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Abstract—The removal characteristics of a mixed gas of ethyl acetate and 2-butanol by a biofilter packed with Jeju
scoria were investigated. The experiments were conducted by changing the mixing ratio and the inlet loading rate of
the mixed gas. There was no significant difference between the removal efficiency of ethyl acetate in the mixed gas
and that of ethyl acetate in the single gas, while the removal efficiency of 2-butanol in the mixed gas was higher than
that in the single gas. At the same loading rate, there was no significant difference between the removal capacity of
ethyl acetate in the single gas and that in the mixed gas consisting of ethyl acetate at higher concentration than 2-butanol.
However, the removal capacity of 2-butanol in the mixed gas was higher than that in the single gas when 2-butanol
flowed through the biofilter at higher concentration than that of ethyl acetate.
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INTRODUCTION

Industrial plants and processes emit many types of volatile organic
compounds (VOCs) that rapidly become atmospheric pollutants and
greatly threaten the environment and public health [1]. They have
been known to be carcinogenic and can cause paralysis to the cen-
tral nervous system and virulence to the liver and kidneys. Hence,
regulation of VOCs has been intensified worldwide, and many tech-
niques for their removal have been developed. The conventional
technologies such as thermal and catalytic oxidation, condensation,
or adsorption have high operating cost and also produce chemical
by-products that must be disposed off before discharge. Especially,
they are inadequate for the treatment of high volumes of waste gases
containing low concentration of VOCs. For these reasons, one of
the most promising technologies for the treatment of VOCs is the
use of biofiltration [2,3].

Biofiltration is an air pollution control technology that utilizes
microorganisms present in the biofilter media to degrade the pol-
lutants in a waste gas stream. The major advantage of biofiltration
is that it is inexpensive and environment-friendly because the pol-
lutants are converted into non-hazardous final products such as car-
bon dioxide and water [4-6]. Several examples of successful indus-
trial applications in the treatment of VOCs and odors can be found
in the literature [7-16]. These studies mainly have focused on the
treatment of single gas such as hydrogen sulfide [7,16], benzene
[17], toluene [18], xylene [13], ethanol [8], ethyl acetate [1,14], and
2-butanol [14]. However, most VOC gases are produced in the form
of mixed gas, and some interactions between the mixed gases can
occur when it is removed in a biofilter. Although several research-
ers have investigated the removal performance of the mixed gases
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such as aromatic components [4,6,19], H,S and NH; [9], ethyl ace-
tate and toluene [11,12,20], ethyl acetate and amyl acetate [21], and
ethyl acetate and ethanol [22], relatively few research works have
looked into the interactions caused by the mixtures of ethyl acetate
and 2-butanol, which are VOCs emitted from food waste treat-
ment plants, in a biofilter.

The purpose of this study was to investigate the removal charac-
teristics of a mixed gas of ethyl acetate and 2-butanol by a biofilter
packed with Jeju scoria, and to obtain a better knowledge of the
interaction between the mixed gas of ethyl acetate and 2-butanol.
The experiments were conducted by changing the mixing ratio and
the inlet loading rate of the mixed gas.

MATERIALS AND METHODS

The experimental apparatus was the same as in the preceding
study [14] and shown in Fig. 1. It was composed of a biofilter column,
a syringe feeding pump, a mixing chamber, and a nutrient supply
pump. The biofilter column (75 cm high with 5 cm diameter) was
made of circular acryl tube. One liter of scoria was filled into the
biofilter after being screened to the mesh size of 12-17 mm. The
physical properties of the biofilter packed with scoria are shown in
Table 1.

The return sludge, of which the cell concentration was 5,730 mg/
L as MLVSS, obtained from waste water treatment plant using Bacil-
lus sp., was circulated in a biofilter tower for three days to attach
the micro-organisms onto the packing material. Nutrients for micro-
organisms were continuously supplied through a pump at a flow rate
of 5 mL/min and its composition was the same as in the preceding
study [14]: KH,PO,, 2.5 g; K.HPO,, 2.5 g; NH,Cl, 2.5 g; MgSO,
7H,0, 6.8 g; CaCl,'2H,0, 0.5 g; FeSO,-7H,0, 0.3 g; and KNO,,
1.5g(per1L).

A constant amount of mixed solution of ethyl acetate and 2-butanol
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Fig. 1. Schematic diagram of the experimental apparatus [13].

Table 1. Physical properties of the biofilter packed with scoria

Items Values
Apparent density, g/cm’ 2
Packing density, g/cm’ 0.8
Void volume ratio 0.5
Water holding capacity, % (w/w) 31.7
Mesh size, mm 12-17

was supplied by a syringe pump (Ken-a Mechatronics, KMSP-15MP),
and the liquid was vaporized by an air supplied from air pump. Then,
it was mixed in a mixing chamber to make the concentration con-
stant. The mixed gas of ethyl acetate and 2-butanol with constant
concentration flowed into the upper part of the biofilter, and then
discharged at the bottom part of the biofilter. The concentrations of
ethyl acetate and 2-butanol gases were analyzed by gas chroma-
tography (HP 5890 series II, U.S.A) with flame ionization detector.
The detection limit by the gas chromatography for ethyl acetate and
2-butanol was below 1 ppmv.

RESULTS AND DISCUSSION

1. Change of Mixing Ratio of the Mixed Gas

To investigate the interaction between ethyl acetate and 2-butanol
in the mixed gas, the mixing ratio of ethyl acetate and 2-butanol in
the mixed gas was changed and the biofilter was operated at empty
bed contact time (EBCT) of 30 sec (gas flow rate of 2 L/min). First,
with fixed concentration of 2-butanol at 250 ppmv, the inlet con-
centration of ethyl acetate was increased stepwise from 300 to 750
ppmv. Fig. 2 shows the inlet and the outlet concentrations of ethyl
acetate and 2-butanol, and Fig. 3 shows the removal efficiency ac-
cording to the change of inlet concentration of ethyl acetate. As seen
in Fig. 2, when 300 ppmv of ethyl acetate flowed into the biofilter,
neither the ethyl acetate nor 2-butanol gases were detected at the
outlet of the biofilter. When inlet concentrations of ethyl acetate
were further increased up to 500, 600, and 750 ppmv, 2-butanol was
not detected at the outlet regardless of inlet concentration of ethyl
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Fig. 2. Inlet and outlet concentration profiles of each gas during
the biofilter operation for the mixed gas of ethyl acetate and
2-butanol (the concentration of 2-butanol was fixed at 250

ppmv).
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Fig. 3. Effect of inlet concentration of ethyl acetate on removal ef-
ficiency for the mixed gas operation of ethyl acetate and 2-
butanol (the concentration of 2-butanol was fixed at 250
ppmv).

acetate. However, outlet concentrations of ethyl acetate were found
to be 48, 127, and 268 ppmv, respectively. In this case, their removal
efficiencies of ethyl acetate by the biofilter were gradually reduced
t0 90, 79, and 64% as seen in Fig. 3. Meanwhile, our preceding study
for the treatment of the single ethyl acetate gas showed that the outlet
concentration of ethyl acetate was measured to be 280 ppmv, and
its removal efficiency was 72% when the inlet concentration of single
ethyl acetate gas flowed into the biofilter at 1,000 ppmv [14]. How-
ever, when total concentration of inlet mixed gas was 1,000 ppmv
(250 ppmv of 2-butanol+750 ppmv of ethyl acetate), the outlet con-
centration of ethyl acetate was measured to be 268 ppmv and its
removal efficiency was 64% (Fig. 3). Comparing the removal effi-
ciency of ethyl acetate at the same inlet concentration, the removal
efficiency of ethyl acetate in treatment of the mixed gas of ethyl
acetate and 2-butanol was 8% lower than that from single ethyl ace-
tate gas experiment. This result showed that the removal efficiency
of ethyl acetate was slightly affected by the presence of 2-butanol.
This might be due to the common-metabolic effects of microor-
ganisms, and microorganisms could be inhibited by factors such as
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Fig. 4. Inlet and outlet concentration profiles of each gas during
the biofilter operation for the mixed gas of ethyl acetate and
2-butanol (the concentration of ethyl acetate was fixed at
150 ppmv).

the presence of acidic intermediates [21]. However, the exact inter-
active mechanism remains unknown. Some researchers also reported
similar results. According to Hornos et al. [11], the removal effi-
ciency of ethyl acetate was not significantly affected by the pres-
ence of toluene, but toluene degradation was inhibited in the pres-
ence of ethyl acetate. Liu [20] reported that the removal efficiency
of toluene was low when the waste gas contained a high concen-
tration of ethyl acetate.

The mixing ratio of the mixed gas was also changed by fixing
the inlet concentration of ethyl acetate at 150 ppmv, and increasing
the concentration of 2-butanol gas stepwise from 250 to 750 ppmv.
Fig. 4 shows inlet and outlet concentrations of ethyl acetate and 2-
butanol when various concentrations of 2-butanol flowed into the
biofilter with the fixed concentration of ethyl acetate at 150 ppmv.
As seen in Fig. 4, when the inlet concentration of 2-butanol was
increased stepwise up to 250, 340, and 440 ppmv, 2-butanol was
removed entirely. However, when inlet concentration of 2-butanol
was increased to 600 and 750 ppmv, the outlet concentration of 2-
butanol was measured to be 48 and 147 ppmv. And their removal
efficiencies were gradually reduced to 92 and 80%, respectively
(Fig. 4). Under this situation, ethyl acetate gas was not detected re-
gardless of inlet concentration of 2-butanol. According to our pre-
ceding study [14], when the inlet concentration of single 2-butanol
gas flowed into the biofilter at 900 ppmv, the outlet concentration
of 2-butanol was measured to be 237 ppmv and its removal effi-
ciency was 74%. When total concentration of inlet mixed gas was
900 ppmv (150 ppmv of ethyl acetate+750 ppmv of 2-butanol), the
outlet concentration of 2-butanol was measured to be 157 ppmv and
its removal efficiency was 79% (Fig. 5). The removal efficiency of 2-
butanol in treatment of the mixed gas of ethyl acetate and 2-butanol
was 5% higher than that from single 2-butanol gas experiment.

2. Change of Inlet Loading Rate of the Mixed Gas

The removal capacity of a biofilter depends on the operating con-
ditions of the system and the type of packed material. Thus, it is an
important variable in the design of a biofilter. To change the inlet
loading rate, the inlet concentration of ethyl acetate in the mixed
gas was increased stepwise with a constant inlet concentration of
2-butanol at 250 ppmv. In Fig. 6, the removal capacity of the biofil-
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Fig. 5. Effect of inlet concentration of 2-butanol on removal effi-
ciency for the mixed gas operation of ethyl acetate and 2-
butanol (the concentration of ethyl acetate was fixed at 150

ppmv).
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Fig. 6. Relationship between inlet loading rate and removal capac-
ity for ethyl acetate single gas and mixed gas of ethyl ace-
tate and 2-butanol (the concentration of 2-butanol was fixed
at 250 ppmv, and the concentration of ethyl acetate was
changed from 300 to 750 ppmv).

ter for the mixed gas according to the change of total inlet loading
rates is compared to that of ethyl acetate as a single gas. Four dif-
ferent inlet loading rates of the mixed gas were applied: 224, 303,
345, and 417 g/m’/hr. For each loading rate, the removal capacities
were 224, 282, 290, and 303 g/m’/hr, respectively. The removal cap-
acity increased as the inlet loading rate increased. In our preceding
study [14], the removal capacities of the biofilter for single ethyl
acetate gas were found to be 224, 278, 288, and 310 g/m’/hr, respec-
tively, at the same inlet loading rates. Comparing the removal capac-
ity at the same loading rates, there was no significant difference be-
tween the removal capacity for the treatment of single ethyl acetate
gas and the total removal capacity for the treatment of the mixed
gas of ethyl acetate and 2-butanol; the difference in total removal
capacity of the biofilter was only 0-7 g/m’/hr.

The removal capacity of the biofilter for the mixed gas according
to the change of total inlet loading rates was also tested by chang-
ing the 2-butanol concentration with a fixed concentration of ethyl
acetate. The inlet concentration of 2-butanol was increased step-
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Fig. 7. Relationship between inlet loading rate and removal capacity
for 2-butanol single gas and mixed gas of ethyl acetate and
2-butanol (the concentration of 2-butanol was fixed at 250
ppmv, and the concentration of ethyl acetate was changed
from 300 to 750 ppmv).

wise from 250 to 740 ppmv at 150 ppmv of ethyl acetate. Four dif-
ferent total inlet loading rates were applied: 156, 191, 221, 278, and
330 g/m’/hr. Fig. 7 shows that the removal capacities of the biofilter
for the mixed gas were 156, 191, 221, 261, and 278 g/m’/hr, respec-
tively, for each loading rate. At the same inlet loading rates, the re-
moval capacities of the biofilter for single 2-butanol gas were 156,
191, 211, 229, and 239 g/m’/h, respectively [14]. At the same load-
ing rate, the difference in the removal capacity of the biofilter between
single 2-butanol gas and mixed gas of 2-butanol and ethyl acetate
was 0-39 g/m’/hr. The removal capacity of the biofilter increased
when 2-butanol was flowed through the biofilter at higher concen-
tration than that of ethyl acetate. Wen et al. [22] reported that the
removal capacities of ethyl acetate or ethanol in the mixture were
greater than those of pure ethyl acetate or ethanol as single pollut-
ant. On the other hand, microorganisms attached on the surface of
media require time to adapt to a particular initial substrate concen-
tration. Thus, the adaptation period of the microorganisms influ-
ences the performance of a biofilter in removing VOCs [10,15].
The period of adaptation can also vary with substrate concentra-
tions even under the same conditions. It has been known that the
adaptation period is longer when mixed pollutant gas is treated [23].
In this study, microorganisms required at least 2-4 days to adapt to
the change of substrate concentration in the biofilter for the treat-
ment of mixed gas of ethyl acetate and 2-butanol (Fig. 2 and 4). It
was also observed that ethyl acetate was degraded well as com-
pared with 2-butanol by the microorganisms used in this experiment.
Thus, the introduction of ethyl acetate with relatively high degra-
dation in 2-butanol removal biofilter might result in an increase of
the number of microorganisms and their activities, and finally 2-
butanol could be treated effectively at high concentration.

CONCLUSIONS

The removal characteristics of the mixed gas of ethyl acetate and
2-butanol by the biofilter packed with Jeju scoria were investigated.
When inlet concentrations of ethyl acetate were treated at 500, 600,
and 765 ppmv with the fixed concentration of 2-butanol at 250 ppmv,
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2-butanol was not detected at the outlet and the removal efficien-
cies of ethyl acetate were gradually reduced to 90, 79, and 65%.
When inlet concentrations of 2-butanol of 250, 340, and 440 ppmv
with the fixed concentration of ethyl acetate at 150 ppmv were treated,
both ethyl acetate and 2-butanol were not detected. When inlet con-
centrations of 2-butanol were further increased up to 600 and 740
ppmv, ethyl acetate gas was not detected regardless of inlet con-
centration of 2-butanol, but the removal efficiency of 2-butanol was
reduced to 92 and 80%, respectively. At the same loading rate, there
was no significant difference between the removal capacity of ethyl
acetate in the single gas and that in the mixed gas consisting of ethyl
acetate at higher concentration than 2-butanol. However, the removal
capacity of 2-butanol in the mixed gas was higher than that in the
single gas when 2-butanol flowed through the biofilter at higher
concentration than that of ethyl acetate.
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