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1  �  � 

vw�xmJ GH738 ��®¯{���0103

sÌ��� LDM-800�úì�_#�/ SGM.VB30/12G

�������©��BOhmJ®¯���ÎÏ� 

��ûü~×Ýµ¶�ÎÏ 1080 �#4 h#1¡

+840 �#24 h#1¡+760 �#16 h#1¡!�GH738Þ

B"û�#$ûü~GH738%�#$#&�~53�150 µm#

GH738��#$��Ì_ªgó 1ö'�(� GH738�

�FB�STV})�*�#mJB®¯��+,~ 90 

mm×70 mm×3.2 mm#$%_-�.��#g/ 1ö'0.

f (L) 30 mm#ì12 (W) 14 mm# (H) 3 mm#34(θ) 30°� 
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 1  GH738!�"#$%&'� 

Table 1  Chemical composition of GH738 powders (ω/%) 

C P Co Al Fe Mn S Mo B Cu Si Cr Ti Zr Ni 

0.06 0.015 13.00 15.00 1.50 0.01 0.015 4.70 0.009 0.10 0.15 20.00 3.10 0.10 Bal. 
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Fig.1  Schematic diagram of defects through-groove damage 
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 2  ()*+,- GH738!�./01234 

Table 2  Heat treatment for GH738 alloy of laser deposition  

repair 

Samples Heat treatment 

1# 

2# 

3# 

4# 

As-deposited 

820 �, 24 h, AC to 760 �, 16 h, AC 

840 �, 24 h, AC to 760 �, 16 h, AC 

860 �, 24 h, AC to 760 �, 16 h, AC 
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Fig.2  Sketch of the tensile testing specimen 
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µ 3  º��)��»VNOPQ 

Fig.3  Microstructures of the alloys at different stabilization temperatures: (a) as-deposited; (b) 820 �, 24 h, AC+760 �, 16 h, AC;   

(c) 840 �, 24 h, AC+760 �, 16 h, AC; (d) 860 �, 24 h, AC+760 �, 16 h, AC 
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Table 3  Content and size of γ′ at different aging temperatures 

Sample 1# 2# 3# 4# 

Content/% — 20.9 21.7 21.2 

Size/nm — 37 76 79 

 

g/ 5aö'#mJÇl¹m°l¹±íQR²]

§�¨#õ��°(__ª÷ø�l¹±Ç6���

�³´µ¶&k�p·k§�¨(/ 5a 8 2 Ç)#/ 6

ö'~/ 5a 8÷øÇ6§�¨ EDS ª«)¸#EDS

)¸óâ�¹§�¨ ��� Cr2Co#~ M

23

C

6

�

§�¨�l¹m��²]+,�h�s�º��§�

¨(/ 5a 8 1 Ç)#�¹§�¨ Ti2Mo  ]�#~

MC �§�¨

[10]

�×��ôX�ÎÏØ#§�¨pq

�¹w«Q#axy*+���z#§�¨��Q

Râ�¢�0*+���~ 820 �ô#§�¨�¹w

ìª»«Q#õ?]�²�g/ 5bö'0xy*+�

��z#§�¨+,÷ª�s#a?]�5#}*

+���~ 840 �ô#§�¨�¹wÎf¼½k«Q

(/ 5c)�}*+���~ 860 �ô#¹w§�¨G÷

¾»�¶&kå¾»_¿kÀ¢(/ 5d)� 

 

 

 

 

 

 

 

 

 

µ 4  º��)��»V γ′v¼½  

Fig.4  Morphologies of γ′ phase at different stabilization temperatures: (a) as-deposited; (b) 820 �, 24 h, AC+760 �/16 h, AC;  

(c) 840 �/24 h, AC+760 �/16 h, AC; (d) 860 �/24 h, AC+760 �/16 h, AC 
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Fig.5  Morphologies of carbides at different aging temperatures: (a) as-deposited; (b) 820 �, 24 h, AC+760 �/16 h, AC; (c) 840 �,  

24 h, AC+760 �, 16 h, AC; (d) 860 �, 24 h, AC+760 �, 16 h, AC 
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Fig. 6  EDS analysis of area 1 (a) and area 2 (b) in Fig.5a 
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Table 4  Tensile properties of laser rapid forming GH738 

alloy at room temperature 

Samples σ

b

/MPa σ

0.2

/MPa δ/% 

1# 

1020.2 681.9 

18.2 

2# 

1256.7 895.2 

17.3 

3# 

1272.3 902.1 

14.9 

4# 1153.8 809.4 11.7 

Wrought 

standard 

1276 780 26 
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Fig.7  Fracture morphologies of the alloys at different stabilization temperatures: (a, e) as-deposited; (b, f) 820 �, 24 h, AC+760 �,  

16 h, AC; (c, g) 840 �, 24 h, AC+760 �, 16 h, AC; (d, h) 860 �, 24 h, AC+760 �, 16 h, AC 
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Effect of Aging Heat Treatment on Microstructure and Properties of Laser Deposition 

Repaired GH738 Alloy 
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Abstract: The effects of bipolar aging heat treatment on the microstructure and mechanical properties of GH738 alloy repaired by laser 

deposition were studied. The results show that the microstructure of repair area presents typical characteristics of the epitaxial growth of 

columnar crystals and the dendrite spacing is about 10 µm. After the aging treatment, the repair area begins to grow and merge. The results 

of SEM analysis show that there is no γ′ at the as-deposited sample, and the cubic MC type carbide is formed at the interdendritic, and the 

M

23

C

6

 type carbide at the dendrite arm. After the aging treatment, γ′ phase precipitates at the repair area whose average size is 37 nm, and 

the carbide precipitates in the grain boundary with the discontinued character when the temperature of the stabilization step is 820 °C. With 

the increase of the stabilization temperature, the size of the γ′ and carbide increases. When the temperature is 840 °C, the average size of 

the γ′ is about 76 nm, and the carbide is precipitated in the form of necklace. With increasing the temperature of the stabilization step to 

860 °C, the average size of the γ′ does not increase obviously, and part of the γ′ is obviously coarsened and the size reaches to 150 nm; 

meanwhile the carbides at the grain boundaries begin to be closed. The results of mechanical property show that the tensile strength of the 

sample increases obviously after aging treatment, and with the increase of the temperature, the tensile strength increases first and then 

decreases, and the elongation decreases continuously. 

Key words: laser deposition repair; GH738 alloy; heat treatment; microstructure; mechanical properties 
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