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Abstact — In this study, integrated hybrid system (IHS) composed of two alternatively-operating UV/photocatalytic
reactor (AOPR) process and biofilter processes of a biofilter system having two units (i.e, R, and Ry,) with an improved
design (R reactor) and a conventional biofilter (L reactor) was constructed, and its transient behavior was observed to
perform the successful treatment of waste air containing ethanol and hydrogen sulfide (H,S). At the IHS-operating stages of
HA1, HA2 and HA3T of reversed feed direction, the AOPR process showed not only ethanol-removal efficiencies of 55,
50 and 45%, respectively, but also H,S-removal efficiencies of 70, 60 and 37%, respectively. In particular, a drastic
decrease of H,S-removal efficiency at the stage of HA3T was observed due to a doubling of H,S-inlet concentration fed
to AOPR from 10 ppmv to 20 ppmv at the stage of HA3T. The order of ethanol-breakthroughs and the order of the
magnitude of ethanol-removal efficiencies at the sampling ports of each unit of R reactor at the stages of HA1, HBI,
HAZ2, HB2, and the first half of HA3T, were reversed, respectively, at the stages of the second half of HA3T and HB3T.
In case of H,S, R reactor did not show H,S-breakthrough as prominent as the ethanol-breakthrough, but showed the
trend similar to the ethanol-breakthrough.

Key words: Waste-air, Integrated hybrid system, Alternatively-operating UV/photocatalytic reactor, Biofilter system
with an improved design, Conventional biofilter. Ethanol, Hydrogen sulfide
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Fig. 1. Schematic diagram of integrated hybrid waste-air treatment system.
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Fig. 2. Schematic diagram of integrated hybrid waste-air treatment system (HA and HB) composed of alternately operating-two annular UV/
photo-catalytic reactors (the left one (A) and the right one (C) for HA and HB, respectively) and two biofilter systems (a conventional
biofilter (L reactor) and an improved biofilter (R reactor), fed with synthetic contaminated air containing hydrogen sulfide and ethanol.
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@) (b)
Fig. 3. (a) Biofilter system with improved design (R reactor). 1. R,

(lower column D of upper biofilter), 2. Ry, (upper column
@ of upper biofilter), 3. R,; (upper column @ of lower biofil-
ter), 4. Ry, (lower column @ of lower biofilter), 5. Biofilter
system with improved design, 6. Microbes-carrying-media,
7. Waste air fed to a biofilter, 8. Treated waste air fed bottom-up,
9. Treated waste air fed top-down, 10. Treated waste air upon
feeding direction being reversed (T), *® denotes a pressure gauge.
(b) Conventional biofilter (L reactor). 1. L, (1st column @ of a
biofilter), 2. L, (2nd column @ of a biofilter), 3. L; (3rd column
® of a biofilter), 4. L, (4th column @ of a biofilter), 6. Microbes-
carrying-media, 7. Waste air fed to a biofilter, 9. Treated waste
air fed top-down, *® denotes a pressure gauge.
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Fig. 4. Procedure of run and regeneration of alternately operating-
two annular UV/photo-catalytic reactors (A and C) system
(AOTPR) in the integrated hybrid systems of HA and HB,
respectively. 1) A1, A2 and A3 denote photocatalytic reactors
using A4, AD1 and AD2, respectively, while A4, AD1 and AD2
denote virgin photocatalyst-loaded porous silica-based carrier,
regenerated (I1reg(1)) photocatalyst-loaded one upon 1 time-run
(1run(1)) and 2 times regenerated (3reg(2)) photocatalyst-
loaded one upon 2 time-runs (3run(2)), respectively, which also
applies to C; Both x and y in terms of xrun(y) and xreg(y), denote
cumulative number of run or regeneration in AOTPR and
the one in A or C, respectively. 2) HAn and HBn denote the
integrated hybrid systems composed of alternately operating
photocatalytic reactors A and C, respectively, performing n™
run prior to n™ regeneration of photocatalyst carried in SiO,
medium, and biofilters of the one with an improved design
and the conventional one. 3) T denotes the reversal of feed
direction of the biofilter with the improved design from
and @ (solid line) to @ (dotted line) as shown in Fig. 3a. 4) The
running period of each stage was assigned to be 1 month.
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Table 1. Compositions of buffer and mineral solution

Salt stock solution Mineral solution

NaHPO, 70 g/L. CaCl, 2H,0 15gL

KH,PO, 30 g/L MgSO0, 7H,0 24.6 g/L.
NaCl 50 g/L

NH,CI 10 g/L

Table 2. Compositions of culture medium

Culture medium

Na,$,05-5H,0 8.0¢g/L
Yeast extract 2.0g/L
KH,PO, 1.0 g/L
KH,PO, 1.0 g/L
MgCl, 02¢gL
FeSO4 7H,O 0.01 g/L
NH,Cl 1.5 gL
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D
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gl 3olrh FA] S HVkA A el E ] fleke] woE
A= T 0 UV 350k 7 (A 9 )8l nlo] @ E| (741 ¥
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[
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Table 3. Operating-order of integrated hybrid system for waste-air treatments

Stage number 1 2 3 4 5 6
Stage name HA1 HB1 HA2 HB2 HA3T HB3T
- HAn and HBn denote the name of operating stage of their corresponding integrated hybrid systems composed of alternately operating photocatalytic reactors

A and C, as shown in Fig. 4, respectively, performing n® run prior to n® regeneration of photocatalyst carried in $i0, medium, and biofilters of the one with an

improved design and the conventional one.

- T denotes the reversal of feed direction of the biofilter with an improved design, from @ and @ (solid line) to @) (dotted line), as shown in Fig. 3a, which
took place on 15" day-operation of HA3T and was maintained until the end of the operation of HB3T.

- The running period of each stage was assigned to be 1 month.
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Table 4. Operating conditions of integrated hybrid system for wate-air treatment

. . Feed concentration (ppmv) of sequential runs in order Waste-air flow rate
Pollutants in waste air .
HA1 HBI1 HA2 HB2 HA3T HB3T (L/min)
Ethanol 200 200 200 200 200 200 3
H,S 10 10 10 10 20 20

- Integrated hybrid system (HAn and HBn) for waste air treatment was composed of alternately operating-two annular UV/photo-catalytic reactor(A and C)
system and biofilters of the improved design and the conventional one.

- The two annular photocatalytic reactors (effective volume of each reactor: 1.5 L) packed with porous SiO, media carrying TiO,-anatase photocatalyst, one
of which was alternately operated for a month/run while the other was regenerated by 100 °C hot air for 5 h with 15 W UV(-A)-light on for 3 d, performed
to continuously treat waste air containing ethanol and hydrogen sulfide at the rate of 3 L/min.

- Waste air treated by the process of photocatalytic reactors was divided into two streams of 1.5 L/min fed, in parallel, to each biofilter of the one with the
improved design and the conventional one.
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Fig. 5. Time-dependent behavior of ethanol feed and effluent concentration of each process at its designated sampling ports (photocatalytic
reactor (P); biofilter (R(Fig. 3a) and L(Fig. 3b)) of integrated hybrid systems (HAn and HBn) treating ethanol-and-H,S containing-
waste-air, composed of alternately operating photocatalytic reactors A and C, as shown in Fig. 4, respectively, performing n™ run prior
to n™ regeneration of photocatalyst carried in SiO, medium, and biofilters of the one with an improved one(R reactor) and the con-
ventional one (L reactor): (a) stage 1 of HA1; (b) stage 2 of HB1; (c) stage 3 of HA2; (d) stage 4 of HB2; (e) stage S of HA3T; (f) stage 6

of HB3T (R, denotes a sampling port at the exit of merged effluent from Ry, and R,).
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Fig. 6. Time-dependent behavior of ethanol-removal efficiency of each process at its designated sampling ports (photocatalytic reactor(P);
biofilter (R(Fig. 3a) and L(Fig. 3b)) of integrated hybrid systems (HAn and HBn) treating ethanol-and-H,S containing-waste-air, com-
posed of alternately operating photocatalytic reactors A and C, as shown in Fig. 4, respectively, performing n® run prior to n™ regen-
eration of photocatalyst carried in SiO, medium, and biofilters of the one with an improved one(R reactor) and the conventional one(L
reactor): (a) stage 1 of HA1; (b) stage 2 of HB1; (c) stage 3 of HA2; (d) stage 4 of HB2; (e) stage S of HA3T; (f) stage 6 of HB3T (SP

denotes sampling ports.).
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Fig. 7. Time-dependent behavior of hydrogen sulfide feed and effluent concentration of each process at its designated sampling ports (photo-
catalytic reactor (P); biofilter (R(Fig. 3a) and L(Fig. 3b)) of integrated hybrid systems (HAn and HBn) treating ethanol-and-H,S con-
taining-waste-air, composed of alternately operating photocatalytic reactors A and C, as shown in Fig. 4, respectively, performing n™
run prior to n™ regeneration of photocatalyst carried in SiO, medium, and biofilters of the one with an improved one (R reactor) and
the conventional one(L reactor): (a) stage 1 of HA1; (b) stage 2 of HB1; (c) stage 3 of HA2; (d) stage 4 of HB2; (e) stage 5 of HA3T; (f)
stage 6 of HB3T (R, denotes a sampling port at the exit of merged effluent from Ry, and R,).
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Fig. 8. Time-dependent behavior of hydrogen sulfide-removal efficiency of each process at its designated sampling ports (photocatalytic reactor (P);
biofilter (R(Fig. 3a) and L(Fig. 3b)) of integrated hybrid systems (HAn and HBn) treating ethanol-and-H,S containing-waste-air, com-
posed of alternately operating photocatalytic reactors A and C, as shown in Fig. 4, respectively, performing n™ run prior to n'® regen-
eration of photocatalyst carried in SiO, medium, and biofilters of the one with an improved one(R reactor) and the conventional one(L

reactor): (a) stage 1 of HA1; (b) stage 2 of HB1; (c) stage 3 of HA2; (d) stage 4 of HB2; (e) stage 5 of HA3T; (f) stage 6 of HB3T (SP
denotes sampling ports.).
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Fig. 9. Intensity of UV light emitted to the outside of a photocatalytic
reactor of the integrated hybrid system through its pyrex
wall at each operating stage.
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Fig. 10. Distribution of biofiter-media pH at various effective heights
of biofilters (L and R reactors).
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Fig. 11. Volume of discharged wastewater from biofilter (L and R reac-
tors)-drains according to operating stages of the integrated

waste-air treating system.
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Fig. 12. pH of discharged wastewater from biofilter (L and R reac-
tors)-drains according to operating stages of the integrated
waste-air treating system.
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Fig. 13. S concentration of discharged wastewater from biofilter (L
and R reactors)-drains according to operating stages of the
integrated waste-air treating system.
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Fig. 14. SO32' concentration of discharged wastewater from biofilter
(L and R reactors)-drains according to operating stages of
the integrated waste-air treating system.
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Fig. 15. SO42' concentration of discharged wastewater from biofilter
(L and R reactors)-drains according to operating stages of
the integrated waste-air treating system.
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