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Abstract

The present research has presented an easy, fast and one-step method for
the production of metal oxides (Compound material) nanoparticles (NPs)
by laser ablation in liquid environment with a high concentration, long
period of stability and less aggregation.

Several inspections were used to analysis the optical, surface
morphology, chemical composition and natural configuration
characteristics of these NPs.

Much of the work is devoted towards creating new nanomaterials
by controlling factors such as laser fluence and laser energy, as well as
choosing solvents with specific properties. It consisted of three main
parts, the first part consisted of the production Titanium Oxide (TiO,)
NPs using femtosecond laser, the second part consisted of the production
Zirconia (ZrO,) NPs using nanosecond laser and the last part consisted of
the production Alumina (Al,O3) NPs using femtosecond laser.

First Part : The synthesis of TiO, NPs was performed in two steps
. the first step includes the production of TiO, nanoparticles by pulsed
laser ablation of a titanium target immersed in Sodium Dodecyl Sulfate
(SDS) solution using an ultrashort pulse Titanium Sapphire (Ti:Sapphire)
laser with wavelength (A=800 nm).

In the second step the solution containing titanium oxide
nanoparticles were re-irradiated with the second harmonic (400 nm)
wavelengths of the Ti:Sapphire laser beam at different laser energies
(60,120, 180 WJ) in order to fragment relatively large pieces to obtain
smaller ones with much more stable nanoparticles smaller particle size
and size distribution range. Re-irradiation process at average value of 180
KJ decreased average particle size from 185 nm to 110 nm and the mean

size distribution width of these particles decreased from 94 to 47 nm.



A simulation program was built to simulate the nucleation process
of TiO, NPs .The simulation is based on Two Temperature Model (TTM)
and Classical Nucleation Theory (CNT). The comparison of the
experimental and simulation results of fragmentation process of TiO, NPs
showed the approximately coincide between them in the behavior only.

Second Part: The synthesis of (ZrO,) nanoparticles performed by

using Neodymium Yttrium Aluminum Garnet (Nd:YAG) nanosecond
(ns) laser pulsed (A=1064 nm) ablation of solid zirconium target
immersed in a group of aqueous environments in order to study the effect
of different surfactants on the optical properties and structure of ZrO,
nanoparticles.

The solutions which used for this purpose are sodium dodecyl
sulfate (SDS), cetyl trimethyl ammonium bromide (CTAB) and distilled
water (D.W.). It was found that the use of surfactant solution leads to
significantly higher ablation efficiency accomplished with finer spherical
nanoparticles sizes less than 10 nm. The values of Zeta-Potential test in
the range of (-41.3) mV to (+56.1) mV indicate for stability of NPs with
low agglomeration solution.

Third part: The synthesis of Al,O; NPs have studied in two

manners: one of them includes the effect of fluences on the size and size
distribution of NPs in D.W.as well as in ethanol. The other one includes
the effect of different liquid media (distilled water and alcohol) on the
size and size distribution of Al,O; NPs at the same laser fluence using an
ultrashort pulse (Ti: Sapphire) laser (A=800 nm). It was found that the
ablation at lower fluence led to the creation of smaller nanoparticles,
smaller aggregates of nanoparticles, and a lower concentration of
nanoparticles and an increase in fluence leads to shift in the size
distribution to larger sizes. Also it is found that the absorption spectrum
of samples produced in ethanol is lower than that produced in water. Thus



it implies that the ablation efficiency in ethanol is lower, but in the same
time it ensures that its oxides are not formed in ethanol due to prohibition

of ethanol surrounding media form oxidation.
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