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± 1  Ti-NiAB�CD\N9`± 

Fig.1  Particle size distributions of Ti-Ni pre-alloyed powder  

used for EBM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 2  EBM1 Ti-NiAB�CDZ«f²3³´«rwµ¶ 

Fig.2  SEM images of Ti-Ni pre-alloyed powder used for EBM: 

(a) surface, (b) cross section morphology, (c) locally 

magnified image of Fig.2a, and (d) cross section 

microstructure after erosion 

 

¬­��H6cßno��ú²�\]p²�tqrA

Î�kl�ú²�\p²êÞuv�fkl(�

[8]

0H

I��\]]^ÞMÝ(��æ�P 2b% ¡�(A

��\]YÒ56A¹"w\x�0y���\]z

�{ú�êÞ�æ�P 2c%�]^Þ89(�EF�

��P 2d% ¡�(A���\]m~|��}|¡

å~|�æ�fA1RS³´� 2~10 µmAT(i�

È��o�����

[15, 16]

0ÇhyP 2c  Î��H

I»fgb�mIý²�\p²cú²�\p²qr

(�êÞde�f0 

���� EBM 
�� Ti-Ni 	
�������� 

ãä��ÕAEBM �zå\]_ÊÙ��AØÙ

�B�.� 1AEBM -C#A���\]��1c�

»úC-CA�Móô«?å�M�?®�H6¡Mó

ô���w������f “�\” (�A���\]

�Móô
â+�aAv��ãäÎ���5� 2A�

�\]�M+�AjF�~��t�c( ¡ÁÂz�

M�X�
Uf�FÛ+M�¾���úA[ãä��

u;�����ãäÎ���5� 3Aô�d�Û\]

c�´\]ö1x��ú��¤�AW�¤�-[Ñd

�\]��o�A��fbu;be�GA���X�

��i(0XÇfÈÛ�12x��¤�Av[ÑfÈ

�� ���A¡L�¢AUfãäÎ���

[11-13]

0B

CAãä��Õ�zå\]_�����É EBMãä

a 

b 

c 

d 

25 µm 

5 µm 

5 µm 

5 µm 

0 20 40 60 80 100 120

0

5

10

15

20

25

30

35

40

 

 

P
e
r
c
e
n
t
a
g
e
/
%

Particle Diameter/µm



°3220°                                     ·¤��+,-./                                               � 49� 

Î�EÑ£�¤ÙA�XÇ��"P\]�+-X�

�A�,�34�¥�����G Ti-Ni���\]A

ÊÙÉ���¤¯°ÎÏ¦§0 

P 3�XÇ��¿O¤6 EBMH Ti-Ni���\

]� DSC  ;0 ¡¨iA��� Ti-Ni ���\]

�
�������4ò/þ��{�©AcÇ�ÌÍ

O��ý²� SLM H Ti-Ni ���\]ª4 1 /þ�

�{�©XÇ

[14]

A«¬�e���\]²¤�TúA

\]+�f��ÑX��A�þ��{����i(ò

­ !"/$!"��0�e��¿�¤�¦#Aò­

��©�/°^�®¯AT(i��Èò°± ²��

��

[17]

0³��¿�¤´» 550 0hA
�����

����©�f 1/Aö(���¿�¤¦#Aþ��

{�©�°CXµ�;�e0 

P 4� EBMH Ti-Ni���\]��¶���¿

�¤��e0��¿�¤#I 550 0(A
����

������\] !"��å1²�������

��P 3%A¶W�¤6 M

f

� !"��·f�¤%�

A

f

�$!"��·f�¤%���¿�¤¦#�T


�¸��¹4º»0b»��¿�¤´ 650 0hAM

f

� A

f

 Xµ�e��¿�¤�¦#�TúA¼½��

¾���A�,��51.0±2.0%0� (105.0±2.0) 0A

��I����¿����\]¦#¿ 26� 22 00 

XÇ��¿O¤6 Ti-Ni���\]� XRDPÀ

aP 5 ðB0~Áê¬A���\]���f���

�¿�¤¦#������;�eAc\]��¿�

�ÇAÂ�6½�m B19′ !"å Ti

2

Ni ��f0B

CA���¿�¤�¦#A�
�������ò�

��»�������Ã�¡å��¶��e�X�

���\]���¿����;���Uf�0 

 

 

 

 

 

 

 

 

 

 

 

 

± 3  t¸JKL?N¹ Ti-NiAB�CDE DSCº» 

Fig.3  DSC curves of Ti-Ni pre-alloyed powder used for EBM 

under different heat treatments 

 

 

 

 

 

 

 

 

 

 

 

 

± 4  Ti-NiAB�CDqS�IJKLMNEST 

Fig.4  Phase transformation temperatures for martensite finish 

(M

f

) and austenite finish (A

f

) of Ti-Ni pre-alloyed powder 

used for EBM at different heat treatment temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

± 5  t¸JKL?N¹ Ti-NiAB�CD XRD±¼ 

Fig.5  XRD patterns of the Ti-Ni pre-alloyed powder used for 

EBM under different heat treatments 
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± 6  EBM1 Ti-NiAB�CDJKL�Z«f²3³´«r

wE SEMµ¶ 

Fig.6  SEM images of surface (a, c) and cross section microstructure 

(b, d) for Ti-Ni pre-alloyed powder used for EBM after 550 

�/30 min/AC heat treatment (a, b) and after 650  �/30 

min/AC heat treatment (c, d) 
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± 7  Ti-NiAB�CD¡t¸JKLMN¹E�X _ 

Fig.7  Sintering states of Ti-Ni pre-alloyed powder used for EBM after heat treatments of 650  �/30 min/AC (a), 750  �/30 min/AC (b) 

and 850 �/30 min/ AC (c)
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± 8  Ti-Ni AB�CD 750   �JKLOPt¸QRE DSC  

º» 

Fig.8  DSC curves of Ti-Ni pre-alloyed powder used for EBM 

under 750 � /30 min/AC heat treatment for different 

cycles 
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Fig.9  Phase transformation temperatures of Ti-Ni pre-alloyed 

powder used for EBM under 750   � /30 min/AC heat 

treatment for different cycles  
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± 10  Ti-Ni AB�CD 750  �JKLOPt¸QRE XRD

±¼ 

Fig.10  XRD patterns of the Ti-Ni pre-alloyed powder used for 

EBM under 750  � /30 min/AC heat treatment for 

different cycles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 11  EBM1 Ti-NiAB�CD 750  �JKLOPt¸QR½

EZ«f² SEMµ¶ 

Fig.11  SEM images of Ti-Ni pre-alloyed powder used for EBM 

under 750 �/30 min/AC heat treatment for 3 cycles (a), 

5 cycles (b), 7 cycles (c) and 9 cycles (d) 
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± 12  EBMkl Ti-Ni®¯X=s¾¿Z«G®¯Z« 

Fig.12  Surface topography of the forming chamber after the 

complete printing for EBM used Ti-Ni pre-alloyed 

powder (a) and SEM image of the Ti-Ni sample 

fabricated by the EBM (b) 
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Properties of Ti-Ni Pre-alloyed Powder Used for Electron Beam Melting 
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Abstract: The properties of pre-alloyed powder have an important influence on the additive manufacturing process, especially for Ti-Ni 

alloys with special shape memory effects. However, there are limited reports on the studies for the variation of Ti-Ni pre-alloyed powder 

with heat treatment temperatures and number of thermal cycles. In this work, the phase transformation behavior, microstructure and phase 

composition of 53~106 µm Ti-Ni pre-alloyed powder used for electron beam melting (EBM) were studied using the differential scanning 

calorimeter, X-ray diffraction, and scanning electron microscope. The results show that the powder has good particle size distribution, 

internal filling and spherical topography, and suitable for EBM process. The structure and composition become uniform, internal stress and 

dislocation are eliminated and crystal grain size grows with the increase of heat treatment temperature, which causes the original 

multi-step phase transformation to one-step phase transformation during the heating and cooling process after 550 °C and the phase 

transformation points maintain a stable state after 650 °C heat treatment. The phase composition is not changed during the heat treatment 

process and the powder has best sintering state at 750 °C. The phase composition, one-step phase transformation behavior and phase 

transformation points are all not changed for the powder during 750 °C thermal cycles test, indicating good thermal cycling stability. Ti-Ni 

solid samples with good surface condition are successfully prepared under 750 °C preheating temperature for bottom plate and powder 

layer. 

Key words: Ti-Ni pre-alloyed powder; electron beam melting; heat treatment; thermal cycle; phase transformation behavior    
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