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Abstract: K439B nickel-based alloy is a novel high-temperature material capable of operating at 800 “C,
which has been widely used in critical components such as combustion chamber housings for aerospace
engines. However, the traditional casting process struggles to meet the high qualification rate requirement
for high-precision forming of thin-walled complex components. In this study, laser powder bed fusion
(LPBF) technology is used to process samples. By adjusting the laser power (140-220 W) and scanning
speed (600-1400 mm/s) , and using characterization techniques including optical microscopy, scanning
electron microscopy, and electron backscatter diffraction, the effects of process parameters of LPBF on the
relative density and microstructure are analyzed. The processing window (laser power: 160-220 W,
scanning speed : 1000-1200 mm/s) for manufacturing K439B superalloy via LPBF is summarized, and two
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process parameters (160 W-1000 mm/s and 220 W-1200 mm/s) within the window are selected to
process samples for tensile tests at room-temperature and 800 °C. The results show that irregular pores and
Ti-C carbides are prone to form under the 160 W-1000 mm/s (volume energy density (VED) = 66.67
J/mm?) parameter. In contrast, the samples processed under 220 W-1200 mm/s (VED = 114.58 J/mm?*)

have a uniform microstructure without carbide, whose ultimate tensile strength at room temperature is over
1 GPa and elongation is over 25%. However, at 800 °C, all LPBF samples exhibit brittleness (with an

elongation after fracture of approximately 0.5% ), which is mainly attributed to the lack of y' phases and

dissolution of cellular substructures inside the grains. This study provides process guidance and theoretical

support for the engineering application of LPBF fabricated K439B alloy.
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Table 1  Chemical compositions of K439B alloy (mass fraction/ %)

Cr Co Ti Al Ta Nb Si C w Mn Zr Ni
22.22 18.84 3.76 1.91 1.58 0.99 0.05 0.01 2.15 0.01 0.01 Bal.
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Fig.1 Schematic diagram of process and tested specimens

(a)LPBF process; (b)laser scan strategy ; (¢)bulk samples formed via different process parameters;

(d)fabricated samples with different thicknesses
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Table 2 Process parameters of LPBF
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Fig.2 Effect of processing parameters on microstructure

(a)OM images of polished samples with different process parameters ; (b)influence of VED on porosity ; (¢)relative density heat map
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Fig.3 OM microstructures of K439B alloys with different printing parameters and thicknesses
(a)160 W-1000 mm/s,1 mm;(b)160 W-1000 mm/s,2 mm;(¢)220 W-1200 mm/s, 1 mm;(d)220 W-1200 mm/s,2 mm
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(a)160 W-1000 mm/s, 1 mm; (b)160 W-1000 mm/s,2 mm;(c)220 W-1200 mm/s, 1 mm; (d)220 W-1200 mm/s,2 mm
Fig.4 SEM microstructures of K439B alloys with different printing parameters and thicknesses
(a)160 W-1000 mm/s, 1 mm;(b)160 W-1000 mm/s,2 mm;(c)220 W-1200 mm/s, 1 mm;(d)220 W-1200 mm/s,2 mm

T 2S00 £ K439B B3 iR A &5 R R
1 mm BYRE G YS FEAR 2 13%, UTS (K2 7.4% {8
EL &7 129 247 %05 IR BE R 2 mm FE &L, YS FEAIR
25 10%, UTS &AL 20 6.3% , H EL $2 7+ T 29 262%,
ZE PR, 220 W-1200 mm/s T. 5 S50l 15 K439B &
G SRR R RIS L SR 800 °C iy iR i 1 45 SR
LPBF il % 1) KA39B #5 m A S FE i T e R
0.5% , HL5 BE A — & R BE A REAIC, R B0 T Mg by
ZAREE A . SRR R R R A A A e TR M Y T
(IR 28 22 0 7E 600 °C LA 11 Ly 325 dAs v i 24
(110) {111} ¥ B8 ZR Gople s , I L & A I 3 A1
LB G F & P = A Ak 8O 5 {H7E 800 °C
TR S R A A 0 AR TR AL 322 R Orowan {3 45 Al
ek 248 IR & T Ak E R o #F X LPBF £ %

AU K439B il & 4 W e PE R 52 | 5256 245 5 2 I oui 41
ZUPORAEAE y s A, L e T T 7 45 i BT HLAE IR
KEEAL, FHEHEPHEY R

[ 7 4 LPBF i % # K439B 45 58 i & 4 il R 1
U % s T A B VR T Ah 4 AR ZH 2 AE T A
T, LB Ry A ) 5 45° B RE BT B, 1 S T
ARG b R b el BTN T ok 3 S T LI, eI A A
SHPERTRIN G . (EAS TR AR SR 160 W-1000 mm/s
TS EU 28 BRE , LT 1004k A 4T B 0023 X 35,
(AR AE AL ) & 2E 3 A B I, 30F— 20 Lg% 1
2% XA AE R AR B AR OB BE A5 AN RO ) AL
) B o 3k e e B AN AN P A e B rp SR B AR )
Bk, H T B X ) 4 A 3 LA
PEAR A5 R BH O K A, e BRI T T ESEF



228

FHRLT A2

2026 4% 5 J

F5  REHTENS ORI K439B & 4 i EBSD 2521
(2)160 W-1000 mm/s, 1 mm;(b)160 W-1000 mm/s,2 mm;(¢)220 W-1200 mm/s, 1 mm;(d)220 W-1200 mm/s,2 mm
Fig.5 EBSD results of K439B alloys with different printing parameters and thicknesses
(a)160 W-1000 mm/s,1 mm;(b)160 W-1000 mm/s,2 mm;(¢)220 W-1200 mm/s, 1 mm;(d)220 W-1200 mm/s,2 mm

*3 EBSDXIRFAHFGITER
Table 3 Results of grain boundaries from EBSD

High angle grain ~ Low angle grain
Process parameter

boundary/ % boundary/ %
160 W-1000 mm/s, 1 mm 80.7 19.3
160 W-1000 mm/s, 2 mm 78.3 21.7
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220 W-1200 mm/s, 2 mm 65.2 37.5
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Fig.7 OM microstructures of fracture with different printing parameters and thicknesses
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