
� 49�    � 11�                              ��������	                                  Vol.49,   No.11 

2020�      11�                     RARE METAL MATERIALS AND ENGINEERING                     November  2020 

 

�����2019-11-05 

���	����	
��
���2016YFB1100103������������������BK20180985�������������


 !"���18KJB430011� 


��
�#�$%&%1995�'%()'%���*+�,-��./0�1%�� 2� 212003%E-mail: 563133281@qq.com 

  

������ Al-Mg-Sc-Zr ��	
��
��� 

 

���������  	�
  ����
������������ 

(���*+� ,-��./0�1%�� 2� 212003) 

 

�  ��3456789:(SLM)*;<= Al-Mg-Sc-Zr>?�%@A
 BCD/EFGH>?�IJKLMNOC

DPQRSTUH SLMKLVWXYZ[�M\]^_`abcd%e�78fgZh78ijklm%SLMKLV

W]nolp�`qVWrstuvwxy9z{{|}]~�XY%9z��Z9z����e������`�

CD�lPQRS�%VW]�lZ�����l�����h`SLMKLVW� 400 �PQRS 3 h����l�

y�+�(469±4) MPa` 

����56789:�Al-Mg-Sc-Zr?��PQRS�~�XY�[�M\ 

�������TG146.21        ������A        �����1002-185X(2020)11-3882-08 

 

��������	
��
�������	


��������������� !"#�$%

&'()*+,-./01��2��3456�7

8�9:;<�01 =>?@��

[1-3]

(ABCDE

�(selective laser melting, SLM)./FCDGH��

Ilaser additive manufacturing, LAMJ./��K�L

M	�NO�PQ���345R6�56 STU

V1WXY�L?@Z[M	\]

[4,5]

(^_�SLM.

/�`abc/d���d�efgh( 

Al-Mg ijk3lmno�01p���qr�

stu�vw��(ef*+xyz{|}{~��

�������

[6-8]

(�*+�������
�

Al-Mg k3��0k3��#����k��

[9-11]

(

0��� Sc� Zr��L�� Al-Mgk3��

[12]

��

������O���H��stu��

[13]

(���

Al-Mg-Sc-Zr k3�� ¡¢��£UVT�¤S 

¥ Al¦�§¨�©ª Al

3

(Sc, Zr)�«�G0H��¬

c��

[14]

(­)�jk3�®� S���¯°±²�

Sc � Zr ��� Al ¦���¡¢O³8ISc � Zr �

j��´8¡¢Oµ¶! 0.32%� 0.28%�·�µ¸J�

¹º»�k3¬c���¼½��

[15,16]

(SLM./�

01 S���E¾¯¿°O´ÀI10

3

~10

6

 K/s

[17]

J�

Lm£�� Sc� Zr��� Al��¡¢O(ÁÂ�¦

x SLM ./�L� Al-Mg k3��?�� Sc � Zr

��#��k3�¬c��( _�� Sc � Zr Ã�

Al-Mg-Sc-Zrjk3� SLMgh� !ÄÅ(Æ

Ç©È?c� Shi

[18]

�É*+ SLM ./�2b

Al-3.40Mg-1.08Sc-0.23Zr k3�$���CD��Q

OÊË`Ì
� S�±o�)�ÍCD��QOÊ

Ë`Ì
�¬c��±Î�ÁÂ�*+ SLM./�2

jk3����
�kÏ�Ì
� S��¬c�

� ( Spierings

[19-21]

� É * + SLM . / � 2 b

Al-Mg-0.66Sc-0.42Zr-0.49Mnjk3(�ÐÑÒ�SLM

 SÓÌ
Ô
ÕE¾Öd��×�Ø��E¾ÙR

�Ú?ÛÜ�� �Al

3

(Sc, Zr)©ªÝ�Þ!�Ø��

ß·SàÅ�Ô
µáxE¾Öd�)E¾ÙRAl

3

(Sc, 

Zr)�«±â(��£UVT�ÛÜ�ÙRãäm?�

Al

3

Sc�«åq�æ)?@�� Al-Mg-Sc-Zrk3�¬

c��(Croteau

[22]

�Éghb SLM  S Al-3.66Mg- 

(1.18~1.57)Zrk3�¬c��(�ÐÑÒ�ZrÃ��

G0Lm£G0k3�çO���è¼±��éêë

Iì 25%J��£UVT�ÕxE¾ÙR Al

3

Zr�«�

åqí`Ì
�¬c��î�ï���ðF�Õxñ

k3�òó Sc ���ô­k3� Zr �õO±��ð

�çOÒ<Íx SLM SÃ Scjk3(Ç©ÈGH

���ö� Jia

[23]

�Éghb Al-4.52Mn-1.32Mg- 

0.79Sc-0.74Zr k3� SLM  S��¬c��(�Ð

ÑÒ�k3� Mn Ã����Lm£G0k3� S

��¬c���÷Ë`k3�� �£UVT��ø

êùúçOLû 560 MPa�!�m SLM Sjk3�

ü�ý( 



� 11�                               #�$��56789: Al-Mg-Sc-Zr?�KLMO[�M\                   �3883�  

�þ�^_c/d� SLM  S� Sc{Zr Ã�

Al-Mg-Sc-Zr jk3mb���gh�ð�Ù�xñ

�jk3 SLM gh���±â(=gh�2b±�

Sc{ZrÃ�(Sc+Zr = 0.78%, ·�µ¸)� Al-Mg-Sc-Zr

jk3���	
b Al-Mg-Sc-Zrjk3� SLM S

��¬c��( 

���������

�� N

2

��º�2 Al-4.55Mg-0.47Sc-0.31Zr- 

0.68Fe-1.53Cu-0.53Crjk3��(í+ Winner 2006A


CD�Oµå�����Ì
���µá(Õ

Icp2060t
��«���D��(ICP)����Ì
�

 µ(� ProX DMP 300
 SLM�2�2Ì
�Ì


 S��!�� 24 mm�16 mm�20 mm(Ì
� SLM

 S1W�¸!�CD�ë 200� 250 W���°O

500~1400 mm/s�D��� 75 µm��� ! 75 µm�

"�#O 20 µm�$%& 90°� SÌ
'()* 1(

��+¦ª,-.º��Ì
�QOIV/QO!

2.82 g/cm

3

J(í+ Axioskop2-MATDc<01(OM)

� JSM-6480 ��2«<01(SEM)34��� SLM

 SÌ
�Ñ5S6�0378(í+ HXS-1000TAC

pO�����Ì
� VickerspO���9:! 300 

g�è9� ! 15 s(í+ CMT5205;��<=��

Ì
�>Z���Ì
!� 6 mm{�� 3 mm�?@�

>Z°ë! 0.18 mm/min(Æ

������	
�

���������	
�

* 2!Al-Mg-Sc-Zrk3��� SEMÑ5S6'(

� OM A5'((æ* 2a �L�Bq����CSO

no�LèD�� SLM01���"��EFîG

[24]

(

æ* 2bL�Bq�����ö��¸�±â�±â�

�ö�L��� SLM  SÌ
�PQO(����Æ

 

 

 

 

 

 

 

 

 

 

 � 1  SLM<=VW�  

Fig.1  Photograph of SLM-formed samples 
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� 2  Al-Mg-Sc-ZrIJVW] SEMc!L¡Z¢!�£� 

Fig.2  SEM (a) and OM (b) images of Al-Mg-Sc-Zr powders 
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Fig.3  Particle size distribution of Al-Mg-Sc-Zr powders 
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Fig.4  SEM images of upper surface of SLM-formed samples under laser power of 200 W with different scanning speeds: (a) 500 mm/s,  

(b) 700 mm/s, (c) 900 mm/s, (d) 1100 mm/s, and (e) 1400 mm/s 
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Fig.5  SEM images of upper surface of SLM-formed samples under laser power of 250 W with different scanning speeds: (a) 500 mm/s,  

(b) 700 mm/s, (c) 900 mm/s, (d) 1100 mm/s, and (e) 1400 mm/s 
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Fig.6  OM images of SLM-formed samples in vertical section under a laser power of 200 W with different scanning speeds: (a) 500 mm/s, 

(b) 700 mm/s, (c) 900 mm/s, (d) 1100 mm/s, and (e) 1400 mm/s 
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Fig.7  OM images SLM-formed samples in vertical section under a laser power of 250 W with different scanning speeds: (a) 500 mm/s,  

(b) 700 mm/s, (c) 900 mm/s, (d) 1100 mm/s, and (e) 1400 mm/s 
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Fig.8  Relative densities of SLM-formed samples regarding laser 

power and scanning speed 
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Fig.9  OM (a) and SEM (b) images of SLM-formed samples; corresponding enlarged SEM images of molten pool boundary (c) and  

molten pool (d) 
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Fig.10  Evolution of the Vickers hardness of the SLM-formed 

samples annealed at different temperatures for 1 h (a) 

and at 400  for different time�  (b) 
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Fig.11  Compressive behavior of the SLM-formed samples with 

different aging temperatures (a) and summarized results 

of yield strength (b) 
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Fig.12  SEM images of SLM-formed sample (a) and the sample 

aged at 400 �for 1 h (b) 
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Fig.13  Compressive behavior of the SLM-formed samples aged 

at 400 � for different time (a) and summarized results 

of yield strength (b) 
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Formation and Mechanical Properties of Al-Mg-Sc-Zr Alloy Prepared  

by Selective Laser Melting 

 

Chen Jinhan, Geng Yaoxiang, Hou Yu, Tang Hao, Luo Jinjie, Yu Lihua, Xu Junhua, Ju Hongbo 

(Jiangsu University of Science and Technology, Zhenjiang 212003, China) 

 

Abstract: Al-Mg-Sc-Zr aluminum alloy was prepared by selective laser melting (SLM). The effects of different processing parameters on the 

formation and that of different aging conditions on mechanical properties of SLM-formed samples were investigated. The results show that the 

high density samples can be obtained at a high laser power and a low laser scanning speed. The layer-by-layer stacking of the molten pool can 

be observed along the deposition direction of the sample. The nanoparticles are observed at both the inside and boundary of molten pool. After 

aging treatment at different temperatures, the hardness and compressive yield strength of the sample first increase and then decrease. The 

maximum yield strength of (469±4) MPa is achieved after the sample is aged at 400 ° C for 3 h.  
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