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Fig.1 SEM images of side microstructure of FGH4096M superalloy in printed state (a) and annealed at different temperatures (b—f): (b) 600 °C,

(¢) 700 °C, (d) 800 °C, (e) 900 °C, and (f) 1000 °C
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Fig.2 High-magnification SEM images of side microstructure of FGH4096M superalloy in printed state (a) and annealed at different
temperatures (b—f): (b) 600 °C, (c) 700 °C, (d) 800 °C, (e) 900 °C, and (f) 1000 °C
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Fig. 3 Inverse polar figures of the side of L-PBF printed (a) and low-temperature annealed (b—f) FGH4096M superalloys: (b) 600 °C,
(c) 700 °C, (d) 800 °C, (e) 900 °C, and (f) 1000 °C

1.0 1.0 1.0
a b c
0.8} 0.8} 0.8}
0.6} 0.6} 0.6}
0.4} 041 0.4}
02} 02} 02}
0.0 e U (Y| PPN [ ] IV WSO
0 10 20 30 40 50 60 70 80 90 O 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
1.0 1.0
1.0 5 . .
0.8} 0.8} 0.8}
0.6} 0.6} 0.6}
0.4} 0.4+ 0.4}
0.2} 0.2} 02l
Oo_h-ﬂd—hm._l_l_l_ OO—M bt = L OO—I]]]]D"" dli L L L
0 10 20 30 40 50 60 70 80 90 O 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90

Misorientation Angle/(°)

Misorientation Angle/(°)

Misorientation Angle/(°)

4 L-PBF 4T ERZS AR LR KA FGHA096M il £ 42 1) iR EIL ) 22 43 A GE T o i 45 51
Fig.4 Statistical analysis results of grain orientation difference distribution of L-PBF printed (a) and low-temperature annealed (b—f) FGH4096M
superalloys: (b) 600 °C, (c) 700 °C, (d) 800 °C, (e) 900 °C, and (f) 1000 °C
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Fig.5 Local orientation difference of the side of FGH4096M alloy in printed state (a) and annealed at different temperatures (b—f): (b) 600 °C,

(¢) 700 °C, (d) 800 °C, (e) 900 °C, and () 1000 °C

T BN 25 AILB K % 1) L-PBF B¢ 2 FGH4096M & 4
R AR PERE R 1 PR . Bl &R KRBT &
A N Y e N =R RN O ST
KR KA R RS T AR AR N HA A & iR
£ 600 C iR K 5 5 i IR 58 5 AT Bt 5 B 43 O3] A& (697+
15) MPa F1(988+11) MPa; 7E 700 Ci& ‘K J& , Jii i 9% f£
A0 L 98 % 43 7] & (1011+14) MPa A1 (1155+20) MPa ;
M 2438 KR B TH N 800 °C i , i R 5 5 A T 4 5 S
23 9 = B T (1206+£23) MPa 1(1305+17) MPa; 2438
Kl FE T+ 2900 °C i, e A 5 FE AT TR 58 B2 4y ) B
F| 7 (1177+£35) MPa A1(1283+31) MPa; 7£ 1000 CiE k
J& i R 5 BE R B B R FE 43 0] & (1092+13) MPa Fi
(1183+12) MPa. B K 2 (1) i I 58 F5 R0 $0 B 0 B 3
THENES . SR, Wr 5 % 26 6 5 I8 KR B2 1 3
M FEAIG, 5 2008 GRS , W75 28 A 28 2 38 I T 4T B
11 18.3%

FGH4096M & 4 LA UL € 58 4k v 3= 2 9 4k 77 10,
5w A0 B 32 By B AT LA oK BEL 1S 1 45 52
3. SR IB K G, B AR5, T
Ty AR 3G R T A B 0 BELAS R A 2 T AR AR
TR R AT R IR e P K% ez e R B o, T T S A A 26
e BEACH o [FIE, BTy AH B K E AT, 7 FE S
T AL A B B, 3 2 5 BE Sk A i, BRI, OB ok
A B R IR T S AE AR 2 1 T B

H

N
(=3
(=)

HH

0
Printed 600 °C 700 °C 800 °C 900 °C 1000 °C
Annealing Temperature

Bl 6 4T ENZS IR k25 L-PBF BJE FGHA096M 4 4 (1 4 [ R B
Fig.6 Vickers microhardness of printed and annealed L-PBF
FGH4096M superalloys
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Table 1 Tensile properties of printed and annealed L-PBF
FGH4096M superalloys at room temperature

Tensile strength/ Yield strength/

Sample state MPa MPa Elongation/%
Printed 988+11 697+15 18.3%1.3
600 °C 1022+15 889+10 7.67+1
700 °C 1155420 101114 5+0.1
800 °C 1305+17 1206+23 5+0.1
900 °C 1283435 1177431 5+0.1
1000 °C 1183+12 1092+13 4+2.1
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Effect of Annealing Temperature on Microstructure and Mechanical Properties of Nickel-
Based Powder Superalloy Formed by L-PBF

Wang Yao, Ren Xiaona, Chen Zhipei, Ge Changchun
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Different temperature annealing treatments were conducted on a laser powder bed melted FGH4096M nickel-based superalloy. The
microstructure of the alloy was analyzed using SEM and EBSD, while tensile tests were performed to investigate the impact of the annealing
process on the microstructural evolution and mechanical properties of the laser powder bed melted FGH4096M superalloy. The results reveal that
as the annealing temperature increases, dendritic and columnar crystals gradually disappear in the formed alloy; a significant precipitation of y’
phase is observed when the annealing temperature is 900 °C. Additionally, there is a gradual increase in hardness until 800 °C, along with an
upward trend in both tensile strength and yield strength; however, fracture elongation rate remains low at only 5%. Analysis of grain orientation
difference distribution indicates that annealing can partially eliminate residual stress. These research findings provide valuable data support for
enhancing the performance of laser powder bed melted nickel-based superalloys.
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