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Table 1  Chemical composition of raw materials (ω/%) 

Raw material O N H C Fe 

Sponge titanium 0 0.040 0.004 0.001 - - 

Electrolytic titanium 0.020 0.003 0.006 0.007 0.03 

Sponge titanium 0A 0.050 0.010 0.003 0.010 0.04 
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Table 2  Chemical composition of hot rolled TC4 titanium 

alloy sheet (ω/%) 

Sheet Al V C O N H Ti 

S-TC4 6.03 4.07 0.016 0.071 0.007 0.001 Bal. 

E-TC4 5.88 4.37 0.012 0.090 0.009 0.001 Bal. 

"de<=>?4ghijk:�¦� DSClmnÙ

o�Ûpq��!Û:=rs DSClm}°�A�Ô

ÕÖ¯;[tÎ�]Ç 3 ^_�".uÇ 3 �;[t

Îde�×º��= 

EÔÕÖ¯¶� TC4�	
��O�
�ab�


�abÂ� 400#�600#�800#�1000#�vwxy

"ÏÐz{�1¶|} HF:HNO

3

:H

2

O(ÀS�)=1:2:7

� Krolla~de����* Nikon ECLIPSE MA200


�±Ø�Ç�ÔÕÖ¯ S-TC4� E-TC4�	
��

�ØÙúû=�ÔÕÖ¯ S-TC4� E-TC4�	
��

�bAC� 1 ^_��ab�4 5 mm/min ���P

fE SHT4605ØÏ�A�����&a�ÏI�de

Yù�O�����"�* ZEISS EVO18cd��±

Ø�Í�ab
���=q���b�a��ì��

�abÇÈxyI�à±����*
�6�F�

TH320���ì��de�a�½� 150 kg�>�Ö

æ 10 s���ab�a 5�³���Ê�����

ì���4�>Îs�£��= 

������	
�

�����

��

�TC4��� α→β�	
 

� 2� TC4�	
�!��� DSClm=�� 2

£��S-TC4 � E-TC4 �	
� α→β �ÛR¡]�
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�(α+β)�;¢�:� β��ù��

£(α+β)/β�Û³ù�� 979.2 J�¤�+ S-TC4�	
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Table 3  Heat treatments of TC4 titanium alloy 

Sample Heat treatment 

1 

2 

3 

890 �/30 min, WC+550 �/3 h, FC 

920 �/30 min, WC+550 �/3 h, FC 

950 �/30 min, WC+550 �/3 h, FC 

Note: FC-furnace cooling; WC-water cooling 

 

 

 

 

 

 

 1  ��®¯°± 

Fig.1  Schematic diagram of tensile specimen 
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 2  TC4*>?QR`%@ DSC´µ 

Fig.2  DSC curves of hot rolled TC4 titanium alloy sheets 
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 3  [\UVxy S-TC4*>?`%zacd 

Fig.3  Microstructures of S-TC4 titanium alloy sheet at different solution temperatures: (a) 890 �, (b) 920 �, and (c) 950 � 
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 4  [\UVxy E-TC4*>?`%zacd 

Fig.4  Microstructures of E-TC4 titanium alloy sheet at different solution temperatures: (a) 890 �, (b) 920 �, and (c) 950 � 
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 5  [\UVWXY"T S-TC47 E-TC4*>?@��ef 

Fig.5  Tensile strength (a) and elongation (b) of S-TC4 and E-TC4 titanium alloys after different solution aging treatments 
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ÔÕÖ¯ S-TC4� E-TC4�	
�����ì�
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 6  [\UVxy S-TC4*>?`%¶·¸¹ 

Fig.6  Fracture morphologies of S-TC4 titanium alloy sheet at different solution temperatures: (a) 890 �, (b) 920 �, and (c) 950 � 
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 7  [\UVxy E-TC4*>?`%¶·¸¹ 

Fig.7  Fracture morphologies of E-TC4 titanium alloy sheet at different solution temperatures: (a) 890 �, (b) 920 �, and (c) 950 � 

 

 

 

 

 

 

 

 

 

 

 

 

 8  TC4*>?@º�§y 

Fig.8  Rockwell hardness of TC4 titanium alloys 
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Effect of Solution and Aging Treatment on Microstructure and Properties of TC4 Tita- 

nium Alloy Hot-Rolled Sheet by Sponge Titanium/Electrolytic Titanium Melting 
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Abstract: Sponge titanium and electrolytic titanium were used as raw materials for melting TC4 titanium alloy. The smelted ingot was 

subjected to hot rolling and solution aging treatment. The microstructure and properties of TC4 titanium alloy sheet rolled from ingots of 

different raw materials after different solid solution aging treatments were studied. The results show that the α→β transition of sponge 

titanium TC4 and electrolytic titanium TC4 alloys is an endothermic process. The transformation point temperature of electrolytic titanium 

TC4 is obviously higher than that of sponge titanium TC4. When the sponge titanium TC4 alloy is solid-solved at a temperature exceeding 

the transformation point temperature, its structure is Weiss-structure. Other structures under different solid-solution aging conditions are all 

bimorphic. After solid solution aging treatment, the tensile strength of sponge titanium TC4 increases at first and then decreases, while the 

elongation continues to decrease with the increase of the solution temperature. The tensile strength of electrolytic titanium TC4 increases 

with increasing solution temperature, while the elongation continues to decrease. Both of them obtain the best comprehensive mechanical 

properties after solid solution holding at 890 °C for 30 min and 550 °C for 3 h. Compared with sponge titanium TC4, the electrolytic 

titanium TC4 has a more significant improvement in strength and hardness after solid solution aging treatment. 

Key words: sponge titanium; electrolytic titanium; TC4; electron beam cold hearth melting; solution aging treatment; microstructure; 

mechanical properties 

 

Corresponding author: Xiao Han, Ph. D., Professor, Faculty of Materials Science and Engineering, Kunming University of Science and 

Technology, Kunming 650093, P. R. China, Tel: 0086-871-65136755, E-mail: kmxh@kust.edu.cn 


