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Fabrication of Al7075 –B4C MMC Using Stir Casting Process
and Study of Its Microstructure
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Abstract: The paper shows the consequences of the experimental investigation on the characterization and
examination of mechanical properties of composites formed. The aluminium metal matrix composites reinforced
with 7 wt% of B4C particles were prepared. Stir casting method is utilized for the fabrication of aluminium 7075
metal matrix composites, as it is the most financially savvy modern method. Scanning electron microscopy is
utilized to look at the mixture of matrix and reinforcement in the component made experimental results
demonstrated almost a uniform distribution and great dispersion of reinforced particles within the aluminium
matrix.
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INTRODUCTION matrix alloy and the ceramic reinforcement. Metals have a

Stir Casting: Nowadays  modern development need ductility and high-temperature resistance, yet in some
of developments of advanced engineering materials for cases have low stiffness, while ceramics are stiff and
various engineering applications continues expanding. To strong, however weak(ductile).
meet such requests metal matrix composite is one of a Different systems are utilized for manufacturing of
reliable source. Composite material is one of the reliable MMC's, they can be arranged into two fundamental
answers for such requirement. In composites, materials are categories: I. Fluid state processes, for example, casting,
joined so as to empower us to improve utilization of their melt stirring. II. Solid-state processes, for example, powder
parent material while minimizing to some degree the metallurgy, physical vapour deposition and diffusion
impacts of their deficiencies. The basic term "composites" bonding, Among the collection of manufacturing
gives a sign of the combinations of two or more material methodology available for discontinuous metal matrix
with a specific end goal to enhance the properties. In a composites, stir casting is, by and large, acknowledged as
previous couple of years, materials improvement has an especially encouraging course. Its focal points lie in its
moved from monolithic to composite materials for simplicity, flexibility and applicability to large quantity
changing in accordance with the worldwide requirement production. It minimizes the total cost of the product.
for lessened weight, minimal effort, quality and high Metal matrix composites (DRMMC) production. By and
performance in structural materials. Principle stimulus for large, the solidification synthesis of metal matrix
the use of AMCs in regions of aviation and car composites includes creating a melt of the chosen matrix
commercial ventures incorporate execution, financial and material took after by the introduction of a reinforcement
ecological benefits [1]. The point included in outlining material into the melt, acquiring a suitable dispersion. The
metal matrix composite materials is to join the attractive following step is the solidification of the melt containing
characteristics of metals and ceramics production. The suspended dispersoids under chosen conditions to
expansion of high strength, high modulus refractory acquire the coveted distribution of the dispersed phase in
particles to ductile metal matrix creates a material whose the cast matrix in preparing metal matrix composites by the
mechanical properties are middle of the road between the stir  casting  method,  there  are  a  few variables that need

valuable blend of properties, for example, high strength,
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significant consideration, including: In preparing metal T651.It has maximum tensile strength no more than 40,000
matrix composites by the stir casting method, there are a psi (276 Mpa) and maximum yield strength not more than
few variables that need significant consideration, 21,000 psi (145 Mpa). The material has an elongation
including: 1. The trouble of accomplishing a uniform (stretch before ultimate failure) of 9–10%. 7000 series
distribution of the reinforcement material; 2. wettability alloys such as 7075 are often used in transport
between the two principle substances; 3. porosity in the applications, including marine, automotive and aviation,
cast metal framework composites; and 4. compound due to their high strength-to-density ratio.Their strength
responses (chemical reaction) between the reinforcement and light weight is also desirable in other fields. Rock
material and the matrix alloy climbing equipment, bicycle components and hang glider

Microstructure: The expression "microstructure" is [4,5].
utilized to depict the appearance of the material on the nm-
cm length scale. A reasonable working meaning of the Boron Carbide [6]: Boron carbide (chemical formula
microstructure is: "The arrangement of phases and
defects within a material." Mainly, microstructures can
affect the behaviour of a material and its physical
properties and we can alter the microstructure of a material
to give it desired properties [2]. Microstructures are
formed through a variety of different processes.
Microstructures are almost always generated when a
material undergoes a phase transformation due to varying
temperature and/or pressure. Microstructures can also be
formed by deformation or by processing of the material.
Finally, microstructures can be created artificially by
merging various materials to form a composite material [2].

Microstructures of cast aluminum composite samples
were examined by metallographically. The photographs of
samples were taken. Samples were firstly cut and mounted
on the stage. Then they were grinded, polished and
etched with Keller solution which contains 1.5% HCl,
2.5% HNO , 1% HF, 95% H O. At the end, representative3 2

photographs were taken by a digital camera. In order to
get detailed and close views of interior structures of
aluminum samples, SEM studies were done. SEM studies
were done with JSM-6400 Electron Microscope (JEOL),
equipped with NORAN System [3].

Aluminium7075 (Al7075): Aluminum 7075 is an
aluminum alloy, in which zinc as the primary alloying metallurgical properties of AMMC's [12,13]:
element.7075 aluminum alloy's composition roughly
includes 5.6–6.1% zinc, 2.1–2.5% magnesium, 1.2–1.6% 1. Stirrer design.
copper and less than half a percent of silicon, 2. Stirrer speed.
iron,manganese, titanium, chromium and other metals. It 3. Preheated Temperature of Mold.
is strong, with a strength comparable to many steels and 4. Stirring time (Holding time).
has good fatigue strength and average machinability, but 5. Stirring temperature
has less resistance to corrosion than many other Al 6. Reinforcement Feed Rate.
alloys. Its relatively high cost limits its use to applications 7. Wettability-advancing operators.
where cheaper alloys are not suitable. It is produced in 8. Pouring of melt.
many tempers, some of which are 7075-O, 7075-T6, 7075- 9. Reinforcement preheats temperature.

airframes are commonly made from 7075 aluminum alloy

approximately B4C) is an extremely hard boron–carbon
ceramic and covalent material used in tank armor,
bulletproof vests, engine sabotage powders [7], as well as
numerous industrial applications. With a Vickers
Hardness of >30 MPa, it is one of the hardest known
materials, behind cubic boron nitride and diamond [8].
Boron carbide is known as a robust material having high
hardness, high cross section for absorption of neutrons
(i.e. good shielding properties against neutrons), stability
to ionizing radiation and most chemicals [9]. Its Vickers
hardness (38 GPa), Elastic Modulus (460 GPa) [10]and
fracture toughness (3.5 MPa•m1/2) approach the
corresponding values for diamond (115 GPa and 5.3
MPa•m1/2) [11].

Stir Casting Process: Stir Casting strategy is a fluid
metallurgy procedure in which the second stage materials
(reinforcements) are brought into the liquid matrix and
permitting the blend(mixture) to solidify. Here, the basic
thing is to make great wetting between the reinforcements
and the liquid aluminum or aluminum composite, this is
the least difficult and most monetarily utilized procedure
and known as the vortex method or the stir casting
method. Different procedure parameters of stir casting
ought to be legitimately controlled to acquire great
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SEM: Scanning electron microscope is one of the Additional components are necessary such as
fascinating examination techniques. Main components of
SEM are: Column, specimen chamber, vacuum pump
motor, monitor and control panels. The material tester
turns on the vacuum pump control and prevents the
specimen chamber. After the pressure equalization, the
cover plate of the specimen is chamber can be opened.
Together with the cover plate the stage pans forward,
now the samples are placed on the round stage. The
specimen is kept/ assembled and we are ready to start.
The material tester carefully closes the cover plate and
switches on the 2 stage high vacuum pump as well as the
electronic control. It takes about three minutes to obtain
sufficient vacuum in the vacuum chamber and column.
Meanwhile, the monitor is turned on, initialization of
monitor stage is done and the microscope control is
booted. Now the material tester can switch on the high
voltage and the thermionic cathode. The first time a
reasonable image appears on the monitor it chose the part
of the specimen stage. Using the trackball the stage is
moved within the microscope and looks for the place
where the sample is positioned. The magnification is
gradually increased, the position readjusted and
magnification is increased again. Now the image of the
specimen is seen on the monitor.

Working of SEM:The upper part of SEM is column;
it is used to generate an electron beam. The lower part
consists of specimen chamber with the cover plate. If we
see the longitudinal section, the flange leading to the high
vacuum pump is visible at the bottom. Thereby high
vacuum is generated inside the microscope. The round
specimen stage can not only be moved left, right but
likewise in all other directions. It may be tilted or rotated.
All specimens to be investigated are placed on specimen
stage. To create an electronic beam, a Vshaped thin
tungsten wire is used. This is called the thermionic
cathode. This is the thermionic cathode is heated by
electric current. It emits electron into the vacuum. Below
a cathode a metallic disc with a control bore hole is
installed with an anode. The anode is connected to a
positive pole of the high voltage source and the
thermionic cathode with negative pole. The strong electric
field between the cathode and anode accelerate the
electrons downward. These electrons are called primary
electrons. These electrons form a wide diverging beam.
This beam of primary electrons is not useful yet. Now the
electromagnetic lens focuses the primary electron beam
on the specimen surface. At the point of incidence the
primary electron knockout the electron of the specimen.
These electrons coming out of specimen sample is called
secondary electrons. 

electromagnetic deflector, raster scan generator,
secondary electron detector (abbreviated as SE detector).
The basic principle of SEM is to detect the secondary
electrons and use them to build up an image. A positively
biased grid is placed in front of the detector. The grid
attracts the secondary electrons and leads them to SE
detector and this is the way to generate magnified image
of the sample. The raster scan generator directs the
electron beam to left rear part of the sample and stops
there for a short time. The number of SE electrons is
detected by the SE detector and the signal is amplified
and displayed as a dot in the top left a corner of the
monitor. The electron beam pans slightly to the right and
stops again and the measurement is repeated. In the same
way, the next point in the sample is dealt with. The
principle is many recorded secondary electrons leads to
a bright image point few electrons lead to gray image
point and not at all to a black one. The entire row is
covered in this way. Then this is done for the second row
until a rectangular array has been scanned and the image
appears on the monitor.

RESULTS

Fig. 1: Continued
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Fig. 1: Microstructure of Al7075-7% B4C sample at 10x 7. Kaczmara, J.W., K. Pietrzakb and W. Oosinski, 2000.
magnification. “The production and application of metal matrix

Fig. 2: Microstructure of Al7075-7% B4C sample at 20x August 11, 2012. Retrieved 2012-08-12.... boron
magnification. carbide is the third-hardest material on earth. 

CONCLUSIONS

Processing variables such as holding temperature,
stirring speed, size of the impeller and the position of the
impeller in the melt are among the important factors to be
considered in the production of cast metal matrix
composites as these have an impact on mechanical
properties. These are determined by the reinforcement
content, its distribution, the level of the intimate contact
of the wetting with the matrix materials and also the
porosity content. The microstructure was studied under
10 and 20x magnification. The micrograph for the cast mmc
showed uniform distribution and great dispersion of
reinforced particles within the aluminum matrix. 
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