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ABSTRACT: In this research, the porous copper samples were produced by loose sintering route at different
sintering temperatures using sphere and dendrite powder shapes. The obtained porous samples were
investigated the structure, porosity, compressive strength and permeability. The results show that the porosity
and permeability of samples decreased of sintering temperature which resulted in the improvement of
compressive strength. The permeability of sample using dendrite powders dropped quickly at high sintering
temperature which is attributed to the lower porosity and the more close pores appeared in the structures. In
this work, The increase of sintering temperature from 800 to 950°C led to the reduction of the permeability from
3.68x10°m? to 2.56x10™*m* and from 11.15x10™*m? to 6.29x10™*m? for the use of sphere and dendrite copper
powders, respectively. Meanwhile, the porosity decreased from 41.0 to 34.2% for the use of the sphere Cu
powders and from 64.8 to 51.6% for the use of the dendrite powders.
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l. INTRODUCTION

Porous metals have been playing an important role in various fields such as functional structures,
energy, biomaterials and chemical industries, etc. [1-5]. The high porosity and specific surface area as well as
the interconnected pores lead to several unique properties of porous metals including good heat conductivity,
electrical conductivity, high permeability and excellent acoustic properties, and so on [5-7]. Al, Ti, Cu, Ni and
their alloys are widely used to produce porous metals [5, 8]. In which porous Cu-based has been attracted the
attention in the fields of energy, thermal dissipation, catalysis, electrical devices, etc. [9-14]. There are several
techniques to produce porous copper structure such as electro-deposition, powder metallurgy route, vapor
deposition or free casting [15-19]. The powder metallurgy has been received much attention due to the potential
to control the homogeneity distribution of pore, pore size and shape as well as porosity of porous coppers [20,
21]. In powder metallurgy route, the porous copper could be produced via the space holder method or loose
sintering technique. The loose sintering produces the lower porosity but it can inhibit the contamination from the
space holder materials in comparison with the space holder technique. In this work, the porous Cu samples were
prepared by loose sintering at different sintered temperature using two kinds of powder shapes; sphere and
dendrite powders. The porous samples were investigated the porosity, structure, compressive and permeability
toward the increasing of sintering temperature.

1. EXPERIMENT

In this work, the two kinds of copper (Cu) powders (sphere and dendrite shapes with particle size in the
range of 44-100um by sieving, purity ~99.5%) were used as the starting materials. Porous copper samples were
prepared by loose-powder sintering in the cylindrical stainless steel tubes to produce the pellets with diameter of
20 mm. The sintering was done in hydrogen gas flow using a tube furnace. The sintering temperature was
verified at 800, 850, 900 and 950°C for 1h. The heating rate was set up at 10 °C/min and after holding at
sintering temperature, the samples were cooled with the furnace. The structure of porous copper samples was
observed on a scanning electron microscopy (FE-SEM, Hitachi S4800). The phase analysis of selected samples
was done on X-rays diffractometer (Cu-K,: 1.5406 A, XRD, D8 Advace Brucker). Compression test was
carried out to determine the yield strength of sintered samples (Super L120, Tinius Olsen). The porosity was
calculated from measured density (weigh/volume of sintered samples). The water permeability of all sintered
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samples was also measured to investigate the hydraulic conductivity of the obtained porous samples according
to the Darcy's law [22].

1. RESULTS AND DISCUSSION

Figure 1 and 2 show the SEM images of the fracture surface of the porous coppers sintered at
difference temperature. For samples using sphere Cu powders, the particle shape is not significant difference
toward the sintered temperature, however, the necks grown among the particles was clearly observed. The
increase of temperature led to the neck growth among the Cu particle. This observation is similar to the
investigation of Jiang et al. in which they also reported that the neck growth increased with the sintering time
and temperature [23]. For samples using dendrite powder shape, the Cu particles were also growing by the
immigration of the dendrites to become the larger particles. Even, in one particles, the dendrites also immigrated
together to reduce to surface energy and led to the larger dendites. So, the larger of dendrites was observed for
the sample sintering at 950°C as seen in Figure 2.

dendrite Cu powders; the arrows showing the necks formed among particles

The XRD pattern and SEM-EDX analysis of the two powder shapes sintered at 950°C are shown in
Figure 3 and Figure 4. The XRD patterns show that only diffraction peaks of Cu are detected without the
appearance of copper oxide. Although the small amount of oxygen was detected for both kinds of powder
shapes as seen in the SEM-EDX analysis (oxygen contents are less than 1 wt.%), the results show that hydrogen
can be used as the good environment for porous copper sintering.
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Fig. 3. a) XRD pattern and b) EDS spectrum of porous Cu sintered at 950°C using sphere powder shape
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Fig. 4. a) XRD pattern and b) EDS spectrum of porous Cu sintered at 950°C using dendrite powder shape

The porosity of sintered samples was calculated and plotted as seen in Figure 5. As the sintering
temperature increased, the rearrangement of the powder particles is enhanced which led to the higher shrinkage
of the samples resulted in the reduction of porosity [24]. So, for both kinds of Cu powder, the porosity is
reduced toward the sintering temperature, from 64.7 % to 51.6 % and from 41.0 % to 34.2% for the use of
dendrite and sphere powder shape, respectively. It it is seen that the porosity of the samples using dendrite Cu
powders is higher than that of the samples using the sphere Cu powders at the same sintering temperature. This
is due to the fact that the dendrite powder, its self, has higher pores in the particle which also resulted in the
more pores induced after sintering in comparison with sphere power shape. However, the reduction rate of
porosity is higher for samples using the dendrite powder shape which is attributed to the more contact area
among the Cu dendrite particles. The results are also in complement with the above SEM images for both kinds
of powders with various sintering temperature.
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Fig. 5. The porosity of samples vs. the sintering temperature

The stress-strain curves of porous samples are plotted in Figure 6 and 7. For using of both kinds of
powders, the increase of sintering temperature led to the improvement of compressive strength by the reduction
of porosity and the enhancement of bonding among the Cu powders (evident by the development of the necks
between the particles). Moreover, the higher porosity of the samples using dendrite powders resulted in the
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much lower compressive strength in comparison to the use of sphere Cu powders. Besides that the more
irregular pores induced by the dendrite powders which promoted the stress concentration at the edges of the
pores and led to the deterioration of the mechanical properties of porous samples using dendrite shape in
comparison with the use of the sphere powders [19, 25].
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Fig. 6. The stress-strain curves of porous samples using sphere powders at different sintering temperature
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Fig. 7. The stress-strain curves of porous samples using dendrite powders at different sintering temperature

The permeability of porous copper samples is plotted in Figure 8. The porosity reduced by the increase
of sintering temperature resulted in the reduction of permeability. As the sintering temperature increased from
800 to 950°C, the permeability decreased from 3.68x10™°m? to 2.56x10™°m? and from 11.15x10m? to
6.29x10*m? for the use of sphere and dendrite copper powders, respectively. As the obtained results, the
porosity of porous dendrite powders decreased about 16.1% but the permeability quickly dropped about 43.6%
as the sintering temperature increase from 800°C to 950°C. The permeability, indeed, depends on the open
porosity and the pore size of the samples [26-28]. At high sintering temperature, 950°C, the collapse of porous
structure strongly happened in porous samples using the dendrite powders resulted in more close pores in the
structure which led to the quick drop of permeability. It is obviously that the pores in porous samples using
sphere copper powder are formed by the contacts among the sphere particles, so the pore size is smaller as the
increase of sintering temperature but the close pores are very slow to form compared to the use of the dendrite
powder. Therefore, the permeability of samples using the sphere powders decreased slowly.
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Fig. 8. The permeability of porous samples vs. sintering temperature

1IV. CONCLUSION

The porous Cu samples have been produced via loose sintering technique using the dendrite and sphere
powder shapes in this work. The porosity, structure, compressive strength and permeability of porous samples
strongly depended on the sintering temperature. The necks formed between Cu particles were developed by
increasing the sintering temperature. The porosity and permeability decreased with the increase of sintering
temperature of using both kinds of powder shapes. But the using of the dendrite powders led to the quickly drop
of permeability at high sintering temperature which could be attributed to the more close pores formed in the
structure. The compressive strength was enhanced toward the increase of sintering temperature resulted from the
stronger bonding between Cu particles and the lower porosity. In comparison, the use of sphere powders

brought to higher compressive strength but lower permeability due to the lower porosity at all sintering
temperature.

ACKNOWLEDGMENT
The authors gratefully acknowledge to the Ministry of Science and Technology of Vietham for the
financial support of this research under the project No. KC.02.17/16-20.

REFERENCES

[1] V.V. Selivanov, M.V. Silnikov, V.A. Markov, Yu.V. Popov, V.l. Pusev, Using highly porous aluminum alloys and honeycomb
structures in spacecraft landing gear, Acta Astronautica, 180, 2021, 105-109.

[2] Peng Yujia, Peng Zhenfeng, Qiu Yang, Yan Kangping, Wang Guixin, Improved performance of lithium-sulfur batteries at elevated
temperature by porous aluminum, J Energy Storage, 27,2020, 101-104.

[3] Xiaochun He, Yang Li, Yongjie Bi, Xiaomei Liu, Bing Zhou, Shangzhou Zhang, Shujun Li, Finite element analysis of temperature
and residual stress profiles of porous cubic Ti-6Al-4V titanium alloy by electron beam melting, J Materials Science & Technology,
44,2020, 191-200.

[4] Liu, P.S. and G.F. Chen, Chapter Three - Application of Porous Metals, in Porous Materials, Butterworth-Heinemann, (
Boston,2014) 113-188.

[6] M. Sabzevari, S.A. Sajjadi, A. Moloodi, Physical and mechanical properties of porous copper nanocomposite produced by powder
metallurgy, Advanced Powder Technology, 27(1), 2018, 105-111.

[7] Zhengyi Jiang, Xianghua Liu, Sihai Jiao, Jingtao Han Manufacture, Structure and Properties of Copper Foams Advanced Materials
Research, 652-654 (2014) 1163-1166.

[8] Mark A. Atwater, Laura N. Guevara, Kris A, Mark A. Darling, Solid State Porous Metal Production: A Review of the Capabilities,
Characteristics, and Challenges, Advanced Engineering Materials, 20(7), 2018, 1700766,

[9] F Stergioudi, E Kaprara, K Simeonidis, D Sagris, M Mitrakas, G Vourlias, N Michailidis, Copper foams in water treatment
technology: Removal of hexavalent chromium, Materials & Design, 87, 2015, 287-294.

[10]  Hyungyung Jo, Yong-Hun Cho, Myounggeun Choi, Jinhan Cho, Ji Hyun Um, Yung-Eun Sung, Heeman Choe, Novel method of
powder-based processing of copper nanofoams for their potential use in energy applications, Materials Chemistry and Physics,
145(1-2), 2014, 6-11.

[11]  A. Etiemble, J. Adrien, E. Maire, H. Idrissi, D. Reyter, L. Roué, 3D morphological analysis of copper foams as current collectors
for Li-ion batteries by means of X-ray tomography, Materials Science and Engineering, 187, 2014, 1-8.

[12] Y Zhang, E Long, M Zhang, Experimental study on heat sink with porous copper as conductive material for CPU cooling,
Materials Today: Proceedings, 5(7), 2018 15004-15009.

DOI: 10.35629/6734-1004010106 WWW.ijesi.org 5 | Page


https://www.sciencedirect.com/science/article/abs/pii/S0094576520307487#!
https://www.sciencedirect.com/science/article/abs/pii/S0094576520307487#!
https://www.sciencedirect.com/science/article/abs/pii/S0094576520307487#!
https://www.sciencedirect.com/science/article/abs/pii/S0094576520307487#!
https://www.sciencedirect.com/science/article/abs/pii/S0094576520307487#!
https://www.sciencedirect.com/science/article/abs/pii/S2352152X19306619#!
https://www.sciencedirect.com/science/article/abs/pii/S2352152X19306619#!
https://www.sciencedirect.com/science/article/abs/pii/S2352152X19306619#!
https://www.sciencedirect.com/science/article/abs/pii/S2352152X19306619#!

Effect of Sintering Temperature on Structure, Mechanical Properties and Permeability ..

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26].
[27].

[28] .

Y. Liu, H.F. Chen, HW. Zhang, Y.X. Li, Effect of pore structure on heat transfer performance of lotus-type porous copper heat
sink, Int J Heat and Mass Transfer, 144, 2019, 1D 118641,

J Ma, J. F. Diehl, E. J. Johnson, K. R. Martin, N. M. Miskovsky, C.T. Smith, G. J. Weisel, B. L. Weiss, D. T. Zimmerman,
Systematic study of microwave absorption, heating, and microstructure evolution of porous copper powder metal compacts, J
Applied Physics, 101(7), 2007, 074906.

A.S. Kornyushchenko, V.V. Natalich, V.I. Perekrestov Natalich, and V.1. Perekrestov, Formation of copper porous structures under
near-equilibrium chemical vapor deposition, J Crystal Growth, 442, 2016, 68-74.

M. Kalyani, R.N. Emerson, Electrodeposition of nano crystalline cobalt oxide on porous copper electrode for supercapacitor,
Materials in Electronics, 30(2), 2019, 1214-1226.

S. Eugénio, T.M. Silva, MJ. Carmezim, R.G. Duarte, M.F. Montemor, Electrodeposition and characterization of nickel-copper
metallic foams for application as electrodes for supercapacitors, J Applied Electrochemistry, 44(4), 2014, 455-465.

Xinli Liu, Jisi Wu , Bo Luo, Lei Zhang, Yanging Lai, Porous Cu foams with oriented pore structure by freeze casting, Materials
Letters, 205, 2017, 249-252.

Ahmed M.Z.Yasser, Mohamed I. Riad, Ahmed |. Zaky, Mohammed Abdel Aziz, Mohamed M.H. Shalabi, Investigation on the
mechanical properties of sintered porous copper compacts, China Particuology, 5(6), 2007, 391-394.

Q.Z. Wang, C.X. Cui, S.J. Liu, L.C. Zhao, Open-celled porous Cu prepared by replication of NaCl space-holders, Materials Science
and Engineering: A, 527(4-5), 2010, 1275-1278.

M. Sharma, O.P. Modi, P. Kumar, Synthesis and characterization of copper foams through a powder metallurgy route using a
compressible and lubricant space-holder material, Int J of Minerals, Metallurgy, and Materials, 25(8), 2018, 902-912.

R. Singh, P.D. Lee, Trevor C. Lindley, R.J. Dashwood, Emilie Ferrie , T.Imwinke. Iried, Characterization of the structure and
permeability of titanium foams for spinal fusion devices, Acta Biomaterialia, 5(1), (2009), 477-487.

Le-lun JIANG, Yong TANG, Lin-zhen JIANG, Tan XIAO, Yan LI, Jin-wu GAO Design and fabrication of sintered wick for
miniature cylindrical heat pipe, Transactions of Nonferrous Metals Society of China, 24(1), 2014, 292-301.

Leong, K.C., C.Y. Liu, and G.Q. Lu, Characterization of Sintered Copper Wicks Used in Heat Pipes, Journal of Porous Materials,
4(4), 1997, 303-308.

S. L. Zhua, X. J. Yang, D. H. Fu, L. Y. Zhang, C. Y. Li, Z. D. Cui, Stress-strain behavior of porous NiTi alloys prepared by
powders sintering, Materials Science and Engineering: A,. 408(1), 2005, 264-268.

Lin, Y.J. and K.S. Hwang, Effects of Powder Shape and Processing Parameters on Heat Dissipation of Heat Pipes with Sintered
Porous Wicks, MATERIALS TRANSACTIONS, 50(10), 2009, 2427-2434.

Flérez Mera, J.P., M.E. Chiamulera, and M.B.H. Mantelli, Permeability model of sintered porous media: analysis and experiments,
Heat and Mass Transfer, 53(11), 2017, 3277-3285.

Chi Zhang, James W. Palko, Guoguang Rong, Kenneth S. Pringle, Michael T. Barako, Thomas J. Dusseault, Mehdi Asheghi, Juan
G. Santiago, and Kenneth E. Goodson, Tailoring Permeability of Microporous Copper Structures through Template Sintering, ACS
Applied Materials & Interfaces, 10(36), 2018, 30487-30494.

Tran Bao Trung, et. al. "Effect of Sintering Temperature on Structure, Mechanical Properties and
Permeability of Porous Coppers Using Sphere and Dendrite Powder Shapes.” International
Journal of Engineering Science Invention (1JESI), Vol. 10(04), 2021, PP 01-06. Journal DOI-
10.35629/6734

[p—

DOI: 10.35629/6734-1004010106 WWW.ijesi.org 6 | Page



