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Structure of o alumina. On the left, seen in the base
plan: the large circles represent the anions, the small
full circles the cations, the small empty circles the
vacant octahedral interstices. On the right, the view
of the cation sublattice: the full circles represent the
full cations and the circles the vacant sites
Single-mesh discharge circuit

Variation of reflectivity with wavelength for several
metallic materials. The wavelengths of two
important  lasers (Nd:YAG and CO,;) are
superimposed on the figure

Variation of reflectivity with temperature for 1.06

um radiation
Various effects of laser-material interaction (a)
heating, (b) surface melting, (c) surface

vaporization, (d) plasma formation, and (e) ablation

Regimes of various effects during laser—-material
interactions and their application in laser materials
processing  (pulsed laser ablation/deposition,
PLA/PLD; laser annealing, LA; laser cleaning, LC;
laser-induced isotope separation, LIS; multiphoton
absorption/ionization, MPA/ MPI; laser-supported
detonation/combustion waves, LSDW/LSCW; laser-
induced CVD, LCVD; laser-induced electrochemical
plating/etching, LEC; long pulse or CW CO, laser-
induced reduction/oxidation, RED/OX

Schematic of the laser irradiation geometry and
surface temperatures at various times: (a) initial
condition  with  uniform  temperature Ty,
throughoutthe material, (b) laser heating with surface
temperature, Ts > To, and (c)cooling stage (laser off)
with surface temperature T°s < T (surface
temperatures are less than melting point at all times)
Variation of calculated temperature increases with
time at various depths during laser irradiation of
copper using laser power density of 10 W/m? and
irradiation time of 1 us

Various mechanisms of laser ablation

Experimental setup for laser ablation of solids in a
liquid environment
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Schematic drawing of a conventional SEM. The
evacuated microscope column (inside the bold
dashed frame) contains the electron gun,
electromagnetic lenses, electromagnetic deflection
coils, apertures, the specimen stage, and the
detectors. The electronics console houses the power
supplies for the acceleration voltage and the
electromagnetic  lenses, the scan generator,
amplifiers for the signals, and monitors for display
and recording of images. Modern SEMs are
controlled by a PC. A, anode; BSE, backscattered
electrons; C, cathode; ConA, condenser aperture;
ConL, condenser lens; CL, cathodoluminescence;
Defl . X, pair of beam deflection coils in the X
direction; Defl . Y, pair of beam deflection coils in
the Y direction; Det., detectors; DF-D, dark-field
detector; O, specimen; OA, objective aperture; OL,
objective lens; PC, personal computer; SE,
secondary electrons; STEM, scanning transmission
electron microscope signal; W, Wehnelt cylinder; X-
ray, X-ray signal.

Schematic drawing of signals for a thin sample
generated by the impinging electrons

Micrograph series of increasing magnification of the
head and the eye of a fly, recorded with secondary
electrons at 30 kV. The specimen was air dried and
sputter coated with about 15 nm gold. Note the large
depth of focus. The last magnification step from (e)
to (f) barely reveals further fine details of the
specimen because of the preparation used. The scale
of dimensions of the micrographs covers about three
orders of magnitude.

Geometrical arrangement of EDS in a scanning
electron microscope (SEM)

Potential interference of X-ray detection due to low
take-off angle in the SEM

Bragg diffraction by crystal planes. The path
difference between beams 1 and 2 is SQ +QT =2 PQ
sinf

The excitation process; E = energy of photon (J), h =

Planck’s constant (6.626><10_34J/s) and v = fre-
quency (Hz) of its associated electromagnetic wave

PAGE

26

27

28

29

29

30

32


http://en.wikipedia.org/wiki/Electromagnetic_wave

FIGURE

2.18
2.19

2.20

2.21

2.22

3.1
3.2
3.3
3.4
3.5
3.6
3.7
4.1
4.2
4.3
4.4
4.5
4.6
4.7

4.8

LIST OF FIGURES (cont’d)

Electronic energy levels and transitions

Electronic transitions with vibrational transitions
superimposed. (Rotational levels, which are very
closely spaced within the vibrational levels, are
omitted for clarity)

Survey spectrum from Sn showing the XPS
transitions accessible using AlKo radiation, the
features marked with an asterisk are electron energy
loss features due to plasmon excitation

Schematic diagram of the XPS process, showing
photoionization of an atom by the ejection of a 1s
electron

Photo electron spectrum of lead showing the manner
in which electrons escaping from the solid can
contribute to discrete peaks or suffer energy loss and
contribute

Photograph of aluminum powder and aluminum
pellet

Photograph of the Nd:YAG laser used in this study
Experimental setup for synthesizing Al,Os
nanoparticles by laser ablation of Al in deionized
water

Field emission scanning electron microscope (FE-
SEM)

X-ray diffractometer

UV-visible spectrophotometer

X-ray Photoelectron Spectroscopy

Laser energy of each voltage by adjusting pulse
durations

Laser power output waveform of Nd:YAG laser at
300V a) 1 ms b) 10 ms ¢) 20ms (1V/1kW)

Laser power output waveform of Nd:YAG laser at
400 V a) 1 ms b) 10 ms ¢) 20ms (1V/1kW)

Laser power output waveform of Nd:YAG laser at
500V a) 1 mshb)10ms (1V/1kW)

Plot of coefficient of third equation in each voltage
RLC circuit simulation using MATLAB/Simulink
Trigger logic was performed to switch in RLC
circuit

The simulation results of RLC model using
MATLAB/Simulink at capacitor voltage 300 V 20
ms a) Voltage across capacitor b) Resistor voltage c)
Resistor current d) Resistor power
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The simulation results of RLC model using
MATLAB /Simulink at capacitor voltage 400 V 20
ms a) Voltage across capacitor b) Resistor voltage c)
Resistor current d) Resistor power

The simulation results of RLC model using
MATLAB/Simulink at capacitor voltage 500 V 20
ms a) Voltage across capacitor b) Resistor voltage c)
Resistor current d) Resistor power

Approximation of pulsed power output to

rectangular power output 20 ms in different voltages
300, 400, 500 V

Approximation of pulsed power output to rectangle
power output 1J/pulse in different voltages
Approximation of pulsed power output to

rectangular power output 3J/pulse in different
voltages

Approximation of pulsed power output to

rectangular power output 5J/pulse in different
voltages

Simulation of heat at surface Al pellet from square
power output 1J at 300, 400, 500 V

Simulation of heat at surface Al pellet from square
power output 3J at 300, 400, 500 V

Simulation of heat at surface Al pellet from square
power output 5J at 300, 400, 500 V

Plasma plume observed during laser ablation of
aluminum target in liquid

Schematically mechanism of alumina nanoparticles
generation by the laser ablation in a liquid (a) target
surface was heated up by the laser beam, (b) plasma
plume of alumina and shock wave were formed and
condensed, and (c) alumina nanoparticles were
generated.

FE-SEM images of (a) aluminum powder, and
alumina nanoparticles at 300 V with different laser
energies of (b) 1 J,(c)3J(d)5Jand (e) 7 J.

Plot of particle size distribution of alumina
nanoparticles at 300 V with different laser energies:
(@) 1 J/pulse, (b) 3 J/pulse and (c) 5 J/pulse

FE-SEM images of alumina nanoparticles at 400 V
with different laser energies of (a) 1 J, (c) 3 Jand (d)
5J.
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FE-SEM images of alumina nanoparticles at 500 V
with different laser energies of (a) 1 J, (c) 3 J and (d)
5J.

Plot of particle size distribution of alumina
nanoparticles at 400 V with different laser energies:
(@) 1 J/pulse, (b) 3 J/pulse and 500 V: (c) 1 J/pulse
FE-SEM images of alumina nanoparticles
synthesized at 300 V, 1 J with different repetition
rates: (a) 10 Hz and (b) 18 Hz

Plot of particle size distribution of alumina
nanoparticles at 300 V, 1 J with different repetition
rates (a) 10 Hz (b) 18 Hz

EDS results of laser energies 1, 3,5 Jat 300 V
Alumina nanoparticles dispersed in deionized water
at 300V after 5000 pulses of laser ablation
Absorption spectra in deionized water with
suspended alumina nanoparticles prepared from
different laser energies of 1, 3and 5 J.

Absorption spectra in deionized water with
suspended alumina nanoparticles prepared from laser
energy of

1

Absorption spectra in deionized water with
suspended alumina nanoparticles prepared from laser
energy of

3J.

Absorption spectra in deionized water with
suspended alumina nanoparticles prepared from laser
energy of

5J.

Linear relationship between the absorbance and the
concentration at wavelength 210 nm.

XRD patterns of pure Al and Al203 nanoparticles
synthesized from laser energies of 1, 3, and 5 J.

XPS survey scans of different laser energies 1, 3 and
5]

The analysis of Al2p at different energies 1, 3 and 5
J

The analysis of O1s at different energies 1, 3and 5 J
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