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ABSTRACT

In this study, the effects of chromated and chrome-free pretreatment tests on the painted profiles of
aluminum alloys used in many different fields were compared on different paints. The comparison process
and results of chemical, mechanical and dimensional tests applied to painted profiles are discussed. The
parameters are considered as paint voltage value 100 V, oven temperature 190 °C and conveyor speed 1.3
m/1. Paint colors were determined as RAL 7016, 9005 and 9016 and were completed with different works
only on the front surface treatment. As a result of the experiments, the highest paint thickness value was
found to be 106 p and the highest gloss value was 81.7 GU. The paint drying process for all processes was
determined as a 190 °C for 80 minutes. In the discussion section, powder coating processes and
experiments are described and compared.
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1. INTRODUCTION

Metals have been used for different purposes in many different areas for many years due to their superior
metallic properties. The metals used in transportation had to be primarily durable. The impact resistance
of metals was quite high, but fuel consumption was quite high due to weight. As a result of the effective
material selection studies that will resist the deformations of the buildings caused by gravity, physical
factors and time, the most suitable material to be used was determined to be metals [1]. Ships used in
overseas transportation had to be built with metals that would resist the corrosive effects of the sea. Metals
were mostly used for all structures and vehicles designed to withstand all these factors and last for many
years [2]. With the development of the industry and increasing R&D studies in the last century, the
physical properties of metals have been increased. Higher performance can be achieved with metals that
weight less. These studies, which make metals more useful, were mostly done by combining different
metallic properties.
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The alloying process combines the properties of different metals in a certain proportion and enables them
to be made into a new type of alloy metal. Aluminum is one of the best metals that incorporates the
properties of different metals as a result of alloying metals [3]. It is one of the most used metals in industrial
studies due to its high mechanical properties, low melting temperature, oxidation resistance, easy shaping
and low weight [4]. Aluminum is often used as an alloy. Iron, zinc, magnesium, silicon etc. By being
alloyed with elements, it becomes even stronger with the properties of other metals. The most commonly
used Aluminum alloy in the construction industry can be determined as 6xxx series alloy. The weldability
feature makes it possible to obtain aesthetic and different shaped structures by combining different shapes
of aluminum [5]. When examined metallographically, it is known that in 6xxx series aluminum alloys, the
alloying elements are distributed homogeneously, and with the mechanical properties it exhibits,
undesirable formations at the grain boundaries are low and the grain boundaries become thinner with the
Al-Mg-Si—Cu elements present in the alloy [6]. The effect of the elements used in the alloy on the grain
structure also directly affects the surface and shaping process of the product being processed. It is known
that a well-homogeneous microstructure ensures that the alloy exhibits good resistance during the shaping
process and creates a profile that is more prone to the desired shape, and that surface treatments such as
painting and anodizing coating to be applied after the shaping process are carried out more appropriately
[7].

One of the most commonly used methods of aluminum forming is the extrusion process. The extrusion
process is the shaping process of heating aluminum billets and then pushing them into a mold with pressing
force. The extrusion process allows the production of different and complex shaped profiles. Thanks to
the extrusion process, the production of complex shaped profiles enables the use of aluminum in a wide
range of areas in industry [8].

Among the main reasons for the increased use of metal in architectural systems is that they are healthy,
durable and long-lasting. Apart from the main reasons, it can be easily shaped and different surface
treatments can be applied. Aluminum is a metal that is resistant to oxidation. Naturally, it has a thin oxide
layer on its surface. Surface treatments ensure that aluminum increases its oxidation resistance. Anodizing
and painting processes are generally applied to aluminum profiles. The anodizing process is done by first
etching the surface of the aluminum using chemicals and electric current and then covering the surface
with an oxide layer [9].

In the electrostatic powder coating process, the surface is coated with chrome-free or chromate treatment
and then coated with the desired painting method and color. Chromium free process is a metal passivation
that does not contain the element chromium. Since chromium is a heavy metal, it must be reduced during
the process [10] . Profiles coated with Cr *® must be reduced to Cr *3 during refining. This reduction
process is done during a kind of purification bath [11]. Chromium free process is a passivation that does
not contain chromium, unlike chromate. Since it does not contain chromium, it seems to be more
environmentally friendly and healthy. For both processes, the surfaces of the profiles can be coated with
the bath system and become ready for use, or they can be used for the packaging or painting process.

2. EXPERIMENTAL STUDY

This study includes the examination and evaluation of chromate-free and chrome-free process parameters
of RAL 7016, 9005 and 9016 paints after the casting, extrusion and aging processes of 6063 alloy
aluminum billet.
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2.1 Casting and Homogenization Process

DC casting technique is a type of aluminum casting that includes a direct cooling system. Molten metal
flows through a casting path towards a mold table containing different shapes [12]. The casting form for
the extrusion process generally takes place in a long cylindrical structure to create billet billet. Billet
formation is achieved by rapidly cooling the molten aluminum shaped under the casting table with water
[13].
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Figure 1. Schematic representation of DC casting

During the billet casting to be examined, the casting process is carried out at 685 °C and 118 mm/s. The
aluminum solidification process takes place in 3 stages depending on cooling. During slow cooling, which
is the second stage of the process, the billet separates from the mold wall and takes its shape. Titanium
doped wires are added to the casting path to ensure that the phase structures are well formed and the grain
structure becomes more homogeneous during aluminum casting [14]. The refining effect of elements such
as titanium and boron on the grain boundaries of aluminum enables the dendrite structures extending from
the center to the grain boundaries to reach the grain quickly and crystallize, resulting in a smaller grain
structure. The strength created by billets with small grain structure during the tensile test creates a visible
effect [15]. The homogenization process takes place in 4 steps; Heating, holding, annealing and cooling.
The time for the billet placed in the oven to reach 590 °C during the heating process was determined as
3.5 hours. After the heating process was completed, the billets were kept at 590 °C for 30 minutes to get
used to the upper temperature and prevent recrystallization. The annealing process takes 8 hours. For the
cooling process, which is the last stage of the homogenization process, the samples taken from the oven
were kept in the cooling cabinet for 3 hours and brought to the appropriate temperature and the
homogenization process was completed.

Table 1. EN 573-3 Standard and Sample Analysis Result

ENS5733 | Alley | Si | Fe |[Cu|Mn| Mg | Zn| Ti Al
Basic Value | AAG6063 | 0,2-0,6 | 0,35 | 0,1 | 0,1 | 0,450,90 | 0,1 | 0,1 | Remainder
S-1 AA6063| 035 | 018 |002]001| 058 |002|001| 9865

2.2 Extrusion and Aging Process

The extrusion process carries out the shaping process by passing aluminum billets through steel molds
containing a prepared shape by applying force. The extrusion process performs very complex shaping
operations [16]. After the foundry and homogenization processes, the sample billet is first heated in billet
furnaces up to 550 °C. The mold selected for the sample was heated to 450 °C and then the sample billet

IJFMR240424100 Volume 6, Issue 4, July-August 2024 3



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

IJFMR

mold was shaped. After the extrusion process, a stretching process was performed to ensure linearity and
the sample was cut into 3-meter pieces after providing the appropriate linearity.

Figure 2. Aluminum Profile Sample

As a result of thermal heat treatment, the hardness of the profiles increases. After the heat treatment, the
tensile strength, yield strength and hardness values (Hardness Brinnel) of aluminum alloys are increased
by the aging process [17]. The aluminum profiles, sized after the extrusion process, were then sent to the
thermal furnace for aging, including T6 heat treatment. After the heat treatment applied to AA6063 alloys,
the values in Table 2 were reached.

Table 2. Mechanical Properties of Sample

EN 755-2 Temper Rm Rp0,2 A% AS50mm | HBW
MPa (Least) | MPa (Least) (Least) % (Least) | (Least)
Basic Value T6 215 170 8 6 75
S-1 T6 224 188 8 7 78

2.3 Surface Treatments

Another factor that adds value to aluminum profiles is surface treatment. The surface treatments provided
protect the aluminum against surface effects that may occur due to atmospheric gases. The surface
treatment applied in this study is Electrostatic powder coating. Pre-treatments before painting, which is
also the subject of the research article, are chromate and chrome-free treatments [18].

2.3.1 Chromate and Chormium Free Processes

The chromating process is to ensure that the surface of aluminum, which does not have any layer on its
surface, reacts in the chromating bath to form a protective layer. The chromating process consists of
several different steps [19]. As a first step, the metal surface is cleaned of dirt and other parts before
starting the process. It is then placed in a chromate bath, where a reaction occurs on the metal surface and
the coating process is expected to be completed. During this process, the concentration of the solution,
waiting time and temperature values during the process are very important. After the surface coating
process is completed, the aluminum is rinsed again. After the conditioning process, a drying process is
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carried out to completely evaporate the water on the piece. The same processes apply to chrome-free
surface treatment. A different situation is the content of the passivation solution used [20].
Table 3. Chemical ratio and measurement table used in chromate
1. NaOH (mL) | 2. NaOH (mL) AC 20 (g/L) AL (max. 5 g/l) | Temperature °C
25 32,4 25 0,6 26

Table 4. Chemical ratio and measureent table used in chrome-free
1. H2SO4(mL) | 2.H2SOs(mL) | AIFINAL 275/1 | AL (max. 5g/l) | Temperature °C
7.3 13,2 25,5 0,6 61

With the measurements made, the ideal parameters of the front surface treatments were determined and
the percentages used were recorded. The acidic etching pH measurement of the chromate pool was 1.7,
and the acidic etching degree of the chrome-free pool was measured as 1.9 pH. In the passivation pool in
the chrome-free process, the ALIFICOAT 748/3 value was measured as 5.7 g/L, and the chemical rate of
Na2S20s in the chromate pool was measured as 10.5 g/L. 10 profiles were used in each front surface
treatment process.

2.3.2 Electrostatic Powder Coating

Electrostatic powder coating process is a painting method that involves charging the previously surface-
treated profiles with determined electric current levels in a magnetic environment and coating the
aluminum surfaces with powder paint with this magnetic effect. The electrostatic powder coating process
ensures that the surfaces are resistant to external factors and provides long-lasting permanence [21].

This surface treatment consists of 3 basic parts; Chemical front surface treatment, Powder coating and
drying processes. Chemical pre-treatment is a passivation process performed to increase paint adhesion
and to protect it from atmospheric gases such as oxygen and hydrogen that can damage the metal surface.
After pre-treatment, the profile surface is coated with powder paint. As a final process, the powder paint
applied is dried in drying ovens and ensures complete adhesion to the surface [22].

Profiles with and without chrome treated front surfaces were processed with the same parameters. The
powder coating process was carried out at 190°C with an electric current of 100 V to electrically charge
the profiles and the conveyor speed was 1.3 m/1'.
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Figure 3. Paint Drying Oven Heat Distribution Chart
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Ten samples were painted in one process using a single type of powder paint coating with the same
parameters. After the paint coating process, the paint drying process started. It started at room temperature
and reached up to 190°C and then dropped back to room temperature. This process took 80 minutes. The
use of the paint drying oven and heat distribution were carried out in a regular process, and the heat balance
was determined according to periods.

3. RESULTS AND DISCUSSION

In the conclusion part, in order to determine the main purpose of the study and make comparisons,
mechanical, paint thickness, gloss, corrosion resistance and physical strength tests were carried out to
ensure that the surface treated and painted profiles comply with standard values and to compare chromate
and chrome free processes. The test results give us information about the results of chromate and chrome-
free processes when the same dye stuff is used.

3.1 Dye Thickness

The painted sample profiles have been completed in accordance with the standard values. The lower
thickness value of the profiles was determined as 60 microns. In measuring paint thickness, measurement
is made by taking the thickness of the pediment between the upper beginning of the paint layer and the
metal layer on which the process is applied [23]. Thickness measurement was made at 32 °C with a device
that can measure between 150 - 1000 mm at a speed of 2500/s. Thickness values as a result of the painting
process has given on the table 3.

Table 3. Dye thickness values of chromate and chrome free samples

Sample Chromate (p) Chrome-Free (p)
RAL 9005 96,5 64,4
RAL 9005 94,9 78,9
RAL 9005 95,0 914
RAL 9016 75,6 74,9
RAL 9016 85,1 87,2
RAL 9016 97,8 84,8
RAL 7016 77,7 74,1
RAL 7016 74,8 106
RAL 7016 71,4 85,3

3.2 Gloss Values

The gloss value is determined as the reflection rate of the paint process outside the permeable surface of
the light hitting the surface. Measuring the amount of light reflected by the surface as a result of the
painting process on metals is very important for visible surfaces used in architectural systems [24]. The
D65 light source and light with a wavelength of 400 to 700 nm are used in brightness measurement. The
paint gloss measurement values made on the samples used in this study are given in table 4.

Table 4. Gloss values of chromate and chrome free samples
Sample Chromate (Gloss Unit) Chrome-Free (Gloss Unit)
RAL 9005 25,5 27,4
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RAL 9005 21,4 26,9
RAL 9005 27,8 26,6
RAL 9016 75,6 73,4
RAL 9016 72,8 70,5
RAL 9016 75,8 81,7
RAL 7016 27,7 24,4
RAL 7016 25,8 24,1
RAL 7016 24,7 23,7

3.3 Bending Test

One of the biggest reasons why aluminum profiles are used in different sectors is their ability to shape
differently. After the surface treatment of the alloys, bending is applied to aluminum profiles to bring them
into a different shape. It is expected that the surface treatment applied as a result of the bending process
will not be damaged [25]. It is expected that the bending tested profiles will not have any paint breakage
or metal surface observed in the bending area. Bending test made by folding aluminum profiles, to which
physical force is applied, by 180° using a mechanic.
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Figure 4. Bending test process
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3.4 Crosscut Test

The cross-cut test is measured by the adhesion strength to the surface of the metals to which paint is
applied. As a result of this test, a special adhesive tape is placed on the painted profile whose surface is
cut diagonally, pressed for a while, and then the tape is pulled from the surface at a 45° angle [26]. After
the tape is removed, it is checked whether there is any paint removal from the surface. As a result of the
cross-cutting test, it was determined that there was no paint peeling on chrome-free and chromated
surfaces.
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Figure 5. Crosscut Test Results

3.5 Impact Resistance Test

Impact test is very important for metals that are being painted. While physically durable metals can
withstand external impacts, the same cannot be said for surface treatments. This situation is measured
visually in the paint impact resistance test [27]. Impact resistance test is a destructive test method created
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by the free fall of 1 kg weight from a height of 1 meter onto the plates that have been pre-treated and
painted. As a result of this test, no separation should be observed in the painted part.

During the testing phase, the weight for the force applied to the painted plate is calculated as the free fall
weight. The damage caused by the force must be visible. The test results are shown below.

CHROME-FREE

Figure 6. Impact Resistance Test Process and Results

3.6 Corrosion Test

Corrosion testing is an important factor affecting the service life of the metal. Corrosion can be defined as
the effect of metals and alloys on atmospheric gases (oxygen, hydrogen, etc.) and chemicals [28]. In the
corrosion test, the surfaces of the painted aluminum profiles were damaged and exposed to aqueous
solution containing 5% salt with a pH value of 3.0 - 3.3 Acetic acid solution for 48 hours.
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Figure 7. Corrosion Test Results

4. CONCLUSION

In this study, a study was conducted on how chrome-free and chromate coating processes would affect the
different powder coating process. By using powder paints of different colors, the paint process parameters,
sample alloy and all other processes were kept the same, and the results were examined by making
differences only in the front surface treatments. As a result of the tests, the following results were obtained;
1- In paint thickness measurements; It was observed that the highest value in RAL 7016 coded powder
paint was 106 p in the profile with chrome-free front surface treatment, 97.8 p in the RAL 9016 chrome
front surface treated profile and 96.5 p in the RAL 9005 chromate front surface treated profile. As a result
of the thickness examinations, it was determined that the thickness value depends on the powder coating
application parameters and the paint, not the preliminary surface treatment.

2- In gloss measurements, it was observed that the profile with the highest gloss in RAL 7016 powder
coating was 27.7 GU in the chromate front surface treated profile, 81.7 GU in the RAL 9016 chrome-free
front surface treated profile and 27.8 GU in the RAL 9005 chromate front surface treated profile. When
the results were examined, it was observed that the difference in the chemicals used in the powder paint,
apart from the front surface treatment, affected the gloss level.

3- When the Impact Resistance, Crosscut and Bending tests were examined, no deviation or wear was
found on the plates coated with different powder paints and with different front surface treatments. In this
case, it has been observed that the chemicals and paint parameters used in the paint increase the paint wear
resistance.

4- In accordance with QUALICOAT standards, corrosion should not be observed in the materials painted.
When the corrosion test results were examined, no corrosion was observed in the paint process based on
chromated and chrome-free pretreatments. It has been determined that the alloy metal and paint chemicals,
not the front surface treatment used, affect the corrosion resistance. It is thought that the corrosion
resistance of aluminum increases due to the presence of trace amounts of copper elements in the 6xxx
series alloy used in the experiments.

5- In wet adhesion tests carried out in accordance with ISO 2409 standard, it was observed that the
processes performed on chromate and chrome-free front surface treated profiles affected the adhesion test
and ensured that powder coatings did not peel off.

In summary, as a result of the tests performed with the same parameters on the profiles powder coated
with chromate-free and chrome-free processes, it was seen that the pre-treatment did not have much effect
on the paint distribution and the powder paints used had an effect. It has been observed that the distribution
of the applied powder paint on the surface directly affects the paint thickness and gloss values, but does
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not affect the mechanical tests and chemical tests. The chemicals present as binders in the paint were
thought to be effective for mechanical tests. Chemical tests showed that both the chemicals in the paint
and the metallic properties of the elements in the alloy metal were effective.
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