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Development of an 1-Dimensional Dynamic Numerical Model
for BTX Removal Process Analysis by Gaseous-Biofilm Filtration
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Abstract : A biofilm filtration for the removal of gaseous pollutants has been recognized as a process with a complex interaction
between the gas flow characteristics and the process operating variables. This study aims to develop an one dimensional dynamic
numerical model which can be utilized as a tool for the analysis of biofilm filtration process operated in plug flow mode. Since,
in a plug flow system, minor environmental changes in a gaseous unit process cause a drastic change in reaction and the interac-
tion between the pollutants is an influencing factor, plug flow system was generalized in developing the model. For facilitation of
the model development, dispersion was simplified based on the principles of material balance. Several reactions such as competition,
escalation, and control between the pollutants were included in the model. The applicability of the developed model was evaluated
by taking the calibration and verification steps on the experimental data performed for the removal of BTX at both low and high
flow concentration. The model demonstrated a correlation coefficient (R%) greater than 0.79 under all the experimental conditions except
for the case of toluene at high flow condition, which suggested that this model could be used for the generalized gaseous biofilm
plug flow filtration system. In addition, this model could be a useful tool in analyzing the design parameters and evaluating process
efficiency of the experiments with substantial amount of complexity and diversity.
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Fig. 1. Conceptual plug flow system with the computational
subdivision reactors,
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Table 1. Reaction types and the equations for computation of

Table 2. Experimental conditions of air flow rate and pollutants

biological removal rate concentration
Reaction type Equations Notice Experimental  Air flow rate  Benzene Toluene m,p Xylene
.S condition (L/hn) (mg/L) (mg/L) (mg/L)
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Fig. 2. Schematic diagram of the generalized biofilm filtration
plug flow system.
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Table 3. Reaction coefficients for each substance used for
model calibration and verification

Substances He Rmax Ks D Do
Benzene 0.22822 16 3.23
Toluene 0.27686 11 6.16 100 40
m,p Xylene 0.21908 11 6.04

Table 4. Results of regression analysis

Simulation Regression

conditions variable Benzene  Toluene  m,p Xylene
Slope 0.863 0.693 0534
Low case Intercept 0.065 0.447 0.285
R’ 0.941 0815 0.791
Slope 1272 1,646 1.060
High case Intercept -0.424 -0.418 0917
R’ 0.942 0532 0.823
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Fig. 5. Graphical comparison of the measured and simulated concentrations,

Table 5. Results of ttest

Simulation  Confidence
" . Benzene  Toluene m,p Xylene
condition interval
95% Min, -0.0565 -0.3424 -0.2120
Low case
95% Max. 0.0037 -0.1083 01267
95% Min, -0.2471 -0.5974 -1.4599
High case
95% Max, 01573 -0.0434 -0.6155
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Nomenclature

Z, : Average biofilm thickness of layer n [L]
AB,n .

Ven : Biofilm volume of layer n [LS]

Biofilm surface area in layer n [L2]

Si : Competition substance concentration to S [M/L’]

Ic : Competition variable to I substance [Dimensionless]

Ax : Computational distance between subdivision reactors
(L]

C, : Concentration in layer n [M/L3]

A, : Cross sectional area in layer n [Lz]

Ag,n : Cross sectional area of gaseous dispersion in layer

n [L7]

Dy : Dispersion coefficient in biofilm phase [LZ/T]

D : Dispersion coefficient in gaseous phase [L*/T]

Egn+1 @ Dispersion flux between layer n and n+l in gas

phase [M/L*/T]

Egn : Dispersion flux between layer n and n-1 in gas phase
[M/LYT]

Fg,n : Dispersion into biofilm [M/LZ/T]

Vga : Gas volume of layer n [L3]

Q : Gaseous flow rate [L3/T]

Hc : Henry coefficient [atm/mole]

Ki : Inhibition constant of i substance on substance S
[M/LY]

vin : Longitudinal gas velocity in layer n [L/T]

Rmax : Maximum biodegradation rate of substance [M/L3/T]

: Media surface area in layer n [LZ]

Ks : Michaelis-Menten constant of substance [M/LS]

n  : Number of subdivision layer [integer]

P, : Porosity of layer n [Dimensionless]

K : Reaction rate [M/Ls/T]
R : Removal rate by biodegradation [M/L3/T]
S : Substance concentration in biofilm phase [M/L3]
N : Total number of subdivision layer [integer]
Vi @ Volume of layer n [L3]
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