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Microstructures and Mechanism of Cracks Forming of Rene 80 High-
Temperature Alloy Fabricated by Laser Rapid Forming Process

Xi Mingzhe Gao Shiyou
(College of Mechanical Engineering, Yanshan University . Qinhuangdao. Hebei 066004, China)

Abstract The microstructures and mechanism of cracks forming of a thick-wall part of Rene 80 superalloy fabricated
by laser rapid forming (LRF) process are presented. Results show that the solidified microstructures of LRF Rene 80
high-temperature alloy consist of directionally solidified dendrites, which are parallel with the deposition direction.
The MC type carbides and y — ¥’ eutectic distribute in interdendritic region of the directionally solidified
microstructure due to element segregation. The LRF Rene 80 high-temperature alloy thick-wall part contains many
macro cracks, which have the length of more than 10 mm and expand along the direction parallel to the deposition
direction. Analyses indicate that these macro cracks are liquated cracks. During LRF process, the y—7' eutectic with
lower melting point particularly along the grain-boundary regions in heat-affected zone (HAZ) melt produced by laser
melting pool and result in the formation of grain-boundary liquid. On the subsequent cooling process of the HAZ, the
liquated cracks along the HAZ grain boundaries occurred by decohesion across the liquid-solid interface due to
shrinkage stresses of solid phase in HAZ, while the liquated y— 7' eutectic is still liquid.

Key words laser technique; laser rapid forming; Rene 80 superalloy; liquated cracks; directional solidification
microstructure
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Fig. 2 (a) Directionally solidified structure; (b) MC particles in interdentdritic region and
(¢) EDS spectrum of MC particles in LRF Rene 80 alloy
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Table 1 EDS analysis of dendrite core and interdendritic region (atomic fraction, %)

Element C Al Ti Cr Co Ni Mo W
Dendrite core 3.92 5.23 4.71 15.15 12. 84 54.13 2.31 1.14
Interdendritic region 4.65 5.19 5.83 14. 67 11. 87 52.98 2.51 1.21

# 2 AL MC ik i EDS 438 T 8000 50 %00
Table 2 EDS analysis of eutectic structure and MC particle (atomic fraction, %)
Element C Al Ti Cr Co Ni Mo Zr W
Eutectic structure 7.87 4. 30 15. 87 11.02 9.15 48. 85 2.0 0.93
MC particle 35.13 2.10 39.55 4.55 2.35 13. 37 1.51 0.68 0.77
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Table 3 EDS analysis of MC particle (atomic fraction, %)
Element C Al Ti Cr Co Ni Mo Zr
MC particle 39.56 2.25 30.79 2.42 2.99 14.75 3.99 0.68 2.56
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Fig. 3 (a) Secondary y' particles; (b) incipient melting region; (c) incipient melting region at a higher magnification and MC

particle pointed by an arrow and (d) EDS spectrum of MC carbide in solution heat-treated (1204 C /2 h/AC) Rene 80 alloy
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Fig. 4 (a) Cracks in Y-Z section and (b) X-Y section of LRF Rene 80 alloy
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Fig.5 (a) Surface morphology of crack and (b) surface morphology of crack at a higher
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Fig. 6 (a) Cracks on Y-Z section of LRF Rene 80 alloy block and (b) schematic of remelted and

heat-affected zone resulting from laser melt pool
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