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ABSTRACT

To determine the effect of sulfuric acid -electrolyte
concentration and the most optimal electrical potential during
the anodizing process on the tensile strength of aluminum
alloy 6061 T6. The anodizing process of aluminum alloy is
carried out at different electrolyte concentrations, which are
10, 20 and 30% of the volume of sulfuric acid used. As a
cathode, carbon rods are used. The duration of the process for
each electrolyte concentration is 15 minutes, while the
potential used is 10 V, 20 V and 30 V. The tensile testing
process is carried out using a Universal Testing Machine and
surface morphology is investigated using Scanning Electron
Microscopy Phenom G2 Anodizing process using 20%
sulfuric acid electrolyte concentration and 20 V potential has
the highest ultimate tensile strength. However, on the surface
morphology, the pore size starts to enlarge when compared to
the potential and concentration of the electrolyte below. As
for the potential and higher concentrations of sulfuric acid,
there is a decrease in tensile strength and an increase in pore
size. This can make an understanding concept of how AA
6061 T6 reacts to the tensile stress after anodizing process is
carried out, so that it can later be applied to industry and
machinery.
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1. INTRODUCTION

Aluminum is a lightweight metal that is quite prominent and
iswidely used in everyday life. This material is used in a wide
range of fields, not only for household appliances but also in
the industrial world, building construction materials and
many other uses as has been reviewed by [1], [2] and [3]. This
development is based on its properties which are lightweight,
corrosion resistant, easily manufactured and quite economical
as previously reported by [4], [5] and [6].
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This material is quite unique because it is able to form a
barrier oxide layer that is firmly bound to its surface, and if
the layer is damaged, it will be formed again naturally. On
aluminum surfaces that are abrased and exposed to air, the
thickness of the barrier oxide layer is only about 1 nm,
however, the coating is still very effective at protecting
aluminum from corrosion.

One way to improve and perfect the surface quality of
aluminum is the anodizing process. With this anodizing
process, aluminum will be obtained which has better
properties. Increased wear resistance, increased heat
resistance, increased hardness and increased corrosion
resistance [7]-[10]. Besides improving the material properties
of a product, this anodizing process also beautifies the
appearance of a product.

Ito et al. [11], Capraz et al. [12] and Lee et al. [13] state that
the aluminum anodizing process is an electrochemical
method to convert aluminum into aluminum oxide (Al,O3) on
the surface to be coated to produce a thicker oxide layer than
the naturally formed oxide layer so as to improve the physical
and mechanical properties of metals the. This can be achieved
by making the workpiece as an anode which is then dipped in
the appropriate electrolyte cell. Not all metals can be anodized
due to differences in physical and mechanical properties.
While some other metals can be anodized, including
aluminum, titanium and magnesium, but only aluminum is
widely used in the anodizing industry [14-17]. The main
thing that can later be obtained through this process is the
improvement of both the oxide layer in terms of nanobowls
[18], nanowells [19], inverted nanocones [20], [21] and
nanospikes [22]-[24]. One of the advantages of this process is
the aluminum oxide layer (Al,O3) produced from the
anodizing process is different from the naturally formed oxide
layer because anodizing can produce an oxide layer with a
thickness that can reach 500 times and hardness up to 2 times
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that of aluminum without anodizing. Other researchers
various characteristics for metals and non metals [25]-[27].

In this aluminum anodizing experiment using graphite rods
as cathodes, with sulfuric acid electrolyte solution. By
changing the concentration of sulfuric acid electrolyte and the
potential given during the anodizing process, we can find out
the effect of these variables in forming the oxide layer on the
surface of the substrate. In this experiment the potential used
is 10 V, 20 V and 30 V, with sulfuric acid concentrations of
10%, 20% and 30% (% Wt) and the time used for the
anodizing process is 15 minutes.

2. EXPERIMENTAL METHOD
2.1. Material

The material used in this study was aluminum alloy 6061 T6
with the composition as listed in Table 1. The material was
then formed according to the tensile test specimen. In this
study, the specimens were anodized using a current of 1 A,
sulfuric acid electrolytes with concentrations of 10%, 20%
and 30% with anodizing time of 15 minutes.

Table 1 : Composition of AA 6061 T6

Element Composition (%0Wt)
Si 0.80
Fe 0.60
Cu 0.18
Mn 0.06
Mg 0.93
Cr 0.06
Zn 0.10
Ti 0.07
Al Balance

Anodizing process

Before the anodizing process is carried out, the test material is
first cleaned and mashed using rubbing paper with a
roughness level, respectively 100, 500, 1000 and 2000 using a
centrifugal sandpaper machine to obtain a smooth aluminum
surface. After that proceed with the cleaning process which
aims to clean the anodized part in order to obtain a
satisfactory final result. The cleaning liquid has a
composition in the form of sodium carbonate (Na,CO3) with a
solution concentration of 5gr / liter. After finishing the
cleaning process, the aluminum surface part must not be
touched by hand because it can cause dirt and grease back to
stick to the surface of the material. The next process is the
etching process which aims to remove the natural oxide layer
that is on the surface of aluminum which cannot be removed
by the previous process be it cleaning or rinsing. In addition,
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the etching process is also intended to make the surface of the
workpiece smoother. The composition of the etching liquid in
the form of a solution of caustic soda (NaOH) with a
concentration of 100 gr / liter. The last is the desmut process.
This process has the aim to clean up the black patches caused
by the etching process. The commonly used solution is a
mixture of phosphoric acid (HsPO,) with a ratio of 75% plus
15% sulfuric acid (H,SO,4), and 10% nitric acid (HNO3).

While the next process is the anodizing process. This process
is an electrochemical coating process that is carried out to
form an oxide layer on the surface of aluminum. The
aluminum that will be anodized is dipped in an electrolyte
solution in the form of sulfuric acid (H,SO4) with
concentrations of 10%, 20% and 30%, respectively. Then the
electrical potential of 10V, 20V and 30V is applied to the
electrolyte solution. Aluminum is connected by positive
current (+) which acts as an anode. Whereas what acts as a
cathode is graphite rods. The distance between the anode and
cathode is 5 cm with the temperature of the solution ranging
from 25 £ 20C and the processing time is 15 minutes. The
current passing through the aluminum part to be anodized
causes the surface of the aluminum (anode) to oxidize and
form aluminum oxide. The formed oxide layer is shaped like a
honeycomb structure (honeycomb) which has many
microscopic pores.

2.2. Tensile Testing and Surface Morphology

Test specimens will be formed according to the standards and
specifications of ASTM B 557-02. The shape of the specimen
is important because we must avoid the occurrence of
fractures or cracks in the grip area or the other. So
standardization of the shape of the test specimen is intended
so that cracks and fractures occur in the gage length area. The
material to be made of the test specimen is aluminum
sheet-shaped with a thickness of 1 mm. Then from the sheet
shape the specimen is cut into a ready to pull test form.
Dimensions of tensile strength specimens can be seen in
Figure 1 and Table 2.
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Figure 1: Tensile Strength Testing Specimen

Table 2: Dimensions of Tensile Test Specimens

Measurement Size (mm)
G - Potential Concentration Length of Specimen 50.8
D — Diameter 6.35
R - Fillet 76.2
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A - Length of specimen reduction 557.15
L - Total Length of Specimen 228.6
B - Length between grips 114.3
C - Final Diameter of Specimen 9.525

Tensile strength testing is carried out using a Universal
Testing Machine with a specimen withdrawal speed of
15mm/s. Observation of aluminum surface morphology after
anodizing process was carried out using scanning electron
microscopy (SEM) Phenom G2 with a magnification of
4000X.

3. RESULTS AND DISCUSSION

Tensile testing is a test that aims to get the information of the
properties and state of a metal. The length increase that
occurs due to the addition of the load is no longer directly
proportional, the same increase in load will result in an
increase in the length that is greater and one time there is an
increase in length without any additional load, the test rod
grows longer by itself. This test obtained a tensile load
relation curve (F), towards the specimen extension (AL).
These curves will then be converted into engineering
potential curves and engineering spaces and used to obtain the
mechanical properties of the metal being tested.

Stress - strain curve diagrams are needed in tensile testing,
because to analyze a material that is tensile tested. Tensile test
data obtained will be compared between specimens without
treatment and treatment specimens to determine changes in
strength. Data to be compared are yield strength, UTS
(ultimate tensile strength) and elongation values.

From tensile testing for AA 6061 T6 specimens that did not
undergo anodizing process, the yield strength was 246,966
MPa, ultimate tensile strength was 314,481 MPa and
elongation was 23,625%.

Figure 2 shows the relationship between yield strength and
the percentage of sulfuric acid used in the anodizing process.
It appears that a sulfuric acid mixture of 20% in an electrolyte
solution has a higher yield potential compared to a mixture of
sulfuric acid 10% and 30% in all potential measurements
used. After undergoing the anodizing process, it appears that
this process is able to increase the tensile strength of AA 6061
T6.

From the test results it is known that the highest yield point is
obtained from aluminum which undergoes anodizing process
at a potential 20 V by using sulfuric acid electrolytes with a
concentration of 20% of 290,168 N/cm?® While the lowest
value was obtained in the anodizing process carried out with
an electrolyte solution with a concentration of H,SO4 of 30%
with a yield strength of 281,453 N/cm?.It can be said that
yield strength is the strength needed to produce the specified
small amount of plastic deformation. The yield strength is the
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starting point of a material material or metal begins to be
plastic deformed.

This mechanical property shows the strength of the material
against plastic deformation. The results obtained from this
test are used to determine the minimum load required for a
material or metal to be deformed plastic.
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Figure 2: Relationship of Potential and Yield Strength at
different concentrations of sulfuric acid after anodizing process

The same thing also appears in Figure 3 where the
relationship between potential used and the ultimate tensile
strength is illustrated in the variation in the amount of
sulfuric acid used in electrolyte solutions. Variation of 20%
sulfuric acid has the highest ultimate tensile strength value,
especially at a potential of 20 V. The lowest ultimate tensile
strength value 0f 311,573 N / cm? is obtained in the anodizing
process using a sulfuric acid electrolyte solution with 30%
concentration with potential during the 30V process. The
highest ultimate tensile strength value was obtained for 30 V
potential with a concentration of H2SO4 solution of 30%
valued at 311, 573 N / cm®.
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Figure 3: The relationship between ultimate tensile
strength for anodizing results with different concentrations of
electrolyte solutions

The tensile strength of the metal material will show the ability
of the material to withstand the tensile forces before
undergoing cross section changes or shrinkage. In this
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condition, the tensile force works at maximum conditions. So
that the working potential is the maximum potential.
Maximum stress is the maximum load or force that can be
held by material or metal before undergoing cross section or
shrinkage changes. This value illustrates the tensile strength
of the material.

Meanwhile Figure 4 shows the potential relationship used
during the anodizing process with the increase in length
during the tensile testing process. It appears that the addition
of viscosity of sulfuric acid electrolyte solution can increase
the tenacity of AA 6061 T6 after anodized. However, the
potential 20 V still has the highest elongation when compared
to other potentials.

Ductility of metal is a property that shows the ability of metal
materials to increase in length when under load or tensile
strength. This quantity is usually referred to as elongation.
The tensile stress curve of the tensile test results can be seen in
the image below. Strain is denoted by ef. The ef notation is the
total strain of material or metal until breaking occurs. Total
stretch or elongation is a combination of uniform elongation
and elongation that occurs after the material has contracted
until it breaks. This strain value indicates the ductility of the
material and is usually expressed as an extension percentage.
This data shows the amount of length increase that can be
given by the material until the break.
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Figure 4: Potential relationship in the anodizing process with the
increase in material length after tensile testing

Meanwhile from surface observation using scanning electron
microscopy with a magnification of 100 pm in Figure 5 shows
the surface morphology after the anodizing process has been
completed at a potential 20 V. It appears in Figure 5a, where
the anodizing process with a concentration of sulfuric acid of
10%, the surface begins to appear several pores that are
spread evenly on the surface of aluminum. A much larger
pore is seen on the surface of aluminum after anodizing with a
much higher concentration of sulfuric acid as shown in Figure
5b with the concentration of sulfuric acid used in the
anodizing process of 20%. While for anodized aluminum
with a concentration of H,SO, of 30% as shown in Figure 5c
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shows the pore formed is getting bigger with an uneven size.
The pores are spread evenly on the surface of aluminum.
R s o - 3 X5
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Figure 5: Surface morphology of AA 6061 T6 after anodizing at 20
V potential and different concentrations of sulfuric acid (a) 10% (b)
20% (c) 30%

It can be concluded that the overall surface morphology shows
the same characteristics as the pores on the surface of the
anodized layer which have an unequal size and uneven
distribution on the anodized AA 6061 T6 surface, because an
increase in potential will increase the volume of expansion
during the pore formation process metal face / oxide. This
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volume of expansion will make the oxide move along the
oxide wall. The higher the potential the current density will
also increase which will also increase the volume of
expansion, so that more oxides move upwards. The pore
formation process as detected in the anodized aluminum
surface morphology with different concentrations of sulfuric
acid in Figure 5(a),(b),(c) shows that the formation of the
oxide layer has an unequal velocity. The grain size formed
after the anodizing process appears to begin to show a more
homogeneous size as the potential increases. The rate of
formation of the oxide layer affects the process of atom
diffusion and nucleation during the growth of the oxide layer.

At a low potential formation rate, the ability of aluminum
atoms to move towards the substrate is so low that the process
of forming the oxide layer on the surface of the substrate also
takes longer than the anodizing process with a higher
potential. This will result in a layer that is formed almost no
difference from the substrate because the current density that
occurs during the nucleation process is quite low, so that later
will form a grain that has a large size.

When a given potential increases, the speed of the process of
forming the oxide layer will also be faster because the number
of aluminum atoms moving on the surface of the substrate
also increases. This will result in a faster nucleation process
so that the grains formed will be more homogeneous in size.
The anodized oxide layer has a different structure to the
naturally formed oxide layer, where the layer has a porous
hexagonal pillar structure that has unique characteristics that
enhance the mechanical properties of the aluminum surface.
This can be explained as follows. When the component to be
anodized is dipped into a sulfuric acid electrolyte with a DC
current, the following reaction will occur:
2H20 — 2H2 + 02 (1)

Oxygen produced outside the anodized component reacts with
the reactive aluminum surface to form aluminum oxide:
4Al + 30, — 2Al,04 (2

At the beginning when the current is flowed into the
electrolyte, a thin non-porous dielectric undercoating will
form, known as the barrier layer. This layer will grow
proportionally to the given potential until it reaches a
thickness of about 0.02 pum. This layer has very extreme
electrical resistance. At the anodizing potential of 12-20
volts, with a constant potential the current density
theoretically drops rapidly, and the growth of the layer stops.
With heating due to electrical energy and the ability of
electrolytes used to absorb the layer, it will attack the weakest
point of the crystal lattice and the pores will be created to form
the honeycomb structure of aluminum oxide. The formation
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of an oxide layer on the anodized metal surface depends on
the type of solution used as an electrolyte, the oxide base layer
(barrier type oxide film) and the porous oxide film (porous
oxide film) can form during the anodization process. The
resulting oxide layer has a porous or porous structure with a
hexagonal structure, with a pore in the middle.

On the surface of the oxide layer that is formed in the
anodizing process, there are millions of cells per cm2, whose
size is a function of the potential process. Pore size is
influenced by many factors such as the type of electrolyte,
temperature and the relationship between potential and
current used. The structure of the oxide layer formed at
anodizing using phosphoric acid, sulfuric acid, chromic acid
and oxalic acid as the electrolyte, only differ in pore size and
cells. In general, the oxide layer resulting from the anodizing
process has the following characteristics: One, hard, alumina
(Al,O3) has a hardness comparable to sapphire. This layer is
also insulative, transparent and resistant to load. There are no
flakes on the surface. The oxide layer formed from this
process will increase abrasive resistance, the ability of metal
electrical insulators, and the ability to absorb dyestuffs to
produce variations in the appearance of colors on the
anodized surface. Aluminum and its alloys are resistant to
atmospheric corrosion due to the protective oxide layer which
is quickly formed when aluminum metal is exposed to air.

The formation of an oxide layer on the anodized metal surface
depends on the type of solution used as an electrolyte, the
oxide base layer (barrier type oxide film) and the porous oxide
film (porous oxide film) can form during the anodizing
process. The resulting oxide layer has a porous or porous
structure with a hexagonal structure, with a pore in the
middle. The base layer is a thin and dense layer, which
functions as a layer between the pore layer and the base metal.

The porous structure that arises in the oxide layer is the result
of equilibrium between the formation reactions of the oxide
layer dissolving. Initially the pore layer formed by the
elongated cylinder but because it later contacted the other
oxides on the sides, the oxide layer transformed into an
elongated hexagonal channel. The process of forming an
oxide layer can be examined by observing and observing
changes in current at a fixed anodizing potential or changes
in potential at fixed currents. The process of forming the
oxide layer can be divided into four main stages, namely the
addition of a barrier layer which is characterized by a decrease
in current flowing.

This barrier layer is an aluminum oxide layer that is
thickened due to an oxidation reaction on the metal surface.
As a result of thickening, the obstacles caused become
greater. That is what causes a decrease in current during the
formation of the barrier layer. After the barrier layer thickens,
pore seeds begin to appear near the boundary between the
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oxide and solution. At this stage the current in the rectifier
decreases and will reach the minimum point when this stage
stops. Then a pore initiation is formed which forms the
formation of a porous oxide structure.

The pore shape at this stage is imperfect and an increase in
current flows. The current that flows will continue to increase
with the more perfect morphology of the oxide layer. This
increase occurs until at some point the current that flows will
be constant when the porous structure has formed perfectly.
The thickness of the film layer from the anodizing process
will increase with the time used. However, the rate of increase
of the thickness of the oxide layer due to the anodizing process
also depends on several factors such as concentration,
temperature, potential and current density and the type of
metal alloy.

4. CONCLUSION

the AA 6061 T6 anodizing process using an electric potential
of 20 V and sulfuric acid electrolytes of 20% Wt have the
highest UTS and increase in specimen length when compared
to specimens anodized by using different electrical potentials
and other electrolyte concentrations.

Pores formed under these conditions begin to have a much
larger size compared to aluminum which is anodized at lower
concentrations of electrolyte solution, but smaller than AA
6061 T6 which undergoes anodizing processes in sulfuric
acid solutions with higher concentrations. This can occur
because of increased concentration in relation to the
characteristics of the coating, metal loss that occurs in the
anodizing process.

Increasing the excess concentration will result in the
dissolution of the film layer, so it is necessary to have the right
composition of the electrolyte solution to get the optimal film
layer. Besides the potential effects on the anodizing process,
where it can be seen that the higher the potential used in the
anodizing process, the greater the distance between the pores,
but the higher the potential used in the anodizing process, the
pore density will decrease
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