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

2020�      3�                     RARE METAL MATERIALS AND ENGINEERING                          March   2020 

 

�����2019-03-15 

���	����	
��
�51404077������	
��
 (2015A030313775)����
������������� !"

(2019GDASYL-0402006, 2018GDASCX-0117)����#$%&'��� "( (2017A070701029)����)*+,%�-."(

(2018B090904004)��/0
1-."( (ZWY201704003, 201508030032) 


��
�2345651980�75895:;<=>5���
�� ���?@'A<%&B5��C�/C5106505DEF020-610861275

E-mail: zhiqiaoyan@163.com 

  

��������	��
� Ti-xFe(x=1%, 5%, 

10%, 15%)�
����	������� 

 

���

1

,

2

��  �

1

,

2,3

���	

1

,

3

�
  �

3

�
  �

3

 

(1. ���
�� ���?@'A<%&B5�� �/ 510650) 

(2. ��GHIJ
KLMN
<=1O%&PQ��� �� 510650) 

(3. PRS�5TR UV 410083) 

 

�  ��W HDH-Ti LXY� Fe LZ[@5\]^_`abc5defghijkXlmnojk(HSPT)pq Ti-xFe 

(x=1%r5%r10%X 15%, stdu)v
5wx%&y 2 zjk<{Pv
|}~r�nr���o�=X���~

^���k���FHSPTv
�J��|��5}~����hijkv
|}~�2z��p�v
P| βn�t

�� Fe�t|�A��A5�� HSPTpq| Ti-15Fev
��y TiFeP�n�HSPTv
pq�=P5Hw Fe� 

|¡¢£7y�¤|¥p¦g�§ Fe�t¨5%©5ªlc�v
| βn«¬­�®¯°±²°|³7 αn5´� βn�

�µ¶�§ Fe�t¨10%©5Fe��y��|·¸�¹© H� ºm βn»¼S½|�»��5��� Fe�t|�A5

βn¼½¾���HSPTv
|���~:�hijkv
5¿ÀÁ αn|���~� Fe�t|�A�Â��S� 

����Ti-Fev
�lmnojk(HSPT)�hijk����o����~ 

��	
���TF12�TG146.23        
�����A        
����1002-185X(2020)03-1031-07

 

��������	
���
��������

�
�������
������� 2������

��blended elemental, BE !"����pre-alloying, 

PA #$% BE�&������'()#*+,�!-

.�����/PA�&0123456789:;<�

�
����'()#*+,=>?-.�@A4B, 

CDE.

[1,2]

�F PA�GH#BE�I�JK
LMHJ

N#OPQ��	RST!UVWXYZ[I�\]


^_`#ab	'���	
���c�d=
efg

��h BE ���
��iQjk`�lmno]!W

Xpq4rs#t�u$=vLw#x$�yzLw

[3]

�

'u{|}~l�2��!�]=vLw#*���-

.�����/A�e3A4B,��#�������

BE �
��	


[4-6]

�ab#����
-.jk2e

f� BE���]Lw���
��� 

� j G � - . (hydrogen induced phase 

transformation sintering, HSPT)� 2012 �����qv


 Fang

[7-9]

 ¡4�¢
��*+£��0-.+¤%

�
G���]jk`l�� CP-Ti ! Ti-6Al-4V 
¥

ef#�¦&§�
	
�¨]Lw
������©�

HSPTef��ª« β-Ti(H)]¬-.lG8�!­�4

3®¯°#$%]¬-.Qn H

2


0±²��#*+ H

��
 βG³´µ�¶·®-.+¤¸¹QºH
G»

��#E¼
 H�½�-.jk2#¾�Qn�
0±

%¿¬ÀÁÂ¬`&²#Q β-Ti(H)��ÃÄ	 α-Ti(H)

! δ-TiH

2

#*+G8�¶�����2#c�ÅÆ��

Ç|ÈÉ
 H#Ê*+­�+¤%
G���Ë�2�

��Ì�Íef�¨
 CP-Ti! Ti-6Al-4V
ÎÏÐ`l

ÑÒÐ`lÓÔÕlÖ×ØÙÕRÚ' 687 MPal568 

MPal24%l35%! 1036 MPal943 MPal15%l27%#

JÛ ASTM
G�ÜÝÞÅÆ-.ßàá)
Lw#P

Hnoâã ASTMÜÝ�ä(150 µg/g)�HSPTef�å

æçèéêuëì
�í��îïð¢

[10]

#ñ�	



Ti���efF HSPTò�¶�#�¦��¢óô2�

�]LMH������©
¥;<� 

õö#Ì� HSPTef�����
÷øù��ú%

Q α-Ti(CP-Ti)!(α+β)-Ti(Ti-6Al-4V)�ûà���[#÷

øüýú%Û­��
WX!Lw

[11]

#þ HSPT­�ö�



Ã1032Ã                                      IJ
K?@'<=                                               � 49� 

 

WX
��+¤÷ø§�#OP�Ã�Û HSPT����

�
÷øæç�������� Fe����	
 β-Ti³

´��#_ÛM
��#Q���YZ%�K
K�
¶

�

[12-14]

#
÷ø&�	
l��ëì
 Ti-Fe��'÷ø

þ�#RÚÌ�ÅÆ-.! HSPT-.�� Ti-xFe��#

þH÷øu 2�-.ef%��
k`l�GlWX��

+¤!UV�`4#�� β-Ti ��Q HSPT ef%
-

.jk2��!�GFWX��ó�#��Ì� HSPT

ef���	
���� β���
��L� 

��������

&����' 70 µm
 HDH-Ti��O�oR�

' 0.2% ! 7 µm
�� Fe�'()# Ti-xFe��

% FenoRÚ' x=1%l5%l10%! 15% (�oR�, 

²ß)!"��#���#�$%&'ôI%#Q 180 

MPa,=²Ì��4B,��	Ä#¾�ñ(¨)*

RÚ��ÅÆ-.!HSPT-.��Ti-xFe(x=1%, 5%, 

10%, 15%)���$%ÅÆ-.Q]ÅÆ-.+%�

�#-.¬`' 1200 ,#-.-.' 4 h#·®-.

+¤%/¹ÅÆ`01×10

-3 

Pa/HSPT-.R' 2°#

1 1°'n�
0±-.¯°#Q0±-.+Ã��#

-.0±' H

2

*2no' 10%
 H

2

-Ar��0#-.

¬`' 1200 ,#-.-.' 4 h#3�& 3 ,/min

4Õ56¿¬À 300 ,Ê/¬ 3 h/1 2°'ÅÆ­

�¯°#Q]ÅÆ-.+Ã��#-.¬`' 750 ,#

/¬ 8 h�I*
-.ef78 1(�� 

 

 

 

 

 

 

 

 

 

Ä 1  jk<{ÅÂ 

Fig.1  Processing curves of vacuum sintering (a) and HSPT (b) 
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Fig.2  Density of Ti-xFe (x=1%, 5%, 10%, 15%) alloys prepared 

by different sintering processing 
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Table 1  Interstitial element content in Ti-xFe (x=1%, 5%,  

10%, 15%) alloys (ω/%) 

Vacuum 

sintering 

HSPT-H HSPT-DH 

Fe 

O content H content 

H content O content N content 

1 0.25 0.14 0.005 0.28 0.04 

5 0.23 0.17 0.009 0.24 0.03 

10 0.23 0.15 0.005 0.23 0.03 

15 0.24 0.17 0.008 0.24 0.03 

Note: H: hydrogenation; DH: dehydrogenation 
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Fig.3  XRD patterns of Ti-xFe (x=1%, 5%, 10%, 15%) alloys prepared by vacuum sintering (a), HSPT-H (b), and HSPT-DH (c) 
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 4  Ti-xFe(x=1%, 5%, 10%, 15%)��� BSED�� 

Fig.4  BSED images of Ti-xFe (x=1%, 5%, 10%, 15%) alloys: (a, d, g, j) vacuum sintering; (b, e, h, k) HSPT-H; (c, f, i, l) HSPT-DH;   

(a~c) 1%Fe; (d~f) 5%Fe; (g~i) 10%Fe; (j~l) 15%Fe 
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Table 2  EDS results in Fig.4h (ω/%) 

Point Ti Fe 

1 100.00 - 

2 65.53 34.47 

3 88.32 11.68 
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Table 3  EDS results in Fig.4l (ω/%) 

Point Ti Fe 

1 100.00 - 

2 74.83 25.17 

3 83.39 16.61 
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Table 4  Microhardness of Ti-xFe(x=1%, 5%, 10%,  

15%) alloys (MPa) 

Vacuum sintering 
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x/% 

α β α β 
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Abstract: After cold isostatic pressing formation of HDH-Ti powder and carbonyl Fe powder as raw materials, Ti-xFe alloys (x=1%, 5%, 10%, 

15%, mass fraction) were prepared by vacuum sintering and hydrogen induced phase transformation sintering (HSPT). The density, phase, 

microstructure evolution and microhardness of the alloys in the two sintering processes were compared. The results show that the HSPT alloy 

contains more pores and the density is significantly lower than that of the vacuum sintered alloy. The content of β phase in the two alloys increases 

with the increase of Fe content, and TiFe phase appears only in the Ti-15Fe alloy prepared by HSPT. During the preparation of HSPT alloy, H has 

a significant inhibitory effect on the diffusion of Fe. When Fe content is no less than 5%, short rod-like or needle-like secondary α phase is 

precipitated inside the β phase of the alloy after dehydrogenation, which makes the β phase structure fine. When Fe content reaches 10% or higher, 

significant enrichment of Fe appears. At the same time, H leads to coarseningof the β phase, and the β phase coarsening is more obvious with the 

increase of Fe content. The microhardness of HSPT alloy is higher than that of the vacuum sintered alloy, especially that of α phase increases 

linearly with the increase of Fe content.  

Key words: Ti-Fe alloys; hydrogen induced phase transformation sintering (HSPT); vacuum sintering; microstructure evolution; microhardness 
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