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Kinetics Study for Wet Air Oxidation of Sewage Sludge

Jachwan Ahn'

Construction Environment Research Department, Korea Institute of Construction Technology

ABSTRACT : In this study, the effect of reaction parameters including reaction temperature, time, and pressure on sludge degradation and
conversion to intermediates such as organic acids were investigated at low critical wet air oxidation (LC-WAO) conditions. Degradation
pathways and a modified kinetic model in LC-WAQ were proposed and the kinetics model predictions were compared with experimental
data under various conditions. Results in the batch experiments showed that reaction temperature directly affected the thermal hydrolysis
reaction rather than oxidation reaction. The efficiencies of sludge degradation and organic acid formation increased with the increase of
the reaction temperature and time. The removal of SS at 180°C, 2007C, 220°C, and 240°C of reaction temperatures and 10 min of reaction
time were 52.6%, 68.3%, 72.6%, and 74.4%, respectively, indicating that most organic suspended solids were liquified at early stage of
reaction. At 180°C, 200°C, 220°C, and 240°C of reaction temperatures and 40 min of reaction time, the amounts of organic acids formed
from 1 g of sludge were 93.5 mg/g SS, 1164 mg/g SS, 113.6 mg/g SS, and 123.8 mg/g SS, respectively, and the amounts of acetic
acid from 1 g of sludge were 24.5 mg/g SS, 65.5 mg/g SS, 88.1 mg/g SS, and 121.5 mg/g SS, respectively. This suggested that the
formation of sludge to organic acids as well as the conversion of organic acids to acetic acid increased with reaction temperature. Based
on the experimental results, a modified kinetic model was suggested for the liquefaction reaction of sludge and the formation of organic
acids. The kinetic model predicted an increase in kinetic parameters ki (liquefaction of organic compounds), &, (formation of organic acids
to intermediate), 4 (final degradation of intermediate), and ks (final degradation of organic acids) with reaction temperature. This indicated
that the liquefaction of organic solid materials and the formation of organic acids increase according to reaction temperature. The
calculated activation energy for reaction kinetic constants were 20.7 kJ/mol, 12.3 kJ/mol, 28.4 kl/mol, and 54.4 kJ/mol, respectively,
leading to a conclusion that not thermal hydrolysis but oxidation reaction is the rate-limiting step.
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where, A : Initial and solid COD of organic compounds
S : Soluble COD in liquid phase
C : Intermediate material, Volatile Fatty Acids(VFAs)
D : End product(CO., H0)
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where, Ca : Concentration of solid sludge, mg/L

s : Concentration of solubilized sludge, mg/L

Cvra @ Concentration of organic acids, mg/L
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Table 1. Reaction rate coefficient according to reaction tem-
perature

Temperature Reaction rate coefficient, k
(0) k k2 I ky
180 0.0520  0.0331 00397  0.0007 083 098
200 0.0714 0.0336 0.0513 3.28x107" 065 0.99
220 0.0762  0.0377 0.0635 00016 059 0.96
240 0.1040  0.0490 0.0991  0.0042 049 0.8
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Table 2. Activation energy of ki, k», k3 and ks according to

temperature

Kinetic coefficient ko(s™) ACUVS:;?;QT; crey R’
k) 12.94 20.7 0.95
k 0.811 12.3 0.82
ks 71.52 28.4 0.96
ka 1211.97 54.4 0.93
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