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Abstract: With rapid industrial development, selective laser melting (SLM) has emerged as a critical manufacturing
technique for forming complex components made of high-strength, high-thermal-conductivity copper alloys in the
aerospace, aviation, and defense sectors. To address the processing challenge of achieving high-density SLM for highly
thermally conductive/highly light-reflective Cu-Ag-Zr alloys, orthogonal experiments were employed to optimize the process
parameters and combine remelting techniques to realize high-density alloy formation. The effects of the laser power,

scanning speed, and hatch spacing on the densification behavior, microstructure, hardness, and thermal conductivity of
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the SLM-processed Cu-Ag-Zr powder were systematically investigated. Under a specific powder size range (20~53 wm),

with remelting applied, and within a laser power range of 420~500 W and a volumetric energy density of approximately

300 J/mm’, sufficient laser energy input significantly improves the distribution of melt pools and effectively reduces the lack

of fusion pores. Moreover, the characteristic rapid solidification of SLM promotes a uniform distribution of alloying

elements, resulting in a relatively dense bulk alloy with a relative density of 99.87%. A pronounced <001>//BD texture is

observed on the printed surface. The optimized Cu-Ag-Zr alloy has a microhardness of 122.6 HV,s and a thermal

conductivity of 252 W/(m-K).

Key words: Cu-Ag-Zr alloy; selective laser melting; near-infrared laser; pores; microstructure; microhardness
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1 Cu-Ag-Zr 67° ( 2a),
Tab.1 Chemical composition analysis of the experimental , , (volu-
Cu-Ag-Zr powder
(mass fraction/%) metric energy density, VED) 60%
Element Ag  Zr  Fe C 0 N Cu ,
Content  7.06  0.17 <0.01 <0.001 0.022 <0.001 Bal. 5
(PerkinElmer, Lambda 1050+) ,  SLM
250~1 500 nm , D (recoater direction, RD)
1d . 1 064 nm ,Cu-Ag-Zr X);® (vertical recoater direc-
37.5%, tion, VRD) ), 67°,X
. Y ;. ® (building
1.2 direction, BD) (72), SLM
HBD-400 SLM 10 mmx10 mmx10 mm, 2b
Cu-Ag-Zr o 1 064 nm Cu-Ag-Zr , ,
, 500 W, N o
, 1.3
008%, 120°C Cu-Ag-Zr ,
, 2 , (ATM, Opal 410) s
150~500 W, 200 ~1 000 mm/s, o (OM,
40~150 pm, 30 wm, Axio observer 5) ,
s 5g FeCl;+50 mL HCI+
2 Cu-Ag-Zr SLM
Tab.2 SLM processing parameters for the Cu—Ag-Zr alloy 100 mL H,0 ( ) 10%(NH,)S,05
Laser  Scanning speed Hatching layer Scanning ( )o SEM  EDS
power/W /(mm-s™) space/pwm  thickness/pjum  Strategy s
150~500  200~1000  40~150 30 07 angle Cu-Ag-Zr °

rotation

(EBSD, ZEISS, G300)

1 Cu-Ag-Zr :(a) SEM ;(b) SEM ;(c) (PSD);(d) -
Fig.1 Characterization of the properties of the Cu-Ag-Zr alloy powder: (a) SEM image; (b) SEM cross-sectional image;
(c) powder size distribution (PSD); (d) powder reflectance versus laser wavelength
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2 SLM Cu-Ag-Zr :(a) ;(b) ;(c) SLM Cu-Ag-Zr
Fig.2 Scanning strategies and samples for SLM-formed Cu-Ag-Zr alloys: (a) variable-angle scanning; (b) alloy specimen model;
(c) photograph of SLM-fabricated Cu-Ag-Zr alloy

xoy ) Xoz ) h , P v VED
,EBSD o ) . 3b P
(Wilson, VH 3000) SLM , v h VED-p o ,
, 5N . Cu-Ag-Zr SLM o 3a
10s, 5 ,  VED=300J/mm® ,
o VED .
(NETZSCH, LFA 10) o , P=450 W »=450 mm/s
) (0=99.87%=0.1%), 350 mm/s
, 99%, P=430 W
2.1 SLM Cu-Ag-Zr . P=440 W 460 W , v
SLM Cu-Ag-Zr , 300 mm/s 900 mm/s,p ,
(P). () (h) P=440 W 1.67%,
s s P v Cu-Ag-Zr SLM
SLM o 3a o h )
3 ) (@) h , v P VED;(b) P , v h
VED;(c)h  SLM Cu-Ag-Zr p

Fig.3 Curve of the effect of the VED on the relative density (p) of the sample; (a) keeping A constant, varying v and P to apply different
VED:; (b) keeping P constant, varying v and & to apply different VED; (c¢) influence curve of SLM forming on the p of Cu-Ag-Zr and
other alloys
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Fig.5 Optical microscope images and relative densities of the Cu-Ag-Zr alloy samples before etching with different laser parameters
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Fig.6 Optical microscope images and relative densities of the Cu-Ag-Zr alloy samples before etching with different laser parameters
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7 SLM Cu-Ag-Zr :(a) 10% (NH,),S,05 YOZ (b, c) 5g FeCl;+50mL HCI+100 mL H,O
Yoz X0Y
Fig.7 SLM-formed Cu-Ag-Zr alloy optical microscope photographs: (a) Y OZ surface etched with 10% (NH,),S,Os; (b, ¢) YOZ surface
and XOY surface treated with 5 g FeCl;+50 mL HCI+100 mL H,O

8 VED=300 J/mm’ SLM Cu-Ag-Zr :(a) ;(b)
Fig.8 Comparison of the pore counts in Cu-Ag-Zr alloy before and after remelting during SLM processing at VED =300 J/mm?:
(a) before remelting; (b) after remelting

,SLM Cu-Ag-Zr © o ( 75 o).
, , 9 VED =300 J/mm?® Cu-Ag-Zr
o , SEM-BSD . Cu-Ag-Zr
. , ( 9a),
, ( 9 )o
9 SLM  Cu-Ag-Zr SEM-BSD  :(a) .(d) (a)

Fig.9 SEM-BSD images of SLM-formed Cu-Ag-Zr samples: (a) fine dot-like microstructure; (b) magnified view of a region in (a)
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, ( 1le~h N
) Cu-Ag . .
ral , 257 283 um( 11d h),
Zr 22.38 pm,
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Fig.10 Microstructure and composition analysis of the Cu-Ag-Zr alloy samples: (a) BSD image of the SLM-formed alloy;
(b) corresponding EDS elemental distribution map for (a); (c) BSD image of the forged alloy; (d) corresponding EDS elemental

distribution map for (c)
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11 SLM Cu-Ag-Zr EBSD :(a, ©) XOY X0z ;(b, ) XOY X0z (Z//BD);
(c, g) XOY X0z ;(d, h) X0Y X0z
Fig.11 EBSD analysis of SLM-formed Cu-Ag-Zr alloy samples: (a) grain orientations of the XOY plane and XOZ plane; (b, f) reverse
polarity maps of the XOY plane and XOZ plane (Z//BD); (c, g) grain boundary distribution maps of the XOY plane and XOZ plane;
(d) grain size distribution maps of the XOY plane and XOZ plane
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, , Ag Cu 381
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12 SLM Cu-Ag-Zr (@) h ,400 ~ 450 W 500~900 mm/s Yoz
;(b) P , 500,600,700 ,800 mm/s

Fig.12 Hardness analysis of SLM-formed Cu-Ag-Zr alloys: (a) Vickers hardness on the Y OZ plane for samples printed at 500~900 mm/s
under 400~450 W conditions with constant /; (b) Vickers hardness values at scanning speeds of 500, 600, 700, and 800 mm/s
corresponding to different scan spacings under constant P conditions

Cu-Ag-Zr
[14,16.26,39-44] 3
( 13) ; (1 (20~53 pm),
SLM Cu-Cr-Zr , (120 C) ,
Cu-Ag-Zr ; 252 W/(m-K), SLM Cu-Ag-Zr
SLM Cu-Cr-Zr - SLM (0=99.87%), 99%  Cu-Ag-Zr
Cu-Ag-Zr P=420~500 W, VED =300 J/mm?*,
o (2)SLM (P).
(@) (h) , PR200W |
;P>400 W 9 <400 mm/s
1) b b ; v b
o h<60 pm
;h>60 m , s
13 SLM Cu-Ag-Zr (3)SLM Cu-Ag-Zr
Fig.13 Relationships between the thermal conductivity and °
hardness of SLM-formed Cu-Ag-Zr alloys and copper and Ag  Zr
copper alloys prepared via various methods <001>//BD
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