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Abstract: Selective laser melting (SLM) technology, with its unique solidification characteristics, can
overcome the issue of coarse grain size in conventionally cast alloys. To achieve grain refinement and
improve the mechanical properties of Cu-Al-Ni alloy prepared by SLM, the effects of key process
parameters, including laser power and scanning speed, on the microstructure and mechanical properties
perpendicular to and along the building direction are studied. The results show that fully overlapping melt
tracks are present perpendicular to the building direction, in contrast, parallel to the building direction, it
shows columnar grains that have grown epitaxially layer by layer. Both directions primarily consist of lath
martensite. With increasing scanning speed at constant laser power, or with slightly decreasing laser power
at fixed scanning speed, the melt tracks become narrower, and both the grains and martensite are refined.
At a laser power of 280 W and a scanning speed of 850 mm/s, the resulting alloy exhibits the narrowest
melt tracks, the finest grain size and martensitic structure, and the best mechanical properties. The
hardness and compression strength measured along the building direction reach 251.2HV and 1465 MPa,
respectively, while these perpendicular to the building direction reach 245.7HV and 1189 MPa,
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respectively. The refinement of grains and martensite is attributed to the high cooling rate inherent to SLM,

and the improvement of mechanical properties is mainly due to grain refinement strengthening. The fine

columnar grains, dense martensite and presence of twinning along the building direction result in higher

interface density, which provides stronger resistance to dislocation slip, thereby leading to superior

mechanical properties.
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Al Ni Fe S O N Cu
13.56 3.92 0.047 0.0014 0.013 <20.001 Bal.
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Table 2 Particle size distribution of the experimental

Cu-Al-Ni alloy powder

D,y/pm Dso/pm
22.491 34.901

RIS, 73 A5, A SR A R R, R BA

Dygo/pm
53.512
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Fig.1 SEM images of the Cu-Al-Ni alloy powder(a)-(c),and element distribution images of EDS mapping(d)-(f)
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Table 3 EDS mapping results of the Fig.1(a)

Element Mass fraction/ % Atom fraction/ %
Cu 82.31 69.33
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Ni 4.12 3.75
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Fig.2 Schematic illustration of the fabrication principle , macroscopic morphology, and sampling method for the SLLM-processed Cu-Al-Ni alloy

(a)SLM forming principle ; (b)macroscopic morphology of the as-built specimen;

(¢)sampling direction for compression testing
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Table 4 Process parameters for Cu-Al-Ni alloy fabricated by SLM
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Fig.4 OM images of the SLLM-fabricated Cu-Al-Ni alloy under different laser power and scanning speeds , taken perpendicular to the building direction
(a),(b)310 W/650 mm/s; (¢), (d)310 W/800 mm/s; (e), (1)280 W/850 mm/s; (g), (h)250 W/800 mm/s
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(a),(b)310 W/650 mm/s;(c), (d)310 W/800 mm/s; (e), (1)280 W/850 mm/s;(g), (h)250 W/800 mm/s

SMA FE A AT B J5 1) JE SRR it 2 PRGAE 7 1 P 358 [ 114
S5, HAZ P 5 AP HE AR A PR BE I 4% I Cu-Al-
Ni & G FE B . SLM i FE b, 4t i K IR
JRE T BT I 0 A (R [ FE A BRI R ), Ao i i
R E B B S 77 1), R G i PR ) R A A
K, R ST BT 1w i L RR R 5, B hae BT T E
7 1o} 9 56 A% 1) BAGUR , Sp SRORE AR A 3 AT BT 1) AR
KA CBE A Z IR, AR ISR
JZ dioRLEC ) A, i TR BT 5 2 T R AR
Ao 735h, Cudb G G SRR S TN/ RSG5,

PG TT MR, AR L S R Y #E SLM $
ARl 5 Cu-Al-Ni SMA 3 FE b OB TR 2520
J PO TR FEE 8 T R M DX AR 98 EE R
G FRARHIE Cu-Al-Ni SMA ¥ K GEAS 78401 i 14
ST, 3G ORI 2 B T DASR AR T (v AR R (i A
HAMRAfE . Chang %™ R L Getk it 1. 2 Ml #%
(1) Cu-13.5A1-ANi SMA (1) f ki RSF 228 300 pm, 4T
YER FH SLM 5 AR 145 Cu-Al-Ni SMA FY &k K SF ]
IRBIH /10 2247 o FEA AT BAETIA A9 TAE R AL 42
5 T 24 0 Cu- AL-Ni & 4 FE 5 0 ok g A



o4t oW

T X IO R T 5 B 800 Cu-AL-Ni A4 212U 1 24 PERE R 52 ) 133

AR, FLGA ) P34 ok RS 3A 31 1400 e, B 1 iR R
SEAE 200 pm DL B 5 AR TAE R A SLM 8 AR il 2%
Cu-Al-Ni SMA [ &k RSF A1 Eb Al B R R, X 15
T SLM il 28 2o A8 v iy (4 ¥ H FIEE [8] 5 327 SR,
M R AP O DR BT R fE R 2 R
IS, 40 King 5 pr i , AR AE 1L F I B /N i e
S LA A5 R ) re B L AT A, AR A

a

FREL AN e A K AR AL T AR LR 38 A8 | (R A L (IR BE B
B IEAZIR B I , b 25 by W 4 /D8 A Y d ok
A IE Az AT AN 2 FOR B A, DT ok 23 A 8 A Y
f=E
2.3 Cu-Al-Ni SMA {5 Rk HLA

&1 6 A SR FHAS [R]80O' 2y 58 R 41 4 8 32 1 2% Cu-
Al-Ni SMA £ 5 1E 1 ) SEM [ LA K B AR 25 R <)
0.5

(b)
| —Gauss fit
041 ™ Re=0.902
2 Average width of martensitic
S 0.3 laths:2.49 ym
=
i 0.2
0.1
0'01 2 3 4 5
Width of martensitic laths/um
0.7
(d)
0.6 —Gauss fit
05l R?=0.936 »
Z Average width of martensitic
laths:2.32

1 2 3 4 5
Width of martensitic laths/um

®
0.5} —Gauss fit
R?=0.949

%04  Average width of martensitic
s laths:1.92 um
=03
o
%02

0.1

2.0 1 2 3 4

Width of martensitic laths/um
°orm
—Gauss fit
0.5 R?=0.867
Average width of martensitic

304r laths:2.17 ym
g
=03
o
%02

0.1

0.0

0 1 2 3 4 5
Width of martensitic laths/um

16 SR AN RO SR 3 3 B il 4 SLM Cu- AL-NiA AR Sl T B T ED 5 1) (1 SEM B LUK B Pkl 25 R i g i
(a),(b)310 W/650 mm/s; (c), (d)310 W/800 mm/s; (e), (£)280 W/850 mm/s; (g) , (h)250 W/800 mm/s
Fig.6 SEM images of the SLM-fabricated Cu-Al-Ni alloy under different laser power and scanning speeds , taken perpendicular to the
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Fig. 7 SEM images of the SLM-fabricated Cu-Al-Ni alloy under different laser power and scanning speeds,,

taken along the building direction and the statistical diagram of martensitic flat size
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(a)BF image; (b)HRTEM image; (¢)selected area electron diffraction pattern
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Fig.11 Compressive properties perpendicular to the building direction of SLM-fabricated Cu-Al-Ni alloy under different laser power and
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(a)typical compressive stress-strain curves; (b)compressive strength and maximum compressive strain
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