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Abstract

Among several methods to fabricate Aluminium metal matrix composites, stir-casting technique is used for large-scale
production due to its being less expensive. This research is concerned with the fabrication of Aluminium composites with
SiC and Jute Ash Particles, for sake of producing a cost-effective composite with enhanced properties. Wear behaviour
was studied using pin on disc tribometer and it was found that wear resistance increases with-addition of reinforce-
ment particles. Fabricated composite samples showed almost 4 times better wear resistance compared to base mate-
rial. Matrix metal reinforced with SiC showed the best wear resistance of all fabricated samples. Coefficient of friction
significantly decreased with the presence of reinforcement due to formation of mechanical mixed layer. Tensile Strength
was escalated with the introduction of reinforcement as load is transferred to strongly bonded reinforcement particles.
Microhardness was enhanced with the introduction of reinforcement and Sample 2 with SiC as reinforcement showed
the best microhardness. Microstructure and fractography of the base metal and fabricated composites was analyzed by

Scanning Electron Microscope (SEM).
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1 Introduction

Composite is a mixture of two or more materials which are
not soluble in one another, they have superior properties
compared to any of its component materials. Composite
materials have acquired a large section of automotive
industry due to their light weight & robust behavior i.e.
being able to withstand harsh conditions [1]. Aluminium
Metal Matrix Composites (AMMC) are used for various
applications such as brake rotors, pistons, cylinder liner
[2]. These are also used in aerospace and marine indus-
tries because of its lower production cost and balanced
properties [3]. AMMC can be fabricated through various
processes ranging from liquid metallurgy processing and
solid metallurgy processing, some liquid metallurgy pro-
cessing are compos casting, stir casting, liquid infiltration

etc. [4]. Out of all liquid metallurgy processing ways out
there, stir casting is one of the most flexible as it allows us
react in case of change, less expensive and have the higher
production rate [5].

Recent studies show that various natural fibre prod-
ucts can be utilized for advance engineering application.
Mahesh et al. [6] fabricated jute rubber composite with
different stacking sequences and studied the influence
of process parameters on wear behavior of composite.
They concluded that wear rate is most affected by abrad-
ing distance, compared to load and composite configura-
tion. Praveen Kumar et al. [7], used Al-4.5%Cu alloy and
reinforced it with 2%, 4% and 6% of bamboo leaf ash
(BLA) respectively via stir casting. Slurry erosion behav-
ior of hybrid matrix flexible composite (HyMFC) made
from different stacking sequence of jute and rubber, and
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single matrix flexible composite (SMFC) were compared
by Mahesh et al. Process parameter were optimized using
Taguchi and they concluded that best erosion resistance in
slurry medium was provided by HyMFC composed of vul-
canized rubber bonding gum [8]. Ravi et al. [9], fabricated
Aluminium metal matrix composite (AMMC) with natural
fibre reinforcements like bagasse, GSA, RHA, coconut shell
ash using stir casting.

Earlier many researchers have used stir casting to
fabricate composites materials reinforced with various
ceramic particle reinforcements, and found that fabricated
composites have enhanced mechanical and wear perfor-
mance [10-16]. Anshul et al. [17] reviewed the mechani-
cal properties of variety of alloys like Mg-4Y-3Nd (WE43),
Mg-ZrSiO4-N,03, Al-Si hypoeutectic A356 alloy, 5210
steel (WC-12% CO coated) under the influence of friction
stir processing. They concluded that in reinforced alumin-
ium alloys wear resistance increased. Ravi et al. [18] stud-
ied different effects on mechanical and tribological prop-
erties of AMMC reinforced with SiC, boron halide, fly ash,
Graphite and Rice husk ash. Kaushik et al. [19], studied the
abrasive wear behavior of stir casted Al6082-SiC-Gr com-
posites and compared it with Al 6082-SiC composites and
Al6082 alloy. Wear resistance of Al-SiC-Gr hybrid compos-
ites surpassed all other fabricated composites. Alaneme
et al. [20] studied the wear behavior Aluminium matrix
hybrid composites reinforced with alumina, Rice husk ash
and graphite. Composites without graphite showed better
wear properties. Marigoudar et al. [21] studied the wear
behavior of zin—-Aluminium alloy reinforced with SiC. By
integrating SiC particles wear resistance properties of the
material were observed to enhance. It was also witnessed
that with increase in SiC content the wear of composite
decreased.

Md. Tanwir Alam et al. [22] fabricated AA356 composite
using varying wt% of SiC nanoparticles as reinforcement
via Stir Casting. They found that tribological properties
were enhanced with increasing wt% of SiCn, and adhe-
sive wear was the major wear mechanism. They also per-
formed regression analysis and successfully developed a
mahematical function for the same. Rao et al. [23] found
that Al/SiC composite had significantly lesser wear coef-
ficient than the alloy and it subdued further due to pres-
sure applied and SiC particulate addition. Jo et al. [24]
fabricated a hybrid metal matrix composite of alumin-
ium-SiC-B4C, ballistic impact tests & various compres-
sive test were performed. Hybrid composite was found to
perform better in all the performed tests. Alam et al. [25]

used two step stir casting to reinforce AA356 with SiCn,
optimization and analysis of controlling factors were done
using Taguchi and ANN. By SEM analysis they found that
wear was decreased due to the presence of oxide layer
and SiCn particles. It was concluded that Taguchi and ANN
can be used to decrease time involvement in industries in
various testing processes.

In order to fulfill the needs of the growing population
there is an increase in agricultural activities resulting in
increasing agricultural waste production. This agricul-
tural waste needs to be disposed off, so in this research
an attempt has been made to utilize this freely available
natural fibre ash utilize for engineering application. In this
work, tribological and mechanical properties of aluminium
metal matrix composite reinforced with ceramic and natu-
ral fibre (Jute ash) has been studied. Jute is a lignocellulose
fibre having promising mechanical and thermal proper-
ties. Its light-weight, less cost and ease of availability
made it ideal to use it as reinforcement, using these type
of natural fib re material as reinforcement is eco-friendly
way of dealing the natural fibre [26-28], whereas SiC are
ceramic particles used in order to increase the hardness
of the composite.

2 Materials and method
2.1 Materials

In this study, the material selected is AA6061 was taken as
the matrix material, chemical composition is mentioned
in Table 1 [13]. Reinforcements used in this study are SiC
having a particle size of 10 um shown in Fig. 1a. Jute ash
is prepared with the exterior part of the coconut known
as jute shown in Fig. 1b. The jute was first made dried in
the sun rays for 7 days. Dried part is burnt using Camphor
balls and jute ash is prepared of fine size of 50 um, by ball
milling as shown in Fig. 1c.

2.2 Fabrication of composite

The stir casting experimental setup mainly comprised
of an electric furnace and stirrer. The furnace can work
with working temperature of 1000 °C and the working
current rating of furnace is single phase 230V AC, 50 Hz.
The AA6061 is taken in the form of fine scraps then, the
scrap is placed in the furnace and heated to a temperature
just above 600 °C and converted to semi-liquid state. The

Table1 AA6061 chemical
composition

Elements Si Fe

Cu Mn Mg Zn Cr Ti Al

wt% 0.64 0.29

0.26 0.1 0.88 0.03 0.09 0.03 Rest
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Fig. 1 a SiC powder b Dried Jute ¢ Jute Ash after burning and ball milling

Table2 Sample composition

Samples Al alloy 6061% Silicon carbide Jute Ash (%)
(%)

Sample 1 100 0 0

Sample 2 96.6 34 0

Sample 3 99.1 0 0.9

Sample 4 95.7 34 0.9

process is followed by the addition of preheated reinforce-
ment powder which is heated to a temperature of 5000 °C,
to the semi liquid matrix, and argon gas is made to enter
into the furnace for 3 min. Mechanical stirring is used at a
rotating speed of 150 rpm while reheating process is going
on and this process is carried out for 14 mins. Then the
molten AMMC is poured into the cylindrical shape molds
and subjected to compaction to produce the required
Sample. Four Samples were made, first composed of just
the base material (AA6061), second consist 3.4 wt% of
SiC taken on basis of the literature review, third Sample
consisted of randomly take < 1 wt% of jute ash and forth
Sample consisted of both jute ash and SiC, composition of
Samples is mentioned in Table 2. The Schematic represen-
tation of the stir casting setup is shown in Fig. 2.

2.3 Tensile testing

Sample for tensile were carved through the Wire EDM pro-
cess. Large bone shaped tensile samples were drawn up
according to ASTM: E8/E8M-011, and the prepared tensile
sample are shown in Fig. 3. UTS and percentage elonga-
tion was given as the output by Tinius Olsen H50KS, com-
puter controlled universal testing machine which was used
to examine the tensile behavior of the samples.

Mechanical stirrer
Thermocouple

Crucible

Argon

Electrical r Py

Resistance
) Stainless
Stainless stee| Injector
Steel Impeller

Stainless Steel
Stopper
Fig.2 Schematic representation of the stir casting setup

Sand Mould

Sample 1 7

Sample 2

Sample 3

Sample 4

Fig.3 Tensile Samples

2.4 Microhardness

Fisher scope HM2000S was used for studying microhard-
ness of the prepared Samples, microhardness can be
tested for materials ranging from very soft to hard, and
testing can also be done on heavy loads. Microhardness
was studied at 4 different points for constant 300 gm load
for 20 s according to ASTM E8/E8M-011 standard. The aver-
age of all 4 values for a single Sample was taken as the
resulting microhardness.
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2.5 Wear testing

Pins of diameter 10 mm were carved out from the casted
composite, in order to test the wear on pin on disc tribom-
eter (DUCOM) as shown in Fig. 4. Disc made of material EN
24 of diameter 100 mm, hardness 58 HRC and roughness
0.2 um was used, wear test was conducted at load of 20 N
on two different track diameter and rpm mentioned in
Table 3, with a sliding speed of 2 m/s and sliding distance
of 3000 m, this test was conducted according to ASTM
G99-04 standard. These test conditions were taken as ref-
erence from the previous studies done by the researchers,
all test conditions are mentioned in Table 3.

3 Results and discussion
3.1 Tensile strength

Stress Strain relation and tensile test results of the Samples
can be seen in Fig. 5. It can be concluded that total elon-
gation of the fabricated composites is more than that of
base metal, it means ductility has improved with the intro-
duction of reinforcements. This change in ductility can be
attributed to proper dispersion and abutting packing of
reinforcement particle in the matrix [29]. There is dras-
tic increase in tensile strength of the fabricated samples
compared to the base material. This can be attributed to
transfer of load to strongly bonded reinforcement parti-
cles in matrix [30]. Sample 2, having SiC as reinforcement

Wear Specimens

Pin holder
assembly

Fig.4 Pin on disc tribometer
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Table 3 Wear test conditions

S.no Test conditions Values

1 Load 20N

2 Pin diameter 10 mm

3 Track diameter 80,60 mm
4 Sliding lance 3000 m

5 rpm 238,318
6 Disc roughness 0.2 um

7 Disc hardness 58 HRC

showed the best results with an Ultimate Tensile Strength
(UTS) of 123 MPa. Similar types of results were reported
from kumara et al. [29], aluminium metal matrix composite
materials reinforced with SiC. Whereas, Sample 3, with Jute
Ash as reinforcement showed a UTS of 122MPa followed
by sample 4, having both SiC and Jute Ash as reinforce-
ment with UTS of 113 MPa. Adhesion of matrix and rein-
forcement effect mechanical properties [31], the above
decrease in UTS might be due to the improper adherence
when jute ash and SiC are reinforced simultaneously with
the matrix metal. When reinforced jute epoxy reinforced
composite with high wt% of Al203 found tensile strength
to decrease because of improper adhesion of filler and
matrix [32]. Toughness of a sample is corresponding to its
UTS values i.e. sample having more toughness will have
higher UTS value. Sample 2 is toughest of all fabricated
samples followed by sample 3, then sample 4 and at last
sample 1 or base material has the minimum toughness.

Stress vs Strain

140

Sample 1
Sample 2

120 Sample 3 //1
Sample 4

100

80

60

Stress, MPa

40 r

20

0 05 1 15 2 25 3 35 4 45
Strain, %

Fig.5 Stress—Strain diagram of all the samples
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0.06
0.0531

0.05

0.04

Wear in grams
o
o
w

0.015 0.0165

Sample 3

0.0115

0.01 l
0

Sample 1

Sample 2 Sample 4

Samples

Fig.7 Wear loss in grams

3.2 Microhardness

From Fig. 6 it can be observed that with the introduction
of reinforcement microhardness of the base material was
enhanced. Sample 2, having only ceramic as reinforcement
showed the best microhardness of 66 HV as ceramic are
hard. These ceramic particles hinder the movement of dis-
location hence increasing the microhardness. This increase
in microhardness might also be ascribed to dynamic pro-
cess of recovery, re-crystallization [29, 30]. Sample 3 had
better microhardness than base material because of pres-
ence of hardness of ash particles. Similar type of results
were reported by Butola et al., when reinforced Al 6061

with various natural fibres reinforcement [5]. The recorded
microhardness of Sample 3 was less than that of Sample
2 as jute ash is not as hard particles as compared to SiC
particles. Sample 4 had the least microhardness than all
other fabricated composite samples. This degradation of
mechanical property might be due to the unseemly adhe-
sion of jute ash and SiC particles with the matrix [31].

3.3 Wear

Wear loss of the tested samples is shown in Fig. 7, with the
introduction of reinforcement wear loss decreased. Mini-
mum wear loss was recorded for Sample 2 which contains
only SiC as reinforcement; as well dispersed SiC particles
bear most of the load and allow minimal metal to metal
contact [23]. Sample 3 showed less wear loss than other
samples but more than the Sample 2, as scattered jute ash
bears most of the load but these are not as hard as com-
pared to SiC particles. Sample 4 had the highest wear loss
of all composite samples because of increased ductility of
the Sample, still its wear loss was almost 70% less than that
of the base material. Enhanced wear resistance of the fab-
ricated samples is corresponding to their increased hard-
ness. Similar type of results were reported by Mahesh et al.
[33] assimilated areca nut filler in coir fiber reinforced areca
nut and reported that main factor influencing the wear
resistance of any composite is its hardness and results.

3.4 Coefficient of friction as a function of sliding
distance

The friction coefficient significantly decreased with the
presence of reinforcement, sliding wear counterparts
leads to the formation of carbide particles layer on the
surface and friction coefficient is decreased. A tribo-
layer i.e. mechanical mixed layer (MML) is formed which
reduces the direct contact surface between the disc and
the composite as a result friction coefficient and wear loss
is decreased. The variation of friction coefficient with the
sliding distance for all tested wear is shown in Fig. 8. Ini-
tially there are big spikes, due to the initial metal to metal
contact after the wear of base material when reinforce-
ment comes to the surface due to the introduction of
tribo-layer steadiness comes in the plot.
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Fig. 8 Coefficient of friction v/s sliding distance of a Sample 1, b Sample 2, c Sample 3, d Sample 4

3.5 Microstructure analysis

Scanning Electron Microscope (SEM) was done in order
to get high quality microstructure image of the surface of
the base metal and surface of the fabricated composite
samples. In order to get more refined grain boundaries
on the surface, the surface was polished with different
grade emery paper ranging from lower to higher grade
i.e. 200, 400, 600, 800, 1000, 1200, 1600 and 2000. After this
wet polishing was done in order to get fine finished sur-
face, and then SEM images were generated. A SEM image
confirms the existence of SiC and jute ash particles in the
matrix and at some places clustering of particles can be
seen. Grain boundaries can be seen in the microstructure
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images in Fig. 9a—d of the Samples. Increase in wear resist-
ance and hardness can be attributed to distribution of
reinforcement particles in the matrix which is confirmed
in the SEM images, similar type of results were reported by
other researchers [22].

3.6 Fractography analysis

After tensile test fractured surfaces were examined using
scanning electron microscope and fractography images
obtained are shown in Fig. 10. It can be asserted that the
main reason of fracture was the presence of voids and
tearing of matrix. In Fig. 10b crack formation on the frac-
tured surface can be observed. This might be attributed to
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Fig.9 SEMimages of a Sample 1, b Sample 2, c Sampe 3, d Sample 4

the resistance offered by the hard SiC particles dispersed
all along the matrix. Small dimples on the fractured sur-
face can be seen in Fig. 10c. These dimples indicate that
the composites have experienced the ductile fracture,
enhanced ductility has also been discussed in this study
earlier. Craters formation can be observed in Fig. 10d.

These might have formed due the lumping of the rein-
forcement, this clustering can also be observed in Fig. 9d.
Similar pores have been reported by K. Logesh et al. [34] in
their study. These craters support and accelerate the crack
formation resulting in untimely fracture.
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Fig. 10 Fractography images of a sample 1, b Sample 2, ¢ Sample »
3,d Sample 4

4 Conclusion

In this research, attempts have been made to fabricate a
composite using jute ash and SiC as reinforcement. The
fabricated composites showed enhanced tensile and tri-
bological properties than its matrix material. The following
conclusion can be drawn from this study:

e Tensile Strength and elongation increased with the
introduction of reinforcement due to proper dispersion
of reinforcement particles.

e Out of all fabricated composite samples, sample 2
showed the maximum UTS value as the load is trans-
ferred to strongly bonded reinforcement, releasing
most of the stress from the Al matrix.

e Sample 2 showed the minimum wear loss as SiC beared
most of the load, followed by sample 3, and then sam-
ple 4, which had significantly less wear loss than base
material.

o Wear resistance increased with introduction of rein-
forcement as wear is dependent on hardness and rein-
forcements used are harder than the matrix.

e Microhardness was improved with the presence of
reinforcement particles and all reinforced samples had
microhardness more than the base material.

e Sample 2 showed the maximum microhardness
because of presence of hard SiC. Sample 3 showed the
minimum microhardness of all reinforced samples,
because of improper adhesion of reinforcements with
the matrix.
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