
�49�    �3�                               ��������	                                     Vol.49,   No.3 

2020�      3�                     RARE METAL MATERIALS AND ENGINEERING                          March   2020 

 

�����2019-03-20 

���	����	
��
 (2016YFB0301202) 


��
��  ����1979����������������� , !� �" 710016�E-mail: lq9300@163.com 

 

��� Ti70 ���� Fe �	
��
 

 

�  ���  ���  ���	
 

(����������� �!� �" 710016) 

 

�  ��#$%&'()*+VAR,-. Ti70/012345678�
96)*:;.<=> Fe?@ABCDEF

GHI#$JK-LM623FJKABNOP�M7QR45.S�#$ EDS TU.23VWAB45B>�#$

�XYVZ[\]^_7`�FYVab�N$cdMefgL`�FhKETIQRijklmn7):opX.

qr�s�tuv23wxyx-z{|W};�~� Fe ?@�[=>��y~�):s#{�X������u�

Fe?@V[=>��I.�78F2345]^���`�_7�#�abET��$�#$��I 

����Ti70/0123�)*:;��?@=>�abET 

�������TG146.23        ������A        �����1002-185X(2020)03-0968-05 

 

���������	
���
�������

����	
�������� !"�����#

���$%&� '(�)*+,-.
/0/12

3456�)7
8 9:� Fe;Cr<=>?@�A

� V;Zr;Nb <

[1-9]

!Ti70 ��#BCD�EFGH

�IJKLM)� 725 N; 701 N�O'��

Ti-Al-Zr-FeP 600 MPa�Q αLR���
��8 

9:� FeO���=>
#.STUMV� $%�

"�����
�����	
��LW.XYZ� 

[\]^�H_`a!b��cHde�f	ghij

k;lmj�n�ojp;q��ojkep;cHd

r�stjk
u�vw 1:3xyz{|V

[10-13]

! 

��}"�����~�
������v�0

�����!��E���L�����v�Z��

��
�'(Ti70��L�H1%������=>

Fe
8 Φ640 mm���3 t ���
����Z


Fe=>�������!��������L
w 

Fe=>�¡¢��
£¤b��¥¦§¨���L�

$©
ª«¬­j®¯°±²�³
´µ�¥¦¤ 

�jk!¶·¸�¹=>��
º»�¼¬­��#

½¾�¿ª«jk���À�`a! 

�'(¤ ÁÂÃÄÅÆÇÈÉVARÊËU Ti70

��Z����WÌ��v
ÍK����ÎÏWÌ

UÐ
'(�ÇÈÑÒU���¼¬­j�´µ
]

w�ÓÔ Fe =>���+Ë
Õ¥Ö×�¥¦ Ti70

ØÙ�¿�ª«jk
Ú��ÛÜ���]^Ýx! 

���������

Ti70���Þ�Φ640 mm
ßà��áâÜã3 t!

¤ ä6ALDIJÞå�L920P8Ti�ÁÂÃÄÅÆ

æWÌÇÈ
çÇÈ2è��
éè��ÇÈ3ê!2

è��ëâ��2êÇÈìí¬î~
��¿ÇÈ�


.è��ÇÈ�ïðÇÈÅy¯ñÉòÅyó�ËÊ


ô.è��ïðÇÈÑÒq�¯ñÉòÇÑó�ËÊ!

 ÅÆæÃ��õ)�ö÷Pøö÷ÇÈÑÒù�ú

�ñ�ûPüý
õ)Pø�þ[\�±0.125%! 

ÇÈ��¥U��WÌ��Í×����¼
�

�����	
	 1!�����+,
;L;� 3

à��WÌ����

;����¼¼�����

�&�� 200~300 mm�����&��¼��� 100

& 50 mmÉ	 1aÊ
������
WÌ�*��


����¼����& 1/2R �É	 1bÊ!ô�
�

������� 20 mm×20 mm×20 mm��
U��

� !�WÌ"#;$%Í&i
&i'ëÐ�

HF:HNO

3

:H

2

O(1:3:10
&i�úã 10 s
��¥¤ 

Þå� nova450 �)*Å+�,-WÌ.�o/�,

0�¼)*!U¥¦���ØÙ
¤ Olympus GX41

�î�,-¢1ØÙ2� 3,�,¢ª«
¤ 

Instron 118545�67×�ØÙ�2��8�jk! 

2  ����	 

���������	
��
�������� 



� 3�                                 �  ��k/01 Ti70��23 Fe?@=>n7                              �969� 

 

 

 

 

 

 

 

 

� 1  23����� 

Fig.1  Sketch map of sampling of the ingot: (a) ingot and      

(b) casting head 
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Fig.2  Melting rate and current curves changing with the growing 

time of the ingot by different control methods: (a) constant 

current and (b) constant rate 
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Table 1  Chemical composition of the ingot made with constant 

current (ω/%) 

Location Al Zr Fe C N H O 

Up 

Mid 

Down 

2.75 

2.75 

2.77 

1.91 

1.93 

1.90 

0.97 

0.94 

0.89 

0.008 

0.008 

0.009 

0.008 

0.008 

0.008 

0.001 

0.001 

0.001 

0.11 

0.11 

0.12 

Center of 

casting head 

2.60 1.92 1.25 - - - - 

1/4D of 

casting head 

2.63 1.93 1.12 - - - - 
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Table 2  Chemical composition of the ingot made with constant 

rate (ω/%) 

Location Al Zr Fe C N H O 

Up 

Mid 

Down 

2.63 

2.62 

2.63 

2.00 

1.99 
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0.009 

0.008 

0.008 

0.008 

0.001 

0.001 

0.001 

0.11 

0.11 

0.12 

Center of 

casting head 

2.70 1.98 1.13 - - - - 

1/4D of 

casting head 

2.68 1.97 1.08 - - - - 
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Fig.3  Middle microstructure of the casting head of the ingot   

Manufactured by constant current method 
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Fig.4  EDS element line scanning of the ingot in Fig.3 
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Fig.5  Middle microstructure of the casting head of the ingot  

manufactured by constant melting rate method 
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Fig.6  Fe element EDS line scanning of the ingot in Fig.5 
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Table 3  Tensile properties of annealed Ti70 plate with  

4 mm in thickness   

 R

m

/MPa  R

p0.2

/MPa  A/%  

Transverse 710/711 650/655 20/20.5 

Longitudinal 737/738 643/645 22.5/21.5 
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Fig.7  Microstructure of annealed Ti70 plate with 4 mm in 

thickness 
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Fe Elemental Segregation Control of Large Sized Ti70 Alloy Ingot 

 

Liao Qiang, Ge Peng, Liu Yu, Wang Ruiqin  

(Western Metal Materials Co., Ltd., Xi’an 710016, China) 

 

Abstract: Large sized Ti70 alloy ingot was prepared by vacuum consumable arc melting (VAR). The effect of melting rate on component 

homogeneity of Fe element was studied. Chemical composition of the ingots was measured by chemical composition analysis and it was 

compared with previous results. Micro area composition was detected with EDS. Microstructure of follow-up rolling plate was observed by 

a metalloscope and mechanical properties of the plate were tested by a tensile tester. The results show that the mush zone can be reduced 

during solidification process of the ingot and macrosegregation of Fe element is decreased through controlling the melting rate to a stable level. 

Meanwhile, eutectic phase spacing narrows down and microsegregation of Fe element is alleviated with reducing the melting rate. The 

microstructure and tensile properties of the follow-up rolling plate can meet the user requirements. 

Key words: large sized Ti70 alloy ingot; melting rate; segregation of Fe element; microstructure and tensile properties 
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