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Research progress in additive manufacturing of copper alloys

ZHENG Zhengxin,ZHANG Yichuan, YUE Wenwen, LAl Youbin’

(College of Engineering, Shantou University , Shantou 515063, Guangdong, China)

Abstract: Copper is widely used in conventional industries owing to its excellent electrical and thermal
conductivity. With the growing demand for complex copper components featuring higher manufacturing
accuracy, lower cost, and improved material utilization, additive manufacturing (AM) has opened up new
opportunities for processing copper and its alloys. This review summarizes the major production routes for
copper powders and wires, including electrolytic methods, plasma rotating electrode processing,
atomization, wire drawing, and wire fabrication method, and compares their advantages, limitations, and
suitable application scenarios. It further highlights recent progress in AM technologies for copper alloys,
such as powder bed fusion, directed energy deposition, binder jetting, cold-spray additive manufacturing,
and wire-based electron beam additive manufacturing, and systematically discusses their advantages,
bottlenecks, and key technical challenges in fabricating copper parts. In addition, the effects of copper’s
intrinsic material characteristics—high reflectivity, high thermal conductivity, susceptibility to oxidation,
and high thermal expansion coefficient on AM processes are analyzed. Finally, potential mitigation
strategies are proposed, including appropriately increasing scan spacing and laser power, switching laser
sources, surface modifications, and post-processing treatments.
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Fig.1 Schematic diagrams of typical metal powder production processes

(a)PREP'™; (b)atomization''*’; (¢)combined water and air atomization"'"*
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Fig.2  Micro-morphologies of copper powders prepared by chemical reduction method (a)*" and physico-mechanical method (b)"

21]



Fo4ts HTH B G MR T AT 165
TR LT i P ISR B U RAT H A S PR XPH R PGS R IEAT T VEAN 2B 4D A £ RS

1.5 Zif&%

i 9 22 b8 147 vk R RS A R BT Tk (B R b
BB g T DL il 22 AL SRRl e — e AR
BT L v A AL IS LI 22 1 22IRBHRE) 78 3R
E (TR AR RPRAET , 8 v i it )5 Uik
FTRLARIE AR, 45 40 1 Y 63 08 22 ) LA S f 22 35145
o 337 22 10 2 1l 4 H 22 8 R —Fh T2 X Fh 7
L FE T W& EARBU N B 22, JFUR G 7R 58
EACRPIRES T, 8 2208 AL i 4 e i 2
Wi, B2 T BARR) G JE 22 o hrezikal LA
BRI HRYSNRERESRL, R
BB BRAE S B AR B R ) R R TR
RS o E e AT AL A A R R R L R A AT T A
P, AT RUAT 285 ) B A AR 2R 18, DT PRI 7 i 1
1= e PERE MR B

Cao & fifi H] #ROK V- 1% 22 5% 1 H R il 45 AR
8.0 mm FY L & 41 B, 14 225 2 B BRI Ad B
0.2 mm 8 P2 AN ] B R A 38 B AR K A5, R 58
HBPPAG T I A B X A 2 g 2 P R A R R RE AR 520
SCYG LGRS 3 2 AR AFORTIR b BT DL 2 R
A2 A BT 47 iR B R A SR ] I 7 v R AR BT
A2k B0 TIOML AL 28 117 DR B 22 W B PR 8 i — AP
T HATH R RS ERE . O T HE— RS
Pt R 520 K 2, Santana 5538 bl F A PR ORI

HA P2 fib BE 4, R AR L BT (L3 R 14 £ FR
A E ) LA R A 2 A U 5 35 132 R 1) 1 791 ) 1o
PO REAR 7 U E RN 7 73 A 520 o 25 R T, AR
A LAy 2 1 T 25 18 AT LS 3 ek B R R R A
IS A3, [R) IR B A7 44 3 2 R A6 A7 A8k 47 ol o BE 4™ A
B B 1R AR A AR

2 SAAEEMHIERARZRIR

1S4 R 1k 4 K A A 2 0 T B 2 b
il H AR [ N A G 1 i i BR B A
TER AR R JE il (powder bed fusion, PBF) & ] fig & 1T
1 (directed energy deposition, DED) | %k 4% 71 Bt 5
(binder jetting, BJ) .72 Wik 4l i (cold spray addi-
tive manufacturing, CSAM ) DA K £ b L - SR 384 A4 il i
(wire electron beam additive manufacturing, WEBAM)
A, Hir  PBF FOARMEH AR 1 IR 10 A [/ 53 Aot
AR NE fil (laser powder bed fusion, LPBF ) FlH,F 5
1% 1k (electron beam melting, EBM) ; DED AR #ig H:fiE i
FF AL B A 6] 8] 23 A 0 28 1) 5E &t D0 (laser di-
rected energy deposition, LDED) Fl 22 3K 3 #4 il 1&
(wire and arc additive manufacturing, WAAM) . A&
PHEXT L, 3% 1 AES T I SeROR B SRk RS IR AR LAY
o P, ARG RS T 2R BN E 3 Fos ==,

®1 HESEMEERARS %

Table 1  Classification of copper alloy additive manufacturing technology

Process Materials used Energy source Application field

LPBF Powder Laser Aerospace, medical

EBM Powder Electron beam Aerospace

LDED Powder/Wire Laser Repair

WAAM Wire Wire electron beam Ship or construction industry

BJ Powder Complex sand molds and ceramic parts
CSAM Powder Repair

WEBAM Powder/Wire Electron beam Aerospace , energy
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Table 2 Summary of properties research results of SLM copper alloy

Copper alloy

Result

Reference

Cu-Cr-Nb

Cu-4Sn

Cu-Snl0

Cu-10Zn

Cu-15Ni-8Sn

The sample density of the fabricated alloy is higher than 99.5% and the addition of Y,O, nanoparticle reinforcement
significantly increases the hardness of the Cu-Cr-Nb alloy.

The relative density and Vickers hardness of the samples were mainly determined by the laser power. The highest relative
density exceeded 93 percent of the theoretical density and the Vickers hardness reached 118HV/ (the hardness was
measured on the polished cross-section using a Vickers hardness tester under a 2.94 N load applied for 5 s). The optimum
tensile strength was in the range of 316-320 MPa.

There is a non-linear relationship between the density and mechanical properties of the tin-bronze strip samples and the
laser energy density, with the best performance being obtained at 220 J/mm?®. The yield and final strengths of the SLM
samples were increased from 120 MPa and 180 MPa for the cast samples to 220 MPa and 420 MPa, respectively, and the
elongation was also increased from 7% to 17%.

The parts achieved an ultimate tensile strength of 269.2 MPa, a yield stress of 203.4 MPa, an elongation of 26.4% and an
electrical conductivity of 43.19%ICAS. Experimentally, it was found that the highest relative density (99.97%) was
achieved when using a laser power of 1800 W, a scanning speed of 300 mm/s and a powder spreading distance of 0.14 mm.

The yield strength R, ultimate tensile strength R,,, elongation A and modulus of elasticity E of the SLM samples

(5]

[35]

[36-38]

[39]

increased by 67 % , 24.6%, 360% ,and 7%, respectively, compared with those of ingots.

Cu-15Sn

The unannealed samples have higher tensile strength and hardness, whereas the annealed samples show better ductility [41]

(elongation over 20% ), but with reduced strength and hardness.

CuCrZr

The samples exhibit excellent mechanical properties. The average tensile strength is 321 MPa, the average yield strength

is 244 MPa, the average modulus of elasticity is 98.9 GPa, and the elongation at break is up to about 25%.

Cu-Cr-Zr-Ti

The relative density of the samples was as high as 97.9%, and the tensile strength and elongation at break at 20 °C were [44]

195-211 MPa and 11%-16%, respectively. Both parameters were decreased at increasing temperature.

I # (200~500 W) 5 14 # £ (100~1000 mm/s) *f
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Fig.4 Relative density of pure copper cubic samples as a
[49]

function of line energy
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Fig.5 Schematic diagram of specialised powder coating PVD system for preparation of Zn coated powders'’"!
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