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Abstract: This research focuses on manufacturing and
mechanical characterization of functionally graded materials
using powder metallurgy techniques. Owing to its low density and
high strength to weight ratio, pure aluminum with mesh size No.
200 is chosen as the matrix. Silicon carbide with mesh size No.
220, which has a wide range of applications due to its high
hardness, is selected as reinforcement. Specimens of two
functionally graded materials(FGM) with 4 layers (0%, 3%, 7%,
10%)(FGM-1) and 5 layers (10%, 20%, 30%, 40%, 50%) (FGM-2)
are sintered by varying the SiC composition from layer to layer.
From the microstructure, it is clearly evident that four layered
specimens achieved more homogeneous mixture than five layered.
Also, mechanical properties of four layered specimens attained
better results than five layered specimens.
Index Terms: Functionally graded
metallurgy, Silicon Carbide, Aluminum.
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I. INTRODUCTION
Gradual change in composition and structure over volume is
an important characteristic feature of functionally graded
material(FGM). Engineering components like brakes and
piston cylinders are subjected to two different service
conditions on either side in the thickness direction, which
results in different property changes in either sides. In the case
of gears, two desirable properties are high toughness and
better surface hardness. High toughness helps in withstanding
dynamic loads, while better surface hardness helps in
avoiding wear. Keeping such devices in view a new category
of advanced and innovative metals are being developed and
studied with the goal of achieving superior and reliable
performance based on the function and application the
materials can be designed [1-3]. Al, Cu, Zn and Mg alloys are
most widely used as matrix in metal matrix
composites(MMCs), of these, Al alloy used in aircraft
structures, especially for wing and fuselage structures has
good machining characteristics, high strength and fatigue
resistance, based on its features like low weight to strength
ratio and high heat conductivity it is used widely for rotating
and reciprocating parts like piston, brake rotors, drive shafts
and automobile engines. Based on the chemical. composition,
Al alloys exhibit a varied range of mechanical properties
when reinforced with ceramic metals like Al2O3, B4C, TiC
and SiC. Many scientists are working on Al/SiC composites
due to the attractive properties of SiC [4-7]. Choice of
fabrication method plays a pivotal role in FGM research. A
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wide range of production processes are put in place for
processing FGMs. Examples powder metallurgy, thermal
spray, slip casting, centrifugal casting, laser cladding and
chemical vapor deposition [8]. Because of its advantages like
low processing temperature vis-a-vis melting techniques,
good distribution of reinforced particles and ability to
manufacture near net shape products at low cost, powder
metallurgy is a good technique for producing MMC’s [9-10].
To find the constituents, present in the blended powder and to
identify any reactions between the alloy and ceramic
components XRD analysis is carried out [11-12]. To observe
the distribution of ceramic reinforcements in each FGM
layers, and to study the interfacial bonding between two
adjacent layers the microstructural characterization is carried
out. For visualizing distribution of reinforcing phases at
higher magnification SEM analysis is performed [13]. Earlier
work on Al-SiC metal matrix composite was carried out by
the same authors where fabrication of Al-SiC functionally
graded composite and its tribological properties were
discussed [14]. It is shown that functional graded material
possesses gradient in wear resistant from one edge to other
edge of the sample with improvement in wear properties than
Cast iron which is generally used for breaks discs. Thus, the
authors show that the CI can be replaced with Al-SiC metal
matrix functionally graded material. However other
mechanical properties like hardness, toughness and tensile
strength are also critical in comparing the behavior of the
MMCs and FGMs [15-17] with the present comparative
material that is Cast Iron. This work focus on the mechanical
properties such as hardness, toughness and tensile of the
composite with sic reinforcement within Al matrix for brakes
application. It is expected that as this material are functionally
graded, the mechanical behavior may have significant
influence and it is worth to focus on such change in
mechanical behavior of overall product due to such
functionally gradient properties.
II. MATERIALS AND METHODOLGY
In the current work, Aluminum-silicon carbide FGMs are
produced using powder metallurgy method and the
performance of these FGMs are investigated experimentally.
Preparation of the FGM samples is done using the raw
materials purchased from NICE chemicals private limited
Hyderabad. For both aluminium and silicon carbide mesh
sizes of No. 200 and No.220 are used. Silicon carbide, a
ceramic material known for its hardness is used in the FGMs
for reinforcement. This improves the hardness and abrasive
efficiency
of
the
corresponding
FGM
samples. It is applied to each
and very layer of the FGM
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samples but in different proportions (Table 1). Pure
aluminum is used as matrix material owing to its higher
hardness and strength as the age progresses.
These aluminum and silicon carbide powders were
ball-milled at 270C temperature for 1 hour in a ball mill at a
speed of 100 rpm using tungsten balls. The ball- to powder
mass ratio is 10:1[18]. For compacting a powder mixture of
about 30gms, a cold uniaxial press with a die punch
arrangement is employed. The powders are poured into the
die and pressed in the cold pressing machine at a load of 150
kN. Zinc stearate is used as a lubricant to avoid the sticking of
specimens on the wall of the die. It is also used for the powder
to flow freely. Four test specimens are shown in Fig 1. The
FGM specimens are sintered for 1 hour at a temperature of
5800C in a protected atmosphere furnance.
Fig.2. XRD Graph

Table I. composition of specimens.
Specimens/Layers

1

2

3

4

5

FGM-1(wt.%)

0

3

7

10

-

FGM-2(wt.%)

10

20

30

40

50

B. Microstructure Of FGM-1 and FGM-2

Fig .1. Pure aluminum, FGM-1, FGM-2 specimens
III. RESULTS AND DISCUSSION
A. XRD Analysis
To find the presence of intermediate phases in the FGM XRD
analysis is carried. The XRD technique is one of the important
phase analysis methods performed on the MMCs to determine
the reaction between the alloy and ceramic components. The
results of XRD analysis confirmed the presence of Al and SiC
in both the FGMs as shown in Fig 2. It is clear from the XRD
analysis that no other unwanted materials are present instead
of Al and SiC. From the XRD graphs in Fig 2 it can be
inferred that the percentage increase in SiC as reinforcement
in the base metal has resulted in the increase of SiC intensity.
Al and SiC peaks are indexed using ICSD codes.
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Fig. 3(a) and (b) SEM images of FGM-1&2
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Fig “3(a)” and Fig “3(b)” contains silicon carbide (as shown
by arrows) distributed homogeneously throughout the matrix.
However due to the higher fraction of SiC in Fig 3(b), it gets
agglomerated whereas no agglomeration is observed in Fig
3(a).
C. Hardness of FGM-1 and FGM-2:
In order to measure the hardness of specimens, Rockwell
hardness test has been carried out. According to the
specifications of Rockwell hardness test for aluminium alloys,
1/16-inch stainless steel indenter was used and a constant load
of 100 Kgf is applied for a duration of 20 seconds. The values
obtained from Rockwell hardness test refer to B scale
readings specified on the machine.

nature. In case of specimens made out of brittle materials,
little energy is absorbed and in case of ductile materials high
energy is absorbed for fracture. The charpy specimen is
placed in the vice so that it behaves like a simply supported
beam.
Table V. FGM-2 Impact test Results
Toughness (J)
Avg.
Sample
Toughness
On
On face
(J)
side
Pure AL
4
6
5
FGM-1
3
14
8.5
FGM-2
5
7
6

Table II. Pure Al Hardness
hardness
Composition

Pure AL

Trail
1

Trail
2

Trail
3

53

50

52

Avg.
hardness

51.67

Table III. FGM-1 Hardness values
Layers

SiC
%
comp

Layer 1
Layer 2
Layer 3
Layer 4

Layers
Layer 1

Hardness

Avg.
hardness

Trail
1

Trail
2

Trail
3

0

53

55

51

53

3

56

54

55

55

7

60

61

63

10

71

82

72

Fig. 4. Toughness values between different specimens
Table 5, shows the results of charpy impact test. Fig 4 shows
the comparison between the multi-layered FGMs. FGM-1 can
absorb high energy than FGM-2. In FGM-1 the total
composition of SiC used was about 5.33% while it is 30% in
FGM-2. Silicon Carbide, a brittle material which when added
to a ductile material viz., aluminium may change the ductile
properties of aluminium and can convert it into a brittle
material, which is easily broken by sudden loads. This is one
of the reasons for the failure of the specimen or for obtaining
lows. So, the SiC content should be optimum in every
specimen so that it gives good toughness values.

61.3
75

Table IV. FGM-2 Hardness values
Hardness
SiC %
Avg.
comp Trail Trail 2 Trail hardness
1
3
10
65
60
66
63.67

Layer 2
Layer 3

20

62

70

74

30

71

71

70

Layer 4
Layer 5

40

72

78

74

50

83

93

84

E. Tensile Test
The tension test is conducted as per ASTM E8 standard on a
universal testing machine at room temperature. Table 6.
tabulates the results for the tensile test.

68.67
70.67
74.67
86.67

Table 2,3 and 4 show the hardness values of pure aluminum,
FGM-1(4 layers) and FGM-2(5 layers) specimens with
varying SiC %wt. It is clear from the tables the hardness value
of pure aluminum is less because of the absence of SiC and
with the increase in SiC content hardness increases for
FGM-1and FGM-2.
D. Toughness
Charpy impact test is used to determine the behavior of
material when subjected to high rates of loading usually in
bending, torsion and tension. The amount of energy absorbed
by the specimen during charpy test indicates its physical
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Specimen

Load at
yield
point(N)

Yield
Stress
(N/mm2)

Load at
peak
(N)

Tensile
Strength
(N/mm2)

%
Elongatio
n

Pure Al
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1120

16.776

1410

22

6.16
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