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Abstract
Background/Objectives: Nanotechnology has been stated in Malaysia New Economic Model and widely used in much application. The article focuses on nanoparticle formation using liquid pulsed-laser ablation technique. Methods: There are
two methods have been used to produce the metal nanoparticles namely breakdown and build up method. In this article,
the pulse laser ablation (build up method) has been used to generate the metal nanoparticles whereby the metal target is
immersed in ultra-pure water. The Al alloy metal nanoparticles were studied using two laser parameters namely laser exposure time and laser power. Findings: The above mentioned method identified can generate the metal nanoparticles. The
longer laser exposure time with higher power contribute higher weight loss of the Al metal. The new incoming black dots
were detected on the surface of Al alloy metal samples that were shot by a laser beam. It was contributed to the formation
of instabilities plasma on the metal surface towards Al nanostructures ejection. The average weight of a mass loss of Al
alloy increases with the exposure time of laser shot was increases. It was shown that average of mass loss of Al metal alloy
increased dramatically from the 30 second to 60 second at laser power of 1 watt. However, the higher ablation condition
of 3 watt for 180s forms the bigger particle size of 900 nm and more. Conclusion/Application: At the condition of 3 watts
for 30s, smaller particles size ranging of 76-1281 nm has been formed. The higher power and exposure time subsequently
increase the size and homogeneity.
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1. Introduction

Nanotechnology deals with matters that have a narrow
range of size and smooth. The characterization is based
on the low melting temperature, high surface area, optical
characteristics, mechanical strength and its magnetism1,2.
In3 made experimental demonstration whereby the laser
is focused on the surface of pure Fe metal immersed in
water medium. This method is known as Liquid Phase
Pulsed Laser Ablation. This method is simple and clean.
It does not require specific purification process, low
cost preparation test and the laser parameter can be
controlled.
Nanoparticle is defined as particles that have a diameter of less than 100 nm4. Normally, metal nanoparticles
have physical and chemical characteristics that are different from common metals which are low melting point,
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high surface area, mechanical strength property which is
similar to ordinary metals and magnetism characteristics1.
When the particle size becomes smaller lower than 100
nm, the number of atoms on the surface of the material is
increased with the total number of atoms in a substance.
Ratio of the surface to volume of the material increases.
Laser is focused on very small spot with high intensity of light than sunlight. It is to be monochromatic laser.
According5, monochromatic light waves is defined as
a light wave having a single frequency or a single wavelength. The laser mechanisms can be understood by Neils
Bohr model of the atom6. Electrons move around the
nucleus of an atom. Electrons can be on a ground state
and excited state. When the electrons move from excited
state to ground state, the electrons receive energy than
other electrons. These electrons will emit powerful light
called a photon. However, there is one more situation
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that explains the process of laser light. When electrons
receive photon from another electron and move from
ground state to excited state, the photon energy is double
increased. This situation is called stimulated emission
electron. Laser light is generated. Besides7 was reported
the Ag-Au alloy nanoparticles can be synthesized by a
high-voltage electrical explosion of twisted wires (of Ag
and Au) in deionized water. The compositions of obtained
nanoparticles were changed by adjusting the cross-section
ratio of Ag and Au twisted wires.
When the laser is shot on the surface of the target
metal sample, some of the laser energy is reflected. The
laser energy reflection process depends on the type of
metal and laser wave8. Laser energy absorbed by the metal
sample is transferred from the optical photons into electrons and then into the lattice particles. The laser power is
absorbed by the target metal sample8. The high acceptance
of laser energy causes a photochemical process occurs in
which atoms and molecules are isolated from the surface of
the target metal sample. The surface of target metal sample
becomes hot and causes vaporization process, generates
plasma filled with atoms and ionized electrons. The resulting plasma absorbs some of the laser energy. This plasma
expands and heated due to excessive laser energy. Finally,
the plasma begins to inject from the surface samples
exposed of laser light to the liquid phase. Metal nanoparticles are synthesized as a result of laser ablation7.
The objective of the study is to produce Al alloy metal
nanoparticles using laser ablation in liquid medium.
In addition, the effect of laser exposure time and laser
power to the mass loss of metal sample was also studied.
Nanoparticle size and particle size distribution of nanoparticle metal samples were also studied. The materials
used are metal Al alloy, ultra-pure water, perspex block
and sandpaper.

2. Experimental
2.1 Metal Alloy Cleaning and
Characterization
Al alloy metal samples are cut to size dimension of 2 cm
x 3 cm into 12 samples and stored in 12 containers petri
plates. The surface of Al alloy metal samples was washed
with little oil to prevent rusting. Al alloy metal samples then
are cleaned with ethanol and water. Al alloy metal samples
are polished using Manual Grinding Machine at 100 rpm
and clockwise. Al alloy metal samples are polished using
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three different grades of sandpaper. Al alloy sample polishing metal started using coarse grade sandpaper, grade
400. Then, Al alloy metal samples are cleaned with ethanol
and water. Polishing of Al alloy metal samples are repeated
using sandpaper grade 800 and grade 1200. Al alloy metal
sample polishing are according to ASTM standards9 in
which the sample polished is begins with coarse grade
sandpaper to fine grade sandpaper. Metal surface structure of the Al alloy sample (after polished) is determined
using Optical Microscope Machine. Magnification scale is
set at 500 microns. Al alloy metal sample composition was
determined using XRF machine. Initial mass of Al alloy
metal was weighed and the reading was taken three times.

2.2 Laser Exposure Studies
The 500 mL beakers are cleaned with distilled water and
dried. Al alloy metal samples and Perspex block is placed
into a beaker of 500 mL. Position of Al alloy metal sample
is at the top of the block. Ultra pure water is poured into a
beaker which has provided the samples of Al alloy metal
and perspex block. Filter paper used to filter impurities
and suspended particles. The total volume of ultra pure
water that is poured into a beaker is in the range of 71
ml to 75 ml to ensure the distance between the surface of
ultra pure water and the surface of Al alloy metal samples
in the range of 2 mm to 5 mm. Laser power is set at 1 Watt.
Laser is shot in the middle of the Al alloy metal sample
surface for 30 seconds (s). Then, ultra-pure water is stored
in the universal bottle. Al alloy metal samples were laser
shot 1 Watt was dried and stored into petri plates. Beaker
and perspex block is cleaned with distilled water. The
experiment was repeated with a sample of Al metal alloy
with exposure time, 60 s, 120 s and 180 s. Laser power is
set to 2 Watt. The experiment was repeated with a time
of laser exposure on Al alloy metal samples at 30 s, 60 s,
120 s and 180 s. Then, the laser power is set at 3. Laser
exposure time on the sample of Al alloy metal is set to 30
s, 60 s, 120 s and 180 s. Final mass Al alloy metal samples
were weighed with electronic scales and weight readings
are taken 3 times. Figure 1 shows the experimental preparation for pulsed laser ablation system in which Al alloy
metal sample is immersed in ultra-pure liquid water.

3. Results and Discussion
Production and properties of nanoparticles of Al alloy can
be determined based on the parameters that have been
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Table 1.

Figure 1. Pulsed laser ablation system.

Percentage composition of Al alloy

Component
Al
Cl
Ti
Mn
Fe
Co
Cu
Zn
Ga
Pd
Cs

Percentage Composition (%)
95.4
0.58
0.009
0.11
0.697
0.005
0.12
0.03
0.017
2.9
0.11

Figure 1. Pulsed laser ablation system.

studied which the average weight of a sample decomposition Al alloy, laser exposure time on the sample of Al alloy
and laser power used. In addition, the morphology of the
Al alloy samples also has been studied which is the morphology of the surface structure of Al alloy samples before
and after laser exposure. Analyses of the sample composition Al alloy have also been studied. Table 1 shows the
percentage composition of the components contained in
Al alloy samples using XRF analysis. The sample used is
metal Al metal alloy in which the Al metal component is
a component of the highest percentage of 95.4 %.
The morphology of the surface structure of Al alloy
samples have been studied using an optical microscope.
The morphology of the Al alloy surface before and after
laser beam treatment was shown in Figure 2 and Figure 3,
respectively. Incoming black dots were detected on the
surface of Al alloy metal samples that were shot by a laser
beam. Al alloy metal plasma formed10 and the formation
of nanostructures11 that occurs on the surface of Al alloy
metal sample were cannot be seen directly. Al alloy metal
plasma rapidly expands as a result of the acceptance of
high-power laser beam focused on the surface of Al alloy
metal samples. Acceptance intensity of high power laser
beam in the entire period of time led to the release of
energy power of the laser beam is absorbed by the sample
Al alloy metal. Nanoparticle Al alloy metal was released
from the plasma12. The area that is focused by the laser
beam has suffered a loss of metallic Al alloy in which the
metal nanoparticles Al alloy been released into the ultra
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Figure 2. Surface morphology of Al alloy before laser shot
Figure 2. Surface morphology of Al alloy before laser shot (magnification of 500 µm).
Figure
(magnification of 500 µm).

Figure 3. Surface morphology of Al alloy metal sample
Figure
Figure
3.3. Surface morphology of Al alloy metal sample after laser shot (magnification of 500 µm).
after laser shot (magnification of 500 µm).

pure water. The formation of nanostructures on the surface of Al alloy metal samples is formed.
Table 2 shows the average weight of mass loss of Al
metal alloy in which Al alloy metal samples had been shot
with the power of 1 Watt laser in ultra pure water. Time
laser exposure on Al alloy metal samples was determined
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from 30 seconds (s), 60 s, 120 s and 180 s. The average
Table 3. Average mass loss of Al alloy metal sample
at laser power 2 Watt
weight of a mass loss of Al alloy increases as the exposure
time of laser shot increases. According to Figure 4, the
Average mass loss Average mass loss of
Time of laser
graph of the average weight of mass loss of Al metal alloy
of Al alloy metal Al alloy metal sample
exposure (s)
increased dramatically from the 30 s to 60 s. Then, the
sample (g)
(g) x 10-3
average of mass loss of sample decomposes consistently.
30
0.001400
1.400
Based on Table 3, the average weight of mass loss of Al
60
0.001667
1.667
alloy metals also increases when was shot with 2 Watt laser
120
0.002167
2.167
power in ultra pure water. In Figure 5, the average weight
180
0.003100
3.100
of mass loss of Al alloy metals rise. At the time from 30
s to 60 s, the average weight of a sample decomposition
metal sample increase is not significant. At the time from
60 s to 180 s, the average weight of sample decomposition
Al alloy metals rise sharply.
Figure 2. Surface
morphology of Al alloy before laser shot (magnification of 500 µm).
Table 4 shows the average weight of sample data
decomposition Al alloy metal at laser power of 3 Watt. The
Table 2. Average mass loss of Al alloy metal sample at
laser power 1 Watt
Average mass loss of Average mass loss of
Time of laser
Al alloy metal sample Al alloy metal sample
exposure (s)
(g)
(g) x 10-3
30

0.000233

0.233

60

0.001133

1.133

120

0.001267

1.267

180
0.001400
Figure 3. Surface morphology
of Al alloy
metal sample after laser shot1.400
(magnification of 500 µm).

FigureFigure
5. The average
massaverage
loss of Almass
alloyloss
vs laser
exposure
time
at laser
power 2 Watt.
5. The
of Al
alloy vs
laser
exposure
time at laser power 2 Watt.

Table 4. Average mass loss of Al alloy metal sample
at laser power 3 Watt
Time of laser
exposure (s)

Average mass loss
of Al alloy metal
sample (g)

Average mass loss of
Al alloy metal sample
(g) x 10-3

30

0.003800

3.800

60

0.004033

4.033

120

0.004433

4.433

180

0.005667

5.667

results showed that the longer the exposure time of laser
metal sample, the higher the average weight of sample
decomposition Al-alloy metal. Based on Figure 6, there is
an increase in the average decomposition of heavy metal
samples
dramatically
s to 180
s. As
a result,
there3 Watt.
6. The average
mass loss offrom
Al alloy120
vs laser
exposure
time
at laser power
Figure 4.Figure
The average
mass loss of Al alloy vs laser exposure time at laser power Figure
1 Watt.are
4. The average mass loss of Al alloy vs laser exposure
many differences between mass loss of sample before
time at laser power 1 Watt.
and after the shot fired by the laser.

4
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Figure 5. The average mass loss of Al alloy vs laser exposure time at laser power 2 Watt.

Figure 6. The
average
of Almass
alloyloss
vs laser
time at
laser power 3 Watt.
Figure
6. mass
Theloss
average
of Alexposure
alloy vs laser
exposure
time at laser power 3 Watt.

When the laser power is set at 2 Watt and 3 Watt, the
Figure 7. The average mass loss of Al alloy vs laser exposure
mass loss of Al alloy samples are also increased when the
Figure 7. The average
loss of Al
alloy vs of
laser
exposure
time mass
at different
intensity
laser
power.time at different intensity of laser power.
laser exposure time is increased as shown in Table 3 and
Table 4. This is due to the increasing in temperature and
the heat received by the surface of the Al alloy metal samTable 5. Average mass loss of Al alloy metal sample
ples during laser exposure and lead to increasing rapidly
varies laser power
laser ablation rate. Al-alloy metal sample areas focused
Average mass
Laser
Average mass loss
by the laser decompose rapidly and Al alloys heavy metal
Time of laser
loss of Al alloy
power
of Al alloy metal
samples decreased13.
exposure (s)
metal sample (g)
(Watt)
sample (g)
Other main parameter that play an important role in
x 10-3
the production of metal nanoparticles Al alloy is laser
1
30
0.000233
0.233
ablation power. Figure 7 shows the average mass loss of
1
60
0.001133
1.133
Al alloy metal by different power laser ablation. Power
1
120
0.001267
1.267
laser ablation has been set for 1 Watt, 2 Watt and 3 Watt.
1
180
0.001400
1.400
These results showed that the average mass of a sample
a)
b)
2
30
0.001400
1.400
decomposition Al alloy metal increases as the laser power
2
60
0.001667
1.667
increased. Table 5 shows the average mass loss of Al alloy
2
120
0.002167
2.167
metal that has three types of laser power. It was shown
2
180
0.003100
3.100
that laser exposure time on a sample of Al alloy at 180 s
3
30
0.003800
3.800
and 3 Watt gives the highest average weight loss, represents to the decomposition Al alloy metals.
3
60
0.004033
4.033
According14, when the laser power increased, the
3
120
0.004433
4.433
increase in heat will occur on the surface of Al alloy metal
3
180
0.005667
5.667
sample by a focused laser. Evaporation occurs too high in
exposed areas focused by the laser also causes the formation of plasma. Plasma instabilities caused by a too high
metal alloy at different laser power and ablation time were
c)
heat reception result of the high laser power in the
release
in Figures
8 tometal
11. nanoparticle
It was clearly
that(a)Al1 Watt, (b) 2 Watt
Figure
8. Particleshowed
size distributions
Al alloy
for 30shown
s exposure.
ejected of nanoparticles of metal and significantly reduced
alloy with smaller nanoparticles
can
be
prepared
at
laser
and (c) 3 Watt.
mass of Al alloy metal. The particle sizes distribution of Al
power and ablation time of 1 watt and 60 s, respectively.
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(a)
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(c)

(b)
(a)
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Figure 9 Particle size distributions Al alloy metal nanoparticle for 60 s exposure, a) 1 Watt, b) 2
Watt and c) 3for
Watt
Figure 8 Particle size distributions Al alloy metal nanoparticle
30 s exposure, a) 1 Watt, b) 2
(c)

(b)

Figure 9Watt
Particle
Al alloy metal
(c) nanoparticle for 60 s exposure, a) 1
and size
c) 3 distributions
Watt
Watt and c) 3 Watt

(c)

Figure 9. Particle size distributions Al alloy metal
nanoparticle for 60 s exposure. (a) 1 Watt, (b) 2 Watt and
(c) 3 Watt.
(a)

(b)

distributions
alloy metal
for 30 s exposure,
1 Watt,a)b)12Watt, b) 2
8 Particle sizeAl
distributions
Alnanoparticle
alloy metal (c)
nanoparticle
for 30 s a)
exposure,
and c)distributions
3 Watt
Watt8.andParticle
c) 3Watt
Watt
Figure
size
Al alloy metal
nanoparticle for 30 s exposure. (a) 1 Watt, (b) 2 Watt and
(c) 3 Watt.

(a)
(a)

(a)

(a)
6

(b)
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(c)

(c)

(b)

Figure 10 Particle size distributions Al alloy metal nanoparticle fo
(b)
2 Watt and c) 3 Watt
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(c)

However, at higher ablation condition of 3 watt and 180
s, the Al alloy with bigger particle size more than 900 nm
has been measured (Figure 11).

4. Conclusions

Based on this study, it was clearly shown the mass losses
ranging of 0.233 × 10–3 to 5.667 × 10-3 gram are affected by
the laser exposure time on the surface of Al alloy metal.
This is maybe due to the increasing of heat and temperature
(c)
10 Particle size distributions Al alloy metal nanoparticle for 120 s exposure,around
a) 1 Watt,
b)
the surface
of sample generated by the laser subse2 Watt
c) 3 Watt Al alloy metal
Figure 10. Particle
sizeanddistributions
quently causes the evaporation and melting metal samples.
nanoparticle for 120 s exposure. (a) 1 Watt, (b) 2 Watt and
Similarly to the laser parameters of the laser power, the
(c) 3 Watt.
higher power laser ablation, the higher mass loss of the target metal. This relates to the evaporation where formation of
plasma on the samples is increased. Plasma is not stable as a
(a)
(b)
result of high power laser. Metal nanoparticles are injected
from the surface of the target metal. From the morphology
of the sample, some black dots or crater are formed of the
surface after being shot with a pulse laser ablation. Pulse
laser ablation studies in the future should be extended other
laser parameters such as different types of liquid medium,
the distance between the liquid medium and target metal
surfaces, and different metal. For the particle size distribu(a)
(c)
tion of metal sample, the result shows the particle size is not
too fine and out scale of nano size. It is expected that the
(b)
laser exposure time and laser power can increase the par(a)
(b)
ticle size distribution. At the condition of time exposure of
30 s at 3 watts, the smaller particles size ranging of 76–1281
nm has been formed. However, the higher power and exposure time subsequently increase the size and homogeneity.
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