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- one dimensional photonic energy transfer to funnel the electronic excitation along the
nanochannel of the inclusion compound [14,25]

- macroscopic NLO response exploiting the head-to-tail arrangements of suitable push-pull

molecules within the channel.
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1. INTRODUCTION

In the field of polymeric systems an important goal is to reinforce the polymer matrix and to
improve mechanical and thermal properties. Inorganic additives are introduced into polymer
systems as fillers or as reinforcing agents. Among the hybrid organic-inorganic powdered
materials, the silica receives considerable interest because different degrees of
hydrophobic/hydrophilic are determining its dispersion in the polymeric matrix. The synthesis
and characterization of hybrid organic-inorganic powdered materials have received great
attention in past years. These materials present properties related to the matrix as well as the
organic phase, which can be combined in order to obtain new materials. The sol-gel method
is an important route to prepare such materials using alkoxysilanes R-Si(OR); and
tetraethylorthosilicate (TEOS) as precursors. The polycondensation of alkoxysilanes can be
described in three steps: (i) hydrolysis. (ii) silanol condensation and (iii) silanol-alcohol
condensation.

The relative simplicity and versatility of the sol-gel process, when compared to covalent-
bonding methods to obtzin hybrid materials. associated with low cost, are responsible for its
extensive utilization. The possibility ot obtaining different physicochemical characteristics
like surface area, particle shape and size. porosity and organic functionalization grade. are
some advantages of th's process [1-3]. However, a little change in the parameter conditions of
the synthesis, like solvent, catalyst or silane amount, can produce great modifications in the
final properties of the materials. In this context, the study of the synthesis conditions and the
related resulting properties are very important to understand these systems [4]

The silica can have hydrophobic properties when its surface is functionalized. This process
requires the presence of silanol groups at the surface. There are many types of silica differing
in their surface properties, in particular, the density of silanol groups and the types of silanols
(isolated, hydrogen bonded, geminal) vary by techniques of preparation of sitica. The purpose
of this investigation is to know the grafting process on silica prepared by sol-gel. The
principle of the investigation work consists in comparing the grafting of anilines, with
different active groups, on silica to obtain different degree of the surface hydrophobicity. For
a better understanding of these solids, the characterization of the nature of the species was
determined by FT-IR, XRD, DTA-TGA and surface area (Sggry).
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lowered compared to the unsubstituted compound (A42). The OMe group may produce a
decrease electron density at the N atom through proton chelation. The lowering acidity effect
increases when the methoxy group changes its position and there is a nitro group in its place
(A57).

Table 2. pKa of anilines

Aniline R R’ pKa
A42 H H 3.83
Ad5 H OMe 3.70
A57 OMe NO; 3.40

The immobilization of the aniline groups on the matrix surface silica was studicd by
FTIR. Spectra of silica and functionalized silica with A42, A45 and A57 anilines. at r.t. and
393 K are presented in Figure 2.
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Fig. 2. FTIR spectra of functionalizated silica with anilines, at room temperature (r.t.) and calcined at
393 K (c).
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The main ditferences between functionalized silica spectra and that of the pure silica are
due to: the N-H stretching band (3300-2600 cm’'. broad peak, overlapped with the stretching
bands of silanol of silica and -CHa- groups). overtone band (1975 c¢cm™). Two possible
vibrational bands: asymmetrical -NH;" bending band (1600 cm™) and the symmetrical -NH;"
bending band (1500 cm™) [12].

As the occurrence of reactions involving amino groups, with the consequent formation
of new species, is unlikely. these additional components could be assigned to amino-ethy!
species experiencing some peculiar interaction with the boundary. The complexity of bands
due to such species indicate the presence of some heterogeneity, this behaviour could be due
to constraints of amino-ethyl species in the silica gel framework [13).

The mode of anchorage of the organic compounds is of prime importance for the
characteristics of the final functionalized silica. After functionalization, it was determined the
degree of hydrophobicity of silica surface, with water (Huw.r) and wettability, with ethanol
(M emana), respectively. Table 3 shows these properties for silica synthesized by sol-gel and
functionalized with A42, A45 and AS57 anilines, at r.t. and calcined (c). In according to
functional groups of anilines, the hydrophobicity degree is very good for silica-A42-c but is it
inexistent for silica-AS57-r.t.. respectively. In relation to ethanol wettability. the functionalized
silica presents a different behavior that could be due to particular interaction of the surface
sites with water than with ethanol molecules.

Table 3. Hydrofobicity degree (Huaer) and Ethanol wettability (Mg muna)

} Hwnler I\(IElhnnol

" Silica 0 1

| Silica A42-rt 0.64 042

© Silica A42-c 0.88 0.21 !

i Silica A45-r.t 0.16 1.21
Silica Ad5-c 0.43 1.42
Silica A57-r.t -0.54 2.00
Silica A37-c 0.31 1.21

[n addition these results evidence the preservation of hydrophilic patches on the silica
surface. This hypothesis has been taken into account during the functionalization procedure in
solvent as toluene, perhaps in polar sclvents and different treatments of silica surface this
behavior is made by other alternative routes.

The final mechanism for our systems is in study and these results will be analyzed
according to different possible mechanisms in order to discriminate between them.
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Red mud, a residue of the alumina production industry which is actually a solid waste, has
been studied as a potential sorbent for the removal of toxic bivalent cations (i.e. Cd. Zn. Cu
and Pb) from aqueous solutions in the presence of 0.01 M NaNO;. The experimental data
were modeled with Langmuir and Freundlich isotherms and fitted quite well. The relatively
high uptake indicated that red mud can adsorb considerable amounts of cadmium and zinc
from near—neutral aqueous solutions (maximum uptake capacity for cadmium: 68 mg-g' at
pH 6 and ca. 133 mg-g" for zinc at pH 7). A significant uptake was also observed for copper
and lead at pH 6 and 7 respectively which was attributed to precipitation of the respective
insoluble hydroxides. TCLP leaching tests before and after the metal removal have shown that
read mud is an environmentally compatible material that could be used for the wastewater
treatment. Regeneration possibilities have also been observed.

1. INTRODUCTION

The presence of heavy metal ions in the environment is of major concern due to their toxicity
to many life forms. Unlike the organic pollutants, metal ions do not degrade into harmless
end—products. The increasingly stringent European legislation on the purity of drinking waters
and on the concentration of contaminants in wastewaters has created a growing interest in the
development of treatment processes for the removal of hazardous metals from aqueous
solutions. Among the various methods proposed for this purpose adsorption proved to be of
the most promising ones [1. 2]. Several natural (e.g. natural zeolites, bentonites, metal oxides)
and synthetic (e.g. synthetic zeolites. resins, metal phosphates and silicates, synthetic
oxides/hydroxides/hydroxyoxides) materials have been investigated as sorbents for heavy
metal removal from solutions achieving different levels of success [3, 4-9]. Moreover,
considerable research work has been done on various industrial waste materials in order to
develop suitable sorbents for water treatment; so fly ash [10, 11], blast furnace slug [12],
biomass [13, 14] and bagasse fly ash {15], among others have been tested as sorbents for
heavy metal removal with various levels of success.

The aim of this work was to investigate the possibility to use red mud for the water and
wastewater treatment. Red mud is an insoluble fine—grained residue of alumina production
industry (Bayer process: extraction of alumina from bauxite by treatment of the ground ore
with hot concentrated base) [16, 17]. The major constituents of red mud are Fe,0;, TiO3,
Al O3, Ca0, SiO; and N3;O [e.g. 18-20]. Since ca. 1.0-1.5 tones of red mud are produced for



