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Abstract: Metal matrix composites are an essential prod-
uct used in engineering materials. This product has wide
applications in automotive, aerospace, and other uses
because of their lower density, good specific strength,
best machinability, and better mechanical properties com-
pared to Al 6063 alloy. In this paper, four different rein-
forced such as (MA), (MCA), (NFC) and (SA) with a constant
rate of 5 wt.% for each reinforced element used and mixed
with Al 6063 alloy as a metal matrix composite by us-
ing modified two-step mechanical stirrer and having three
blades at each step. Coated carbide tool insert was carrying
out the turning process. Surface roughness measured af-
ter turning of every change in cutting speed. Average chip
length and its shape style formation performed within cut-
ting speeds of 10 and 90 m/min, which appears in differ-
ent length and shapes. Mechanical properties, damping
characteristics, and wear loss improved dramatically by
adding all reinforced composites to the base Al 6063 al-
loys. As the results of experiments, the surface roughness
decreased by adding all four types of reinforcements. The
mechanical properties, wear loss and damping character-
istics improved by the constituents of all kinds of reinforce-
ments and also by mixing of all types of constituents to-
gether. The effects of MA and NFC are more compared to
MCA and SA for improving all conditions of experimen-
tal results. Microstructure observation produces compact
grain boundaries with strong grains of metal matrix com-
posites compared to Al 6063 alloys.
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Nomenclature

Al aluminum

La average chip length
MA mortar ash

MCA met coke ash

MMCs metal matrix composites

NFC nano fibrillated composite

Ra average surface roughness

SA straw ash

SEM scanning electron microscope
SN sample number

UTS ultimate tensile strength

Ve cutting speed

YTS yield tensile strength

1 Introduction

Stir casting is mostly used to produce the MMCs called
as materials system which has two or more micro/macro
with different composition. Some properties of MMCs have
better performance, high accuracy with a higher rate of
production. An application of MMCs includes automotive
area involves industrial applications because they have
best properties. Aluminum and its alloys are chosen as the
excellent stiffness, good mechanical properties, and best
corrosion resistance with lightweight. The homogeneous
distributions of reinforcements in the matrix of processing
MMCs are significant challenges of production, and it has a
strong impact on the quality of properties and material [1-
8].
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Solid and liquid states are two ways of manufactur-
ing of aluminum metal matrix composites. The preferred
method is the liquid state because of its simplicity and scal-
ability. The provide advantage of metal matrix composites
over monolithic metals such as steel and aluminum. Alu-
minum metal matrix composites have more characteristics
such as better wear, fatigue, elastic properties, higher elec-
tric, and higher thermal conductivities. Composites give
the right combination of two or more materials to get the
best properties. Materials development has changed by
shifting from monolithic to composite materials due to re-
duced weight, weight, quality, high performance, and low
cost. Reinforced nanostructure has low thermal conductiv-
ity and better shock resistance. The design goal of compos-
ites is obtained by improved mechanical and functional
properties [9-13].

2 Literature review

Prasad et al. [14] practically showed the extensive study
on the damping behavior of elemental rice husk ash, fly
ash, silicon carbide and graphite powder at three different
frequencies of 0.1 Hz, 1 Hz and 10 Hz over various range
of temperatures, the results show that rice husk ash ex-
hibit low damping value among all the powders and the
damping capacity of fly ash was found to decrease at 0.1
Hz and 1 Hz, but for silicon carbide increase with temper-
ature. Bodunrin et al. [15] developed many tested about
agro wastes in MMCs include: bamboo leaf ash (BLA), rice
husk ash (RHA), bagasse ash (BA), palm kernel shell ash
(PKSA), maize stalk ash (MSA), corn cob ash (CCA), bean
shell waste ash (BSWA) mentioned a few and the devel-
opment of hybrid aluminum matrix composites (AMCs)
with agro waste ash serving as complementing reinforce-
ment, agro waste has improvement for most properties of
AMCs with single reinforced AMCs. Double synthetic re-
inforcement hybrid composites compared the mechanical
properties obtain with unreinforced alloy rather than the
unique reinforced composite. Therefore further investiga-
tion should be carried out to determine how much the me-
chanical properties are improved when comparing the hy-
brid composites with double synthetic reinforcement to
single reinforced composites.

Sood et al. [16] experimentally showed semi-solid
metal processing carried out by mechanical stirring on the
machinability studies of Al-20Si-0.5Mg-1.2Fe based alloy to
determine the influence of cutting speed, feed rate and
depth of cut by using the constant rate of beryllium and
cadmium 0.03% as reinforced metal, the results show that
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the length of chip changed under different machining con-
ditions, on the other hand, there is an improvement in the
rate of surface roughness and cutting force. Hindi et al. [17]
described ceramic material such as silicon carbide of 2, 4
and 6% as reinforcement are manufactured using conven-
tional stir casting technique, the microstructure reveals
better dispersion of reinforcement in the matrix, hardness
and tensile strength of 6% SiC be higher than 2 & 4%, but
the ductility and the impact strength are improvements
with 4% SiC. Phanibhubshana et al. [18] analyzed practi-
cally the application of varied rate of hematite also known
as ferrous oxide (Fe,03) as reinforcement mixing with Al
6061 alloy by stir casting technique, hematite added in dif-
ferent proportions 2, 4, 6 and 8, significant improvement in
hardness and tensile strength observed with the increase
of hematite rate and microstructural studies showed better
bonding and dispersion of the Fe, 05 metal matrix compos-
ites.

Alaneme et al. [19] investigated the combination of
groundnut shell ash (GSA) and silicon carbide (SiC) with
different mixing ratio (10:0, 7.5:2.5, 5.0:5.0, 2.5:7.5 and 0:10)
constituted 6 and 10% of the reinforcing phase with the
matrix material of Al-Mg-Si produced via two-step stir
casting technique, the percentage elongation improved
marginally and was generally invariant to increasing GSA
content while the fracture toughness increased with in-
creasing GSA content, hardness and tensile strength in-
creases with increasing weight percent of the reinforcing
phase, but the strength and hardness dropped slightly
with an increase in GSA content in the reinforcing phase.
Haider et al. [20] showed the signs of the hard ceramics SiC
and Al,05 by stir casting route; the results indicated that
the developed successfully, and there is an increase in the
value of tensile strength, hardness and impact strength.
Raju et al. [21] studied on the surface roughness of pure
commercial Al and Al-15% coconut shell ash (CSA) com-
posite by stir casting method, the results of machining pa-
rameters such as cutting speed, feed rate and depth of cut
on surface roughness were analyzed and become improve-
ment on surface roughness. This study attempt reveals dif-
ferent types of reinforcement components such as ceram-
ics MA and NFC, synthetic MCA, and waste vegetable SA.

The mechanical properties, wear, damping, and ma-
chining test experiments of the new generation of metal
matrix composites has been performed and compared to
the base Al 6063 alloys via stir casting process. The aim
of this paper was used ceramic reinforced MA and NFC,
which is used as new reinforcement and compared it with
synthetic and further agro waste straw ash reinforcements
MCA and SA respectively. The results show good agree-



DE GRUYTER

Table 1: Chemical compositions of Al 6063 alloy.
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Elements Si Mg Fe Sn Ti Mn Cr Al
Amount (wt.%) 0.44 0.40 0.17 0.03 0.03 0.01 0.01 Balance
Table 2: Chemical compositions of MA. Table 4: Chemical compositions of MCA.
Elements Al, 03 Fe,03 Elements Fixed carbon Volatile matter
Amount (wt.%) 90 10 Amount (wt.%) 72 Min 4 Max
. - Elements Ash Moisture Sulfur
Table 3: Chemical compositions of NFC. Amount (wt.%) 24 Max 2 Max 0.70 Max
Elements SlOz Cl'203
Amount (wt.%) 70 30 Table 5: Chemical compositions of SA.

Figure 1: (@) MA, (b) NFC, (c) MCA and (d) SA.

ment and improvement in hardness, tensile strength, wear,
and damping characteristics. Aluminum matrix compos-
ites are manufactured in this study have many applica-
tions in a wide range in mechanical components and in-
vehicle parts such as pillars, bumper beam, and crush box
because aluminum matrix composites are making the ve-
hicles lighter, safer and more fuel-efficient. We use Alu-
minum matrix composites in this study because we have
many reasons to define this type as appropriate compos-
ite; these reasons are (high hardness to density, excellent
resistance to impact and wear rate and improve damping
response). On the other hand, it can be recycling useless
ceramics, synthetic, and agro wastes as reinforced materi-
als.

Elements Cu Ni Mn Co Pb Fe
ppm 85.60 68.30 25.50 3.30 0.98 0.70

3 Selection of the material

3.1 Base metal

In this research, the material matrix alloy is Al 6063. The
chemical compositions of Al 6063 alloy are shown in Ta-
ble 1.

3.2 Reinforcement materials

The selection of reinforcement material for aluminum is es-
sential facts such as density, wettability, and thermal sta-
bility considered. In this study, two types of ceramics and
one type of synthetic and also one type of waste vegetable
materials are used as reinforced metals such as MA, NFC,
MCA and SA as shown in Figure 1. Chemical compositions
of all four types of reinforcement materials are tabulated
in Tables 2, 3, 4, and 5.

4 Experimentation setup and
procedures

4.1 Fabrication of metal matrix composites

Aluminum 6063 alloy ingots were used as the matrix mate-
rial and reinforced particles required having 5 wt.% were
evaluated using charge calculations. The reinforced parti-
cles were initially preheated at a temperature of 500°C by
using an analogue electric furnace to help improve wetta-
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Table 6: Al 6063 alloy and their constituents.

SN Sample detail compositions
1 Al 6063

2 AL 6063 + 5 wt.% MA
3 Al 6063 + 5 wt.% MCA
4 AL6063 + 5 wt.% NFC
5
6

Al 6063 + 5 wt.% SA
Al 6063 + 5 wt.% MA + 5 wt.% NFC + 5 wt.% MCA
+ 5 wt.% SA

Figure 2: Experimental techniques.

bility with the Aluminum 6063 alloy for 30 minutes. The
Aluminum 6063 ingots were charged into a digital electric

furnace and heated to a temperature of 750 + 30°C. The pre-

heated reinforced particles were added at this temperature

and stirring of the slurry was performed by using modi-

fied two-step mechanical stirrer and having three blades
at each step. The stirring operation speed and time were
performed 360 rpm and 10 minutes respectively to help
improve the distribution of the reinforced particles in the

molten aluminum 6063 alloys. Finally, the molten com-

posite slurry was poured into the steel mold to solidify. A

schematic view of the stir casting set up shown in Figure 2.
The constituent of Al 6063 alloy and its sample detail com-

positions shown in Table 6.

DE GRUYTER

4.2 Machinability conditions and their
levels

The machining experiments were carried out on a TAKI-
SAWA SL-360 type center lathe machine using coated car-
bide inserts. The machining process was conducted on all
ten samples of MMCs which were cast without using cool-
ing or any lubricant (dry turning), and samples length of
35 mm was kept for each machining process during sur-
face roughness measurements. The size of the workpiece
is 28 mm (diameter) 220 mm (length). The average surface
roughness (Ra) measured by a TAYLOR-HOBSON (10) type
instrument. A summary of the experimental conditions
provided in Table 7.

The tool geometry with dimensions and cutting angles
setup shown in Figure 3 and Table 8. The cutting angles
and nose radius of the cutting tool are constant during all
test samples.

4.3 Chip formation style

The chip formation style and its length that is involve as
plastic deformation phenomena during the shear zone.
Table 9 shows minimum, maximum, and average chip
length.

4.4 Surface roughness methodology

A TAYLOR-HOBSON (10) type instrument was used and
shown in Figure 4. It consists of a probe surface rough-
ness calculating device connected to it. This device has
two ways of reading the surface roughness, first is reading
the average surface roughness Ra directly from the gauge,
and the second is drawing the surface texture profile. The
range of the device is reading from (0.01pm to 5um), and
the range of drawing the profile is from (0.04pm to 60pm).
Table 10 showed the average surface roughness experimen-
tally during five different cutting speeds.

4.5 Mechanical properties and damping
measurement

Mechanical properties tests were carried out at room tem-
perature by using TERCO MT 3037 Universal Testing Ma-
chine with standard dimensions of specimen for tensile
test. The hardness and impact strength of the samples for
all conditions were measured using the AVK Hardness Test-
ing Machine and WP400 Pendulum Impact Instrument, re-
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Table 7: Experimental conditions summary.
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Workpiece
Lathe used
Insert used
Cutting speed (m/min)
Feed rate (mm/rev)
Depth of cut (mm)
Tool overhang (mm)
Measuring instrument
Workpiece overhang (mm)
Cutting condition

Bar size: diameter 28 mm length 220 mm Machining length = 35 mm

TAKISAWA SL-360 type center

Coated carbide insert cutting tool, tool nose radius = 0.8 mm

10, 23, 37, 60, and 90
0.2
0.5
20
A TAYLOR-HOBSON (10) type
45

Dry turning (without using cooling or any lubricant)

Table 8: Cutting angles setup.

Cutting angles description Degree
Relief angle (a) 7°
Cutting edge angle (8) 67°
Rake angle (Y) 16°
End cutting edge angle (@e) 14°
Side cutting edge angle (ps) 14°
Insert included angle (¢) 90°

Figure 3: Tool geometry and dimensions.

spectively. The standard measurements for the tensile and

impact test samples were ASTM A370 and ASTM E23, re-
spectively. The results of Vickers Hardness Number, Im-
pact Strength, Tensile Stresses, Elongation, and Peak Ac-

celeration, as shown in Table 11.

Figure 4: ATYLOR-HOBSON (10) surface roughness device.

5 Results and discussion

5.1 The outcome of average surface
roughness

The outcome of average surface roughness has been em-
ployed to optimize the turning parameters for selecting
the best type and amount of reinforcement material. The
optimum values of average surface roughness within the
different cutting speed and sample detail composition are
showed entirely in Figure 5. The experimental design and
the results are tabulated in Tables 9, 10, and 11. The aver-
age surface roughness was measured for all experiments.
The effects of the input parameters such as cutting speeds
(10, 23, 37, 60, and 90 m/min) on the average surface rough-
ness are showed in Table 10. Figure 5 shows the effect of
cutting speed on average surface roughness within differ-
ent sample detail composition.

It’s seen from these values that the average surface
roughness Ra is decreased with increasing particles vol-
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Table 9: The measured length of chip shape style.
SN Vc =10 m/min Vc =90 m/min
Linin (mm) Lmax (mm) Lg (mm) Linin (mm) Lmax (mm) Lqg (mm)
1 4 12 8 19 53 36
2 3 7 5 29 115 72
3 5 10 7.5 27 71 49
4 11 45 28 26 107 66
5 4 10 7 23 85 54
6 4 9 6.5 7 17 12
Table 10: Experiments of average surface roughness.
SN Vc =10 m/min Vc =23 m/min
Ry (um) Ry (um) R3 (um) Ra (um) Ry (um) Ry (um) R3 (um) Ra (um)
1 4.989 4.852 4.877 4.906 4.461 4.307 4.411 4.393
2 4.759 4,523 4.643 4.641 3.826 3.673 3.850 3.783
3 4.319 4.175 4.343 4.279 3.173 3.529 3.414 3.372
4 4.425 4.301 4,252 4.326 3.384 3.461 3.454 3.433
5 4.679 4.804 4.719 4.734 3.847 3.926 4.143 3.972
6 4.480 4.393 4,288 4.387 3.372 3.548 3.541 3.457
SN Vc =37 m/min Vc =60 m/min Vc =90 m/min
Ry R, R3 Ra Ry R, R3 Ra Ry R, R3 Rq
@m)  @m)  @m)  @m)  @m)  @m)  @m)  @m)  (@m)  (m)  (um)  (um)
1 3.637 3.483 3.500 3.540 3.106 2.947 2.692 2.915 2.277 1.950 2.208 2.145
2 3.157 3.147 3.026 3.110 2.547 2.712 2.550 2.603 1.844 1.706 1.610 1.720
3 2.583 2.496 2.490 2.523 2.307 2.290 2.177 2.258 1.440 1.306 1.400 1.382
4 2.386 2.542 2.563 2.497 2.406 2.182 2.012 2.200 1.330 1.209 1.121 1.220
5 3.085 3.192 3.092 3.123 2.710 2.631 2.576 2.639 1.804 1.732 1.708 1.748
6 2.616 2.750 2.722 2.696 2.380 2.504 2.403 2.429 1.486 1.545 1.547 1.526

Table 11: Observation of mechanical properties and peak acceleration of Al 6063 and their constituents.

SN  Vickers hardness  Impact strength  UTS (MPa) YTS (MPa) Elongation (%) Peak acceleration
(kg/mm?) ) (m/s?)
1 50.36 7.32 130 95 23 136
2 62.63 12.35 166 113 12 80
3 53.47 9.78 153 103 14 95
4 56.11 9.24 137 107 16 86
5 54.69 12.10 169 119 13 113
6 54.44 11.05 179 125 9 108

ume fraction. It should be noted from the results of aver-
age surface roughness, that the NFC has reduced Ra dra-
matically for all cutting speeds due to its small and good
bonding of structures SiO; and Cr,03. Followed by MCA it
ranked the second one to improve Ra, but the MA and SA
have less effect on Ra compared to NFC and MCA due to its
structure and grain size of MA and SA. From the results are

shown in Table 10, the maximum and minimum values of
Raare (4.906 pm and 1.220 pm) at 10 m/min and 90 m/min
respectively. The maximum different improvement values
of Ra are (0.627, 1.021, 1.043, 0.715, and 0.925), so the best
improvement of Ra is at cutting speed of 37 m/min.



DE GRUYTER

=8=V¢=10 m/min =@=Vc=23 m/min =@=Vc=37 m/min

V=60 m/min =e=Vc=90 m/min

Average surface roughness (pm)
w

Sample number

Figure 5: Effect of cutting speed on average surface roughness
within different sample detail compositions.

Figure 6: Chip formation style shape for all samples during cutting
speed of 10 m/min.

5.2 Influence of cutting speed on-chip
shape formation length

In this study, the chip shape formation and its length were
studied concerning two different cutting speeds within
constant of feed rate and depth of cut. Average chip length
has been reported, as shown in Figure 8. The spring, semi-
circle, and helical shapes of the chip also are shown in Fig-
ures 6 and 7.

Type, length, and the shape of the chip depending
directly on the physical and mechanical properties of
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Figure 7: Chip formation style shape for all samples during cutting
speed of 90 m/min.

80 - #Ve=10m/min & Vc=90m/min
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Sample number

Figure 8: Effect of cutting speed on average chip length within
different sample detail compositions.

machined material, such as heat generation, hardness,
strength, chemical composition, and microstructure, also
some cutting factors, such as cutting speed, when it in-
creased, the chip becomes relatively ductility. Thus, more
cutting speed increases; changing chips to the segmented
microscopically. However, in a macroscopic state, the
chips are increasingly in continuous form; this is probably
due to their ductility. Also cutting force is necessary to ma-
chining is decreased when machining is carried out with
higher cutting speed. Increasing the feed rates cause to
increase the cutting forces. All the heat sources produced
high temperature at the chip-tool interface, which substan-
tially influences the chip formation mode. As mentioned
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above the effect and the interaction of the cutting condi-
tion on the cutting forces have been very complex [22].
The planned experiment was also developed for the
influence of cutting speeds on average chip style length
La. Table 9 showed La during cutting speeds of 10 and
90 m/min for all sample numbers. Figure 8 observed due
to the presence of reinforced particle metal proceeded, it
found that La is maximum values when adding MA as in
sample 2, because MA contains both aluminum and iron
oxides, these two materials have high resistance and with-
stand to high cutting speed temperature between tool in-
sert and workpiece, and it hindrance the separate of chip,
so, for this reason, MA make more extended chip com-
pared to other reinforced metals. NFC, MCA, and SA are
medium average chip length La at high cutting speed com-
pared to MA, but sample 6 is not perfect for high cutting
speed because all types of reinforcement together dam-
age the chips and decrease the length of it. Figure 8 also
showed La at a low cutting speed of 10 m/min. NFC be-
comes the first best one for average chip length is followed
by all other reinforcements due to low cutting speed and
low cutting temperature, but MA is not perfect for high
and low cutting speeds cutting. Figures 6 and 7 showed
chip formation style shape during cutting speeds of 10
and 90 m/min, respectively; the Figures showed three
forms of chips as known as spring, semi-circle, and helical.
The spring shape known as continuous chip and the oth-
ers were semi-circle and helical known as discontinuous
chip. It found from Figures 6 and 7; reinforced metals can
change the chip-style from discontinuous chip to continu-
ous chip but in limited quality and quantity of reinforced
metals. All of the results of the bar charts are taking into
consideration the statistical with a 5 percentages valida-
tion error bar. This error bar shows and then communicate
between real and a few errors during experimental results.

5.3 Analysis of mechanical properties

Table 11 shows that mechanical properties of pure Al alloy
and composites produced by stir casting; all these prop-
erties increased by adding additives compared to unrein-
forced alloy.

The most considerable increased in mechanical prop-
erties found in sample 6, the presence of all reinforcement
together in the microstructure could impede the move-
ment of dislocation since ceramic particles are stronger
than the matrix in which they embedded, also have a
solid lubricating effect due to the similar hexagonal closed
packed structure. Using MCA as a reinforcement material
sample 3 in Al alloy reduces tensile strength and hardness
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of the composites due to the segregation and particle clus-
tering of MCA in the Al matrix when compared it with other
reinforcements. Figure 9 shows the typical stress-strain
curves of Al 6063, MA, NFC, MCA, and SA with constant
rate contents of 5 wt.% as in Table 6. Figure 9 shows the
performance improvement of ultimate tensile stress. For
the Al matrix, the elongation increases with a low rate of
mechanical properties. For composites, the value of the
tensile strength increase due to mixing additive metals
such as ceramics, synthetic and waste vegetable, also in-
crease due to a better distribution of microstructure by stir-
ring method and less containing of porosities and inclu-
sions inside the grain structure.

Several experiments of mechanical properties such as
hardness, impact, elongation, yield, and ultimate tensile
strength are carried out to get the best optimize results
of mixing process by stir casting route. Figures 10, 11, 12,
and 13 show the variation of mechanical properties of Al
6063 alloy and its composites.

200 - —1—2—3—4—5 6|

180

140

120

100

Stress (MPa)

Strain
Figure 9: Typical stress-strain curves of all test samples.

14

12 -

10 -
8
6 -
4 -
2 4
0 -
1 2 3 4 5 6

Sample number

Impact Strength (J)

Figure 10: Vickers hardness for all composites.
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Figure 11: Impact strength for all composites.
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Figure 12: Variation of yield and ultimate tensile strength for all
composites.
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Figure 13: Variation of elongation for all composites.

The mechanical properties in terms of impact, hard-
ness, tensile strength, and elongation are tabulated in Ta-
ble 11. Figure 10 shows the behavior of vickers hardness
of metal matrix composites and Al 6063 alloy. The results
show a functional difference between the base metal Al
6063 alloy and Al 6063 metal matrix composites, which
presents that the additional metals have a good change in
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the results. MA has great effect of increasing the hardness
followed by NFC, which also has a good change for increas-
ing the hardness because MA and NFC were ceramic metal
and have a high melting temperature. The result of hard-
ness due to adding MA was 62.63 kg/mm? as in sample 2,
but the unfortunate result of hardness was due to adding
the synthetic metal MCA as in sample 3 is 53.47 kg/mm?.

Figure 11 illustrates the impact of the strength of all
composites. The results of impact strength were different
compared to the results of hardness, samples 2, 5 and 6
have more effect for increased impact strength, here you
would prefer when mixing all elements of reinforced met-
als such as in sample 6. From the results, we can show that
the mortar ceramic and vegetable have the primary role in
increasing the impact strength.

The variation of yield and ultimate tensile strength for
all composites plotted in Figure 12. Sample 6 had maxi-
mum values of YTS and UTS compared to other samples,
and the results were 125 and 179 MPa respectively, this
increase due to strong, compact bonding of grains and
proper grain boundary distribution of this type of compos-
ite material as indicated in microstructure evaluation in
Figure 16(6). All kinds of reinforced metal are using in this
research have a good change in the results of YTS and UTS
compared to base metal Al 6063 alloy. The second effect is
SA, which increases YTS and UTS as in sample 5, this phe-
nomenon showed that the vegetable reinforced metal has
great benefit for increasing the properties of Al 6063 alloy.

Figure 13 shows the variation of elongation for all
composites; the elongation decreases approximately in the
range of 30 to 60% compared with that of Al 6063 alloy
under optimum constant values of reinforced metals. The
small decrease of elongation was by NFC as in sample 4,
but in general, the reduction of elongation achieved when
all four types of reinforced metal mixing with a constant
amount as in sample 6. The results above showed that the
ceramic, synthetic, and waste vegetable reinforced metals
have a perfect effect of changing the mechanical properties
of Al 6063 alloy.

Sample 6 showed higher yield strength and lower elon-
gation compared with sample 5, as in Table 11. Sample 6
contains 20% reinforcement, while sample 5 includes 5%
reinforcement, as shown in Table 6. Due to the presence
of the dispersed reinforcement particles in the Al alloy dis-
location loops form when dislocations pass the particles
(orowan mechanism). The dislocation might lead to mak-
ing local stress and also increase the strength of the com-
posites. The above process increased with increasing rein-
forcement percent. Moreover, elongation percent of com-
posites increases with decreasing weight percent of rein-
forcement. The increment of ductility can be attributed to
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Figure 14: Variation of acceleration with the time for free vibration
based composites containing: (a) (1) Al 6063; (2) Al 6063 + 5% MA;
(3) AL 6063 + 5% MCA; (b) (1) AL6063; (4) AL6063 + 5% NFC; (5) Al
6063 + 5% SA; (c) (1) AL6063; (6) AL 6063 + 5% MA + 5% MCA + 5%
NFC + 5% SA.

the effect of an increase in grain boundary area due to
grain reinforcement, the strong multi-directional thermal
stress at the Al/reinforcement interface, and the effective
transfer of applied tensile load to the uniformly distributed
enormous number of well-bonded strong reinforcement
particulates [23].
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Figure 15: Variation of wear loss for all composites.

5.4 Damping characteristics test

Every material has different damping characteristics due
toits structure. The capacity of damping considers the abil-
ity of a material to withstand mechanical energy during
the application of vibration. The experiments performed at
room temperature are using Briiel & Kjaer Controller Mod-
ules Type 7539 5-channels Pulse Data Acquisition software
with a cell sensor Accelerometer Type 4507 B 30515 set-up
on the face on each sample to transfer the damping from
cell sensor to computer via interface instrument to read
and plot acceleration and amplitude concerning time.
The variations of the acceleration with the time for free
vibration are based composites presented in Figure 14. It
observed from Figure 14a to Figure 14c. It can be noted that
by the addition of ceramic reinforcements such as MA and
NFC which improved the damping characteristics strongly
compared to another reinforcement such as synthetic and
waste vegetable reinforcements especially in sample 2, it
recorded the minimum value of peak acceleration 80.8
m/s?. The peak acceleration is the maximum current due
to load determines, the acceleration level, which can be
obtained peak accelerates. It’s also related to a functional
frequency, for example, at low frequency, the significant
of the peak acceleration level of the results will decrease
due to the displacement limit of the moving element. Reso-
nances in the moving element will set the upper-frequency
limit. This value indicates a good factor compared to Al
6063 alloy, and it recorded 136 m/ s? of peak acceleration
as in Figure 14a. Figure 14 mentioned damping character-
istics curve of acceleration and time for all types of rein-
forcements such as MA, MCA, NFC, and SA with Al 6063
alloy. Figure 14a shows two different types of ceramic and
synthetic reinforcements with the Al 6063 alloy, the results
on the graph showed that there is a good improvement in
damping characteristics due to adding ceramic and syn-



DE GRUYTER

SEM MAG: 1.00 kx

The Effectiveness of Reinforcement and Processing on Aluminum Matrix Composites

WD: 18.87 mm VEGAI TESCAN SEM MAG: 1.00 kx WD:12.18 mm VEGANTESCAN
SEM HV: 15.00 KV Det SE 20 pm 4 SEM HV: 15.00 kv Det BSE 20 pm 7
Date(m/diy): 12001718 Vac: HivVac RAZI

SEM MAG: 1.00 kx WD: 12.89 mm
SEM HV: 15.00 kV Det: BSE

VEGAWTESCAN
”
Date(m/diy): 12/03/18 Vac: HiVac

RAZI n

SEMMAG:1.00kx  WD: 15.06 mm
SEMHV:1500k/  Det BSE

VEGAWTESCAN
.
Date(m/dly): 12104118 Vac: HiVac

rez [l

20 pm
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thetic compared to Al 6063 alloy. Figure 14b also presented
two types of reinforcements such as ceramic called NFC
and a waste vegetable called SA reinforcements compared
to A1 6063 alloy, the results also show a good improvement
in damping characteristics especially by adding NFC rein-
forcement, but for vegetable reinforcement, the rate of im-
provement of damping characteristic is low but not very
bad. Figure 14c shows mixing of all types of reinforcements
such as MA, MCA, NFC, and SA, as mentioned in samples 9.
This mixing makes a good improvement of damping char-
acteristics, but the peak value of acceleration happens at
second sine wave and its recorded about 108 m/s?, this
change of peak value of acceleration due to change of nat-
ural frequency of adding all types of reinforcements to-
gether in one sample with the Al 6063 alloy.

5.5 Evaluation of wear loss test

Wear is one of the important test cases of composite mate-
rial. TQ-Plint TE91/1 Tribometer tested the wear character-
istic test behavior of this work. A load of 10 N used for a
time duration of 75 min at a constant speed of 200 rpm.
From the above results, there are many variations in
the rate of types of composites during the experiments
such as ceramics, synthetic, and vegetable reinforcements.
Figure 15 shows the behavior in the wear loss with the ef-
fect of rate of Al 6063 metal matrix composites and base
Al 6063 alloy. When we see the results in Figure 15, it ob-
served big difference between the base metal Al 6063 al-
loy and Al 6063 metal matrix composites, which presents
that the composites have a good change in the rate of wear
characteristic resistance compared to base Al 6063 alloy.
The spread in the wear loss rate of the composites is better
estimated from Figure 15. In this Figure, it observed that
the wear loss rate of the composite with 5% NFC sample 4
was averagely lower than all types of composites, this in-
dicates that 5% of NFC reinforced has good resistance to
high temperature and friction and followed by sample 6.
But the less resistance to wear loss rate is sample 4 after
the base Al 6063 alloy. The reason has come back to it’s
the weak shape of grain size of 5% MCA and mixed with
inclusions as shown in Figure 16(4) and lousy interaction
of this reinforced synthetic with the base metal together.

5.6 Microstructural evaluation

A scanning electron microscope (SEM) was used to show
photographically and studies the distribution analysis of
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Al 6063 alloy and all four types of reinforced metals in the
aluminum matrix as in Figure 16.

The microstructure analysis in Figure 16, shows the
presence of equiaxed grains which attributed to the ef-
fect of stirring action which breaks the dendrite shaped
structure and leaves the structure in the equiaxed form
with fine intermetallic precipitates which seen in the ma-
trix of Al. The investigation of the composite material of
this work was made by the high precision technique pro-
cess to cast suitable microstructure of the matrix with ho-
mogeneous particles distribution. The electron imaging of
all the composites and the appearance of chemical ho-
mogeneities such as reinforcement/matrix interface with
fewer inclusions make proper distribution of MMCs. The
reinforced particles used in the present study have a good
mixing, gathering, and bonding through grains to build
a strong quantify uniform boundary particles distribution.
This strong particles boundaries cause a huge place inside
the aluminum matrix.

The particle distribution in cast composites may be-
come inhomogeneous even when a homogeneous state of
suspension maintained in the slurry. Pouring the solidi-
fication of liquid matrix alloy containing dispersed sec-
ond phase particles, the particle in the melt can migrate
towards or away from freezing front, and a particle near
freezing front will either be rejected or engulfed. These two
phenomena lead to the redistribution of the particles dur-
ing solidification. These means the solidification cell size,
and hence, the solidification rate influences the distribu-
tion of the reinforcement particle in the final ingot finally
equiaxed grains absence in the ingot [24].

6 Conclusions

In this study, Al 6063 alloy based composite reinforced par-
ticles are fabricated using two steps of techniques of the
stir casting process. Details of the experimental investiga-
tion presented for the effects of different types of metal
matrix composites on average surface roughness, chip
shape formation style, mechanical properties, wear loss
rate, damping characteristics properties and microstruc-
tural observation. The conclusions of the results in this
investigation study can be summarized in the following
points:

1. The surface roughness is significantly affected by
the MA, MCA, NFC, and SA. Average surface rough-
ness is more decreased by adding NFC and MCA
nanoparticles.
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10.

11.

All four types of reinforced metals do not increase
the average chip length. NFC was increasing aver-
age chip length while cutting speed of 10 m/min, but
within cutting speed of 90 m/min, MA has a vital role
in changing the length and formation style of the
chip from discontinuous chip to continuous chip.
The stress-strain curves display that the YTS and
UTS increase while the elongation decreases with in-
creasing reinforcement content quantity.

The hardness of the MMCs is higher than Al 6063 al-
loy and the cast of MA composite increasing hard-
ness more than the other types of MMCs due to the
weight fraction of Al,0s.

Experimental results show that the impact strength
increased by more than one reinforced metal, MA,
NFC, and MCA play an essential role together for in-
creasing the impact strength, but SA has a little ef-
fect increasing the impact strength.

The YTS and UTS which obtained from the results of
MMCs are much more than Al 6063 alloy, especially
when adding all four types of reinforcement together.
The effect of NFC for increasing YTS and UTS is small
compared with other types of reinforced metals.
Elongation decreases approximately in the range of
(30 to 60 %) compared with that of Al 6063 alloy un-
der optimum constant values of reinforced metals.
The smaller decrease of elongation was by NFC and
MCA.

The damping characteristics improved dramatically
by adding MA and NFC, and the analysis of the re-
sults showed that the damping characteristic was
flimsy for SA reinforcement compared to other rein-
forcements.

MA exhibit low peak resistance values among all
reinforced particles considered in this paper. The
damping behavior of MA was found to be very good,
even mixing with NFC, MCA, and SA.

It was evident that the NFC is giving high resistances
to wear loss followed by MA and MCA but for mix-
ing all types of reinforcements giving good improve-
ment results in wear loss.

Microstructural evaluation by stir casting tech-
nique produces compact grain boundary, smaller,
stronger, and uniform distribution grain size with
good interface bonding of particulate matrix.
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