Jounsas GRS

Gazi Universitesi Gazi University n

Fen Bilimleri Dergisi Journal of Science I
RRHEEE 0 s AR AR
PART C: TASARIM VE PART C: DESIGN AND s YL N
TEKNOLOJI TECHNOLOGY B T——

GU J Sci, Part C, 11(2): 339-346 (2023)

The effect of reinforcement ratio on corrosion properties of Al.Os reinforced
AA2024 aluminum matrix composites produced by hot pressing

Hasan KARABULUTY”

Kubilay KARACIF?

Karabuk University, TOBB Technical Sciences Vocational School, Department of Metallurgy, 78050, KARABUK

2Hitit University, Faculty of Engineering, Department of Metallurgical and Materials Engineering, 19030, CORUM

Article Info:

Graphical/Tabular Abstract (Grafik Ozet)

Research article
Received:
05/12/2022
Accepted:
31/03/2023

Keywords

Hot pressing
AA2024
Al,O3
Corrosion
Aluminum
Powder
metallurgy

Makale Bilgisi

Aragtirma
makalesi
Bagvuru:
05/12/2022
Kabul:
31/03/2023

Anahtar

Kelimeler

Sicak Presleme
AA2024

A|203
Korozyon
Aliiminyum
Toz Metalurjisi

In this study, corrosion properties of AA2024 aluminum alloy matrix composite materials reinforced with
Al2Os in three different ratios were investigated. / Bu ¢alismada, ii¢ farkli oranda Al,Os3 takviyesi iceren
AA2024 aliiminyum alagimi matrisli kompozit malzemelerin korozyon ézellikleri incelenmistir.
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Aim (Amag): In this study, it is aimed to investigate the corrosion behavior, which is one of the most
important surface properties, of 10%, 20% and 30% Al20s reinforced AA2024 aluminum matrix composite
materials produced by powder metallurgy method and hot pressing method. / Bu ¢alismada toz metalurjisi
yontemi ve sicak presleme yontemi ile iiretilen %10, %20 ve %30 Al203 takviyeli AA2024 aliiminyum
matrisli kompozit malzemelerin en onemli yiizey ozelliklerinden biri olan korozyon davranisinin
arastirilmast amaglanmuistir.

Orginality (Ozgiinlitk): Regarding aluminum matrix composite materials, it is seen that studies in the
literature are generally on mechanical properties and corrosion studies are limited. For this reason, in this
study, the corrosion behavior of AA2024 based Al.Os reinforced composites produced by hot pressing
method were investigated. / Aliiminyum matrisli kompozit malzemeler ile ilgili olarak literatiirdeki
calismalarin genellikle mekanik ézellikler iizerine oldugu ve korozyon ¢alismalarimin smirli kaldigi
gortilmektedir. Bu nedenle bu ¢calismada, sicak presleme yontemi ile iiretilen AA2024 esasli Al2Os takviyeli
kompozitlerin korozyon davramslart incelenmistir.

Results (Bulgular): Corrosion data of composite materials are given in Table 1 below. / Kompozit
malzemelerin korozyon verileri asagida Tablo 1 de verilmistir.

Corrosion ChTT o e Corrosion
Reinforcement Ratio / L] Density (A/cm?) / L

N . Korozyon o Korozyon
Takviyve Oram F Korozyon AkKim -
b Potansiyeli Yos _ Hizi

N ogunlugu

AA2024 + 10% AlLO: -1.277 1.984.10° 0216
AA2024 + 20% AlLO; -1.210 7.438.10° 0.081
AA2024 + 30% ALO: -1.219 7.299.10°¢ 0.079

Table A. Corrosion data of 10%, 20% and 30% Al2Os reinforced AA2024 aluminum matrix composite
materials / Tablo A. %10, %20 ve %30 Al2Os takviyeli AA2024 aliiminyum matrisli kompozit
malzemelerin korozyon verileri

Conclusion (Sonug): It is thought that Al2Oz reinforcement, which is more noble electrochemically to the
aluminum matrix, is effective in decreasing the corrosion rate and improving corrosion resistance with the
increase in the reinforcement ratio. / Aliiminyum matrise elektrokimyasal olarak daha asil olan Al20s3
takviye oranimin artmasiyla birlikte korozyon hizimi diigiirmede ve korozyon direncini iyilestirmede etkili
oldugu diistiniilmektedir.
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Abstract

In this study, corrosion properties of AA2024 aluminum alloy matrix composite materials
reinforced with Al20s3 in three different ratios were investigated. After mixing the aluminum alloy
matrix material powders and the reinforcement material powders at 10%, 20% and 30% Al2Os
ratios homogeneously, composite materials were produced by keeping them in an axial mold
under 50 MPa pressure and 550 °C temperature for 1 hour by hot pressing method. According to
the corrosion test results, the corrosion resistance of the composite materials containing 20% and
30% Al20sreinforcement was very close to each other. The corrosion rates of these two samples
were determined to be lower than the sample containing 10% Al20s reinforcement.

Sicak Presleme ile Uretilen AA2024 Aliiminyum Matrisli Al,O; Takviyeli
Kompozitlerde Takviye Oranminin Korozyon Ozelliklerine Etkisi
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Bu caligmada ii¢ farkli oranda Al2O3 ile takviye edilmis AA2024 aliiminyum alasimi matrisli
kompozit malzemelerin korozyon o&zellikleri arastirilmistir. Aliiminyum alasgimi  matris
malzemesi tozlari ile %10, %20 ve %30 Al203 oranlarinda takviye malzemesi tozlar1 homojen
sekilde karistirildiktan sonra sicak presleme yontemiyle tek yonlii olarak eksenel kalip icerisinde
50 MPa basing altinda, 550 °C sicaklikta 1 saat siireyle bekletilerek kompozit malzemelerin
iretimi yapilmigtir. Korozyon test sonuglarina gore %20 ve %30 Al2Os takviye iceren kompozit
malzemelerin korozyon dayanimlari birbirlerine ¢ok yakin olmugtur. Bu iki numunenin korozyon
hizlar1 %10 Al203 takviye igeren numuneye gore daha diisiik olarak belirlenmistir.

1. INTRODUCTION (GIRiS)

In order to improve the mechanical properties of
aluminum alloys such as hardness, yield-tensile
strength, fatigue strength, and abrasion resistance,
macro-size hard reinforcement elements are added
to the aluminum matrix, and aluminum matrix
composite materials with superior properties are
produced and used in many areas. Generally,
various ceramic compounds are preferred as
reinforcement materials. Alumina (Al;Os) is one of
the most used reinforcement elements among these
reinforcement materials due to its superior
properties such as high stability, inertness and high

temperature  resistance.  Aluminum  matrix
composite materials are used in aviation, marine and
land vehicles industry, mining industry and in many
other fields [1-5]. Aluminum matrix composite
materials can be produced by one of the liquid,
liquid-solid and solid production methods. Powder
metallurgy method is also one of the solid
production methods used in production. Among the
production methods, the method in which the
reinforcement material can be distributed uniformly
in the matrix material, the pore formation can be
controlled, and good interfacial bonding between
the matrix material and the reinforcement material
should be preferred [6-8].
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The results of some studies on the corrosion
behavior of alumina reinforced aluminum matrix
composite materials are given below. Alanemea,
K.K. and Olubambi, P.A [4], in their study where
they examined the effect of the addition of rice husk
ash on the corrosion behavior of Al.Os reinforced
aluminum matrix composite material in salty
environment, reported that this addition increased
the corrosion rate due to its accumulation at the
interface of reinforcement and matrix. In a study
investigating the effects of Al.O3 reinforcement
ratio on corrosion, it was observed that corrosion
resistance decreased with increasing reinforcement
ratio in aluminum matrix composite material in
seawater and industrial atmosphere [7]. In addition,
it was observed that the corrosion resistance was
less in seawater environment, especially pitting
corrosion was effective in this environment, and it
was noticed that grain boundary corrosion was more
effective in the industrial environment. De Salazar,
J.M.G. et al. [8] stated that the heat treatments
applied to the material to improve the mechanical
properties of Al,Os reinforced aluminum matrix
composite materials affect the corrosion behavior of
the material. Dobrzanski, L.A. [9] reported that the
corrosion rate of the composite material increased
when the Al,Os ratio was increased excessively in
the Al,Os particle reinforced aluminum matrix
composites produced by the powder metallurgy
method, and the addition of Al,Os at lower rates was
not effective on the corrosion properties. Durai, T.
G. et al. [10] investigated the effects of Mn addition
in AlbO; reinforced aluminum matrix composite
materials and determined that the addition of Mn at
low rates improved corrosion resistance. Zhu, J. and
Hihara, L. H. [11] reported that the corrosion
resistance of metal matrix composites reinforced
with alumina continuous fiber is lower than that of
non-reinforced aluminum matrix material, and
corrosion begins at the fiber-matrix interface. Hu, J.
et al. [12] reported that the corrosion potential of
heat-treated aluminaborate-reinforced aluminum
composite in a salty environment changed
negatively with solution heat treatment. It was
evaluated that this negative change was caused by
the interfacial reactions in the solution taking
process. Lotto, R.T. and Babalola, P. [13]
investigated the corrosion behavior of aluminum
matrix composite materials containing nano-sized
alumina, and determined that the corrosion
resistance of the material is better when the alumina
ratio is increased and the particle size is small.
Saxena, M. et al. [14] reported that the deterioration

of the continuity of the oxide film by breaking the
oxide film is effective in the reduction of corrosion
resistance in aluminum matrix composite materials
compared to pure aluminum. Karabulut H. et al.
[15] investigated the corrosion behavior of B4C, SiC
and Al,O; reinforced aluminum matrix composites
produced by mechanical alloying for 4 and 10 hours
in salt water (3.5% NaCl). After mechanical
alloying, the mixed powders were compressed
under 700 MPa pressure and sintered at 600 °C.
Electrochemical corrosion tests were applied to the
samples in the salt water solution using
potentiodynamic methods. According to the
research results, the best corrosion resistance was
obtained from aluminum/B4C composites. Karacif
K. [16] investigated the hardness and corrosion
properties of functional graded AA5083/Al.0;
composites produced by powder metallurgy
method. There was a small decrease in the corrosion
rate of the materials with the increasing number of
layers in functionally graded materials, and it was
determined that the corrosion effect was higher in
layers with high alumina reinforcement. On the
other hand, Ozay C. and Karhdag O.E. [17] coated
the surface of the AA2024 alloy substrate with Al-
B4C reinforced composite using hot press sintering.
Al and B.C powders were synthesized by
mechanical alloying. The microstructure of the
Al/B,C composite coating, the macrohardness of
the coating layer, linear reciprocating motion and
forward wear resistance were investigated. In
addition, Karabulut H. [18] previously produced
composite materials with two different AlO3
reinforcements, 10% and 20%, by hot pressing at
550 °C and investigated the effect of reinforcement
amount on properties such as density, hardness and
wear. As a result of this study, it was found that the
density value decreased slightly with the increase in
the amount of reinforcement; it was determined that
the hardness and wear resistance increased.

In this study, corrosion behavior, which is one of the
most important surface properties, of AA2024
aluminum matrix composite materials reinforced
with 10%, 20% and 30% Al,Os produced by powder
metallurgy method by hot pressing was
investigated. In order to interpret the changes in
these properties, the microstructure and density
properties of the materials were also evaluated.

2.MATERIALS AND METHODS (MALZEME VE
METOD)

2.1. Material Production (Malzeme Uretimi)
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The production of Al,Os reinforced AA2024
aluminum matrix composite samples to be used in
the study was made by powder metallurgy method.
The average particle size of the reinforcement
material Al,Os powders is 10 pum. The chemical

composition of the AA2024 aluminum alloy, which
is the matrix material, is given in Table 1 [19].

Table 1. Chemical COfT]pOSitiOﬂ of AA2024 aIon (442024 alasmmimn kimyasal kompozisyonu)

Alloy | Si Fe |Cu |[Mn |[Mg |Cr |Zn |Ti Other | Other Al
(Each) | (Total)
2024 | 0.50 | 0.50 | 3.8- | 0.30- | 1.2- | 0.10 | 0.25 | 0.15 | 0.05 0.15 Remainder
49 | 09 | 18

In the first stage of material production, the matrix
and reinforcement material powders, which were
weighed with a precision of 0.0001 g, with a
RADWAG AS-60-220 C/2 precision balance
containing 10%, 20% and 30% Al,O3 by weight,
were made ready for mixing. The powders weighed
according to the specified ratios were mixed with a
Turbula brand triaxial mixer for one hour without a
ball and became homogeneous. The obtained mixed
powders were kept in an axial mold under 50 MPa
pressure, at 550 °C temperature for 1 hour in a one-
way axial mold, and they were turned into blocks by
hot pressing method. Hot pressing of powders was
done in MSE HP 1200 brand device. Experimental
work steps are given on the side.

2.2.Microstructure and Density Studies
(Mikroyap1 ve Yogunluk Calismalari)

Nikon inverted metallurgical microscope was used
for the microstructure images of the composite
samples, for which metallographic preparation
studies such as sanding and polishing were made.
Density measurements of the samples were
determined by Archimets principle. The relative
densities of the samples were calculated by using
the found density value and the theoretical density
values.

2.3. Corrosion Studies (Korozyon Caligmalari)

Electrochemical corrosion tests were carried out in
salt water environment to determine the corrosion
properties of the samples. In corrosion studies,

Matrix and reinforcement material powders
(AA2024-10%, 20%, 30% Al,O3)

4

Mixing

4

Hot pressing
(50 MPa Pressure, 550 °C Temperature)

g

Samples

g

Microstructure and density studies

g

Corrosion studies

potentiostat/galvanostat device and 3.5% NaCl
solution were used as salt water medium. In the
corrosion tests, the general corrosion behavior was
observed by obtaining the polarization curves by
scanning the potential between -2 V and -0.5 V in
the first stage, and the Tafel polarization curves
were obtained by applying the potential between -
1.6 V and -0.7 V in the second stage. A scanning
rate of 1 mV/s was used for potential scanning.
Corrosion potentials, corrosion current densities
and corrosion rates of the samples were determined
from the Tafel polarization curves. These data are
calculated by the system with the software used with
the potentiostat/galvanostat device.
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3. EXPERIMENTAL RESULTS AND
DISCUSSION  (DENEYSEL SONUCLAR VE
TARTISMA)

3.1.Microstructure and Density Results
(Mikroyap1 ve Yogunluk Sonuglari)

The microstructure images of AA2024 aluminum
matrix composite materials containing three
different ratios of Al.O3 reinforcement are given in
Figure 1. From the microstructure images, it is seen
that the Al,Os; reinforcement elements exhibit a
homogeneous distribution in general. From the
microstructure images, it can be said that the dark
colored particles with an average size of 10 um are

Y 3 % 2
ok g

a) 10% Al;0;

Al,O; reinforcement material, the smaller dark
colored particles are copper and magnesium in AA
2024, and the light colored parts are aluminum. In
addition, there is a homogeneous distribution in
composites containing 30% reinforcement element,
but some aggregation is observed. This may be due
to the fact that the Al,O; particles have a harder
structure than the matrix due to the increase in the
reinforcement ratio during pressing, although a
homogeneous distribution is initially achieved with
the triaxial mixer.

b) 20% Al,03

20 pm|

c) 30% Al,O;
Figure 1. Microstructure images of aluminum matrix composite samples containing (a) 10%, (b) 20%

and (c) 30% Al»Os ((a) %10, (b) %20 ve (c) %30 Al2Os iceren aliiminyum matrisli kompozit numunelerin mikroyap
goriintiileri)

In Table 2, the density values of 10% and 20%
Al,Os3 reinforced composite materials taken from
Karabulut's study [18] and the density values of
30% Al;Oz reinforced composite materials
measured in this study are given together for
comparison. As can be seen from this table, there is
a decrease in the density of the composite material
with the increase of the Al,Os reinforcement ratio.
While the relative density of the composite material
containing 10% reinforcement is 98%, the relative
density value decreases to 97% when the

reinforcement ratio is 20%, and the relative density
value decreases to 95% when the reinforcement
ratio is increased to 30%. According to this table, it
can be said that the pore ratio of the composite
material increases with the increase in the
reinforcement ratio, while the density values
decrease. It is thought that the decrease in material
density with increasing reinforcement ratio may be
due to the fact that the hard Al,Os reinforcement
material adversely affects the compressibility of the
powders during hot pressing. When the compaction
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property of the powders weakens, some more pores
may remain in the composite material structure.

Table 2. Density values of AA2024
aluminum matrix composite materials

reinforced with AlOz at different ratios
(Farkli oranlarda Al20s takviyeli AA2024 aliiminyum
matrisli kompozit malzemelerin yogunluk degerleri)

Al>,O3 Reinforcement Relative Density
Ratio (%)
(Wt.%)
10 98 £1
20 97 £1
30 95 +1

3.2. Corrosion Results (Korozyon Sonuglar)

The polarization curves of aluminum matrix
composite materials reinforced with Al,Os; at
different ratios are given in Figure 2. In order to
obtain the polarization curves, a potential scan was
made between -2.0 V and -0.5 V, and in this
potential scanning, polarization curves were
obtained with the change of current passing through
the material. The potential application was started
from the cathodic potential region, that is, the
immunity potential without corrosion, was
increased in the positive direction to the anodic
region, the corrosion region, and returned to the
initial cathodic potential. The potential scanning

(@)

o

Current (mA)

[
=

40|

—_—

Potential (V)

Current (mA)

direction is indicated by the arrow on the
polarization curves. In all three samples with
different ratios of Al,O3 reinforcement, the current
level passing through the material is low, up to a
potential value of approximately -0.7 V. Although
the potential application in this region is increased
in the anodic direction, there is no increase in
current. The passive oxide layer formed on the
aluminum composite surface in this region, which is
the post-immune passivity zone, stops the current
increase, that is, corrosion. At a potential value of -
0.7 V, the protective passive oxide film breaks down
and the current increases rapidly. So the -0.7 V
potential is the passivity decay potential. At this
potential value, chloride ions in the salt water
environment are very effective in the deterioration
of the passive film on the material surface. Chloride
ions are very aggressive and have the ability to
disrupt the passive film. In polarization curves, the
current values in the return potential are higher than
the values in the going direction. Accordingly,
corrosion continues in the material up to a slightly
more negative potential, a potential value of -0.8 V,
on the return.

| ®

20

20

40

Potential (V)

40 (e)

(=]
=
1

Current (mA)

fa
=]
1

40_]

:
45

T T
A0 05

Potential (V)

Figure 2. Polarization curves of (a) 10%, (b) 20% and (c) 30% Al»Os reinforced AA2024 aluminum
matrix composite materials (@) %10, (b) %20 ve (c) %30 oranlarinda Al>0s takviyeli AA2024 aliiminyum matrisli
kompozit malzemelerin polarizasyon egrileri)
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Tafel polarization curves of aluminum matrix
composite materials reinforced with different ratios
of Al;Os are given in Figure 3 and the corrosion
numerical results are given in Table 3. Corrosion
potentials in the horizontal axis and corrosion
currents in the vertical axis were determined by
intersecting the linear lines drawn from the cathodic
and anodic arms of the Tafel polarization curves.
Corrosion current densities were determined by
dividing the corrosion current values by the material
surface area. The corrosion rate of the material was
calculated based on the corrosion current with the
computer aided corrosion test device software.

1 —— 10% AlOs
- —— 20% AlOs
| —— 30% ALO:

Log current density (,nlUcm2 )

16 14 ' -1'2 ' -1‘0 ' -0.8
Potential (V)

Figure 3. Tafel polarization curves of 10%, 20%
and 30% Al,Os reinforced AA2024 aluminum

matrix composite materials (%10, %20 ve %30
oranlarinda Al203 takviyeli AA2024 aliiminyum matrisli

kompozit malzemelerin Tafel polarizasyon egrileri)

Table 3. Corrosion data of 10%, 20% and 30% Al.Os reinforced AA2024 aluminum matrix composite
materials (%10, %20 ve %30 oranlarinda Al,Os takviyeli AA2024 aliiminyum matrisli kompozit malzemelerin korozyon verileri)

Corrosion Corrosion Current Corrosion
Reinforcement Ratio / Polt<ent|al (4 Density (A/cm?) / REltE (i)
. orozyon Korozyon
Takviye Orani 2o Korozyon Akim
Potansiyeli o o Hizx
Yogunlugu

AA2024 + 10% Al,05 -1.277 1.984.10° 0.216
AA2024 + 20% Al,03 -1.210 7.438.10° 0.081
AA2024 + 30% Al,05 -1.219 7.299.10°8 0.079

When the Tafel curves given in Figure 3 and the
corrosion numerical results given in Table 3 are
examined, it is seen that the Tafel curves and
corrosion potential, corrosion current density and
corrosion rate values of 20% and 30% Al.Os
reinforced composite materials are very close to
each other. There is a difference of only 0.009 V
between the corrosion potentials of these two
composite samples, 0.139.10°A/cm? between the
corrosion current densities and only 0.002 mm/y
between the corrosion rates. The corrosion potential
value of the 10% Al,O3 reinforced composite
material is more negative than the other two samples
containing higher reinforcement, and the corrosion
current density and corrosion rate values are
approximately 2.5 times higher. The fact that the
corrosion potential value of the 10% Al,Os
reinforced composite material is more negative than
the others, the corrosion current density and
corrosion rates are higher, show that the corrosion
resistance of this sample is lower. In the case of

corrosion of the Al,O3 reinforced AA2024 matrix
composite material, the Al;Os reinforcement
material is more resistant to corrosion because it is
in a ceramic structure. In other words, it shows a
more noble behavior electrochemically in
corrosion. As in composite materials, in materials
consisting of structural components with different
electrochemical properties, structural elements and
zones with noble behavior form cathodic zones in
corrosion. AA2024 aluminum alloy contains
various alloying elements in its composition.
Among these alloying elements, especially
magnesium and zinc, they are very active
electrochemically, that is, they are very sensitive to
oxidation reaction. Metal dissolution and corrosion
occurs as a result of the anodic reaction in very
active building elements and areas. The matrix
material in 10% Al,O; reinforced composite
material is 90% and the matrix ratio is higher than
the other two materials. Although there is a slight
increase in the pore ratio, which adversely affects
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corrosion, with the increase of the reinforcement
element ratio, it is thought that the increase in the
electrochemically more noble Al,Os reinforcement
is more effective in improving corrosion resistance.
Lotto, R.T. and Babalola, P. [13] found similar
results in a study on the corrosion properties of
alumina-reinforced AA1070 aluminum alloy matrix
composites. In the corrosion tests performed in
acidic, salty and acidic/saline mixed environments,
it has been reported that the corrosion rate decreases
with the increase in the alumina reinforcement ratio.

4, CONCLUSIONS (SONUCLAR)

In this study, the microstructure, density and
corrosion properties of AA2024 aluminum alloy
matrix composite materials produced by powder
metallurgy method using hot pressing and
reinforced with Al,Os in three different ratios, 10%,
20% and 30%, were investigated, and the following
results were obtained.

1. According to the microstructure images of
the composite samples, it is seen that the
Al,O3 reinforcement material is uniformly
distributed in  the structure, and
accordingly, the powder metallurgy method
is suitable for the production of this type of
composite material.

2. In AA2024 aluminum composite samples
reinforced with Al,O;, the composite
material density decreased with the increase
of Al,O3 reinforcement ratio to 30%. It is
thought that the increase in the
reinforcement ratio in the hard structure
negatively affects the compressibility
feature during pressing in production with
powder metallurgy in this decrease in

density.
3. The corrosion behavior of the composite
materials at 20% and 30% AlO;

reinforcement ratios are very close to each
other, and their corrosion rates were lower
than the composite materials with 10%
Al;O3 reinforcement ratios. It is thought
that Al,O; reinforcement, which is more
noble electrochemically to the aluminum
matrix, is effective in decreasing the
corrosion rate and improving corrosion
resistance with the increase in the
reinforcement ratio.
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