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Abstract — Waste air containing ethanol (100 ppmv) and hydrogen sulfide (10 ppmv) was continuously treated by
waste air-treating system composed of two annular photocatalytic reactors (effective volume: 1.5 L) packed with porous
Si0, media carrying TiO,-anatase photocatalyst, one of which was alternately operated for 32 d/run while the other was
regenerated by 100 °C hot air with 15 W UV(-A)-light on. As its elimination-behavior of ethanol, the removal efficiencies

TTo whom correspondence should be addressed.

E-mail: khlim@daegu.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

574



TR $AEE= UVAETERS Y] A A8 575

of ethanol at 1%, 2" and 3™ operation of the photocatalytic reactor system(A), turned out to be ca. 60, 55 and 54%,
respectively, at their steady state condition. Unlike the elimination-behavior of ethanol, its hydrogen sulfide-elimination
behavior showed repeated decrease of hydrogen sulfide removal efficiency by its resultant arrival at a lower level of
steady state condition. Nevertheless, the removal efficiencies of hydrogen sulfide at 1%, 2" and 3™ operation of the
photocatalytic reactor system, turned out to be ca. 80, 75 and 73%, respectively, at their final steady state condition,
higher by ca. 20, 20 and 19% than those of ethanol, respectively. Therefore, assuming that adsorption on porous SiO,-
photocatalyst carrier was regarded to belong to a reversible deactivation and that decreased % of removal efficiency due
to the reversible deactivation of photocatalyst including the adsorption was independent of the number of its use upon
regeneration, the increments of the decreased % of removal efficiency of ethanol and hydrogen sulfide, due to an
irreversible deactivation of photocatalyst, for the 3™ use of regenerated photocatalyst, compared with the 2" use of
regenerated photocatalyst, were ca. 1 and 2%, respectively, which was insignificant or the less than those of ca. 5 and 5%,
respectively, for the 2" use of regenerated photocatalyst compared with the 1% use of virgin photocatalyst. This trend of
the photocatalytic reactor system was observed to be similar to that of the other alternately-operating photocatalytic

reactor system.
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Fig. 1. Schematic of the fundamental mechanisms and reactions
involved in the photocatalytic removal of gaseous H,S [11].
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Fig. 2. Schematic diagram of alternately operating-two annular UV/
photo-catalytic reactor (A and C) system fed with synthetic
contaminated air containing hydrogen sulfide and ethanol.
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Fig. 3. XRD analysis of TiO, photocatalyst obtained by calcination
of P&T-31C at 450 °C [Nanopac].
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Table 1. Characteristics of porous silica-based carrier [Fuji Silysia
Chemical Ltd., CARiAct Q-30]

Description Unit Specification
BET Surface Area m?/g 114
Pore Volume ml/g 1.01
Bulk Density g/ml 0.42
Average Pore Diameter nm 28.7
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Table 2. Operating conditions of alternately operating-two annular UV/photo-catalytic reactor (A and C) system

Feed concentration (ppmv) of sequential runs in order

Waste-air flow rate

Pollutants in waste air

Al Cl A2 C2 A3 C3 (L/min)
Ethanol 100 100 100 100 100 100 3
H,S 10 10 10 10 10 10

Waste air-treating system composed of two annular photocatalytic reactors (effective volume: 1.5 L) packed with porous SiO, media carrying TiO,-anatase
photocatalyst, one of which was alternately operated for 32 d/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 continuously to treat waste air containing ethanol (100 ppmv) and hydrogen sulfide (10 ppmv).
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Fig. 4. Procedure of run and regeneration of alternately operating-
two annular UV/photo-catalytic reactors (A and C) system
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1 time-run (Irun(1)) and 2 times regenerated (3reg(2)) pho-
tocatalyst-loaded one upon 2 time-runs (3run(2)), respec-
tively, 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 that in A or C, respectively]|.
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Table 3. Characteristics of A4 in terms of BET analysis
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Fig. 5. Surface of A4, virgin porous silica-based media impreg-
nated with titanium-alkoxide and calcinated, observed by field
emission scanning electron microscope (Hitachi, S-4300)
with the scale bar: a. 50 pm; b. 5 pm; ¢. 1 pm; d. 500 nm.
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Fig. 6. X-ray photoelectron spectroscopy (XPS) analysis on A4,
porous silica-based media impregnated with titanium-diox-
ide sol and calcined, observed by Quantera SXM (ULVAC-
PHI Inc. Japan).

=) Z( =, P&T-310)2 24 F XRD ¥
2ol anatase® Ti0,2] WAl A5 BT, & Ao Ay
T22]0M14] 1= ATk

3-1-3. XPS 9% Ay}

FEFNES7] AR L] o] ARE-E ] ok Adel T gt XPS
X A 0 ® A Fig. 67 2o AE)7k, Aka 9 ElelERs Y4t
HAE oM T A 07 w|gfo] PAE QT Bha 440
EAE T34 Si0, BA1] F2Fsel 2k t)7] 2] voC FAtel
7113k} ar s € Qe XPS 944 AwtZ A Cls, Ols, Si2p
9 Tizp7} 242} 5.61, 69.31, 22.62 2 2.46 atomic% H1E HERAS]
o} WA Fig. 33 2©] anatased Ti0,2] AE Q1 3] 2E HO]
=, Fig. 58] SEM &40l g9 FFu) o] Efo|ely e49] =
4L 2.46 atomic% O Z EQ1 F At

3-1-4. FT-IR #4143}

FEuurS 7] A AElof] AFEEHR] 92 A49] FT-IR spectra©ll Al
ROl I T EL Fig. 79 2T} 3435 em'ol|A] -OH stretching %
o] UEREAL, 804 2 470 em™ellAi= Si-O bending %15-°], 1107
cm oA SiO,-tetrahedra®] asymmetric stretching %15-0] YER:
o} =3k 1716 2 1222 emlellA 242 c=0 & C-0 7|5 YER =
ZFo] 242 vEbstktt. o714 vt c=08} C-0 ¥ 7]l 23
B A A0 EAE, T4 FE0] 5.61 atomic%EA] LERE

XP
o] S AR g FE HAE gAEHA o the
Sio, BA ] ' Y42 $HrE P B] 52331 THunpublished data].
ufEha] o]2] 3t A2 kA 40 S ohEd Sio, B9 S
soll &gk th7] F2] voC &3l 71918k= 7Fs/do] Zith

=

Korean Chem. Eng. Res., Vol. 59, No. 4, November, 2021



580

78
76
74 1
72 4 716
70

68 -
3435

T%

66 -
64 -
62 -
60 -

58 4 1107

2000 1000
cm-1

Fig. 7. FTIR spectrum (PerkinElmer, Frontier) of A4, porous sil-
ica-based media impregnated with titanium-dioxide sol and
calcined.

32 I'LEHE 2El= F
3-2-1. JLEHE AL 318 0] FEukSr A A1) ek A7
39 FEuuk-sr) A AE(A)} W E A= o gk

JHe| UVAASIHIST |2 Tl AIAEC

FHRES7] AR (C)2], FskrA-o} OﬂE}L Rl I2n i P e
off $Hrel olle-&2] T4 AT Fig. 83} 2o, 22 A2
Sl 8l 24 Sl WA S S 89 F5riNe7] Al

Ethanol A1 Ethanol C1

a. " b, 10
20 - MMW.\

100 100

Concentration (ppm)
‘Concentration (ppm)

(RFETES T

o 5 w© WW
PO
o vwwwwm
S
20 2 B
—e— Ethanol A1 feed s —v— Ethanol O1 feed
O Ethanol AT out - EthanolC1 out

o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Time (days) Time (days)

Ethanol A2 Ethanol C2

Concentration (ppm)
Concentration (ppm)

s ® s
P TR s SIRFR
0 s 40 %w%& hd
s »
2 ot 2 &mw —&— Ethanol C2 feed
3 Eiane 2 o
o o
PP D D S R S A PR S
Time (days) Time (days)
Ethanol A3 Ethanol C3
e, 1o £, 1o Y
” h A A,
o WM o1, 2 W LA o ol e
= 0
o -
g 13
H )
g 4 3
g M g ® (dfmwm
& ”:F’““ 5 o
© a0 © 4 o
5
o
= e Einanol A3 reea = 250 o= G2 000
5 St A o o o Em
o s

024sﬁ101214161320222425253032 0 2 4 6 & 10 12 14 16 13 20 22 24 26 28 30 2

Time (days) Time (days)

Fig. 8. Various ethanol concentrations (Ethanol A/C out) at the exit
of alternately operating-two annular UV/photo-catalytic reac-
tors (AOTPR) (Al(a), C1(b), A2(c), C2(d), A3(e) and C3(f))
system filled with porous silica-based media carrying the
photocatalyst of TiO, of A4(a), C4(b), AD1(c), CD1(d), AD2(e)
and CD2(f), respectively, in operating orders, versus experi-
mental times of each of six-alternately repeated runs of AOTPR.
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Fig. 9. Removal efficiency of ethanol (Ethanol A and C) at the exit of alternately operating-two annular UV/photo-catalytic reactors
(AOTPR) (Al, A2, A3(a) and C1, C2, C3(b)) system filled with porous silica-based media carrying the photocatalyst of TiO, of A4,
ADI1, AD2(a) and C4, CD1, CD2(b), respectively, in operating orders, versus experimental times of each of six-alternately repeated
runs of AOTPR.
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