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Table 1 Chemical composition of GH738 powders (w/%)
C P Co Al Fe Mn S B Cu Si Cr Ti Zr Ni

0.06 0.015 13.00 15.00 1.50 0.01  0.015

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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Table 2 Heat treatment for GH738 alloy of laser deposition

repair
Samples Heat treatment
1# As-deposited
2# 820 C,24 h,ACto 760 ‘C, 16 h, AC
3# 840 ‘C,24h,ACto 760 C, 16 h, AC

860 ‘C,24h, ACto 760 C, 16 h, AC
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Fig.2 Sketch of the tensile testing specimen
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Fig.3 Microstructures of the alloys at different stabilization temperatures: (a) as-deposited; (b) 820 C, 24 h, AC+760 C, 16 h, AC;
(c) 840 C, 24 h, AC+760 C, 16 h, AC; (d) 860 C,24 h, AC+760 C, 16 h, AC
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Table 3 Content and size of y’ at different aging temperatures

Sample 1# 2# 3# 4#
Content/% — 20.9 21.7 21.2
Size/nm — 37 76 79
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Fig.4 Morphologies of y’ phase at different stabilization temperatures: (a) as-deposited; (b) 820 ‘C, 24 h, AC+760 C/16 h, AC;
(c) 840 ‘C/24 h, AC+760 °C/16 h, AC; (d) 860 C/24 h, AC+760 ‘C/16 h, AC
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Fig.5 Morphologies of carbides at different aging temperatures: (a) as-deposited; (b) 820 ‘C, 24 h, AC+760 “C/16 h, AC; (c) 840 C,
24 h, AC+760 °C, 16 h, AC; (d) 860 C, 24 h, AC+760 °C, 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 ov/MPa 00.2/MPa 0%
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
1276 780 26
standard
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Fig.7 Fracture morphologies of the alloys at different stabilization temperatures: (a, €) as-deposited; (b, f) 820 ‘C, 24 h, AC+760 C,
16 h, AC; (c, g) 840 C, 24 h, AC+760 C, 16 h, AC; (d, h) 860 C, 24 h, AC+760 C, 16 h, AC
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Effect of Aging Heat Treatment on Microstructure and Properties of Laser Deposition
Repaired GH738 Alloy

Bian Hongyou', Zhai Quanxing', Qu Shen?, Yang Guang',Wang Wei', Wang Wei'
(1. Key Laboratory of Fundamental Science for National Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)

(2. Shenyang Liming Aero-Engine Corporation LTD, AECC, Shenyang 110043, China)

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 um. After the aging treatment, the repair area begins to grow and merge. The results
of SEM analysis show that there is no y' at the as-deposited sample, and the cubic MC type carbide is formed at the interdendritic, and the
M>;Cq type carbide at the dendrite arm. After the aging treatment, y’ 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 y’ and carbide increases. When the temperature is 840 °C, the average size of
the y' 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 y’ does not increase obviously, and part of the y' 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

Corresponding author: Bian Hongyou, Ph. D., Associate Professor, Key Laboratory of Fundamental Science for National Defence of
Aeronautical Digital Manufacturing Process, Shenyang Aerospace University, Shenyang 110136, P. R. China, Tel: 0086-24-89723852,

E-mail: bianhongyou@sau.edu.cn



