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Abstract Strength and plasticity of laser deposition repair GH4169 alloy reach only the casting standard Q/56B 453—
1995. Heat treatment is an important method to improve the mechanical property. The effects of heat treatment on
the microstructure and mechanical properties of laser deposition repair GH4169 alloy are investigated. As compared
with as—deposited (AD) samples, after the direct aged (DA) heat treatment for laser deposition repair GH4169 alloy,
the interdendritic Laves phase is slightly dissolved, the tensile strength of DA samples increase obviously, equaling
to the wrought standard of Q/3B548-1996 at room temperature, however, the plasticity of DA samples decreases
slightly. The strength and plasticity of DA samples is not improved when prolonging aged time. The solution heat
treatment results in further dissolution of Laves phase and precipitation of a large number of needle 6 phase around
it, the tensile strength of the solution samples reach the wrought standard, the elongation after fracture increase
by 21% compared with as— deposited samples. The homogenization heat treatment results in almost entirely
dissolution of Laves phase, and the & phase is precipitated in the grain and grain boundary, the tensile strength of
the homogenization samples is roughly equivalent to the wrought standard, the elongation after fracture surpassed
the wrought standard by 27.1%. The results show that the strength and plasticity of laser deposition repair GH4169

alloy can be effectively improved by the suitable heat treatment.
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Table 1 Chemical composition of GH4169 and Inconel 718 powders (mass fraction, %)
Elements C Mo Ni Fe Cr Al Ti Nb
GH4169 0.046 2.92 51.96 Bal. 18.16 0.48 1.04 5.02
Inconel 718 0.03 3.17 53 Bal. 19.2 0.54 0.65 5.16
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Fig.1 (a) Schematic diagram of defects through—groove damage; (b) laser deposition repair specimens
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Table 2 Heat treatment for GH4169 alloy of laser deposition repair

Samples Heat treatment

As—deposited —

1# 720 °C/8 h(50 “C/h, FC)to 620 °C/8 h, AC
24 720 °C/16 h(50 “C/h, FC)to 620 °C/8 h, AC

34 720 °C/24 h(50 “C/h, FC)to 620 °C/8 h, AC

4 720 °C/28 h(50 “C/h, FC)to 620 C/8 h, AC

sS4 980 °C/1 h, AC+720 °C/8 h (50 “C/h, FC) to 620 °C/8 h, AC

64 1100 °C/1.5 h, AC+980 °C/1 h, AC+720 °C/8 h (50 C/h, FC) to 620 °C/8 h, AC

Note : As—deposited (AD);furnace cool (FC);air cool (AC)
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Fig.2 Sketch of tensile testing specimen (unit: mm)
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Table 3 Microscopic characteristics and mechanical property of laser deposition repair GH4169 alloy

Samples Size of laves phase grain /pm Volume fraction of laves phase /% o, /MPa 09, /MPa 0 /%
As—deposited - 6.5 820 636 6.2
1# 4 5.7 1320 1158 5
2# 2 5.6 1269 1042 5
3# 2 4.0 1251 1009 4.75
44 2 4.0 1259 1105 4.5
S5# - - 1315 1047 7.5
O# - - 1248 1077 15.25
Casting standard (Q/5B 453-1995) 825 640 5
Wrought standard (Q/3B 548-1996) 1340 1100 12
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Fig.3 Microstructure of GH4169 as—deposited alloy of laser deposition repair. (a) OM photo of repair area;

(b) OM photo of interface; (¢) SEM photo of repair area; (d) SEM photo of interface
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& 4 BOCTIRRBEE GHA169 & 4 AN R I IR RS B4, (a) 720 °C/8 h (50 °C/h, FC) to 620 °C/8 h, AC; (b) 720 °C/
16 h (50 °C/h, FC) to 620 °C/8 h, AC; (¢) 720 “C/24 h (50 “C/h, FC) to 620 C/8 h, AC; (d) 720 °C/28 h (50 °C/h, FC) to 620 °C/8 h, AC
Fig.4 Microstructure of GH4169 alloy of laser deposition repair after aging heat treatment with different time.
(a) 720 °C/8 h (50 °C/h, FC) to 620 C/8 h, AC; (b) 720 °C/16 h (50 C/h, FC) to 620 C/8 h, AC;
(¢) 720 °C/24 h (50 °C/h, FC) to 620 °C/8 h, AC; (d) 720 °C/28 h (50 °C/h, FC) to 620 °C/8 h, AC
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Fig.5 Tensile properties of GH4169 alloy of laser deposition repair after aging heat treatment with different time.
(a) Strength property; (b) ductility property
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[980 °C/1 h, AC+720 °C/8 h (50 °C/h, FC) to 620 °C/8 h, AC]; (c)FI(d)Z3 51 >~ & & X FA 1 Ak
[1100 C/1.5 h, AC+980 °C/1 h, AC+720 “C/8 h (50 “C/h, FC) to 620 C/8 h, AC]
Fig.6 OM photo of GH4169 alloy after solution treatment and homogenization treatment. (a) and (b) for the repair area and
interface[980 °C/1 h, AC+720 °C/8 h (50 C/h, FC) to 620 °C/8 h, AC]; (c) and (d) for the repair area and
interface[1100 °C/1.5 h, AC+980 “C/1 h, AC+720 °C/8 h (50 “C/h, FC) to 620 °C/8 h, AC]
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to 620 C/8 h, AC; (b) 1100 °C/1.5 h, AC+980 °C/1 h, AC+720 °C/8 h (50 C/h, FC) to 620 C/8 h, AC
Fig.7 SEM photo of GH4169 alloy after solution treatment and homogenization treatment. (a) 980 °C/1 h, AC+720 C/8 h
(50 C/h, FC) to 620 C/8 h, AC; (b) 1100 C/1.5 h, AC+980 °C/1 h, AC+720 “C/8 h (50 °C/h, FC) to 620 C/8 h, AC
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Fig.8 Tensile properties of GH4169 alloy of laser deposition repair after solution treatment and homogenization treatment.

(a) Strength property; (b) ductility property
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