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Mathematical Modeling of Biofilter for Waste Air Biotreatment
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There have been many research efforts on biofilter modeling including Ottengraf et al. who derived a model equation for the
concentration profile of pollutants(e.g., VOCs) in the biolayer and solved their treated outlet concentration of the waste gas
stream through biofilter. However, for most of research works done so far, the efforts to explain the effect of adsorption of
organic particles to medium(i.e., adsorbent) have been ignored. In this work biofiiter modeling accompanying process lumping
has been proposed and the theoretical effect of adsorption property of the medium, on the biofilter performance of eliminating
organic components in waste gas stream, is intensively discussed.
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Figure 1. The schematic diagram of the biofilter model where biofilm is
treated as planar surface.
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biofilter with the value of #(i.e., 10. O/m and 7.5/m) with D, = 10° m /sec
[=100 ym, m=0.0035, a= 4500 m/m, u=20 mhr, H=1 m, Cg=
11300 mg/m’, and # =100 mg/m’ -
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The profiles of Cg/Cgo
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Figure 7. The profiles of Cy/C, along the height of biofilter with each
value of R(ie., 0, top profile; 0.03, 2nd profile; 0.06, 3rd profile; 0.09,
4th profile; 0.12, 5th profile; 0.24, 6th profile; 0.5, bottom profile) that
denotes @/( ¢/l) with the best-fit parameters (ie., /=425 ym and p=
0.01) to fit break-through curve of figure 10 in reference 18 by use of
unsteady kinetic model, in forthcoming paper, with given parameters(ie.,
D, =10” mPsec, m =0.0035, a = 4500 m*/m’, x=23.7 mjhr and H =1 m)
(Data: Hodge et al’s biofilter experimental data of 1 day, 4 day, 8 day
and 20 day after startup).
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Figure 8. The prediction of the profiles of Cy/C, along the height of
biofilter with the same operating conditions as in Figure 7 on 30 days
and 40 days after start-up of biofilter using the mechanistic model of R
(e, R=0.89 ¢ "™+ (1 ¢ 000218 asquming two time-scale decay
of slowly varying R where the fitting parameters are obtained by
regression analysis.
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Figure 9. The model fitting of Hodge et al. with the same operating
conditions as in Figure 7.
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Ce concentration in the gas phase (kg/m3)

Ceo inlet concentration in the gas phase (kg/m’)
Ceo the concentration in the gas phase at {=¢ . (kg/ma)

C concentration in the liquid phase of biofilm (kg/m’)

C; dimensionless concentration in the liquid phase of biofilm

Cs concentration in the liquid phase of sorption volume
(kg/m’)

x depth coordinate of biofilm (m)

] biofilm thickness (m)

D, effective diffusivity in biofilm (mz/sec)
D; The coefficient of surface diffusion (m?sec)

ra reaction rate (kg/m3 * sec)

r radial coordinate of the particle of medium (m)
R, radius of the particle of medium (m)

ks adsorption rate constant (sec™

a interfacial area per unit of volume (mYm?)

4 bed volume (m3)

Viorption SOTption volume _(m3)

k reaction rate constant of first order (sec'l) or zero order
(kg/m3 * sec)

biofilter bed height (m)

height coordinate of biofilter bed (m)

approach velocity of waste gas stream (m/sec)

z & > m

diffusive flux at the interface between gas phase and
liquid phase (kg/m2 - sec)

=
s

Freundlich isothermal constant ( ( ) ( 72G AC) )

Kn Michaelis-Menten constant (kg/m’)
adsorbed substrate mass per unit GAC mass (kg/kgGAC)
distribution coefficient

I 9

transformed radial coordinate

decay constant in the absence of adsorption of mediurn
dimensionless variable of q

dimensionless radial coordinate of the particle of medium
the value of ¢ divided by ¢/

N e ~
= =z

dimensionless transformed radial coordinate

Z N
Y

the ratio of decay constants between the cases when
adsorption exists and is absent
cell concentration

>

cell yield coefficient
o dimensionless depth coordinate of biofilm
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bed porosity

Thiele number

dimensionless height coordinate of biofilter bed
dimensionless height of transition between reaction
limiting and diffusion limiting

dimensionless depth coordinate of biofilm

Qo Thiele number for zero order reaction

ratio of ki(I-£) to Da (m’)
penetration thickness in the biolayer (i.e., \l %) (m)

0.  apparent density of GAC (kgGAC/m’)

Lm the maximum growth rate (sec'l)
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Appendix 1
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tanh ¢ and
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