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Table 1  Chemical composition of GH4169 superalloy powder (ω/%) 

C Nb Cr Ni Al Ti Mo Mn Si S P Fe 

0.034 4.91 19.68 51.75 0.63 0.97 3.18 0.11 0.23 0.001 0.004 Bal. 
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Fig.1  Sketch map (a) and repaired sample (b) of GH4169 

superalloy  
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Ã 2  ÇÈ>U3VÉÊ�CDFG GH4169'� FG[�¤¾¿ 

Fig.2  Microstructures of laser repaired GH4169 superalloy samples with different magnetic field current intensities: (a, b) 0 A, (c, d) 20 A, 

(e, f) 40 A, and (g, h) 60 A 
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Fig.3  Morphologies of Laves phase in repaired zones of laser forming repaired GH4169 superalloy samples with different magneticfield 

currents: (a) 0 A, (b) 20 A, (c) 40 A, and (d) 60 A 
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Fig.4  Volume fraction of Laves in laser repaired GH4169 

superalloy samples with different electromagnetic field 

currents 
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Table 2  Chemical composition distribution of alloying elements in laser repaired GH4169 super alloy samples in Fig.3 

Current/A   Element content Nb Ti Cr Fe Ni Mo 

ω/% 2.9 0.54 19.83 19.58 53.79 3.36 
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Fig.5  Schematic diagram of influence of electromagnetic force on dendrite in molten pool under rotating magnetic field: (a) vertical view; 

(b) main view; (c) thermo electromagnetic effect (B-magnetic field intensity, F-thermoelectric magnetic force, J

ET

-thermoelectric 

current intensity) 
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Fig.6  Microhardness variation of laser repaired GH4169 super- 

alloy samples 
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Ã 7  CDFG� ÒÐÑ[Ó`³Ô[¾¿ 

Fig.7  Microstructures of partial melting zone in heat affected 

zone (a); local magnification of marked area in Fig.7a (b) 
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Laves Phase Precipitation of Laser Repaired GH4169 Superalloy Assisted by 
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Abstract: GH4169 alloy samples with V-grooves were experimentally repaired by electromagnetic stirring assisted laser repairing under 

different magnetic field currents. The morphologies and volume fraction of Laves in the repaired zone were compared, and the contents of Nb 

element in the matrix γ and the hardness of the repaired sample were measured by changing the magnetic field currents to explain the relationship 

between the magnetic field currents and the element segregation as well as mechanical properties. The results show that with the assistance of 

electromagnetic field, the morphology of Laves is obviously changed from reticulate to rod-like and granular shape and its volume fraction is 

decreased. The content of Nb element in the matrix γ is increased with the increase of the magnetic field current. When the magnetic stirring 

current is 60 A, the content of Nb element is 3.72 wt%, and it is increased by 0.33% compared to that without electromagnetic stirring. The 

hardness test shows that the electromagnetic stirring greatly increases the hardness of the repaired sample, which is related to the increase in the 

solid solubility of alloy elements such as Nb in the γ phase of dendrite core. The electromagnetic stirring improves both the flow of liquid metal in 

the melting pool vertical to the dendrite growth direction and the homogeneous distribution of solute element; as a result, the dendrite arm is more 

developed and the eutectic structure is more homogeneous.  

Key words: GH4169; laser repairing; electromagnetic stirring; Laves phase 
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