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Abstract — A dynamic biofilter model was suggested to integrate the effect of biofilter-medium adsorption capacity on
the removal efficiency of volatile organic compound (VOC) contained in waste air. In particular, the suggested biofilter
model is composed of four components such as biofilm, gas phase, sorption volume and adsorption phase and is capable
of predicting the unsteady behavior of biofilter-operation. The process-lumping model previously suggested was limited
in the application for the treatment of waste air since it was derived under the assumption that the adsorbed amount of
VOC equilibrated with biofilter-media would be proportional to the concentration of dissolved VOC in the sorption vol-
ume of biofilter-media. Therefore a Freundlich adsorption isotherm was integrated into a robust biofilter process-lump-
ing model applicable to a wide range of VOC concentration. The values of model parameters related to biofilter-medium
adsorption were obtained from the dynamic adsorption column experiments in the preceding article and literature sur-
vey. Furthermore a separate biofilter experiment was conducted to treat waste air containing ethanol and the experimen-
tal result was compared with the model predictions with various values of Thiele modulus (¢). The obtained value of
Thiele modulus (¢) was close to 0.03.
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Table 1. Compositions of medium

Salt stock solution Mineral solution

NaHPO, 70 g/L CaCl,2H,0 037 2/250 ml

KH,PO, 30 g/L MgSO, 7H,0  6.16 /250 ml
NaCl 50 g/L

NH,CI 10 g/L
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Fig. 1. Schematic diagram of dynamic biofilter model.
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 interfacial area per unit of volume [m?*/m?]

o

: adsorption area per unit volume of medium [m%m?]
: concentration in a gas phase [mg/m°]

a o
')

8

- inlet concentration in a gas phase [mg/m°]

0

: concentration in a liquid phase of a biofilm [mg/m?]

@)

A

: concentration averaged in a liquid phase of sorption volume
[mg/m’]

: effective diffusivity in a biofilm [m%/sec]

o O

A

: coefficient of surface diffusion [m?/sec]
: biofilter bed height [m]
: height coordinate of biofilter bed [m]

: reaction rate constant of first order [sec!]
mg-ethanol/mg media]

: Freundlich isotherm constant [: (me-cthanol/m) "

=1

Q

- adsorption constant [sec™']

: intrinsic adsorption constant [m/sec]
: biofilm thickness [m]

: distribution coefficient

-~

z B

: diffusive flux at the interface between gas phase and liquid
phase [mg/m*sec]
: adsorbed substrate mass per unit media mass [mg/mg media]

e}

: adsorbed substrate mass per unit media mass in equilibrium
with that dissolved in the biofilm (c=1) [mg/mg media]

: approach velocity of waste gas stream [m/sec]

i}
8

: bed volume [m?]

< < €

sorption © SOTPtiON volume [m?]

: mass of medium [mg media]

: depth coordinate of biofilm [m]

: ratio of k,, (1-€) to K, D, a [m™']

: bed porosity

: Thiele number for first-order reaction (i.e., | [ )
o of a clean medium

: dimensionless height coordinate of a biofilter bed

Q vy > ™ Q X =

: dimensionless depth coordinate of biofilm (i.e., )T()
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