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Abstract The microstructure and persistent properties of the wrought samples and the laser forming repaired
(LFR) samples of GH4149 alloy are investigated.The results show that the microstructure of wrought substrate is
characteristic of equiaxed grains, and there are grainess and short rod like § phase distributes in and along
boundaries of the grains, which can effectively prevent dislocation motion and reduce the rate of crack propagation.
Compared with as—deposited samples, the microstructure of laser repaired GH4169 alloy with double aged (DA)
treatment changes little and still is characteristic of columnardendrites which grow epitaxially along the deposition
direction of the substrate. There are still masses of Laves phase precipitations between dendrites. Laves phase is
a brittle phase which provides a favorable position for the initialization and expansion of the cracks. The fracture
mechanism of wrought sample suffering from high temperature is due to microvoid coalescence fracture, and the
MC. é phase are nucleation centers of micropores which form dimples with different shapes and sizes after fracture.
The break of the repaired samples suffering from high temperature lood occurs in the repaired zone. The
interdendritic Laves phase,MC are nucleation centers of the dimples, thus leaving the dimples of recognizing
interdendritic region as dimple center and dendrite dry region as torn edges.
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Table 1 Chemical compositions of GH4169 superalloy powder (mass fraction, %)

Element C Nb Cr Ni Al Ti
Content 0.034 491 19.68 51.75 0.63 0.97
Element Mo Mn Si S p Fe
Content 3.18 0.11 0.23 0.001 0.004 Balance

&2 GHA169 & & RHOLIEE T2 2%
Table 2 Parameters for the LFR GH4169 superalloy

Scanning Laser spot Monolayer Powder feeding rate / Overlap
Laser power /kW
velocity /(mm/s) diameter /mm height /mm (g/min) rate /%
2~2.6 8~10 2 0.3~0.4 5~6 50

Fie IR 22 2 h () T A S0 & OB B GHA169 & &l ke (B R 3L 5 0618 B IR B4 8045 15 50%) an
BILF7R o FE3E 08 52 iCRE A M R 11 TRT R B2 mT B8 /0N (4 52 W 1) b b et BT 0 S b w8 4 30 SR FH 1) i deh
P52 R B4 AL R (DA)(720 °CL, 8 h 174 & 620 °C, 8 h 25 ¥ )b 1, 036 A% i GH4169 & 4 & % B =5
JEN TN EL A FRE TR OB T 2 A P= e , 2 i iR X S0 AL AL B SR PR SR T 2 WA TR, T 280 775960 “C,
1 h 7K ¥%) 5 XU AT (720 °C, 8 h /¥4 % 620 °C, 8 h 25 )M 45 A bR AL B . X8 508 2 GH4169 &
G 43 B HE AT 650 °C 725 MPa 2548 T 9 RF AP g i 56 (AR RS n 81 2 i), ¢ A8 78 RC1230 £5 A 50
BLE#EFT . FIFH OLYMPUS Y627 W i385 , TESCAN VEGATI-LMH %341 ¥, 455 (SEM) K FE B4 19 fE 151 (EDS) X %,
TEAF IO LR OIS R4 T o0 M o 2 BT 62 S B 4l 23 FEE ik 590 5 ¢ FeCLi+20 mL HC1+100 mL C;H;OH,
I 33 4 e 48 00 2% 2H 4L BT JE R o 50 mL HC1+10 mL HNO,+2 mL HF+38 mLH,0 .
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Fig.1 Bulk samples of LFR GH4169 superalloy Fig.2 Geometry of persistent bar
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Fig.4 Microstructure of wrought GH4169 alloy. (a) Optical microstructure; (b) SEM microstructure
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Fig.5 SEM microstructure of LFR GH4169 alloy
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Fig.6 EDS micro—segregation in the dendrites of LFR GH4169 alloy. (a) EDS analysis positions; (b) EDS line scanning results
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Fig.7 SEM microstructure of LFR GH4169 alloy. (a),(c) As—deposited; (b),(d) DA
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Table 3 Persistent time of wrought and LFR GH4169 superalloy

Material condition Persistent time /h Elongation & /%
Wrought 51.25 18
32 10
27.5 9
LFR + DA
30.5 16
Wrought standard(Q/ 6S 887-91) =25 =5
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Fig.8 Persistent fracture surfaces of wrought and LFR GH4169 superalloy. (a).(c) .(e) Wrought sample; (b).(d).(f) LFR sample
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Fig.9 Longitudinal microstructure of persistent specimen of LFR GH4169 alloy
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Fig.10 EDS micro—segregation in the dendrites of persistent fracture surfaces of LFR GH4169 alloy. (a) EDS analysis positions;

(b) EDS line scanning results
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