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Abstract. Graphene is a single thin layer (mono layer) of a hexagon-bound carbon atom and is
an allotropic carbon in the form of a hybrid atomic plane, with a molecular bond length of 0.142
nm. Graphene is the thinnest and lightest material with 0.77 mg square meters, which exhibited
excellent electricity and heat conductor. However, the perfect uniform microstructure, strength
and optimum thermal properties of copper-graphene composites cannot be achieved because the
amount of graphene does not reach the optimum level. In order to solve this problem, copper-
graphene composites were produced by metal injection molding method (MIM) with various
percentage of graphene, specifically 0.5%, 1.0% and 1.5% in the composite, to compare the
physical and mechanical properties of these samples. MIM process involves the preparation of
feed materials, pre-mixing process, mixing process, mold injection process, binding process and
sintering processes. Feeding materials were used are copper and graphene, which have the
powder loading of 62% with a mix of binder comprising 73% polyethylene glycol (PEG), 25%
polymethyl methacrylate (PMMA), and 2% stearic acid (SA). Densification and tensile test were
conducted to determine the mechanical properties. Scanning electron microstructure (SEM) was
performed to obtain the microstructure of the composites. From the research, the result revealed
that the 0.5% graphene content had the optimum parameter, which the hardness and tensile stress
values were at 94.2 HRL and 205.22 MPa.
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1. Introduction

Copper (Cu) is a ductile metal which has the properties of high thermal and electrical conductivity. It is
commercially produced through the process of decomposition or smelting, followed by electrode
solution which consists of sulphate solution. It is extensively used in electrical industry. Various studies
and research were conducted to improve the physical and mechanical properties of Cu mainly on the
nature of its thermal and electrical conductivity, in the area of Cu production processes or the preparation
of alloyed Cu [1-3]. The graphene-copper alloys have become a hotpot where it has attracted many
researchers globally to study on the mechanical and physical properties of the compositions [4,5].
Therefore, graphene was added to improve the physical and mechanical properties of this metal.

Graphene is a single thin layer (mono layer) of a hexagon- bound carbon atom like honeycomb, and
also allotropic carbon in the form of a hybrid plane sp2 with a molecular bond length of 0.142
nanometers. Graphene is the thinnest compound and the lightest material with 0.77 mg square meters,
which made it become the most powerful material being studied with the behavior as good electrical
and heat conductor [6,7]. Based on researchers in Korea Advanced Institute of Science and Technology
(KAIST), composite-reinforced graphene can achieve the tensile strength up to 500 times compared
with the tensile strength exhibited by raw materials or monolithic materials [8,9].

Nowadays, the graphene continues to be aggressively studied for alloys as well as composites to
improve the physical and mechanical properties of the metal [10—12]. Graphene was widely used for to
form various type of composites due to its excellent mechanical properties. Powder injection molding
(PIM) is a manufacturing process for producing near-net-shape metals and ceramics [13]. This
technology produced excellent results in the production of complex or complex geometries, with
significant cost savings and a large production capability. Conventional processes such as powder
metallurgy (die compaction, isostatic pressing), deformation processes (forging, stamping), and casting
processes (sand, die and investment casting) could not achieve these extraordinary results. PIM
applications, however, are limited to monolithic materials such as stainless steel, titanium, alumina,
cemented carbides, tungsten, and other alloys [14]. In this case, assembly of PIM product with other
components were only performed after the PIM fabrication.

Metal injection molding (MIM) is one of the methods for the preparation of various composites.
MIM is one of the processes in PIM. Powder metallurgy is a metal processing technique to integrate
particles, where the metal powders were pressed into molds in stages and followed by sintering
processes. Powder metallurgy portraited advantages in producing complex components and parts
through special compositions by mixing elements and structural formulation methods in three-
dimensional. Besides, the high performance and economically aspects had made researchers to consider
applying powder metallurgy for this formulation [15].

In the metal powder process, metal powders and binders were mixed or kneaded to produce feed
materials, which later injected into moulds in a green body at high pressure. Thermoplastic materials
and candles were used widely as binder in this process. The binder was then removed from the green
body via the binding process using solvent and heating, resulting in hollow and brittle brown bodies.
The brown bodies are then sintered to produce the desired physical and mechanical properties of the
composite material, such as density, strain, and microstructure.

Although the metal injection molding process has a good performance in physical, mechanical and
microstructure properties of graphite copper composite, there were also other factors affected the
composite microstructure. This includes the number of mixtures of graphite powder mixed for the
manufacture of graphene copper composite during the metal injection molding process [16]. Perfect
copper and graphene dispersion is hard to attain and the performance of physical and mechanical
properties of copper graphite composites are still being investigated to optimize the physical and
mechanical properties. Therefore, this study was conducted to determine desired amount of graphene to
achieve optimum performance of its physical and mechanical properties.
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2. Methods

The copper-graphene composite was prepared via powder injection molding (PIM) by using copper
powder and graphene powder as a feedstock. The graphene composition was varied with 0, 0.5, 1.0 and
1.5%. The steps involved in PIM process were mixing, injection molding and debinding. After the PIM
process, synthetized sample were tested for its hardness and tensile strength. Meanwhile, the grinding
and polishing process is final approach for sample preparation, and it has several other steps before
completion. For the grinding process, smooth sandpaper with the grades of 600, 800 and 1200 were
used, where the direction of grinding was changed frequently for better grinding performance without
any rough scratches. Water was used as lubricant for the grinding process, meanwhile oil and diamond-
based lubricants were used for polishing to obtain the grain boundary during the analysis. In this
method, ammonia and hydrogen peroxide were used as substance solution, with the constant ratio of
1:1. The ready-to-mix and polished samples were dipped into a mixture of ammonia and hydrogen
peroxide solutions for 30 minutes before being observed under a microscope.

3. Results and Discussion
3.1. Microstructure of Copper-Graphene Composite

By using optical microscope, the copper-graphene composites with various graphene compositions
(0.5, 1.0 and 1.5%) had revealed a microstructure, Figure 1(a)-(c). Through this analysis, it can be seen
that the microstructure formed still has pores between high particles. The size of the area was increasing
with the addition of the graphene composition in the copper matrix. The large area will cause dislocation
of the copper matrix easily. This proves that the large area size can affect the strength of the metal
composite. Furthermore, the viscosity of the copper graphene composite increased as the graphene
composite increased. Because of the high viscosity, the materials flow thickly and slowly. As a result,
the copper-graphene composite was more resistant, making it more difficult to fill the mold with pores
between the particles and reduce the composite densification. As a result, during the grinding process,
ammonia and hydrogen peroxide solutions eroded the metal between the metal's boundaries.
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Figure 1. Microstructure of Copper- Graphene Composite by Optical Mlcroscope (a) 0 5%, (b) 1. 0%,
and (c) 1.5% of graphene.

SEM was used to observe the fracture surface of the copper-graphene composites after mechanical
tensile test as shown in Figure 2(a)-(d). In addition to the temperature and binder type used, the
composition of graphene content used in the formation of copper-graphene composites are also an
important factor in determining the plastic properties of the composites. According to the fracture
surface, graphite dispersion caused some changes in broken surfaces with the addition of graphene
Figure2(a) illustrates the fracture surface of the reference pure copper specimen, which has huge voids
and shallow dimples, as well as a higher percentage of the ruptured area covered by teardrop areas, all
of which point to the ductile fracture in this specimen. Figure 2(b) shows the copper with 0.5% of
graphene composite. It can be seen that the number of microscopic shallow dimples increased as a
result of the plastic deformation that took place in this specimen during the tensile test, which
contributed to attain the higher tensile strength. The mechanical strength decreases as the graphene
composite increased. Themore cracks in the surface's fractured structure proved this Figure 2(c)-(d).
In addition, the plasticity
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property of the copper-graphene composites was influenced by temperature and types of binder were
used in this composite synthesis.

Trar . - TR TR
Figure 2. Fracture surfaces of the (a) reference pure copper, (b) Cu/0.5% graphene composite,
(c) Cu/1.0% graphene composite and, (d) Cu/1.5% graphene composite

3.2. Mechanical testing

The Figure 3 shows the tensile strength and hardness values of copper-graphene composites with
various graphene composition of 0%, 0.5%, 1.0% and 1.5%. Based on the above study, it can be
observed that the compressive strength increases decently with the graphene content from 0 to 0.5%,
but the strength decreases when the graphene content increased from 1.0% to 1.5%. For the tensile
strength, the optimum strength was observed for graphene at 0.5%. This is due to graphene's effective
dispersion in the copper matrix being best at 0.5% graphene. As the graphene composition increased,
the graphene would agglomerate and disperse non-uniformly within the copper, decreasing the tensile
strength value. Meanwhile, the Rockwell hardness graph for copper-graphene composites with various
graphene composition of 0%, 0.5%, 1.0% and 1.5%. According to the studies, the composite hardness
increases with graphene content of 0.5%, but gradually decreases with graphene content of 1.0% and
1.5%. This is due to the presence of graphene agglomerates in the copper matrix, which create
obstacles in composite consolidation, increasing the distance between Cu powder particles and
reducing the hardness value.
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Figure 3. Tensile strength and hardness value for copper-graphene composite
4. Conclusion

Through this study, the optimum parameters were determined to improve the mechanical and physical
properties of copper-graphene composites. The copper matrix is improved by the graphene through
several mechanisms. The addition of the graphene causes microstructural changes in the matrix of the
metal. Zone plastic changes also can be seen when the dislocation between the copper matrix occurs.
This is due to the uneven thermal expansion between the graphene and the copper matrix. Another
visible change is the reduction in particle size, wherein the addition of graphite can reduce the size of
the particles and increase the resistance to the dislocation of the copper matrix. Copper was strengthened
by graphene through several mechanisms. Graphene addition caused microstructural changes of the
metal matrix. The plasticity behavior changes were observed due to thermal expansion mismatch
between graphene and copper matrix. The first comparison, the results showed that copper-graphene
composite hardness increased from 0% to 0.5% denoted as 91.9 to 94.2 MPa, respectively. Then the
value of the copper-graphene composite decreased when the graphene content increased from 1.0% and
1.5%. For tensile strength, graphene patterns show the same trend as hardness graphs, where the tensile
strength increased when the graphite composition is at 0.5%. Further increment of graphite shows the
decreasing trend, respectively. The optimum value of strength was observed for graphite with 0.5% and
205.22 MPa.

References

[1]  N.H.Jamadon, A.W. Tan, F.Z. Yusof, T. Ariga, Y. Miyashita, M. Hamdi, Utilization of a
porous Cu interlayer for the enhancement of Pb-free Sn-3.0ag-0.5Cu solder joint, Metals
(Basel). 6 (2016). https://doi.org/10.3390/met6090220.

[2] N.A.M. Zahri, F. Yusof, Y. Miyashita, T. Ariga, A.S.Md.A. Haseeb, N.H. Jamadon, N.L.
Sukiman, Brazing of porous copper foam/copper with amorphous Cu-9.7Sn-5.7Ni-7.0P (wt%)
filler metal: interfacial microstructure and diffusion behavior, Welding in the World. 64 (2020)
209-217. https://doi.org/10.1007/s40194-019-00804-2.

[3] M. Stewart, 3 - Materials of construction, in: M. Stewart (Ed.), Surface Production Operations,
Gulf Professional Publishing, Boston, 2021: pp. 61-92.
https://doi.org/https://doi.org/10.1016/B978-0-12-803722-5.00003-3.



ICONGEET-2022 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1216 (2023) 012028 doi:10.1088/1755-1315/1216/1/012028

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

F.F. Hatta, M.A.S. Mohammad Haniff, M.A. Mohamed, A review on applications of graphene
in triboelectric nanogenerators, Int J Energy Res. 46 (2022) 544-576.
https://doi.org/10.1002/er.7245.

M.A. Tarawneh, S.A. Saraireh, R.S. Chen, S.H. Ahmad, M.A.M. Al-Tarawni, L.J. Yu, B.O.
Alsobhi, D. Hui, Mechanical reinforcement with enhanced electrical and heat conduction of
epoxy resin by polyaniline and graphene nanoplatelets, Nanotechnol Rev. 9 (2020) 1550-1561.
https://doi.org/10.1515/ntrev-2020-0118.

V.B. Mohan, K. Lau, D. Hui, D. Bhattacharyya, Graphene-based materials and their
composites: A review on production, applications and product limitations, Compos B Eng. 142
(2018) 200-220. https://doi.org/https://doi.org/10.1016/j.compositesb.2018.01.013.

R. Surudzi¢, A. Jankovié, M. Mitri¢, I. Mati¢, Z.D. Jurani¢, L. Zivkovié, V. Miskovi¢-
Stankovi¢, K.Y. Rhee, S.J. Park, D. Hui, The effect of graphene loading on mechanical,
thermal and biological properties of poly(vinyl alcohol)/graphene nanocomposites, Journal of
Industrial and Engineering Chemistry. 34 (2016) 250-257.
https://doi.org/https://doi.org/10.1016/j.jiec.2015.11.016.

J.-S. Jang, S. Cho, H.J. Han, S.-W. Song, S.-J. Kim, W.-T. Koo, D.-H. Kim, H. Jeong, Y.S.
Jung, I. Kim, Universal Synthesis of Porous Inorganic Nanosheets via Graphene-Cellulose
Templating Route, ACS Appl Mater Interfaces. 11 (2019) 34100-34108.
https://doi.org/10.1021/acsami.9b11124.

T. Yoon, J.-H. Kim, J.H. Choi, D.Y. Jung, .-J. Park, S.-Y. Choi, N.S. Cho, J.-I. Lee, Y.-D.
Kwon, S. Cho, T.-S. Kim, Healing Graphene Defects Using Selective Electrochemical
Deposition: Toward Flexible and Stretchable Devices, ACS Nano. 10 (2016) 1539-1545.
https://doi.org/10.1021/acsnano.5b07098.

Y. Tang, X. Yang, R. Wang, M. Li, Enhancement of the mechanical properties of graphene—
copper composites with graphene—nickel hybrids, Materials Science and Engineering: A. 599
(2014) 247-254. https://doi.org/https://doi.org/10.1016/j.msea.2014.01.061.

F. Chen, J. Ying, Y. Wang, S. Du, Z. Liu, Q. Huang, Effects of graphene content on the
microstructure and properties of copper matrix composites, Carbon N Y. 96 (2016) 836—842.
https://doi.org/https://doi.org/10.1016/j.carbon.2015.10.023.

O. Giiler, N. Bagc1, A short review on mechanical properties of graphene reinforced metal
matrix composites, Journal of Materials Research and Technology. 9 (2020) 6808—-6833.
https://doi.org/https://doi.org/10.1016/j.jmrt.2020.01.077.

A. Basir, A.B. Sulong, N.H. Jamadon, N. Muhamad, Bi-material micro-part of stainless steel
and zirconia by two-component micro-powder injection molding: rheological properties and
solvent debinding behavior, Metals (Basel). 10 (2020) 595.

H. Fu, H. Xu, Y. Liu, Z. Yang, S. Kormakov, D. Wu, J. Sun, Overview of Injection Molding
Technology for Processing Polymers and Their Composites, ES Materials and Manufacturing.
8 (2020) 3-23. https://doi.org/10.30919/esmm5f713.

A. Basir, A.B. Sulong, N.H. Jamadon, N. Muhamad, Feedstock properties and debinding
mechanism of yttria-stabilized zirconia/ stainless steel 17-4PH micro-components fabricated
via two-component micro-powder injection molding process, Ceram Int. 47 (2021) 20476—
20485. https://doi.org/https://doi.org/10.1016/j.ceramint.2021.04.057.

P. Hidalgo-Manrique, X. Lei, R. Xu, M. Zhou, I.A. Kinloch, R.J. Young, Copper/graphene
composites: a review, ] Mater Sci. 54 (2019) 12236-12289. https://doi.org/10.1007/s10853-
019-03703-5.



