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Fig.1 Morphology (a) and particle size distribution (b) of pure copper

powder
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Table.1 System Parameters of Printing Process

Parameter Value
Printing Speed/mm s 150
Recoating Speed/mm s* 100
Roller Traverse Speed/rad st 6

Thermosetting Temperature/°C 180

Thermosetting Time/min 180
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Fig.2 LASERADD-BJ300 equipment (a) and forming principle (b)
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Table.2 Experimental Parameters of Printing Process

Experiment Layer Thickness/um Inkjet Density/%
1 75 150
2 100 150
3 125 150
4 150 150
5 180 150
6 75 50
7 75 75
8 75 100
9 75 125
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Fig.3 Debinding sintering process curve
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Fig.4 Appearance and morphology of green parts under different

powder layer thicknesses (a) and inkjet densities (b)
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Fig.5 Density of green parts under different powder layer thicknesses

(a) and inkjet densities (b)
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Fig.6 Longitudinal cross-sectional morphology of green parts under different powder layer thicknesses and inkjet densities :(a)75 um/150%,(b)125
um/150%,(c)180 pm/150%,(d)75 um/50%,(e)75 pm/75%,and (f)75 pm/100%
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Fig.7 Dimensional accuracy of green parts under different powder
layer thicknesses (a) and inkjet densities (b)

2.3 §Hi B R S SR 2 X A R SR ARG RS2

Wk 8 fos, BEENZ RGN, ARKTmE
THPHLRE 2 AN 11.243 pum 38042 47.727 wm, 0T 2 0 HL RS
FEM 31.406 um SGFEEE 18.857 um (Gl EE N 125
pum), SRJEHEINZ 32.049 ym; BEEWRZ RN, 4
T PR THE T 2 T DR B2 70 B 2 AR A R AR AE 10 pm 2,
THI 22 THUHURE B2 17.464 pm 3904 31.406 pm .. Mao %521
AT TR ] T AR 45 3R, AR RN THI 55 Tou [ FR) 2 T R A
JEAFAEZE R, 20 0 2R T RELRE B2 AR 52 95 Ttk )2
JE o 00T 2 T AEL A PR T K T TR R TR S, R A
e MM [ P 52 2R 45500 U2 B A T S BBl oS4 F 25
ARSI, O £ SR 4 A% IR A R BEAT RS BEAR 1 . 2R T
VRN FEAS R K 2 S B0 1 3% O RELRE P SR n - 4] 8a
P, b2 R 125 pm I, TOTT 2% A R P2 5 T K
TN R RS R, X F) 40 pm A, H R T
T JE B S BOWI R R BORLRG S5 A 7870, TR I AR R
TR 2 B BN E . B ATRE S5 7RO B i A R
THIRE A B2 1 DU AH R i 1B 450D, Choong S5 FLHRE T
R 70T 5 R R A4 A R R T REE. Sa 72 10 pm
BYIEE, PR 1R 0 2 T AR A 52 B ARG MDA Bl A e i
FHLREE .

—=— Top Surfac
—s— Side Sur ﬁce

wi25p

75 100 125 150 180
Layer Thickness/um

40f
—=8— Top Surface b
35r —e— Side Surface

301 {/{
5-25- /
320- I—}/E

Lok !/—"—_—i

—

5I0 75 160 léS lSIU
Inkjet Density/%
Kl 8 AN[FI 4R J 5 v ol B T IR AR IR R TR R
Fig.8 Surface roughness of green parts under different powder layer

thicknesses (a) and inkjet densities (b)
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Fig.9 Compressive strength of green parts under different powder
layer thicknesses (a) and inkjet densities (b)
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Fig.10 Verification components for integrity of green parts
structure :(a) minimum forming wall thickness and (b) complex
structure heat dissipation
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Fig.11 Appearance and morphology of parts under different sintering

conditions
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Fig.12 Sintering density and volume shrinkage ratio under different

sintering conditions
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Fig.13 Transverse section mirror pores under different sintering conditions :(a)hydrogen/1050 °C, (b)hydrogen/1060 °C/inner side,(c)

hydrogen/1060 °C/outer side,(d)vacuum/1070 °C,(e-f)hydrogen/1070 °C
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Fig.14 SEM morphology under sintering conditions of vacuum environment (a) and hydrogen atmosphere (b) at 1060 °C
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Fig.15 EDS energy spectrum analysis results under sintering conditions of 1060 °C (a) and 1070 °C (b) in hydrogen atmosphere
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Fig.16 Schematic diagram of pure copper binder jetting debinding sintering behavior
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Research on the mechanism of pure copper binder jetting additive forming and
sintering densification
Lv Shaobo!, Yang Yonggiang!, Wang Di!, Liu Linging!, Wu Shibiao!, Zhang Shigin?, Jiang Fei'
(1 South China University of Technology, Guangzhou 510640, Guangdong)
(2 Guangzhou Leijia Additive Technology Co., Ltd., Guangzhou 510640, Guangdong)
Abstract: The printing process and the debinding sintering process are carried out step by step, which can realize the pure copper processing with
high laser reflectivity and high thermal conductivity. The process parameters of pure copper binder jetting additive manufacturing were studied. The
effects of powder layer thickness and inkjet density on green parts forming performance were studied. At the same time, the effects of sintering
atmosphere and sintering temperature on the densification process of the parts were studied. The results show that the combination of powder layer
thickness of 75 pm and inkjet density of 50% can ensure the density and compression strength of green parts, and have high dimension precision and
high surface quality. The driving force in hydrogen atmosphere is stronger than that in vacuum, and the surface oxide layer can be effectively reduced
by the introduction of hydrogen. The density of 1060 °C was 77.70% , the carbon residue formed pores to restrain the sintering process, and the
density of 1070 °C was 93.94% . It points out the direction for further optimizing the manufacturing process of binder jetting with pure copper.

Key words: binder jetting additive manufacturing; pure copper; process parameters; sintering densification; hydrogen sintering
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