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Abstract

Experimental and numerical studies of n-butanol (BuOH) and methyl-ethyl ketone (MEK) biodegradation under transient (periodic) operation are reported. A concise two-phase model of the process has been proposed. The expression of the kinetic of odor biodegradation in the solid phase using the equation 
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, appeared to be critical to obtain the process accurate portrayed in a broad range of operating variable.
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1. Introduction

Volatile organic compounds (VOCs) are common pollutants generated from a variety of industry sources. Their emissions have come under strict regulatory control because they cause serious environmental problems. An intense effort on reducing VOCs emission has led to the development of biofiltration technology. It offers a lot of economical and environmental advantages in comparison with the other traditional methods (combustion, oxidation and activated carbon adsorption). Biofiltration is a cost effective air pollution control technology for volatile organic compounds [1]. End products from the complete biodegradation of the odor compounds are non-dangerous products: CO2 and water. Biofilters consist of packed beds containing porous material (e.g. peat, compost, bark) where the microorganisms are attached. Waste gases passes through the packed bed. Pollutants are transferred from the gas phase to the biofilms where they diffuse and biological degradation occurs. Conventionally, biofilters operate in a continuous mode. Sometimes it works in the periodical (daily) mode. 
 Both steady-state and dynamic models have been presented in the literatures to provide a description of degradation of the VOCs in biofiltration processes [2-5]. In spite of the fact that a number of experimental studies have demonstrated that the removal of VOCs in biofilters is feasible, the theoretical studies regarding biofilter models are rather limited. The pioneer work of the biofilters modeling by Ottengraf and van den Oever [6] have been done. This model calculated the axial concentration gradient for the VOCs using first-order and zero-order kinetics. Shareefdeen and Baltizis were the first who distinguish gas, solid and liquid phases in their model. Their rate expression was kinetically limited by oxygen. Devinny et al. [2] developed a similar model for MEK and MIBK degradation. A transient model for a single VOC under pseudo-steady-state conditions for the side of a biofilm has been presented by Zarook [1]. The dynamic operations of biofilters have been more recently analyzed with a considerable success [7]. However, the proposed models are quite complex. In brief, they assume that the organic pollutant is mainly degraded in a biofilm, covering partially the support media. The biodegradation kinetics is governed either by the Monod or Andrews expressions, corrected by effectiveness factors and limited by oxygen concentration. Some researches [8] mentioned the importance of the adsorption phenomenon to the biofiltration process.
Therefore the purpose of our study is validated a concise model of biofiltration using gPROMS code which is specifically design for the modelling and optimalisation process.

2. Mathematical model

The mathematical approach for the description of biofilters operation under transient conditions was tested. The conventional equations of mass balance in the gas and solid phases and a plug flow model were used. As biofiltration process is quite complex, and the independent estimation of numerous parameters encountered in more realistic models is hardly possible, we have decided to take into account only the first order effects, e.g. mass transfer of organics into solid phase, its adsorption (assuming linear isotherm) and biodegradation described by the Monod-type kinetics. Oxygen was assumed to be in excess and hence it poses no limitation on biodegradation kinetics. 

Pollutant balance in the gas phase
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Initial condition
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Boundary conditions 
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Pollutant balance in the support
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N-th-order Monod –type reaction kinetics
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Initial condition
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The adsorption of organic pollutants on the packing was described by the linear isotherm:
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A frequently used parameter to express the performance of a biofilter is removal efficiency which can be defined as:
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3. Experiments

Biofilter consisted of a jacketed glass column with the inner diameter of 0.175m and the height of 0.5m, the systems of odour generation and air prehumidification equipped with the appropriate control devices. A sieve plate was placed at the bottom of the column in order to provide homogeneous distribution of gas flow over the cross section of the filter bed. The height of the filter bed was 0.45 m. To avoid drying of the filter bed, the organic pollutant was introduced into the inflowing air prehumidified to about 94-96% of relative humidity. 

After inoculation with a mixed culture of microorganisms, dominated by Pseudomonas and Bacillus species, the biofilter was started. During the first period (about three months) the formation of an active bed occurred. During the main experiments the inlet pollutant concentration and air flow rate were kept constant over a day, but they varied from day to day, taking the values from the range of 5-100 mgVOC/m3 and 2 -10 m3/h. In order to examine the performance of the biofilter, the inlet and outlet concentrations of MEK and n-butanol were measured. Gas samples were taken from inlet and outlet streams and determined by HP 5890 GC equipped with the capillary column (Fused Silica) .

4. Solution method
The gPROMS package [9] has been used for the system modeling and simulation. The system of partial differential an algebraic equations (1-8) presented above have been solved using the method of lines family of numerical methods. In this paper, among the various discretisation techniques available with gPROMS, the centered finite difference method (CFDM) is tested.

5. Results and discussion

The proposed model has seven parameters. The values of gas-solid partition coefficient m2 can be determined from additional adsorption experiment without biodegradation. The three parameters (DL, kig-ads) are standard quantities in models of gas-solid phase contacting devices. The porosity  of the packing was determined earlier as part of the characterization of its hydrodynamic properties. The values of DL and kig‑ads were estimated from the available correlations [7-8] and then validated by fitting the adsorption breakthrough curves. The other two values (Km, ) described the bioconversion kinetics have to be estimated from experiments. Table 1 gives the parameters used in simulations.

	Parameter
	n-butanol
	MEK

	kig-ads [1/s]
	0,001
	0,003

	N
	1,5
	1,35

	[g2-N/m3-Ns]
	0,00125
	0,0004

	Km [g/m3]
	0,555
	0,025

	DL [m2/s]
	0,00005
	0,00005 

	m2
	0,0004
	0,002

	
	0,65
	0,58


Table 1 The parameters used in simulations

Different the Monod type kinetic were examined with providing the best fit to the experimental results. The performance of presented model was verified by comparing experimental and numerical predicted efficiency. The agreement between experiment and predictions from the model was quite good for a wide range of operation parameters. The best estimation of parameters N appeared to be about 1.5 and 1.35 for butanol and MEK respectively.

The dynamic of the biofilter removal efficiency at different BuOH inlet concentrations are shown in Figure 1.
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Fig.1. Variation of BuOH biofiltration efficiency vs. working time for various inlet concentration, k=3,6 [s]

The removal efficiency decreased with the increase of the initial VOC concentration and decreased with decrease of the contact time. The decrease was more rapid at higher gas velocity for constant inlet concentration. At the gas velocity of 0.07 m/s the biofilter was able to remove butanol with efficiency ranging from 30 to 70% for inlet concentration in the range 1-100 mg/m3. The removal efficiency decreased at higher concentration reaching the value of 25% at the inlet concentration of 100 mg/m3 during short contact time 2.2 s. 

The efficiency of the biofilter at various initial MEK concentration and gas flow rate are shown in Figure 2. A similar behavior in MEK removal by biofiltration has been observed. Decreasing MEK removal efficiency at lower initial MEK concentration has been observed.


[image: image12.wmf]0

10000

20000

30000

5000

15000

25000

t

 

[

s

]

0

20

40

60

80

100

10

30

50

70

90

h

 

[

%

]

C

1

 

=

5

 

m

g

/

m

3

 

e

x

p

.

 

d

a

t

a

s

i

m

u

l

a

t

e

d

 

d

a

t

a

C

1

 

=

1

3

 

m

g

/

m

3

 

e

x

p

.

 

d

a

t

a

s

i

m

u

l

a

t

e

d

 

d

a

t

a

C

1

 

=

4

0

 

m

g

/

m

3

 

e

x

p

.

 

d

a

t

a

s

i

m

u

l

a

t

e

d

 

d

a

t

a


Fig.2. Variation of MEK biofiltration efficiency vs. working time for various inlet concentration, k=10,8 [s]

The variation of pollutant removal efficiency with time elapsed after start-up for constant initial VOC concentrations and different contact times obtained from experiments and simulations is presented in Figure 3. 
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Fig.3. Variation of BuOH biofiltration efficiency vs. working time for various contact time, inlet concentration C1=20 mg/m3
6. Conclusions

In conclusion, the suggestion model describes the complex transient characteristics of biofiltration quite well, including strongly variable sigmoidal changes of biodegradation efficiency in time. It should be noted that exit concentrations attained a pseudo-steady state in about 5-6 hours after the beginning what has been also well portrayed. 
7. Notation

	 Ci –
	 odour concentration in gas phase [g/m3]
	Ri –
	reaction rate [g/m3s]

	DL–
	dispersion coefficient [m2/s]
	t –
	working time  [s]

	H –
	bed height [m]
	w –
	gas velocity [m/s]

	kig-ads –
	overall mass transfer coefficient 
	x –
	distance  [m]

	Km –
	saturation constant [g/m3s]
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V

–
	volumetric gas flow rate  [m3/h], [m3/s]

	m2 –
	partition coefficient of odour between gas and solid phase
	k –
	contact time [s]

	N –
	power exponent 
	 –
	porosity of the bed [m3/m3]

	qi –
	solid phase concentration of contaminant in the biofilter [g/m3]
	–
	removal efficiency [%]

	qi* –
	equilibrium concentration of component in the solid phase  [g/m3]
	 –
	rate constant of biofiltration process  [1/h], [1/s]
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