�? ε=35%"��X�� 1120 ��X 15 min�"� ΣCSLMN��_I�� 63.16%

\�(Palumbo-Aust ��)���"GH3625 C�� �p�¡¢GM£¤¥"?M£¤¥¦GM£§¨©3 Σ3

n

Gij

ª«�M£¤¥¡¢P¦¬ Σ3

n

MNG����Bq�G�8V��"����X�G��V�8a 

����GH3625C��qBrs)�MNuvFw�MN*.�� ΣCSLMN 

�������TG146.1

+

5        ������A        �����1002-185X(2019)11-3585-08 

 

GH3625 ��������	
������

��� International Nickel Company, INCO���

Inconel 625���������	����� !�

��"��#$��%&'()*+,-./012

�34567859:�*;<+,=>?@+AB

�CD���E�= Mo8Nb#-F+AGH�?@

+AB Ni-Cr��

[1-3]

IJ)!��� 600~900 �01

K:LMN34OP�Q�RS7TUVW�XYZ

7=>[\A7T�]�^��CD_`ab()c

dce8f/ghUijklmno��cd8ce8

iT8pq=>A:norstu��vDw

[4-8]

Ix

yrstuz{|}~U��TRF����*�z

GH3625 ��CD�Q�7TUXYZ7T�F��

9��I]�����&��* GH3625 ���Q�

7TUXYZ7T�#���������I 

������DwK������7�+� ¡

¢y��£¤8@�¥¦���§�¨©mª«=>

Dw�RSU¬7Tm

[9,10]

I]��®¯Dw��

���87�>^°±�54² ®¯Dw�RS7

T

[11,12]

I1984³�Watanabe

[13]

´µ�%¶��k·�

¸��Grain Boundary Design and Control, GBD�¹

º=>x» ¼�#�¶��:½�Grain Boundary 

Engineering, GBE�¹¾¿

[14,15]

�ÀÁÂÃ��Ä<>

r§:Å��*Dw�Æ ΣÇÈÉÊ�Coincidence 

Site Lattice, Æ ΣCSL�Ë ΣÌ29���ÍÎ�OA^

°±�Ï�®¯Dw���4Ð��'7T

[16-18]

I 

�	ÑÒ

[19,20]

�GBEÓÔ��®<DwAS�°

���2�5=ÕÖ�*��Dw×Ø���Æ ΣCSL

����ÍÎ�®¯Dw�7T�Ù�Úb()34

ÆÛÜT�ÝÞßà�����*���Iáâ    

m

[21,22]

ÁÂ�	Ä<>r§z Incoloy 825����

×ã°±�¡¢� ª���äå<Äæ# 5%�ç

è�,# 1050 �é� 10 minM�Æ ΣCSL���Í

Î5�*ê 75%=��ëMÄ�ìíî�¶ï4 Σ3

n

ðñÐò�ó�ôõ¹Õö÷øùxyé�Mú�û

ü�Æ ΣCSL ���ÍÎýþ�9���xy���

�úÄ��ìíî*����ôõÕö÷ø����

xyé�Mú��&�ûü����üÂ½KÆ ΣCSL

���ÍÎÕÖ�Æù]����:½�ÁÂ���

	ª������óüì�	ªI
�m

[23-27]

ÁÂ�

	 Inconel 690����×ã°±>^z��YZ�¡

¢� ª��ÁÂÄ<r§5�Æ ΣCSL ��ÍÎ

ÕÖ�*�ëMÄ�ìíî���ôõ��Æ ΣCSL

��ÍÎ*���ÍÆ ΣCSL ��ÍÎÆ���ÒÕ

X�úYZI��m

[28]

�	$Ä<r§z GH4169

��Õö÷øU��°±×ã�¡¢]H� ª�<

Äæz×Ø��Ä���L(�ÒÕ��Ä<æ#

9.8%MÆ ΣCSL���*I��m

[29]

�	$��ëä



®3586®                                       ¯3�5+,-*.                                              � 48� 

�>çè:Å2 Ni-Cr-Wò*�����×ã°±�

��� ª����<Äæ�ε=10%�2����¤

R��������Mú�ü�×Ø��ÍÎ�üM

úçè»�ê�ì�ù��ì<Äæ�ε=70%�2�

������Mú� �×Ø��ÍÎxçèMúû

ü!�9»"�I#$m

[30]

�	$��:½§z

Incoloy 800��XYZ7TURS7T�¡¢� ª

��� 980 �é� 15 min>ä� 5%»� 980 �é�

15 min���K Σ3

n

��ÍÎ%4�*��&X�ú

YZTRU'�ÉZÉÈ%ÕÖ�*�[(+,U)

{+,*4�*��»+ü,-<A�ìI 

GH3625 �)ÆÛÜT8ÝÞßà8./�B�

�<Ä*����]�5=ÁÂÄ<>r§��*

��KÆ ΣCSL ��ÍÎ�Ï��&��*���*

�;<7T>XYZ7TI0Ù4�1234zÄ<

>r§z GH3625 ����×ã°±�5ò6�

	I7�	��®< GH3625��AS�°���2�

89:;j<j¦=>?@?�EBSD�Uðñ�AÕ

öÓÔ�OIM��	ÁÂÄ<>r§�B¸��K

×Ø��ÍÎ>��×ã°±�Grain Boundary 

Character Distribution�GBCD��#�* GH3625��

Q�7TUXYZ7T�CºDEI 

1  �  � 

	FDw# GH3625 ��rGHCD�^AS�

°��æ°I, %�#JCr 21.77�Mo 8.79�Nb 3.75�

Fe 3.68�Co 0.19�Ti 0.40�Al 0.21�Mn 0.2�C 0.042�

Cu 0.06�P 0.006�S 0.0006�NiKæI#$�	Ä<

>r§z GH3625 ����×ã°±�¡¢�´!

�?@§»�rGHCDLð Φ6 mm×9 mm �M

NO���P�Qu2= 10

-1

 s

-1

�<Äþ,°RHS

35%850%U 65%�x»�5çè§I�	 ª

[22]

�

��<Ä*�����×ã°±OA-F�����

Â½KÄ�Æ CSL ��	ª�I]��GH3625 ��

�çè�,Tð�����,UVW�^çè�,°

R# 108081100U 1120 ��é�Mú# 15 min�x

»däI 

X(j�YZà[�lO��j�\°�#J20% 

H

2

SO

4

+80 %CH

3

OH��]Í��� 20 V^_`2YZ

a 30 sIb(cl EBSDdu� Quanta FEG 450Br

e ?:;j¦Õö<�SEM�z��ÑÝöfgÉ

�5:;�:;�ü# 2.5 µm�:;fo# 1000 

µm×800 µm�hijk=>?j¦l Kikuchi @?

m��nò6§»&ê&òo��SpqIrO�

sX( HKL-Channel 5tu°u§�ræò6X(

PalumboU Aust�jv

[31]

�∆θ

max

=15wΣ

-5/6

�̂ K�∆θ

max

�Ë	FK	�ræ CSL ðñÐò�jvx�yz

�� CSLðñÐò{ú��ì¨|},�~k���

BIëM�ÁÂ EBSDÓÔ�~k$�ó{ú�ðñ

|8ðñÐò>���ÝËI�·�%�óôõW�

ó{ú�ðñÐòI7	FXil Kikuchi @?m�

�jk,%� 95%=�I 

2  ����� 

2.1  GH3625 ��������	
� 

� 1#�ëä<Äæ GH3625��� 1080 �é�

15 min���×ã°±�IJ�5��ä<Äæ¡¢

GH3625 ��KÆ ΣCSL ��ÍÎ�� ε=35%M�

GH3625���Æ ΣCSL��ÍÎ# 55.20 %�̂ K Σ1

# 3.37%�Σ3 # 44.36%�Σ9+Σ27 # 2.99%�^�Æ

CSL # 4.48%(� 1a)ùxyä<Ä��9�GH3625

���Æ ΣCSL��ÍÎg�"��̂ K Σ1��ÍÎ

xyä<Äæ��9�g��9(� 1d)I��]#�

�<ÄæM�J)<Ä���ÈÜ�,������

Ä<T�Æ����çèÂ½K-F=bR����

£�#-��� Σ3 ��ùxy<Äæ��9�ÈÜ

�,�*����Ä<T�9����çèÂ½K�

!�Ä��Æ ΣCSL ���&���Tæ� ���

£���&��ì},��(HAGBs)��&Æ ΣCSL

���ÍÎ2�

[32-34]

IëM�ä<Äæ�½,�*�

ä<Ä���ÈÜ����},���������

Ä<����},�������çèÂ½KL#�

���iüì�]���ë�çèQu2��},

��xyä<Äæ��9��9�� Σ1 ���Ë�

óðñ|�) 15���������},��

(LAGBs)

[35]

I 

J� 1d �5=�%�GH3625 ��� Σ3

n

��Í

Î���Æ CSL��ÍÎK� 85%=�������

GH3625 ����×ã°±�OA-F�ÁÂ���

Â½KÄ�� Σ3

n

���	ª�I��]# GH3625

���&'ÆÛÜT�ÝÞßà����P��Æ�

<ÄM�ÆÛÜTDw�¼ÈÜ�,���ÈÜ�)

 i�5¡¢��Ï��ì$¢���,�0��Æ

$�����ÝT���Dw ���<ÄIÄ<�

�J����&�£¤ÈÜ¢��)���K��

�ì�b<T�#���çèM4T¥7 £��C�

¤R��&�� �Ç¦ðñ�Ï�Ä�çè��

[36]

I

�ÝÞßà�����Ý�{111}Ý�çè���§�

�ó4y<111>/60��ðñ|Ðò��¨W� Σ3ÇÈ

ÉÊÐò

[37 ]

I����©� 1a~1c K Σ3 ��Í 



� 11�                             � !°±qB]rs)t GH3625C�MNuvFwGxy                      ®3587® 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

² 1  �Bq�t GH3625C�MNuvFwGxy 

Fig.1  Effect of cold deformation on grain boundary character distribution of Inconel 625 superalloy annealed at 1080  for 15�  min 

under ε=35% (a), ε=50% (b), ε=65% (c) and grain boundaries type (d) 
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² 2 ��X�t GH3625C�³+MNuvFwGxy 

Fig.2  Effect of annealing temperature on grain boundary character distribution of Inconel 625 superalloy (ε=50%) held for 15 min at 

1080 � (a), 1100 � (b), 1120  (� c) and grain boundaries type (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

² 3  �Bq�]��X�t GH3625C�MNuvFwGxy 

Fig.3  Effect of cold deformation and annealing temperature on length fraction of Σ3 (a), Σ9+Σ27 (b), overall low ΣCSL (c) and the grain 

size (d) of GH3625 superalloy 
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� 4  GH3625������� !���"����������#$ I%��&'()��� 

Fig.4  Orientation distribution of the grains (a), distributions of grain boundaries (b) and different types of grain boundaries figures of 

grain-cluster I (c), and  (d) of Inconel 625 superalloy tube (� ε=65%) annealed at 1120  for 15 min�  

Σ27 

Σ9 

Σ3 

Other low ΣCSL 

Random boundary 

Σ1 

200 µm 

 

� 

I 

a 

b 

c d 

I 

� 



�3590�                                       *+�,�-./0                                              � 481 

� 1  ���� I ��

��

�����	 
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Effect of Thermo-Mechanical Processing on Grain Boundary Character Distribution of 

GH3625 Superalloy 

 

Gao Yubi, Ding Yutian, Chen Jianjun, Xu Jiayu, Ma Yuanjun, Wang Xingmao  

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,  

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: With this prerequisite that the chemical composition of GH3625 alloy will not be changed, the high temperature microstructure 

stability and service performance reliability of alloys are improved by optimizing grain boundary engineering (GBE) and controlling the 

microstructure of alloys. The effect of thermal-mechanical processing on the grain boundary character distribution (GBCD) of GH3625 

superalloy was investigated by the electron backscattered diffraction (EBSD) technique and orientation image microcopy (OIM). The 

results show that the optimization of the grain boundary character distribution (GBCD) of GH3625 superalloy is mainly achieved by Σ3

n

 

grain boundaries formed during the recrystallization process, and is mainly affected by the cold deformation and annealing process. The 

length fraction of low ΣCSL grain boundaries in GH3625 superalloy decreases with the increase of cold deformation, while increases with 

the increase of annealing temperature. Meanwhile, the length fraction of low ΣCSL (coincident site lattice, Σx29 by Palunbo-Aust 

criterion) grain boundaries increases to more than 63.16% after 35% cold deformed and subsequent annealing at 1120 ºC for 15 min. In 

addition, large sized grain-clusters appear in GH3625 superalloy, and boundaries have Σ3

n

 misorientations inside the grains-cluster. The 

size of the grain-clusters and the amount of Σ3

n

 grain boundaries inside the grains-cluster decrease with the increase of cold deformation, 

but increase with the increase of annealing temperature. 

Key words: GH3625 alloy; thermo-mechanical processing; grain boundary character distribution; grain boundary engineering; low ΣCSL 

grain boundary 
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