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Adhesive joint is one of the materials joining techniques using a low
temperature with the help of polymer adhesives to connect a material. This
connection is widely used in infrastructure, automotive and electronics
industries. This research was conducted to determine the effect of filler on
shear strength and electrical conductivity on epoxy-based aluminum
connections. The fillers used were aluminum powder, iron powder, copper
powder with a grain size of 0.071 mm each and nanogold particles in liquid
form. This bond type used is a single lap joint with an end tab modification
at the end of the connection. The highest shear strength value is in the joint
without the addition of filler of 3.17 MPa and the lowest value is in the
connection with the addition of aluminum powder filler of 1.14 MPa. The
highest value of electrical conductivity was obtained in epoxy mix with
nanogold particle filler which was worth 13.1 S/ m and the value for epoxy
without the addition of filler was not detected because the resistance was
too large. This shows that the addition of filler has an effect on the value of
shear strength, which is to reduce the value of the shear strength, while for
testing the conductivity of electricity the addition of filler has an effect to
provide electric properties on epoxy.

INTRODUCTION

In the development of technology and the
industrial world, currently many new products
consisting of a combination of new materials that
need to be prepared in accordance with the
specifications and characteristics [1]. Some
techniques for connecting two or more materials
can be done by bolts, rivets and welds [2]. This
method has been found in many industries today,
ranging from infrastructure, automotive, vehicles
to the electronics industry. However, the
connection  technique above still  has
shortcomings from the design that takes up area
to strength that can be reduced due to
environmental conditions from time to time [1-
3].

The latest discovery in overcoming the
above deficiencies is by connecting the adhesive
joints. This connection is in the form of joining
two or more materials with epoxy-based
adhesives [2]. Adhesive joints themselves are
starting to be widely used in the industrial world
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as a way of joining materials because they are
strong, do not have overdesign and can be used
in metal and non-metal materials [2,3].

The strength of the joint is in the glue that
binds two or more joints. One of the most
common types of glue is Epoxy. This epoxy is
best used for joining metal materials because the
nature of this epoxy in connecting metals is very
unlikely to experience shrinkage [4]. High or low
strength value of this connection is also
influenced by the thickness and thinness of the
epoxy layer, the thicker the epoxy layer, the
higher the strength obtained and vice versa, the
thinner the epoxy layer, the smaller the strength
value of the connection [5].

This epoxy connection can be modified by
adding powder material to the epoxy mixture.
The purpose of this addition is to increase the
value of thermal conductivity and mechanical
strength at the joint. The addition of powder
material is adjusted to the needs that will be met
according to its characteristics [6,7]. Powder
material which is often found as a mixture of

Submitted February 2020; Revised March 2020; Published March 2020

© Mekanika: Majalah limiah Mekanika. All right reserved.


https://dx.doi.org/10.20961/mekanika.v19i1.39903

epoxy glue itself is metal powder, including
aluminum, nickel, gold and silver [7].

The effect of adding powder material to
the epoxy glue can not only increase the value of
thermal conductivity and mechanical strength,
but also can increase the value of electrical
conductivity at the connection [7]. The
development of micro-electronic technology
states that gradually electronic components
change from isolated to integrated and modulated
[8]. According to the study of Bar-Cohen et al
[9], the stability of electronic devices will
decrease by 10% when experiencing a
temperature increase every 2 ° C, so many
electronics companies switch to using a
connection with a mixture of epoxy and powder
material as its components.

In previous studies only focused on one
test that is mechanical strength with filler iron
powder, aluminum powder and silica. The
research shows that the addition of fillers mixed
with epoxy increases the value of the shear
strength.

This research will investigate the use of
epoxy mixtures with filler aluminum powders,
iron powders, copper powders and nanogold
particle. This research is focused on the effect of
powder material on epoxy mixes on shear
strength and electrical conductivity on aluminum
joints.

EXPERIMENTAL

The material used in this research is a
series 1 aluminum plate which is used as an
adhesion to joints, epoxy-based adhesives under
the brand name Dextone and fillers with various
aluminum powders, iron powders, copper
powders with the grain size is 0.071 mm each and
nanogold particle liquid.

Surface preparation is carried out on
aluminum plates with a size of 40 mm x 150 mm
using grade 75 sandpaper on both ends of the
plate along the 40 mm. This step aims to remove
the smooth surface of the plate.

The process of making specimens is
divided into 2 namely making shear strength test
specimens and electrical conductivity test
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specimens. Making shear strength test specimens
made 10 test specimens with details of 2 test
specimens without the addition of filler to
compare shear strength. Mixing epoxy with filler
is done and affixed to aluminum plates with a
thickness of 1 mm with a type of single lap joint
connection. The making of electrical
conductivity test specimens were made 5
specimens with details of four using the addition
of filler and one specimen without the addition of
filler which was then inserted in a beam-shaped
silicone mold with a size of 44 mm x 10 mm x 10
mm such as shown in Figure 1 with a dry waiting
time of 24 hours.
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Figure 1. Shear strength test specimen
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Figure 2. Electrical conductivity test specimens
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RESULT AND DISCUSSION

Shear Strength Testing

In this test the observed data is the
relationship between shear strength and filler
variation with a 25% volume fraction. The test
results can be seen as in Figure 3.
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Figure 3. Graph of shear stress




Figure 3. is a graph of the aluminum joint
shear stress values with filler variations. From
these data it is known that the highest shear stress
value occurs in the aluminum connection without
the addition of a filler with a value of 3.17 MPa.
The lowest shear strength value occurs in the
aluminum connection with the addition of
aluminum powder type filler with a value of 1.14
MPa.

The decrease in shear stress is caused by
several factors, including the grain size of the
filler powder and the distribution of the filler
[10,11]. The smaller the powder grain will be
able to increase the strength value of the
connection because smaller particles have a
surface area that can encourage more effective
transfer of stress [12-14]. The size of the
connection strength due to the effect of the size
of the powder diameter is also affected by its
distribution, the more evenly distributed the
powder, the better the results and vice versa
[10,11]. This is shown in the results of research
where the shear strength of the adhesive joint
without the addition of filler has the highest
strength value than the joint that gets the addition
of filler. This condition is caused by the uneven
distribution of fillers in the aluminum joints so
hat the total surface area to increase the shear
strength values of the joints is not met. Powder
distribution the fill material can be seen in
Figures 4,5, 6 and 7.

Uneven
powder grains

Figure 4. SEM surface of epoxy with copper powder
filler

In Figure 4. seen the distribution of
copper powder on the epoxy is not evenly
distributed properly, causing a decrease in
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strength in the adhesive joint. The unequal
distribution of copper powder is due to the
incomplete mixing process so that the powder
cannot be evenly distributed on the epoxy. This
case also exists in epoxy mixtures with aluminum
powder filler and iron powder as shown in
Figures 5 and 6.

Uneven

Figure 5. SEM surface of epoxy with aluminum
powder filler

grains

Figure 6. SEM surface of epoxy with iron powder
filler

The adhesive connection on epoxy-
based aluminum with nanogold particle filler has
a difference from the adhesive joint with powder-
type filler, this is because the filler used is liquid
so that the distribution looks evenly but the
strength of the joints decreases. This decrease in
joint strength is due to porosity defects in the
epoxy mixture with nanogold particle fillers.
This porosity defect occurs due to air trapped in
the epoxy mixture with nanogold particle filler
when stirring occurs. This porosity causes the
connection to break easily because trapped air
causes an empty cavity as shown in Figure 7.

powder grains

Uneven powder
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Figure 7. SEM of epoxy surfaces with nanogold
particle fillers

Adhesive joints on epoxy-based aluminum
plates without using a filler mixture have the
highest strength but have disadvantages. The
disadvantage that occurs in epoxy without this
mixture is the creation of porosity defects that
cause air cavity trapped inside the epoxy. This
porosity defect occurs due to imperfect stirring
so that air is trapped inside which causes a
decrease in the strength of the joint. This porosity
defect looks like in Figure 8.

Porosity
defects
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Figure 8. SEM of epoxy surface without mixture

Electrical Conductivity Testing

Electrical conductivity test results on
epoxy-based aluminum connections show
different results. This electrical conductivity test
uses a device called a digital insulating resistance
tester to obtain the value of the resistance of the
test material followed by calculating with
Formula 1. The results of the calculation of
specific resistance are continued by calculating

the electrical conductivity using Formula 2.

p="2 (1)
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Where:

p = Specific Resistance (GQm)
R = Obstacle (Q)

A = Surface Area (m?)

L = Specimen length (m)

)

R

Where:
o = Electrical conductivity (S/m)
p = Specific Resistance (GQm)

The test results show different values of
each material. This difference occurs due to
differences in the mixture used in the test
material. The test results look like in Figure 9.
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Figure 9. Graph of electrical conductivity test

The test results show that the best
electrical conductivity value is owned by the
epoxy mixture using the addition of fillers in the
form of nanogold particles with a value of 1.32
S/m. The lowest value of the electrical
conductivity is owned by the epoxy mixture
using the addition of an iron powder filler with a
value of 0.09 S/m. For epoxy material without
the addition of filler, it shows the inability to
conduct electricity because the results are
undefined due to too much resistance.

The difference in the strength of
electrical conductivity in each material is due to
the difference in the filler used as a mixture in
epoxy. Each filler material used has a different
strength which is in accordance with the ability
of each of these materials. The size of the ability



to conduct electricity is influenced by several
factors including the type of material, the amount
of material and the even distribution of material
[15].

The test results show the strength value of
the electrical conductivity of the epoxy mixture
sequentially from the strongest are nanogold
particle, copper powder, aluminum powder, iron
powder and epoxy without the addition of filler.
This shows that the test results are in accordance
with the ability of the filler material to conduct
electrical properties where nanogold particle is
one of the best materials to conduct electric
current and iron powder is a material that is quite
bad in conducting electric current.

The large difference in material grains also
influences the power to conduct electric current.
The smaller the shape of the material will further
increase the value of the strength of electrical
conductivity, and vice versa [12-14]. In testing
the nanogold particle has the highest electrical
conductivity strength because this type of
material has good electrical properties and is also
supported by the small grain of the nanogold
particle, which causes better even distribution
than other types of fillers with powder form.
This test shows that epoxy is able to conduct
electric current, but with the help of the addition
of filler in it in the form of a material which
basically has electrical properties. Good or bad
the ability of epoxy to conduct electric current
depends on the type of filler used in it as a
mixture and with the right composition of the
mixture so that it does not eliminate the power of
the epoxy itself but can also conduct electric
current.

CONCLUSION

This study shows that the addition of
fillers to the epoxy mixture influences and is
interconnected in the two types of research
conducted. The addition of a filler decreases the
strength of the connection but on the other hand,
the addition of the filler gives the electrical
conductivity of the epoxy mixture. Decreased
shear strength caused by uneven distribution of
powder.
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