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ABSTRACT

The development of Composites of Aluminium Metallic Matrix (AMMCs) has made
the manufacturing cheaper, lighter and user friendly. The AMMCs possess
characteristics of low weight with highly strength. In this research studied the effect of
Al>O3 particles on mechanical properties like Hardness, Compressive strength and
Wear characteristics of Al metallic matrix composite manufactured by stir casting
technique. The reinforcement added in different weight percentages (0, 4, 6, 8 and 10).
The microstructure of specimens is analysis by optical microscope and measured the
hardness, compressive strength and wear characteristics which increase with increase
weight percentage of Al,Oz. Finally, can be noticed that volume loss was decreased
drastically with increasing aluminum oxide percentage, even it reaches the minimum
value at the composite that contained maximum aluminum oxide percentage (10%).

Key words: Aluminum Metal Matrix Composites (AMMCs), Al2O3 particles,
stir casting method, reinforcement and optical microscope.

1. INTRODUCTION

Aluminum and Aluminum alloys have many different applications purposes such as cars and
aerospace manufacturing because of the special characteristics for this metal like low density
with highly strength comparison to weight ratio as well as high thermal conductivity.
Nevertheless, poor surface-dependent characteristics are considered a serious problem for long
time use [1, 2]. In the present, Composites Metallic Matrix for Aluminum (AMMCs), which
produced from the combination of hard ceramic particles into aluminum alloys, which is widely
used to upgrade the mechanical behavior of the aluminum alloys. A pure interface with low
pores or reaction production, also homogeneous spreading of the particles in order to upgraded
characteristics [3-5].

Moreover, Aluminum has a great and rapidly attraction for oxygen in air conditions. Where
Aluminum is oxidized to provide an oxide thin layer on the surface of the metal. This layer on
the surface of the Aluminum is (Al203) which is can't be penetrated by oxygen, thus it provide
a metal protection against corrosion or any attack from different conditions [6, 7].

Several researches have been conducted in order to investigate the influences of the second
phases as SiC [8, 9], Al.O3/TiB: [5, 10] and ZrO» [11] on aluminum matrix reinforcement. All
reports confirm the favorable influence for these materials on enriching the mechanical
characteristics of the resultant composites.

Mishra et al. [12], they using an Al5083 alloy with SiC particles (0.07 cm size) in order to
produce a surface composite, and found that the hardness of the produced surface composite
was increased 10% comparison with the base metal (BM) because of adding the hard particles
(SiC) in the resultant material. As well as Shafiei et al. and Mahmoud et al. [13, 14], they adding
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Al>O3 and SiC particles into base materials like Al, Cu, and Fe alloys, and they found that wear
resistance and the abrasion were improved in the substrates. Moreover, Dolatkhah et al. [15]
study the microstructural and mechanical characteristics of Al-SiC metal matrix composites
produced by FSP. Where they observed that the changing in the direction of instrument
rotational between passes of FSP, increment in the number of passes, and decrement of size of
SiC particles lead to enrich wear and hardness characteristics. Lee et al.

[16] study the mechanical and microstructure characteristics of an Al-Fe in situ nanocomposite
fabricated by FSP. They detected a constant spreading of the second phase particles (AlisFes)
in the Al matrix. The fine dispersion of particles caused in an aluminum matrix with ultrafine-
grained structure. Moreover, Qian et al. [17] synthesized Al-Al3Ni in situ composites using the
FSP route, and they described that the composite had increased tensile and hardness
characteristics.

Baghchesara, et.al, [11] they using a Vortex technique in order to produce Al-ZrO; by using
the powder of ZrO, with diameter average 1 micron as reinforce particles and Al-356 as the
metallic matrix. Stirring the melting composites for thirteen min., and then casting into a metal
mold. Thus, various specimens have been prepared by (5, 10 and 15) volume percentage of
ZrOz in various temperatures of casting as following 750°C, 850°C and 950°C. The optimum
production conditions of Al- ZrO, composites are 750°C and 15 vol. % ZrOo.

So that the aim of this research is to produce, characterize and identify the hardness and
wear behavior for A1-Al>0:s.

2. EXPERIMENTAL WORK

2.1. Preparing of Aluminum Reinforced Aluminum Oxide Specimens

All of the composite specimens were produced by consuming a high aluminum pureness wires
according to Table 1.

Table 1 Chemical composition of pure aluminum

Si Fe Cu | Mn | Mg | Zn | Ti B V | Cr | Otherseach ?(t::lrs
6% | 12% | 1% | 1% | 2% | 3% | 1% | 0.5% | 1% | 1% 3% 10%

Specimens with different reinforcement percentage were produced by two-steps stir casting
technique. The compositions of each specimen are shown in table 2.
Table 2 Specimens prepared in the present work

Aluminum (wt. Magnesium AlO3
%) (Wt%) (Wt%)
98.0 2 0.0
96.0 2 2.0
94.0 2 4.0
92.0 2 6.0
90.0 2 8.0

The high purity aluminum wires were cut to small pieces in order to facilitate its melting in
the furnace. Each of aluminum wires, magnesium, and aluminum oxide with 15-20pum grain
size were weighted in desired amount (weight percentage wt%). The weighted aluminum oxide
particles were divided to many groups, each group have about (0.5 g) in weight, then, each
group was covered with aluminum foil and preheated to (300°C) for 2 hours in dry oven type
(SRJX-5-13) to remove the moisture content and improve the wettability.

Aluminum wires pieces were charged into the graphite crucible which was put in electric
furnace type (ORH5-F102200), and the furnace temperature was raised up to liquidus
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temperature (750°C) in order to melt the aluminum completely. Then, slags were removed using
alumina spoon, and the melt temperature was dropped to just below the liquidus temperature
(620°C) to attain the semi-solid state. The magnesium ribbon were rolled and covered by thick
aluminum foil, and then immersed inside the melt to reduce its combustion.

The molten aluminum slurry was stirred with mechanical mild steel stirrer with stirrer speed
(870 rpm) for (7 min) and the preheated, covered, aluminum oxide particles were slowly added
to the molten metal. The stirring process was done under a shield of argon gas to prevent the
entering of gases inside the molten metal, which cause the oxidation of molten aluminum. The
design of the stirrer blade is very important factor, which effect on particle distribution and
strength of the composite. The result of microstructure analysis shows acceptable particle
distribution for composite prepared with four-blade stirrer.

The temperature during stirring was observed using thermocouple type-K, to be (610-
620)°C. Then, the temperature was raised above the liquidus temperature (750°C) again. The
molten composite was stirred at this temperature for the same speed and time. Finally, the
molten composite was poured in preheated steel mold to solidify. The operation was repeated
for each aluminum oxide percentage to produce alloyed rods. For comparison, aluminum was
casted in the same procedure without adding aluminum oxide particles.

All prepared samples were put in an electrical furnace at (350°C) for (5 hours) and cooled
inside the furnace to remove all thermal stresses. Then, the composite samples are ready to
prepare for physical and mechanical tests.

2.2. Physical Tests
2.2.1. Tests of Chemical Composition

The analysis was conducted at the General Company for Engineering Inspection and
Qualification (X-ray Fluorescence Spectrometer). The tests included all specimens preparing.

2.2.2. Optical Microscopic Examination

Specimens, with (13 mm) in diameter, were cut from each rods. These specimens were flattened
using SiC grinding papers having different roughness (180, 220, 320, 400, 600, 800,

1000, 1200, 1500, 2000, 2500 grit size). The water was used during grinding operation as a
coolant in order to avoid temperature raising as a result of friction between the sample and the
grinding papers. Then, the specimens were polished using diamond paste to produce flat,
scratch free, mirror like surface. Grinding and polishing operations were done using polishing
machine model (MP-2B grinder polisher). The specimens were etched by (0.5% HF, 99.5%
Distilled H20) for (15 second) at room temperature [18], then washing the specimens with
distilled water, and dried them by an electrical dryer. An optical microscope with suitable
magnification was applied to identify the micro-structure of each specimen.

2.2.3. X-Ray Diffraction Analysis

The X-ray diffraction analysis is a vital tool in which the constituent phases can be monitored.
This analysis conducted on all the selected sample. The measuring conditions were target: Cu,
wave length of 1.54060 A°, voltage (40 Kv) and current (20 pA).

2.3. Mechanical Tests
2.3.1. Test of Brinell Hardness

There is no standard shape or size for a Brinell test specimen, according to ASTM (E10-15a)
[19]. A specific specimen size was cut from each rod, and subjected to appropriate grinding and
polishing operation. The test was carried out on a Brinell hardness testing device type (HBRVS-
187.5) with a ball indenter diameter of (5mm) and load of (31.25Kg) for (10 seconds). The
hardness values were recorded by getting the average of three measurements for every
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specimen.
2.3.2. Test of Compression

This test was conducted on cylindrical samples with the following dimensions (1.3cm diameter
and 2.5 cm height). Where the specimens prepared according to the ASTM standard [20]. The
cylindrical samples with standard dimensions prepared by traditional machining operations.

All compression tests were carried out at temperature of room by using a computerized
common testing machine type (Gunt / Hamburg,china) with (0.1 mm\min) as a loading ratio.

2.3.3. Wear Test

Specimen of (1.3 cm) diameter and (0.8 cm) height were prepared for each composite specimen,
according to ASTM (G99-04) [21,22]. Prior testing, the specimens were ground with SiC papers
until the average surface roughness reached (0.8 pm). The specimens were cleaned, and dried
in vacuum furnace at (100°C) for (30 min) to remove all traces of the cleaning fluids that may
be entrapped in the material. Then, the specimens were weighted using sensitive electric balance
model (M254A) with +0.0001 accuracy. Pin on disk concept was used to study dry wear using
wear tester device type (MT-4003, version 10.0). The tested specimens were set as a pin against
standard rotating steel disk with a hardness of (850 HV).

Where: Normal force on the pin (F): (10, 20, and 30) N, Pin diameter (d): 10 mm, Disk diameter:
30 mm, Wear track radius (R): 5 mm, Rotating speed of the disk (®): 300 rpm. The specimen
was weighted after (5, 10, 15, and 20) min to determine the weight lost. Then, weight loss was
converted to volume loss according to following equation:

Volume loss (mm3) = weight loss (g)/ density (g/mm3)

Where: weight loss = weight before the test — weight after the test. Wear rate was determined
from this test in addition to studying the microstructure of the worn surface under optical
microscope. The test was carried out without any lubricant, and at the temperature of room.

3. RESULTS & DISCUSSION

3.1. Optical Microscope Analysis

The microstructures of aluminum-aluminum oxide composites are shown in Figures 1 and 2.
The microstructures show a constant distribution of aluminum oxide particles and good
connection between aluminum oxide particles and aluminum; where there is no gap between
the aluminum oxide particles and the aluminum matrix. It is clearly shown that the use of stir
casting during preparation of these composites induced an acceptable spreading of the
reinforcing aluminum oxide particles in the medium with very little segregation. The optimal
choice of each stir casting parameters as stirring speed, stirring time, design of stirrer blade,
stirring at two steps in different temperatures and using of argon gas, played a vital role in
enhancement of aluminum oxide particles distribution in aluminum matrix.

Figure 1 Optical Microscopy of Composite Figure 2 Optical Microscopy of Composite
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(Al - 4% Al,O3) (200 X) (Al - 10 % Al,0s) (200 X)

4.2. Brinell Hardness Test

The results of Brinell hardness test are shown in Fig. 3. It is concluded that hardness is increased
with increasing of aluminum oxide particles percentage, and the greatest value was recorded
for specimen with aluminum oxide percentage of (10%).

These increment could be caused by aluminum oxide particles hardness which is high
enough to work as barriers against dislocations movement.
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Figure 3 BHN vs Al percentage.

The increment percentage of Brinell hardness is (53%), (100%), (141%) and (172%) for
aluminum reinforced with 4, 6, 8, 10 wt. % Al>Os particles specimens respectively comparing
with unreinforced specimen. These results are in agreement with references [23, 24] with an
acceptable difference that belong to the difference in chemical composition and average size of
used reinforcements and aluminum alloy.

3.3. Compressive Strength Test

The resulted values from compressive strength test are listed in Fig. 4. Also, the variation of
compressive strength with the different weight fractions of aluminum oxide particles in
aluminum matrix is indicated in Fig. (4.).
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Figure 4 Shows the compressive 'é't?gngth vs Al percentage

From these results, it is easy to show that the compressive strength improved by increasing
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aluminum oxide percentage in aluminum base. The improvement in compressive strength are
belong to the role of aluminum oxide particles which served as obstacles impeded the
dislocation motion thereby strengthened the matrix. In addition, the presence of magnesium in
the aluminum matrix enhanced the interfacial bonding between the aluminum oxide particles
and the aluminum matrix thereby this strong bonding contribute in this improvement. A
maximum improvement of 129% in compressive strength was recorded for Al+ 10% Al.O3

specimen.

3.4. Wear

Tests

Converting the weight loss to a volume loss using the density of each sample. Figures 5 to 8
show the results of this test under the same conditions mentioned previously (F: 10, 20, and 30
N; ®: 300 rpm; t: 5, 10, 15, and 20 min.).
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Figure 5 Wear rate of Al specimen Figure 6 Wear rate of Al +4 %Al,03 specimen
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Figure 7 Wear rate of Al +6 %AIl,03 specimen
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Figure 9 Wear rate-of Al+10 %AI,03 specimen
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Figure 8 Wear rate of Al+8 %AI,0s specimen

ng the applied load,

where the highest volume loss was recorded under (30 N) and vice versa. This is predicted
behavior, where the increment in load leads to increase the friction between specimen surface
and the rotating disk. Also, the volume loss was increased with increasing time due to the
Copyright @ 2020 Authors
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increment of specimen’s particles loss with increasing friction time. Further these figures show
the effect of aluminum oxide particles addition on wear rates at different conditions. It can be
noticed that volume loss was decreased drastically with increasing aluminum oxide percentage,
even it reaches the minimum value at the composite that contained maximum aluminum oxide
percentage (10%). This may duo to the role of aluminum oxide particles in blocking dislocation
motion, so, hardness was increased and thereby wear resistance was also increased.

Figure 10 wear rate at the steady state for Al specimens at (time=20 min.).

The above figures shows at 10 N the highest wear rate in Al specimen and the wear rate is
decreased by 66% in aluminium reinforced by 10% Al>O3, At 20 N the highest wear rate in Al
specimen and the wear rate is decreased by 64% in aluminium reinforced by 10% Al2Os, At
30N the highest wear rate in Al specimen and the wear rate is decreased by 61% in aluminium
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reinforced by 10% Al,Os

The damaged surface has been studied due to the adhesion wear for aluminium and
aluminium reinforced by 10% Al>Ozalloys and images have been taken by the light microscope
as shown in the following figures:

Figure 11 Microstructure for aluminium and aluminium reinforced by 10% Al,Osalloys by use light optical
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microscope with magnification 100X after wear test under 10 N load and 20min time.

Figure 12 Microstructure for aluminium and aluminium reinforced by 10% Al,Osalloys by use light optical
microscope with magnification 100X after wear test under 20 N load and20min

Figure 13 Microstructure for aluminium and aluminium reinforced by 10% Al,Os alloys by use light optical
microscope with magnification 100X after wear test under 30 N load and 20 min

Figures (11)- (13) showed the light optical microscope for aluminium and aluminium
reinforced by 10% Al>Os alloys after wear test, The mentioned figures illustrated the effect of
wear process on the surface of the samples and the grooves are found in the direction of rotation
of disk. Due to friction, the increase in temperature is observed.

Where the grooves were clearer and deeper in aluminium alloy compared to samples
aluminium reinforced by 10% Al>Os alloy due to the presence of aluminium oxide, which
increases the hardness and gives relatively high wear resistance. It also notes that grooves are
deeper and larger at (30) N load compared to loads (10 and 20)N.
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4. CONCLUSIONS

In the current research the A1-Al>O3 was produced by stir casting technique. Where the
hardness, compressive strength and wear behavior were assessed in order to observe the Al>O3
particles’ dispersion and these characteristics increasing with increase wt.% of Al2Os as
following:

1. The results illustrated at 10 N the highest wear rate in Al specimen and the wear rate is
decreased by 66% in aluminium reinforced by 10% Al>Os3, at 20 N the highest wear rate in Al
specimen and the wear rate is decreased by 64% in aluminium reinforced by 10% Al.Os, At
30N the highest wear rate in Al specimen and the wear rate is decreased by 61% in aluminium
reinforced by 10% Al,O3

2. The increment percentage of Brinell hardness is (53%), (100%), (141%) and (172%) for
aluminum reinforced with 4, 6, 8, 10 wt. % Al>O3 particles specimens respectively.

3. A maximum improvement of 129% in compressive strength was recorded for Al+ 10%
Al>03 specimen.

4. The optimum production conditions of Al- Al,O3 composites are 750°C and 10 wt. % Al,Os.
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