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Summary

Among the various alternatives to enhance the octane rating of gasoline,
MTBE(Methyl Tertiary Butyl Ether) has become increasingly the compound of
choice. Due to its high solubility in water there are some environmental concerns
related to the remediation of waters contaminated with gasoline containing MTBE.
Although MTBE is difficult to treat economically with conventional techniques, it
has been found to be readily degraded photocatalytically.

The present work is focused on the heterogeneous photocatalytic degradation of
MTBE. In batch TiO: coated ceramic beads and under the experimental conditions
used in these experiments MTBE degradation proceeded with different
experimental parameters : initial concentration of MTBE, air flow rate in solution,
H>0- addition and pH of the solution.

The results obtained from this study were summarized as follows:

1. In the effects of initial concentration of MTBE on the photodegradation of
MTBE, removal efficiency increased with decreasing initial concentration. In the
case of initial MTBE concentration of 20 mg/L, 100% after 180min and for initial
MTBE concentration of 50 mg/L, 100 mg/L, their removal efficiencies were 91%,

82%, respectively.
2. Removal efficiency increased with increasing air flow rate in solution. In the
case of air flow rate of 2 L/min and 4 L/min, for initial MTBE concentration of

50 mg/L, 100% after 140 min, 180 min, respectively.

3. The addition of H;O: in TiO»/UV system was more effective than that in the

absence of H2O: in the photocatalytic degradation reaction. In the effect of pH on
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the photodegradation of MTBE, removal of MTBE was more effective than acidic

condition than alkaline condition.
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AvAslol A seEde dggn Adgon s AgAB BEH anw
Agaa olvh 2o 9N sstede oled AeldelE Brela ddzke] A%l

2
Ao gigk F2hgo] A AbEe] AFE =

MTBE(Methyl Tertiary Butyl Ether): 7}&d dA# Fo L7342 7y
of EHAALE A ERE dV]|ed ARELARZ HFHIL ATh vFe A= A=
7l & JdArster A weE gi718471EA olstE fAsky] 918, 1990 ol 7] 4 5}
H(Clean Air Act)S WA
of MTBEE #7her /l&7tEd e AL&S o Fststal vk 1 § MEgrtEdoe]l A&
H Adel A FA g Barse] 7hEde ¥ MTBES 54384 9aAd
o] oAlEe] FIAHoR WE Filol HFHL e FalsteEHo]tH(Ronald F,
1994).

MTBE+ =Wl 3fol] 7~8%(F¥u)Ad% H7kdA™, g Fdfole 10%°]%
o] H7t¥w= Set7h FAARA THEHY] dHAMALE FEFORA U729 EH
ditstetbhel WEFS FaAYE FHE M vhded B A - gy - e R
37 o=
= Aog dHA At (Mormile &, 1992), (Sufillta and Mormile, 1993), (Yeh and

2]
MTBE7} Bl 294¥ 45 Astrds 27 A4 7HsAel

==

=]
RN

s

Norvak, 1994), (Yeh and Norvak, 1995), (Sauillace %, 1996). 7}& o] X s}A &4
A EYow F&FW MTBEE BTEX(Benzene, Toluene, Ethylbenzene, Xylene)

= 9y B FFo] Ha, &el=7t 48 ¢/100 g water® 7] Wl t=S A
el 7l Ast4E LAAIHE 5, 2002). 1B 2 HITd e i St 34
2 AR E SV AR ®ol o] &%= MTBEO 9 Asts o A7 o

FHI gled sulels WEsta MTBEE Z3er fdfo Abge] B XoAs

G(H T, 1999). MTBE®] &g - 3}8t4 54 24l ofstd FFolM= FEal, 7t



L& WEE. 53 MTBES 2o o8] A7k ob7lH L = Aol e &4
= B2 f® <laf QA mA o] AL F e AoE FAHIL
(Mormile &, 1992), (Sufllta and Mormile, 1993), (Yeh and Norvak, 1994),
(Sauillace &, 1996).

MTBE+= DDT, &< PCBso} 22 A7 54 vAA gov, wehAel ugt
e e r B2 A JPHL dow, FRAGAIElA F+E¥ MTBE
ojgh BH el Aak 7kl glvh US. EPA7F MTBEZ o ¥ Ast+5 FAMe
A3} Bt 27~42 ppme] TEEEE HAow, o] Aeoe AT tEY o4
Aol dejxzAh 243 EdddAes 1
11.74 ppmo] #E ¥ ZAo2 HuHJr(d 5, 2002).

A4 SEvEe FRE LdE Aol tig 1ol wH|ste] o] FAle] A7
= AAHA Estal lov, Ml T8 dY ESH AsteE A & uf AESHH
o7 WEEA oL air strippingA] BTEXX.t} *2]7}F Z ¢t ¥+= MTBE uwj&o] 4
I3 oJH S Aojeal dermz MTBE Aol wdt #Alo] wmolx]al 9lth(Yeh
and Norvak, 1995).

HAA7A Eell dg =& &ale 2 vhe Henry 300022 at 25C, =0.05 32

24 ppm~6.65 ppm, A3t ¢ 3.34 ppm~

dow 7b5)el 9 ste] MTBEA 2] W& tF2o] air stripping $oll 7]7dellA A
g3t qlek olFA 7
M, &F, A/ E S5 ol&st AH Jou, YFEATES o] &3 Wy
oA AbEE B 2 20X steamolut AAVIAE o] &3t Akl AME-
A Ao w 7t HH, nAESE A AY&ert
wf - =gk 5o @ae] glth(Keller 5, 2000).

TiO/UV 4L FZ5uE ol &ste] 7|9 AtgAlnt o Z¥3s OH #uzs

RANA FFol AFAL dE F718S WAL olAsREY B T ses
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A= ERE ofyet FEwE SASIA AT et HSFd
= A duAdew AT & e 5o FHol oA FHviE &gt F
HA fristeeds E&stds A7 ASHY 23 vk(Serpone  and
Pelizzetti, 1989), (Ollis and Al-Ekabi, 1993), (Hoffmann %, 1995). Barreto 5 (1995)
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L TiO; slurryeld MTBES #Ed FA=2E Rusgr F 5(2001)2 MTBEE

o)

FEE o] gsto]l YA Eeiedtt. sy @A FFol mEHE FuE

[ aR] =

o]-g3k F=vj WSl o3 MTBES| ol &3 A= 79 glen tom o

R84 o T

E&E vl - AES=H HF o]



1., MIBED| =4

Se7b AR 7FEA "7t o AFEE = MTBET Methyl Tertiary Butyl

Ethere] ¢f#t= 3}8H% 2= Fig. 1olA BoA= ZAAH e 2(-0-)9] 2

M e Ze g ARHe Y= TEE o]FIL Y= FAMoR oHE

H3C CHs

CHs

Fig. 1. Structural formula of MTBE



Table 1. Physico + Chemical characteristics of MTBE

[tem Value
Solubility at 20T 4.8
Boiling point 5T
Melting point -109C
Vapor pressure at 25C 245 mmHg
Specific gravity 0.7405
Mol. wt. (g) 88.15
Color Colorlessness
Heating value (J/Kg) 352 x 10’
Log K¢ 1.0 - 1.1
Log Kfow 1.2

K%c is the organic carbon based partition coefficient

Kw is the octanol water partition coefficient
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HEsE s, AAgS T2 350 §ES T2 a¥oR WEHe Jo] B Zo
2 d¥A glow, MTBES 54 #k ArAnel] mr2w w=r Alaska#] & ol A
7] T COsRE #2717l 98 I¢F =4 T MTBEE 156% o8 S7HA#HHE

7175t e =& AR % MTBE H%2 o] 7|3to] &y A%} Hlwgh
A, 247 1.8 pug/L, 024 pg/LE YEgow, 75, & A=, W2As o A4

H7F = AHo® FAME A THRonald 5, 1994).



+&FellAe] MTBE®| wigh A&, Hartley 5(1999)l 9J3t¥ wl=re] AnkA Q)
=8¢ MTBE 5%t 10 pg/L otz ZAREow, et 7heA wiiol &8
249 HAd 4 71EE 100 pg/LE AASAR, #S5 A5 o8 HF A
(shallow groundwater)E 2 G A7)+ MTBEE 1 2gddo] AtAiE o] vba H a3}
Atk US. EPACIA = 85 4ol o}2 MTBEE X3HA714] ¥%AIRF 1997 A
o2 By WAE 7|Fo R A 20~40 pg/Lel &84 duHs HEITH

MTBE®] tjs] 71 =] Hu J& AL dAddd Ak disk MTBEY &
=

l

A Az ob4 glARE Fol MTBES #2713t A B F9o2 =EA ¢hol #
o] SelHglt Aol MTBEE 4 7FolA HzlelA dzgho] A5 lov], 5

7ol mgo| A LCTs(Leydig interstitial Cell Tumors)”?} 24 % 1 tH(Belpoggi %,

>~

1995), (Belpoggi 5, 1998). T3 &4
Aol HAEAT T otE A AP EZo|r MTBEES ITUANAS o
8,000ppme] iL-gEol A Fheho] WA ATHBIrd &, 1997). ol¢} £ A5 E A9

WobgA S 272 v% EPAE MTBES #el7bs4 S B2LA M /bs ol 2

1gel M 2 AT Al eby 2

X
fr

32

Wt T2 SAM o, AelAE FAER A E
2

Industrial Hygienist, ACGIH)9 A= MTBE® Xx2%7]s(Threshold Limit Values,
TLVs)S A Z7Fa¥ 7 X (Time Weighted Average, TWA) 40 ppm, A3(FE2A 34
o A wbekido] ElE EF)om MHASH I, WHO 9o &9+ Ave A4S

T2 (International Agency for Research on Cancer, IARC)Y EFA|A A=

=

MTBEE Group 3(JAHLYEAZA EFT 4+ = EZ, Not classifiable as a
human carcinogen)2. 2 /3t At} MTBES thAlER LS ¥ 545 =+ IARC
e

of o3& 2A(RIALA7IFAdol =2 =2, Probable carcinogen to human)® &5

=
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ﬂ
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dedo] tgER ez oo ALES FAE ok Frh= Tl tyE L

A=)
=21

Table 2. Effect of toxicity of MTBE by-products

Chemical substance Toxicity Threshold value
Tert-butyl formate No data available -
Formaldehyde e, m, S, Sp 0.06 mg/m’
Methyl acetate e, m, Sp, S 10,000 mg/m’
Acetone e, I, m, s 476.67 mg/m’
2-methoxy-2-methyl propanol No data available -
Methanol em, s, T 22,875 mg/m°
Isobutene No data available -
Tert-butanol e, S, m; Sp -

e=eye irritant, m=mucous membrane, s=skin, r=respiratory, sp=severe pulmonary

Z HEoio| 2Er F2Eao|=

Fos =
Aol e fokehd Table 33 2tk AAQ) Zvjwbgo] wla FEHujuge mr) o

o endAE wee Agel Aty



Table 3. Comparison of photocatalysis with the conventional heterogeneous

catalysis(Serpone and Pelizzetti, 1989)

Conventional
Factor Photocatalysis
heterogeneous catalysis
Catalyst type Metal or metal oxide Semiconductor
Input energy kT hv
Free energy charge AG<0 Even 4G>0 is possible

Main factor

Enhancement of reaction rate
or change of reaction path
through interaction with

catalyst surface

Generation of electrons and
holes by excitation of
photocatalyst and their

electron-transfer reactions

At ow FEHmiutg2 WA EE A
Z(band gap)e]’de] HeluA=
B Xt (conduction band) €]
E= dEde] dAE 4=

. 2ea o

k3
[
ke

(Serpone and

Aol A =

. olsh 2e WHow HolH ZulmucA:

ool
&
_O‘L
E

$ Axe] o)%

Akl vl kgl

Pelizzetti, 1989), (Bahnemann &, 1991).

AY@ch Fig. 29 o] ut

2 HE=A] el =
AR e 7h dojuhAl
dolu} gHO R o]Fato] Hkg

or s Aol gAdHa

ZA el w3
7} A 2 f) (valence band) = 5
oluf AFE 7hxd =<
o el 4 S

ool me} wk=A|

A=

A2 (electron band)®] ™31 & (band bending)e] ¥oju= &+

W

Fapeiukgol 47
& 2R dojdtt
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I gE oluAE 30,000C
ool GoluA st Fgarh = TiOel R molw Ewe] 30000T oo I<

A7 AZEol e AARGFFHAF)lA, rutiled AAERIe AF GV SR
Aezie] dZEe] e AAREEHF)olH rutileo] anataseol Hla] FHA o=
ARQF27F b oA Ar 9 HFo] Eoh B3 AATI9 Aolo] o A
g3 EAE 2ol y, do] wd ALyl gl §etorr Mol Aols: 4 4
9lt}. anatase”} rutileoll B3} 7}ZAo] Ml hydroxyl z}t]Zke] Aol Ahzoz w
of FEuj W&ol Holwt Ao defA SIth(Sakata &, 1983), (Watts &, 1995),
(Laura 5, 1997). anatase®] wW7tZAL 323 eVE 3.02 eVel rutileBt} 2k7F o =4
9k rutile 3EAONA = w2 Aot o] AAj o] dojupar, Tk xHe] FEH
1S53} hydroxyl group® %©¢| anatase”} rutile®.t} B7] wlZol anatase”’} 33 uj
g&o] Hojd Aoz dEA Adrh(Somorjai, 1981).

Fig. 3ol 43} - ghdubgo] FEmjz 22d 5 e F8 ¥veAd =
ZABEA = Aol wheb o] EENhEo] o9 2ol 3744 FHE viEm 5 9
oh(&, 1997), (°], 1998).

=

d

i

) ORY BEYE ihst £4a8 Y7l FEG st dAdL A
SrTiOs, ZnS, CdS, TiO; &°] o 7]d &g},
2) RE : 82 #4947 528 A4 389 B99e AAAW, 15
Mg AAINE okt GaAs, CdSe, Si 5ol o7l &),
3 0% B WA 2B A/ FRF APS ALY, FAYS

FaE AAst7lel ofstth. WOs, FeO3, MoSs, BiOs Tl o 7] &3t}
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T °F 400 nme] ¥, olo] wet UVHze] o314 400nm ©]at 4] =&
Aol TiOxo U AE FFad, TiO, dEeteE HE9 dAxet AFog vpyojxn,
A E e cg(Conduction bandell Hol¥l A=A}, h'yg(Balance bandeol] FL positive
hole)> TiO, WA Ak o] FstA et oA ke hivge Ful F9¢ 2t
3} o] &(hydroxyl jon)# WHSale]l OH @bt Ze MAst: ® Zu] gwo] 3t =
w2kek vk A OH vzt H oS AAAZIZIE ot AH f71E3 kg3t
of 71 Abalel 7| = Bk e cp e bl wEEle]l O, - & AL B
Aol vhgElA OH gtz s AAsHAY H 9 vk&ste] ofe] 7k 9 A =25 A
A OH etvlZo] whsojxint ol 44 € OH oz 715
S AAA A F, 1995). Fig. 4= o]dg k& W7t EE =440 2 YEd
o]t

it
fljo

o{o

-1.0r— Cds
| - CdTe cadse Si
SrTIOs Ti02
- -* 1.1 MoS. |+
w 0.0 2.4 |14 |17 WO, K HY/H
T . F6203
; 1.75
S 10— |32 |s.0 eV
> 1 02/H20
2.8 |2.3
+2.0— T
+3.0—
| | | | | |
OR type R type O type

Fig. 3. Energy-level diagram indicating energy positions of the conduction and

valence bands for various semiconductors in aqueous solutions at pH=7
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Reduction reaction

0 -
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Band
Cap
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recombination
[¥H=
>
Oridation reaction

hy Hy OWOH

Fig. 4. Simplified mechanism for the photoactivation of a TiO. catalyst
FEu) AbsiRbgo A FH AsAIR 2838t 32 OH gvZeolw, OH &tz
ojgt 7= AtsubgS tgd Z2 d 7HA A2 Y] dojdth(Turchi and

Ollis, 1990).

D EW §48 7123 §5¥ OH g arsl v,

2) =8 do= Fitd OH sz 2 #71=7ke] vhg.
O TE&H <
4) #+71=3 OH gty o] B5F g Jor gitro] whg.

of Bol®= OH iz 8ol HOsk AT 3% 494 ool o8 HO,
&

o e D HO.S FAHH BAF wel o) 448 F qdov, AT 4718



o7

3 OH @helZe] whe-e AFetz wedt §A8 dde] e 43 CoEe ¢
Akt o] 2 A HAh(A, 1996), (Ibusuki 5, 2000).

TiOy + hv - eg + hb (1)
H,0(s) + h© — -OH + H (2)
OH + h" — -OH (3)
OH- + Organic — Organic” (4)
hly + Organic — Organic™ 5)

TiO, W7 Fol A qbae] ghedol] ola] A O HAAtstel2S AA Bt
2% AstE g JhAe OH gdze] AU & 23 Ataz Afddt & &9
SN2 E e 2ol A=Y HAE trapste] 0 #BZe FAste] o2HH

0, + e — 05 - (6)
O, - + H" — HO,- (7)
HO,- + HO,- — H,0, + 0O, (8)
O; - + HO,- — HO; + 0O, 9
HO; + H® — H,0, (10)

o] W Aol A AAH MO T o] OH grlae FA e

H,0, + ¢ — -OH + OH (11)
H,0, + O, - — -OH + OH + O, (12)
H,0, + w— 2- OH (13)
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Substrate + - OH — Substrate ox (14)

Substrate + h™ — Substrate”™ - + Substrate,y (15

3. EE0f LksbE pREo| 2iF MTEES] B E=

MTBE®] 2tshafitee old wmirgoel oetdd TBASE acetoneo® dej4 gleo
] acetone> TBAZ}F &% o] w3t} Barreto 5(1995)8 2 TiO, HAA =
doq F7H8AHE2 TBF, TBA, acetone, iso-butene, tert-butyl hydroperoxide, a
-hydroperoxy MTBE, acetic acide, 22| il formic acideZ &<9l3}o] we WAYSE
S AotstR o, F+=U3 Hoffmann(1998)> & A slolA MTBES zS3#
o] t3t kinetic®} TBFE, acetone, MA, TBAO tfdh H-4L&ES A aslste] v7lUS
< Aletsl ATt Barreto 5(1995)e & AletE TiO, €& gl MTBE? 33|
el gk vWlAYSES Fig. 5ol Wetlidth 22]a, 714 MTBE®] #Eafol A ®=
of ¢} FALEE AE AAv B AFAHH(F &, 2001).

|
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MTEBE

g 2

Fig. 5. Proposed reaction scheme for the photocatalytic destruction of MTBE
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&2t site®] coveragedl W] ¥ Langmuir-Hinshelwood ™| #

UEe gz gom
WS &AL A(18)F 2ol UE

< A tH(Matthews

3 Ha lew, o] A4

fx

5, 1986), (Pelizzetti, 1989), (%8} ©], 1997), (1, 1998).

o

CxHyClz + [x + (y—2)/4]10, %
xCO, + zHC! + (y—2)/2H,0 (16)
(17)

ry = kr (902° (9[c]
A71NM g, ¢+ Aol €13k F3 site coverage,

D 7lEel olgk F 3 site coverage,

K 2 ey S 3 2=
b = T L IBE ReEEA R T 2ol vry & o
_ _dc___k KC_ |
d t = (1+ KCo) 1)

Tty =

4= (equilibrium adsorption constant)& YEFHT
b, KCWaL sl yehd 5 Qlth of 7]l A

NEEQ Cort e AgolE 4 =

e Eow A38)e ofdlsh el tehd 4 gt

k,, K= T —
v a =kC (19)
A9 e BANoRNE W 27 FEI Cort FARFE MSEEE
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2) F=5m e
dutdoz FHu] wkgdxel 2r|ddL AT AmAE Fulgel wldsta,

.|_4

ool FuiFel = o ol SUbeA @¥evar & A tk(Herrmann
1993). F=Fm) WG A o)Fe] ZujiF Sk Abekel o3 UV xAbAR 2
29 TiO; 97k sl o3 44 H2aEs U dHA Ak (Choi, 1997),

(Yuksei and Ayse, 1996), (Ollis %, 1991). =i} Zufo] Ztolx|H FoUA =S &
Foto] Hhgof ol&d = v A FUF gARFHER FEHu) WA UE F

FEe W FFwe] &R FrlEol FHHWA o] AP wie]
Mg wEzE v g, Sl fr7le el F3s (absorbability) ol vl & 2.3

A", ALO;, Si0; T3 2 Hded=d
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=
=
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3) UV &%

FEG ol gote] #/1TL AAL W UV 3 B9 ol gas #
#dol Qek. TIO, F50) BAel Foluxst 2AsE AdAdl Qe A4t A
gz delsle] FFol A4k of W Axpt Aoy AL WA HIs
oF 32 eV ool At Aagel ole] AYsHE 3L 400 nme] stol v,

FAUAE)E A0)ow TdH

J
el

rie

g=-kc (20)
A
7)ol A, h : EF= 44(3.9883%10 Pmol/k] - s)

c : 3<£(2.9979x108m/s)
L 3 (nm)
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Lot
)
)
=
oo
o
o

rlo
5
o
2

A Ak ol old AEe AT GAERA DA 9 B shel TIO,
of UVE £AAZ el A7k Yoz dolglsl Ak o€ HYoz @

H HAAE AAATI=H 7P ol &sky] Har AAFQD Aol A Afo]vh(ME) 1998).
Fapenbgol A AtaEAte] @d= bRV A diE] wle owmE 9SS & e
(ke=1.9%10"Lmol 's HE ZFA T QoA A aE w7t 27848 oo whe-A (21)7
Zol NAAYREE Fojr|=o] AAE AEdle] AAE scavengedte] AR -A T4
ANAz S oAt FHde] Aol og AbsinkgS ThEsAZIvtal delA 9l

oL

e + 02 - 02_ (21)

FA2e BAe BQwgd o8 A4 superoxide FTZAE EHAL AsAl 2
FRaAnsAq AUAEAE Fehln FHY FBR oble Ev) mHel 3
A HH23 B o LEAAE BAATA AT

TiO, B v) Whgol G WAL Ozl AolBol visl Ash iAo w
gol Ao} & & 9t AL AA EWelA tapHo] 9 WAt wHe] FH
0:5] Wt 4 AN AFEA ol Fshe Adst BH w@HE Oshe W

£ 08 AAE A Gerischer and Heller, 1991), (Gerischer and Heller, 1992).
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L BEo) RaolA AEEE TIO, BEvE S8 pHel mf
o Zulo) Ewio] we G with A5 Folt ol TR T ol Fol
2ol #AF & gow, olFo] FEuje] e AFaAY EE 1 Feld EA

= A, RSl ¥ VA= Alw deA duh EI 49| pHell wet

PZC(Point of Zero Charge)v &9 W &4 WA} o] 0& YeElY = pHE
o3y, anatase TiO, o] 3lH TiOHS PZCE dubdom zadfo]x of
64 A= deiA Ao webd, &9 Wl pHE 7Hstd TiOxH & WstAI71A o
H, Fholo AF fiol weh F3tE TiO.= thaz 2ol ¥t

TiOH + H' < TiOH; - at pH<pHpzc (22)
T/:OH + OH < TiO~ + H,0 ‘ at pH>pHpzc (23)
TiOH, — TiOH + H" pka = 4.95 (24)

TiOH «— TiO0~ + H* pke = 7.80 (25)
Uil—ﬂ—/ﬂ’ Z)HPZC = 0.5 X (475+7.80) =

pHpzc ©18+e] pHOlAE F=2 7b3kd TiOw7F TiOH' 2 EA48HAl ¥ a1, pHpxe s
AEste s Fste] TIOH7F YElYAl Hw, pH7F 1 o]/fe] =W &
(deprotonation)ol] ¢J8] TiO 7} & &A5tA Attt =, pHpxcES 71502 £99

5
r

pH7F & 4b4 el Hw Zul mue] H' olgo] §3so] Fdetm, vl 4
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1995).

H,0, + ¢ — -OH + OH~ (11)
H,0, + Oy - — -OH + OH + O, (12)
H,0, + hv — 2- OH (13)
H,0, + -OH— OH,- + H,0 (26)

AE AME AT AALET 6~8u Wbt AL FAsRYh Wl Chundt

Park(1992)2 TiO2& coatingdt ®H&-7]olA TCEE &EdlA1Z o HitsaE H7t
st X Ay o3y W&t A4S & ¢ JdAu o= kst Ae UV

A ) e AEA27F TiO, Wl Fag o2 TCES F25 Welsto] AAR

o] ZAEYn Jolst HAIAE RIS HTanaka &, 1989), (Chun and Park,
1992)
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Fig. 6. Influence of the main physicochemical parameters on the photocatalytic

reaction rate : (A) mass of catalyst

concentration of reactant (D) temperature (E) radiant flux

(Herrmann, 1999)
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e =2 25 MTBE(Sigma-Aldrich, 99.8%)2 o] &3t e™, MTBE %
A 2= Toluene(Sigma-Aldrich, 99.8%)% ©]&3tth 7]Ete] Aok 55202 HA|
glo] Akgshsith.

BZuf 2 TiO.(anatase) S A8t i, A A A& ceramic bead(¥ 7 3~4 mm)
5 10% dAitoe =z A s g, SHTE AAH F 100TCAA 1A12F Az § ARE3)
At UVAIZE 40 W(ntensity - 13800 pW/em’, 9449 185 nm~577 nm, 3}

A 254 nm, WZ o] 0.842 m, Woongjin UV)E Al-&3F% T}
2) TiOx9] ZE A 7
H] Ao TiOs(anatase) 50 g¥ Na.SiO3 10 g(Junsei, Japan)g SHF5 500 mLol| &

gtale] = gHS TET o] AS ceramic beadol 5-63] E=¥3}] ceramic beadell

ATt o] TiO; SulE A=Al 24A3F AZ$ & ceramic

K
o,
(i,
=
©)
i
=2
il
rEl
it

beadell A1 €] TiO, H## 3 AGE&S =ol7] #dte] 300TlA 243 &k dA e
Gt agln Z'EE Fule AElE FAF A @9 A(SEM ¢ Scanning Electron
Microscope, S-2460N Hitachi)©.& gelslglon, 1 A3 Fig. 6°] YeER T
Fig. 694 (a)x A3} A A A2 ceramic bead’} ZEE 7] Ao Fujolx, (he =
Y % ceramic beaddl TiOy7t ZBE FHEelE YEld Feolth. ¥ $F ceramic bead

of gE TiO@ °F 1 wtes H Ut
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Fig. 7. SEM pictures of (a) ceramic bead (b) TiO: coated on ceramic bead
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1) A=A
A% AFgH =34 batch type WHS-# XS Fig. 8o YeERHAT. w2 =
10 L &% dddael 2o] 80 cm, 74 10 cm®] ¥ H ¥ pyrex glass #5875

AREE o, A 40We UVHEZE Algaded 29S WAxsx UV 3%
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g v &7 del AFedv. =3 dASHA Ade FAA717T A AU

(AVR, model DCR-100)E o] &3t o, Fdo] Rz wEse= S WAsa vt
71 A GG UVZE #de Al 2AE =S 7] 918 wEg7]e] o E I US

PR3 AL TiQy, ZE beadst UV ZA} slo|A AZE o] &35t9] 1 L/ming
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Fig. 8. Schematic diagram of the photoreactor with TiO»/UV

2) 24gw

L

2
dago Wels st o, A4¥gzx-e Table 49 YeEATH pHE 0.IN NaOH
o} 0N HoSO=2 243t om, Alge] 52 579 10 mLel A& 10 mLE 9
3to] A&t pHE pH meter(model Orion 290A)E o] &3] =431, DOE= DO
meter(CONSORT C534), 18]31 MTBE®] ¥%+ GC/FIDE o] &3to] 43t om,
BEA 248 Table 59 e QLT

_27_



Table 4. Experimental conditions

Items Conditions

Main condition

MTBE concentration 50 mg/L
UV Lamp wave 254 nm
Initial pH 6

Comparative condition

MTBE concentration 20 mg/L, 100 mg/L

Air flow rate 2 L/min, 4 L/min

H-0: concentration 50 mg/L, 100 mg/L, 200 mg/L, 300 mg/L
Initial pH 4,9

Table 5. GC conditions for MTBE analysis

Column Capillary RTX-1 (30 m x 0.32 mm)
Carrier gas N2
Injection mode Splite
Splite ratio 20 11
Injector Temp. 250C
Detector Temp. 250C
Oven Temp. 40C-10C/min-110T
Column flow rate 1 mL/min
GC model Agilent 6850
Detector FID
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2 Aol kY ek 4S8 H7hEE =249 MTBEE TiOyUV W
& ol gt AT W EEE IS VA= XS T MTBES 2751k,
T B7IrE, 271 pH, O, 5% 59 2AWsd Mg LaasS HESA

1. 27==2] EHato 2 BHES

1) UV

st d=4d <2 MTBEE TiO; #Zv glo] UVHS FAk(Irradiation)s}
7% 20 mg/L, 50 mg/L 28 al 100 mg/LolA e FAMA|7Fe] wE RasS
Fig. 9ol Yephf ATt

Fig. 9914 Hojx] &= npe} o] 180%1F AN FE&> MTBES 27]%%
20 mg/L, 50 mg/L 1¥] 3 100 mg/Lell thal 22t 62%, 51%, 42%= Heb o, v]
WA ke R &S Yelh) B ZEe kgl 3ol "ad oz AdEHdY m
24 TiOy/UV &4elA OH gttizte] Z=eh stshikb-gel o3t MTBES #3l&&S
Ak 1) gk},

M
32
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Fig. 9. Photolysis of MTBE with initial concentration under UV only
(UV Intensity : 13800 uW/em? pH : 6.0£0.2, DO : 6.0+0.5)

2) TiOy/UV

TiOy/UV Ziafol 1ol MTBE® %7] siol w& MTBES 2 &&cl 1A
= TS Yotr7] 9 MTBES %7]s %€ 20 mg/L, 50 mg/L ¥ 100 mg/L=
WA A FARAZFe] W E MTBE®] #isiae&s SAste 1 Z23E Fig. 100
R A T

AAANANA 27157t Fagel wel MTBES &l S7ketes 2S¢
4 St Fig. 10914 2™ MTBE®Q %71 %7} 20 mg/LY W= ZAAIZE 1807k
FAs EFHF e, 50 mg/L 2 100 mg/LY Wl ZAFAIZE 180+ &< 247 91%
83l 2% FIHas&S B

olg]3l A2 ¥+ salicylic acid, chlorophenol, phenol ~L#] il nitrophenol®] 3%Z
mf SN e 2Vt YeFE Eil&o] et AT AR} dA A

H(Mattews, 1987), (D'Olivelra %, 1990), (Okamoto &, 1985). o] AL 48 N2
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Fig. 10. Effect of initial concentration of MTBE on the photocatalytic degradation
(UV Intensity : 13800 pW/cm? pH : 6.0+0.2, DO : 6.0+0.5)

3) TiOY/UV &7elA DO w3}

TiO/UV &4& °l&3ste] MTBES wald wl ARAIZEe] e §E4t0) W3}
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Fig. 11. Variation of DO on the photocatalytic degradation of MTBE
(Co : 50 mg/L, UV Intensity : 13800 uW/cm® pH : 6.0£0.2)

Z F2 ZI|FEe i OE 2dasE

TiO/UV F&3] wgelA &7 FdFel we Ralass Fofstr] #lstko]
MTBE %7]% %7} 20 mg/L, 50 mg/L ¥ 100 mg/L¥ W #7] 47 %F<S 0 L/min,
2 L/min, 4 L/min® 2 WA A ZARAI ] whE Eal &l vA& Gl dist o
TAIE Fig. 129 Fig. 139 YERTE Fig. 125 MTBES %715 %7F 50 mg/L

AA F7] FUFFN e BHEass el ez F7E FYsA &S A9
T AR 180% Foll 91%9] Falaes 2ow 2 L/min, 4 L/mine 2 93
Ag-ol= Az ZAPAIZE 180+, 1404t vholl ¢k d] el 719 FAfrEel S
g% MTBEY #all&o] T7tste 2S & 4 A%tk Fig. 132 F7]& A8 F



, ZAMAIZE 1208 A3 Fof MTBE %7]% %= 20 mg/L, 50 mg/L 2 100
mg/Lel ek EaEE&S UEbA Blojth. ™A & F Qo] 1208 A F
MTBE %71s%= 20 mg/LollA= 5718 FUahA F%e "= 93%7F w3l = lem,
2 L/min, 4 L/min¥ W& 443 E3ldAct. 275 =7} 50 mg/L

A ABE UE FAHA Foks W F
7} 79%, 93%, 98%7F sl F il 271 % 100 mg/LAlAl+ Z+2F 69%, 89%, 93% <]
6.5 mg/L~5.1 mg/LE YElo] &

WS HolA Fgked oleg Ade w1 FRoE A3 §E4r] T WE
=

ol F7]f o] 2 L/min, 4 L/ming w+= 7}

Atrdn B AdAREEYH U8 FAsA @ Aol HlEd e F

FAE AW, AAF, TCES B35 Ramsols §Ein 5

i
N

%2
rr
2
2
-
o
2L
o
@
(@]
&
q
c
=
o)
(@]
(@)
o}
(!
<
c
2
e
r
b
rr

AApete] wkgLE e mS wE R #(k=1.9x10"Lmol 's ) #7199 FYo 2 Q3] 2bx
o 7l F7tge wel TiO,EHd WA AxES A scavenged o ZH Hxpot
Ao AATE AAste] HAA Y wrEEEo] FUlEE Ao® ALz tH(Lide, 1988).
w3 a9l Axpel Ao o8 superoxide ion(O; )] A EW o]AL A H o
AL W8S AH OH #Huzs FAshe 2oz dHA Jor=z o Hat Hkg9

EEE F/HA7IEY 7)9stE Ao E A " (Pelizzetti 5, 1991), (Pelizzetti and
Minero, 1993).
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Fig. 12. Effect of air flow rate in solution on the photocatalytic degradation of
MTBE(Co : 50mg/L, UV Intensity : 13800 uW/cm® pH : 6.0+0.2)
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Fig. 13. Comparison of photocatalytic degradation of MTBE with air flow rate in
solution at 120 min(UV Intensity : 13800 pW/cm® pH : 6.0+0.2)
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3 HD FUEY OE BiEs
TiOy/UV Z&s] W&ol loiA Hy0po Tl mE FiEsiagel nAe o
& 3osbr] skl IM-Hx0.2] F4 S 50 mL, 100 mL, 200 mL % 300 mL& 3}
K= W] AAHE Fig. 149 Fig. 1501 Wrebd At
Fig. 14v= MTBE® %7]§%7} 50 mg/LY W IM-H:0; +4%S 50 mL, 100
mL, 200 mL % 300 mLZ WSAALS v TaE &S vERW Zlojth ™A &
4 %ol MTBE %7l % 50 mg/Lell dia]l #Aibsteihs F9dabA ks o,
IM-H20: F4%Fe] 50 mL, 100 mL¥ o] ztzt Z=ARAIRE 180 43 $-ol 91%, 94%,
97%7F EalE e, HoO, o] 200 mL, 300 mLY w= zFzb 2AAI7F 180%,
160 wkol] ¢+d3] B = ALt Fig. 165 ZAMAIZE 1208 A3 $of MTBE %75 %
7} 20 mg/L, 50 mg/L 2 100 mg/Loll W3 Efa &S Yeld Aoz z7|s=7}
20mg/LY Wl H:0.5 FatA &2 499 Tl 50 mLl 450 242 93%¢9}
98%7F EajEllem, Fd o] 100 mL, 200 mL, 300 mL3 7%= 943 £
o 271557 50 mg/LY Wi HOxE F93HA &2 A9, F9%e] 50 mL, 100
mL, 200 mL % 300 mL%l -9-e dis] zF2zF 79%, 87%, 92%, 95% B 96%°] 3
8% B9oen, MTBEY %71% %7 100 mg/LY Wi HO0.2 FY8HA & 7
$-, FY o] 50 mL, 100 mL, 200 mL 2 300 mL%l A-5-o sl Z+zF 69%, 77%,
85%, 83% B 92%7F HEEHATE 2 AFe AFAINE HH, WAsFAE HUSE
Ae Wb FaAEEC] FolHS ¥ F AT
o] 3t AT A= Oillset Pelizzetti(1991)9F Tanaka 5(1992)¢] #7] &9 #+#
SollA kst AE HUbsH WeEEY S8 FHHETGE dFATGE U
stainh AR E H7e A9 B Efo] =4 vehd AL FAEERE )
i0: Aol W&t} superoxide #ht]Zbul wk-g-3}of
o F&FS mAE Ao AR HT
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Fig. 14. Effect of H2O2 on the photocatalytic degradation of MTBE
(Co : 50mg/L, UV Intensity : 13800 uW/cm® pH : 6.0£0.2, DO : 6.0£0.5)
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Fig. 15. Comparison of photocatalytic degradation of MTBE with HxO. addition at
120 min(UV Intensity : 13800 uW/cm®, pH : 6.0+0.2, DO : 6.0+0.5)
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4. EJ| ph Hz| HE BHEE

1) 7] pH W3l @& ZLaHaE

TiOy/UV @Zv] wkg-o] 4 %7] pHel w2 MTBE? &l &&S ZAMsle] Fig. 16
of YEFALE o] w wkgohol pHE 0.IN-H.SO,9F 0.IN-NaOH=Z &3t orn, =
ARAIZEO] w2 EEl E &S AT

Fig. 162 %7] pHW g we} MTBE 23 &8-S Yeld oz TIdor & 4
o] FARAIZE 180% E<¢F 7] pH7F 4, 6, 9¢ Wl 27k 92%, 91%, 85%2] &
ol A= pH 63

Eby o).

>f

dAx HE%=7l 2555 OH ot|z Ao wWoldA Ealago] Hopxl o=
AP EM, o]l A 5(1999)¢] ATFAetE dA sttt gk Bahnemann 5 (1991)2
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