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Abstract

Discharge of untreated nutrient-rich wastewater is a problematic issue which may
damage the ecosystem and biodiversity of receiving water. The recovery of nutrients in
wastewater using a crystallization technique may provide a value-added product.
Removal of phosphorus from wastewater can be accomplished by precjpitating these as
the mineral struvite (MgNH,4PO4. 6H,0) which can be used as a fertilizer. The objective
of this study is to develop a mathematical model that can describe the dynamic behavior
of struvite precipitation. This research focuses on the performance of crystallization
processes in removing and recovering phosphorus as struvite from urine. The proposed
model incorporates mass balance relations, chemical thermodynamics relations and
population balance relations. The mathematical model was developed to predict struvite
precipitation in a batch reactor containing solutions of ammonium, magnesium,
phosphate, and carbonate. The mathematical model was simulated using Engineering
Equation Solver (EES), which is a computer software package. For the model
validation, experiments were carried out in a laboratory using synthetic urine solutions.
The model predictions were compared to experimental data. The results show that the
data from simulation agree well with the experimental data. The maximum difference is
less than 10%, which is acceptable for this study. Therefore, the proposed mathematical
model is accurate enough in predicting the thermodynamics and kinetics of struvite
precipitation and can be used to design a nutrient recovery process.

Keywords: Struvite / Precipitation / Engineering Equation Solver (EES) / Equilibrium /
Phosphorus recovery
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