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Abstract — Biological treatment is promising alternative to conventional air pollution control method. Bioreactors for
air pollution control have found most of their success in the treatment of dilute and high flow waste air streams containing
volatile organic compounds and odor. The studies of mass transfer in biotrickling filters for air pollution control were of
importance in order to control and optimize the purification process. The objectives of this study were to develop the
experimental methodologies to evaluate the mass transfer coefficients of gas/liquid(trickling liquid), gas/solid(biomass)
and liquid/solid in three phase biotrickling filtration. Also, this study characterized the influence factors on mass transfer
such as dynamic holdup volume, gas/liquid flow rate ratio, biomass weight in reactor and recirculation rate of trickling
medium for each phase of biotrickling filter.
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Fig. 1. Schematic diagram of biotricking filter.

Table 1. Biotrickling bed specification

Specifiaction Dimension
Effective bed dimension (cm) D:15,L:100
Effective bed volume (liter) 18.5
Packing material 2.5 cm Pall Ring
Effective surface area (m®) 3.85
Nozzle type Full cone 90°
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Table 2. Summary of operating conditions for biotrickling filter

Operating parameters Range
Toluene concentration (g/m?) 0.12~3.0
Toluene load rate (g/m’h) 6~240
Gas empty bed retention time (min) 0.5~2.0
Superficial velocity of recirculated media (m/hr) 1.0~8.2
Gas superficial velocity (m/min) 0.5~2.0
Media space velocity (h") 1~8
Fresh media feed rate (liter/day) 39~11.4
Air & media temperature (°C) 22~25
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Fig. 2. Mechanism of pollutant removal and main biological processes involved in biotrickling filter.
Table 3. Summary of experimental methods for determination of K, ;a, K;,a and K ;a
K;a (Gas/Liquid) K;,a (Gas/Biomass) K;;a (Liquid/Biomass)
Model type Steady State Dynamic Dynamic
Gas/Liquid flow type Co-current NA NA
Gas flow type Single pass Single pass NA
MTBE in inlet gas Yes Yes for adsorption, No for desorption NA
Liquid flow type Single pass NA Recirculation
MTBE of inlet or initial in liquid No (fresh water) NA Yes, for initiation

steady state inlet and outlet conc.

Observation results in gas & liquid Phase

MTBE concentration gradient
of liquid with time

MTBE concentration gradient
of gas with time

NA: not available
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Fig. 9. Test 3: adsorption and desorption of MTBE in liquid/solid(bio-
mass) (Operating conditions: biomass wt.=4.775 kg(258 kg/m®),
recirculation rate=0.96 liter/min (52.8 liter/(m*-min)), DHV=
0.836 liter (46.0 liter/m>)).
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Nomenclatures
K;a : Overall liquid mass transfer coefficient in gas/liquid
phase (h")
a : Specific interfacial area (m?*/m?)
v : Reactor volume (m®)
Cq : MTBE concentration of gas (g/m°)
S : MTBE concentration of liquid (g/m?)
W s : MTBE mass transfer rate (g/h)
G : Gas flow rate (m>/h)
L : Liquid flow rate (m3/h)
ACyrppgmy + Logarithmic mean of MTBE concentration (g/m?)
H : Henry’s law constant (dimensionless)
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