Silicon Carbide Particle Reinforced Aluminum Matrix
Composite Prepared by Stir-Casting.

* Dr. Ali Hubi Haleem ** Newal Muhammad Dawood

Babylon university -Materials Engineering Collage

Abstract

The develgped aluminum matrix composite (AMCs) is considered to be a promising
material for low and high temperature applications. Particles reinforced AMCs materials have
high specific strength and modul us of elasticity, together with excellent heat resistance.

Silicon carbide particles reinforced aluminum matrix composite (AMCs) for hardness,
impact strength, and material toughness improvement were prepared. Stir-casting processing
was optimized. The hardness, impact strength, and material toughness were evaluated. Under
stir-casting, the silicon carbide particles were uniformly distributed in the aluminum and well
bonded with aluminum matrix. The hardness and materia toughness were increased 1.84 and
2.16 times respectively at particles weight fraction (10% ) that of the of the unreinforced
aluminum based on the high hardness and deformation resistance of the silicon carbide particles.
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1.Introduction

Aluminum and its alloys possess excellent properties such as low density,
good plasticity and ductility, and good corrosion resistance. They find extensive
applications in aeronautics, astronautics, and automobile and high speed train
fields. However, low hardness and poor impact resistanceresultsin their limited
application in heavy duty environments. So it is important to develop used
processing and technology for improvement of mechanical properties (Surappa,
2003).

It has been proved that particle reinforced aluminum matrix composites
can improve consider ably the strength and hardness of aluminum and its alloys.
However, at the same time, the plasticity and ductility can substantially reduced.
This will severely affect the safety and rdiability of components fabricated from
Al matrix composites (AMCs) (Yano &t. al.,1992).

In aluminum matrix composites system (AMCs), one of the constituent is
aluminum/ aluminum alloy, which forms percolating network and is termed as
matrix phase. The other constituent is embedded in this aluminum/ aluminum
alloy matrix and serves as reinforcement, which is usually non-metallic and
commonly ceramic such as SiC and Al,O3; Properties of AMCs can be tailored
by varying the nature of constituents and their volume fraction (Rohatgi et. al.,
1986).

Aluminum matrix compostes system (AMCs) offer superior combination
of properties in such manner that today no existing monolithic material can
rival. Over the years, AMCs have been tried and used in numerous structural,
non-structural and functional applications in different engineering sectors.
Driving force for the utilization of AMCs in these sectors include perfor mance,
economic and environmental benefits. The key benefits of AMCs in
transportation sectorsare lower fuel consumption, less noise and lower airborne
emissions (Mar chi et. al., 2003).

AMCs can be classified into four types depending on the type of
reinforcement (Filmier et. al., 2008):

v Particlereinforced AMCs (PRAMCs)

Vv Whiskersor short fiber reinforced AMCs (SFAMCs)
v Continuousfiber reinforced AMCs (CFAMCs)

v Mono filament-reinforced AM Cs (MFAMCs)

New and high performance particle reinforced AMCs (PRAMCs) are
expected to satisfy many requirements for a wide range of performance-driven,
and price sensitive, applications in aerospace, automobiles, bicycles, golf clubs,
and in other structural applications. A PRAMCs consists of a uniform
distribution of strengthening ceramic particles embedded within aluminum
matrix. In general, these materials exhibit higher strength and stiffness, in
addition to isotropic behavior at a lower density, when compared to the un-
reinforced aluminum matrix. PRAMCs benefits from the ceramic's ability to
withstand high velocity impacts, and the high toughness of the metal matrix,
which helpsin preventing total shattering. Thiscontribution leadsto an excellent
balance between cost and mechanical properties, which are appealing for much



application; the main drawback of these materialsisther low ductility, which is
caused by the nucleation, growth, and coalescence of voids created by the
ceramic reinforcement (Al- Dheylan and Hafeez, 2006).

The main contribution to the strengthening of PRAMCs is particle
addition, which affects most of the mechanical properties of PRAMCs. Several
particle parameters, which are critical in determining the mechanical properties
of PRAMCs, include the volume fraction (v), size, shape, and distribution of
reinforced particles within the metal matrix. The mog influential among these
parametersis (v) (Sohn et. al., 2003).

This work aims to prepare and studying mechanical properties (Vickers
micro hardness, impact strength, and material toughness) of aluminum matrix
composite material reinforced by (5, 7, and 10 wt. %) silicon carbide particles
using stir casting method.

2. Theoretical View

Fracture mechanics can be defined as material breaksinto two partsdue
to the effects of external forces. Griffith wasthefirst person who fixed the basic
principles of fracture mechanics by energy balance theory. Griffith studies the
process, which occurred to the crack by reverse thermodynamics process. He
supposed existence of static equilibrium condition for crack through the effects
of energiesgiven by equations1 and 2 (Bored and Schmidt, 2002):

U=(W +U,)+Ug @

Where W, . External performed work on system.
U, Saved energy in system.
Us: Required energy to create new surface (free surface energy).
U: External impact energy.

Therefore, fracture mechanics is calculated from impact energy (U) if
engineering sample dimensions and crack depth (a) are measured. When crack
growth occurred, malleability will increase for material according to the value of
saved energy, therefore if malleability changes and crack depth (a) are known,
absorbed energy is calculated by the following equation

1
:EPZC (2
Where P: applied load in Newton
C: malleability.
If samplewidth isB in meter then:

Gc :ld_U (3)
B da



Gc :ld_Ud_C (4)
B dC da

Where: Geismaterial toughness when crack occurred.

Thisterm (Gc) is one of the material properties, and it is regarded as absorbed
energy by crack unit area, also it representsreleased critical strain energy, which
isgiven by the following equation:

P? dC
e T oo ©)
2B da

From equations, two and five, absorbed energy iscalculated by impact test:

C

U=G.B
dC/da

(6)

Practically, U iscalculated for different crack depths.

U dC
= U
BDCd(a/D)
Where D: Sample thicknessin meter.
So, engineering configuration function F isgiven by malleability C:

C

F = /d@iD) ®

So equation 8 can be solved to calculate material toughness Ge:

U = G.BDF (9)

@ =0.135 (a/D) %"’ (10)

The relationship between absorbed energy (U) and engineering configuration
function (F) islinear, and the dop of thisline is material toughness G¢ (Bores
and Schmidt, 2002):

3. Experimental Work

3.1. Preparation of Composite Samples

Stir- casting was used here in preparing composite samples (Fig.1). This
method could digtribute silicon car bide particles homogenously in the aluminum
microstructure by forming vortex in molten metallic. It could pull silicon carbide
particles through molten metallic and distributed them homogenously. Stir-
casting improve mechanical and physical properties of the aluminum matrix.



Matrix material (aluminum, assay 99.9%, supplied from universal
company of electrical industries) cut into small pieces to obtain the required
weight according to reinfor cement silicon carbide particles weight fraction (5, 7,
and 10 wt. %)[sllicon carbide powder- (50- 100um)- supplied from BDH
Chemicals Ltd. Poole England]. Pre-weighted samples were putted in alumina
pots, and then inserted in Carbolite tube furnace setting at 700 °C to ensure
melting of the sample.

To ensure the homogeneity of the added silicon carbide particles through
molten aluminum, electrical mixer was inserted into alumina pot, which is kept
in the Carbolite tube furnace at 700°C . Molten aluminum was stirred at (900
r.p.m.) to get suitable vortex. Later silicon carbide particles were added to
molten metal. This process was followed to modify reinforcement particles
distribution through the molten aluminum.

Due to the vortex effect, silicon carbide particles were pulled inside the
molten metal and uniformly distributed. Molten aluminum was stirred for (1- 5
min.) until the molten aluminum becomes slurry. Later molten aluminum was
poured into suitable stainless seel mould, which ispreheated at 250°C to prevent
sudden cooling for molten aluminum.

This process was repeated several times according to reinforcement
particlesratio. It was noted obvioudy increasing in slurry viscosity especially at
10wt. % silicon carbide particles. This phenomenon requires long stirring time
to over come the difficultiesin casting process.

3.2.Samples Preparation

3.2.1.Impact Test Samples

Impact test samples were prepared according to 1SO-179. Aluminum
samples without and with reinforcement silicon carbide particlesat (5, 7, and 10
wt. %) using (Charpy Impact Test).

3.2.2.Hardness Test Samples

All samples were subjected to Vickers micro hardness test using Micro
hardness Tester HV 1000, wher e the average indentation diameter d (mm) were
recor ded. Micro hardness was calculated according to the following
eq.(Itsukaichi et. al., 1992):

HV=1.854 L/ &, (11)
Where L: Applied load (kg / mm).

Vickers micro hardness test was repeated several times to evaluate micro
har dness aver age value.



4 Results and Discussion

Fig. 2 showsthe effect of silicon carbide particleson aluminum hardness, the
result show that, hardness increasing with increase reinforcement weight
fractions. It reaches maximum micro hardness value (243) at 10 wt. silicon
carbide particles. This is due to the high hardness values of silicon carbide
particles in comparison with aluminum hardness and to the good bonding
between the reinfor cement particlesand matrix phases.

Fig. 3 shows the microstructure of the stir-casting samples. It can be seen
that the silicon carbide particles (5 wt. %) are distributed uniformly and well
bonded with the aluminum matrix. From Fig.4 it can be seen that as the SIC
particles content increases up to (10 wt. %), the microstructure became dense
and darker. But the distribution of reinforcement particles still uniform and in
good bonding with aluminum matrix.

The presence of silicon carbide particles in the microstructures could
impede the movement of dislocations since these particles are stronger than the
matrix in which they are embedded. The degree of strengthening produced also
depends on the size of particles, their distance apart and the tenacity of the bond
between particles and matrix. Since that the particles are stronger than the
matrix, the dislocation cannot pass through them, but if the stress is high
enough, the didocation can by-pass them leaving a disocation loop around each
particle. Thiswill make the passage of a second dislocation much mor e difficult,
particularly since disdocations have greater difficulty in passng between
particles which are near to each other (Higgins,2006)

Fig. 5 illustrates the effect of added silicon carbide particles in different
weight fractions (5, 7, and 10 wt. %) to aluminum metal on impact energy
(joule). It can be concluded that impact energy was increased with increasing
SIC particles weight fractions up to (10 wt. %). Reinforcement particles act as
drong obstacle againg cracks propagation and this will tend to change crack
shape and direction. Then this crack will transform into secondary cracks.
Change in crack shape and direction leads to increase crack surface area and
consumed fracture energy. All these factors tend to increase composite strength
especially in case of good bonding between reinforced particles and matrix
(Hanan et. al., 2005).

Further, Fig. 5 showed impact energy (U) variation with engineering
configuration function (BDF) at variable crack depth (a) under sdected
reinforcement weight fraction of (5, 7, 10) %. It's clear that impact energy was
decreased with increasing of crack depths. This is due to decreasing cross
section area of sample under shock test. Results indicated that impact strength
was increased by a ratio of (2.16%) in case of reinforced by slicon carbide
weight fraction (10 wt. %).

Table 3 showed material toughness of prepared samples. The toughness
Gc of composite (like that of any other material) is a measure of the energy
absorbed per unit crack area. Material toughness (G¢) was calculated for each
sample from the tendency of linear relationship between fracture energy (U) and



engineering configuration coefficient BDF (Fig. 5). Results showed that
maximum toughness was found in case of reinforced aluminum by 10 wt. %
silicon carbide particles (489.7 kJ/m?).

5.Conclusions

Silicon carbide particle reinforced aluminum matrix composite (AMCs)
wer e prepared by stir-casting with different particle weight fraction (5,7, and
10%).the following conclusions can be drawn:

v/ The hardness, impact strength, and material toughness of (AMCs ) are

much better than the aluminum metal.

Vv In case of increased silicon carbide content, the hardness, and material

toughness are enhanced, they are 1.84 and 2.1 times higher than that of
the un reinforced aluminum at silicon carbide weight fraction (10%).

v/ The mechanical properties improvements are mainly due to the highly

hardness silicon carbide particles.

6. References

1.

Al- Dheylan, K. and Hafeez, H, 2006, Tensile Failure Micro mechanisms of
6061 Aluminum Reinforced with Submicron Al.O; Metal — Matrix
Composites, The Arabian Journal for Science and Engineering, Vol. 31,
NO. 2C.

Bores, A. P and Schmidt, R. J.; 2002; "Advanced Mechanics of
Materials', sixth edition, John Wiley and Sons, INC, USA
Fligier, A. W., Dobrzarisi, L. A., Kremzer, M., Adamiak, M., 2008,

Manufacturing of Aluminum Matrix Composite Materials Reinforced by
Al,O3 Particles, Vol. 27, I ssue 1.pp. 99-102.

Hanan, J. C., Mahesh, S.,, Ustundag ,E., Beyerlein, I. J., Swift, G. A.,
Clausen, B., Brown, D. W., Bourke, M. A. M., 2010, Strain Evolution
After Fiber Failure in A Single Fiber Metal Matrix Composite Under
Cyclic Loading, Material Scienceand Engineering, articlein press.
Higgins, R. A., 2006, Materials for Engineering and Technicians, fourth
edition, Butter worth- Heinemann.

Itsukaichi, T. ,Eagar, W. T.,Umemoto, M., Okane, 1,1992, Plasma Spray
Joining of Aluminum Matrix Composite Using Osprey Composite Power,
pp.309-312.

Lioyd, D. J., Lagace, H., MclLeod, A., Morries, P. L.,1989,
Microstructural Aspect of Aluminum- Silicon Carbide Particle Composite
Produced by Casting Method, Materials Science and Engineering, A
107,79.

Marchi, C. S, Kouzdli, M., Rao, R., Lewis, J. A., and Dunand, D. C.,2003,
Alumina-Aluminum Interpenetrating Phase Composites With Three
Dimensional Periodic Architecture, Scripta Materials, 49,pp. 861-866.



9. Ranjbara, M. R.,2010, Low Toughness Fracture in Al 7191-20% SiCp
Aluminum Matrix Composite, http://www. Eurojournals. Com/gsr.htm.

10. Rohatgi, P. K., Asthenia, R., Das, S, 1986, The Wetting of Ceramic
Particle by Molten Metals Matrix Composites, International Material
Reviews, vol.31,No. 3.

11. Sohn, M. S, Kim, K. S,, Hong, S. H., and Kim, J. K., 2003, Dynamic
Mechanical Properties of Particle Reinforced EPDM Composite, Wiley
Periodical, Inc, Journal of Applied Polymer Science, Vol. 87.

12. Surappa, M. K. 2003, Aluminum Matrix Composite: Challenges and
Opportunities, Sahana, Vol. 28, Parts1 and 2, pp. 319-334.

13. Yano, T., Kato, S, and Iseki, T.,1992, Interface in Aluminum- Silicon
Carbide Composite, Jour nal of the American Ceramic Society, 75, p. 580.

Table 1: Material toughness values for Aluminum sampleswith and without
reinfor cement silicon carbide particle at (5, 7, and 10wt. %).

Material Toughness (kJ /m?)
Al 225.8
Al+5% SiC 356.4
Al+7% SIC 431.9
Al+10% SiC 489.7
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Fig. 1:Stirring casting technique (Lioyd et. al.,1989).
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Fig. 2:Relationship between Vickersmicro hardnessand (SIC wt.%)



Fig. 3:Light optical micr oscopeimage of AMCsreinforced by 5wt.%
SiC(Magnification 250X)
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Fig. 3:Light optical microscopeimage of AMCsreinforced by 10 wt.%
SiC(Magnification 250X)
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Fig. 5: Relationship between impact energy and BD®



