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Abstract — Efficacious wastewater treatment is essential for increasing sewage sludge volume and implementing strict
environmental regulations. The operation cost of sludge treatment amounts up to 50% of the total costs for wastewater
treatment plants, therefore, an economical sludge destruction method is crucially needed. Amid several destruction
methods, wet air oxidation (WAO) can efficiently treat wastewater containing organic pollutants. It can be used not only
for sludge destruction but also for useful by-product production. Volatile fatty acids (VFAs), one of many byproducts, is
considered to be an important precursor of biofuel and chemical materials. Its high reaction condition has instituted the
study of gravity pressure reactor (GPR) for an economical process of WAO to reduce operation cost. Simulation of subcritical
condition was conducted using Aspen Plus with predictive Soave-Redlich-Kwong (PSRK) equation of state. Conjointly,
simulation analysis for GPR depth, oxidizer type, sludge flow rate and oxidizer injection position was carried out. At
GPR depth of 1000m and flow rate of 2 ton/h, the conversion and yield of VFAs were 92.02% and 0.17g/g, respectively.
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Fig. 1. Reaction stage of wet air oxidation.
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Fig. 2. Process block diagram of wet air oxidation.
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Table 1. Block units and operating conditions in WAO simulation
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Category Block Operating condition
Feed SLUDGE Glucose = 0.05 ton/h, Water = 0.95 ton/h at 25 °C and 1 bar
Oxidizer OXYGEN Air, Oxygen
Length = 1000 m; Diameter = 0.05 m
R, =C¢H,,04+ 60, - 6H,0 + 6CO,
GPR Reactor UP, DOWN R, =C¢H,,04+ 60, 2CH,;COOH +2CO, + 2H,0
R;=CH,COOH + 20, - 2H,0 +2CO,
Counter-current, U = 25W/m’K
Heat exchanger HX Outlet temperature: 100 °C
Pump PUMP 10 bar
Isentropic efficiency = 0.8
Compressor COMP Mechanical efficiency = 0.9

Outlet Temp. 200 °C, 4 stages

Table 2. Reaction rate constant and activation energy for each stage [1]

Kinetic coefficient ko (s Activation energy (kJ/mol)
k; 71.52 28.4
k, 0.811 12.3
k; 1211.97 54.4
Oxidizer
V]
i g
Sludge —» l

Fig. 3. Gravity pressure reactor for wet air oxidation reaction.
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Table 3. Simulation results from various GPR depth

Category GPR depth (m)

300 500 750 1000
Conversion (%) 27.73 64.18 80.88 97.72
VFAs yield (g/g) 0.106 0.162 0.159 0.154
Max temperature (°C)  137.75 224.98 271.77 301.21
Dewatering( %) 0.64 5.60 10.61 16.17
O, efficiency (%) 17.04 47.75 64.75 82.02
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Table 4. Simulation results from various sludge flow rates

Category Sludge flow rate (ton/h)

1.0 1.5 2.0 2.5
Conversion (%) 97.72 94.42 92.02 90.45
VFAs yield (g/g) 0.15 0.16 0.17 0.18
Max temperature (°C) 301.21 293.81 284.51 274.08
Dewatering (%) 16.17 14.82 13.76 12.92
O, efficiency (%) 82.02 77.88 74.55 71.90
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