
� 47�    � 12�                                  ��������	                                Vol.47, No.12 

2018�      12�                       RARE METAL MATERIALS AND ENGINEERING                    December 2018 

 

�����2018-06-29 

���	����	
	1973��	�
	���������������	�� 100083	E-mail: nai612@126.com 

 

������ 690 ��	
��
��� 

 

���

1,2

����

2,3

��	


2,3

��  �

2,3

�
  �

1

����

1 

(1. ������	�� 100083) 

(2. ��������� !"#$	�� %& 313028) 

(3. ��'()*+,-.�/0���12345	�� %& 313028) 

 


  ��6* Gleeble789:;	<=> 690?@AB8�CDEFG	HI>JKLMDEFANOB8�C	P

?@A7Q0RSTQUVWX Deform-2D !"YZ[	\]^B84?@ARSTQ_�^!"YZ[`a>bc

de	`fUghi>B8jkl�mnopB8qr^ 690 ?@B8.RSAstuv	wxB8yz{-|op

RS}~��>B8�CA����	\`���x!"YhiE�`a:�B8;��E����B8.AF��

���B8jA�����������A���690?@B8.AF����l�mn�B8qnA��f ¡�¢

l�mn£ 1200 ¤	B8j¥ 15.3	B8qr 200 mm/s¦	B8.AF���§o��£ 62.7 µmo¨�Ughi

E��B8.A©^ª«¬¥ 4.5%� 

�
��7B8�690?@�DEF­®j�!"YUg�bcde 

�������TG146.15        ������A        �����1002-185X(2018)12-3776-08 

 

690���� Inconel600����	
�� Cr


��� 30%��
�������� 304�� Incoloy 

800 ����������
 !"#�$%
&

"�'()���
"*+&�,-
.�/0+

[1]

�

123456789:;<=>?@ABCDEFG


HIJKLMN 690 ��OP "Q�FRSTU

V�'(W�XYZ��[\
F]^S_`&ab

:;cdXY�ef:;EFGd 690 ��ghG


ijS_kldFm7$n�opqrstuvw3

xLyN 690��m7S_
z{|}~���Z��

�yz{�t`s�'(m7S_���m7G>�+

&��
��e�Zs����m7��nK���m

7���S_����k�ZQ
��

[2,3]

Lef�m

7������ 690��C�ij
���y��L 

56�}���Q� �¡¢+OP
z{Qs

ld£¤¥¦�§¨=©ª�«�
¬­�12®¯

�°$B±²��³´zB3µL¶·

[4]

�«�¥¸

m7���¹d�º»¼½z{¾Fm7S_� 690

��m7¿4
���ÀÁ¾Â� 690 ��
m7S

_��LÃ�z{«ÄÅ�yÆ¾m7S_�Çm+


���'È�ÀÁ�m7G>�
��\ÉL£Ê

Ë�ÌQs�z{ÍÅ�yÆm7S_�m7"��¡

ÎÏ�¿4
���ÐÑ�m7G>�
��z{

[5-7]

L

¶ÒÓ�Ô

[8,9]

ÕÖ Gleeble F©ª¥¦×Ø¾ 690 �

�
µ×¬Ù��ÏÚq«Û©x�'Ü��ÝÞß

Deform�º»¼½	¿§¨�àá¾m7S_�m7

G>�
��\ÉLo2�ÕÖâã
z{B£�ä

ÄÜ>�åO©x�Ýæß�º»§¨�çèé��

0
êë�ì�MNm7ÖÙ?�nKrí¾ÏÚq

«Û�îÏÚq«Û��ÛïðQ��ñò
���

��2�º»¼½Å&	¿óôOP
õö§¨Le

f��÷X�¼½	¿øu$B�12àá�4ùú


>�õö&"L 

4¾û{m7S_� 690 ��m7G>�
��

\É�¥£� 690 m7G>�
üùýi�µSþ¹

d Gleeble F7�¥¦�z{¾��ÏÚq«Û
�

�m7S_�'Ü 690 ��
>�åO©xæß

Deform-2D �º»¼½���>�åOÖÙ��º»

¼½	¿øu$B��¥£�m7G>�
ùúõö�

�f����©ª§¨¾m7��nK����m7�

�� 690��m7G>�
��\ÉL��§¨«Ä�

� 35 MN 
m7=�	¿¥¸m7¦�L	�4 690

��
}�
C����0
�����
���L 

��������

¥¦d 690��ld���!��(VIM)+;��



� 12�                               ���¯�7B8�C^ 690?@RSAstp��                          °3777° 

�(ESR)
��.�S_�$n�j3 Φ184 mm�P

Gn���X
*3�(W����%)ä� 1��L 

4¾z{��ÏÚq«Û
��m7S_�� 

! 1/2 "#$% Φ8 mm×12 mm 
�&'(��

Gleeble-3800 F©ª'¦=	¿��)!O��*+

7�¥¦�!O��4 10 s

-1

�OP��4 1100�1150�

1200�1250 ��SÙ!O��,4 15%�30%�50 %�

60%L'(� 20 /s� 
-���RF� 1220 �.� 3 

minp�q� 10 /s� 
��³/00
OP��.�

2 minp$17�LOP«2p�348v/5�LÜ

7�p
'(678¿N7�¬+�"9$�=:;

<p� 10 mL= H

2

SO

4

+2 g KMnO

4

+90 mL8>??�

@AB 30 minp�¹d<*CDEFGDF>��H

§q«ÛI��L 

4¾z{m7S_� 690 ��m7G>�
��

\É�¹d Deform¼½×Ø�º»©x	¿�J�©

xäK 1���MN©x�L*�MKP�ef4§¨

¬N¥¸©x4��"�äK?OP��L0QnK�

#4 184 mm�nKð� 588 mmR��¥¸m7S½�

TX00S©�õF��4 400 ��UVeW04

0.02�m7X�#4 190 mm�Y1ÛïZ[4 200 µmL 

4¾z{m7�� 690 ��m7G>�
���

\]�º»©x?©^�^_
Z[�12àá``


m7�a8.8�15.3�20.7 � 23.5���£�S_0

0nK��4 1200 ��m7��4 250 mm/sR�©

ª§¨nK��
��±�0QnK��4 1100�

1150�1200 � 1250 ��00m7�4 15.3�m7�

�4 250 mm/sR�û{m7���>�
��±�0 

 

� ���690� !�"#$� 

Table 1  Chemical composition of 690 alloy (ω/%) 

Cr Fe C Ti Al Ni 

29.19 9.49 0.02 0.24 0.28 Bal. 

 

 

 

 

 

 

 

1-container, 2-block, 3-glass pad, 4-mandrel, 

5-extrusion die, 6-billet 
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Fig.1  Finite element geometric model for hot extrusion 

of 690 alloy 
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Fig.2  Flow chart of finite element module for computing 690 

alloy microstructure evolution 
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Fig.3  Microstructures of 690 alloy at strain of 15% (a~c) and 50% (d~f) and different deformation temperatures: 

(a, d) 1100 ¤, (b, e) 1150 ¤, (c) 1250 ¤, and (f) 1200 ¤ 
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Fig.4  Recrystallization of 690 alloy at different extrusion ratios 

and billet temperatures 
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Fig.5  Percentage of recrystallization and microstructures of extrusion pipe at different extrusion ratios: (a) 2.3 and (b) 8.8 
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Fig.6  Grain size distribution of 690 pipe at different extrusion ratios: (a) 20.7, (b) 15.3, and (c) 8.8 
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Fig.7  Extrusion force and grain size of 690 extrusion pipe at 

different extrusion ratios 
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Fig.8  Grain size distribution of extrusion pipe at different billet temperatures: (a) 1100 ¤, (b) 1150 ¤, and (c) 1250 ¤ 
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Fig.9  Extrusion force and grain size of 690 extrusion pipe at 

different billet temperatures 
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Fig.10  Grain size distribution of extrusion pipe at different extrusion speeds: (a) 150 mm/s, (b) 200 mm/s, and (c) 300 mm/s 
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Fig.11  Extrusion force and grain size of 690 extrusion pipe at 

different extrusion speeds 
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Fig.12  Comparison of actual extrusion values and calculated 

values by finite element of hot extrusion 
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Abstract: The critical extrusion process of the fully dynamic recrystallization of the 690 alloy was analyzed by the Gleeble thermal 

compression experiment. The microstructure evolution model of 690 alloy was taken into the finite element (FE) software Deform-2D, and 

the secondary development of the FE software was carried based on the microstructure evolution during extrusion process. Then the 

influence of extrusion ratio, billet temperature and extrusion speed on the microstructure of 690 alloy were studied. The extrusion process 

control method for the microstructure of 690 pipe according to the capacity of the extruder and the microstructure requirement was 

proposed. And further the actual extrusion vertification based on the FE results was performed. The results show that the grain size of the 

extrusion pipe decreases firstly and then increases with the increasing of extrusion ratio. The grain size of 690 extrusion pipe decreases 

with the decrease of billet temperature and extrusion speed. The grain size of the extruded pipe can be controlled bellow 62.7 µm when the 

billet temperature is 1200 °C and extrusion ratio is 15.3. The relative error between the simulation results and the extruded pipe is only 

4.5%. 

Key words: hot extrusion; 690 alloy; percentage of recrystallization; finite-element simulation; secondary development 
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