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Abstract

Modern industries often rely on traditional casting techniques to produce structural and engineering
components. These methods typically involve high energy consumption, long processing times, waste
generation, and environmental concerns. In response, researchers are investigating sustainable, eco-
friendly alternatives through advanced techniques. Microwave-assisted casting offers a promising
alternative that uses microwave energy for more efficient metal casting. This technique allows for
volumetric heating, as microwave radiation directly converts electromagnetic energy into heat within the
material, minimizing heat losses and eliminating the need for transfer mediums common in conventional
methods This paper explores the in-situ microwave casting of Copper (Cu) powder-based Metal Matrix
Composite (MMC). The reinforcement of 5% Silicon carbide (SiC) by weight percentage into the Cu
powder matrix is utilized to obtain MMC. Cu-SiC MMC:s offer a versatile property profile, making them
suitable for applications in the electronics, aerospace, automotive, and industrial sectors. The study
utilizes a household microwave oven to cast a rectangular cross-sectional specimen measuring 134 x 32
x 2 mm®. Based on the chosen parameters, the exposure time for casting the MMC specimen using
microwave energy is optimized as 1170 seconds.

Keywords:Microwave casting; Copper (Cu); Silicon carbide (SiC); Metal matrix
composite (MMC).

1. Introduction

Structural components made from Cu-based materials are extensively used in industrial and
engineering applications. This is because of their outstanding thermal conductivity, aesthetic appeal,
and corrosion resistance. Cu-SiC-based MMCs offer excellent specific strength, which makes them
suitable for automobile, marine, aerospace, electrical and electronics industries [1,2]. Over the years,
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traditional casting methods have been utilized in material fabrication for such applications. These
methods commonly utilize conventional heating sources which are used to heat the materials from
the outer surface to the inner one. This leads to various drawbacks, including heat losses, non-
uniform heating, high rate of energy consumption, longer processing times, and significant
environmental impacts [3]. In response, researchers all around the world have been working hard to
innovate new solutions through advanced techniques that are cost-effective, energy-efficient,
environment friendly and have unique heating capabilities.

Microwave-assisted casting is a novel and advanced manufacturing process that provides
numerous benefits over conventional casting techniques [4]. The conventional methods are
dependent on conductive or convective mode for heat transfer. But in the case of microwave heating,
the radiation energy is directly transformed into heat inside the material itself. As a result, in this
approach, the need for heating furnaces and other heat transfer mediums gets eliminated. Microwave
radiation are being absorbed by the material and due to microwave-material interaction, the heat is
generated uniformly throughout the entire specimen volume [5]. This efficient heating method helps
in reducing the energy consumption and also enhances the overall performance. Moreover,
microwave heating is relatively easy to implement with fewer setup requirements compared to
traditional methods. It generates fewer amounts of hazardous by-products, making it a greener
technology [6].

Microwaves are electromagnetic radiation that consists of electric and magnetic field components.
The use of microwave energy in material processing depends upon the inverse heating phenomenon.
The inverse heating phenomenon involves heating from the inner core to the surface. The
microwaves are absorbed by the entire cross-section of material and molecular interaction takes place
with microwaves. The electromagnetic energy is transformed into heat due to this interaction and the
entire cross-section is heated at the same time [7-9]. The interaction will depend upon the dielectric
and magnetic characteristics of the material. The heating phenomenon through microwave energy is
governed by the principle of dielectric heating. The penetration depth (or skin depth) of microwaves
into materials is essential for effective microwave processing [10]. In the case of metals, the skin
depth is quite small, meaning that direct exposure to microwaves often leads to inadequate heating.

Earlier, it was a misconception that using microwave energy to process metallic materials was
unfeasible because metals tend to reflect microwaves and do not interact with them effectively. To
overcome this limitation, the concept of Microwave Hybrid Heating (MHH) was introduced [11,12].
This method employs a susceptor [13], a microwave-absorbing material with a high dielectric loss
factor, to initially transfer heat to the metallic material until it reaches near its critical temperature
(T.). Once this T, is achieved, the metal starts absorbing microwaves more effectively, allowing for
greater penetration depth. Microwave-assisted metal casting utilizes microwave energy to melt and
process metal-based materials and can be categorized into in-situ and ex-situ casting [14,15]. It was
observed from the literature, that the microwave-assisted casting technique has been utilized to cast a
variety of metals, alloys and MMCs [16—19]. Most of the cast specimens are observed of small size
below 100 mm in length. There are few instances of casting a large-size cast specimen using this
novel heating source. In this regard, in this study, a microwave casting experimental setup has been
established to facilitate the casting of rectangular cross-sectional copper-based MMC specimen,
measuring over 100 mm in length.

2. Experimental setup
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This section describes the experimental process to accomplish the microwave casting of copper cast.
Figure 1 represents the schematic diagram of the experimental setup designed for microwave
casting.
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Figure 1: Schematic diagram of experimental setup

A household microwave oven with a maximum power output of 900 W, is utilized to cast the
MMC specimen. Cu is widely used in various industries and engineering applications due to its
versatile property profile. To prepare an MMC specimen using microwave casting, a fine Cu powder
is taken as casting material. The Cu powder is manually mixed with 5 % SiC powder by its weight
percentage to create Cu-SiC MMC. The reinforcement phase powder is blended thoroughly to ensure
the even distribution of particles throughout the mixture. A refractory brick casting assembly is
designed to apply the MHH approach to the metallic mixture. The assembly consists of metallic
powder, graphite mold, separator sheet, refractory brick, susceptor, and masking brick. The metallic
powder mixture is packed within the mold cavity to obtain the intended shape of the cast specimen.
The graphite mold is then enclosed with a graphite separator sheet. The cavity is formed inside the
refractory brick to hold the prepared mold along with the susceptor. To enhance the Selective
Microwave Hybrid Heating (SMHH) process, the refractory brick cavity is covered with masking
alumina bricks that contain cylindrical openings. The cylindrical openings in the masking brick allow
the selective heating of the susceptor via microwave radiation. Table 1 represents the parameters that
are utilized in the experimental process for microwave casting.

Table 1: Microwave casting process parameters

Process Parameters Overview

Domestic microwave oven
(Make: LG, MC3286BLT)

Matrix Cu Powder
Reinforcement SiC Powder

Microwave-type
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Power output 900 W
Microwave frequency 2.45 GHz
Surrounding temperature 30.5°C
Susceptor Powdered charcoal
Mold, Separator sheet Graphite
Refractory E}nd masking Alumina
brick

In this study, a graphite mold with a rectangular cavity of dimension 150x35x3 mm?is employed to
cast the sample. The interior mold surface is coated with a thin layer of refractory coating to prevent
the specimen from sticking. The microwave-absorbing graphite mold is packed with metallic
powder. To accommodate the prepared mold, an alumina refractory brick measuring 224 x 114 x 75
mm?, featuring a cavity of dimensions 174 x 62 x 4 mm?, is used. Powdered charcoal is used as a
susceptor. The prepared mold is accurately positioned within the cavity of the refractory brick and
surrounded by the susceptor material. An alumina masking brick with holes is placed over the
refractory brick, enabling SMHH. The refractory brick casting setup is then positioned in the optimal
location within the microwave oven to initiate the heating process. Figure 2 depicts the elements of
the microwave casting experimental setup.
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Figure 2: Elements of experimental setup (a) Casting material, (b) Graphite mold, (c) Separator
sheet, (d) Refractory brick containing susceptor, (e) masking brick, and (f) Casting setup inside the
microwave cavity

3. Results and discussion

The Cu-SiC MMC cast specimen is effectively produced using a specially designed refractory brick
casting setup. This setup was placed within the oven, which was then activated at maximum power.
As the power was activated, the susceptor material began to absorb the microwave energy through
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the holes of the masking brick, resulting in an initial temperature increase of the casting material.
Once the material reached its T, it also started absorbing microwaves, leading to hybrid heating. This
process caused the material to melt within the graphite mold due to the combined heating effects. The
power to the applicator was turned off after the optimal exposure time was reached. The setup was
then allowed to cool inside the microwave applicator to ensure proper bonding during solidification,
facilitating in-situ microwave casting. Figure 3 represents the ongoing heating process inside the
cavity of the microwave oven during the casting process.
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Figure 3: Ongoing heating process during microwave casting

The optimal exposure time for casting the Cu-SiC MMC specimen, measuring 134 x 32 x 2 mm?
has been determined to be 1170 seconds through a series of repeated trials. Figure 4 depicts the Cu-
SiC MMC cast specimen obtained through microwave casting. It is observed from the visual
inspection that the MMC cast has been uniformly heated from all directions.
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Figure 4: Microwave cast Cu-SiC MMC specimen

4. Conclusions

This study demonstrates the use of a microwave energy heat source to produce the Cu-SiC-based
MMC cast. The Cu-SiC MMC with a rectangular cross-section, measuring 134 x 32 x 2 mm?® was
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successfully cast using the domestic microwave oven. The exposure time for developing the cast was
approximately 1170 seconds. As per the visual inspection, the consistent and volumetric heating of
the cast was achieved. These outcomes demonstrate the capabilities of microwave-assisted casting to
encourage faster and energy-efficient manufacturing practices with good quality components. As
industries are seeking greater sustainability, microwave casting offers a promising approach for
minimizing waste and lowering environmental impacts in metal fabrication processes.
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