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Table 1 Parameters in laser 3D printing process
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P/W  Diameter/mm  Scanning speed/(mm-s ')

Layer number

Layer direction Overlap rate/%

500 1 6

6

Orthogonal direction, same direction 25

1 AFRZEEOLIn L

Fig. 1 Laser printing directions of different layers: (a) Layer-layer orthogonal direction; (b) Layer-layer same direction

Laser and powder

Substrate

B2 WOt 3D TEIERE K5 S FEE

Fig. 2 Laser 3D printing technology and alloy components: (a) Laser 3D printing process; (b) Alloy components manufactured by

laser 3D printing technology along different layer directions (1—Layer-layer orthogonal direction; 2—Layer-layer same direction)
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Fig.3 Tensile specimen size (Unit: mm)

2 HR5E

2.1 EELEN
2.1.1 #pE

XPANIR]JZ P0G 3D 4T B 80Ni20Cr A G 115
JEHHT T A R, 0 3D $TERY 8ONi20Cr A 411
WS R T, B R MR E-RIE
AT ENHI A R ILBR R Ky 2.3%, J2—J2 R 4T BT

Laser scanning direction

25 um)

B4 FE-FEIFAHE 80Ni20Cr &4 FE-SEM 14

ERRILBRER 4.7%. B, R JE-JZEAZTE
(65 G FEIF B TR -2 R AT B & A
fLERE D, BAT A B T

2,12 Wi

Kl 4 Fosoh J2-J2 1IEAS O 3D 4TE1 80Ni20Cr &
ST FE-SEM 5. MWK 4 il LUE H, &t
T M RRR R B 4T & ER e kR
[ FE-SEM 4. MK 4@ i LLEH, A EftibR
T AR iR SE v A WO R s R T o A .
4(b)JIT 7~ A 8ONi20Cr &4l i FE-SEM 4, Kl 4(c)
FIA BT A E 40b)H 4 XIR B X I i
e ML 40~ LUE H,  FECRER A 40/ 1
ARAFRL,  BEAE OB o B 3G N, atoRr e 1 Rz
AR AR Ot 3D 4T B R AN PR BR]
PR EI SR, FEEm A AR NN, i )
A B IE A EL, AR R R, BRI TR
B A%, T FLIK 28 A 78 A I RO, B
KIG R B AN/ ERL . BT IO T R B AE S
{100} [ E FL ¥ (100) 77 [l KM BE ek, 7E30t 3D

E/Ij

80Ni20Cr

|

[10um |

Fig. 4 FE-SEM images of 80Ni20Cr alloy component produced by laser 3D printing with layer-layer orthogonal direction: (a) Top

view; (b) Side view; (c) High magnification of zone 4; (d) High magnification of zone B
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Bl 6 FTnh 8ONi20Cr A 4 Af A Ml T AN 7] [X 3%
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(b)
Ni

Cr

Cr Ni

1 3 5 7 9
Energy/keV

Bl 5 JE-JZIEACHOE 3D 4TEN 80Ni20Cr +4x FE-SEM &l
EDS i

Fig. 5 FE-SEM image(a) and EDS spectrum(b) of 80Ni20Cr
alloy component produced by laser 3D Printing with layer-layer

orthogonal direction

&R2 EDS miHnH s
Table 2 Element content of EDS point scan

Element Mass fraction/% Mole fraction/%
Cr 20.98 23.07
Ni 79.02 76.93
Total 100.00 100.00

B 6 uUFE 1 M ANF Xk TEM 12
Fig. 6 TEM images of different regions at side of sample 1: (a)
Side; (b) Lattice strip
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A o [R) AR UE I 0] HE & B 8ONI20Cr & G R 1 25
55 Ni bR i A0, F ORI G SRR 2 1m) 20
ks, FLERAEEE T Ni kRl o ikt
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TP A H P A R AR AN 23, X B LB
MEEEE R 5.
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7 JA-JZIEAE 3D #TEN 80Ni20Cr &4 XRD %
Fig. 7 XRD pattern of 80Ni20Cr alloy component produced
by laser 3D printing with layer-layer orthogonal direction
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Prhv s A 320 MPa, X )22 IEAZ T EI 1) 8ONi20Cr
B SRR RPTRL R B LR S22 ) 4T B AR
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B2l A G 80Ni20Cr AT L — € %
P, B RIPUR SREAE 600~800 MPa. {H5 SONG
2 OU ] SLM BOARFTENY 8ONi20Cr A4 Afitl, Hihr
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400 -
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Layer-layer orthogonal direction

0 4 8 12 16
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8 8ONi20Cr & G FEA I J1—Mi A% fh £

Fig. 8 Stress—strain curves of 80Ni20Cr alloy component
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B9 AFIZREOG 3D $TE 80Ni20Cr & 4 #E A HL 1 11 FE-SEM {4

Fig. 9 FE-SEM images of tensile fracture surfaces of 80Ni20Cr alloy components manufactured by laser 3D printing with different

layer directions: (a) Layer-layer orthogonal direction; (b) High magnification of zone 4; (c) High magnification of zone B; (d)

Layer-layer same direction; (¢) High magnification of zone C; (f) High magnification of zone D
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Microstructure and mechanical properties of
80Ni20Cr alloy manufactured by laser 3D printing technology

TAN Shus-jie', LI Duo-sheng', QIN Qinghua®, LIU Hong-bing®, LIAO Xiao-jun', JIANG Lei'

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China;

2. College of Engineering and Computer Science, Australian National University, Canberra 2601, Australia;

3. Aeronautical Manufacturing Technology Research Institute, Shanghai Aircraft Manufacturing Co.,

Shanghai 201324, China)

Abstract: 80Ni20Cr alloy was manufactured by laser 3D printing technology using two different laser 3D printing routes,

namely, layer-layer orthogonal and layer-layer with the same direction, and the microstructure and mechanical properties

of 80Ni20Cr alloy were also studied. The results show that the microstructures of alloy components present small

lamellar grains and columnar grains, and the columnar grains grow along the path of laser 3D printing route. The

composition of the alloy components is Ni-Cr solid solution based Ni solvent. Moreover, the density of 8O0Ni20Cr alloy

manufactured by laser 3D printing is close to the theoretical density of alloy. The porosity of 80Ni20Cr alloy fabricated

by laser 3D printing technology using layer-layer orthogonal route is lower than that of layer-layer with the same

direction, meanwhile, the average micro-hardness and tensile properties of 80Ni20Cr alloy components using layer-layer

orthogonal route are also higher than that of using layer-layer with the same direction, and the tensile strength of alloy

reaches up to 410 MPa, the hardness of alloy reaches up to 406 HVy,.

Key words: 3D printing; 80Ni20Cr alloy; microstructure; mechanical properties; porosity
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