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h i g h l i g h t s

" MW-alkali method (pH 12–95 �C) synergistically attained 52.5% COD solubilization.
" 54% VSS solubilization was observed.
" 81.1% TCOD and 72.4% VSS reductions was achieved after mesophilic aerobic digestion.
" 44% improvement in sludge filterability after aerobic digestion of pretreated sludge.
" Proposed method can produce sludge of good filterability & Class A quality.
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a b s t r a c t

The effects of hybrid microwave (MW)-alkali pretreatment methods on the efficiency of mesophilic aer-
obic digestion were studied. The MW-alkali pretreatment (95 �C-pH 12) was observed to enhance the
sludge solubilization synergistically from 0.5% (raw) to 52.5% (MW-NaOH) and 48.7% (MW-KOH), which
are 20% greater than the additive value of MW only and alkali only (16%MW + 28.4%NaOH = 44.4% and
16%MW + 25.5KOH = 41.5). The higher VSS solubilization was observed for hybrid MW-NaOH (53.9%) and
MW-KOH (47.4%) methods. The batch mesophilic (35 �C) aerobic digestion system led to 81.1% TCOD
degradation and 72.4% VSS degradation at 20 days of retention time, with 35% higher TCOD and VSS
reduction in comparison with the control system. The filterability of microwave-alkali pretreated sludge
was improved remarkably after aerobic digestion. Moreover, the proposed method is capable of effec-
tively sanitize the sewage sludge and produce Class A biosolids.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

A continuous increase in the amount of sludge generation in
municipal wastewater treatment plants (WWTPs) making anaero-
bic and aerobic digestion more essential as a stabilization process
(Dogan and Sanin, 2009). However, slow and partial degradation
of sludge, poor pathogen removal and longer retention time
(20–30 days) are the major limitations of bio-digestion methods,
which can overcome by disintegrating the sludge and making extra-
cellular and intracellular material readily available to bio-digestion
process (Guo et al. 2008; Tang et al., 2010). Several sludge disinte-
gration techniques (Thermal, chemical and mechanical) and their
combinations were studied before to enhance the sludge
solubilization and improve the sludge dewaterability and patho-
gens destruction (Tyagi and Lo, 2011). Among the pre-treatment

technologies studied, thermal disintegration at high temperatures
(>100 �C) was found to be superior in terms of volatile solids (VS)
reduction, biogas production and pathogens destruction. However,
thermal treatment requires a huge demand of energy and longer
contact time to achieve high temperature (Carrere et al., 2010).
Thus, the emerging research has focused on the MW irradiation as
a novel in the sludge line technique. The application of MW energy
has the potential advantages over the conventional heating process
because of its ability to heat rapidly, accelerating reaction rates,
instant on/off control, ability to selectively heat substances,
environment friendly, compactness and low overall cost (Remya
and Lin, 2010; Tian et al., 2011). Generally, the sludge treatments
with MW irradiation were studied at two temperature ranges
(1) <100 �C and under normal pressure and (2) >100 �C and high-
pressure requirement. Although the higher sludge solubilization
are reported for high temperature and pressure treatment with
MW irradiation (Eskicioglu et al., 2008, 2009)), nevertheless, the
process will require higher capital, operational and maintenance
cost and turn into an energy intensive technique. At this
juncture, chemically assisted thermal pretreatment can offer an
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