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ANt SIS A A = o P O i 2 L WA R AL P
ZAFAF AR A, S a1 AR AE . MALEKI
SEUOIRF A% Inconel 718 MiAFE4T UIT b # f5, KL
AR T Z 7728 T 85 1000 MPa [ 5% 43 5 3 77,
H Ry 5200 [ 5 B2k B 400 pm, AR, REER
T B P 2T 1 44% . WANG 2506 3 44
HIE il £ Inconel 718 & &R M7 UIT b # 5, 7&
HERZEE T 190 MPa RN F1, [FI 2 1H
AR ERE I T —f5(AE]200 HV,,). LA EFFEER
B, AR AR s SN RERL ), oG
BERMBARPIPIRE /30, Be A IR &80
VAR

DRI, A SCRFH # A B RT UTT AH 45 45 BB X
AT B SEAREE, I AN fE AR T2 %

F1 WAL ESE

Table 1 Heat treatment parameters of samples

17T B I X AR 2H 2R 1 3 Ak DA R B e B T AR A
RGOSR, N inconel 718 & 41
Je A BR R AL ) B A SR AL BRI KPR

1 SKI6

Bt E 4 R N 50 mmx20 mmx3 mm
Inconel 718 #HLMR « A T FEARIAEL N B /7, FEMRAE
FEIFZ ATt 7 EE A (1080 'C. 1 h). WOLHE
1515 % N IPG3KW JL 406 2%, EIE T2 7 51
500 W, 600 W L& 700 W, 438 & 7 mm/s, #
JEHBE AR 2.5 mm. SO 7 1] 5 HEAR K Al
T PAT,  BEAR GRS B R G674 (AR) R 73 il ik
AT (SHT)  [EVE -+ 2(SDA) LA S ELHEERU 2L
(DALEE, HACFEZENFR N Frn. BEJE 75 milfE s
SRS AN EAE FR A AR R T 24T UIT A3 (AL 5 Co-
100), UIT ZH IR 2 fliz~ . Xf #kb B AT UIT 4b 3
(R RE IR 5 28 BT WO 5 2 V)1 3R 45 A
FE o

MG ZRAGER, A4 SRR A R H
WARFTEE . FARICAT F AR il FRAR PG IRIT L
410 mL & S +90 mL Jo/K 4 8E, HE25V, il
JES ] 15 s; J& ik BT LG O~ 70 mL B R +30 mL
H,0, HJES5V, JEBLEE 5~20 s, #id XIP-6A H
65 A B A (OM) DA K it 4 e 3% A (EDS) I 41 4l
L7 S M4 (SEM,  HitachiS—4800) %t & AR FEREST
BAAZNEE, FH T HUN AT 55 (EBSD) A i

Sample type

Heat treatment

As received (AR)
Solution heat treatment (SHT)
Solution + double ageing heat treatment (SDA)
Double ageing (DA)

(1080 C, 1 h, AC)
(1080 °C, 1 h, AC)+(720 ‘C, 8 h, FC)+(620 ‘C, 8 h, AC)
(720 C, 8 h, FC)+(620 °C, 8 h, AC)

AC: Air cooling; FC: Furnace cooling

=2 EIFRFEUIT %0

Table 2 UIT parameters of remelted sample

Peening frequency/ Output power/ Impact velocity/ Peening head diameter/ Peening amplitude/
kHz W (mm-min") mm um
18 600 3 3 100
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Molten pool morphologies and solidification microstructures of Inconel 718 remelted pool under different laser

conditions: (a), (b) 500 W; (c), (d) 600 W; (e), (f) 700 W; (g) Molten pool size; (h) Primary dendrite arm spacing A
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Fig. 2 Molten pool temperature field simulation during laser remelting process at 600 W: (a) Mesh geometry generated by

Visual Mesh module; (b) Temperature distribution at cross-sectional plane; (c¢) Thermal cycle curves at different positions

near melt pool interface; (d) Relationship between primary dendrite arm spacing 4 and cooling rate ¢
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Fig. 3 Effect of heat treatment on microstructures of FZ: (a) AR sample; (b) SHT sample; (c) SDA sample; (d) DA sample;
(e) y' and y” strengthening phases morphologies in SDA sample; (f) ' and y” strengthening phases morphologies in DA

sample
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Fig. 4 EDS line scan results of samples: (a), (b) AR sample; (¢), (d) SHT sample; (e), (f) SDA sample; (g), (h) DA sample
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6 UIT )5 A FPRA AFE FZ 19 EBSD iR i) 5]
Fig. 6 EBSD orientation maps of FZ after UIT treatment: (a) AR sample; (b) SHT sample; (c) SDA sample; (d) DA sample
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Fig. 7 GND density distribution maps of FZ after UIT treatment: (a) AR sample; (b) SHT sample; (¢c) SDA sample; (d) DA

sample
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Fig. 8 Effect of post treatment on microhardness distribution of samples (Dotted lines indicate interface between FZ and
substrate): (a) AR sample; (b) SHT sample; (¢c) SDA sample; (d) DA sample
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Fig. 9 Schematic illustration of influential mechanism of post-treatment on laser remelted microstructure: (a), (b) AR
sample; (c), (d) SHT sample; (e), (f) SDA sample; (g), (h) DA sample
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Effect of post treatment on microstructure and property of
Inconel 718 superalloy fabricated by laser remelting

LI Yao, YANG Hao, HE Hong-wei, ZHANG Jie, ZHANG Meng-yan, LI Meng-yang, HAO Jian-min

(School of Materials Science and Engineering, Chang'an University, Xi’an 710064, China)

Abstract: The effect of heat treatment and ultrasonic impact treatment (UIT) on the evolution of microstructure
and microhardness of laser remelted Inconel 718 superalloy was studied by optical microscopy, scanning electron
microscopy and electron backscatter diffraction techniques. The results show that the fusion zone (FZ) of as-
received (AR) sample is mainly composed of y dendrite core and interdendritic Laves phase. After solution heat
treatment (SHT), the majority of Laves phase dissolves and the element segregation weakens, the microhardness
reduce. After the solution + double aging treatment (SDA), a large number of y" and y” strengthening phases
precipitate, significantly improve the microhardness. In addition, the direct double aging treatment (DA) sample
are similar with the SDA sample in microstructural morphology, which is associated with the undissolved Laves

!

phases due to the relatively low aging temperature. Simultaneously, the y’ and y” strengthening phases are
completely precipitated after aging, resulting in a significant microhardness increment comparable to that of SDA
sample. After UIT treatment, severe plastic deformation together with compressive stress and high-density
dislocations is produced near the surface of the four samples but the obtained hardening layers ranged indistinct
depths. The strengthening effect of UIT on the SDA and DA samples is not as significant as the AR and SHT
samples, which is mainly due to the strong interaction between y’/y” strengthening phases and dislocations.

Key words: laser remelting; Inconel 718 superalloy; heat treatment; ultrasonic impact treatment
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