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Abstract

The biological treatment of different types of wastewater using an Inverse Fluidized Bed
Reactor has been studied in this work. Anaerobic treatment of organic-rich wastewater,
autotrophic denitrification of nitrate-rich oligotrophic wastewater, nitrate and organic-rich
industrial wastewater with low pH, and wastewater containing ammonia and phenol were the
wastewater used in this study. Anaerobic, anoxic and aerobic pathways are used for wastewater
treatment according to their characteristics. The start-up of an inverse fluidized bed reactor is
a time-consuming step and to reduce the period, different strategies have been used in this
study. Consistent removal of pollutants requires high biomass density inside the reactor and the
best fluidization characteristics. Therefore, selecting carriers for biofilm formation has been
done focusing on these attributes. Physically modified carriers helped in reducing the start-up
time and showed high biofilm affinity in this study. Anaerobic wastewater treatment for biogas
formation showed high organic removal rates of 75% even at an inlet organic loading of
25kgm>day! and the reactor was able to withstand organic and hydraulic shock loads without
failure. A comparative study of the inverse fluidized bed reactor with a continuously stirred
tank reactor operating for autotrophic denitrification showed that, even though the removal
efficiencies are lower than stirred tank reactor, the inverse fluidized bed showed high resilience
towards high concentrations of Ni** (120 mgL™"'). This was possible due to the biofilm
formation in the reactor combined with the high recirculation of bulk liquid. Heterotrophic
denitrification of explosive industry wastewater containing high nitrates, organics, and very

low pH was done using an anoxic inverse fluidized bed reactor. The reactor gave a
- 3
denitrification rate of 880g NO3 -N/m .day, with a removal efficiency of 90%, one of the

highest in the reported literature. Nitrification of ammonia in the wastewater containing phenol

v



was the last treatment study conducted in this study. The reactor attained nitrification and

3 3
phenol removal rates of 0.17 kg NH 4+-N/m .day. 0.11 kg Phenol/m .day respectively.

Hydrodynamic characteristics study on the inverse fluidized bed has been done to understand
the effect of biofilm formation on the bed expansion characteristics. The changes in bio-particle
density, bed height, bed porosity, and changes in carrier settling velocity have been studied in

this part.
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