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Abstract

In this study, TiO;, the popular photocatalyst, was used to decompose ethanol. TiO, was prepared by the sol—gel

method and coated on pyrex stick. A 15W, UV-A lamp was used as the UV light source and a gas chromatography

(HP 5890) was used to confirm the concentrations of ethanol, CO; and the intermediates.

Variation of preparation parameters and calcination temperature for TiO photocatalysts in the sol-gel method

caused changes of ethanol decomposition activity. The best ethanol photodecomposition activity was obtained on

the sample when prepared with 0.14 mol of HCI, 8 mol of ethanol and 1.3 mol of TTIP were mixed in sol-gel

process and calcinated at 500°C for 3 hours.

Acetaldehyde was detected as an intermediate and decomposed to carbon dioxide and water at the end of the

reaction.
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A7) BAECIY, 4B VOCsk: AxHeoz
AWE FEATH SR slel, 373 » 27
i g 2 BE-dEer

ol#]& VOCsE A 735t7] 913 Wl o2 plasma,
electron beam, y-ray & o83 mFAETA
(advanced oxidation process, AOP)o] o] &F 3 g]o
m 19903 Zu} o] & FHZwj (photocatalyst)E ¢
23 VOCsel AAE g Q771 v)= d2e
FAeR AA FEHT o FHIT IFHAME
bst o771 AlzbE e} (Yoon et al., 1999; Lee et
al., 1999).
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v wkg o2 Ba uhgoll wls) AdXu)s)
W A B3 o] Y& FFE ANloes F
zto] slgdlme d& JlElE Harl glo] 344
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2,9 i 3E 5o SuE 3EEE Avezw
WA H-EEA ] A AL shssich 283, HE A
A Eo) CO,LH:0 52 #7e] Falgt 4 59 #
g 7Nz glerzs FHId A4Fg 3 Qe
VOCsA| A o]}

2 d7eMEe A dAAM gel UAsE
VOCs2] AAE 18 M2 AAue) Aie &
Moz FE2u|F o] 48 AA L A= Bl
23 dAEL=ME vOCsg e of 46%E =}
2 (#A], 1997313 Qe =AM LAY se
VOCs®] AAE 8 Fosds Azsigde. =%
ZA M oA E ot s} o] = (acetaldehyde), B3}
2%, A€ (keton), GH ol =5, dFEF, dlLE| 2
(esters)F Fo] F2 o4& (odonE LA = 24
B4z 2usz 9led, o] F 3R 1A (3
AR, 1998)8 ol gh-e- VOCHUME-Bof ts] &
3w A} 1 e S HEdl Bk

GILFE st AlE, gl sle]| =553 @
AA FHLA 471338 D] 46% o) FE A
she] 71 go]l wAElE REQ =eAZFTE ¥
=333, JdH 534 a8z A F3Eh 233l A
W ZE e B2 9] shelch 183 ¢FREF Sl
e g folehe-e AN U f7seER
wteA] Zapbael Al Ay ] AMAFeor & EAlo]
=3

2. 4 #

2.1 ZEoj2 M9 TiO2| M=

BFEE o433 F71EFgEY AAE FZAHF
2 UVt g3t 22 ubgell o8] F3}hehx
] (photomineralization) ] 713 B2 FJd

2 A7 g olch (4473 P, 1997).

WhEA)
ultra-band gap energy
COz+ H>0 (+mineral acids)

+5471E

B 7R G A A17TH A4z

2o wbgol fF A7 19603 el ZnO
F4g o] 48 {7HEURSA FHojr A7
Hejx gher} ZnO A7} FE 7)o g F
E& xE Z3ok 21 & ZnS, CdS, TiO;, WOs 5
of Wl FHujzAe] AF7} o] FoiFHLd ]
Fol M TiO2} FFu2A 7 & B3R
a2 s 2 FE olf-2 AR, FIH Ao
Qlelof ol EA, AAH Jdolt AAFH el
o Wg o 8% 4 AUslol Bk A Folok

Faolz F2 AEHE IO 400nm o|5he]
s}ate] ylg &8 electrons/holes pairg A A 3o,
7} o] A3l A9 BE ZRA HA] o=t g
3 B3, YEFH o obAgslr| Wi ol At
SHH(HE823 ole)TF, 1995). o2 7 TiO, F3v)
E A zse xdq AYal sol-gelgE F4 &
Fialolx o] Z=Z5-S- (condensation) OB F4 Ak
2B (metal oxide)& I+ FAHozH F& AT
(precursor) & & =X Ud3& 5o EAbA| (disperser)
of BARZ F A £+ G (F2 A ol8)E
A48 7428 (hydrolysis) B 5% WHg-& do
2 F Az F AR G2 LS AANA ART &
H-g oA upyeltt. of AHE A2 M M7} 7}
ota Azt AR 5A Alejel A
o] o] ¥4 7hsdle Texe] AEFol YAt
T v F98 Azrt 7hsE film §2
o998 7}A gz 44 Az 5 Uve= 59 F
o] got F&v| Az FHo= 7HA de AMS-H
37 8)c}h(Yoko et al., 1996).

2.2 Sol-Gel gf4dofl 2f#t Tio,2| H=

gole A LA (precursor)2 4 titanium isopropo-
xide (TTIP), &, |4k, ol&te-& E3sle] A2ty
o}, 7t7te] 2A3-e TTIP: H,0: ethanol : HC1=1:03:
8:0.148 71& (Linetal., 1998)0.2 o] GAL, ot
<, TTIPS] ko] vl-&-& HAAAZMHA o 5
3 4L dE F UE 99 AzE A =sdE

A ice bathel] o gh-&-& P& ¥ TTIPE A3
b F3 ool m2A BAbY ¥ &, 44k o
e22g A2 498 TTIPS} oghge] e &4
A7 9ok TTIPS) H71E ice bathell A 3 o]
T TTIP7} wraA 53¢ 242 depke AE
gto} A Z£¥ titania®] YAt H3 FLEHA 7]
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Fig. 1. Schematic diagram of TiO; preparation by sol-gel
method.
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Fig. 2. Schematic diagram of reaction apparatus.

J. KOSAE Vol. 17, No.4(2001)



366 olug - S - AR

mLE gas tight syringeE o]-43] 3 % FIDHZ
717} Z3¥ HP 5890 GC (gas chromatography)el] <=
A F=9lstd s=rt dASA wA" A gl
%, UV lampE F2A7]2 58 7422 sampling
stel olskesl Faulo] o Fx 2aF 24

& w7 e dete B gz
37 ARl 25 AR d7hx Uve

o8] Ao e LS TR ngio)
a3 39Met o] £AL=F 400°C, 450°C |
500°C=2 HBA|F|HA ol=bge] B3 xgs 24
A 2 A, FHE AREE vssde. 28y &4
+=7F Fobdel wel 279 AEgo] 27t
FAHGE) ol 242 =) Fopdozn Zuje
ARl =], Ful AR A (defect)e] =
o531, I A % o7} (photo-conduction) s A =}/
) 3% (electron/hole pair)o] Znj $je)lA] ul-&-2 3
H2]x volume recombination?] 7]3& Yoz

100 ——r o

90 . g ',t“.vz'p:m “‘A

80 o

=

=

k]

[4

(53

>

c

S
o 400°C
» 450°C
O 500°C

T T T T T T
100 120 140 160 180 200 220

Time {min)

Fig. 3. Photodegradation of ethanol depending upon
calcination temperatures.
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Fig. 4. Photodegradation of ethanol depending on the
amount of HCI in sol-gel synthesis.
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Fig. 5. Photodegradation of ethanol depending on the
amount of ethanol in sol-gel synthesis.
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Fig. 6. The amount of acetaldehyde produced during the
photodecomposition of various concentrations of
ethanol.
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Fig. 7. The Conversions of ethanol on various TiO, sam-
ples prepared by changing the amount of TTIP in
sol-gel synthesis.
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AAA SlelMTE doidel. add Fuje] Mol Z
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&5 SAAL 238 Fo EA FHo 7]
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Fig. 8. Relationship between BET surface area of pre-
pared TiO. samples and conversions of ethanol.
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Fig. 9. Trace of acetaldehyde during the decomposition
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Fig. 10. The suggested ethanol degradation pathway on
the TiO: coated glass plate.
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Fig. 11. The suggested ethanol degradation pathway on
monolith type TiO. catalyst.

o] M2 vz AAsHHc) oivkgo] HYH] #
2] ZEHel ZRHE 74, UVel 93 olghge] 4
A opH EStHBle| =g AbstE a1, YA H o EY
3ol = EFUY 3}o] = (formaldehyde)E 73]
At F2 Intr COet B2 Fart fvky 2w
&l o} (223 10). ¥bHE ), monolith reactorel] A 2] o]
B3 o & A2 E B B Ao oske
of &A1 opHEUH stz MAFYAI} acetic
acid, ZELH%] =, 704k (formic acid)& A& o]
Abstetaz WEbo] H 799}, acetic acidol|A] o]
AZtetaz Wio] Hi A$, 18|y IHIZ ace-
taldehydeol} A o] At3letAz W e] FHi= o] 37}%
w2 F WHAE B3 B fon s
(29 1.

uh-$7) Hefel wiel o ubg ARE Mol A
2 fERel Fulrl mHE Aol acetic acids}
A=} Ak (formic acid)®] W gko] wj$- whaA doju}
F0 AAAEEA TFel FA ¢4k, monolith
reactorll M= o] F71A] F7kAlEe] We] 2 ¢
= BRolA 71 3o Yo}y wFolztx
Adgsta gl

2 A¥eME otg) ¥ A F xFAd 8

o= gl Anil Foze) Wi FFFHA ggte
v R g7l el et eln by gL FE
2R BASE oM EdY el 2ot S0P Eel

3 AL 4 9l

4. 4 =

Sol-gelddlel] 23 F&ejaAzA] A9 Az
27& 27 % EH oz S 3o FE Z
2 AE¢ 9

A Lxod whE YAE AHE AT A 2%
7} Z7hgbel wet Folo Aol Fosldxm o
of ute} Zvf 1A 9] defect’} FojEo] 27) ot
< FE Ao 27 Hl

Sol-geldl ol 28] Zu] 2] H7sE= 94l
o et-&, TTIPY] <f& W2 AAE Fx HCl:HO:
ethanol : TTIP=0.14:0.3:8:1.32] mole ratioZ A=
3= Aol olekg B el glolr] HAre] &S
LK R=

2o} zddel Zrjekw YwHoz VOCH
Arge] Fobltxn duix qed 2 dPdM:
2312 el AAHAT. o) = 27} IH L
A3 HAdEAg= BFEe) kS (photoactalytic
reaction)2 UVZell w23 A ¢Jorgt dof
web. 2 Foo) Alge] ZejH rie mHAe
Fojurigle 238 FYo =23 AU ¢
#2] Zo 4 He] o7)(conduction)d Az}/A %
o] surface recombination =+ volume recombination
U2 o8 {A doFick meld vke-Eae) A
2}/ uk-2 (redox reaction) o] ARl 7349} TiO,
2] anataseoll A rutile2.2] AAAIHE 9 WWrRAY
o] 27159 o] f= oghg FEa urg Ao 3
4% Aoz Alsdd

ofelgo] FrEulse] A 7 YAEZH o}
A zoddsle] =t AAE 9}

TS 2
o] dFE 1994 = e EANG FHATFA2H
A (FA W 5 99-005-E00024)2] Yol o3 43
Hagueh d7HE ALY TR TG A}

1. KOSAE Vol. 17, No. 4(2001)



370 olug - A% - AAR

g =3 (1996) Applied Cata. B: Envir., 8.
Hiroaki Tada, Makiko Tanaka (1997) Langmuir, 13.
Hiromi, Y. and Masakazu Anpo (1996) J. of Catalysis, 158.

,EI- i -E' %J Lin, H., H. Kozuka, and T. Yoko (1998), Thin Solid Films,
315.

Z441(1997) WA 571332 FANY A4 2 F Michael, L. Sauer, and F, David (1996) J. of Catalysis, 158.

upetell Hal A7, sefd g Toshinobu Yoko, Lili Hu, Horomitsu Kozuka, and Sumio
A4, old7F (1995 v, N.1, 11 Sakka (1996) Thin Solid Films, 283.
ALA, FAHE(1997) F AR, 455, Yoon, ] K.,J.W.Kang, and T.K. Lee (1999) I. of Korean Soc.
olal) &, 7 A2, 7179 (1993) 2 dh=e] #3at 7)4,8,3. Environ. Engrs., No. 5, 21,
BARTA A 1998-775.(1998.7. 16), RN A, Lee, W.I., Y.T. Kwon, and G.J. Choi (1999) Bull. of Korean
Basca, R.P. and J. Kiwi (1998), Applied Cata. B: Envir, 16. Chem. Sco., 667, 18.

Christine, B.S., F. Annie, G. Patrick, and Jean—Louis O

2 7|84 TR A 174 A4



