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SURFACE COMPLEXATION MODEL OF THE SORPTION OF PHOSPHATE
o ok IONS BY MONTMORILLONITE

Jaslin Ikhsan, Endang Widjajanti LFX, Sunarto

Department of Chemistry Education, Faculty of Mathematics and Sciences,
Yogyakarta State University, Yogyakarta 55281 Indonesia.
E-mail: jaslinikhsan@gmail.com, ewxlaksono@yahoo.com, sunartowikarto@yahoo.com

The sorption of phosphate by montmorillonite was investigated at 30 °C. The purpose of this
investigation is to determine the adsorption reactions and their equilibrium constants. Data
were collected from adsorption edge experiments investigating the effect of pH, adsorption
isotherms enabling the effect of sorbate concentration, acid-base titration calculating protons
released or taken up by adsorption process, and sorption kinetics studying time needed by the
sorption process to reach the equilibrium. The extended constant capacitance surface
complexation model (ECCM) was used to determine the adsorption reactions and their
constants, which then used as fixed parameters to model adsorption edge and adsorption
isotherm data. The ECCM and X-ray Diffraction measurement indicated that the phosphate
interacting montmorillonite surface by forming two outer-sphere surface complexes through
hydrogen bonding. In first complex, [(XH)’= H,L™]™", the phosphate was held to permanent-
charge X sites on the tetrahedral siloxane faces. The second complex, [[(SOT)SOH)]" -
[H;L]’]‘z, is due to the interaction between the phosphate and variable charge surface
hydroxyl groups at the edges of montmorillonite crystals and on the octahedral alumina faces.
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ABSTRACT

The sorption of phosphate by montmorillonite was investigated at 30 °C. The
purpose of this investigation is to determine the adsorption reactions and their
equilibrium constants. Data were collected from adsorption edge experiments
investigating the effect of pH, adsorption isotherms enabling the effect of sorbate
concentration, acid-base titration calculating protons released or taken up by adsorption
process, and sorption kinetics studying time needed by the sorption process to reach the
equilibrium. The extended constant capacitance surface complexation model (ECCM)
was used to determine the adsorption reactions and their constants, which then used as
fixed parameters to model adsorption edge and adsorption isotherm data. The ECCM and
X-ray Diffraction measurement indicated that the phosphate interacting montmorillonite
surface by forming two outer-sphere surface complexes through hydrogen bonding. In
first complex, [(XH)’—H,L ], the phosphate was held to permanent-charge X sites on
the tetrahedral siloxane faces. The second complex, [(SO)SOH)]” — [HoL] 172, is due
to the interaction between the phosphate and variable charge surface hydroxyl groups at
the edges of montmorillonite crystals and on the octahedral alumina faces.

Keywords: phosphate; montmorillonite; outer-sphere complex; extended constant
capacitance surface complexation model (ECCM).
A. INTRODUCTION

As an agronomical region, Indonesia has land and water containing excess
phosphate with high concentration. The excess phosphate can be from the use of fertilizer
or the waste of industrial activities. The high concentration of phosphate in the natural
environment can decrease water quality that results in serious problem to human life.

The excess of phosphate can carry the growth of superfluous plants in water
system in Indonesia, which is worrying. For instance, the growth of water plants called

Enceng Gondok in Indonesian rivers and lakes, which are used to cause serious
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