
� 50�    � 2�                                   ��������	                                 Vol.50, No.2 

2021�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2021 

�

�����2020-03-17 

���	����	
�������������2019-ZD08� 


���������1996���� �!"#$%&�	
$'��(�!" 100083�)*+010-82377286�E-mail: hj18437923589@ 

163.com 

 

3D ���������	
��� 

 

�����  ����	�
�� 

(!"#$%&�!" 100083) 

 

�  ��3D,-$'./0123456789:;<�=>?/@AB�CDE8��FGHIJK%LMNOP

�QRSTUVWAXAB�4589Y,-$'8��Z[�\]^_S`a$'8�Obcdefg/hi�

jJS67kV01flmnopqhi8rstuNvw�xpq$'89yz{�|}S~��@�W����

kV������8 3D ,-67���S�a��8 3D ,-AXAB�8DE�kVX���s�jJS 3D ,-

��sA��8����N 

����3D,-�AB��bcde�kV01��s 

�������TG146.23        ������A        �����1002-185X(2021)02-0709-08 

 

���������	
�����������

������������� �! �	"#

[1-3]

$

%&�'	()*+,-.�/01	234�$

5678()�9:�;<	=>�?@�A	BC

D1E

[4]

$�F�GH�����	IJ*KLMN

���OPQRS3	TU$ 

3D VWLMXYZB.8LM(AM)�[\]^

_`*aLM�RP��,bcd	efghaijk

lm�n1opq�[�rst'uvBCwxy�

BC�z?{|VW}~>��Kq	��|�c8

����

[5]

$�56	78�9���3DVW	��

���\xb�4C����.8<��j	���

��:�������8�78���>�w56.

8 ¡¢x£¤¥�	Kq�¦4C	D1EI

100%

[4]

$ 

§¨ 3D VWLM	©`GH�ªOª«R¬�

����	 3D VWLM��¬®¯°�±²G³

O�}�´µ��¤¶01$T�D����	 Avio 

·¸¹1º» Arcam·¸()	¼v½¾gZB.8

¿®()À GEnx GÁÂ	 TiAl A�ÃÄÅÆ

[6]

$

GKN ����·¸z?ÇÈÉ��ÇÈ�ÊËÌ�

9LM>�³À�Ík 2.5 m 	ÎÏÐÑb�´Ò¬

ÓÔc�Õj

[7]

$������D1 3DVW.8�1

���Ö×�¯Ø*k�1BC	²Ù=Ú

[8]

$ 

ÛÜ�x1\������Õj��.8	2Ý

VW�9xbukbÞ 4 ^

[9-12]

ßopà¾áa

�powder bed fusion��âã�ÊËÌa�directed 

energy deposition��yÔäÐåa�binder jetting�b

�BC�³a�material extrusion�$*K4æ	��

çâÀèé´�01	��¯�ê���ëìíxî

ïVW)ð	3ñòó�ô	VW�9�.õ³´^

Òa	�Õjbö÷����	�ñ$  

kF�+iøùÀòúÇÈ¾á�SLM��ÇÈ

�[ËÌ�LMD�w56=ûVW�9������

��	01üH�ýþÔÀI�O��VW�3DP�

��C��*a�DIW�2 ^�a�VW�9���

� �	²Ùëq$z?N�^��VW�9	4æ

�
Úü�u��	³À´�	����÷
���

�HÀ 3D VWLM�.8������j �	

GHÜ�$ 

����������

ÛÜ�l\opà¾áa	LM23��òúÇ

È¾á (selective laser melting, SLM)�¼v½¾g

(electron beam melting, EBM)b�òúÇÈ�Ô

(selective laser sintering, SLS)$l\opàVW	Â.

���æ����MIT�E��³�23�Nrs�

�[wopBC$�Â.,���l���]|��

	opBCz?g��ä�y�ä�t'�½��Ô/

¾g�O��¾gt Ô�]!��"#$VW³N



�710�                                           ����	
�6�                                           � 50� 

%k&

[9,13,14]

��94æ�' 1¥($îïopl�)

	Ô�Âæx�opà¾áa*u*+Ò$]Ò,b

SLM� EBMk,-	 .�Ô�Ô�?@G(� T

m

/2

� T

m


/��í T

m

,BC¾g01$2]Ò, SLS

	3�45�Ô�z61\.8�78Êx9:;�

�	�[trsBCí$ 

����������	 SLM 

SLM¯xbY
kÇÈopà¾á�L-PBF��,

ÛÜ�[ 3D VW*aí<1�=>	LM$¹1?

*;@ÈA_`¾gBC�[op���£¤DTK

qb�QR#$E�Ô�	�j�¤¶	.jFG1

xH 99%b�$IJºwK

[15]

l\ SLM VW*KÀ

��GÁÂÐÑ$L?MÊ�x£¤ 13.5%	NÊg

OP�VWQRS\ 0.2 mm�ö÷TÕ?>�	UÊ

3ñ�§V�j����H¶567�jW�$D1

SLM ý()ÀXRYZ[\��	 Ti5Al5V5Mo3Cr

��$��Ò)ð���]ð^(³YZ	[\���

_,]^�����Ôc01	`abòBC

[16]

$�

[/ TiAl l��,2]Òô1\�����©Â0

1	c(���Li w

[17]

.®À Ti45Al2Cr5Nb ���

]ð^(³�7jd'	e1$}²ÙÀl�B=0

1Nfc��g*���	hi$�(�����í�

SLM xb°1O.8QR��j��	QR����

��	Ö×�$HanwK

[18]

¹1 SLM�k�l��.

®À�1 Ti-Fe-Zr-Y�����lü*m	nopq�

Zr�sR*mt��¦u����\ Ti70.5Fe29.5�

Ti6Al4V��$ChlebuswK

[19]

òóÀ Ti6Al7N���

�kè	(��v�'\ Ti6Al4V�}¦¥()	]

ð	w�hÊ�e1� Ti6Al4V���x$êy��

z	¾Ú�G1^{���| SingwK

[20]

¯*}01

SLM .8³~�qÔc	�a�-z���}²ÙÀ

>��eN.8]ð	��?1�����	hi$

�+ PattanayakwK

[21]

��À SLMÇÈ}E���`

1��hh�w>��jN.®FG)ð	hi�}

.®ÀQRÒ�K���Ôc	«����$���

�E� 75%~55%�����1� 35~120 MPa
/�

¦��ì�-�RYZ	����ËÌO0$ 

z6�SLM)6<1�Í� 15~45 µm��	o

p�op��,'1 K	�}¦QR�NopÝÁ

&�g	�1u¡$QRYZÝÁ�	op¢�<�

£¡�¤µà|�bK*¥]|�¦§G1��¨'�

�k_©ª«ÝÁ$|,�¬ÌG1¯�0¨A�o

pàí�/¨�©F¾á�j³ë��

[22]

$_�®

^@1�©�'VW	*+$xÜ¯°	 K�o]

±²� 3000³/kg´µ$ 

���SLMVW��j?@í	�¶01·1]

±�¸��¦�¶`E¸'$����	¹ ?@í�

���	 β�º»k α�	?@O��ü��F¹

 gfíK*�Ê?¼�	�q½¾� α′

[23,24]

�¦½

¾�����¶`EG¿�¬$x�¶`Eª'��

½¾�	��ª*

[25]

$?*	ÀÁÔc�Â#$Ãã

\ÄqÅ��_©F����	´ã��$�F�

N�\�Æ56>� ¡�SLMVW�jQR�[�

�¸'�ÇH�¸Rw
Ú�_,�ÈÉ¶	

[26]

$

R²Ù�³�z?ÊG]Ë�a	��)6��Ì�

�

[27]

�xbÍZÎ:ç'=·1	Ï�ÐÑ�BÒ�

�����(�����í¯RÍZ	01Ü�$ 

��
������ EBM 

EBM�º»	 Arcam AB·¸ÊG��ÇÈòú

¾á�9���EBM<1	,;@	'�'`¼v½ 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  3a ¡¢£¤�b�67¥¦� 

Fig.1  Schematic diagrams of three types of powder bed fusion molding process: (a) SLM, (b) EBM, and (c) SLS 
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Fig.2  Mesh Ti64 alloy structures (a) and a titanium alloy replica 

of human vertebrae (b) fabricated by SLS technique
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Fig.3  Schematic diagram of laser engineered net shaping 
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Fig.4  Schematic diagram of the 3DP process
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Fig.5  Schematic diagram of the DIW deposition apparatus
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Fig.6  Ti6Al4V scaffold: (a) top view, (b) side view
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Progress and Challenge of 3D Printing Titanium and Titanium Alloys 

 

Wang Haojie, Yang Fang, Guo Zhimeng, Shao Yanru 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: 3D printing technology is challenging the dominant position of traditional manufacturing processes, especially in the field of 

metals represented by titanium alloys. In this paper, the research status of mainstream printing techniques used in manufacturing titanium 

and titanium alloys was introduced. The basic forming mechanism and existing problems of each technique were analyzed in detail. The 

challenges of process application and possible measures to solve these problems were pointed out. Meanwhile, the main advantages and 

disadvantages of these techniques were compared for selecting the optimum 3D printing process according to the practical application 

requirements. The representative applications and related properties of various types of 3D printing titanium and titanium alloys were 

summarized, and the development direction of 3D printed high-performance titanium parts was pointed out. 

Key words: 3D printing; titanium alloy; forming mechanism; application challenge; property 
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