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Abstract: Copper and copper alloys are widely used in aerospace, power electronics, and mechanical manufacturing due to
their excellent electrical and thermal conductivity, good corrosion resistance, and favorable processing characteristics. The
development of additive manufacturing technology offers new avenues for producing thin-walled and complex structures made
of copper and copper alloys. This paper reviews the research status of powder bed fusion additive manufacturing technology
for copper and copper alloys. Firstly, it introduces the development status of raw materials. Then, it mainly analyzes and
researches the organization and properties of copper and copper alloy forming parts. New progress in application scenarios
and case studies of copper and copper parts are discussed. Finally, the challenges in the development of Cu and Cu alloy
additive manufacturing technology and the future prospects are analyzed and discussed.
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Table 1 Technical comparison of different pulverizing methods!20-2!
Pulverizing method VIGA EIGA PA PREP
El t material
Raw material ement materiat, Pre-alloyed bar Wire Pre-alloyed bar

ingot, bar

Wide distribution,

fine powder ratio medium

Particle size
distribution
Production efficiency ~200 kg/8 h
Powder morphology Sphericity>80%

Production cost Low High

Wide distribution

fine powder ratio medium high proportion of fine powder
~200 kg/8 h

Sphericity>80%

Wide distribution, Narrow distribution ,

low proportion of fine powder
<200 kg/8 h 200~400 kg/8 h
Sphericity>85% Sphericity>90%

High Low
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HONT 2 AR ARM R Sk il & H AR . VIGA Jrikds
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EIGA JZ7E VIGA J:fili 1= A /Y, %I ik e il 55—
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WHEMBEAREH, FRTZH58EMEN TR
PREP /774, FE PREP Hl#H AR LT LR &
J&, TERYR SN T, A RE A T U TR R Rk
SRTMTZE QA IS AR R | X 4 o o i 4 25 1 45 [l 40 ok
PEFE AR AP SRATAE— R 2205

MG IR A A =S R, KRR EE, JF
KT R T Z R b & R A SRR R, Filin,
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A= T SLM, SEBM 2538 b il 3 13 45 19 CuCrZe B3 K |
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A3t P R i AR BER Al T P LR 2,

R2 EERMHERARAES EMRES S RFH%ES

Table 1 Manufacturers and product categories of major copper

and copper alloy powder for additive manufacturing'®!

Enterprise Location Supply powder
Elementum us Cu
CNPC Powder Canada CuSnZnPb alloy
GKN Additive UK CuCrZr alloy
Infinite Flex Germany Cu01

Cu, Cu80Sn20,

HanaAMT South Kore:
and outh Rorea ¢ \Cr1Zr, CuNi2SiCr
Cu, Cu-10S
Sandvik Sweden do s
Cu-15Sn
. Cu, CuNi3Si,
Kekart Germany CuAl10FeSNis
Dongguan Hyper Chi Red copper,
Tech Co., Ltd. ma bronze , brass
Jiangsu Vilory Advanced Chi Cu-10Sn,
Materials Technology Co., Ltd. na Cu-5Sn
Xi’an Sailong Metal
tan Datong Al China Red copper

Materials Co., Ltd.

A RE I PR A TR, PBF 3444 i B AR AT 43y SLM
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Fig. 4 Thin-walled structure of pure copper prepared by SLMe)

(a) three-dimensional modeling, (b) surface images, (c~f) surface
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Fig. 5 SEM images of as-built SLM CuCrZr sample in the horizontal building direction (a) and vertical building direction (d), EBSD image
of figure 5a and 5d superimposed with grain and subgrain boundaries (b, e), KAM map of figure 5a (c¢), TEM image of the solidifi-

cation cells (f) [39]
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Fig. 6 EDS mapping images (a~c) and tensile curves (d) of ingot, alloy powder and SLM manufactured Cu-15Ni-8Sn alloy parls[“]
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Fig. 8 Micrographs (a) and the relationship between conductivity and porosity (b) of samples SEBMed under different volume energy densities
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Pk HA % 55 4 1o S i A

[48]

4 TF7Ei0)R

PBF M4 i3 B 5 8 S i 5 po e H 2 R 2,
P St o BSO8R AR A1) A MR R MR
SR, AL A B AR L, S 40 4 A7 WO SR
R BRRIOM ) A0S ) 5, BE R ) 3 SO o B AT
T I A ™ IR P K
4.1 HERFES

X THOCIE R UL, 7R3 A i 3 ] S5 5 4 iy i 7
r T I 74 = 2 ) R O RO R L R RO R (O
WA < 10% ) 238 T A A1 7 21 B 0 448 Tl 1) fE
WL, B G R SUE AR AR B A ik
HBUB -80S B w27 i ik RE, M
RS 1 PBF S84 ] 3 52 2l o 4 2 B A (8 ML T 37 i
Y BB RO IR, — i i O T
FAIGINA SR A T O RE B, (HJR X OO R DR
P TR BRI HL v P AR I OGRS N 4 B 3 IR
FAE, X RO IE AR A EOR Kl fRg fnal Y A
I, —EEHF5EE U Jadhay 282155561 20 {indstrom 2507 HE
Aol X 0 A 2 T A ke e RO W AR A [ T, By
KSR AR EOC SR AR T 67% , 15— FREE 14
e TSI B, (X RO IE AR5, i
IR RBRIE B S5 IR, [RIEB3S I T T2 R A A

T3 AT T 1 2 (e AR W T g B SO (IR
W] I 40% ~60% ) VENRERL IR . SRIBOG T FER KRR B2
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AR SLM B4 KA A 4 B RCR A R BeEE Y |
H ATkt A i FE D 2 T3, HLE RO
A A SRAFAE SR A IR, 75 2K i i B[] 50
HATHARTIF A
4.2 #ERKX

A B G AER (397 W/ (m -K) ), T b
TIN5 AR TG AT R [ 3l X — [, O ORI —
FE, R T RE R A A, 5 B B R
R UR R, SIS AL RUZ S S, AT R
FHIBOCAE A $IE I A 3 59 Cu RS I BRZE S | FLIBR S5 Bk
B, S BT 14 %) 3505 1 0 g 2 P e 7 A AR K R 5
Wi FEADRY P A B S R B A 4 00 EOR AR
A R AR AT A G A R AT e, DT AR AR B
08 B SR B A A A, (AR Ao i 5]
A R BRI 51 P 5 1A PERE A B ARG
4.3 S84

1R 4 B b i = B i A, T PBF 1Y
oA ) 35 18 4 e A A P ) B B AR 7 R A2l e AL A A
RGP, AR S YRR, BHATR R DT, [
BF, A A BURR RS A R R ) 2 R AR A A T
PR, 25 1 RRE I SO R B R T 2 R 1
K", Frigola 251 % Bl Cu JEUBT R A 14 42 7 i 2 4
T T e A 1 e L R A S, AR IR T
FBUE B EIA 98. 6%, [AIIFHL G435 97 %IACS, g
15390 W/ (m - K) f4iH1 IR FE, Guschlbauer 45" i I &
S R A ZE 72 I RE S S R, TR A AR
BB R BORE SIS 280, %3 0 3 Fh Cu ME R, WS
i, B9 Ml IR R B Cu Byl As R Y S
W R et 25 . Uk, b 200 ™ A 45 R K 11
Arar, TR B O R o e AT R R Ak FE N A
FE R bR e T2 LS BRI E 1 (A 13 A B2 4
Ky MERERAE ™ (EAE 32 i R 4 e e v 3 0 i A
7 (14 A B o R 7 L OB B4R A 24 B i e O 1 1

TR

®3 mAMEHSEN
Table 3 Oxygen and phosphorus content of the powders( w /%) "

Powder T Powder 1T

Impurities

0.0145+0. 0012 0. 0188+0. 0000

Oxygen ( as received )

Oxygen (used) 0.0235+0. 0014 0. 0545+0. 0009

Phosphorous <0.001 <0. 005

<
=]
E
g
£
=
2

P: 0.03 % P: 0.11% 2

L 0.16% L 0.01%

C: 0.00 mm* 200 um| | c: 0.06 mm*

PO ANTA] 4 o B (3R 3) il & 1 RE 1 S BRI R A ok s L
YL LB (P, RIMEEEAN(L), HEUHIE(C)

Fig. 9  Micrographs and defects number of samples prepared from cop-

per powder with different oxygen contents in table 3 ( porosity

(P), percent of lack of fusion (L), crack density (C)) fo1]

5 #INH

Wi PBE 344 il i 2 A 9 7% 8 e R, il 45 1Y)
et S R A BB A R T,
SR B Tl A B 7 4 22 A5 A 1o
5.1 f&#HEH

i S e A e | I R AR AL PR
AOERARRERL il kT & Sh AL e 2 R A e 2 45
PR A Al v ) AR Gessas ik e B s/
PR I B R I A AR R IR . 2015 4, 58
[ NASA 9 LCUSP 3 H 3£ F SIM AR & T E2 K&
Bl Cu8CraND il & 4 #E 1) % J& J2 454 iy 3G b4 i i T2
(FE10)", HAT SLM i JE Cu8CraNb [ T. 2 B 2 AH %t
BEN, BT MR S BLR AR A R Bk Ak, B P P
TR EDIWARAF | EAHRIUCA PR 2 7] 5
BEXT KT & AL A 4 5B AR E AT T PBF B4 A4 il H R
LIPS

T~y
_ L0

-

S5 678 0101121314151
T o 2 w7
o, s

10 SLM BB I 4R & 4 iy o
Fig. 10 Full-scale copper alloy thrust chamber formed by SLmEe



1108

Hh AR

%43 %

T T 15 R R R A5 A R DR A AR B TR A X
M, SR | AR 2EOR LAY L ) TR A AR
PRI Rt 42 T BURGE I, AL K 2% Con-
stantin 251 R SLM 45K, 7F 400 W HF25ThR T i3
Tl 28 T AT BB E RIS ) Z2 LA 5 4 A A R O (8] 11a
M 1le) , IS AFSEECA R & E B T8 R AR 0 i
P T i e R S R RO A A R, W&l 11b
TN, GEREIN, R A AR L R L AR AR (CoM
HER AR ) V2 IR R 45%

Thermal
Management

Laser beam
A=1070nm =
Continuous mode

Powder bed

2 %EI ctronic chipes®
=% 7 S

P

c]

B 11 Cu BUEAARHY SLM T2URTERE (a) , FTENHERARTE L T8 Jr
ERIRA (b)), 3MEAILRBIA ST IR AR 1B
W, A ()

Fig. 11 SLM process diagram of printing Cu radiator (a), image of
printing radiator on electronic chip (b), images of radiator of

three complex structure: columnar, helix, bent tubes (c) os]

5.2 SHEH#

BSR4, PBF B il 4 S 4 4 4 7
HMLZEA AR 8] — e N, BRI BAR L HLE T58
VTR = B, (MR R AR S TR, IR
LR T A SRR N BRI s D P RE I i
LRI [ HER A . 5 Additive Drives 23 ) 526 [ H3X A )
BT SLM ARG T34 A i shbl e F2Re .

YelE GNK AHRITFR TIARE, it #il . JFabsE
F PR — R S4B PBF 341 il T2, Sg8l
THUBR B AR IR SRR LA L, PBF
TObE o s £ B T M R T 2 A, fEE AR
WF5E 24 B% Szemkus 2517 % H SIM #1145 T Cu-Cr H, il sk ,
K 12 fR,

VYIRS GH Induction 2~ 7l 5&F SEBM 45 Ak T 4
& @7 3D PCoil BN #H B G T & Fl, X Fh—{k

12 SLM 4 Cu-Cr H fii sk 1%
Fig. 12 Cu-Cr contact processed by sLmles]

A FITHBR 70 sl AT AR R S5 AT, i)™ ah B i
100% , [RIISH5 8 T 7= A v E0 R0, 1l HL i 45 i 4 &
400% , seiE TR AT EHE, A BER S M,
e RS 115G SRS 5 BB ] o

6 % i&

LI A R AE Bl (powder bed fusion, PBF) A/t 3E 1) 1%
oA i A 3 A 3 b PR A R 1Y — T SRR PE R R
TR FH A2 1, PBF 48 B4R K 4 & 4 s 1
RO T, Rm R HORSS LI 2% 15 S 6k
G ARG TR, BN, OB R R A e F
PRPFEUR BE AT 3L 99% A B, LS HE KT 100 %IACS, H
Xf PBF 3§44 G A 58 S 2 i Joi o o 48 A5 AT 5 i
AERA . AT R B AR A RS = BUR L . TCBk A
B R ey AR RE O 5 1 A S i 4 A,
SEMLZSAR . BEUR 3l ) S5 A Ak W) A ok & SRR ok, 1B
72X LR LA 5 T 5 2R A

(1) PBF 3M4& JHH & Gy AR TP, HETRT AR 3
BAETAELI | Cu-Cr &4, Cu-Sn & &% A BRIK R 15k
AN X PR T IR ) 3 A 4 R A BB A R
FH o N5 BN O C ISR | TR A R o = e S T 4
AR B A i 3 2 PR S5 RE B R R H AR AT &

(2) 4 B4 4 258014 PBF 38 44 1 1 5% A o7 S 44
2 R P R O B AR E UE T A TS U R
SRR R B, ETE R RS SRR A A ) B O R
IR 2 T R Ry PR AR AR I T et BRI | T LA B
MELLHG R F R IR RE . AT, T RIS & BUE R
RN IR N 3 T3 PN VAP B s (T o (TR et I €
FEPCEAA ST e 4 B AR E PBF BUE T2
ZHL

(3) HAthA) &, LR & 4R & 4 PBF 344 il 1 BB
KA BOB R AR A RS A, — 7T, 7]
H PBF 1§ b i 3 R 5 A T 22 AHZ G, flin, H
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