
� 48�    � 9�                                   ��������	                                 Vol.48, No.9 

2019�      9�                       RARE METAL MATERIALS AND ENGINEERING                     September 2019 

�����2018-09-10 

���	����	
��
 (2016YFB0301201)�����	
��
 (2017KW-ZD-08) 


��
�������1988 �������������� !�"�#�$��� �% 710072�&'(029-86250729�E-mail: 

yyf19882009@163.com 

  

����� TC29 ���	
��
�� 

 

���

1,2

����

2

��	


2

���


2

��  �

2

����

2

����

1,2

 

(1. ��������� �% 710072) 

(2. ��)*+,
-$��� �% 710016) 

 

�  ��./ OM0SEM0TEM12345�6789:;<=�>�?@23AB�CD<=EF)G� αH TC29

I7+:JKLM:NOP6QRS(TUHVWXYCDZ�TC29I7+[3\:]� αH^_`abcKdeP

Ef 895 gWX<=: TC29I7+�h�CDZ3\:ijk^_l 100~300 nm:mn αH�B�CDZ βopL

M[qrstuv: “αwx”�“αwx”[:]� αHyz{|}�"h�CDH~�B�CD<=Z TC29I7+:

JK�����b���H�qr���:���βH��r�CD�#[3\A�� ωH�9Cr�uG� α/βH�

�<�f7+���n������2�8����� Z:¡]CD�#[rH¢£¤¥¦A“αwx”P 

����u βI7+�B�CD�]� αH�JK�� 

�������TG146.23        ������A        �����1002-185X(2019)09-3001-06 

 

� β������ β����	
��
���

����������������� !"	#$

%&'()�*+,-./�	 TC401/����

� β ������ β ���23456α+β71/8

�9:;<=>?@ α /�AB�CDE����F

9G
�2H�I�

[1-3]

.45JKL;<�M�N9

ONPL/QRST23UV αAB/�WXNYZN

�[�\]^_�`abc`defghij� β �

����� β����+k�l

[4-6]

. 

/�	mn�no9:�po9:23qP α/

��rstuv>�ewAB�xy� β �����

� β ���z�+k�l�{|.Schmidt 0

[7]

}	

β-C ����~����45�����po9:�

23DEew\]� α AB/�uv{������

������l.Furuhara 0

[8]

}	 Ti15-3 ����

~����45po9:3����9:|MST�

23DEYZ�P?@�\]ew� α/�>E��

�f�����{�.Ivasishin 0

[9]

45mn�po

9:;<F�J�� Ti15-3����+k�l��n

o9:/��������������TF9E�

{|.���,\}	po9:;<���� ¡�

�lhi�~��e¢£	C β n/8¤¥;<��

��¦§�.}	¨�©ª α/�� β������

β����/}~�R«�¬­�v1/8¤¥+9:

L;<�	®�¯°±² α /���23³´,\�

β ������ β ���
��
���NI��µ

�¶·�`vC�¸*+¹-º»¼¢b½$���

�¾¿L;<º�. 

TC29 ���¢ÀÁ�Â�Ã~�ÄÅ(~º�

½Æ� β �����ÇÈ�lÉ	 TC11 ����Ê

"ËÌ¼O�� Fe-Mo >EªÍ�Î� TC11 ��2

Ï� 10%3Ð.�ÑÒ©ÓÔÕ���CÖFL;<

×ØÙ ¡��l�KÚÈÛ

[10]

�Ü}	9:�Ú5

Ý¼ α/�AB(�GÞßà~�.`a�¦§p9

:;<�1/8¤¥á TC29 ��� ¡��lhi

~��½^â23ÔÕ©ª α/�ãC���9:5

Ý¼äª α/AB(��hiåæ½^â�ç	è½

ÓJ����+k�l��xy��l��Î���

�º»{é<ê£ë.Îxì� TC29 ���è(Ö

F×Ø�1/8¤¥+9:L;<���\Ano9

:�po9:�äª α /��[���f����h

i�íîpo9:5Ý¼ TC29 ����/K� ¡

ew�KÚ�ï`. 

1  �  � 

xì�Ê"����ÀÁ�Â�Ã~�ÄÅ(~

º� 3 äð&Åñòó TC29 ���.ô��õö÷

¦øNβn/8�6α+β71/8ùúÏM¹ûP×�



§3002§                                        ¨)+,� "�#                                             � 48� 

Ф170 mm�¹ø.¹áf� ¡�©ª α/N?@ä

ª α/� β£ü �.Ê" DSCýþEô���/K

��(905±5) °C. 

C¹ø 1/2 ��;���"��	�
 Ф10 

mm×10 mm��������è(ÖF×Ø�L;<�

\A�� ¡�+k�l�hi�
ü�L;<×Ø


� 1.º»
��/��÷·�� V(HF):V(HNO

3

): 

V(H

2

O)=1:3:10 ��/�������45 Olympus 

PMG3 �kf��è(f� ¡H�.äª α /��

�[H�Ê" JSM-6460 ¸����.äª α /� ω

/����[H�Ê" JEM-200CX ¸����.F

½L;<�á���f����eþ� 8~10ä��"

�)� Tukon-R2100Bf���þ��. 

�������	�

���������	
��	
�����

TC29 ���÷1/8¤¥;<���/ ¡�

[�� 1����0 α/� β£ü �.�	¹ø

C1/8K�!\�α /ew\]	 β £ü�ï"±

²st���:#º� β /�$�±�±%&��>

E β £ü�YZew?@.F9���\A� 1a �

1b2'�(j¤¥M��|��0 α/�)	&�

>E/YZq��F9 β £ü¼*d+,�!\� 

¡ew��
. 

���������	
��

� 2 �� 3 \-� 800 °C ¤¥6�M¤¥7�

895 °C¤¥6�M¤¥7� TC29���÷ÖF×Ø

9:��f� ¡�[.\A2'�÷no9:�p

o9:�f� ¡e�©ª α/� β.K ¡��.

�¼÷�M¤¥�9:;<���/ ¡�� 2a �

2c����¤¥áf� ¡6� 1a7/��©ª α/

è½Ó&��F9/X©ª α/&��&0�.è½

ÓH����[6� 2b � 2d72'�no9:�p

o9:AB�12�äª α /��[3�f4-�&

�5 100~1000 nm. 

÷�M¤¥�9:;<�� ¡�[�� 3 �

���¤¥áf� ¡6� 1b7/���	9:5Ý

¼��*d+,>E©ª α /YZ6@åF9��M

¤¥�9:;<��f� ¡/�6� 2bN2d7�A

B�äª α/WX�7��P?@.è½ÓH�8y�

�	¤¥M�9�ô��� α/β /KM���/XÖ

¯°�±² α /��6�� 3bN3e ��7åno9:

�AB�äª α/6�� 3b��7YZ\]Öew�

:,;��8yC?@<, α/¼ãC/XYZ��

�=0�äª α/6�� 3c��7.vpo9:�A 

 1  TC29!"�#$%&'( 

Table 1  Different heat treatments of TC29 alloy 

No. Heat treatment 

HT1 800 °C/1 h, WQ+580 °C/6 h, AC 

HT2 800 °C/1 h, WQ+300°C/50 h, AC+580°C/6 h, AC 

HT3 895 °C/1 h, WQ+580 °C/6 h, AC 

HT4 895 °C/1 h, WQ+300 °C/50 h, AC+580 °C/6 h, AC 

HT5 800 °C/1 h, WQ 

HT6 800 °C/1 h, WQ+300 °C/50 h, AC 

HT7 895 °C/1 h, WQ 

HT8 895 °C/1 h, WQ+300 °C/50 h, AC 
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© 1  T89ª�WX<=: TC29I7++HLM 

Fig.1  OM microstructures of TC29 samples with different 

solution treatments: (a) 800 °C and (b) 895 °C 
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© 2  800 °CWX<=: TC29I7+T89�>CDZLM:+H«¬­&®¯°  

Fig.2  OM and SEM images of TC29 samples treated with different aging treatments after 800 °C solution: (a, b) HT1 and (c, d) HT2 
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Fig.3  SEM images of TC29 samples treated with different aging treatments after 895 °C solution: (a~c) HT3 and (d~f) HT4 
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© 4  895 °CWX<=: TC29I7+T89�>CDZ]� αH: TEM¯°  

Fig.4  TEM images of secondary α phase in TC29 samples treated with different aging treatments after 895°C solution: (a) HT3 and  

(b, c) HT4 
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Fig.5  Microhardness of TC29 samples with different heat 

treatments 
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© 6  TC29I7+T HT8;<=Z β��« ωH: TEM¯°Y β��: SEM¯°(a[±²³l´µV¶·:¸V&¹º»¼½) 

Fig.6  TEM images of β and ω phase (a, b) and SEM image of β phase (c) in TC29 samples with HT8 heat treatment (the inset is 

SAED pattern of the marked area in Fig.6a) 
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Abstract: In order to find the influence of duplex aging on microstructure of TC29 titanium alloy accompanied with primary α phase, 

different heat treatments and analysis methods including OM, SEM, and TEM were adopted. Results show that after α+β two-phase 

solution and aging, secondary α precipitates in TC29 titanium alloy reach sub-micron level. After 895 °C solution and single aging, 

secondary α precipitates are mainly 100~300 nm in length. After 895 °C solution and duplex aging, "α clusters" are observed in β 

transformed microstructure and secondary α precipitates in them are thin slat-shaped. Compared with single aging, duplex aging results in 

an equal or lower microhardness. During the pre-aging treatment, a large amount of ω phases precipitate in β matrix, and the local element 

distribution gradually becomes inconsistent due to the diffusion near the primary α/β phase interface, where the “α cluster” is locally 

formed during the subsequent aging process. 

Key words: near β titanium; duplex aging; secondary α phase; microhardness 
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