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Welding of copper and copper alloys through conventional welding processes not only
exhibit various difficulties during the joining process but also causes the production of
harmful gases, which affect human life. This work deals with the joining of copper-based
materials using microwave radiation and brass as a filler material without any harmful
gases. The resulted joints are characterized by using metallurgical microscopy.
Mechanical characterizations are done through tensile testing, Brinell’s hardness testing,
corrosion testing, and specific strength testing. The results reveal that the successful
joining of copper-based materials is possible by using brass based powder as filler
material via microwave radiation. The resulted joints have uniform metallurgical
structure and lower defects. It confirms better diffusion between materials at joints.
Higher mechanical strength is resulted due to lower processing defects. The results show
that the ultimate tensile strength and hardness obtained in this study are higher than the
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base material.

1. INTRODUCTION

Welding is the fabrication process in which two materials,
usually metals or thermoplastics are permanently joined by
fusion. To form the joint either the base metal or filler material
is melted to form the molten pool which forms a joint on
cooling. The process may be carried out either with filler
material or without filler material. The process is termed as
microwave welding when an electromagnetic interaction
happens between the incident microwave radiation and the
objective material. In this process joining is promoted by
utilizing radiation of frequency 2.45 GHz. The
electromagnetic interaction is administered to a great extent by
the dielectric properties of the material. The process can be
used with or without helper materials. This process offers
various favourable conditions such as; volumetric melting,
joining of intricate and three-dimensional joint geometries,
suitability to weld complex parts, the low capital cost of

hardware, low power utilization, and simplicity of dismantling.

The higher recurrence utilization outcome in speedier melting
than in radio recurrence welding makes the process more
attractive [1-3].

Welding without helper materials (coordinate heating) is
favourable to join the materials that heat up in a microwave
field whereas welding with helper materials (backhanded
heating) is suitable for all microwave inactive thermoplastics
that can't be heated specifically. In the backhanded heating
procedure, a material is placed between the parts to be joined.
This material heats up due to microwave radiations and passes
this warmth on to the parts to be joined and a part of it is
displaced into the weld bead. The process finds its suitability
in particular weld zones are inside the assembled parts. The
welded parts can be detached by melting this subordinate
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material through microwave heating [4]. This process finds its
suitability for joining of parts being used in high temperature,
high wear and corrosive environment. Al,O; ceramics
components using nano-metric Silicon powder as an interlayer
material are joined using this process [5]. Ceramic Silicon
Carbide (SiC) parts can be suitably joined by microwave-
assisted combustion synthesis [6]. Mild steel plates can be
joined by microwave welding using microwave oven of 900
W and fixed frequency of 2.45GHz. Nickel (Ni) based metallic
powder can be used as an interfacing material between the
bulk pieces and charcoal can be used as a susceptor material
to facilitate microwave hybrid heating [7]. Inconel-625 metal
pieces can be joined by using microwave energy and Ni-based
alloy as a sandwich layer between the substrates [8].
Microwave energy finds its wide application but there are
certain biological effects associated to it. Still, a wide variety
of applications can be worked out using microwave power [9].
Microwave energy can be used for sintering of powder
compacts with high electrical conductivity [10]. Carbide
reinforced metal framework composite cladding on austenitic
stainless steel (SS316) can be performed by using a multimode
microwave tool. Cladding takes place when microwave
radiation impact on arranged clad material at 2.45 GHz for 420
sec [11]. Stainless steel (SS316) can be joined effectively to
mild steel by utilizing the multi-mode instrument at 2.45 GHz
and 900W. The process is facilitated by nickel-based powder
used as a sandwich layer between the mass piece and
microwave radiation at barometrical condition [12]. The
cladding through microwave radiation can be improved by
using Ni-based material of 20% chromium 23C6 powder.
Composite cladding is created on substrate austenitic stainless
steel (SS316) by using 900 W and 2.45 GHz microwave for
introduction time of 360 sec [13]. Two sorts of microwave
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facilities can be used for preparing materials. They are variable
frequency microwave facilities (V.F.M.F) and fixed frequency
microwave facilities (FFMF) [14]. It is possible to join regular
steel and cast iron pieces in a microwave field using a braze
powder as helper material [15]. Inconel 718 plates can be
joined by utilizing nickel powder of particle size 0.2 mm in
interface layer using 2.45 GHz local microwave tool at 900 W
[16]. Stainless steel (SS316) to stainless steel (SS316) can be
joined in mass shape by microwave hybrid heating [17].
Powder metal compact, porous can be heated as well as
sintered in a microwave field [18]. Stainless steel (SS316)
pieces can be joined by using nickel powder-based sandwich
layer and microwave hybrid heating in household microwave
oven [19]. Welding of thermoplastics performed by using
microwave energy is compared with the contemporary
methods of welding using prioritization matrix [20]. The
powder size of interface material affects the selective hybrid
carbon microwave joining of steel pieces SS304—SS304.
Smaller powder size resulted in better tensile strength and
hardness when tested with particles of size 50 pm, 40 pm, 30
um, 20 um [21, 22].

From the existing literature, it is notable that most of the
researchers have worked with ferrous metal and its alloys to
study the usage of microwave energy for the joining process.
Some researchers have welded dissimilar and non-ferrous
metals using solid-state welding processes. Zafer Barlas et al.
[23] tested the welding of copper and brass plates using
friction stir welding technique. Friction stir welding process is
a solid-state welding process. Brass (CuZn) plate easily gets
bonded with pure Copper (Cu) plate during friction stir
processing due to involvement of Zinc (Zn). But, welding of
two Copper plates poses some difficulties when welded
through friction stir processing. Welding of copper base
material using microwave energy and brass as interfacial
material has not studied so far. In the present study, microwave
energy is used to weld two copper plates in the presence of
brass as a helper material, which results in a sort of fusion
welding technique. This technique offers a route to resolve the
difficulties in joining of two copper plates. Mechanical and
metallurgical characterizations of the welded part were carried
out to observe weldability of copper material through
microwave technique.

2. MATERIALS AND METHODS
2.1 Selection of parent metal

Table 1. Properties of copper metals

Physical Properties Chemical Properties

Melting  ;0/ 6o Copper does not respond to water, but
point ' it gradually responds to

Boiling 2562C environmental oxygen and form a
point layer of brown-black copper oxide.

Density  8.96 g/cm? This layer shields the fundamental

metal from promoting corrosion.

In the present investigation, Copper (Cu) was taken as the
base material for welding through microwave technique. The
selection of parent material is based on the literature survey. It
was observed that copper-based materials are used for some
modern applications like transformers, vehicle parts and many
household applications like utensils, battery, plumbing and so
forth. Also, joining of copper-based materials is troublesome
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using conventional welding techniques and no work is
accounted for the study of welding of the copper plate using
microwave energy and brass as a helper material. Copper is a
soft, malleable and ductile metal. It is extensively used as a
high thermal and electrically conductive material. Table 1
shows the properties of copper.

2.2 Joining of copper metal by domestic microwave oven

The welding of copper plates was carried out in the
domestic microwave oven of 2.45 GHz frequency and 900 W
output power rating. The advancement joining time was taken
before performing actual tests and it was observed that 6
minutes were adequate for welding. The filler layer of brass
powder was placed between the faying surface and the joint
was shielded using a layer of charcoal as a susceptor. The
susceptor gets heated because of microwaves energy
absorption and it transfers the heat to the sample by
conventional modes of heat transfer, so that the sample
becomes lossy. The lossy sample starts to interact with the
microwave when the coupling temperature. A typical flow-
chart of the microwave process is shown in Figure 1.

Sample Preparation of Applying Shurry between
Preparation » Shurry Bulk Surfaces
Microwave Placing Susceptor Covering Bulk Pieces with

Exposure on Joint Interfaces Insulator

Atmospheric Cooling

Figure 1. A typical flow-chart of microwave process
Susceptor

Masking Material E l (Fine grained charcoal)

(Refractory BnckS) Microwave Radlahon

Separation material
(Grapbhite Plate)

Filler material

(Brass)

Copper

Copper

Figure 2. Microwave welding process

During direct microwave processing, energy is supplied by
an electromagnetic field directly to the material; which results
in rapid and uncontrolled heating of the workpiece but the
presence of susceptor facilitates hybrid heating by offering
transfer of heat through conventional modes of heat transfer
during the initial phases along with direct heating due to
microwave in later stages when the coupling temperature is
reached. In this process, susceptor heats the workpiece at the
surface whereas microwave absorption causes volumetric
heating. Therefore, susceptor helps to reduce time and energy.
The schematic outline and material arrangement for welding



process using the hybrid heating method are shown in Figure
2.

During the experiment, suitable presentation time is
acquired through several exploratory trials at different periods.
Ideal time is chosen based on the creation of perfect welded
joints. Various parameters related to the welding of copper-
based workpieces are listed in Table 2. Figure 3 shows the
welded joint made by using copper workpieces with fine brass
powder as a filler material and an exposure time of 450
seconds. It can be observed that the joint is free from defects
and proper metallurgical bonding has happened due to hybrid
heating. The samples were polished properly and prevented
from all impurities by keeping them in an acetone solution.

Table 2. Various parameters used in microwave welding

Parameters Description
Microwave oven Domestic multimode (Model: IFB)
Power rating 900 W
Working frequency 2.45 GHz
Exposure time 360 sec
Work material Copper-based material
Filler material Brass
Separation material Pure graphite sheet
Susceptor Fine-grained charcoal

weld bead

weld joint

Figure 3. Welded sample of copper using brass as filler
material

2.4 Outlines of present work

The present work included four principal stages as shown in
Figure 4.

Stage 1

Selection of specific workpiece material for microwave
welding based on the gap observed in the literature review
section.

Stage 2

Preparation of clean workpieces by polishing them with the
help of emery paper of grain estimate 800 and 1000 ratings.
The workpieces were dipped in acetone solution for the
removal surface impurities before the joining process.

Stage 3

Microwave introduction time was figured via trials.

Stage 4

The joints created through a hybrid energy method were
described by mechanical and metallurgical characterization.
Different strategies of XRD, metallographic microscopy was
utilized for characterizations. The principal goal of this step is
to ensure defect-free joints. For tensile testing, samples were
made according to ASTM standard E8/E8-09 standard with
length 18 mm and width 3 mm. The joined samples were
compared through microstructural and mechanical properties
analysis.
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Welding of similar metallic materials
(copper  based  materials)  through
microwave radiations by using brass
powder as a filler material.

Preparation of samples for

Investigation of Testing results
of welded samples formed by
‘microwave radiations.

Different characterization of welded sample by
using Metallographic microscopy, XRD| Tensile
strength testing, Specific strength testing,
Corrosion testing and Brinell’s hardness testing.

Figure 4. Flow chart showing the stepwise work procedure
used in present work

3. RESULTS AND DISCUSSION
3.1 The microstructure of joints by microwave processing

The images obtained from metallurgical microscopy of
copper-based welded joints formed by microwave processing
are shown in Figure 5. Perfect metallurgical bonding and
diffusion at the interface of filler and base material can be
observed from the microstructural images. The images also
depict lower porosity levels at the joint. The images are
observed at different magnifications to observe the
homogeneity of the weld zone. Lower defect formation in the
weld zone validates that proper heating can be obtained
through microwave radiation. Table 3 shows the observation
of metallographic properties. Figure 6 shows the
microstructure image of the joint interface developed between
copper plates in the presence of brass as filler material. The
proper joint interface can be observed between two copper
plates using brass as filler material. The proper interface
between the copper plates enhanced the joint strength.

| X 5001

\ No Porosity

Figure 5. Microstructural analysis at various phases

Table 3. Microstructure analysis

Parameter Observation
Micro Complete fusion of base metal to filler
metal. The welded joint is freed from
Structure - .
(200X) cracks, porosity and other harmful
defects.
Test Method- The microstructure has dendrites of alpha
ASM-9-2009 P

phase in a matrix of the beta phase




Joint interface

Ly
/
/

Base metal (copper plates)
Base metal (cé)pper plates)

Joint Zone in presence of brass as filler material

Figure 6. Microstructure of joint interface developed
between copper plates in the presence of brass as filler
material

3.2 Tensile strength analysis of joint

Tensile strength of welded joint created by hybrid heating
through microwave is measured by using a tensometer. Tensile
test of the specimen shows great results under high peak loads
[24]. The results show that the tensile strength obtained for the
specimen is higher than that of the base material [25]. It
confirms a strong bonding between filler and base material due
to diffusion caused by hybrid heating. The results obtained for
tensile tests of welded joints are shown in Table 4. The
variation of tensile strength with the applied load can be noted
in Figure 7. Presence of Zn, CusZn, CuZn0.5Zr0.5, CuNi5Sn,
MgO and other elements in the welded zone enhanced the
tensile strength of copper welded joint. These elements
facilitate a strong bonding between the base material and filler
material. Formation of these compounds confirms that the base
material copper has properly mixed with filler material brass
and the weld zone has acquired proper strength.

Table 4. Tensile strength of joint

Peak Load Break Load Ultimate Tensile Strength
(N) (N) (MPa)
1118 225.6 248
1118.0 e
894.4 / I\‘
A ‘
Vi |
670.8 ’,// ‘\‘
3 |
= / \
472 7 \
/
z. A |
JL /
E 233.6| / \
z \
A
06 1.04 2.08 311 4.15 5.19
DISPLACEMENT Disp. Unit = mm

Figure 7. Tensile analysis of sample
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3.3 Hardness analysis of joint

Brinell’s hardness was carried out at the joints developed by
microwave processing. The Brinell’s hardness test of welded
joints shows that the hardness of base material is lower than
that of hardness at joints. The average Brinell’s hardness was
found to be 82 BHN at the joint. Higher hardness at the joint
is due to the presence of compounds formed as a result of
diffusion between the particles of filler and base materials.

3.4 Specific strength of joint

Specific strength or strength-to-weight ratio is defined as
strength (force per unit area) divided by its density. The Sl unit
for specific strength is N-m/kg. The results of the tensile
strength test can be used to calculate the specific strength of
the weld material. For the test specimen:

The cross-sectional area was

A=3x1.5=4.5mm?

Strength of a weld bead = Peak load/area
=1118/ 4.5 N/mm?

Welded sample for volume
measurement

=248 N/mm?
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Figure 8. Volume measurement of welded sample

The experimental density of the welded joint has been
observed to identify the specific strength of the joint. The
experimental density of welded joint was observed from the
Archimedes principle. Mass of the sample was measured.
Measurement of volume process is shown in Figure 8.
Experimental density was calculated from the given formula.

Experimental density = (Mass of the sample/volume)

Experimental Density was 9.185 g/cm?®

Further specific strength was obtained by the given equation:

Specific strength = (Strength of a weld bead/ Experimental
density)

Specific strength = 0.027 N m/kg

3.5 Corrosion test analysis of welded joints

To study the corrosive effect on the joint, samples were
placed in the salt spray chamber. To conduct the test the salt
solution (5% NaCl + 95% of water) was used to perform the
corrosion test. The test was conducted for 96 hours and
inspection of the parts was done after every 24 hours. After 96
hours the samples were weighed and it was observed that there
is no difference between weight before the test and after the
test.



4. CONCLUSIONS

The joining of materials through hybrid heating by using
microwave radiation has emerged as a novel material
processing technique of joining. It has broadened the spectrum
of application of microwave energy from sintering of ceramics
to joining of metallic materials. The present work was based
on joining of similar copper-based materials through hybrid
heating by microwave radiations. The major aspects of the
present work are given below:

1. The joining of similar copper-based material was
successfully attempted by using brass metal powder
as a filler material at the faying surfaces in a domestic
multimode microwave oven of 900 W output power
through hybrid heating technique.

2. The characterizations of welded joints were carried
out and the results obtained show that the joint has a
homogeneous microstructure and lower defects.

3. The mechanical characterizations of welded joints
showed that the joints formed by microwave
processing have better strength and hardness. Proper
metallurgical bonding results in an enhancement in
mechanical strength. The joints further revealed
lower defects due to volumetric heating by
microwave radiations.

4. Due to the absorption of carbon from the graphite
sheet, it led to the formation of carbides in the
microstructures hence higher hardness was obtained
in microwave processed joints.

5. It has been recommended for the future work that
other filler material (except brass) can be used in the
welding of copper by microwave technigue.
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