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1- Introduction

Nowadays, polymers such as polypropylene (PP) are used
in various industrial and engineering applications. Since
these materials have advantages such as easy molding, low
price, the ability to be recycled several times, and having
good mechanical and thermal properties, they have been
noticed by researchers. Some disadvantages of PP, such as
low fracture toughness and as a result, reduced tensile and
impact strength, caused researchers to improve the
mentioned characteristic by adding different nanoparticles
to this material. Recently, the use of pearlite nanoparticles
has gained attention due to having suitable mechanical and
microstructural properties. Perlite nanoparticles are one of
the silicate reinforcements whose combination with
elastomer thermoplastics causes the formation of strong
intermolecular bonds between phases and increases the
tensile strength of nanocomposite samples. For this
purpose, sahraian et al. investigated the mechanical and
microstructural properties of low-density polyethylene

reinforced with pearlite nanoparticles prepared by the melt
mixing method. The results showed an increase in the
tensile strength, young's modulus, flexural strength and
flexural modulus of the nanocomposite compound
prepared from 9 wt.% of pearlite nanoparticles and a
decrease in the change in length to fracture and its impact
strength compared to pure polyethylene. The addition of
specific weight percentage of rubber materials to the
polymer matrix increases the flexibility of the samples.
Due to the wide use of natural rubber (NR) in industries
and benefiting from its very high elasticity caused the
addition of this material to polymer matrices, it caused the
property of elongation at break of the matrix has been
increased well and the elastic resistance against the tensile
force applied to the sample is higher.

2- Experimental Study
Polypropylene (PP) grade RP340N product of Jam

Petrochemical Company, natural rubber (NR) made in
Malaysia with grade of SMR20 and perlite nanoparticles
were used to produce nanocomposite samples. At the
beginning of the manufacturing process, polypropylene
and perlite nanoparticles were placed in an oven at 80 °C
for 24 hours to remove possible moisture. After that,
according to the specific weight percentages of materials,
an internal mixer with two rotating rotors was used to mix
the ingredients under a temperature of 180 °C and a screw
speed of 60 rpm for 12 minutes. Finally, a hydraulic hot
press was used to produce plates with dimensions of
150x150%3.2 mm to press the molten mixture obtained in
the previous step under a pressure of 150 bar and a
temperature of 185 °C for 15 min.

In this article, the test method is designed based on two
material parameters, which include the weight percentage
of natural rubber (N) and the weight percentage of pearlite
nanoparticles (P). The test design matrix was prepared by
the design expert version 12 software using the response
surface method (RSM) based on the central composite
design (CCD). Table 1 shows the test design matrix for 12
samples with different weight percentages.

Table 1- Sample coding

Row | Sample name N (wt.%) P (wt.%)
1 PP70/N30/NO 70 30
2 PP65/N30/N5 30 5
3 PP65/N30/N5 30 5
4 PP65/N30/N5 30 5
5 PP61/N30/N9 30 9
6 PP69/N30/N1 30 1
7 PP45/N50/N5 50 5
8 PP85/N10/N5 10 5
9 PP53/N40/N7 40 7

10 PP57/N40/N3 40 3
11 PP73/N20/N7 20 7
12 PP77/N20/N3 20 3

In this study, by use of the ASTM D638 standard,
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dumbbell-shaped tensile test samples were cut by a laser
machine (CNC) from square plates. Then, the samples
were stretched separately at a temperature of 25 °Cand at
a speed of 5 mm/min by using of santam tensile test
machine. Also, to reduce the percentage of errors, increase
the accuracy of the results and give validity to the
laboratory data, these tests repeated at least 3 times for
each sample and the averages of results was extracted.

3-Result and discussion

According to the diagrams (a) two-dimensional and (b)
three-dimensional surface response method predicted for
the tensile strength values in Figure 1, it can be concluded
that both material variables affect the tensile strength value
of the PP/NR/Perlite hanocomposite combination. Thus,
by keeping the weight percentage of pearlite nanoparticles
constant during the mixing process and increasing the
weight percentage of natural rubber, the tensile strength
can be reduced. For example, when using perlite with 3
wt.% and increasing the amount of natural rubber from 20
to 40 wt.%, the tensile strength value decreased from 8.92
to 7.61 MPa. However, the upward trend of tensile strength
was created in the condition that the weight percentage of
natural rubber was constant at 20 and the amount of
pearlite nanoparticles increased from 3 to 6.72 wt.% and
its value was determined to be 10.41 MPa. According to
these results, we can understand the importance of the
selected values for the material variables in order to
maximize and minimize the mechanical properties, the
behavior of the phases and the interface between them in
the prepared nanocomposite.

Diagrams in Figure 2, it can be seen that the maximum
value obtained for the elongation at break in the sample
made of 3 wt.% of pearlite nanoparticles and 40% by
weight of natural rubber is 87.81%. Also, if the both
amounts of natural rubber and perlite weight percentages
increased simultaneously, the maximum value of
elongation at break gradually decreased. So that, the values
of elongation at break for PP85/N10/N5, PP73/N20/N7,
PP77/N20/N3 and PP61/N30/N9 was 38/47, 47/88, 52/15
and 53.86%, respectively. The reason for this issue can be
considered to be the reduction of the amount of rubber
used in the base composition, which has caused a decrease
in elasticity and, as a result, a decrease in the amount of
elongation at break. in addition to, the decrease in the
amount of elongation at break of the material for the
PP61/N30/N9 sample is due to the accumulation and
lumpiness of nanoparticles in the polymer matrix phase,
which causes the formation of stress concentration points
in the microstructure of the sample and the reduction of its
strength at the moment of elongation at break.

The mapping images in figure 3 for two samples
PP65/N30/N5 and PP61/N30/N9, shows the proper
distribution of pearlite nanoparticles in the polymer base
phase in the sample PP65/N30/N5, which increases the
tensile strength by 38.83% compared to the sample
without nanoparticle. Also, the lumpiness of pearlite
nanoparticles has occurred in the PP61/N30/N9 sample,
which shows the concentration of nanoparticles in
different areas of the base phase. This leads to the

formation of stress concentration points in the sample and
ultimately a 28.92% reduction in the elongation at break
the material.

C

()

Tensile Strength (MPa) ()

Perlite content (wt. %)
Tensile Strength (MPa)

38

20 25 30 35 40 > 5
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Figure 1- Diagram of a) 2D b) 3D of the effect of interaction
parameters on tensile strength

(@) Elongation at break (%) (&) (h) (@)
77 =

%)
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320
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Figure 2- Diagram of a) 2D b) 3D of the effect of interaction
parameters on elongation at break

(b)

| - we—

10pm Mix 10pm

Mix

Figure 3- Mapping images of the fracture surface of
nanocomposite samples a) PP65/N30/N5 and b)
PP61/N30/N9

4- Conclusion
The results obtained from the tensile test and response
surface method showed that:

e Considering the very closeness of the experimental
results with the answers obtained from the
mathematical model for two tensile properties
containing tensile strength and elongation at break, it
can be said that the results are highly accurate and the
R? values for these two properties 0.9821 and 0.9984
were reported respectively.

e The results of multi-variable optimization proved that
in the conditions where the amounts of natural rubber
and pearlite nanoparticles are 35.268 and 4.046% by
weight, respectively, both mechanical properties are
simultaneously at their maximum value. The tensile
strength was 8.332 MPa and the elongation at break
was 74.38%.
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Optimization of Mechanical and Morphological Properties of Polypropylene Reinforced with Natural
Rubber-Perlite Nanoparticles Using Response Surface Method

Hadi Soleymani  Abdolhossein Fereidoon Alireza Albooyeh ~ Mohammad Reza Nakhaei

Abstract In this research, the tensile properties of polypropylene/natural rubber composite reinforced with perlite
nanoparticles produced using a biaxial internal mixer were studied. The mathematical modeling of analysis of variance
using the surface response method was used to confirm the experimental results. The role of each materials variable and
the weight percentage of natural rubber and pearlite nanoparticles on the tensile properties of the new nanocomposite
samples was investigated. It was observed that the values of tensile strength and elongation at break by increasing the
amount of natural rubber from 20 wt.% to 40 wt.% and the constant amount of perlite nanoparticles at 3 wt.%, decreased
by 14.68% (from 8.92 to 7.61 MPa) and increased by 72% (from 51.05% to 87.81%), respectively. The results obtained
from the parameters optimization showed that the maximum values of tensile strength and elongation at break are 8.332
MPa and 74.38% was obtained in the sample with 3.268 wt.% of natural rubber and 4.046 wt.% of perlite nanoparticles,
respectively. The scanning electron microscope images showed the positive effect of adding nanoparticles to the
polypropylene/natural rubber composite due to the reduction in the size of the elastomeric phase and as a result, the
increase in the tensile strength of the composite samples. Also, the proper dispersion of nanoparticles in the polymer
matrix phase occurred in the sample with 5 wt.% of perlite nanoparticles and 30 wt.% of natural rubber. However, with
increasing the weight percentages of nanoparticles up to 9 wt.%, some agglomerations of pearlite nanoparticles were
observed in the thermoplastic phase.

Key Words Polypropylene, Natural Rubber, Perlite Nanoparticles, Nanocomposite, Microstructure, Response Surface
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1-Introduction

Thin film and ZnO nanostructures on the basis of
transparent conductive oxide materials are TCOs, which
have been investigated in a wide range of optoelectrical
devices, acoustic wave surfaces, sensors, photoelectrodes,
flexible displays, optical waveguides, and transparent
electrodes for solar cells. ZnO is a very suitable and widely
used material for semiconductor equipment, as well. Zinc
oxide has a wide direct bandgap in the near-UV region and
a large exciton energy that exciton emission processes
exist at room temperature and above. Zinc oxide crystals
have a wurtzite structure. Although the characteristics of
zinc oxide as an electronic semiconductor have been
studied a lot, but due to the lack of control of its electrical
conductivity, its applications in electronic equipment are
still not possible.

Therefore, aluminum acts as a suitable donor in zinc
oxide and copper acts as an acceptor. In this way, the
changes in the properties of zinc oxide due to the presence
of both elements at the same time are investigated in this
research. Also, the effects of different physical properties
of transparent metal oxide ZnO doped with two elements
of aluminum and copper (CAZO) with two different
thicknesses, such as electrical, optical and structural
properties, which are very important and practical, will be
explored.

2-Experimental

For the growth of CAZO thin films, a target with a
diameter of 3 inches suitable for the sputtering system was
made. The optimal test conditions for the growth of CAZO
thin films are specified in Table 1.

In this experiment, the effect of thickness on the
properties of CAZO thin films has been investigated. A
DC magnetic sputtering device has been used to grow the
layers. The schematic diagram of the DC magnetic
sputtering device is also shown in Figure 1.

3-Result and Discussion

In order to know the effect of the presence of different
elements in the layer and the amount of each element of
CAZO layers in both thicknesses, RBS analysis was
performed. Figure 2 shows the RBS spectrum of CAZO
samples with different thicknesses in the range of 200-
2000 keV with the simulated curve using SIMNRA
software.

Gas DCH.Y
Valve
\( | -
Substrate [ -
[ 11 =]
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Figure 1: Schematic design of DC spraying device

Table 1: Optimum test conditions of active DC sputtering
for CAZO layer deposition

Substr | Sputte | Base | work | Sputte | Sputte | Thick
ate ring | press | press | ring ring ness

temper | time ure ure gas power | Nm5

ature k (s) torr | torr (W) +

300 45 5 z Ar 400 50
10x2 | 10x6

300 60 5 z Ar 400 150
10x2 | 10x6

*Manuscript received: January 18, 2023, Revised, February 11, 2023, Accepted, April 11, 2023.
! Corresponding Author: Assistance Professor, Department Of Physics, West Tehran Branch, Islamic Azad University,

Tehran-Iran. Email: Layadejam@gmail.com

" Assistance Professor, Department Of Physics, West Tehran Branch, Islamic Azad University, Tehran-Iran.



https://jmme.um.ac.ir/article_43720.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://jmme.um.ac.ir/
https://doi.org/10.22067/jmme.2023.80700.1099
https://orcid.org/0000-0003-3925-1838

Laya Dejam, Amir Hoshang Ramezani

20

—— Experimental:150nm
Simuated:150nm

——Exprimental 50nm

-~ Simuatad:50nm

L ! (e
900 400 600 800 1000 1200 1400 1600 1800 2000
Energy (KeV)

Figure 2 RBS spectrum in the range of 200 to 2000 kV for
CAZO layers

Optical constants play a very important role in
optoelectronic changes. The transmission and reflection
spectra of CAZO thin films in two different thicknesses
were measured in the wavelength range of 200-1500 nm.
The absorption edge of the layers shifts to longer
wavelengths with increasing thickness, and the optical
bandgap energy values were also calculated and decreased
with increasing thickness, and their values are listed in
Table 2.

Table 2 Bandgap energy and Urbach energy of
CAZO thin films

. Eg (V) Eq (eV) Eu Particle
Thickness(nm) Direct Indirect (eV) | Size(nm)
150 3.7 2.08 3.23 25
50 4.2 3.8 0.49 10

Figure 3 shows the changes of resistance with
temperature in the range between 15- and 500 Kelvin for
CAZO thin films. The resistance value has decreased with
increasing  temperature, which indicates  the
semiconducting behavior of the samples.

Figure 4 shows the Arrhenius diagram, i.e., the changes
of Lno in terms of 1/T for CAZO samples with thicknesses
of 50 and 150 nm. The conduction activation energy in this
temperature range can be determined by drawing a tangent
line on the exponential data in the high temperature region
(above 300 K).

Figure 3 Resistance changes with temperature in CAZO
thin films with different thicknesse

3 CAZO 50nm

a

+~CAZO 150nm
03006.0.6..-..0....0 2 S o —

o -
& a &
—
amm———— o Ty
6 / [
E
i
!

! L L
20 30 40 50 60 70 20
10007 (K3

Figure 4 Diagram of Lno changes in terms of T/1000 for
CAZO samples

The activation energy in conduction, which is caused
by thermal energy in the conduction band, depends on the
concentration of donor carriers and impurity energy levels.
An increase in the concentration of donor carriers raises
the Fermi level in the energy gap, and as a result, the
activation energy decreases.

The activation energy value for the 50 nm sample is
0.086 mV and for the 150 nm sample, 0.163 mV is
obtained.

4-conclusion

Co-doping of ZnO with copper and aluminum was
prepared by sputtering with different thicknesses and their
structural, surface, electrical and optical properties
changes were studied. XRD analysis showed the
amorphous nature of CAZO layers and the size of
nanoparticles increased with increasing thickness. Also,
the bandgap energy of CAZO layers decreased from 50 nm
to 150 nm and the Urbach energy increased from 0.49 to
3.23 eV. The temperature dependence in CAZO samples,
which are thinner, is much lower with resistance, but in the
sample with a thickness of 150 nm, the temperature
dependence and its changes are much greater, and the type
of carriers has changed from n-type to p-type with
increasing thickness.
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Effect of Thickness on Structural, Optical and Electrical Properties of Co-Doped ZnO Thin Films
(ZnO: Cu, Al)

Laya Dejam Amir Hoshang Ramezani

Abstract Co-doped ZnO thin films (CAZO) were prepared by DC magnetron sputtering. The structural, electrical and
optical properties of thin films were investigated using X-ray diffraction (XRD), atomic force microscopy (AFM), optical
spectrophotometer and Raderford Back Scattering (RBS) techniques. The CAZO thin films with different thicknesses had
an amorphous structure. The particle distribution diagram showed that with the increase in thickness, the size of
nanoparticles reached from 10 nm to 25 nm and the range of particle size changes also increased. The bandgap energy
decreased with the increase in thickness, but the Urbach energy increased. The CAZO thin film with a thickness of 50 nm
had lower activation energy and a higher concentration of donor carriers, but with increasing thickness, the
concentration of this type of carriers (n-type) decreases, because the conduction in the layers decreases and the resistance
in CAZO thin films with a thickness of 150 nm has increased.

Key Words Co- doped zinc oxide, Bandgap energy, Urbach energy, Electrical resistance, Activation energy
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1-Introduction

Titanium alloys are considered critical materials for the
aerospace industry due to their high specific strength, good
thermal performance, good corrosion resistance, and
preeminent creep resistance at elevated temperatures.
Among Ti alloys, Ti-8Al-1Mo-1V (Ti811, for short) alloy,
Due to its high elastic modular, excellent damping
capacity, good thermal stability, and the highest strength-
to-density ratio in titanium alloys, is the promising alloy
that can be used to manufacture rotary parts used in
elevated-temperature  sections of advanced aircraft
compressors. To satisfy high requirements in mechanical
properties, usually, thermomechanical processing is more
suitable to manufacture these components. Since a blade
has the aerofoil contour produced to finished shape and
thickness by the forger and creep resistance and fatigue
properties are major requirements of compressor blades,
they have continued to be made forging. Due to different
microstructural evaluations as well as phase changes
occurring dynamically during the hot deformation process
of titanium alloys, it is very important to correctly
understand the deformation behavior of Ti alloys with the
help of constitutive equations and microstructural
observations to optimize the deformation parameters and
control the microstructure. Despite the importance of Ti-
811 alloy in the steam turbines industry, there are e few
papers about hot deformation behavior. Therefore, the
main goal of this research is to study the deformation
behavior of the alloy based on the experimental results
during the hot compression tests to obtain the Hot
deformation characteristic along with microstructure
examinations to optimize deformation temperature and
strain rate.

2- Experimental

A commercial near-a alloy, Ti-811 with the chemical
composition (wt.%) of 7.35 Al, 0.75 Mo, 0.75 V, 0.3 Fe,
0.08 C, and the balance Ti was chosen for the present

work. The B- transus temperature of this alloy was
determined to be 1030 °C using differential thermal
analysis. Fig. 1 shows the initial microstructures (basket-
weave microstructure) that mainly consisted of lamellar o
phase (~75.83 vol %), and B phases (~24.17 vol %) are
distributed among lamellar o phase. To study the hot
deformation behavior of the Ti-811 alloy, Firstly,
cylindrical samples with dimensions of 8 mm (¢) X12 mm
(H) were cut from the extruded pieces. Then, Hot
compression tests of Ti-811 alloy were performed on a
Zwick/Roell thermal simulating tester equipped with a
furnace and a temperature controller system. The
Specimens were heated to the deformation temperature
and then held for 15 min before deformation. Then the
specimens were isothermally compressed at three different
temperature regions: the single-phasep region (1075-1050
°C), upper o+p region (1025-1000 ‘C), and lower o + B
region (975-950 °C), strain rates of 0.001, 0.01, 0.1 and 1
s’ and strain of 0.6. After compression, specimens were
water quenched immediately to room temperature to
maintain the deformed microstructures and then sectioned
along the compression direction, polished, and etched with
a solution of 50ml H,O-0.5ml HF-1.5mI HNO3 to observe
microstructures.

Figure 1: OM images of the initial microstructure of
Ti-811 alloy.
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3- Result and discussion

As the thermal conductivity and heat capacity of titanium
is lower and higher than those of most other metals
respectively, most deformation energy can be converted
into heat. This heating can lead to increases in specimen
temperature, so the flow stress obtained from the test is not
equal to flow stress under the isothermal deformation.
Therefore, it is necessary to amend the effect of adiabatic
heating on flow stress. the temperature rise of the specimen
due to deformation heating is given by:

_ 0ssn
AT =22 [ ode 1)

Where AT is temperature increase, 1 is the adiabatic
correction factor, o, and ¢ is the stress(MPa) and strain,
respectively, p is the density of Ti-811 (4.37g/cm?), C; is
the specific heat of Ti-811 (502j/kg.k) and value of 0.95 is
the percentage of the deformation energy turning to heat.
The following formula can be used to correct the flow
stress with the temperature change:

fo = (% - T+1AT) @)

naR

Where Q is the activation energy (kJ/mol), R is the gas
constant (8.314 J/mol k), T is the deformation temperature
(K), AT is a change of temperature, and n and o are
material constants. After calculation based on the data of
true stress-true strain curves, the effect of adiabatic heating
can be corrected for Ti-811 alloy true stress-true strain
curves. The flow stress curves of Ti-811 alloy are shown
in Fig.2. As seen from Fig. 2, For all deformation
conditions, in the initial compression test, the true stress
increases to peak stress without significantly increasing in
strain due to work-hardening, which is attributed to the
generation and pileup of dislocations. Then, the true stress
decreases with the increase of strain owing to flow
softening mechanisms. The degree of flow softening
observed for deformation above the B-transus temperature
was lower than that for below the B-transus temperature.
when the flow stress exceeds the peak stress, flow
softening starts and decreases the deformation resistance.
The €, and op for the onset of flow softening can be
determined by plotting the work hardening rate (6=dc/ds)
vs. the true strain, as depicted in Figs. 3.

60

Flow Softening
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by

True Stress (MPa)
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0 0.1 02 03 04 05 06 0.7
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Figure 2: The true stress—true strain curves for the Ti-811
titanium alloy at various deformation temperatures and at
strain rates of 0.001 s

It should be noted that the peak strain is determined
where 6=0. At all the curves, the parameter 0 increases
primarily to a maximum amount and then reduces towards
zero. The decreasing trend of 6 in strains below the g,
where 0>0, can be attributed to DRV, which decreases the
work hardening rate before the peak. However, the flow
softening appeared after the g,, where 6<0, should be
ascribed to the role of DRX, DG, or DT of the o phase.

200

150 4

-50
o 0.1 0.2 0.3 0.4 0.5 0.6

True strain

Figure 3: Variation of work hardening rate (0) vs. strain at
1075 °C and various strain rates.

Fig. 4 exhibits the microstructure at a deformation
temperature of 1000 °C. At this temperature, part of the
lamellar a phase has been globalized and dispersed over
the B matrix. When the strain rate is increased, the volume
fraction of the o phase decreases. This decrease reflects
that a large number of o phases dynamically transforms
transform into  metastable B phase (dynamic
transformation) during the hot deformation.

Figure 4: Microstructure of Ti-811 alloy deformed at a
strain rate of 0.001s* and deformation temperatures 1000
°C.
4. Conclusions

When the deformation temperature is over 1025 °C, the
DRYV and limited DRX of the B phase are obvious.

As the deformation temperature is 1000 °C, the initial
lamellar a phases transform into the globalized o phases at
relatively lower strain rates.
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Hot Deformation Characteristic and Microstructural Evolution of a Near Alpha Alloy Ti-8Al-1Mo-1V
Fateme zarghani Gholamreza Ebrahimi Amir momeni Hamidreza Ezatpour

Abstract Titanium alloy grade Ti-8Al-1Mo-1V (Ti-811) has been widely applied for many applications such as
aerospace, automotive and military industries due to their high specific strength, low density, and excellent corrosion
resistance. In this work, cylindrical specimens with a height of 12 mm and diameter of 8 mm were machined for the
hot compression tests. the flow stress behavior of near-a alloy Ti-811 was investigated by hot compression testing under
conditions of varying temperature (between 950, 975, 1000, 1025, 1050 and 1075 °C), strain rates ( 0.001, 0.01, 0.1 and
1s) and true strain up to 0. 6. The stress—strain curves of Ti-811 alloy revealed that the continuous flow softening
occurs, anyway, the flow softening amount show greater flow softening in the two phase region as compared to the single
phase region. Mechanical testingand optical microscopy analyses indicate that dynamic recrystallization occurred, for
single-phase 8 microstructure. However; a broad variety of microstructure formation mechanisms including allotropic
phase transformations, platelet kinking and globularization occurred for two- phase o. + 8 region.

Keywords Near- o alloy Ti-811, Hot compression, Dynamic recrystallization, Globularization.
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1. Introduction

The most important challenging issue for those companies
working in the field of casting of aluminum parts using
scraps as raw materials is to control the chemical
composition of the melt and to identify the most important
impurity elements affecting the properties of the produced
ingot. The quality of manufactured products is usually
evaluated with various indicators such as chemical
composition, microstructure and mechanical properties.
Since the raw materials used by the Baloch Aluminum
Company, as a large company active in the field of aluminum
recycling, are different aluminum scraps such as bottles,
profiles, rivets, cooling fins, etc., in this research, efforts
were made to identify the most important impurity elements
in the melt resulting from this type of charging. Then, the
effect of these impurities on the microstructure and
mechanical properties of the manufactured products was
evaluated. The results of this research can be a guidance for
other companies active in this field.

2. Materials and methods

In order to identify the metallurgical characteristics of the
parts produced in Baloch Aluminum Co., various tests were
conducted to determine the chemical composition, structure,
microstructure and mechanical properties of the samples. In
order to determine the chemical composition of the cast
billets, samples were analyzed by optical emission
spectroscopy analysis with a PMI MASTER SMART
apparatus. To identify the phases in the alloy, X-ray
diffraction analysis with copper wavelength (1.5406
Angstroms) was used by BRUKER Advanced D8 device.
FESEM MIRA3 TESCAN field emission scanning electron
microscope equipped with EDS-SAMX elemental dispersive
spectrometer and KYKY field emission scanning electron
microscope equipped with an OXFORD energy dispersive

spectrometer were used to investigate the microstructural
constituents, more precisely. Finally, in order to determine
the mechanical properties of the billets, diagonal tensile test
samples were prepared.

3. Results and discussion

6063 Aluminum alloy belongs to the aluminum-magnesium-
silicon alloy series, whose standard composition contains
0.45 to 0.9 magnesium and 0.2 to 0.6 silicon. In addition, the
percentage of iron as an important impurity should be less
than 0.35wt.%, while copper and chromium concentrations
should be less than 0.1% wt.%. However, in the chemical
composition of the billet produced in Baloch Aluminum
Company, the amount of silicon varied between 0.64 and
0.65wt.%, which is higher than the standard value.
Furthermore, the Mg content changed between 0.22 and
0.26wt.%, which is significantly lower than the standard
limit of this element in the composition of 6063 alloy. In
addition, Fe content for the alloy varied between 1.0 and 1.12
wt. % which was almost three times the maximum limit of
the concentration of this element in the standard composition
of 6063 alloy.

Figure 1 shows the FESEM micrographs with different
magnifications of the ingot produced by Baloch Aluminum
Company. In addition to a very large solidification cavity,
secondary phase particles are visible with a bright color
contrast in a dark matrix. The volume fraction of secondary
phase was estimated to be around 4%.

In order to identify the nature of the secondary phase, the
EDS element distribution map analysis was employed. The
results of this analysis are shown in Fig. 2. It can be seen that
the matrix is rich in aluminum, but the secondary phase
particles with a lamellar morphology have a lower amount of
aluminum and a high percentage of iron. Finally, by
considering the experimental and thermodynamic simulation
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results, it was postulated that the bright phase was an iron
aluminide intermediate compound formed in the Al matrix
during solidification.

Fig. 1 FESEM micrographs with different magnifications of
the Al-alloy ingot produced by Balouch Aluminum Co.

25um
Fig. 2 EDS MAP analysis showing the distribution of alloying
elements in the microstructure of cast ingot produced in
Balouch Aluminum Co.

In order to compare the mechanical properties of billets
produced in Baloch Aluminum Company with that prepared
in IRALCO Company, tensile test specimens were
extracted. The stress-strain curves of these alloys are shown
in Figure 10.

From each billet, the curves corresponding to two
extracted samples are given. One of these samples was taken
from the center of the ingot and the other from the sides of
the ingot. As can be seen, the mechanical behavior of the
aluminum billet produced by Arak Aluminum Company
(IRALCO) is almost similar on the surface and center of the

ingot, and the alloy shows significant ductility. The value of
the tensile strength varied between 93 and 103 MPa. On the
other hand, the ductility of the alloy produced by Baloch
Aluminum Company was about 50% lower than the similar
sample produced by IRALCO Company. In addition, there
is a significant difference between the strength and ductility
of the billet in the central and surface areas. In other words,
the strength and ductility of the ingot in the central area were
much lower than the surface of the ingot. To investigate the
cause of the low strength of the billet, the fracture surface of
the tensile test samples was examined by a FESEM.

120
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Fig. 3 Stress-strain curves of the samples extracted from
welding and building directions at room temperature (RT)
and 700 °C.

By summarizing the tensile test results, it was concluded that
the formation of holes in the center of the casting billet was
one of the most important factors in reducing the strength
and ductility of the produced alloy. In addition, the presence
of a high percentage of iron and copper and the formation of
iron aluminide intermetallic compound in the microstructure
of billet reduced its ductility.

4. Conclusion

The aim of this research was to identify the metallurgical
characteristics of aluminum alloy ingots produced in Baloch
Aluminum Co, Zahedan, using scraps as raw materials. It
was shown that the chemical composition of the alloy
produced in Baloch Aluminum Company differs from the
standard composition of 6063 aluminum alloy. The
percentage of magnesium in the alloy was lower, while the
concentrations of iron, copper and silicon were higher than
the standard range. As a consequence, the presence of holes
in the microstructure of the ingot and the formation of brittle
iron aluminide intermetallic phase led to a sharp decrease in
the strength and especially the ductility of the cast billet.
Finally, the removal of iron was proposed as one of the most
important ways to improve the quality of manufactured
product.
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Investigation of Microstructure and Mechanical Properties of Aluminum Alloy Parts Manufactured
by Balouch Aluminum Co

Raziyeh Shahriyari Mahmood Sharifitabar Mahdi Shafiee Afarani

Abstract In the present study, metallurgical tests including quantometry, X-ray diffraction analysis, and microstructural
investigations with optical and scanning electron microscopes were emplyed to investigate the effect of composition and
microstructure on the mechanical properties of the cast ingots and extruded profiles manufactured in Balouch Aluminum
Company. Results showed that the concentrations of Fe, Si and Cu were higher than the standard composition of 6063
Al alloy. Optical micrographs sowed that pores were mainly observed at the center of ingots. According to XRD analysis,
in addition to FCC phase, an iron aluminide intermettalic phase was identified in the structure of ingots. The formation
of intermetallic phase was confirmed by energy dispersive analysis attached to the scanning electron microscope. Tensile
test results illustrated that the presence of pores and the distribution of intermetallic phases declined the strength and
formability of the alloy. The ultimate tensile strengths at the surface and center of the ingot were 103 and 71MPa,
respectively. Fractography of samples indicated that the presence of pores and the intermetallic phase led to a
combination of ductile and brittle fracture durin tensile test.

Keywords Casting, Extrusion, 6063 Aluminum Alloy, Microstructure.
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1- Introduction

Surfaces of components and materials are the most
vulnerable areas to various types of attacks due to their
atomic structure. These attacks can be mechanical,
chemical, electrochemical, or thermal. As raw materials
become scarcer, there is a need to increase the performance
efficiency of components. Additionally, the exorbitant
energy costs justify the optimal utilization of components.
One solution to this problem is the application of coatings
on the surface of components, which can be done through
various methods such as physical vapor deposition (PVD),
chemical vapor deposition (CVD), thermal spraying, the
use of organic materials, electroplating, etc. Among these
methods, electroplating has gained significant importance
due to its low production cost and process control
simplicity.

Electroless nickel coating is one of the most commonly
studied coatings in recent decades. Electroless nickel
coatings exhibit higher hardness, corrosion resistance, and
wear resistance. Composite coatings are obtained by
adding solid particles to the electroless nickel-phosphorus
plating solution, improving the mechanical and
tribological properties of nickel-phosphorus coatings.
These coatings, characterized by high corrosion resistance,
good wear resistance, and uniform thickness, find
widespread applications in aerospace, marine, electronics,
chemical, and textile industries. The hard particles used in
composite electroless coatings mainly include TiC, B4C,
Cr;0s3, Al;Os, SiC, diamond particles, and other hard
ceramic compounds. Recently, ZrO; has also attracted
attention as a ceramic material with high chemical
resistance, hardness, strength, and toughness.

In the conducted investigations and studies, it appears
that no research has been carried out on the effect of TiO»
on the morphology, hardness, and wear of Ni-P-ZrO,
composite coatings. The aim of this project is to
investigate the morphology and improve the wear
resistance and hardness of the Ni-P-ZrO,-TiO, composite
coating applied on a steel substrate.

2- Experimental

Prior to the coating process, the steel substrate was
degreased by immersing it in a Freon solution at a
temperature of 40 degrees Celsius for 5 minutes.
Subsequently, an acid etching operation was performed
using a 25% volume concentration HCI solution for 2
minutes. This step was carried out to activate the surface
of the sample for entering the electroless bath. A hot plate
stirrer was used for temperature control and prevention of
solution settling during the coating process, and a mercury
thermometer was employed to monitor the temperature
until the completion of the coating step. For pH control, a
Metrohm model 827 pH meter was used, and a 25% weight
solution of sulfuric acid was utilized to adjust the pH
within the range of 4.4-4.5. Table 1 and 2 respectively
indicate the chemical composition of the nickel-
phosphorus bath and the electroless process conditions.
The coated samples were subjected to a heat treatment
process at a temperature of 400 degrees Celsius in an argon
gas atmosphere for one hour and then cooled in air.

The hardness of the samples was measured using a
Microhardness Tester model "Microhardness Tester
Kupa" with a Vickers diamond indenter. Each sample was
subjected to a 100-gram load for a duration of 15 seconds.
Prior to the hardness test, a load acceptance test was
performed in the force range of 1 N to 20 N to determine
the appropriate applied force. Then, wear tests were
conducted on the samples to investigate their wear
behavior and friction coefficient. Surface roughness
measurements were also performed to compare the results
with the wear test outcomes.

Mechanical tests were carried out three times for each
sample group, and the average values were reported. For
thickness and morphological analysis of the coatings, a
light microscope equipped with a digital camera (Olympus
BX61) and a field emission scanning electron microscope
(FESEM) model "TESCAN MIRA3" with an energy-
dispersive X-ray spectroscopy (EDS) were used.
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Table 1. Chemical Composition of Electroless Nickel-
Phosphorus Bath

. Concentration
Chemical .
(grams per liter)
Nickel Chloride 12
Sodium Hypophosphite 10
Boric Acid 15
Ammonium Bifluoride 5

Table 2. Electroless Plating Process Conditions

Process Parameter Value
pH 4-45
Temperature (°C) 83 -85
Plating Time (hours) 3
Agitation Speed (rpm) 700
ZrO, Concentration (g/l) 0,1,2,3,4,5
TiO, Concentration (g/l) 0,1,2,3,4,5
Sodium Dodecyl .Sulfate 05
(SDS) Concentration (g/l)

3-Results and Discussion
The SEM images in Figure 1 illustrate the surface

morphology of the obtained coatings. Considering that the
nickel-phosphorus coatings have a phosphorus content of
3-7% by weight and exhibit a rough structure, an increase
in the phosphorus content results in a reduction in surface
roughness of the nickel-phosphorus coating. These images
show that the surface of the nickel-phosphorus coating has
an approximate phosphorus content of 3% by weight and
appears dome-shaped. Furthermore, the addition of ZrO,
particles to the nickel-phosphorus matrix results in a more
uniform and compact cauliflower-like morphology.

Figure 2 presents electron microscopy images in the
backscattered electron (BSE) mode of the cross-sectional
surface of Ni-P, Ni-P-ZrO; (3g/l), and Ni-P-ZrO, (3g/l)-
TiO2 (2g/1) coated samples. The thickness of each coating
under constant conditions was approximately 51, 39, and
30 micrometers, respectively. The deposition rate of the
Ni-P coating was calculated as 17 micrometers per hour,
Ni-P-ZrO; coating as 13 micrometers per hour, and Ni-P-
Zr0O,-TiO; coating as 10 micrometers per hour. It can be
observed that with an increase in the particle concentration
in the coating, the deposition rate decreases, resulting in a
decrease in the coating thickness for all samples within a
constant time frame.

10um
Figure 1 - Surface Morphology of Nickel-Phosphorus
Coatings a) Coating without ZrO: particles b) Coating
with 3 g/l ZrO: particles c) Coating with 5 g/l ZrO:
particles
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Figure 2 - SEM images of the cFoss—sectionaI surface
of the coatings: a) Ni-P b) Ni-P-ZrO: (3g/l) ¢) Ni-P-
ZrO2 (3g/)-TiO2 (2g/1)

Figure 3 depicts the hardness values of the composite
coatings, namely Nickel-Phosphorus-Zirconia (Ni-P-
ZrOz) and Nickel-Phosphorus-Zirconia-Titania (Ni-P-
ZrO,-Ti0Oy). With the inclusion of ZrO; and TiO- particles,
both known for their high hardness, it is expected that the
addition of these reinforcing particles to the coating bath
would enhance the hardness of the base material.
Consequently, the electroless composite coating exhibits
higher hardness compared to the electroless nickel-
phosphorus coating. This increase in hardness can be
attributed to several factors. Firstly, the ceramic particles,
ZrO; and TiOy, resist excessive plastic deformation of the
coated matrix, resulting in an elevated hardness of the
composite coating in contrast to the particle-free coating.
Secondly, the presence of these particles hinders
dislocation motion within the coating and effectively locks
them through the mechanism known as the Orowan

mechanism, contributing to the overall hardness
enhancement.
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Figure 3 - The effect of ZrOz and TiO2 particle

concentrations on the hardness of Ni-P-ZrO2 and Ni-P
ZrO,-TiO2 composite coatings.

Figure 4 illustrates the microhardness values of Ni-P
coatings and Ni-P-ZrO, (3g/l) and Ni-P-ZrO, (3g/l)-
TiO2(29/) composite coatings before and after heat
treatment. The composite coatings exhibit higher hardness
compared to the Ni-P coating. The increase in coating
hardness after heat treatment can be attributed to two
factors. The first factor is the enhancement of crystallinity
and the formation of grain boundaries within the coating
structure. The increased density of grain boundaries
enhances the structural resistance against dislocation
movement, leading to an increase in coating hardness. The
second factor is the deposition of non-metallic phases that
occur due to the diffusion of phosphorus atoms among the
nickel atoms in the supersaturated solution. The formation
of these deposits results in a transition of the structure from
a metastable state to a fully equilibrium state. In the case
of electroless nickel-phosphorus coatings, the formation of
nickel phosphide (Ni3P), which is a hard ceramic phase
with high shear modulus and strength, may be the main
contributor to the increased hardness observed after heat
treatment.

1200

" Before heat treatment 1076+34
T

" After heat treatment

g
=

854222
813425

=
=

71315 702417

Hardness (Hv0.1)

o
]

58112

Ni-P Ni-P-ZrO2(3g/l)

Ni-P-ZrO2(3g/1)-TiO2(2g/)

Figure 4 - The effect of heat treatment on the
hardness of Ni-P, Ni-P-ZrO: (3g/l), and Ni-P-ZrO:
(3g/)-TiO2 (29/1) coatings.

Figure 5 illustrates the changes in the coefficient of
friction during a 1000-meter sliding distance for Ni-P, Ni-
P-ZrO; (3g/l), and Ni-P-ZrO, (3g/l)-TiO; (2g/l) coatings
before and after heat treatment.

It can be observed that the addition of ZrO, and TiO>
particles to the coatings results in an increase in the
average coefficient of friction. This increase can be
attributed to the particles detaching from the coating and
the occurrence of three-body abrasion. Furthermore, the
heat treatment of the coatings and the formation of a
composite phase between the metallic Ni3P in the coating
lead to a slight increase in the average coefficient of
friction.

Table 3 presents the average coefficient of friction for
the coated samples. The results indicate that the addition
of ZrO, particles to the Ni-P coating increases the
coefficient of friction from 0.302 to 0.658. Similarly, the
inclusion of TiO; particles in the Ni-P-ZrO, composite
coating further increases the coefficient of friction from
0.658 to 0.704. This can be attributed to the abrasive
behavior of the hard ZrO; and TiO; particles.
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Moreover, after heat treatment at a temperature of 400
degrees Celsius, the coefficient of friction increases for all
coatings. The Ni-P coating exhibits an increase from 0.302
to 0.390, the Ni-P-ZrO; coating increases from 0.658 to
0.667, and the Ni-P-ZrO,-TiO, coating increases from
0.704 to 0.717. This increase can be attributed to the
nucleation and growth of the composite phase formed
between the metallic Ni3P (nickel phosphide) after the
heat treatment.

Coefficient of friction

500 600 700 800 900 1000

0 100 200 300 400
Distance (m)
e Ni-P e N} P-2£02 = Ni-P-Z£02-TiO2

~—Ni-P-HT Ni-P-ZO2-HT = Ni-P-ZO2-TiO2-HT

Figure 5 - Coefficient of friction for Ni-P, Ni-P-ZrOz (3g/1),
and Ni-P-ZrO: (3g/l)-TiOz (2g/l) coatings before and after
heat treatment.

Table 3 - Average coefficient of friction for
applied coatings

Sample Average Coefficient of Friction
Ni-P 0.302
Ni-P-ZrO; 0.658
Ni-P-ZrO,-TiO> 0.704
Ni-P-HT 0.390
Ni-P-ZrO,-HT 0.667
Ni-P-ZrO,-TiO2-HT 0.717

4-Conclusion:

In the present study, the effect of adding TiO; and heat

treatment on the microstructure, morphology, and

hardness  of Ni-P-ZrO; composite  coatings
electrodeposited on a steel substrate was investigated.

The results obtained from this study are as follows:

1- The investigation of the effect of changing the
concentration of ZrO, and TiO, particles in the
electroplating bath on their participation in the
composite coatings indicated an increased participation
up to the maximum value at a concentration of 3g/I
ZrO, and 2g/l TiO,, followed by a decrease in
participation with further increase in concentration.

2- Increasing the participation of ZrO; particles in Ni-P-
ZrO, composite coatings resulted in an increase in the
hardness of the coatings up to 702 Vickers.

3- Increasing the participation of TiO- particles in Ni-P-
Zr0O,-TiO, composite coatings increased the hardness
of the coatings to 813 Vickers.

4- Performing heat treatment at a temperature of 400
degrees Celsius resulted in the formation of a
crystalline structure and an increase in the hardness of
the Ni-P-ZrO,-TiO, composite coating to 1076
Vickers.

5- With heat treatment at a temperature of 400 degrees
Celsius, the coefficient of friction of Ni-P coating
increased from 0.302 to 0.390, Ni-P-ZrO; coating
increased from 0.658 to 0.667, and Ni-P-ZrO,-TiO;
coating increased from 0.704 to 0.717. The highest
coefficient of friction was observed for the Ni-P-ZrO,-
TiO2 sample.
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Synthesis and Characterization of Electroless Ni-P-ZrO,-TiO, Coating on Steel Substrate
Ali Alizadeh Mehdi Abdollahi Azghan Mohammad Fouolad chang

Abstract In this study, the effects of zirconia and titania particles on the abrasion behavior and hardness of Ni-P and Ni-
P-ZrO; coatings on ST37 substrate by electroless technique were investigated. For this purpose, Ni-P-ZrO, composite
coatings were precipitated at five different concentrations of 1 to 5 g/l of reinforcing particle, and then, after examining
the best specimen in terms of hardness, the effect of TiO, particles in five concentrations of 1 to 5 g/l was studied as a
booster alongside ZrO, particles. The coatings were heat-treated for 1 hour at 400 °C. Resistance to wear and friction
coefficient of coatings were evaluated by pin on disk test. The surface and cross-section of coatings, as well as the
abrasion lines, were examined using a scanning electron microscope (SEM) equipped with an EDS test. The X-ray
diffraction (XRD) test was also used to examine the coprecipitation of the reinforcing particles and phase transformations
in the coatings. The results showed that the heat treatment resulted in increased hardness. Also, increasing the
concentration of ZrO; particles in the bath from 1 g/l to 3 g/l resulted in improved hardness of the coating and the use of
TiO, up to 2 g/l along with ZrO, resulted in improved Ni-P-ZrO, coating hardness, so that increasing TiO, concentration
to 2 g/l resulted in an increase in the hardness from 702 HV, 1 in the Ni-P-ZrO; (3 g/l) sample to 813 HVy in the Ni-P-
ZrO;, (3 g/l) -TiO- (2 g/l) sample. The results also showed that the heat treated composite coating of Ni-P-ZrO- (3 g/l) -
TiO- (2 g/) had the highest friction coefficient.

Key Words Electroless Nickel, Composite coating of Ni-P-ZrO; -TiO», Zirconia, Titania, Hardness.
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1- Introduction

It is well known that Al alloys are very popular for
structural applications due to their low density, high
strength, weldability and good workability. In particular
the extruded profiles are used for making crash boxes in
cars, fuselage stringers and frames for airframe structures.
In particular the grain refinement in Al alloys is mainly by
heterogeneous nucleation and by grain growth. Several
studies have shown the importance of addition of various
grain refiners like AIl-10Ti, AI-5Ti-1B, Al-8B to
aluminium alloys has influenced the microstructure,
mechanical and tribological properties. Especially the
combination of new processing technique like strain
induced melt activation process and grain refiners have
enhanced the mechanical properties of Al Al-Mg-Cu
series. On the other hand the rare earth elements like La,
Sc, Ce and Er are also used for refining grain sizes and
modifying the eutectic microstructures. Fang et al. studied
the effect of rare earth element like Er on the mechanical
and corrosion characteristics of AlZnMgCu alloy. The
secondary precipitate like AI3Er with size of 15-25 nm was
found to inhibit the recrystallization contributing in high
resistance to stress corrosion and improved fracture
toughness. In their work, Liu et al. studied the effect of Sc
and Zr addition on hardness and tensile properties of
AlZnMgCu alloy sheets fabricated by a combination of hot
and cold rolling. With the increase in Sc and Zr addition,
the alloy found to exhibit resistance to recrystallization by
inhibiting dislocation mobility. Hardness and tensile
strength was found to be enhanced due to presence of large
volume fraction of precipitates of AlsSc and AlsZr. The
main goal of this research is to study the effect of adding
the rare earth element Er on the microstructure and
mechanical properties of Al-3Mg-2.5Cu alloy. This series
of alloy which has been used in casting has not been used
in any scientific research on this alloy before. In addition,
the aim of this research is to improve the properties of this
series of alloys without mechanical work and only by
adding rare earth elements.

2- Experimental
Al-3Mg-2.5Cu alloy was used as base alloy. The melting
steps of the alloy were carried out in an electric resistance

furnace using a silicon carbide crucible. Al-3Mg-2.5Cu
alloy samples were cut into various small pieces and then
placed in a graphite crucible. The graphite crucible was
placed in an electric resistance furnace. Melting of
aluminum alloy was done by heating up to ~750°C. Er was
added to the molten alloy at a temperature of 750°C using
Amighan AI-30Er in different percentages of 0.5, 1, 1.5
and 2% by weight. After the successful addition of Er, the
melt was poured into a permanent mold designed and
manufactured according to ASTM B557M-10. A scanning
electron microscope equipped with X-ray energy
diffraction analysis (EDX) was used for microstructural
studies. The cut parts of the alloy were polished and then
etched using sandpaper to obtain the desired structure. The
average grain size of the samples was measured according
to ASTM: E112 standard. The phase was determined by
X-ray diffraction method. Tensile test was performed on
all the samples at room temperature with the SANTAM
machine with a strain rate of 1. mm/min. Four samples were
prepared and tested for each of the percentages and the
average value was reported in the article.

3- Results and Discussion

Figure 1 shows the electron microscope image and
elemental analysis of Al-3Mg-2.5Cu base alloy.
Separation of alloy elements occurs during solidification
of the alloy and causes a high concentration of Cu and Mg
in the inter-dendritic regions.

Figure 2 shows the effect of different amounts of Al-30Er
on grain size in Al-3Mg-2.5Cu alloy. It was found that the
average grain size of Al-3Mg-2.5Cu base alloy was around
550 um. The addition of Er to the Al-3Mg-2.5Cu alloy has
reduced the primary columnar and coarse a-Al grains and
turned them into fine coaxial a-Al grains with an average
size of 62 pum. The main reason is that AI3Er particles act
as nucleation agents during the solidification of a-Al
grains. It can be clearly seen that the microstructure of
Amighan Al-30Er consists of a-Al background and AI3Er
intermetallic phase. The AI3Er phase is uniformly
distributed in the -Ala field. Several mechanisms have
been proposed for the granulation process. In some

*Manuscript received: March 13, 2023, Revised, April 30, 2023, Accepted, June 19, 2023.
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mechanisms, it has been said that the presence of particles
such as AI3Er is effective in the stages of grain crushing.
The presence of some alloying elements, especially Mg
and Cu, improves the performance of alloys such as Al-
30Er. By increasing the weight percentage of Er, these
particles stabilize the grain boundaries, increase the grain
size and lead to an increase in strength.

Cu

Fig. 1. (a) Results from map analysis in sample unrefined.

Figure 3 shows the ultimate tensile strength of Al-
3Mg-2.5Cu alloy under different conditions. As shown in
Figure 3, the average ultimate tensile strength (UTS) of the
samples increases from 225 + 8 to about 310 MPa after
adding Er. The mechanical (tensile) properties of Al-3Mg-
2.5Cu-xEr alloy mainly depend on the shape, size and size
distribution of o-Al grains, eutectic structure and
distribution of intermetallic phases among dendrites or
grains. The main reason for this improvement is probably
due to the smaller size of the grains of the casting material,
which leads to a more uniform and finer distribution of the
secondary phases (intermetallic) in the Al-3Mg-2.5Cu-xEr

alloy. It is clear that according to Hall-Patch theory, the
finer the grains, and the higher strength.

800
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700

600

Average grain size (um)
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g. 2. Grain size variations with Er contents.
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Fig. 3. UTS of unrefined and Er refined samples at the
different conditions.
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4- Conclusion

1- The tensile properties of cast Al-3Mg-2.5Cu alloys
mainly depend on the shape, type and size of a-Al
grains and the distribution of secondary phases.

2- Amijan AI-30Er has a significant effect in reducing the
grain size, changing the dendritic morphology and
creating a fine and uniform microstructure.

3- The most optimal percentage for Amighan Al-30Er is a
weight percentage in which the highest strength is
achieved.

4- The final tensile strength of cast alloys increases
significantly with the addition of Er. This is mainly due
to the more uniform and finer distribution of the
secondary phase and grains as well as the distribution
of AI3Er intermetallic phases within the context.

5- The average ultimate tensile strength (UTS) of the
samples increases from 225 + 8 to about 310 MPa after
adding Er.




O
I ’ ) 3190 9.5 5198lio (wiigeo Il‘z

= ‘ A
b N1 SV B 3 AT et
[]

W CB’L&‘OH S g fw?T&;j@T@W‘ ua'sé-j;l’»’é'lw}g)@)ﬁ
Pow pl JB)QU)MIQ
TS R

(\))ﬁgﬁ,\w

LS ctzas oo OLY b o) 45,87 )15 euy o) 50 AI-3ME-2.5CU S ST lostle sy 5 S ol o EX 580 1 i ol 3 00K
pie T T (slodisad ConSCh gl 5 Laplitlos s oy S iSC bl 0 5 03,8 05 Ly Lol Ol o o Sy JUT BN iy oo 5 02551
5 Sl Kl 5 03,8 Aol ) Sy Sl B 003551 ¢ o 3 iS85 e 2050 SEM) sy 1680 Sy S b Sy
03535 LBIOMPA ol 28 plsoute |5 0 o s B 00581 U 228 ol 3,5 L gy (STl 5 i Ll K s Aills aomis
S ot 4 Cd s 5 olediS Sl Gl aCg i 5 0l iy (slso i S 3 OliS (SIS Sl et 0,8 fo=BF s Ao 0 S
b STy o olSomie | ol e o 3 PA L BT iy o3 1 Gl bt 03 Vol 2 25 US| o | s o5 ot fods

ol Caws

Dbl (SEle ol (S sl ule (ST S0

Investigating the Microstructure and Strength Properties of 500 Series Aluminum Casting Alloy
Modified with Rare Earth Element Erbium

Mohammad Alipour

Abstract The effects of rare earth Er additions on the microstructure and tensile properties of cast Al-3Mg-2.5Cu
aluminum alloy have been investigated. The results show that by adding 1 wt.% Er grain refiner in the aluminum cast
alloy, the grains can be refined to a fine degree. The microstructures and fracture surfaces of cast aluminum alloy samples
were examined by scaning electron microscopy (SEM). In addition, the rare earth Er modified the eutectic structure from
a coarse plate-like and acicular structure to a fine branched and fibrous one. The tensile properties were improved by
the addition of rare earth Er, and good ultimate tensile strength (310 MPa) was obtained when the rare earth Er addition
was 1 wt.%. Furthermore, fractographic examinations revealed that refined pore and spheroidized «-Al dendrite were
responsible for the high ultimate tensile strength. Adding of 1 wt.% rare earth Er make about 38% enhancement in tensile
strength compared to that of unreinforced aluminum alloy.

Keywords Rare earth materials, Mechanical Properties, Microstructure.
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