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Abstract - This work deals with the effect of Al;03 particles
on tribological and mechanical behavior of Al6082 metal
matrix composites fabricated by powder metallurgy technique.
Four different weight percentage (0%, 5%, 10%, and 15%) of
reinforcements were utilized and also the samples were
sintered at four different sintering temperatures (420°C,
450°C, 480°C and 510°C). Various properties such as wear,
hardness, porosity and density were investigated with
variation of reinforcement content. Microstructural
observations was made to study the particle distribution and
porosity. The results obtained for density and porosity shows
an increase in density of composite with increase in sintering
temperature and also decrease in percentage of reinforcement
but Porosity increased with decrease in sintering temperature
and increase in reinforcement content. Rockwell hardness test
results showed an increase in hardness value with wt.% of
AlbO3; and with sintering temperature. Wear test was
conducted by considering a constant speed of 100rpm and
distance of 200m at three different loads of 9.81N, 14.72N and
19.62N.
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1.INTRODUCTION

Aluminium matrix composites (AMCs) used in
various industries such as automotive, defense, and
aerospace because they exhibit high electrical conductivity,
light weight, good corrosion resistance, and high strength to
weight ratio. Aluminum matrix composites can be utilized
for the automobile products, for example, cylinder liner,
brake disc and engine piston. Among engineering alloys,
Aluminum alloys are most used next to steel. Al alloys exhibit
low wear resistance and low yield strength. Addition of hard
ceramic particles to soft Al alloys improves wear resistance
and strength at both elevated and ambient temperatures.

It is necessary that the reinforcements should be
uniformly distributed in composites to achieve excellent
mechanical and tribological properties. Components
produced using zinc based Al alloy materials showing
strength of nearly 80% of that of components produced

using steel. Addition of lithium as primary alloying element
to aluminium gives rise to unique characteristics of
combination of low density (p) and high elastic modulus
(E). Powder metallurgy is the common method for
production of metal matrix composite because it produce
near net shape with minimal material loss.

2. MATERIALS AND EXPERIMENTAL PROCEDURES

In the present study, A16082 alloying elements (Mg 0.6-1.2
wt.%, Si 0.7-1.3 wt.%, Cr 0.25 wt.% max, Fe 0.5 wt.% max, Cu
0.1 wt.% max, Zn 0.2 wt.% max, Mn 0.4-1.0 wt.%, Ti 0.1 wt.%
max and balance Al) were used as the matrix material with a
mesh size of 300. Alumina (Al,0O3) particulates with a mesh
size range of 100-200 were used as reinforcements. The
melting temperature of Al6082 is 555°C.

2.1 Blending

Planetary ball mill was used to perform blending of powders.
Milling speed was maintained at 200 rpm and milling time
was 2h. Mixing was done by using 25 steel balls of 10mm
diameter.

2.2 Compaction and sintering

Compaction of powder was done with the help of 200KN
capacity compression testing machine. The die was
fabricated using EN24 steel material according to required
dimensions. Matrix and reinforcement particulates were
poured into the die and pressed at a constant load of 18KN.
Cylindrical specimens of size @10 x 8mm were prepared.
The compacted specimens were sintered at four different
(420°C,450°C, 480°C and 510°C) sintering temperatures for
2h in a sintering furnace. The sintered specimens were
allowed to cool in sintering machine only. The schematic of
Compression testing machine and sintering machine are
shown in Fig. 1a and 1b respectively.

© 2016,IRJET | ImpactFactor value: 4.45 |

ISO 9001:2008 Certified Journal | Page 1594



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 07 | July-2016

www.irjet.net

p-ISSN: 2395-0072

(a) (b)

Fig-1: Equipments (a) Compression testing machine (b)

Sintering furnace

2.3 Density and porosity measurement

The sintered density of samples was measured by dividing
the mass of samples with volume. The samples were
weighed using an electronic weighing balance with an
accuracy of # 0.0001g. Theoretical density was calculated
using rule of mixture. Porosity of prepared composite
samples was calculated by using both theoretical and
measured sintered densities.

2.4 Hardness

Hardness measurement of samples were performed using
Rockwell hardness testing machine. The hardened steel ball
of 1/8" was pressed against the specimen by applying 100
Kgfload and wait for 30 seconds before release theload. The
B- scale reading in the dial indicate the hardness value.
Perform the test by changing the location of indentor on the
specimen and take 3-4 readings. The average value of all the
readings is the hardness of the specimen which is noted as
Rockwell hardness number (RHN).

2.5 Wear test

Two-body abrasive wear test was conducted by using a pin-
on-disc machine. The surface of the sample (10 x 8mm)
glued to a pin of dimensions 7 mm diameter and 25 mm
length, which comes in contact with water proof 220 grade
Aluminum oxide (Al,03) abrasive papers. The Al,03 paper is
glued on a steel disc by using a suitable adhesive. The
abrading distance was taken as 200m. The abrasion wear
test was conducted on a track of 90 mm diameter. The
composite specimens were abraded against 220 grit Al;03
papers at load of 9.81N, 14.72N and 19.62KN, and at a
constant speed of 100rpm. Here the composite reinforced
with 10 wt.% of Al;03 sintered at four different sintering
temperatures were taken for wear test. The difference
between weight of specimens before and after wear was
noted.

Fig-2. Schematic of Pin-on-disc wear test machine

2.6 Microstructural studies

Microstructural studies were conducted to determine the
presence and distribution of reinforcement, and interfacial
integrity between matrix and reinforcement. The scanning
electron microscope is used to get the microstructure.

3. Results and discussion
3.1 Density and porosity measurement

Table -1: Theoretical and measured sintered densities
SL.No  Composition

Theoretical - Densities of sintered composites (gm/em’)

density( pa)
guem’  40°C 450°C 480°C  510°C

1 Ale082 20 1M8 2357 15712 25862

2 Ale0S2+5wt% 27434 1594 25432 25536 23788

AL
I AlG0R2+10wt% 27882 24967 25125 15192 25%M2
ALO;
4 AlG0R2+I5wt% 28345 24499 24515 24674 2.489%
AlL0;
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Fig-3: Theoretical density variation with composition of
composite

Variation of theoretical densities with composition of
composite are shown in Fig-3. Theoretical densities of
composite increases with increase in aluminium oxide. The
density of Al;03 is 3.95g/cm3 and aluminium density is 2.7
g/cm3. Here reinforcement density is greater than
aluminium alloy density hence with the addition of
reinforcement the theoretical density of composite
increases. Theoretical density is maximum for 15% addition
of reinforcement compared to 5% reinforced composite.
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Fig-4: Variation of measured density with composition of
composite

Theoretical density of composite is more than actual
measured sintered density. Fig-4 show that the density of
composite increases with increase in sintering temperatures.
As temperature increases, bonding strength between
particles also increases hence particles are densly packed in
the composite so the density increases with sintering
temperatures. As addition of reinforcement increases, the
actual sintered density decreases. For pure Al6082, the
sintered density is maximum but it is minimum for 15% of
Al;03. Theoretical density of Aluminium without
reinforcement is 2.7 g/cm3 but for 15% reinforced
composite is 2.8345 g/cm3. The maximum sintered density is
observed in pure Aluminium sample which is sintered at
510°C. Aluminium oxides are hard particles hence these
particles opposes the compaction of powder and they have
high melting temperature compared to Aluminium 6082
alloy. The bonding between Aluminium and Alumina
particles reduces because the samples are sintered at low
temperatures compared to melting point of alumina hence
sintered density decreases with increase in weight
percentage of Alumina reinforcement.
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Fig-5: Variation of porosity with sintering temperature

From Fig-5 we can observe decreasing porosity with
increase in sintering temperature, and also increasing
porosity with increase in weight percentage of
reinforcement. Air voids decreases with temperature hence
porosity decreases. At 15% of Al;03 the porosity is more
because of weak bonding between reinforcement and matrix
particles. Maximum porosity is obtained in a composite
reinforced by 15% Al,03 which is sintered at 420°C and
minimum porosity is observed in a composite made of pure
Al6082 alloy sintered at 510°C.

3.2 Hardness
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Fig-6: Comparison of Hardness number with weight
percentage of reinforcement

Hardness value goes on increases with sintering
temperatures. At 510°C, Hardness value is more compared to
other sintering temperatures. Maximum hardness obtained
is 90 RHN at 10% of reinforcement. Hardness is more for
reinforced composites compared to unreinforced alloy. Fig-6
shows an increase in hardness upto 10% of Al,03 but further
increase in reinforcement decrease the hardness i.e.
hardness value reduced for 15% of reinforcement. The
reduction in hardness value is because of clustering of
reinforcement particles in A16082 matrix. The strength of
composites reduces if reinforcement particles are not
distributed uniformly throughout the matrix.

3.3 Two body abrasive wear test

The specimens containing 10% Al.03 have high hardness,
hence they were used to examine the wear rate. Here,
abrading distance and speed were taken as 200m and
100rpm respectively for every trial of the experiment. The
wear rate obtained for different loads is shown in Fig-7.
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Fig-7: Variation of wear rate with load

The wear rate increased with increase in load and decreased
with increase in sintering temperature. As load increases, the
coefficient of friction increases and size of wear debris also
increases, hence results in more wear loss at higher loads.
The wear rate at a load of 19.62N was 21.5% higher than at
9.81N load for a sample sintered at 420 °C and wear rate is
about 14.9% higher when a sample sintered at 510 °C is
loaded by 19.62N compared to 9.81N . As sintering
temperature increases, the wear rate decreases i.e. wear rate
of sample sintered at 510 °Cis 15.6% lesser than a specimen
sintered at 420 °C under a constant load of 9.81N, similarly
there is 20.2% reduction in wear rate from 420 °Cto 510 °C
temperature at 19.62N load.

3.4 Microstructure observation

Composite samples sintered at 510°C were used for
microstructure observation. From SEM diagrams the
distribution of aluminium oxide particles and porosity
present in the material can be observed.
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Fig-8: SEM Images of composites reinforced by (a) 5%
Al;03 (b) 10% Al;03 and (C) 15% Al,03

4. CONCLUSIONS

An attempt was made to investigate properties of AMCs
reinforced with Aluminum oxide. Powder metallurgy (P/M)
technique was employed for composite fabrication. Different
weight fractions of Aluminum oxide were reinforced with
Al6082. Sintering temperatures were taken as 420°C, 450 °C,
480°C and 510°C. The following are the inferences of this
study:

1. Hardness test results revealed that the hardness of
fabricated composite increased with an increase in
reinforcement content from 0% to 10% and then
decreased at 15% of reinforcement due to
clustering of reinforcement particles. The hardness
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of composite is more compared to the hardness of
Al6082 alloy matrix.

2. Hardness test results also showed the increase in
hardness of fabricated composite with increase in
sintering temperature because of strong bonding
between particles at high temperatures. Maximum
hardness was observed in a sample reinforced by
10% Al;03 and sintered at 510°C.

3. Density studies revealed that the theoretical density
of composite increased with increase in
reinforcement content and Sintered density
decreased with increase in reinforcement. The
aluminium oxide particles are very hard compared
to aluminium 6082 particles hence these particles
opposed the compaction of powder so the sintered
density decreased with increase in aluminium oxide
particles.

4. Porosity of composite increased with increase in
weight percentage of reinforcement and it
decreased with increase in sintering temperature.
Porosity values are less at 510°C compared to
porosity at 420°C for all combination of composite.

5. The results obtained in abrasive wear test showed
that the wear rate decreased by 20.2% from 420 °C
to 510 °C sintering temperatures at a constant load
of 19.62N and similarly 15.6% reduction in wear
rate at 9.81N load because of strong bonding
between particles at higher temperatures.

6. The wear rate increased with increase in applied
load because of increase in coefficient of friction and
size of wear debris.

REFERENCES

(1

[2

(3]

(4]

[3]

Mohsen Hossein - Zadeh , Mansour Razavi, Omid Mirzae
“Characterization of properties of Al-Al;03 nano-
composite synthesized via milling and subsequent
casting” Journal of King Saud University - Engineering
Sciences (2013) 25, 75-80

Hafeez Ahamed, V. Senthilkumar. “Experimental
investigation on newly developed ultrafine-grained
aluminium based nano-composites with improved
mechanical properties” Materials and Design 37 (2012)
182-192.

Hai Su, Wenli Gao, Zhaohui Feng, Zheng Lu “Processing,
microstructure and tensile properties of nano-sized
Al;03 particle reinforced aluminum matrix composites”
Materials and Design 36 (2012) 590-596.

Gaurav Bajpai, Rajesh Purohit and R.S. Rana
“Development of Al-Nano Composites through Powder
Metallurgy Process using a newly designed Cold
Isostatic Compaction Chamber” Materials Today:
Proceedings 2 (2015) 2737 - 2746.

A.A. Mazen and A.Y. Ahmed “Mechanical Behavior of Al-
Al203 MMC Manufactured by PM Techniques Part [—

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Scheme I Processing Parameters” JMEPEG (1998) 7:393
401.

M. Kok “Production and mechanical properties of Al;03
particle-reinforced 2024 aluminium alloy composites”
Journal of Materials Processing Technology 161 (2005)
381-387.

R. Ganesh, Ram Subbiah & K. Chandrasekaran “Dry
Sliding Wear Behavior of Powder Metallurgy Aluminium
Matrix Composite” Materials Today: Proceedings 2 (
2015) 1441 - 1449.

R. Arrabal, M. Mohedano, E. Matykina, A. Pardo, B.
Mingo, M.C.Merino “Characterization and wear
behaviour of PEO coatings on 6082-T6 aluminium alloy
with incorporated a-Al,03 particles” Surface & Coatings
Technology xxx (2014) xxx-Xxx

T. S. Senthilkumar, S. A. Venkatesh, Ranjith Kumar and
S. Senthil Kumar “Evaluation of mechanical properties of
Al-6082 based hybrid metal matrix composite” Journal
of Chemical and Pharmaceutical Research, 2016,
8(1S):58-64

Grazyna Mrowka-Nowotnik, Jan Sieniawski “Influence of
heat treatment on the microstructure and mechanical
properties of 6005 and 6082 aluminium alloys” Journal
of Materials Processing Technology 162-163 (2005)
367-372

Mehdi Rahimiana, Naser Ehsani, Nader Parvin, Hamid
reza Baharvandi “The effect of particle size, sintering
temperature and sintering time on the properties of Al-
Al;03 composites, made by powder metallurgy” Journal
of Materials Processing Technology 209 (2009) 5387-
5393.

Hafeez Ahamed, V. Senthilkumar. “Consolidation
behavior of mechanically alloyed aluminium based
nanocomposites reinforced with nanoscale Y,03/Al,03
particles” Materials characterization62(2011)123
5-12409.

Pardeep Sharma, Dinesh Khanduja, Satpal Sharma “Dry
sliding wear investigation of Al6082/Gr metal matrix
composites by response surface methodology” | mater
res technol.2 01 6; 5(1):29-36

A. Baradeswaran, A. Elayaperumal, R. Franklin Issac “A
Statistical Analysis of Optimization of Wear Behaviour of
Al-Al;03 Composites Using Taguchi Technique” Procedia
Engineering 64 (2013 ) 973 - 982.

Gheorghe Iacob, Valeriu Gabriel Ghica, Mihai Buzatu
“Studies on wear rate and micro-hardness of the Al/
Al;03/gr hybrid composites produced via powder
metallurgy” Composites: Part B (2014)

Abdulwahab Ibrahim, Donald P. Bishop, Georges ]J.
Kipouros “Sinterability and characterization of

commercial aluminum powder metallurgy alloy Alumix
321" Powder Technology 279 (2015) 106-112

Chuandong Wua , Pan Fang, Guogiang Luo, Fei Chen,
Qiang Shen, Lianmeng Zhan, Enrique . Lavernia “Effect

© 2016, IRJET |

Impact Factor value: 4.45

IS0 9001:2008 Certified Journal |

Page 1598



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056
p-ISSN: 2395-0072

JET Volume: 03 Issue: 07 | July-2016

www.irjet.net

[18]

[19]

[20]

of plasma activated sintering parameters on
microstructure and mechanical properties of Al-
7075/B.4C composites” Journal of Alloys and Compounds
615 (2014) 276-282

D. Jeyasimman, K. Sivaprasad, S. Sivasankaran, R.
Ponalagusamy, R. Narayanasamy, Vijayakumar Iyer
“Microstructural observation, consolidation and
mechanical behaviour of AA 6061 nanocomposites
reinforced by y -Al,03 nanoparticles” Advanced Powder
Technology xxx (2014) xxx-XXX

S. Pournaderi, S. Mahdavi, F. Akhlaghi “Fabrication of
Al/Al;03 composites by in-situ powder metallurgy (IPM)
” Powder Technology 229 (2012) 276-284

T.Hariprasad, K.Varatharajan, S.Ravi “Wear
Characteristics of B4C and Al;03 Reinforced with A1 5083

Metal Matrix based Hybrid Composite” Procedia
Engineering 97 (2014 ) 925 - 929.

© 2016, IRJET | ImpactFactor value: 4.45

IS0 9001:2008 Certified Journal

Page 1599



