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Composites are widely used material types today, and it is known that matrices and
additives in composites improve the mechanical properties of the material. In this study,
AI6061 matrix and Ni-Al203 reinforced composite material was produced by stir casting
method and the effect of Ni- Al2O3z mixture reinforcement on the hardness and tensile
properties of the produced composite material was investigated. The determination of the
mechanical properties of the samples obtained after the casting process was determined by
the results of microhardness analysis and tensile test, and the internal structure of the
material was examined by XRD analysis. According to the results of XRD analysis, it was
determined that Ni and Al2Os phases were formed together with the matrix element Al.
The results of the tensile analyzes showed that the amount of strain in the composite
material changed depending on the ratio of the reinforcement element, and the highest
strain value occurred in the Ni-Al20s3 reinforced sample with Al matrix. However, it was
observed that the brittle fracture mechanism was effective in all samples. While the highest
microhardness value was obtained in sample 4 (Al6061+ (wt. 15%) Ni+ Al203) with 89.6
HVos value, the lowest microhardness value was obtained from pure Al sample with 66.7
HVos value. As a result, it was determined that the Ni-Al2Os reinforcement element
increased the microhardness value in the Al matrix composite material.

1. INTRODUCTION

With today’s developing technology, it is demanded that
the materials should possess more than one properties in
themselves at the same time. It is possible that a material is
expected to be not only resistant to high wear and corrosion
but also light and aesthetic at the same time. For this aim, the
composite materials developed in recent years have come
forefront. The main material composite materials defined as
materials fulfilling more than one function at the same time
using the advantageous properties of two or more materials
brought together [1-3] is defined as matrix and the materials
added into this are called additives. Composite materials are
sorted out as metal matrix composites (MMC), ceramics
matrix composites (CMC) and polymer matrix composites
(PMC) [3]. The interest in MMC has increased due to
properties such as high thermal resistance, hardness,
resistance to corrosion and wear, ability to resist to tensions
steadily in high temperatures together with lightness in
industrial applications. Thanks to these advantages, MMCs
have been started to be used widely in many sectors such as
automotive, aviation and defence industry [3-7]. While the
engineering materials, Al, Mg, Zn, Cu, Ti, Ni, Fe, and Co
elements and alloys are used as matrix materials in MMC
materials, ceramics such as SiC, Al,Oz (Alumina), WC, TiC
and B.C are added to MMC as reinforcement materials [2, 8-
9].

After steel; Aluminium, one of the materials possessing a
wide usage in industry, comes into prominence because of the
properties such as high resistance to corrosion, high electric
conductivity, low density and recyclability; and owing to
these advantages, it is highly preferred in MMCs [10,11].

In this study, Al 6061 serial materials used as matrix are
highly preferred materials in especially automotive sector due
to their properties such as being casted easily, appropriateness
for serial production, easy machinability and low density
[12,13].

In addition, aluminium based aluminium metal matrix
composites (AMMC), taking place among MMC material
types, are materials having the potential to be used in aviation,
marine, defence and automotive sectors thanks to their
advantages such as low weight, high flexibility, low
toughness and excellent resistance in especially low wear and
low heat working conditions, though they have low wear
resistance and heat performance [14-16].

The resistance of AMMC materials to wear and corrosion
is reinforced by adding ceramics as reinforcement elements
such as SiC, Al,Oz and B4C in the matrix [17, 18].

Since Al,Os ceramics, which take place among
reinforcement elements and relatively have high melting
point, offer advantageous properties such as high hardness,
resistance to corrosion and wear besides providing
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compressive  strength;  therefore, AMMC composites
reinforced with Al,O; are widely used in the sectors
mentioned above [9, 19, 21].

Raghavendra et al. coated the surface of Al 6061 with Ni-
Al,O3; material by means of electrodepositing method; and
they investigated the effect of this coat material. At the end of
the study, they found that the nano-Al,Oz particles in Ni
matrix gained higher micro hardness and wear resistance [22].
In the study they conducted, Cooke et al. coated the surface of
Al 6061 with Ni- Al;O3 at 600 °C by means of temporary
liquid phase diffusion bond (TLP). They stated that in their
study results, using TLP diffusion in Al,O3 of Ni coatings
containing nano-dispersion, they showed successfully the
binding property of the composite. [23]. As a result of
literature research, it was established that the studies related to
Ni- Al,O3 reinforced Al 6061 were mainly based on coating
of these materials and the performance of the coating
materials; however, it was found out that there were not
adequate studies on obtaining Al,O3 reinforced Al 6061
material through stir casting process.

In this study, adding the reinforcement materials such as Ni,
Al,O3 and Ni-Al,O3 into Al6061 aluminum serial material,
the composites were produced through stir casting method.
After manufacturing, the effects of Ni-Al,Os; reinforcement
material on mechanical (hardness and tensile strength) and
microstructure properties of metal matrix composite were
studied.

2. MATERIALS and METHOD
Al6061 used as AMMC matrix material in casting process

was obtained from Seko¢ Aluminum Company. The chemical
composition of Al6061is presented in Table 1.

TABLE |
CHEMICAL COMPOSITION OF AL6061
Fe Si Cu Mg Mn
0,7 0,40-0,8 0,15-0,40 0,8-1,2 0,15
Cr Ti Zn Other Al
0,04-0,35 0,15 0,25 0,15 Remaining
Reinforcement materials Ni powder (-325 mesh

dimension) and Al,O3 powder (approximately 1.5 um) were
obtained from the importer company Alfa Easer via Elista
Company. General properties of AMMC reinforcement
powders are given in Table 2.

TABLE Il
PROPERTIES OF THE POWDERS USED IN EXPERIMENTS
Degree of Powder Melting  Specific ~ Atomic
Material Purity by Dimension Point Weight mass
weight (%) (mesh) (°C) (gr/cm®)  (gr/mol)
Nickel 99,5 -325 1453 8.908 58.71
Al,O3 96.21 1.5 pm 2.072 3,95 101,96

Before melting process, Al6061 matrices material cut in 15
mm x 15 mm dimensions so that the pieces could go into
melting pot, then these pieces were cleaned from oil and
impurities on them by submerging them into alcohol. Before
casting process, the matrix material, Al6061, weighed in a
precise balance and put into the melting pot. The powders
used as reinforcement materials added into the matrix material
were added in matrix being prepared at a rate of wt. 15% of
matrix weight (Table 3)

TABLE Il
CASTING PARAMETERS

Sample Casting Sample
N1 Al6061
N2 AlB061+ (wt. 15%)Al,03
N3 AI6061+(wt. 15%)Ni
N4 AIB0B1+(wt. 15%)Ni+Al,O;

Ni-Al,Os, the mixture powder, was mixed with the help of
a mixer at 300 rpm/min for 3 hours to obtain a homogenous
mixture. After the powders were mixed, AI6061 matrix
material and reinforcement material were put in a 10 kg
melting pot, and they were melted in this pot (Figure 1).

Mixer

Mixer

Melding
Pot

Mixer

-

Figure 1. Mixture Preparation Figure for Composite Mixture

In order to melt the matrix material in the melting pot, a
heat source was formed out of propane. After waiting about
90 min., the slag layer forming on the melted and liquefied
matrix material was taken then mixing process was carried
out; and then the reinforcement materials were added in the
molten material. After mixing process was completed, the
casting of melted mixture into the sample space prepared in
dimensions of 15*25*200 mm in a sand mould with a system
of sprue at room temperature as presented in the schematic
picture in Figure 2.

The molten composite poured down into the sample cavity
through sprue was let to solidify at room temperature for 15
min. then the sand moulds were broken and the cast samples
were taken out of the mould. The excesses formed in the
samples obtained after the casting process were cleaned and
the samples were made ready for metallographic and
mechanical examinations (Figure 3).

The casted samples were cut sensitively at the sensitive
sample taking machine in vertical direction in accordance
with the length of the sample for micro-structure and
microhardness analyses. The cut samples were exposed to
surface polishing process by means of SiC sandpaper within
the mesh clearance ranging from 120 to 1200. After polishing
process, the surfaces were applied final polishing process and
for this, broadcloth was utilized, then the samples were
polished with diamond solution with the dimensions of 1 pm
and 3 pum. The samples whose polishing process were
completed were submerged into Keller solution for
cauterization before microstructure examinations. Tensile
tests were carried (according to ASTM E8) out at
SCHMADZU brand with 1 mm/min. constant feed rate and
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250 kN load capacity by preparing the samples whose
dimensions are given in Figure 4.

Ay

Upper Moulding Box

Lower Casting Sand
Sprue
[
N [T 1 11 N
SHh

Lower Molulding Box \Cav!w of Sample

\ Upper Casting Sand

SECTION B-B

B
Figure 2. Shematic Picture and section of Sprue Gate

The microhardness analyses were performed by using
Future Tech FM700 model digital hardness measurement
device from seven different areas. After the cauterization
process, the microstructure analyses of the samples were
conducted with the help of Nicon optical microscope. In
determination of phase components of the samples, X
radiation diffraction (XRD) technique was utilized. The XRD
analyses were conducted with the help of Rigaku RadB-
DMax Il diffractometer using cobalt target (A=1.79026 A°)
and considering a 10° scanning speed per minute at 0.02° foot
dimension and 20°-90° scanning intervals.

Figure 3. Separating the excesses and sprues of produced cast samples

10

20
2,

! 50
200

Figure 4. Technical drawing of tensile sample
3. DISCUSSION

The macro-photographs belonging to samples produced
after casting process are given place in Figure 5a-d. The
samples were produced as mass and tensile samples. Tensile
samples were produced considering chip processing shares. It
was observed that the amount of pores and spaces were in
great number (Figure 5d); after some preventive measures, the
samples could be produced properly in a nonporous structure
(Figure 5a-c). To produce the samples in nonporous form, it
was determined that performing pressured casting of the
melted mixture in the mould cavity and adjustment of binding
ratios added into the sand prepared for the mould in
appropriate portions and improvement of mould design were
effective.

In Figure 6, XRD graphic of Al matrix Ni-Al:O3
reinforced sample is given place. As can be seen in peak
values in the graphic, it was determined that Al element was
dense, yet Ni and AlOs; elements were formed low peaks.
That Al,O; and Ni were not dense is considered that the
reinforcement elements do not provide a proper dispersion in
the molten liquid during mixture.

The images of the samples and rupture areas after the
tensile test are shown in Figure 7 and the physical properties
of the cast samples are given in Table 4. When the surfaces in
the rupture regions are examined, it is observed that the
samples exhibited a brittle fracture mechanism. It is seen that
this result is compatible with previous studies. Karabulut et al.
stated that the composite material produced with ceramic
reinforcement elements used as reinforcement in aluminium
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matrix composites is harder and more brittle than pure
aluminium material [24]. At this point, it is possible to explain
the two reasons why necking region is not formed in the
middle of the test samples. The first one was the selection of
the tips of test samples as the melt entry point in the casting
(Figure 3, 5a-d). This causes different cooling rates to occur
in different parts of the material. As a result, it is inevitable
that very small amount of irregularities in the lattice structure
and grain density will occur. When the fracture regions are
examined (Figure 7), it is seen that all test samples fracture
from the same region. This situation supports our opinion.
The second reason is thought that the irregularities that may
occur in the material mixture may cause the fracture zone not
to occur in the middle of the sample.

Figure 5. Samples produced after casting process

a) Ni
b) Al203
Q) Al
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Figure 6. XRD analysis results of Al/Ni-Al,O; sample

When Figure 7 is examined, it is seen that the other test
samples (samples 1, 2, 3, excluding sample 4) broke off from
the radius region, whereas in sample no. 4, the rupture region
was in the region farther from the radius region. The tensile
graph of the tensile test of the composite samples obtained is
shown in Figure 9. According to this graph, it was observed

that the lowest elongation value was in sample 2 and the
highest elongation was in sample 4. When all the data
obtained in Figure 7 and Figure 8 are examined, it is
concluded that Ni-Al>O3 reinforcement material in the cast
composite material has an effect on increasing the tensile
strength of the composite material. Similarly, it is understood
from the graph in Figure 8 that the tensile strength of sample
3 is better than samples 1 and 2. It is seen in most studies that
the addition of Ni into aluminium alloys increases the density;
and this increases the strength and hardness of the material.
The high-density value of nickel, 8.9 g/cm?, led to an increase
in the density of aluminium alloys with the increase of nickel
content [25-29].

Figure 7. Test samples and rupture regions obtained after tensile test

TABLE IV
PHYSICAL PROPERTIES OF THE CAST SAMPLES
Material Modulus of Density
Elasticity (Gpa) (MJ/m?)
Al 6061 3,24 1,55
AlB061 (%15 Al,03) 2,29 0,78
AIl6061 (%15 Ni) 2,92 2,31
Al6061(%15 Ni+ Al,O3) 2,70 2,41
18000 —— AIG061 (%15 Al203) —— AI6061 (%15Ni+A1203)
160001 416061 (%I5Ni) —— Al6061 A
14000 -
12000
Z, 10000
g 8000
= |
B 6000
4000
2000
0 kL
2000 -
T * T » T . T . T
0.0 05 1,0 15 20

Elongation, mm
Figure 8. Result graph of tensile test

Microhardness measurements of the samples produced by
stir casting method with Al6061 matrix and reinforced with
wt.15% Al,O3, wt.15% Ni and wt.15% Al,O3+Ni by weight,
respectively, were made. The average hardness values of
these measurements are shown in Figure 9.
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Figure 9. Microhardness values of samples

As a result of the hardness measurements, the highest
average hardness value was obtained as 89.6 HVys in the
sample reinforced with wt.15% Ni-Al.Os. The lowest
hardness value was obtained as 66.7 HVos from the test
sample no. 1 (Al) without reinforcement. The microhardness
values obtained in other samples were measured as 78.6 HV o5
in Al,O3 reinforced test sample no. 2 and as 74.3 HVgs in Ni
added test sample no. 3, respectively.

Sivananthan et al. added Al,O; at different rates as a
reinforcement element into Al6061 by stir casting method. In
their hardness measurements after the tests, they stated that
they obtained 81 HV hardness values in the 4% by weight
Al,O3 reinforced sample and an average of 75 HV hardness
values in the 2% weight samples. In the light of these results,
both in this study and in previous studies [29], it was observed
that the microhardness of the AI6061 alloy increased with the
increase in the amount of Al,O3 particles in the composite
material.

It is known that the hard and brittle Al,O3 particles used as
reinforcements cause dispersion hardening in the matrix. It
was seen in previous studies that these particles act as the
second phase in the matrix and contribute to the hardening of
the composites by resisting the movement of the dislocations.
[31,32]. In another study, Ni and AlO; were added as
reinforcing elements into the Al matrix, and as a result, higher
hardness obtained with the increase of nickel amount in the
samples with 10% Ni-40% Al,03-50% Al mixture ratios. It
was stated that the decrease in the amount of Al used as a
matrix element contributed to the high hardness value [25]. In
another study, it was observed that the hardness value
increased as B4C grain reinforcement ratio increased. While
the highest hardness value was obtained as 68.1 HVgs from
16% reinforced B4C and Al matrix composite, the lowest
hardness value was obtained as 48.5 HV,s from pure Al [33].
Kilig stated that in the B4C reinforced coating study, the
hardness value of the coating layer was 2-2.5 times higher
than the substrate [34]. Considering the previous studies, it is
seen that the hardness of Al matrix composites varies
depending on the added reinforcement element and its
amount. In this study, it was determined from the results
obtained that the results obtained increased due to the increase
of the reinforcement element in parallel with the literature

4. CONCLUSION
In this study, Ni-Al,O3; composite material with Al6061
matrix was produced using the stir casting method. After

production, the effect of the reinforcing element Ni-Al,Os
matrix on the hardness and tensile properties was investigated.
After the analysis and evaluation of the data obtained after the
evaluation, the following conclusions were reached;

. It was determined that the highest elongation value at
which the tensile analyses changed depending on the
reinforcement element occurred in Ni- Al,Os reinforced
sample with Al matrix.

. However, it was observed that the brittle fracture
mechanism was effective in all samples.

. While the highest microhardness value was obtained
in sample 4 with 89.6 HVqs value, the lowest value was
obtained from pure Al sample with 66.7 HVs.

. In the light of the results obtained, it was determined
that Ni-Al,Oz reinforcement element increased the Al
matrices microhardness.

. As a result of XRD analysis, it was determined that
Al element is dense, while Ni and Al,O3 elements also occur
at low peaks.
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