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Design and make the planetary ball mill for synthesis of metal-ceramic
nanoparticles

Mohammadian, Javad®; Bagheri, Fatemeh®; Gharooni, Hamed?; Shariati, Mahmood?; Haratizadeh,
Hamid*

! Department of Physics, shahrood university of technology, shahrood

2 Department of mechanics, shahrood university of technology, shahrood

Abstract

In this paper the design and make the planetary ball mill for synthesis of metal-ceramic
nanoparticles has been reported. In addition of the regular equipments such as speed controller,
timer, cooling system and ... a vibration system has been added to the planetary ball mill to prevent
the formation of dead regions. High energy planetary ball mill can be used not only for the grinding
process but also for the mechanochemical process. The manufactured system has been tested by the
grinding of a number of AI-SiC samples for different BRP ratios and different grinding times. SEM
images confirm to reach to 32 nm particles size for the metal-ceramic nanoparticles.
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Abstract: Aluminum matrix nanocomposites are one of the advanced engineering materials that have been
developed for weight reduction for critical applications in the aerospace, and more recently in the automotive
industries due to their excellent combination of high specific strength and good wear resistance. There are
different parameters that have important effects on the physical and mechanical behavior of composites like
type, size and distribution of reinforcement. In this study, synthesis and characterization of the nanocomposites
of Al/(SiCp-Al203p) by two different method, high energy ball milling and polymer impregnation were
compered and investigated. Different weight fractions of reinforcement in Al/SiC-Al203 were prepared. The
samples were sintering 500°C. The microstructure and phases of the prepared nanocomposites were
investigated by using XRD, SEM and particle size analyzer. The mechanical properties like strength, hardness
and wear resistance were investigated by ring on ring, Vickers microhardness and pin on disk methods
respectively. The results showed that nanocomposites improve mechanical properties. It was also found that
that polymer impregnation is a novel method for the synthesis of metal matrix nanocomposite with more
homogeneous phase assemblage and improved mechanical properties compare to conventional ball milling
methods.

Keywords: hybrid nanocomposite; high energy ball milling; impregnation; metal matrix nanocomposite

Introduction

In recent years, aluminum metal matrix ductility, strength, and toughness of the
composites (MMCs) used for tribological composites.[9]
components have attracted Because of, the method of producing and

more and more interests. They are widely used amount of components are vital challenges of
as in the automotive and aerospace industries, like researchers in this field. MMCs can be produced by
high speed rotating or reciprocating mass items dispersing hard particles such as carbides, oxides or
such as pistons, connecting rods, drive shafts, brake nitrides into the aluminum matrix either by solid or
rotors, cylinder bores and ... . Compared with the liquid techniques. mechanical alloying (MA) is a
corresponding monolithic alloys, aluminum matrix simple and useful technique to synthesize both
composites are attractive because of their improved equilibrium and nonequilibrium material from
strength, stiffness, creep behavior, wear resistance initial powder [8]. Mechanical alloying (MA),
and low thermal expansion [1-7]. Recently, more which is generally achieved through high-energy
and more evidence shows that the mechanical ball milling has been widely utilized for producing
properties of metal matrix composites can be metal or ceramic based composite powders with
enhanced significantly by adding nano-sized fine microstructures [10,11]. In this study,
ceramic particle[8]. Their mechanical properties, synthesis hybrid nanocomposite Al/AlI203p+SiCp
i.e. tensile, wear and fatigue, depend on some by two method high energy ball milling and
micro-structural parameters such as reinforcement impregnation investigated and compared. The most
particle distribution, size, volume fraction and common reinforcements for aluminum are silicon
orientation. agglomeration or inhomegenous carbide (SiC) and alumina (AI203), due to high
distribution of reinforcement can lead to lower availability, low cost and overall good properties.
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hybrid composites has better mechanical properties
than single reinforced composites.

Gurcan and Baker , who examined the dry
sliding and abrasive wear behaviour of Al/SiCp,
Al/AI203f and  Al/(AI203f+SiCp)  hybrid
composites, stated better wear resistance of hybrid
composites than that of single SiCp or Al203f
reinforced composites.[12]

Experimental

Aluminum, alumina and SiC powders with
average particle size of 40-50 um were milled with
different weight percents by high energy ball
milling. The ball milling was performed at rotation
speed 450 rpm in argon atmosphere with a ball to
powder ration (BPR) of 40:1 and at different time
(0.5h, 20h, 30h, 40h). In order to prepare
Al/AI203+SIiC  composites by  impregnation
method, at first Aluminum and SiC powders were
milled with different weight percents (table 2) by
high energy ball milling under the same milling
condition. The ball milling was performed at
rotation speed 450 rpm in argon atmosphere with a
ball to powder ratio (BPR) of 40:1 and at different
time (0.5h, 20, 30 and 40h). Then
Al/(SiCp+AI203) powders were compacted at 200
MPa.

Impregnation

The resulting powder were formed into
cylindrical pellets using uniaxial forming under the
pressure of and 120 MPa The pellets were then
immersed in solution of aluminum nitrate (9.4 g)
and ethanol (100 cc) for 8 min time, then was
vacuumed for 4 min to impregnate the polymer
solution into pores of the porous pellets. In order to
decompose of polymer solution and reduction to
oxide particles, samples was put in furnace under
temperature 350 °C and temperature rate 111 °C/h
for 1h.

Sintering

All  samples were sintered under argon
atmosphere, temperature of 500 °C and temperature
rate of 5 °C/min for 2h. The microstructure of
samples were studied using SEM methods and the
resulting phases were analyzed using XRD (Bruker
D8) method over 20 range of 20-80 °. The
mechanical strength of samples was investigated
using ring on ring method. Vickers microhardness
test was used to study the hardness under load of
50gf and 15s, and the fracture toughness of samples
was caalculated using anstis formula []. The wear
properties of samples was performed by pin on
disk method.
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Results and Discussion

In this study, hybrid nanocomposite Al/Al,O;
+SiCp were synthesis by two method high energy
ball milling and impregnation.

The SEM technique was used to describe the
characteristics of the powders during the several
stages of ball milling. The morphology and size of
alloyed AI/SIC  powders after a selected ball
milling duration was investigated. For example, as
shown in Fig. 1, particles size Al/(10%wt SiC) was
32 nm under milling condition 20h milling, BPR
20:1 and rotation speed of 450 rpm.
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Fig 2. SEM image of AL/SiC
ball milled for 20 h

Table.l and table.2 Reports the weight
percentage composition of the various samples.
Samples (table 1 and table 2) were milled by high
energy ball milling at rotation speed 450 rpm with
a ball to powder ration (BPR) of 40:1 and for 0.5h.

Tablel. samples whit ball milling method
material SiC AL,O3
Weight 10%wt 5%wt

percentage no.l
Weight 7.5%wt 7.5%wt

percentage no.2

Table 2. samples with impregnation method

material SiC
Weight percentage no.3 10%wt
Weight percentage no.4 7.5%wt
Weight percentage no.5 5%wt

In method impregnation a porous perform of
initial materials prepared, then polymer solution of
second phase with pressure absorbed in to initial
perform. In order to decompose of polymer
solution and reduction to oxide particles, samples
was put in furnace. In this study, the pellets of
Al/SIC (table 2), under conditions that were
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explained experimental section. XRD results is
shown in Fig. 2, was indicated existence alumina
in samples that synthesis by method impregnation,
it means by impregnation method, Al203 particles
were dispersed in pellets of Al/SiC homogenously.

1500
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Fig2. XRD, Al/(SiC-Al,03) composite
(synthesis by method)

Table 3 is shown the results of hardness test of
various samples. As can be seen, the addition of
Al203 improves hardness of the samples, at
constant total weight percent of the hard phase. In
addition composite samples prepared by polymer
impregnation method shows better mechanical
properties than composite samples prepared by
conventional ball milling method. It was also found
that the increase of SiC content of samples, reduce
the amount of AI203 phase in impregnated
samples. This can be related to the fact that the
reduction in SiC phase content of samples
decreases the hardness of composites and indeed
higher green densities can be obtained. The higher
green density of these samples cause lower pore
content which as a results reduce the amount of the
Al,O3 phase.

Table 3. hardness test of various samples

sample Microhard
ness Vickers

No. 1 70.1

No. 2 110

No. 3 96.16

No. 4 66.16

No. 5 67.7

0
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Conclusions

The high energy ball milling decreasing particle
size of AIl/SIC powders to 35 nm. polymer
impregnation is a novel method for the synthesis of
metal matrix  nanocomposite  with  more
homogeneous phase assemblage and improved
mechanical properties like hardness compare to
conventional ball milling methods. the addition of
Al,Oz; improves hardness of the samples, at
constant total weight percent of the hard phase.
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Abstract

In this project copper nanoparticles and Cu-Al,O3; Nano-composites have been synthesized
by mechanical milling method. Effect of many parameters such as milling time, speed, adding
stearic acid as PCA, milling atmosphere and so on have been studied and the rule of Al,O3
weight ratio on the mechanical and electrical properties has been investigated for micro and
nano sized composites. Experimental results show formation of copper dendrite structures by
milling speed at 600 rpm during 10 hours. Increasing the milling time up to 30 hours formed
flake structure which have been formed more quickly by adding stearic acid as PCA. By

decreasing speed down to 450 rpm copper nano dendrite structures no further exist.

Experimental results exhibit that Cu/3%wt Al,O3 Nano-composite show good mechanical

and electrical properties for many industrial applications.
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