
� 48�    � 10�                                   ��������	                               Vol.48, No.10 

2019�      10�                        RARE METAL MATERIALS AND ENGINEERING                     October 2019 

�

�����2018-10-26 

���	����	
	1990 ��	�
�	���������������	�� �� 210009	���025-58788296	E-mail: 

zhangshaochi@njtech.edu.cn 

 

��������	
��
�� 

���������� 

 

���������	
�����
����  � 

(������	�� �� 210009) 

 


  ��� !"#$%&'()*+,-$./0'1!"	234!"56789:;<=>?@selective laser 

melting, SLMA0'1BC/DEFGHIJKLMN6OPQRS/TUVWXYZ	[\!]^_`	!"ab-

cd	ef8cd	ghijkl?*mno3p,-!"DEO	qrBC/sjktu 99%vw	Yxyzk[!

"a\!{G/_`gcd	\!Gu 23%|	}~���oqrOIJKRS��x��� β �,	������

�� α′	��x��Zm���o��� α′u 600~800 �$���� α+β	�u 800 �/4 h��N6O α+β��lyV

MN6|��������k%|�	 ¡��y?V 

�
��!"78o:;<=>?oPQRSoMN6 

�������TN249�TG166.5        ������A        �����1002-185X(2019)10-3234-07 

 

������ 3D��	
��
����-���

����������� 	!"#$%!	&'�

���()*+,	-.//012345	678

9:�;<=>?>@(AB

[1,2]

CDEFGH�

ISLMJ����.FGKLM	NOPQRSTU

,UVWX	YQRH�Z	UV['=U\]^�

�	_`abcdef��gh�i�C��jkl	

QRmFGn:o��H�	pmFG�qZ]^i

�r�stCQRu�+v
wx��Zyz{|�

}
~��

[2-5]

C��	��QRu�+vNDEFG

H��wx	N��QRu�+v	��QRN��

������v	������ef�{|.�2�

��O��!"�����C 

QRu�+v����i�=��=��v= 

¡¢�(	��v= ¡¢�(£i�¤��"¥&

'�¦§

[6]

	��	i�¤��¨©
wx����

{|�¦ª��C«l¬�/­®¯°(±

[7]

²:³

´�¤µ´����¶·¸QR2�QRi�N��

��{|�wx	¹º¡»	¼�QR��¨©
~

'g	½�¾�i¿ÀmÁ/ÂÃCµ´�QRi�

¶ÄÅ	ÆiÇÂ	ÈQÉº¶Ê	³´�QRÆi

ÇÁË	ÈQÉºË	��{|ËCÌÍ�Î/­Ï

ÐÑ

[8]

3`	QR��¨©N SLM�i{|"&'w

xCm�ÒÓÔÕ	OPQR&�Ö×Ö"Ø�H�

�i	�f�ÙÚÇÖ�CmÛÜÝf�FGGÞn

:o	×���QR¾� ¡¢�ÛNÁ/	ßà�

H�	áâãäÁ��ÙÚÇ	½��å×�QRI×

� 10 µmJ��vÂ	¶à�ÈQ	à��Q\æÇ

¶�Ù	çè�f��i{|CAziz

[9]

=Kobryn 

[10]

(

±²:¶Ü��Qéê	ãäë¶Ü��¨©�QR	

pSTë SLM_ìC¹º¡»	í:³´�QRãä

����f�îï%|=ðñòÇ=óôòÇ¤õÇ

(ö­v÷øù�úû� Ti6Al4V�üC 

ýþ��	OPQRu�+vN�}�yz{|

����	QR�i�=��¨©¤��v�wxÈ

QÉº=QRH�jk.�H�i�(	}�wx

SLMef�{|C�âg	
N������þ¦�

ß�	âN���üN�O{|wx�2�
�Á�	

$�ß��78�2���üN�O�wx��	�

S����� 3�C
��	~_ìD:��OK

2�N�	�,2�QRu�+v¤Z��N�i�

�¤yz{|�wxC 

��������

_ì�üD:³´���� Ti6Al4V�OÆiQ

R	QR�¨�¡ 1��C�j���� !� ¨	 

 



� 10�                       ���¢�!"78LMN69:;<=>?0'1RS£l/TU                    ¤3235¤ 

� ���Ti-6Al-4V !"#$%� 

Table 1  Chemical composition of Ti-6Al-4V alloy 

powders (ω/%) 

Al V Fe C O N H Ti 

5.96 3.83 0.16 0.01 0.1058 0.0094 0.0016 Bal. 
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Table 2  Physical properties of powders with different 

particle sizes 

Powder 

number 

Particle 

size distri- 

bution/µm 

Fine pow- 

der volume 

fraction/% 

D

50

/ 

µm 

Mobility/ 

s·50g

-1

 

Apparent 

density/ 

g·cm

-3

 

1# 15~53 10 40 33.7 2.19¥0.01 

2# Mix 23 34 32.7 2.37¥0.01 

3# 0~53 36 32 No 2.21¥0.01 
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Fig.1  Particle size distribution of different powders 
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Fig.2  SEM images of different powders’ morphologies: (a) 1#, (b) 2#, and (c) 3# 
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Fig.3  OM images of powders section: (a) 500× and (b) 1000× 
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Fig.4  Surface roughness of parts from powders with different 

particle sizes 
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Fig.5  OM images of parts from powders with different particle sizes: (a) 1#, (b) 2#, and (c) 3# 
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Fig.6  OM images of the cross section of parts from powders with different particle sizes: (a) 1#, horizontal section; (b) 2#, horizontal 

section; (c) 3#, horizontal section; (d) 1#, vertical section 
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Fig.7  XRD patterns of parts from powders with different particle 

sizes 
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Fig.8  OM microstructures of the parts treated at different annealing temperatures: (a, b) 400 �, (c, d) 600 �, (e, f) 800 �, and (g, h) 850 � 
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© 9  *+�k�� SLMq­BC/ XRD©± 

Fig.9  XRD patterns of SLM-processed parts annealed at 

different temperatures 
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© 10  IJK% 800 ���O SLMq­BC/ TEM²� 

Fig.10  TEM microstructures of SLM-processed part and 800 � annealed part 
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Effect of Powder Properties and Heat Treatment on Microstructure 

Evolution of Selective Laser Melted Titanium Alloy 

 

Zhang Shaochi, Sun Zhonggang, Liang Zulei, Zhang Wenshu, Chen Xiaolong, Chang Hui 

(Nanjing Technology University, Nanjing 210009, China) 

 

Abstract: Titanium alloy powder with different particle size distribution was obtained by powder screening and mixing. The effects of 

physical properties of powders on the quality and deposited- and heat-treated-microstructure of selective laser melted (SLM) titanium alloy 

component were studied. The results show that with the increase in the proportion of fine powder, powder median size decreases, fluidity 

decreases while the bulk density does not change significantly; the relative density of parts from the powder with three kinds of particle 

sizes is more than 99%; the surface roughness decreases with the increase of fine powder content; when the quantity of fine powder is 23%, 

the minimum porosity forms after deposition; the as-deposited microstructure of the cross section is primary β grain, the internal is acicular 

martensite, and the longitudinal section is the visible columnar crystal; heat treatment results show that martensite decomposes to α+β layer 

at 600~800 ºC, and the α+β layer becomes thicker at 800 ºC. The annealing temperature and time during the heat treatment process should 

be strictly controlled to avoid layer coarsening. 

Key words: powders properties ; selective laser melting; microstructure; heat treatment 
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