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SYNTHESES OF VALUABLE INORGANIC MATERIALS VIA CGQ-

ASSISTED PROCEDURES AND THEIR APPLICATIONS

(i) COx-Expanded Liquid SyntheseseAl,0; for Application as Catalyst;
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Self-Catalytic Carbonation;
(iif) Syntheses of G#APO,)30H from the Synthetic Calcite and Eggshells for kggiions as

Catalyst and Drug Carrier.
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Abstract

VI. ABSTRACT

The addition of C@to an organic solvent-water mixture causes expansi volume of the
liquid phase as a result of increase of mole foactf the gas, and provides endless potential for
tuning, adjusting and enhancing system properlieslso offers simple and direct synthesis of
micro- and nano-sized particles with narrower sitributions. Notwithstanding, the technique
appears not to have been for the synthesis ofahmbley-Al,Os in the literature. Consequently,
the technique was applied for direct synthesig-81,0; nanoparticles without the use of any
structure directing substances or templates; th€®Aproducedwas further applied to the
catalytic Baeyer-Villiger oxidation of cyclohexarmnResults revealed that while mesoporous
amorphous flower-likey-Al,O3 was synthesized at equal ethanol to water voluate,r
mesoporous honey-comb-likeAl ,O3 was synthesized at higher ethanol to water voltaties.
Additionally, they-Al,O3 nanoparticles exhibited high specific surface ard pore volume
with small crystallite sizes (e.g., 519.8/mand 1.1 criig can be achieved for the specific
surface area and pore volume, respectively). Furibee, the AJO;structures were stable from
400°C to 800°C. On the other hand, the 28 could catalytically convert cyclohexanonesto
caprolactone satisfactorily, and the use of theigatl catalysts (at 400 and 8@) produced at
equal ethanol to water volume ratio avoided thealiand inevitable hydrolysis eftcaprolactone

to e-hydroxyhexanoic acid (selectivity could be 100%hnally, the catalyst was recyclable and
stable for several reaction cycles with consistestilts.

In the mean time, CaCGQOwas synthesized through high pressure carbonatiote. A solid-
liquid-gas carbonation system with or without ani@liquid (IL), BmimBr, was instituted in
view of enhancing the reaction of g@ith Ca(OH). In this case, the BmimBr positively
influenced the reaction at low pressures (0.1 Mith 10 MPa) within 5 min, and also showed
effect at medium pressure (5.0 MPa) within 2 mimifarly, higher mixing rates (400 — 800 rpm)
at medium pressure without the IL resulted in cosiods greater than 95 %; in fact, an almost
complete conversion (98.9 %) was achieved withmid at 5.0 MPa with a mixing rate of 800
rpm without the IL. Furthermore, 5.0 ml water ormaavas necessary for rapid conversion of 5.0
g Ca(OH). Moreover, a novel solid-gas carbonation with &ds@nic liquid (SIL, tetra-n-

heptyl-ammonium bromide-THepAmBr) was also impletedn The effect of reaction
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temperature, reaction pressure, reaction time, atafusolid ionic liquid (THepAmBYr), reuse of
the SIL, and type of SIL (THepAmBr, BmimBr, BmimGNas also investigated. Additionally,
the use of additives for inducing polymorphic cohtwas explored. For this case, calcite
structure with rhombohedral lattice was produced ait CO, conditions investigated:
supercritical (15.0 MPa, 509C), compressed (5.0 MPa, 36@), liquid (15.0 MPa, 25.6C),
gaseous (0.1 MPa, 30%C) and atmospheric (0.1 MPa, 300). Furthermore, rapid and
complete conversion was achieved under the supieatitondition with the production of nano-
sized calcite particles. Meanwhile, conversion a{@H) increased with increasing temperature
from 25.0°C up to 50.0C and decreased thereafter; but increased corigjsteth increasing
pressure. Similarly, conversion increased with easing amount of THepAmBr leading to
complete conversion at the mass ratio of 0.1:ITtfdepAmBr/Ca(OH). Stability tests revealed
that the THepAmBr was active and stable up to sgvecycles. Again, inquiry into the effect of
using two imidazolium based SILs (BmimBr, BmimCijdicated that they gave conversions
greater than 96 %. Furthermore, preliminary studiesthe polymorphic control to aragonite
particles gave interesting results; 30.2 % aragopdrticles were synthesized with solid MgCl
and 54.7 % with solid PEG6000. Yet, time-dependerdlysis of conversion showed that the
reaction mechanism for the system was self-catabid initiated by tiny absorbed water and
CO, dissolved in the THepAmBr. Consequently, reactiate equation was established, which
revealed that the derived conversion equation destr the experimental conversion
satisfactorily. These results suggest that coughegrHepAmBr with C@could be an effective
system for intensifying traditional gas-solid reacs.

Meanwhile, as an application of the as-producedhgjit calcite, hydroxyapatite (HAp) was
produced from the calcite suspension by adding direplets of phosphoric acid solution with
the help of the syringe pump in order to facilitatentrol of the pH of the reaction solution (the
as-produced C@also helps the reaction for HAp material). Purd atable HAp nanoparticles
(HApNPs) were synthesized without using any tenagladr structure directing substances at
room temperature. The produced HApNPs exhibiteth Isigecific surface area (such as 209.1
m?/g) and large pore volume (such as 1.88/ginand its preliminary application in the catayt
oxidation of cyclohexanone did not produce any bydpcts.

For a comparison, HApNPs were also produced fromtleggshells (CaO) at room temperature

without pH control. Here, pure and rod-like HApN®Rsere produced at all the addition rates.
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However, samples produced at an addition rate 0frah, 200 ml/h and 400 mil/h were much
stable after calcination at 768 and 950C compared to those obtained at 25 ml/h and 50. ml/h
Moreover, all the samples exhibited high specificface areas (such as 160.%¥gh and large
pore volumes (such as 1.0 ¥g). Even so, high-purity synthetic calcium souraes somewhat
expensive coupled with the fact that resorptiotd8fp derived from synthetic calcium has been
proven to be quite different from the bone mineiraladdition, conversion of eggshells to CaO at
about 1000°C increases the energy input of the process. Torxefor another comparison,
highly pure (99.99 %) HApNPs with smaller partisige (< 10 nm), high specific surface area
(such as 284.1 fy) and large pore volume (such as 1.4 1./ginwas produced from raw
eggshells without the use of any surfactants aucsire directing substances, and without
conversion to CaO by using a two-step procedum®@ti temperature. Investigations showed
that the surface area and pore size increasedimdtbasing size of needle used for precursor
addition to an optimum and then decreased thereafeeuum drying offered the HApNPs with
the highest specific surface area compared to nantafreeze drying. Finally, the as-produced
HApNPs revealed high loading of ibuprofen (as mashl.376 g/g HAp) with a supercritical
CO; loading technique (at 40%C, 18.0 MPa) and much faster dissolution rate coathto pure

ibuprofen raw material.
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