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® 1  Inconel 738H!¯°G�±�²³´ 

Fig.1  Morphology of Inconel 738 superalloy powders (a) and 

particle size distribution (b) 
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® 2  @A89FGµ�®1¶·¸¹± SLM
º��» 

Fig.2  Schematic of selective laser melting (a), scanning strategy (b), 

and SLM technology printing samples (c) 
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® 3  SLMFG Inconel 738H!\]I=>c89:;<=>

EQ¼C 

Fig.3  Variation of the relative density with volume energy 

density of Inconel 738 alloy by SLM forming 

�#mz{�2$��]ZU� ρ=99.4%�L�. 3

\]�34�2-+�q���� SLM������

� Inconel 73889op��M34�/��!"#$

� E� 23.1~171 J/mm

3

���� Inconel 73889 SML

:;01�opqr����-. 4a~4c ��+

E=23.1~61.9 J/mm

3

�x|}���t'��W3���

��l�t��mz{c#t��L 5G ��!

"#$� E�(_���¡"#�K�¢£_
t¤�

¥¦§¨©ª�«_¥!�¬�tK�®¯�°±

¯��²"³t´�¥¦�µl¶³�·¸d��“¹

Nº»”�9Q�R¼G½¾¿NÀÁ¥N��Â�Z

ÃÄ2'#½¾ÅÆ�xy�����W3��“`a

x”

[16]

�Ç�5GÈ!½"É_ÊÅËÌTÍ���

z{|}�ÎÏ��K�2$�- ��!"#$�

E+ 65.2 J/mm

3

_��01 XYlÐ�6ÑnÒ]ÓÔ

“ÕÖ�”�×%u. 4dvw&�L 5 n� n+1Ø 90°

�ÙÚ���	v2�5G��!"#$� E?'�

¥¦¬�ÛU�µl¶³�È!�°±¯?@-̂ _�

U�¬�Ü\¥¦�Ý�tU��Þ��Ü\È!Ý

�K�ßà��áq�È�âã�YU��äØÑÉ

�äåæç
�©ª�«è�9Q�RST��/U

�"#Ü\È�éêëìí�_
�îéÈÂ9Q�

®¯�ÎÏÊ]ËÌ
ÊÅËÌTÍ�~�ïð

z{�YU�2$� ρ

[17]

�vÑ«_z{�ñy�c

#Z����!"#$� EZò-ó«�SLM��`

abcZò- ��!"#$� Eô� 65.2 J/mm

3

_�

õö÷ø“ù�x”�u. 4e�4fvw�L ó+��

!"#$��U�¥N9Q�¬�úûê¨ÐÛ� 

¬�ô�üýþ�_�úû���Nö�����ü

ýú¾ Ar

2

��	-=>���
������

���¥¿9Q���Çïð2Ü�!¾��]¥

¦�W"É_�õ

[18]

 �Ä22$� ρ dJ-tKÀ

tU��!"#$� EVû��xy|}����ö

�� SLM�� Ti-5Al-2.5Sn����¾�ö

[19]

-  

^_�/2$�ZU�01qrop���. 5

 ��!"#$�+ 65.2 J/mm

3

_ SLM �� IN738

01 XY lÐ� SEM ��-Î. 5a �6Ñ�õ��

�	������	� v!��3�“ÕÖ�”�

×-XYlÐ�opW"#��ä$ª��%��&+

90 µm��`a'(�	
�+ 90 µm)8t*�L

Ü\+�ä�	,-ç
�¥¦$ª�+ 10%-. 5b

+ 5a �$ª�� A ��.'.�opOP5/(�

0Ì�t/�1�Ì��^����1�Ì�2r3

4�u. 5cvw�L ó+2rG:;hi�äåæ

ç
�hi��2r�¥¦�Þhi��2r�Ü

20 40 60 80 100 120 140 160 180

88

90

92

94

96

98

100

 

 

 

 

R
e
l
a
t
i
v
e
 
D

e
n

s
i
t
y

/
%

 

Energy Density, E/J·mm

-3

 



ª3730ª                                         «�!"¬&�Z                                            � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

® 4  XY½¾¿89:;<=> EkQ OMÀÁ 

Fig.4  Optical images of SLMed IN738 under different volume energy densities in XY plane: (a) 23.1 J/mm
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® 5  I=>stQ\] XY½Q SEMÀÁ 

Fig.5  SEM images of SLMed Inconel 738 alloy with the highest density in XY section: (a)Âchess broadÃmicrostructure; (b) overlap 

region; (c) columnar grain; (d) cellar grain
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� 6  �������	 YZ
� SEM�� 

Fig.6  SEM images of SLM deposited Inconel 738 alloy with the highest density in YZ section: (a) molten pool morphology; (b) molten 

pool magnified morphology; (c) overlap region; (d) elongated columnar grain 
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12ô,-.-Ì ýü×$Q;-mäþ� SLMû

�ü×��� !��

[25]

�¹bc[26]�����}

~î-Õ*ô"#ÕQô"#Õ{ô���[féÕ

õ���a���	�<100>SéÕstI 

2.3  �������� SLM 	
 Inconel 738 ��

���� 

lÂ	
�3 200 g�Â	�E3 15 sï�·ì

����}~î- EïhN��"i)(jk� XYô

YZç£�t�-�j���ç�~ 5�ì�©�'

ä�y��ì����}~î- E ïhN��"i

ÜSLMà)(jk�çm�-�^i¹J 8�ºI

JKopqr�Inconel 738 Þß SLM )(jk� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ��������� !"#�	$%& φ

2

=0°' φ

2

=45°� ODF(
� 

Fig.7  ODF image of SLM deposited samples under different volume energy densities: (a) E=65.2 J/ mm
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Fig.8  Hardness of SLM deposited samples under different 

volume energy densities 
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Microstructure and Property of Inconel 738 Alloy by Selective Laser Melting Forming 

 

Xu Jiayu, Ding Yutian, Hu Yong, Gao Yubi, Chen Jianjun, Yang Qian 

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,  

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: Effect of volume energy density on the relative density, microstructure and microhardness of Inconel 738 alloy fabricated by 

selective laser melting (SLM) was investigated by SEM, EBSD and OM. The results show that volume energy density plays a decisive role 

in the SLM forming process. With the increase of the volume energy density, the relative density increases first and then decreases. The 

highest relative density (99.4%) can be achieved at 65.2 J/mm

3

. During solidification, the microstructure of Inconel 738 alloy formed by 

2.44×105 K/s SLM has obvious anisotropy in vertical direction and parallel direction. The microstructure parallel to the building direction 

is "chess board", the vertical to building direction is "fish scale", and overlap zone between adjacent layers and neighbor tracks is the 

refined cellar grains. The microstructure shows obvious texture. With the increase of the laser volume energy density, the texture in the 

<100> direction increases gradually. The hardness of the sample increases with the increase of the laser volume energy density. When the 

laser volume density is higher than 65.2 J/mm

3

, the hardness (HV) value of Inconel 738 alloy is higher than that of precision casting 

specimen (4100 MPa).  

Key words: selective laser melting (SLM); Inconel 738 alloy; laser volume energy density; density; microstructure and property 
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