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Metal matrix composite powders of Al- Al203 withighe fraction of 20 %
Al203 could be synthesized by high-energy milliighe mixed powders.
Three different experiments were carried out atsame operating conditions,
but with three different rotation speeds,; 200, 300, and 400rpm. A homogenous
distribution of the AI203 reinforcement in the Aatnix was obtained after
milling the mixed powders for periods of 60, 45d 80 h. The homogenous
distribution of AlI203 in the Al matrix was achievbyd characterizing these
nanocomposite powders by X-ray diffraction (XRDY atanning electron
microscopy (SEM) techniques. X-ray patterns weralyaed by using the
Williamson—Hall treatment to determine the crystallsize and the lattice
strain.
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1. INTRODUCTION

Aluminum-based metal matrix composites (MMCs) adeal materials for
structural applications in the aircraft and autae®industries due to their light weight
and high strength-to weight ratio [1-3]. Reinfogithe ductile aluminum matrix with
stronger and stiffer second-phase reinforcemekdscieramics provides a combination
of properties of both the metallic matrix and thexagnic reinforcement components
resulting in improved physical and mechanical proee of the composite [4,5].
Uniform dispersion of the fine reinforcements andire grain size of the matrix
contribute to improving the mechanical propertidstiee composite. Further, the
mechanical properties of the composite tend to avprwith increasing volume
fraction and decreasing patrticle size of the retdments [6-8].

The High energy ball milling technique is an effeet method for producing
powders for MMCs [9,10]. This process is achievedrépeated collisions of the
grinding medium in the milling container made ofdened steel or tungsten carbide
that the powder patrticles go through the repeatgdence of cold welding, fracturing,
and rewelding. During each collision the powdertipkes get trapped between the
colliding balls, between the ball and the innerfae of the vial and undergo severe
plastic deformation [1]. A balance is achieved lew the rate of welding that
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increases the average composite particle sizetandate of fracturing that decreases
the average composite particle size. This leadsa tateady-state particle size
distribution of the composite metal particles [1,1The continuous interaction
between the fracture and welding events tendsfiteeréhe grain structure and leads to
a uniform distribution of the fine reinforcementripeles in the metal matrix [1].

The aim of the present work is to synthesize aratadierize aluminum reinforced
with a uniform dispersion of a specific weight fiao of alumina particles. The as-
received micron size Al and AD; powders are to be converted to a nanocomposite
size by using the advanced powder metallurgy teglaii.e., high-energy milling
(HEM). The ceramic element, &);, was chosen as the reinforcement, since it is
chemically inert with Al and can also be used tghler temperatures, than the un-
reinforced aluminum, with accompanying benefitsasfistance to creep [1].

2. EXPERIMENTAL PROCEDURE
2.1 Materials

Commercial aluminum powder with a mesh size of -220um was obtained from
Elnasr Pharmaceutical Chemicals Company. Commalialina powder with particle
size smaller than 4dm was obtained from Egptalum Company. A mixtureAbR0
wt. % AlLO; is used to investigate the effect of milling spesad milling time on the
mechanical behavior of the composite material. Afoum distribution of the
reinforcement phase and consolidation to full dgresie essential to achieve.

2.2 Milling of Powders

The powders were carefully mixed with the specifieight fraction of ceramic
reinforcement (alumina). Planetary Monomill "Pulgette 6" was used in the
production of the composite powders, grinding empgtbunder protective Argon gas.
About 50 g of the powder mixture was loaded int® el to maintain the 50 % free
space. That's to obtain the optimum movement délzaid in turn transfer the milling
energy to the mixture. The total weight of the lemet chrome steel balls was nearly
close to 500 g. The ratio of ball-to-powder (BP®)L0:1 and this ratio is maintained as
indicated [1, 12] for better results. Three differeotation speeds of 200, 300, and 400
rpm are used in milling the powders.

The size of the balls also plays a critical rolé¢ iouthe present work balls of one
size (20mmp) are used. To minimize the sticking of the powderthe inner walls of
the vial and the balls surface, about 5 wt. % ehst acid was added as a process
control agent (PCA). The duration of milling prosés fixed by an electronic regulator
on 30 min in order to avoid the temperature riseniing. Samples were taken out at
7, 12, 15, 21, 30, 38, and 45 h for 300 rpm rotatipeed, at 3, 7, 12, 15, 30, 38, 45
and 60h for the 200 rpm rotation speed, and at 3, %2, 15, 21, 27 and 30h for the
400 rpm rotation speed, to investigate the efféchiding time and rotation speed of
mill, on homogeneity of AD; distribution and particle size in the Al matrix as
nanocomposite material. It is worth noting that,Hagher rotation speed of milling i.e,
300 and 400 rpm the experiment stopped as sodredsdadening in the x ray pattern
has obtained i.e, 45 h and 30 h respectively.
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2.3 Structural Analysis and Characterization

X-ray diffraction technique was used to identif ttrystal structure and the phases
present in the as-received and the milled compgmiteders. Distribution of AD;
particles in the Al matrix was checked with the afd6EM imaging.

2.3.1 X-ray diffraction

X-ray diffraction (XRD) patterns were recorded fibre as-received and milled
powders with a Philips PW 1710 X-ray diffractometesing Cu Kt radiation £ =
0.15406 nm) at 40 kV and 30mA settings. The XRDgwas were recorded in thed2
range of 20-80 Comparison with standard XRD patterns enabledirrambiguous
identification of the phases present in the mifjeavders [13].

During the powder milling process, the changes @akpshape are related to
microstructural changes. The experimental line deo@ng is the result of three
contributions, which are the crystallite size,itatstrains and the instrumental effects
[14]. Several techniques, such as the WilliamsoniHeb] and Halder—Wagner
methods [13], among others, are used to deterrhiegytain size and the equivalent
strain. The studies of the grain size refinemedegniified on the basis of the
microstructure and particle size studies, repottiedl plastic deformation, fracture and
cold welding of powder particles were the threeaple mechanisms which operate
during mechanical milling [16-18].

In the Williamson—Hall treatment, the full width laalf maximum (FWHM) 8, due
to sample imperfections is related to the cryseaflize D, and the distortions, by the
equation:

B =de+1/D

wherep’'= p cosh /A andd'= 2 sirb/A; 0 is the Bragg angle aridis the wavelength
used. From the above equation, the intercept opliteof * againstd* gives 1D and
the slope gives the strain. The Williamson—Hall (Wftbt shows whether the breadth
depends ond* and the nature of any hkl planes dependence [19].

2.3.2 Scanning Electron Microscopy (SEM)

SEM images of the Al-AD;composite powders were taken using JEOL-JSM 5400
LV scanning electron microscope. The equipment asesld cathode field emission
source, has a resolution of 1.5 nm and a maximugnifieation of 200,000X. Digital
images can be captured using Link Isis oxford saféathat gives the flexibility of
image control while still being able to adjust tentrast and brightness on the SEM.
The main aim of the SEM analysis was to check thiétm distribution of alumina
particles in the aluminum matrix.

3. RESULTS AND DISCUSSION

3.1 X-ray Diffraction Analysis

Figure 1 shows the X-ray diffraction patterns af tN-Al,O; powders milled with
the three different rotation speeds; 200, 300, 40@ rpm. It can be seen, that line
broadening increases with milling time. The maimtdbutions to the decrease in
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intensity and the broadening of the diffraction lgeare the grain size and the strain of
the lattice, i.e., the reduction of crystallitees&nd lattice strain introduced by milling.
From the direct examination of diffraction patteluring milling and comparison with
standard XRD patterns of Al, AD;, obtained from ICDD (International Center for
Diffraction Data) cards, it's noted that peak isfteld to higho values. The creation of
stacking faults by intensive deformation is prolgabhe of the reasons of this shift
[20]. The pattern decomposition analysis, usingligfilson—Hall plot, showed an
anisotropic broadening. This line profile analysisws us to ascertain the evolution of
the apparent size, D, and the equivalent latticrst, with milling time [21]. Figure

2 shows the variation of the crystallite size ahthe lattice strain against milling time
obtained by Williamson—Hall method, for Al-&); powders milled with 200, 300 and
400 rpm speed.
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Fig. 1 : X-ray diffraction patterns of the Al-Al,O3; powders milled for different
times (a) 200 rpm
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Fig. 1 (continue) : X-ray diffraction patterns of the Al-Al,O; powders milled for
different times (b) 300 rpm (c) 400 rpm.
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Fig.2 : Changes of crystallite size and lattice sain of the milled Al-Al,O3; powders
as a function of milling time (a) 200 rpm (b) 300pm (c) 400 rpm.
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It can be seen that the rate of the grain refinéroentinuously decreases reaching,
after 60, 45, 30h of milling, the values of 22.B.77 and 29.33 nm for Al-ADs
powders with 200, 300 and 400 rpm, respectivelyti@nother hand, the lattice strain
shows a continuous increase to values of 0.20%694 .4nd 0.81% (200, 300 and 400
rpm).

It is noted that the milling induces a higher tatistrain and an evolution of the
finest particles, mainly in the extended times dfing. This behavior can be caused
only by plastic deformation which will raise thetiee strain because of the increase of
the defect density as well as dislocations of gbainndaries and lattice defects, in the
initially relatively defect-free material. The iofnce of plastic deformation seems to
disappear towards the extended milling, which cadncluded from the fact that the
microstrains reach a saturation value, due to aglated strain hardening of the
powder material during plastic deformation [20].

3.2 Microstructural Observations

The major goal of the investigation was to enshet & homogeneous distribution
of Al,Oz in an aluminum matrix was achieved after milliigne reason behind this is
the fact that a uniform distribution of reinforcemgarticles could potentially result in
composites with improved mechanical properties. el@v, achieving this uniform
distribution requires careful synthesis since drtisg of the reinforcement particles
would be a major constraint [1].

Figure 3 shows the SEM images of powder partictedifierent milling times at
300rpm. The powder particle size is changing withimg time, as a result of the two
opposite actions of cold welding and fracturing. i®lcold welding increases the
particle size, fracturing reduces the size [1]. QAhours milling time Fig. 3a), the
agglomerated alumina particles are observed. Tdgtomeration can be removed by
increasing the milling time. In the early stagesnaifling, Fig. 3(b), the particle
distribution was not uniform and the distance betwalumina particles was so high.
Hence, with continued milling the powder particleze decreased due to the
predominance of the fracturing of powder partiate®r the cold welding process.
Once fracturing occurred, fresh particle surfaces @oduced and due to the high
reactivity of these surfaces, cold welding agaicdnees predominant leading to an
Increase in particle size.

After 7h of milling the powder particles give flakgnorphology. Also flaky
morphology changed to equeiaxed morphology withligasing milling time to 30 h
Fig. 3(c). At longer milling times (45 h) a balanise established between the cold
welding and fracturing events and a steady-stdtetson is obtained. The powder
particles were more uniform in size compared toeidudy stages of milling as shown in
Fig. 3(d). The larger particles at longer millithges appeared to be an agglomeration
of many smaller particles which was observed beistii22, 23].
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Fig. 3: SEM micrographs of Al-ALO3; powders milled at 300 rpm after (a) O h, (b) 7
h, (c) 30 h, (d) 45h. ; X: agglomerations; Y: flaened particles ; Z: equeiaxed
particles; V: Al,O3z uniform distribution after milling steady state
(agglomerations for nanosize particles).

Fig. 4: SEM micrographs of Al-ALO; powders milled at 200rpm after (a) 7 h,
(b) 30 h, (c) 45 h. ; X: flattened particles; Y: egeiaxed particles; Z:
Al O3 uniform distribution (agglomerations for nanosizeparticles).
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Fig. 5: SEM micrographs of Al-ALO; powders milled at 400 rpm after (a)
7 h, (b) 30 h; X: flattened particles; Y: ALOz; uniform distribution
(agglomerations for nanosize particles)

The same state was found with the two other miltoigtion speeds 200, 400 rpm
in the milled powder mixtures. Instead of repeatsigilar observations for every
milling rotation speed, only the final microstruaa of the powders are shown in Figs.
4 & 5 for 200 and 400 rpm respectively.

A major concern in the present study is to inveségthe nature and amount of
impurities that contaminate the powder. The smaé f the powder particles,
availability of large surface area, and formatidmew fresh surfaces during milling;
all contribute to the contamination of the powdgnus, it appears as though powder
contamination is an inherent drawback of the templi unless very special
precautions are taken to avoid/minimize it [24].neEgy dispersive X-ray analysis
(EDS) of the Al-A}O; mix without milling and the as-milled powders stamirthat the
high-energy milling process introduce contaminatioto the milled powder. Fig. 6
shows the EDS spectra for the Al-@% mix without milling and the as-milled Al-
Al,O; powders milled at 300 rpm for 45 h. The preserfcadditional elements which
are noticed from the peaks present in the as-miledl ,O; spectrum, confirmed that
the milled powder contain elements (mainly iron)edw contamination from the
milling media (grinding vessel and balls).

4. CONCLUSIONS

In the present study, nanosized powders of ALOAlhave been synthesized by
high energy ball milling. A uniform and homogenodsstribution of the AJIO;
reinforcement in the Al matrix was obtained in thechanically milled powder. By
using WH method, it has shown that crystallite sieereases with milling time to
steady values of 22.1, 19.77, 29.33 nm for rotatgpeeds 200, 300, 400rpm
respectively. At the same time, the lattice stiagreases to a steady values of 0.20%,
1.16% and 0.81% respectively.
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Fig. 6: EDS patterns of Al-ALOs; powders milled at 300 rpm for 45 h: (a) Al-
Al,O3 mix without milling, (b) as- milled Al-Al,O; powders milled at 300
rpm for 45 h
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