™

Check for
updates

Manufacturing with Investigations on Al-
7175/RHA/A1L;O3 Composite Using a Stir Casting

L. Jayahari', A. Seshappa?, P.Prasanna’,K. Prudhvi Raj*, B. Subbaratnam® and K.
Chandra Shekar®

12Department of Mechanical Engineering, KG Reddy College of Engineering and Technology,
Hyderabad, 501501, India.
3Department of Mechanical Engineering, INTUH, UCEST 500085, Hyderabad, Telangana,
India.
“Department of Mechanical Engineering, Mahatma Gandhi Institute of Technology
(A),Hyderabad-500075, India.

SDepartment of Mechanical Engineering, Malla Reddy Engineering College and Management
Sciences, Hyderabad-501401,India.

®Department of Mechanical Engineering, Vignan Institute of Technology and Science Deshmu-

khi, 508284, Hyderabad, Telangana, India.

jayahari.lade@gmail.com

Abstract. The exceptional level of performance. In this work, the manufacture
and characterization efforts are focused on a metal matrix nano-composite ma-
terial that contains reinforcements made from agricultural waste. It is very de-
sired to have composites that are constructed using aluminium 7175 as its foun-
dational material and are reinforced with rice husk ash (RHA) and aluminium
oxide. A process known as squeeze casting is used in the production of the
breakthrough composite material. Through the percentage of Al2Os3 is main-
tained at 3, the total size percentage between its metal contact and rice husk ash
is allowed to range from 0% to 15% with a continual rise of 5%. The created
composite is characterized by a wide range of characteristics, including its exte-
rior morphological wear, hardness, durability, elasticity, and XRD and XDS
analyses. The strength of tensile, durability, and sharpness of the data indicate
that the manufactured affordable compound material performs better than the
raw material.

Keywords: Powder metallurgy, X-ray diffraction, SEM, density, Wear, and
corrosion resistance tests.

1 Introduction

Developing innovative solutions to the growing number of problems encountered by a
broad range of sectors is now the top priority of the Composite Nan materials Investi-
gations Organization on a global scale. Among its class of unique chemicals, metal
matrix composites, or MMCs for short, are an essential subset. A broad variety of
specialized operations may have made use of such aluminium matrix alloys, especial
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ly when contrasted to unenforced components. Metal matrix composites are in high
demand in the aerospace, automotive, and military industries because of their excep-
tional creep resistance, thermal conductivity, uniformity of dimensions, and general
stiffness, which includes toughness. references [1,2]. However, because to the in-
creased cost of the reinforcements utilised, these materials have the drawback of be-
ing more expensive. In terms of porousness, the 9% (SiC/Al,03/PKSA) alloy addi-
tives into Al-7075 mixture are establish is equal to 1.92 percent lower than those of
the Al-7075 matrix alone, which is 2.3 percent. Its consolidation with shapeless ce-
ramics into the hybrid nano-composite increased the microhardness by 89% and the
strength by 9% when contrasted with a A17075 also different additives in the form of
nano size. This occurred because shapeless ceramic material is included. This tensile
strength is 26% higher than alloy, and the crash potency is 22% higher; with 9%
AHNC added, it is even better. This may be attributed to the presence with
TiO2/PKSA, also an abundance of silica carbide[3]. Researchers have investigated a
potential new use for particle-reinforced advanced matrix composites (AMCs) that
uses waste products or commodities as reinforcing components in an effort to create
cost-effective AMCs [4,5]. They are more affordable and have better overall quality
with this base component since they include these cheap additions. Consequently, this
kind of nanocomposite is frequently said to have outstanding performance at a low
cost. combined materials with a nanostructure. The most common ash additives used
in agriculture and industry have historically been red mud, charcoal fly ash (FA),
bamboo leaf ash (BLA), ash from rice husks (RHA), and bagasse ash. on pages 6-8.
Their less weight relative to the typically used ceramic reinforcing is a major ad-
vantage of these compounds. While silicon carbide weights 3180 kg/m® also alumini-
um oxide consists of density 3960 kg/m*, BLA and RHA both have weights of 360
kg/m? and 310 kg/m?, respectively. So, it is possible to make a cost-effective nano
composite using these materials. Powdered metalworking, compression moulding, stir
moulding, and frictional swirl manufacturing are among of the most popular produc-
tion processes for generating nano particle materials based on aluminium [9—11]. One
inexpensive and efficient way to make nano composites with small particles and no
holes is using the compression moulding process [12-22].

2 Materials and Methods

The selected procedure is based on the second-step liquid-state manufacturing tech-
nique of compression moulding, which is essential to the creation of this novel, inex-
pensive, and very effective nano-composite. To do this, you will need to melt some
metal, add the starting quantity of reinforcement, and then pour the mixture into a
cylinder-shaped mould. The next step is to apply hydraulic pressure to the mixture.
Composite materials are often manufactured using the compression moulding process,
as seen in Figure 1. Aluminium 7175 is the preferred base material for the other
outermost combination's construction, and ash from rice husks (RHA) is the best rein-
forcing. Table 1 displays the substrate's elemental composition. The effect of RHA



Manufacturing with Investigations on Al-7175/RHA/AL,O5 459

on the Al composite's performance is studied by methodically adjusting the weight
percentage of RHA particles in aluminium 7175 to 0%,5%,10%, and 15%.

Table 1. Chemical Compositions of Aluminum7175.
constituent Cr Cu Fe Mg Mn Si Zn Ti Al
Actual wt% 0.18-0.28 1.2-2 0.2 2.1-2.9 0.1 0.15 5.6 0.1 Bal.

Fig. 1. Efficient setup for stir casting in MMC manufacturing.

In this experiment, they used rice husks sourced from local wheat mills to make pad-
dy shell ash granules, after which they purchased their foundation component Al-
7175 directly from the provider. The material's total melting down is achieved by
placing the molten liquid into a crucible and increasing the temperature to the appro-
priate level. After that, keep the aluminium oxide and rice husks it makes into sup-
plementary import equipment.

Table 2. Specimen names and composition.

Specimen Name Al-7175 RHA ALO3
A0 100 0 0
Al 92 5 3
A2 87 10 3
A3 82 15 3

It element that warms things up is used here. Preheating the supplied substance is part
of this system that provides positive reward. Once the base component has melted,
add the other ingredients using their feeder mechanism and stir along-with the rotat-
ing inconal rod with duration in minutes of 10 to blend. This next step in the com-
pression setup is to use the warmed bottom dumping method to pour the melting lig-
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uid into the tubular dies. Using a mechanical device to force the spilt liquid to the
bottom is the last stage. It is the same process as before to make further mixed speci-
mens using the different amounts of rice husks mentioned in Table 2. The specimens
that have been created exhibit a variety of properties, including hardness, impact,
tensile behaviour, and wear attributes. While the Universal Testing Machine (UMP)
can ascertain the tensile strength of the examined specimens, those Brinell methods
may be used to evaluate the hardness of materials. Figure 3 displays the criteria that
are followed throughout the assembly of the sample utilised for the tensile evaluation.

3 Findings and Discussion

Figure 2 shows that the mechanical characteristics and toughness of the metal compo-
site are improved by dramatically increasing the quantity of ash from rice husk nano-
particles consists in base matrix. After adding 5% paddy husk ashes to the compres-
sion-molded foundation component, the residual durability rises to 128 BHN, an im-
provement of around 20%. This is in addition to the component's toughness of 107
BHN. In addition, the 10% reinforcement composite with RHS consists 139 BHN of
hardness, leading its 9 % above its 5% of additives and around 30% higher than the
basic material. Because of this, the material lasts longer. In subsequent iterations,
increasing the additives of RHS beneficial additives proportion with 15% outcomes in
an even greater increment into combined composites toughness, leading reached 146
BHN. At this stage, it is a positive indication that the addition of inexpensive
strengthening significantly improves the hardness of the aluminium base material.
The inclusion of silica in the reinforcement, which are stronger incorporation of fun-
damental components, might be the reason for this boost in hardness.
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Fig. 2. Hardness compared to RHA %
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3.1 Tensile properties

Figure 4 shows that the ductile capability of an Al-7175 foundation component are
importantly enhanced when aggro-waste of RHA is added to the material. There is a
ductile energy of 246 MPa shown by its basic component. But when 5 and 10 weight
ratios of rice husk ash particles are added, this ductile capability increases from 262 to
273 MPa, respectively. Overall, this tensile performance is 6—11% higher than that of
its basic component thanks to its improvement. The presence of ash from rice husk
components may be responsible for this improved performance, especially in prevent-
ing its jointly bonded with point crosswise of its base material after deformation. Be-
cause of this impediment, the displacement is hindered and more tension is required
to alter the geometry of the material. As a result, prior research has shown that it sig-
nificantly increases the flexibility of its content [23—25]. The hybrid material's quali-
ties are diminished when the rice husk granules are further enhanced, particularly
when compared to the hybrid material that is reinforced 10 % RHA (Fig. 3).
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Fig. 3. Sample test Example with Ductile Experimentation.

When aluminium is compressed with ash particles from rice husks, the deformation
capacity of the metal is drastically decreased. The impact of RHA granules and with
refinement of sizes due to condensation is the main reason for its subsequent decline
in value. The compound's pliability is diminished due to the introduction of inconsist-
encies in its sliding flat caused by the addition of reinforced RHA granules. Particles
of rice husk ash increase in number, the prolonged duration for the compounds that
are generated decreases[26-32].
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Fig. 4. Ductile Strength compared with % RHA

3.2 Impact strength

Figure 5 shows that the contact resistance of aluminium 7075 increases with very
small amounts of encouragement, but decreases with further additions of ash particles
from rice husks. The compression-induced stress absorption capability of manufac-
tured composites is higher than that of untreated basic materials [33-36]. The com-
pression method improves the components' properties by removing creases that en-

courage strong adherence. Furthermore, a pattern similar to that of elasticity is seen
for the impact of force.

Impact Force
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Fig. 5. Impact strength compared with % RHA.

3.3 Microscopical View of the Topology

Figure 6a-c show visual topographical of complex compounds made with Al-7175
and various amounts of Al,Os, rice husk ash, and other ingredients. The statistics
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show that the total reinforcement seems to be distributed evenly. Both outside and
within the grains, the Al 7175 alloy's reinforcements are visible. The matrix alloy and
reinforcements have an impressive metallurgical relationship. More importantly, no
visible damage is shown by any of the micrographs. In all of the combinations that are
investigated, there is great dispersion across the matrix and no clustering of rein-
forcements. One important sign of a high-quality nanocomposite includes their pres-
ence significant porousness or fissures. This optical micrograph clearly shows the
tight link between the matrix material and the reinforcements. Something else that has
been shown is that there are particles in the boundary region. You will not find any
holes or voids within the strengthened particles. Enhancing its quantity with additive
compounds with in its Al17175 may reduce grain size.

Fig. 6. RHA of 5%, A1,O3 0f3%. b) RHA of 10%, AL:O3 0f3%.c) RHA of 15%,
ALO3 0f3%.

Optical micrographs of the specimen are shown in Figures 6a-c. Hybrid composites
consistently displayed an a-Al microstructure phase with accompanying Mg Zn2 and
Al2 Cu Mg precipitate nucleation. Both types of precipitates are observed in the spac-
es through its dendrites in , and few Magnesium Zn, precipitant are as well located
within the dendrite arms. Never forget that whether a material is classed as an inter-
metallic or a precipitate is heavily dependent on its shape.

3.4 The surface Topology

The scanning electron microscope (SEM) is a powerful and versatile tool for deter-
mining material characteristics. First, Acetone is used for the air-drying of the sam-
ples. Fig.7(a to c) displays the Al7175 micro-structures also mixed nano-composites.
Elongated grains and non-uniform, acicular particles make up the worked structure
seen in Figure 7a. Numerous spherical apatite crystals seem to produce Al-7175 mac-
rocracks. The segments are distributed evenly over the grid. The microstructure of the
reinforcing particles that are incorporated into the matrix remained intact. In contrast,
alloys develop cracks and holes due to apatite nucleation. Figure 7b shows that it is
reduced by A1203 and particles of rice husks.
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Fig. 7. Surface Morphology of [a]Al-7175/,RHA of 5%, ALO; of 3%. [b] Al-
7175/,RHA of 10 %, Al,O3 0f3%.[c] Al-7175/,RHA of 15%, Al,O3 0f3%.

This outward shape proves that the silica fume particles embedded in its homogenous
allocation medium via strengthening components are effective, as are the rice husks
particles that are dispersed during mixing. Apatite particle surface grain size might
shrink when using a 10% hybrid nano-composite. Separation of subdivisions and
uniform component part dispersion are the primary objectives in metallurgy. Less
surface cracks and holes are indicative of a stronger sector's equalised morphology
[37]. Figure 7¢ shows the refined microstructure, which is characterised by fine grain
and a hybrid nanocomposite content of 15%.

3.5 XRD analysis

X-Ray Diffraction is a non-destructive technique used to examine crystalline materi-
als. The XRD analysis of all samples is done to find the percentage of Al;O3 and the
percentage of rice husks produced, as shown in Figure.8 (a-c).

An Al-7075-Fig. 8a, for orientations 20 = 23°, 31°, and 39°, there are notable Al seg-
ments. According to JCPDS card 89-4184 [38], those direction figures are consistent.
Despite this, the sample crystallinity may be qualitatively evaluated by comparing the
reflection strength to the matrix. Sharp segments and strong hints suggest that the Si
phase increases within the range of 5—15 weight percent mixed composites [39]. con-
ditions leading to ignition (more than 3% Al,O3), the material becomes highly crystal-
line, as seen in Fig. (8b) via intense XRD reflections. New limitation with 2Q= 20°,
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30°, and 68°. Fig. (8c) show that the 15% mixed composite shows significant evi-
dence. 8c, that is, the material's strength is improved as a result of the lower density
and higher concentration of rice husks. The presence of AI203 in rice husks causes
the C and O peaks to be more prominent. Increasing the mixture composite by 15%
has the potential to improve the Al segment while decreasing the Si and C phases as a
result of too many reinforcements.
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Fig. 8. XRD analysis of [a]Al-7175/,RHA of 5%, Al,03 0f3%. [b] Al-7175/,RHA of
10 %, Al,O3 0f3%.[c] Al-7175/,RHA of 15%, Al,03 0f3%.
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3.6 XDS analysis
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Fig. 9. XDS Analysis of [a]Al-7175/,RHA of 5%, ALLO3; 0f3%. [b] Al-7175/,RHA of
10 %, ALLOs 0of3%.[c] Al-7175/,RHA of 15%, Al,O3 0£3%.

By using the X-ray spectra (EDS), SEM thermo-analysis is performed. The energy
dispersive spectroscopy (EDS) method determines the chemical properties of a sub-
stance by analysing x-rays emitted by an electromagnetic field under illumination.
The EDS spectra of hybrid nano-composites made of aluminium and an alloy are
shown in Figure 9 (a-c).

Figure 9a shows the maximum values of aluminium, iron, and carbon in aluminium
alloy. The first aluminium peaks are strong, but the presence of reinforcing particles
makes them less so. Fig. 9(b) shows an EDS continuum of a hybrid nano-composites
of Al-7175/A1203/rice husks, exhibiting peaks for Al, Fe, C, Si, and O. A harder-
constituent portion allows a Si and O to max out their increase. Figure 9c shows that
the Al peak is shorter and the Si and O peaks are larger when the concentration of rice
husks is 15% and 3%, respectively.

4 CONCLUSIONS

The compression melting procedure is used to successfully make an aluminium ma-
trix composite that is enhanced with ash from rice husks. Some of the findings from
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the many analyses of the various combinations of their hardness, impact, and tensile
qualities are as follows:

» An inexpensive and lightweight material composite might be made by using ash
from rice hulls.

» Incorporating ash produced from rice husks reduces energy effect, according to
research. Combining it with RHA makes it less expansionary, which improves its
composite brittleness from

» Hardness measurements for the AI/RHA combination show an increasing trend,
with an increase in the material's total hardness brought about by the addition of
15 wt% ash from rice husks.

» The tensile strength of Al-7175 is enhanced when bagasse ash is added to the ma-
terial.
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