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ABSTRACT

An Al-substituted tobermorite was prepared by hydrothermal treatment using 4A-zeolite,
sodium silicate, and calcium hydroxide. The X-ray diffraction (XRD) patterns and FT-TR
spectra confirmed that tobermorite was formed after the hydrothermal process. The removal
of phosphorous using the synthesized tobermorite was studied. XRD patterns, FT-TR spectra,
and scanning electron microscope (SEM) images showed the formation of hydroxyapatite
after p-elimination. It was found that the best solid/liquid ratio is 1.0 g/L and the best pH
value is 9. Kinetic models and thermodynamic parameters of p-elimination were discussed,
and the p-elimination process was proved to follow pseudo-second-order rate kinetics; it was
spontaneous and endothermic.
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1. Introduction

Preparation of tobermorite has been attracting
attention in recent years. Tobermorite, Ca5Si6O16(OH)2·
4H2O, is hydrated calcium silicate. It has a layer-type
structure and is prepared using reactive Ca and Si as
starting materials under hydrothermal conditions
below 180˚C [1]. Tobermorite (Ca5Si6O18H2·4H2O) has
been shown to have high potential applications in cat-
ion exchange, and nuclear and hazardous waste water
treatment [2,3]. It is well known that the reactivity of
silica source [4,5], addition of Al compounds [6,7],
addition of alkali [8,9], and addition of sulfate com-
pounds [1,10] strongly affect tobermorite formation.

Moreover, tobermorite was an effective adsorbent
for the removal of phosphorous in waste water. In
natural waters, phosphorus concentrations as low as
10 lg/L P can already lead to eutrophication processes
and to the deterioration of the water quality. Because
tobermorite can be easily and commercially synthe-
sized, the water treatment system developed is rapid
and simple, and it has potential for application in
treatment of waste water, which could be adopted by
developing nations.

Though most waste waters are supersaturated
with respect to calcium phosphate compounds, spon-
taneous precipitation of calcium phosphate is kineti-
cally inhibited. However, the supply of suitable seed
material initiates the deposition of calcium phosphate
compounds onto the seed material surfaces, in order
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