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� 1  DZ125�������  

Table 1  Chemical composition of DZ125 alloy (ω/%) 

C Cr Co Mo W Al Ti Ta Hf B Ni 

0.07~0.12 8.4~9.4 9.5~10.5 1.5~2.5 6.5~7.5 4.8~5.4 0.7~1.2 3.5~4.1 1.2~1.8 0.01~0.02 Bal. 
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Table 2  Chemical composition of alloy powder (ω/%) 

Cr Co Mo W Al Ti Ta Hf Ni 

4.0~15.0 3.0~13.0 1.0~2.0 3.0~11.0 2.0~5.0 0.5~2.5 1.8~6.1 0.5~1.0 Bal. 
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Fig.1  Schematic of high temperature tensile test specimen size 
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Fig.2  Laser deposition repaired DZ125 repair parts 
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Fig.3  Macroscopic appearance of matrix and repair area (a), OM 

image of macroscopic appearance (b), top of repair area (c), 

edge of repair area (d), and base and repair area junction 

of matrix (e) 
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Fig.4  Sedimentary carbide morphology: (a) top of repair area, (b) bottom of the repair area, (c) heat affected zone, (d) matrix, (e) carburization  

at the top of the repair area, and (f) carbide enlargement at the bottom of the repair area 

 

� 3  DZ125������� 

Table 3  Energy spectrum analysis of different regions of DZ125 (ω/%) 

Element C Al Ti Cr Co Ni Mo Hf Ta W 

MC 19.47 1.64 37.43 2.59 2.13 15.96 2.98 6.36 5.74 5.69 

M
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Fig.5  Sedimentary γ' morphologies: (a, b) repair area, (c) heat affected zone, and (d) matrix 
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Fig.6  Carbide morphology after heat treatment: (a) repair area, (b) repair zone, (c) heat affected zone, and (d) matrix 
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Table 4  Energy spectrum analysis of carbides in different areas of DZ125 repair area (ω/%) 

Element C Al Ti Cr Co Ni Mo Hf Ta W 

M
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Fig.7  Morphologies of γ' phase after heat treatment: (a) repair area, (b) heat affected zone, and (c) matrix 

 

û�¼½mð�¾��X�hT��γ′��Y����

¿!�X��Kγ′�z�%Y]�X�dT��À|�

u��íbγ′�z�%YZ[¨i/¦§�§©¹

[13]

�±

07babO@/UVWγ′�óô¹z600~800 nm�ÎMN

w/UVWγ′�kóôÔt�¹��%:Y¥� 34]

I/��¢�hT�γ′�Mnº��\]¥;γ′�Y��

���Áº�γ′�»r3t

[14]

�07cz�:γ′�Y��ó

ô�z1 µm���%:Y¥��:z}~�íbγ′�óô

kOPWóôt�Y¥i/¦§� 

���  
��������� 

�5zKLMNOPDZ125���/��¢1000 

¡]��ÅÆ��,Êþ����\�2��	
�

ØOP3�ÊË��ª���ÅÆÊå�±�5abd

@��ÅÆÊË�ÒÅ�_�486~516 MPaCý�Ó

5�_�364~386 MPaCý�da<4}2���

89.7%�97.7%�Õ¢Æ3Öa<4}2�43.8%��

ÅÆÕÂ_!þ�W�OPWÐÃ� 

KLMNOPb}�9�����~[�GOPW

��_`_h�Äg�����HÑOPW���γ′

���Å��ÆÊË ¯êë]I/��¢�OPWb

����zº%���@tS�Ägγ′��γ′�óôhT�

_Ç¤!"γ′��G¶B�9�ÄgÈ�É¶��γ′

��Az07a=1©�ÚÊ1_°�·Í�\]±07a

=abO@�OPWQ1u��S�Ëþµ�Ëþµµ

¤zÌ¥µhi�ËþµG·¸�γ′�©¹���HÑ

OPW����h�

[15]

���:z}~� SÄ/�

��»2]I]ý�Ôâ�γ′�Y¥i/¦§��07c

=�Azóôht¨·Í�Ðq�±!γ′�óôht�

_Ç�e��¶ Ø;Íγ′�ÂÄgÎÏ�Ô/µ½Ð

X�Ñ_ÇÒ%�����_ÇÍ¯�′�Ü���St

!!"γ′���S�HÑ_ÇÒ%���Ôt�G_Ç

Ò%i/ÓÔ

[16]

�KOPW��ÅÆ���!�:� 

���� ������� !" 

0 8 zMNw�êë]I/��wÊË�\Wt

�o�*_�abO@MNwÎ/��wOPÊËL

OPW#/UVW4�:*_���Ir�ª=êë

]I�=�*_z 4730 MPa, MNw�=�*_z

4330 MPa� ¯êë]I¢¦:�o�*_no!

MNw*_� 

KLMNOP¯°=/QRG/UVW����ó

ôoT��SÔâ�©¹i�§������Õ���

��Cr�W�C.*Ö[���»2�S�Ô/�9*

_�bc/UVW*_!�:�OPWÎ�:�k�

hiiz¾]�µ¤i¾T�MC���tS�@!µ¶�

KOPW*_×!�:� êë]I/��¢�¯×

�
º!�:=�γ′�Y���MnL�:=�@�Gγ′

��SÔ/�óôiØÙ�Ú%_Z[i/¦§�\]

���µL�:=tS�@�Ghii�§��γ′�Î

����S�Ô/G*_��bc/��¢*_!

MNw� 

 

� 5  ������ DZ125���� 1000 �

��

������� 

Table 5  Tensile properties of laser deposition repaired DZ125 superalloy at 1000 °C high temperature  

Sample σ

b

/MPa σ

0.2

/MPa δ/% 

1# 516 386 13.6 

2# 494 372 13.3 

3# 486 364 13.1 

Casting standard 575 395 31.0 

a 

b 

c 

1 µm 

Recrystallization 
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Fig.8  Microhardness curves of samples two-stage aging and 

as-deposited  
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Microstructure and Properties of Two-stage Aging Heat Treated Single Multilayer 

DZ125 After Laser Deposition Repair 
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Abstract: The microstructure and properties of DZ125 samples (as-deposited and two-stage aging heat treated) were analyzed by laser 

deposition single multi-layer experiments on the casting substrate along the longitudinal direction of DZ125. The results show that the 

microstructure of the sedimentary repair area is planar crystal, columnar crystal and equiaxed crystal structure from the bottom to the top. The 

repaired area is mainly MC carbide. The heat affected zone will be decomposed into M

23

C

6

 by MC due to the input of heat. Compared with the 

as-deposited microstructure, after the two-stage aging heat treatment, a new grain boundary is formed in the repaired area, and some MC 

carbides are decomposed into M

6

C and M

23

C

6

, and the γ' phase size is slightly increased, about 600~800 nm, and the distribution is uniform. The 

size of the carbides in the heat-affected area is slightly reduced, the size of the γ' phase is increased, and it is cubic. The tensile strength of the 

two-stage aging heat treatment specimen is 516 MPa at 1000 °C, and the yield strength is 386 MPa, which is 89.7% and 97.7% of that of the 

casting, respectively. The elongation rate is 13.6%, reaching 43.9% of that of the casting; the average hardness of the repaired sample after heat 

treatment is 4730 MPa (HV0.3), which is higher than the average hardness of the as-deposited sample 4330 MPa (HV0.3). The hardness of the 

heat-treated and the deposited samples along the repair zone and the heat-affected areas to the matrix tends to be decreased. 
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