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Microstructure and Properties of K477 Nickel-based Superalloy Fabricated by Laser
Powder Bed Fusion
SONG Runmiao', JIANG Yun®?, GUAN Qingkai', JIN Shangkun', FU Guang"?, ZHAO Dang’
(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025; 2. Guizhou Provincial Key Labora-
tory of Nuclear Energy Components and Materials Manufacturing Technology, Zunyi 563000)

Abstract: Taking K477 nickel-based superalloy as object, laser powder bed fusion (LPBF) technology was applied to
prepare components, and the optimization path of forming process was systematically explored. The evolution law of
microstructure and mechanical properties of components were investigated combined with micro-characterization and
mechanical tests. The results reveal that the relative density of K477 alloy component reaches the optimal value of
99.76% with laser power of 210 W, scanning speed of 1 000 mm/s, and scanning spacing of 80 pm. The cross section
of specimen exhibits a typical molten pool morphology with clear and continuous fish-scale molten pool boundaries,
which is free of oxidation, cracks, holes or other defects, indicating excellent forming quality. The microstructure is
characterized by synergistic growth of columnar crystals and cellular crystals, where (T1, Mo)C-type MC carbides are
dispersively distributed at the grain boundaries. Mechanical property test results demonstrate that the comprehensive
mechanical properties of specimen are significantly superior to those by traditional preparation processes, where the
room-temperature tensile strength and elongation reach 1 388 MPa and 21.51%, respectively, which is attributed to
the synergy of dispersion strengthening and grain refinement strengthening mechanism of the second-phase particles .
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Tab.l Chemical composition of K477 powder

%

Wy
Cu Cr  Mn Co B Mo P Fe S Al 7r Ti Ce C O Si N Ni
0.01 15.03 0.01 14.98 0.018 4.39 <C0.01 0.02 0.002 444 <0.01 3.16  <C0.01 0.077  0.020 0.04 0.005 AR

1.2 LPBFEEIZ

WO AR () L IR P T (v)
Tl (6] B CAOFNZ 8 (o) 2% T 7€ LPBF 0L fE & i A9
WSRO W T KATT A B W SR T B Y
PO Ty A B Y 41 418 2 B2 DU R B R S8 el . 1
S % OB IRA 4 LPBF BB T. 2 S 500 XL 5%

TAE IR e R IR 30 pm HOBOG B LR
9 50 pm, 713 B EE L 600~1 200 mm /s, 4713 i) #5 1 B
60~100 pm, % T HEL 150~300 W, R H] 4 3 ik
VT R TR KOF B O S FE T S A e
AT RGACH A S 415 ) 48 4 K477 & 4 1K HE
SR AW R 2, B S i T AL Ab B AR R R =

®2 LPBFH&KATTEERBAR
Tab.2 Experimental schemes for K477 alloy fabricated by LPBF

apeoems TR g oo TR | oo TR e

P/W o) h/pm P/W s h/pm P/W N h/pm
1 150 600 60 17 210 600 80 33 270 800 100
2 150 600 80 18 210 600 100 34 270 1000 60
3 150 600 100 19 210 800 60 35 270 1 000 80
4 150 800 60 20 210 800 80 36 270 1 000 100
5 150 800 80 21 210 800 100 37 270 1200 60
6 150 800 100 22 210 1000 60 38 270 1200 80
7 150 1 000 60 23 210 1 000 80 39 270 1 200 100
8 150 1 000 80 24 210 1 000 100 40 300 800 60
9 150 1000 100 25 240 1 000 60 41 300 800 80
10 180 800 60 26 240 1 000 80 42 300 800 100
11 180 800 80 27 240 1 000 100 43 300 1 000 60
12 180 800 100 28 240 1200 60 44 300 1 000 80
13 180 1 000 60 29 240 1200 80 45 300 1000 100
14 180 1 000 80 30 240 1200 100 46 300 1200 60
15 180 1 000 100 31 270 800 60 47 300 1200 80
16 210 600 60 32 270 800 80 48 300 1 200 100
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Fig.2 Schematic diagram of tensile specimen of LPBF-K477
alloy
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Fig.7 SEM images of cross and longitudinal sections of LPBF-K477-23 specimens
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