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Abstract— Demand for materials with excellent mechanical properties and lightweight increase in a recent year especially for high-
performance applications. Aluminum reinforced Al,O5; composite (AMC) provide this superior property. Thereforein this research,
aluminum alloy 6061 was used as a matrix and Al,O; with 10 and 15 Vf-% asareinforced for making metal matrix composites while
magnesium as a wetting agent was used various from 8, 10 to 15 wt-% to improve the wettability between Al and Al,O; since
aluminum was poor wetting with ceramic. Al alloy 6061 was melted at 800 °C and magnesium was added into Al molten, then Al,O5
particles were poured into the melt. The process using double stirrer with a rotational speed of 1000 rpm for 3 minutes to distribute
all Al,O3 particles in the Al melt and all the gas bubble formed was removed by flushing an Argon for 2 minutes. The composites
produced then characterized both mechanical properties and microstructural analysis. The focus of this research isto investigate the
effect of Al,O3; and Mg on the mechanical properties of composites. The result showed that the optimum tensile strength was 202 M Pa
which was obtained in composite with 10% Vf-% Al,O; and 10 wt-% Mg. Moreover, hardness and wear resistant to composite
increased with the addition of Al,O; and Mg content due to good wetting in composites with 10 wt-% Mg. The double blade stirrer
has contributed to the random distribution of Al,O3 particles in the molten Al. The microstructure observations showed that the
compositesyield poresand impaired the mechanical properties of composites.
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used, hence minimizes the final cost of the product, and
I. INTRODUCTION significant sized components can be fabricated. There is
Metal-matrix composites (MMCs) as a candidate material some method of stirrer including single and double stirrer as
in the future due to lightweight and strength for broad well as udp-(_jown. 'I_'here are some fgc.tor_s t_?ﬁt shou_ldl be
application. This material has been developed by Othercqn?erned d'n (_:SSt_'ng _cor;?fpsﬁes [k]JI (').. We pzflt.'c es
researches [1]-[3]. In this category, the ceramics can be use%eln orce Istribution Is difficult to be (".).. ettability
as a reinforcement in MMCs to improve their properties e_tween pa_rtlcle_s remf(_)rced and _matrlx, (".') Porosn_y or
including tensile strength, hardness, wear resistance, an oid formr?tlon_ |fn the mterface_ (IIV) dCT]emlcal_ reﬁctlons
excellent corrosion resistance. MMCs is a combination of P€tWeen the reinforcement material and the matrix alloy.
ductility of metallic matrix alloys with high strength of . Therefore, wettablht_y plays an gssentlal role in order to
ceramic reinforcements and lead to higher strength both!MProve the mechanlca}l properties Of. the metall matrix
tension and compression as well as higher service COMposite. Besides wetting, the distribution of the reinforced
temperature capabilities. Due to these properties, MMCs hadvas also important therefore stirrer is useful to distribute the
been used for an autohotive application Ther'e are SOmeoarticles reinforced in the molten metal. There is a problem
techniques for making MMCs materials, depending on the found_ln making metal_ matrix composite such as settling of
reinforced and matrix; the techniques may vary the reinforcement particles during casting that caused cluster
considerably. These techniques are classified into liquid d|str|but!on V_I‘fu'Ch |mr|f])a|r_s ;[he_ mechaglcil plijort;emesdofb
phase or casting processes, liquid-solid processes, and Solioqompo_snesr.]_ h € mec amcah stlrrerl used shouid be ma; eh y
state processes or powder metallurgy [3]-[5]. Among those ¢€"@mic WhiC resists at the melting temperature of the
process, stir casting is widely used for making MMCs. This metal. The stirring speed should not be too high but shou_ld
process allows a conventional metal processing route to be’® continuous for a few minutes before the metal melt is
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poured into a mold through the bottom of the crucible. The viscous because of the reinforcement particles were
vortex formation during stirring is used to create and distributed inside it. The melt then poured into a permanent
maintain the proper distribution of the reinforcement in the tensile test mold.
molten matrix alloy [6]. o .

Technically, stirring helps in distribution all particles into C- Characterization of materials
the liquid metal homogenously and maintaining the particles The tensile test specimens were prepared from the mold
reinforced in suspension. On the other hand, air bubbles andas dimensions of 32 mm of gage-length and 6 mm of
all the other impurities on the surface of the melt could be diameter  following ASTM E8 standard. Other
trapped in the liquid, therefore, remaining porosity and characterizations such as hardness and wear tests were also
inclusions in the cast product. To remove all air bubbles in measured. Density and porosity of composites were
the liquid metal so, an inert gas such as argon or nitrogenmeasured following densitometry method. To observe the
must be flushed. The successful MMCs was formed whenmicrostructure and phases of the composite, the specimens
liguid can spread correctly on a solid surface. It was were prepared by using metallographic preparation. First, the
described by wetting between molten metal and solid specimens were ground using 80, 120, 240, 500, 700, 1000,
ceramic. The proposition of the wetting of the ceramic by 1200 grit of emery papers, then they were mechanical
molten metal is one of surface chemistry and surface polished and finally cleaned with water. The samples then
tension, therefore magnesium was added to reduce theanalysed by Field Emission-Scanning Electron (FESEM)
surface tension of Al melts [7]. This wetting agent can link to Energy Dispersive Spectra (EDS), to identify the
reduce the surface tension of metal melts and hence wet théormation of the phases in the composites.
ceramic particles to form an interface zone. It also forms
some phase in the particle-matrix interface, which removes lll. RESULTS ANDDISCUSSION

oxygen on reinforcing particle surface. In this study, . . .
Al6061/ Al,O; metal matrix composites will be carried out A. Effect of Al203 Particles and Magnesium on Mechanical

by double blade stir casting, and the effect of Mg an®Al Properti&of_AIGOGl/ A|2_03 Metal Matrix Composites. _
on mechanical properties as well as microstructural analysis The mechanical properties of Al606148k metal matrix
will be investigated. composites are shown in Fig. 1, including tensile strength,

hardness, and wear rate.
Il. MATERIAL AND METHOD

250 -
A. Research Materials
The materials used in this work were AI6061 as a matrix, — 200 |
Al,O; with the particles size of 60 um as a reinforcement S
and Mg as a wetting agent. The composition of AI6061 isin = 150 |
Table 1. T
@
TABLE | 5 100 ‘l/ = )
THE COMPOSITION OFAL 6061(WT.-%) 2
Al 95.2 Cr 0.062 8 o, | —*VfAzO310%
Si 0.798 Fe 0.194 =E=VfAl203 15%
Mg 3.07 Zn 0.003 0
Cu 0.275 Mn 0.023 = 10 15
Ni 0.094 Sn 0.069 wt-% Mg
Ti 0.015 (@)
160 -
Al6061 reinforced AlOscomposite was produced by a stir 140 - - - ]
casting method using double blade stirrer. The amount of 120 -

Al,O5; was 10 vf-%, and 15 vf-% and Mg varied from 8, 10
and 15 wt-% respectively to improve the wetting system
between Al 6061 and ADsparticles reinforced.

100

/

Hardness (VHN)
co
o

B. Research Method 60 7
The casting process using the electric furnace which is 40 | —+—ViAI20310%
heated until the temperature achieved °Z50 while 20 | =m=VfAI20315%

Al,Oswas heated at 1050°C to remove all of the moisture.
After all Al6061 alloy were completely melted then,@4

prepared was poured into the molten Al. The melt was g 10 15
degassed using Ar gas and then was stirred using double Wt-% Mg

blade stirrer coated by zirconia with a rotational speed of

500 rpm for 2 to 3 minutes. The melt would become more (b)
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0.002 - promote more porosities in the matrix where the crack will

0.0018 - nucleate 15 vf-% AD; and reduced strengtht is also
confirmed that higher ceramic particles contained in the

E 0.0016 - - ) .
- molten Al generated collision among particles and remain
£ D.00l4 - agglomerates or cluster distribution which impaired
g 0.0012 4 mechanical properties [8] (also see Fig.3). This such trend is
£ 0001 - also found in other investigation for nang®@4 [9]-[12].
£ 50008 The hardness of composites in Fig 1b showed that
1] . . . . .
< increasing of Mg and AD; generated increasing hardness,
a _J'UUUb i . this is because molten Al has reduced surface tension with
2 00004 4 —+=ViAIZO3 10% Mg and the wettability between Al and 8 has improved.

0.0002 - -V AI203 15% The hardness increased with a higher content gDAI

0 particles since by nature this particle has much harder than

that of the aluminum matrix which is also found by Mujeeb

8 10 15 et al. [13]. The presence of new phases analyzed by EDS
Wt%- Mg such as MgSi in the form of Chinese script is also
© contributed to the strength and hardness (see microstructure

of composites). The wear resistance that we can determine
composites produced by double blade stir casting. a) Tensile strength, b), . . .
Hardness, ) Wear rate. functlon_ of sll_dlng distance, here the wear rate has a reverse
correlation with the hardness of composite as shown in Fig

The optimum tensile strength is obtained at 10wt-% Mg 1c, it means the lower wear rate the higher wear resistancg
and 10vf-% AJO; with the value of 202 MPa (see Fig. 1a). = 1he Vvolume loss of the composites decreases with
The composites with 15vf-% AD; showed that the tensile  increasing of AIO; and magnesium content. It is observed
strength is slightly increased with increasing of Mg, but the that AkO; particles increase the hardness of the composites.
value was lower than composites with 10wt-% Mg and 10vf- Furthermore, the addition of magnesium improved the
% Al,O; The addition of higher content of A, viscosity wettability, so the hardness of composites increased and
inside of the melt will become higher, and it will be harder caused the wear rate decreased.
for the viscous melt to surround the particles. This along
with inherent poor wettability of the particle and will

2.55 4 10
9
2.5 4 8
E 77
T 295 | £ 6
= £
z -\-\‘ - .
2 2.4 4 54 4
a &
~ ==\t AI203 10% 3
2.35 A —=/f AI203 10%
—m—VfAI20315% 2
1 4 =m=VfAI20315%
2.3
8 10 15 0 ' ' '
3 10 15
wt-% Mg
(a) wit%- Mg
(b)

Fig. 2 Effect of Mg on density (a) and porosity (b) of AI60630AImetal matrix composites produced by double blade stir casting.

The density and porosity of composites are shown in Fig. The formation of porosity in the composites due to: the
2. The density of composites decreased with higher Mg presence of hydrogen gas in the liquid aluminum, increasing
content while on the contrary porosity increased. The densityof Al,Oz; and stirring methods. According to J. Hashim [6],
for composites with 10 vf-% AD; is higher than 15vf-%  the casting of metal matrix composites will be present in the
Al,Osbut tend to decrease with increasing Mg. It is assumedhydrogen gas in a liquid. This gas will be drawn into the
that density decreased and porosity increased due to sommixing stage and entrapped in the liquid Al then porosity
ceramic particles cannot be wetted perfectly by Al and produced (also seen Fig. 5)
remain pores. Therefore, the presence 0§O4h the
aluminum matrix will be a barrier to produce a perfect
bonding interface.
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10 vi-%
Al,05

15 vf-%
Al,04

: b ' c
Fig. 3 Distribution of AJO; particles with different Mg and ADs; content in an Al 6061 matrix on metal matrix composites produced
by double blade stir casting. a) 8wt-% Mg, b) 10 wt-% Mg and c) 15wt-% Mg

B. Microstructural analysis of AI6061/ Al203 Metal Matrix which is in line with the result of present work, except the
composites. tensile strength for composites with 10 wt-% Mg and 15Vf-
The distribution of AJO; on Al6061 matrix is seen to be a %0 Al20s.

random distribution, and double blade stirring has C. Theinterface of Al/AI203 Composites

contributed to distribute AD; particles well as shown in

Fig. 3 for both composites with 10 vf-% and 15vf-%,®{ _ The interface between the Al matrix and, @, was
and different of Mg content respectively. The microstructure InVestigated by a Scanning Electron Microscope link to EDS

of the Al matrix is consist ofa-Al dendrite which in Fig. 4b-d. There was a metal oxide layer formed on the
surrounded by Si eutectic as seen in Fig.4a. Higher vf-

%surface of AJOz, which contained Mg, Al, O, and Si
AlL,O; generated higher grain refinement ®fl, and Si ~ ©léments. The metal oxide layer, such as MgO and MBAI

eutectic due to AD; particles hindered the dendrite growth. Was formed during a process where ,Q\ particles
According to Mandal et al. [10], the finer dendrites in the continued to react with Alto form MgAD, at the interface.

matrix could increase the tensile strength and hardness

e T
W

1

BE G e A R b
gy

Fig. 4 Microstructure of Al/AlO;composites with 10wt-% Mg and 10 vf-%.@8% taken at higher magnification. a) matrix phase, b, c) Interface
zone between Al and ADs, and d) EDS analysis of interface zone content in an AI6061 matrix on metal matrix composites produced by double
blade stir casting

The spinel phase will reduce the surface tension of Al we can see the porosity, distribution of reinforcing particle,
melt, so AO,will be wetted during the stir casting process. and matrix. For this examination, we chose samples with
Indeed the wetting between the Al matrix angdQ}lis good highest UTS, which is 10vf-% AD5;-10wt-% Mg. and 15vf-
enough for composites with 10wt-% Mg and 10 vf-%@y. % Al,O3-15wt-% Mg. Fig 5.a shows the microstructure of

) . . sample 10vf-% AJO;-10wt-% Mg and Fig 5.b shows the
D. Effect of Alumina Particles and Magnesum on microstructure of sample 15vf-% ADs-15wt-% Mg with a
Microstructure random distribution of particles and porosity.

SEM examination has been carried out to observe the It is known that porosity is considered to be one of the

microstructure of composites with high magnification. So major factors responsible for the failure of casting alloy
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products. Therefore it is essential to determine the porosityreinforced is not perfect wetted by molten aluminum and
of each sample. remain porosity [14]. The porosity itself takes place due to
excess hydrogen in the casting process when exciting works,
especially when the method is not to vacuum, increased
surface area contact with air, gas trapped during stirring see
also Fig. 7, casting distance from the crucible to the mold,
and shrinkage during solidification [6]. EDS analysis in Fig
6 is shown in Table 2.

(b)

Fig.5 SEM micrograph of Al/AD; composite with 10 vf-%AD;-10 wt-%
Mg (a) and (b) microstructure of Al/&D; composite with 15 vf-%AD;-
15 wt% Mg

Therefore it is essential to determine the porosity of each
sample. From Fig. 2b can be seen that the addition af;Al
generally increase the porosity level since@l particles

Fig. 6 SEM micrograph of Al/AD; composite with 10 vf-%AD;-10 wt-%
Mg link to EDS to identify phase presence in composite

TABLE Il
PHASESAT INTERFACECOMPOSITE WITH1OVF-%AL203-10WT-% MG
Spot Al 0 Mg S Phase
1 92.48 at% 1.82 Wt% 5.42 Wt% 0.28 Wt% Al-Mg Matrix
2 58.59 at% 33.62 Wt% 7.53 Wt% 0.26 Wt% MgALO,
3 64.89 at% 14.85 Wit% 19.93 Wit% 0.33 Wi% MgALO,

Spot 1 is an aluminum matrix which is a content of Al
element. The phase presence with black color in spot 2 is
alumina particle which indicates in that region oxide has
been formed with 58.59% Al and 33.62% oxygen. The spot
3 interfaces zone of an aluminum matrix and reinforced
particles with spinel phase or Mg&l, In this study, show
that the Al/Mg ratio approach to 2. So, in this interface
indicate the presence of spinel (Mg8l).

E. Fracture Surface on Al/AI203 Composites

The fracture surface of Al/AD; was taken from the
tensile test sample is shown in Fig. 7. The fracture of the
composites was caused by porosity present in the matrix as
well as poor wetting between matrix and reinforcement.
Large porosity found at composites with 15wt-% Mg and 15
vf-% Al,O3, this porosity formed because the vortex flow Fig.7 Fracture surface of Al/4D; composites taken from the tensile sample
during mixing will draw gas into the liquid metal and stuck Wwith 15wt-% Mg and 15 vi-% AD;.
in the metal to form gas porosity [15].

Large porosity due to poor wetting will cause impair IV. CONCLUSIONS
mechanical properties of composites. It is evident that the |n this work, Al6061/AJO; metal matrix composites have
tensile strength of these composites decreased. The failure ofeen successfully produced by the double blade stir casting
composites has also involved the nucleation of crack andprocess, and the characterization of composites can be
propagated along with the reinforcement/matrix interface concluded as follows: The optimum tensile strength and
[16]. The interface cracking can create a new surface at theyear resistance of composites are obtained at 10wt-% Mg
interface between particles and matrix then remain particlesand 10 vf-% AJO; while hardness and porosity increased
deboning which caused fracture of composites which is alsowith a higher content of AD; The distribution of AI203 in
occurred in current work. the Al6061 matrix is a random distribution for all

composites, and double blade stirring has contributed to
distribute Al203particles on the Al matrix well. The metal
oxide layer formed in the interface is MgO and MgAI204,
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as a reaction product between Al6061 and Al203 generated’]

good interface bonding between Al and Al203 particularly
for composites with 10wt-% Mg and 10 vf-% AI203.
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