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Study on Electromagnetic Compaction Characteristics and Sintered Body Properties
of Copper Powder under Different Discharge Energies
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(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

ABSTRACT: This paper aims to study the influence of discharge energy on the electromagnetic compaction characteristics and
sintered body properties of copper powder, and to improve the preparation efficiency and quality of copper materials. In this
work, copper compacts were prepared by electromagnetic powder compaction technology under different discharge energies.
The change trend of the relative density and micro-morphology of compacts with the discharge energy was studied. Then, the
compacts were vacuum sintered, and the tensile properties and fracture morphology were tested to evaluate the effect of dis-
charge energy on the performance of the sintered body. Results showed that the relative density of the copper compacts gradu-
ally increased and tended to stabilize as the discharge energy increased. At 20 kJ, the relative density of the compacts reached
the maximum, which was 0.968. The pores of the end face of compacts gradually decreased with the increase of discharge en-
ergy, and the compaction quality of the upper end face was generally better than that of the lower end face. After the compacts
were sintered, the tensile load and displacement gradually increased with the increase of discharge energy. The tensile strength

and elongation at break of the specimen both reached the maximum at 20 kJ, which were 224.7 MPa and 29.2%, respectively.
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The microscopic fracture of the tensile specimens showed that the pores on the fracture surface were gradually reduced, the ef-
fect of particle boundary fusion was gradually improved, and the dimples became more obvious. In conclusion, the test results
showed that the copper materials prepared by electromagnetic powder compaction technology had better compaction and sinter-
ing performance at a discharge energy of 20 kJ, which can be a reference for the establishment of the electromagnetic compac-
tion process parameters of copper powder.
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Fig.3 Electromagnetic powder compaction devices
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Fig.4 Tensile specimen
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Fig.5 Relative density distribution trend of compacts under
different discharge energies

Fig.6 Morphology of copper compacts prepared by electro-
magnetic compaction under different discharge energies
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Fig.7 Micro-morphologies of the upper and lower end faces of copper compacts under different discharge energies
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Tab.1 Comparison of relative density results between
copper compacts and sintered bodies
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Fig.8 Force-displacement curves of tensile specimens
under different discharge energies
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Fig.9 Micro-morphology of fracture of tensile specimens under different discharge energies



13

35

20 kJ

20 kJ

20 kJ

16 kJ
20 kJ
0.968

20 kJ

20 kJ

2247MPa  29.2%

20 kJ

SE -

(1]

(2]

/ [D].
: ,2019: 1—10.

WANG Yan. Study on Preparation and Properties of
carbon Nanotube/Copper Composites|[D]. Zhengzhou:
Zhengzhou University of Aeronautics, 2019: 1—10.
DONG D Y, HUANG X S, CUI J J, et al. Effect of As-
pect Ratio on the Compaction Characteristics and Mi-
cromorphology of Copper Powders by Magnetic Pulse
Compaction[J]. Advanced Powder Technology, 2020,

31(10): 1—11.

(4]

[10]

[11]

[12]

[ , 2018(3): 67—68.
ZHOU Yuan, LI Tong-zhou. Research Progress on Den-
sification Mechanism of High-Speed Compaction of
Powder Metallurgy[J]. Metals,
2018(3): 67—68.

Sichuan Nonferrous
. [J1.

, 2018(3): 80—80.
DU Zhi-bin. Research on Forming Method of Powder
Metallurgy High-Speed Press[J]. China Metal Bulletin,
2018(3): 80—80.

[D]. ,2007: 1—11.
ZHAO Zheng. Research on Explosive Compaction and
Numerical Simulation of Particle Reinforced Copper
Matrix Composites[D]. Dalian: Dalian University of
Technology, 2007: 1—11.

[D]. ,2013: 1—14.

ZHENG Yu-kai. Processing and Properties of the
Preparation of Tita-
Central South

High-Velocity Compaction
nium-Based Materials[D].
University, 2013: 1—14.
DONG D Y, HUANG X S, LI G Y, et al. Study on Me-

chanical Characteristics, Microstructure and Equation of

Changsha:

Copper Powder Compaction Based on Electromagnetic
Compaction[J]. Materials Chemistry and Physics, 2020,
253: 123449.
CUI J J, HUANG X S, DONG DY, et al. Effect of Dis-
charge Energy of Magnetic Pulse Compaction on the
Powder Compaction Characteristics and Spring Back
Behavior of Copper Compacts[J]. Metals and Materials
International, 2020: 1—13.
PARK H Y, KILICASLAN M F, HONG S J. Densifica-
tion Behaviour Analysis of ZrO, Nanopowders for Den-
tal Applications Compacted by Magnetic Pulsed Com-
paction[J]. Materials Chemistry and Physics, 2013, 141:
208—215.
[D].
: ,2013: 66—78.

YANG Yong. A Mechanism Research on Pulse Powder
Compaction of Collector Magnetic[D]. Ningbo: Ningbo
University, 2013: 66—78.

Ti6Al4V

[D]. : , 2011:
63—82.
LI Min. Microstructure and Properties of Ti6Al4V Alloy
Prepared by Magnetic Pulse Compaction and Sintering
of Hydrogenated Powder[D]. Harbin: Harbin Institute of
Technology, 2011: 63—82.
YAN S W, HUANG S Y, LIU W, et al. Experimental and
Numerical Investigation of Temperature Evolution dur-



36

2021 7

[13]

[14]

[15]

[16]

ing Electromagnetic Pulsed Compaction of Powders[J].
Powder Technology, 2017, 306: 1—9.
LEE G H, RHEE C K, LEE M K, et al. Nanostructures
and Mechanical Properties of Copper Compacts Pre-
pared by Magnetic Pulsed Compaction Method[J]. Ma-
terials Science and Engineering A, 2004, 375/376/377:
604—608.
CHAE H J, KIM Y D, KIM T S. Microstructure and
Mechanical Properties of Rapidly Solidified Mg Alloy
Powders Compacted by Magnetic Pulsed Compaction
(MPC) Method[J]. Journal of Alloys and Compounds,
2011, 509S: S250—S253.

/
[D]. ,2012: 25—44.
GUI Yan-xu. Experiments of Densification of SiC Pow-
ders by Magnetic Pulse Compaction and Pressureless
Sintering[D]. Harbin: Harbin Institute of Technology,
2012: 25—44.
SHIN D W, KIM D S, MADAVALI B, et al. Densifica-
tion Mechanism and Its Effect on the Magnetic Proper-
ties of Nd-Fe-B Bonded Magnets Through the New
High-Energy Compaction Method[J]. Journal of Mag-

[17]

[18]

[20]

[21]

netism and Magnetic Materials, 2019, 482: 280—286.

[D]. : ,2015: 28—43.

SHI De-zhang. Preparation and Properties of Carbon
Nanotubes Reinforced Copper Matrix Composites[D].
Qingdao: Qingdao University of Science and Technol-
ogy, 2015: 28—43.

COLOMBINI E, ROSA R, TROMBI L, et al. High En-
tropy Alloys Obtained by Field Assisted Powder Metal-
lurgy Route: SPS and Microwave Heating[J]. Materials
Chemistry and Physics, 2018, 210: 78—86.

KANG B, KONG T, RYU H J, et al. The Outstanding
Tensile Strength of Ni-Rich High Entropy Superalloy
Fabricated by Powder Metallurgical Process[J]. Materi-
als Chemistry and Physics, 2019, 235: 121749.
CONSTANTIN L, FAN L S, MORTAIGNE B, et al.
Laser Sintering of Cold-Pressed Cu Powder without
Binder use[J]. Materialia, 2018, 3: 178—181.

JIANG H, ZENG C C, LI G Y, et al. Effect of Locking
Mode on Mechanical Properties and Failure Behavior of
CFRP/Al Electromagnetic Riveted Joint[J]. Composite
Structures, 2021, 257: 113162.



