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Table 1  Nominal chemical composition of the GH3536 alloy 

powder (ω/%) 

Cr Fe Mo Co W C Si Ti B Ni 

20.3 19.1 8.7 2.0 0.3 0.12 0.1 0.1 0.03 Bal. 

 

 

 

 

 

 

 

 

 

 

 

² 1  GH353612³´Ggµ4� 

Fig.1  Particle size distribution of GH3536 alloy powder 

 

 

 

 

 

 

 

 

 

 

² 2  GH353612³´JK 

Fig.2  Morphology of GH3536 alloy powder 
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² 3  BC<9:OG SLMiJ GH3536122�_`¸¹ºGZ» OMJK;xyz 

Fig.3  Surface OM morphologies (a~c) and relative densities (d) of GH3536 alloy formed by SLM with different heat treatment states 

before corrosion: (a) SLM, (b) ST, and (c) HIP 
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² 4  SLMiJG]^O GH353612k]^¼�½»;k¾¿¼�½»G¢nHI 

Fig.4  Microstructures of building direction section (a, c) and scanning direction section (b, d) of GH3536 alloy formed by SLM 
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² 5  789: ST_`;<=>?9: HIP_`k¾¿¼�½»;MN9G SEMÀÁ 

Fig.5  SEM images of the scanning direction section and the grain boundaries of the ST sample (a, b) and HIP sample (c, d)

 

M

23

C

6

Û�Ü�
��9� Montero-sistiaga,Ú

[16]

�

Þß�6\zËÄ�� M

23

C

6

ORS M

23

C

6

Û�Ü�

Thº C û«�ÊË�A�{�Ì� γ-Ni +
¨ C

û«�'Á�Ê�w>ÊË4�	Ï�Th Cû«Ê

7��{� M

23

C

6

(�	ÏT�º¼½�Mä�f~

?

[17]

O( HIP y«+��	Ï� C û«º89� M

û«���� Cr ���ThÛ�Ü�:��OM

23

C

6

Û�Ü+��>;��@ NiDMo
 W,��xy&

< Crû«����¸Û�Ü+O/0U+)�	�T

hº M

23

C

6

Û�Ü�ËÄ���A

[18]

�Ä M

23

C

6

(�

	ÏTh±�Û�Ü�Th�� CrDMoDNi
 C£

M

23

C

6

�:�ÇÈ�Q�Û�ÜTh�� CoDAlDSi


 Ti,��=���£ÇÈOª4(�æ�1� CrD

MoDNi 
 C �ÇÈ÷1��
 CoDAlDSi 
 Ti ,

Á�V�( CrDMoDNi
 C>��¾�½^��¸�

Q( CoDAlDSi 
 Ti >��?¾�½m��¸O4

�ª4��ÇÈ÷1iæ !�hÉ@1:�»¼�

¸@1:�Ä��¸F�ÂÃäS_4 Kirkendall ú

��9ÉA�	BC�/ØÃw+)�	�ThO 

����������	
 GH3536 ��

����� 

�³iæ�£5á� SLM ]|DST ]|
 HIP

]|������\]�Öºb~st HB 5497- 

1992

[19]

��ä�
�@a 6 VWOù�ÝË�3 �]

|(���³¦/¥£�!��1º�7�1øby

z?st����©+�,Ü�iæOSLM]|³¦ 

 

 

 

 

 

 

 

 

 

 

² 6  Â/Ã�BC<9:OG SLM iJ GH3536 12G$Q

RS��ÄÅÆÇT
ÈÉÊ HB 5497-1992Ë 

Fig.6 Room-temperature tensile properties of SLM formed 

GH3536 alloy with different heat treatment states in 

horizontal and vertical directions (the dashed lines show 

the corresponding industry standard tensile data of HB 

5497-1992

[19]

) 

 

£!��1� 769 MPa�
¥£� 58 MPan¦£�7

�1� 465 MPa�
¥£� 44 MPan¥£+�,�

27.81%�
¦£� 7.21%nv��� SLM]|���

#'[(Ü£;#ODV8º������#'ij

�EF��¬#�rs�ZºÔÕÅÆ9:�A��

4 SLMhT�]|?'�EFË�Ò	�rsO�a

4ùº�SLM]|�ÕIÅÆùG���Ò	-býû

a�

Scanning plane 

Coarse-grain region�

Fine-grain region�

100 µm�

Straight grain boundaries�

20 µm�

b�

Serrated grain boundaries�

20 µm�

Scanning plane 

Fine-grain region�

Serrated grain boundaries�

10 µm�

M

23

C

6

�

d�

c�

Horizontal Vert ical Horizontal Vert ical Horizontal Vertical Industry

standard

0

200

400

600

800

1000

 Yield strength

S
t
r
e
n
g
t
h
/
M
P
a

 Ultimate tensile strength

Industry

standard

20

30

40

50

60

70

80

HIPST

 Elongation

E
l
o
n
g
a
t
i
o
n
/
%

SLM



� 4�                      �  �=\<9:F)*+,-� GH353612MN�RS6TGUV                    ±1301± 

U����¯ðÉ[ÅhO���y���Hýó!

��1H��Í#H O�Ò	I9��X�ý½�

ûUÕ��øgÉ[�lmä SLM]|���1
�

 �Í#�Q�²É[��Ò	?q­¾Jrs SLM

]|�Í#Oª4�Ò	�9�#'CKî4�	

[20]

�

Qj�Ò�g���Ò	Z[(¶>�ï����w�

�Ò	h�]|�#'Lî�OÄ SLM]|��Í#

0T±�8M³�Ò	��NCO�a 4aº 4bùº�

9¸î�X]|(¥£­î��Ò	�½1�èå�


^4¦£­î�{OP�Ä SLM]|³¥£���

�±�Í#0T'Q���ÌR(RI1í�Ä'8

S�+�,�©!��1ì�4¦£O 

ªa 6ùº�ST]|³¦£�!��1º�7�

1É�� 695
 382 MPa�+�,� 31.13%O³¥£

�ÁÙ#'º¦£�C�æ�{º¦/¥£ÔÕÅÆ�

_�Iµ9É��ÃO�Ò	��
� ST ]|��

#'Ü£;#�����ûÌO�
ÏÐ�
ä��

-]|�H_
��,ÇÈ�j��ÏÐq��ÅÆ

+T�Cèå��^�ÂÃ ST ]|�+�,'Ô�

��º SLM ]|�¦£+�,�
��ä 10.53%O

©�
ÏÐqw����(���ñ¼�9�º½

¾�ÂÃ>��¶��1
�7�1ñ¼'Ô��O

HIP]|º ST]|�����ÁÙ���S_�©¦

/¥£�!��1 � 728 MPa��7�1� 429 MPaO

UP!��1½ SLM ]|�¦£!��1�  41 

MPa�©
>¥£!��1��ä 11 MPaO+�,Ï

Ë 38.65%�
 ST]|�Îä 7.52%�
 SLM]|�

¥£+�,��ä 38.9%OHIP]|��1Ö<V ST

]|Ä�'Ô����{���W4��X>ÇÈ�

�
º�	T-�0�O��î�;,%&ÏÐÎ]

|�Ã�1½ ST]|'�nX��î�HIP]|(�

	ËÄ�2U M

23

C

6

(0Ty«+ù�úJYZ¸ð

[r��Q������1O\I�	Û�ÜU�]

#��(��y«+^Qh�����©>Th�/

0U+)�	�QqYZ���_¼ºÇãO{�Ì

�/0U�+)�	`aic�6h������îè

²�b�U3�0Ty«+�	cR²NCdk�ew

�1½���X>Éçº0T��QÂÃ�	1�Áw

f�YZ���_¼O�Þßí'

[21]

���(Çãy

«+�/0U�	'g�w��º�	îè²���

Ê�>hü¸i�1�����³	îÇãÓZ�V

Wjk«1O{OP�/0U�+)�	w���'

¡l£4çy�	îQi�³��	î��Çã��

Q���!Ë�ú��mU3O 

����������	
 GH3536 ��

������

��� 

SLM hT GH3536 ��(iæ;ÏÐ-�¦/¥

£�����¶·Th@a 7 VWO�a 7 +ùIµ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

² 7  SLMiJ GH353612Ã�_`sÂ�_`sÂ� ST_`sÂ� HIP_`G$QRSªÌJK 

Fig.7  Room-temperature tensile fracture surfaces of GH3536 alloy formed by SLM: (a) vertical SLM specimen, (b) horizontal SLM 

specimen, (c) horizontal ST sample, and (d) horizontal HIP sample 
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Effect of Heat Treatment on Grain Boundary and Tensile Behavior 

of Selective Laser Melting GH3536 Alloy 
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Abstract: The GH3536 alloy was prepared by selective laser melting, and was subjected to solution treatment (ST) and hot isostatic 

pressing (HIP). The effects of different heat treatment methods on the microstructure, grain boundary morphology and room temperature 

tensile behavior of GH3536 alloy were studied. The results show that the microstructure of the SLM sample consists of ultra-fine columnar 

sub-grains and molten pool boundary, with defects such as pores and microcracks. The relative density of the alloy increases after solution 

treatment and hot isostatic pressing, and the microstructures of the two alloys consist of alternating equiaxed grains of different sizes. 

However, the HIP sample precipitates the M

23

C

6

 phase along the grain boundary, forming a serrated grain boundary. The tensile properties 

of the SLM samples show obvious anisotropy. The solution treatment can eliminate the anisotropy of the tensile properties of the sample, 

but the ultimate tensile strength and yield strength reduce, and the elongation significantly increases. The HIP sample is similar to the ST 

sample, but its ultimate tensile strength, yield strength and elongation further improve. Tensile fracture mechanisms of all three states 

alloys are microporous aggregate-type ductile fracture. 

Key words: GH3536 alloy; selective laser melting; microstructure; grain boundary; mechanical properties 
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