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Performance of a Hollow Fiber Membrane Bioreactor for the Treatment of Gaseous Toluene
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ABSTRACT : In this study, a novel bioreactor system using a submerged hollow fiber membrane module (so called hollow fiber membrane
bioreactor, HFMB) was applied to investigate feasibility and biodegradation capacity of the system for the treatment of gaseous toluene.
First, an abiotic test was conducted to determine the mass transfer coefficient, showing the value was similar to that obtained from a diffuser
system using fine bubbles. Second, in the presence of toluene-degrading microorganisms, the HFMB was operated at different inlet
toluene loading rates of 50, 100, 500 g/mzlhr, and overall removal efficiencies were maintained in the range of 70~80%. In addition,
elimination capacities (EC) were increased up to 800 g/m’/hr, which was substantially higher than maximum ECs for toluene reported in the
biofiltration literature. Consequently, the HFMB was considered as an alternative method over other conventional VOC-treating technologies.
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Fig. 1. Schematic of the Hollow-fiber membrane bioreactor system.
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Table 1. Specifications of the hollow fiber membrane used

in this study
Items Specification
Material polyethylene
Nominal pore size 0.4micron

0.D. / 1D. / Wall thickness 650 / 410 / 120 micron
Fiber length 03 m
7 %175

Number of fibers in a module
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Table 2. Operating conditions used in each experiment
Parameter L-50 [ L-100 l L-500
Reactor Volume (L) 3
s0 | 100 | 500

Inlet Toluene Loading Rate (g/m’/hr)

Inlet Gas Flow Rate (L/min) 6

Gas Retention Time (sec) 30
Liquid Medium Exchange Rate (L/day) 0.3
Liguid Recirculation Flow Rate (L/min) 6

Temperature in Reactor (T) 25~30
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Fig, 2. Changes in toluene concentration in the gas and the
liquid phase during the abiotic test.
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A 71A, Kia: overall mass transfer coefficient (1/s), Cs: liquid
phase concentration in the equilibrium with gas
(mg/L), C: liquid phase concentration (mg/L).
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Fig. 3. Comparison of the liquid phase toluene concentrations
measured in the HFMB system with the modeling
results.
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Fig. 4. Changes in toluene removal efficiency with time in the
HFMB operated under various toluene loading rates.
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Fig. 5. Changes in biomass concentration in the HFMB ope-
rated under various loading rates.
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