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“I-Iollovlv éilicate particles have been attraclfilﬁfe for the past decade especially
from the chemist and material scientists because of their low density, large specific area,
and high chemical with thermal stability. These unique characteristics can be potential
| applications as filler, catalysis, separation, controlled release and photonic band gap
materials which could be good forlvari,ous industrial fields especially for f;ano~scie_nce
| application. So far, a variety of chemical and physical methods have been extensively
studied to fabricate hollow silica parucles Such as, template synthe31s and double
emulsmn method are extensively used. Hence, this dissertation only make used of two
processes (template and double emulsion method) to fabricate, investigate, develop and
innovate an eco-friendly approach in producing nano- and microfsize- hollow silicate
particleé. _Thjs research work is ‘particularly followed the principle of Fuji's (CRL,
processing group) and Fujiwara's works in fabricating hollow silicate particles by
‘template and double emulsion approach respectively. The study is mainly organized

as follows
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Chapter 1 introdlices brief and geheral background of inorgahic hohow particles
especially hollow silicdte particles including some conventional teéhniques and their
various applications. Aceordingly, established sets of delimitations for an eco-friendly
approached in forming and achieving nano- and micro-size hollow si_licate particles.
Based on this delimitation, the goal of this study was conceptualized.

Chapter 2 describes a facile route in synthesizing nan(; and micro- size hollow
silicate particles with tunable shell thickness with unique amsotropw hollow shape by
employing inorganic partlcles as template.in conjunc’aon via the sol gel method The
morgamc templates used were. hydroxyapatlte (HAp) nanoparticles (for nano- size
hollow) and calcu;m carbonate (CaCOs) micro particles (for micro-size hollow) in
fabricating hollow silicate particles. The physico-chemical properties of the hollow
particles were characterized by scanning electfo'n microscope (SEM), transmission
electron ‘~ microscepy (TEM), pewder x-ray diffraction (PXRD), thermal
gravimetric-differentiai thermal analysis (TG-DTA) and nitrogen adsorption/desorption
analysis. The hollow silicate particles showed relatively stable anisotropic hollow shape

with uniform shell wall thickness of silicate layers. In addition, the shell thickness and

| surface roughness have tendency to increase with the - increase concentratxon of

tetraethyl orthosilicate (TEOS) precursor in ethanol solution. As expected unique
amsotroplc shape and size of the hollow silicate particles depend on the inorganic
template used. '

Chapter 3 describes the fabrlcatmn of hollow silicate partlcles with micro, meso

* | and macroporous amorphous silicate shell wall. Here, two processes were used such as

,double template method for nano-size hoﬂow silicate particles with mlcro/mesoporous ’
shell wall’ (NSHPMSS) and double emulsion method for micro-size hollow silicate
| particles with meso/macroporous shell wall (PHSM). For NSHPMSs, CaCOs
(nano-size:60 nm) were used as core-template and cetyltrimethylammonium bromide

(CTAB) for silicate network template.
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While for PHSM, sodium polymethacrylate (waier soiu‘dle polymer; Na~PA) was
added into the aqueous solution of waterl/oil/waterz (wlowz) emulsion system with
controlled parameters (emuls1ﬁcat10n rotational speed constant, fixed volume ratio and
fixed  surfactant ratio), modrﬁed (set-up) pressurized N filtration and calcinations.
Then, controlled hollow silicate microspheres with meeo/macroporous shell were
successfully prepared | A

Chapter 4 an initial investigation on the adsorp’aon of cationic’ (CTAB
cetyltnmethylammomum bromide) from aqueous solutron onto nano-cube CaCO;
particles under alkaline condition was studied.. A seties of batch experiment were

’ performed to determine the sorption graph of CTAB to nano-cube CaCO; particles. The
experimental studies were analyzed by TG-DTA weight loss (200°C to 400°C). The
experimental data coincide to the reference model of typ1ca1 adsorption isotherm of
| surfactant on solid oxide surfaces. '

Chapter- 5 investigates the fabrication of stable hollow calcia-silicate '
nanoparticles by template ammonia-hydrothermal approached using CaCOj; nano-size
particles as cere-template. This simple process for the formation of a unique hollow
calcium silicate (< 100 nm) nano-size particles, which was successfuﬂy prepared via the
hydroly31s and condensation of tetraethylorthosrhcate (TEOS), ammonia water |
(NH4OH) and inorganic calcium silicate (CaCO3) as template and then

ammonia-hydrothermally treated. To anderstand the formation of hollow calcia-silicate
nanoparticles the temperature reaction was varied at room temperature (RT), 90 and 120
-°C. Then each reaction temperature was varied in aging time for 3 h, 9 h, 24 h and 10 d.
This approached for the formation of new nano-size hollow calcium-silicates particles
‘| canbe a gdod alternative for the application on nano-bioactive materials.

Finally, Chapter 6 furnishes the overall concluding remarks of the present work
and the future directions for research The technique presented in this study provides a
good foundation for the Vanous future applications of the hollow silicate partrcles

, espec1ally for template and double emulsion approached.
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