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A Study on the photodegradation of Polycyclic Aromatic
Sulfur Hydrocarbons(PASHs) and TCE by
Ti102 photocatalysts

Sung llye Jo

Division of Environmental Svstem Engineering, Graduate School,

Pukvong National University

ABSTRACT

Polycyclic aromatic sulfur hydrocarbons(PASHs) are a group of toxic
and/or mutagenic compounds which are abundant in petroleum and coal tars.
These compounds are also present 1n cffluents [rom petroleum and coal
liquefaction industries. PASHs were found to biloconcentrate more
significantly than sulfur—free polycyclic aromatic compounds and have been
shown to accumulate in sediments, plants and animal tissues. These PASHs
are among Lthe most refractory compounds In thc residuals at contaminated
sites. Also volatile organic compounds(VOCs) such as trichloroethylene(TCE)
are a major concern and a serious threat to human health which have been
widely used as industrial solvents for decreasing metals and for dry cleaning.
Many soils and ground water supplies have become contaminated as a result
of leaks from underground storage tanks and improper disposing practices.
This contamination is one of the recent major issues hecause this chemical is
toxic, non—biodegradable and extremely persist in the environment.
Therefore the conventional activated sludge process dose not effectively
degrade these toxic compounds. The low biodegradability of PASHs and TCE
suggests that physical—chemical methods may be more effective for
degrading these pollutants in environmental systems.

In recent years, much attention has been paid to "photocatalytic
detoxification" as an alternative technique, where the pollutants are degraded

by UV-—irradiation in the presence of a semiconductor suspension such as

_Vi_



titanium dioxide. TiO- is the most often used photocatalyst due to its
considerable photocatalytic activity, high stability, non—environmental impact
and low cost. In this research, the photocatalytic degradation of
henzothiophene(BT), dibenzothiophene(DBT) and trichloroethylene(TCE) in
TiO» aqueous suspension has been studied.

The effect of parameters such as initial concentration of substrates,
various transition metals loading, H20» concentration and initial pH on
photodegradation has been investigated. TiO.» photocatalysts are prepared by
sol—gel method. The dominant anatase—structure on TiOs particles is
observed after calcining the TiO» gel at 500C for lhr. All experiments were
performed by anatase—structure TiO» photocatalyst.

A Langmuir—Hinshelwood model was found to be accurate for
photocatalytic degradation and indicates that adsorption of the solute on the
surface of semiconductor particles plays a role in photocatalytic reaction.
The photodegradation efficiency was enhanced by adding of H2O2. For BT and
TCE degradation, the optimal concentration of H»0. is 0.00M. But DBT
degradation efficiency increases with increasing does of H»O.. Photocatalysts
with various transition metals(Nd, Pd and Pt) loading are tested to evaluate
the effect of transition metal impurities on photodegradation. The
photodegradation efficiency with Pt, Pd—TiO: is higher than pure TiO:
powder except for TCE. Also the photodegradation efficiency in basic

condition is higher than that in acidic condition.
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Table 1. Physical properties of BT, OBT and TCE

BT TCE
— I T
BATZ [(i ) ) (ﬂ)j C'/[\\T/Cl
- e B o B H
B 1A CsHeS C.HCls
A= 134.20 131.39
==4 29~33T 96~100T -
=4 221~222T 332~333TC 7T
571 - %58mmHg at 20T
H|F 1.149 1.464
g f3Ix 28mg/L 0.1%
23138 A
229 4o i i
(at 257C)
s o 75 21




2.1.3. Benzothiophene(BT) and Dibenzothiophene(DBT)2] 353
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ol L HE] TCE®S 5o &alubg vl 58 vhaat 2ol Alted & Uk

Ti0.9) of7]eh A/ dE el 44
TiO; + hy = h" + ¢

e /h"  trappingd radical A4
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2.2.1. FFv) 939 Ao H 7|2 9d
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vl wksol,

A= H7) 1A stgrE Aol ole) FaistA &9 Adsty] YelAe ¢4
Aol dapxg ddd o 23 A4 5 1ol &band theory) & ®UY @27t
Auh' B AE o] 2o olatw Mabmi AAAEE My Agel os z@d



Tolom A Rte] b SobeE s BAAERY v A abo] 7k Golisr aLA|
5 FAshis Ak s goral Wabdllle ko) olui A xfolw Hoaleh vk #bo}
A Aa AR oA e wj(band)E @Adgtch ol gl sto] @Ad¥l wel o] A}
ojof 1= Az7E ARt & glm FA4E oA w4 (band gap, EJol Aok vk
SAl9] olu A w) F odAte] o) 7k AA HAFE 7Y w2 ouA e wE
(valance band, VB). #zfof] ofall 5 92 7bd sb ou A9 ujg dxu
(conduction band, CB)elaL sto}, ¥ fruje} Amwe] 7h4 & ofux] AAet 713
S oy A AAE 242 Fhu sbgAtel(valance band edge. Ew)¢b diaul 74t
¢](conduction band edge. E,)ebat Y-itn] ol5e] Aol ([, - Eg)7F wjzh2 ofu
A, E.oll sl g gtrt,

WS Aol Wlol FAbsl A9 1 vk wzkA o] del ouAE 2br Fakthy 2
E)7F €99 o] FfuolA] Aen]st dzxjo]7|(electron excitation)® ¢ 27|51 o] uj
FHmol i A F(hole)o], HEuloli= Az electron)7} AL A Axs Ak
u] ool st A S ZhA we, AFE FHu ou Aol sdste Ak
& ZHA Hol FFEul mwe e wAsEd wgshAl "WrkFig ). TiO.¢l band
gap energy= ©F 3.2eVEHN 2ol wdats et A o] ARl UV 7o Y
kel

TiOol UVE 2Alshe A9 g4 5 radical®t WA &

1) Absorption of UV light by TiO» semiconductor
TiO, + hv —  e’es + h'v

2) ec. h'vi diffusion

3) Posotive hole reaction
h'vy + OH — - OH
h™vy + 1,0 — -OH + H
- OH + Organic — Organic’
h*vy + Organic — Organic’

4) Electron reaction
ecy + 02 — -0y
-0, + 2H.O — 2-0H + 20H + O.
-0, + H — -HO,

-0, + +HO; > H.0 + O
- HO, + - HO, — - H.0y + Oy
H.O" + H" — H.0.



[0, + e¢cy — -OH + OH

H.Op, + -0, — -0 + OH + O,
1,0, + hy — 2-0OH

-OH + - OH - H.0.

- OH + Organic — Organic’

¢ ¢ + Organic — Organic

2.2.2. TiO, 35 F49 JFA%

FEo) ol WS B AGH T Sule] o el A 27) FE L

Aol el el 5] B QA A Solel gl vlelshi o ol3

of FojgolAt o ol4 FoehA ek AwAd wgd Hu) wgol

o 4% WSHEI FrshE FHulo ‘»L?f-%— ol 2AeE ERAl

wolri d7fe] Faul wgel A% mwae] Aol elalAvt ofel Ay uo
A

At} weal chnl o oE. Ul TAE W %

o[N

Foll ol M WLt A

f=

of ulsl BE A% Folwel Fhe WIEEE FA/A Gk £@ FugR)
APAA BE AT A UA A dE AEE Wewyel Aashel B4 ge

% ?‘)%EHE)‘}]" }‘p]‘—;]_ 18)~20)

(2) wel g

HHE A = w3k (band gap energy, Ey) ol oW A E A= Fapwrs F46ho
A2k el A2/ 84S A wels] Enth s oy E e gapge
W2 Awol #ARe] FEFE FA A ZIA Hebt), E S 2ol A= 2ol gopol
upet FEAdo]l F2438] Frkstar c1 o]4be] whad ey Ao Az FEAo] dhgel] -
:‘81_6_}1:}/-]8),2())

(3) #7185 %

W d  FHe] REgL Fuiwtgolmzm  dukxHow  wkwa  FEr) wkg e
Langmuir-Hinshelwood %W$4& w&g, w3 E(ns tp2a go] 7139 %
Q). AR, F2HFAAFEKIY g4a el 4 ol e
K
r =k ¢
1+KC

1A sk B ASKCKDlE BH S A2 7L hddl WA arol w
istel 1207F Fa, %71 A4 99 (KC>>1) mwaAdxe]rzr ¢

T EEd
Airslo] kg & F ol dislA 0ab7F "o 7)Aol QlojAle FLh tfalo
RrrEoredl p= Al23%F Langmuir-Hinshelwood WHg-21S ul &t}



(4) 3%

wE bl gl hgelAl W Ees ol Az

e

dako]| vy sl <F

[} ~l- o] [e] -
250W/m" o] bol Ewl gekel el vidlshAl flk o] 31 grke] A L}Xl Al wo
W, HdA -y AN EErE FEu) e SR AT WiEo|th ol wHEA
FEu) wkgel ZAAQ FERE Adacloln
(5) Hu0.2 )&

Hy0.2 FE ] Al Aglo|A ghelso] OH radicald AJAISH7| wfioll f71E9 Fi
dl 57k F7rEich el A ojdel [LO7F HbER 2388 AAEH s
OH radicalo] thg-at ol 9wk$-g frutato] {7189 4tabel] Al8-E OH radical?]

scavenger® ¢t sh7] mlol vl &el Asts et
MO, + - OH — .0 + - 1O,
HO, + - OH — H.0 + O,
(6) pHel <d &
FEA el Bkso)l e TiOFFuls gvlelA pHel daks =AA wed. dwt
Ao i Ti0.°l zpelzero proton condition)?} ©F pH,. = 6~6.40A] @z TiO,
WOl pH, & 7IFos Fdst B FAdske 2 Efel wpepA vbs
gepu 2 At Raldidel He frlEde] Fiel wet pHel ofek dde 747
ch AgS vERdal o) obAAR o w dg7h dauojop & Aoz Azid
tt.
(7) doles Hd7tel ofet d%
RheAe] oA w kA Atolel Absh-ghl WO E b wEol2e HUAAE A
o] #&ol 2 AzhllolA Hah L= AE trap site® ZHEato] Mapd AAd
g RsAZ Fooloh wheA FRof Aol T3 ol &H= Aol & =
W}z AAE trappingste] MA-AFol AATE Adr]7)aizt sk Zlojn, HH
ol
&

O

i mlm

i

sol ol A4 AURE ADNAN, NG AL ol w38

L= 1

30 b e o

il ﬂL

[e)
g 29 odle dadE e Ao Feld

;Em

}E}'LH—H E‘EOA O ]

o‘;l
At

2
o

2.2.3. TiO:9 AA &
Ti0, #Euje] AAF2E A brookite, anatase, rutile®] 37} 2 East=d],

brookite %3 A o gl 0]352]_17 o)A o 7= anatase?} rutiletF7} o] &5
31 9lth, rutiled} anatases WEAHO T Ti'Tole F9lo] 6719 0¥ o]0 Hejmal
o)

= TiO, ZHAle] Ader ndsEe, F A4 Fxo Aoliz o] AWAY HEH
ap gHE P zeo) abol it FHE G rutilel A 0 o] Bl gFA HolA i, v

A5HA HE52 A AAR E@EHLU. anatasedl A= A7 v AEHA HEE A

X
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wAARC Aol FAA "olHth el Ti-Tiel 72} anatase?} rutileXdth =
UHanstase:3.79A . 3.04A. rutile:3.57A, 2.96A), Ti-02] #Agli= anatase?} rutile
Bl #cHanatase:1.934 A, 1.980A. rutile:1.949A, 1.980A). ®gb rutile -3l A
v=ozb Za A g 10709 tE A e Askar oy wbdAol, anatase FxolA = 2}
sl A 7F 8702 e ZA Ao 3 kil dck olef gk FRelA e zboldl 9]al] anatase
o} rutilezbe) 2ol A7]H) Aol Aol wHELLY Fig, 2% 72F AATE2E
Ebl Zo]™, Table 2% ZAA 7z 2ald AAL vyepl Zo|c).

olgigt AATx: WA, Azwy, 2ALw Sl vt AFEc. anatased
band gap energyis 3.23eVo]il, rutileo] 3.02¢VE anatase?} rutilelth k7 t
2 band gap energy® 7AW, Udutd o2 ZHujgd 2 anatase’t 7 & 74055
ol @ik ol rutileX WAl wE AQAG wrgo] dojr)ar, THo| HelE2 Rl
Swizo] G2} Tyl 9o SAkslv| o] ko] XA 0 F anataseX.th rutileo] U] % 7]
ol Aos FHE s ok

Ful['.]
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UV energy

Conduction band 4

TiO,

: Band gab(3.2eV)
H
Valence band

hole h* O

OH-

- OH + pollutant
~
~

mineralization

Fig. 1. Photocatalytic reaction mechanisms



71842,
2)a
Anatase Rutile

Fig. 2. Crystal structure of TiOz
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Table 2.

Physical properties of anatase and rutile

@@ K Anatase Rutile
Y ER R 7y
AR A A A (ZHAD AL A AEHA)
H % 3.8~3.9ﬁ o 42 ]
AE ~ w5.5~6.0 7.0~7.5
Hl%(cal / T-g 0.169”' 7(7).176;” |
| 2.96 A 357 A
- TemaE 3.04 A 379 A
1.93 A 1.95 A
- o ?M 1.98 A 1.98 A
band gap energy 3.23 eV 3.02 eV
 agA | wEd s wase, am

_.14_




A

3.1. F=5vh A=
2ooAdgoA Abget TiO, FFuE sol-gel Wow Axsd. ATARS
Titanium Tetraisopropoxide(TTIP, TilOCII(CH:)211)& AF&-3t%aL, TTIPeF 557~
o] #dsl 3L Qs FELUE isopropyl alcohol(C:HOH)E AM£38%1 o, pH
z732% 9slr)= HCIE H7bslgch. WA Titanium  Tetraisopropoxide -840
isopropyl alcohol2 &3%st & 1.5M HCIE9S o] &34 pHE 3058 F45H3 )
o]*= pH7} 3% © isopropoxide-isopropyl alcohol-HCI &alo] 7} <t gl =20
A R E2A3L7] ujEolth 99 Zo] E3kst 2L 1805 Z9F 3000rpmoE
A kA7l ¥ Dry ovenoll A 105Col Al 24hr 59F A EAIZ g 500ColA 14
I EE AAAA TiO, powderE Alxzstodch FEvle] d& vus f&liA Az
Mol F4 A7 Zul= TTIPY isopropyl alcoholsd £38t1 pHE 308 xH3g &
Aol 3l AFE<Q Pd, Nd. PtE <A T3F(%)5 77

TiO; powderet T4zt Woz Azxsiolrt. 7} @59 AFAZE PANOY: -
xHz0, Nd(NO3)s - xHz0, H.PtCls - 6H0& A14-313

*ﬁ Fll

A

Ak Ae A9t

ﬂ

PASHs #&a&} u37]= olF3d F2&2 Hof 9lon, 98 10mm 579 olad
YHD=70mm, height=190mm)S& AH&3tA 3, ofzdd  WHl  pyrex glass
tube(D=33mm, height=600mm)E &3l c}. pyrex glass tubeWFol= UV
lamp(Sankyo Denki Com., F15T8BLB, 3% : 315~400m)& %o Fgoz o]&3s}
Aot UV Mo] o188 W= AL apvketia ghgr] d ool zpe]Mdo] #3t
A EE o] oHE dEuEsds Fdoh E3k UV lampol o3 o4
WA e7] YEl FY tube 91 Fo] WS M E WrFE FUAA 2E UAS
A FAANA FAct whg7] 228 500mLE st o, FEv] FUFL 0.8g/L, 2
a1 ol 2AZ1E =Asl7] Yal 0.05M NaClOoE A7t whe7] Skl &=
magnetic stirrerE A X|&lo] wkSgobo] FAG MEE FAFEE A g4 Al
kA o 8 whg oo A AR AEE A AT
TCE #83) whgr)w S A& on], TCER: gude] 7] w#o] wg7)
T2& 2e)dte] 500mLe whg-fdo] nkS-Tjol A9 & w2l head space?t A9
HA R o ukgr] g HEEE ol &) s desileh v A
thol] sample A F-of Hel& FHE #zshal, %,L% ‘50] 1mLe sample%t 2}

E
sto] EA el ol &st3lar. AAEA CAE AA Felx

4
rle
i
i}
oL
23
58
o 3
=
o‘:":
ol
ol
2
i)
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head SD?[CCQ] I{I{§}_7} (,}ilf;fq— 8}0‘ '[‘CEQ/] _c;] L;]’}O] 7,‘ 9‘ Q{‘iol L]»X] (1?11:}1:_5—1‘2" 6}‘9311}—

Cooling water

pH meter - £ 4
DO meter || '| Sampling port
HF
UV Lamp

stirrer

Fig. 3. Schematic of experimental setup for the photocatalytic
reaction of BT and DBT
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Cooling water

sealed up ¢ f
with Teflon—s

|
:X] Sampling port

UV Lamp

stirrer

Fig. 4. Schematic of experimental setup for the photocatalytic
reaction of aqueous TCE



3.3. EAH

benzothiophene< 11.2] 7270 0.0283g% ol 49 5oF wRkAl7 @b a] ¥l o}
2 %7]%EZ 10mg/Ls 3148to] Aelo AF43F9 ) dibenzothiophene® & & =7}
1.14mg/l.5 wj$ Yoo Eo] 2 =z 7] wiio] HEglSo s1sEg 59 g =
7] F%7F Lldmg/L7t 5|55 Fa s galste]l Aol Abgeisith &gk TCES 4
¥+= head space?} AL A Ho| A i gutxlng 1121 87]0 head

space’t IEE® ©FE 715 AL b Smg/lel slEsteE TCE 99< micro
syringe® FUgF 5 water batholl A 50TCoNA 6A17F £ =oja] Ago] ALY

c},

benzothiophene 9 dibenzothiophene< Liquid-Liquid extraction¥§ o &5 F%3&}
of GC-FID& 418ttt vkg 7)ol Al A =ke] MES #F 8t powderE #7817
Al 1083 YAEYUE A Y3 HCE 0]%0}04 pHE 20]3t2 =49 9
hexane ©. & F%3}o hexaneZT oA 28 F 3| GCAl T8

TCE= GC-ECDE o] &3lo] 2452t TCE w49 1mLE #dlA 2mL septa
vialol 938t ¥ vortex mixerE ©]&3skod 1% 30x7F ?ﬂaé_ﬁ}?ﬂ EEo] A
¥ TCEE 7)AIAe = g 2kA] 7l o} vial® head spacetHo] dF 7|42 100440
Fafa w=Al GColl FYkAT. 2 B ol gt %ﬁi{l% Table 3] vtERHATE.

Table 3. Analytical condition of GC-FID and GC-ECD

BT i DBT TCE
- F[D o };‘ID ECD
GC-detector (Flame Ionization . (Flame Ionization | (Electron Capture
Detector) Detector) Detector)
oven . | . .
160T v 210T 100TC
_ temperature |
injection . . .
2507C 250T 170TC
tem_perature _ o |
detector . . .
300TC 3007TC 230C
temperature :
injection dosage 218 2l 1008
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3.4 TR E A

3.4.1 BT(benzothiophene) / DBT(dibenzothiophene)

BTt DBT7} #5vliel ols)] Zals whEd RS dolrr] s FEalAl 445
TR E S BAEAY. B Zugiv]el] 500mLel sampled RS %
gNor pHE 20|5t% ZH3 vlS hexane 256mLE FUS 5 587 53 AYs
A FEo] sampledtol] Holli WA E S hexane layerZ i3 FEHEF
@t} hexane layervhs wil ®elsja] A47t~2 ZefF AejolA] hexaned %
NA HEF FL ofo] SmL7F ¥ LEE yHith olgl A a]%3 sample® GC-MS#E &
A&ttt GC-MSE SHIMADZU GC-MSD QP-50508 AH&33ith.

3.4.2 TCEC(trichloroethylene)

o0 TCES| TiO, #&olol oet Ball 3 A4ES Lopuy] o 4P F4a
S}, TCE wh& g8 odAst Azl 7k o5 30mL¥ #Ha&A purge and trapg ©]
golA B gole) Qe BALS FANR FAND A A% A9F FYAAE
o} &34 GC-MSZ F9)8t%lrh. GC-MSE SHIMADZU GC-MSD QP-2010AE A}
gatlth A xA S Table 4 o Auls) T2k

_‘19_



Table 4.

Analytical condition of GC-MS

BT DBT TCE
GO-MS GCMS-QP5050 GCMS-QP5050 GCMS-QP2010
(Shimadzu) (Shimadzu) (Shimadzu)
HP-5 HP-5 DB-5
column |Length(m): 30 iLength(m): 30 Length(m): 30
Diameter(mm): 0.25 |Diameter(mm): 0.25 |Diameter(mm): 0.32
~ linitial Temp(): 70 linitial Temp(*C):70 |initial Temp(‘C):50
initial Time(min.):1.0 {initial Time(min.):1.0 |initial Time(min.):5.0
Temp. program Temp. program Temp. program
10C/min. 130T 10C/min. 180T 8C/min. 2507TC
oven Omin. Omin, 10min.
5C/min. 170T 5C/min. 280TC
7min. 8min.
10C/min. 260C
4min.
injection . . e
temperature 245T 2457 2007T
interface . .
2557 2557T 2507TC
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V. 4d43 2 1

41 BE) 54 B4
Aol sol-geliol  ofsl] Alxwl FEvlel AR 7FERE XRDX-Ray
Diffraction)& o] 48] 415}tk Fig. 5% XRD ¥4 A& vtebd Aojch UntA
O F anatase T-FiT 25.5° 38.1°, 48.2° 53.9°, 55.4° 12]il 62.8°(28)A A1
£ LpER s wbdAol L rutile FE0l A 27.4°, 36.1°, 41.2° I1e]5l 54.3°(20)0l 4] ¥
A% uepicia gelx Jokf” Adel wEd. 400C, lhrolAl aAE TiO.
powderol A3z eF7he]l anataseRt vERLRAL, 500°C, 1hroffA & ©] @& anatase”}
LERLE R ko] 600, Throl A= anatase®t rutile %71 &7 &8 A vlEfL )=
A &+ Ak
anataset rutile® Ut} F3Eu] wkgol gio] ] 2 Aoz AFHYEH, o=
anatase 9} rutile®l conduction band ¥ %9} ZFo]9} rutileol A AAp-AF Fo] =&
AAggo] o8t Aox oelxd drd. 1e]il Sclafani and Herrmann®™’oll o]s}l4,
FRAMA A, anatases rutile RTF Oy, FEjQ A4 0] 28 v Wo] Jakstozy A
Apefo]l WEZO R O, vrlzhE o Wol st el wel A3 mwelA OH
LEa vbgslel OH- wlolzbg vl wWol AASHAl vkl 5}933}.5“)'!” w&k Aron
WoldE anatasse7 394 32| hydroxyl groupol A== A9 t”—‘%]ﬂ vl 7]
uf &0 F&Alol zo]rt &3, anatase? Fermi levelo] rutileXt}h 2F 0.1eV ¢
7] wF-olgta Baagduh
B =R M= anatase27F 7H A H o2 vpEld 500CAA 1hr a4d3ste] A
Z3F TiO, powderg AH&3sto] A7E Fasigon, #dolaFo] H7te FFol HA
rOOCOHH Thr A48k a2l =8t}

2F5

Az Zv]E BET W& ol 45ty vadd s 45, dwtd oz Z-Ayd
olgh Fu| AxoA = EFA= FE T 7heEdld AMEE Eo W vkg A7
Soll wep W Aol Avig FEZE AAEE Fog Mevh HE Adew od#A
9lth. Table 5ol ofe] 74#] Fvuje] vl A& BETS FA4sto] vehlidct, F=n)
Aol A

| A3 TiO, EW Ao 27142 we] nesto] mvo] AL B 4

7} wlolxng Rl ago] Z7tsk Qo8 AzE Table 50 oshd A

Zhell ols] B Aol Woldeg & & vk ARt dolad bl ot Falad

o] F&o FHo H7l s wel Mg e AEe veguyes pude sxu)o)
}

ol maEol dlojAl aukA AA FFE vlAA W dow ddEn
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Intensity

120

100 1

80 {

G0 4

40

0
120

100

80

60

400°C 1hr.

l‘l | ‘TI

1 l

500°C 1hr.

A
A AA A
i I ll‘u\l.l'l\

A

600°C 1hr.

Fig. 5. Calcination temperature
dependent XRD patterns
of TiO,
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Table 5. BET surface area of
various photocatalysts

BET surface

: sample area (m”/g) |
pure TiO, 69.14

i Pt(0.5%)-TiO, 82.35
Pt(2%)-TiO- 73.92

Pd(0.5%)-Ti0., 92.81
Pd(2%)-TiO, 105.62

rasw-Tios | 10845




4.2. A& Ao W& BT £3

%

e
1

4.2.1. BT blank test
sbxuol o] Balays dHEskAd &) 9slA] blank testE W R A A G}

(Fig. 6). 180% %<} magnetic stirrers o] 23l wyhat ?}ug A 27lFE2 10%

vhol WEG7lol A f R Aurbe e gelsdh ek UVel s 20%74 =
vhAtelE e 2le w o ddoh

4.2.2. 27155 W) & BT F&3 a8

BTel 2/ls=7h 4sl Agol viAn 938 Pobus] 98 BTe x/lvEg
Waka7|5n o 9] e AAGA FAAR H Fwe] AgS sk vt
&) w2 BEHRkgoln s YurA o g o A R g3
Langmuir-Hinshelwood ¥+&21& w5 wig2ii(ne d&y go] 7129
FERO), FE4TK. FEHEYINTKIY FFE vEE 5 A
—p KC

1+KC (1
Ao Flsh ¥e ASKCKLD e w2 ztelrt ¢hds] AREA ol WS
5 FRol diste] 127 Han sE7F A4 {E (KC>>1) '@%}*31}317} 2} 3]
Aol &Ry Fxd deja 0zbrt "ok 7]dukgel oM = sk thilel
nyotel h2 A&l Langmuir-Hinshelwood W34 ul2c)

Equation(1)& A& W gste] yepd o3t 2o,

1_1 . 1
vo k| HGC, (2)
o714 Coiz BTO] 2715501, ry 27 FASE, kit W45, K 5453

G ol
AgALE L-HED A&t Al xFol [1/(x71e5)], yFel [1/0Fs45)]
frew nefxE el BOkTh Fig. 7oA R wpel o] b Mo R o E
= dog ;,_o} L-HEZo] g o 4 ook 2@ tolr] ydAs} 7] &7 27
Hwdg kb FAEPASF Kate 7 A3 kghe 0.00382 mol/L - min o] a1, Kgk
2 3.204 L/mol olu} o714 AR FET Kare ddxo ue depxr] gl
A Al b vhEblA S W el kel Fael ofel el A2 Olul kis
. o 1%} L-Hx o] Agdrts & F=of dheh kool ehdsha Foje

Al deivbrhis g iFehs Aem 2 4 o

A_ rul
?;s
_E
2 ¢
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cic,

0.6

0.4 -
0.2 A
—8— Blank (stirring alone)
O UV alone
0.0 T T T
0 50 100 150 200

Time(min.)

Fig. 6. Blank test of BT
Experimental condition : 10mg/l. benzothiophene, without air,
photocatalyst dosage 0.8g/L, pH 5.2,
ionic strength 0.05M NaClO,
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800

R?=0.9853

— 600 -

£

£

‘_X

=

= 400 -

<

Q

-

X

>

T 200 -

(1Cc,) x 10* [MT)

Fig. 7. The reciprocals of the initial rate vs. the reciprocals

of the initial benzothiophene concentrations
Experimental condition : without air, photocatalyst dosage 0.8g/L.

pH 5.2, ionic strength 0.05M NaClO,
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4.2.3 Ho02 9 Fo| & BT F&3 &8
oAl Az BT7E air9lel 28l ¢wts = #8 areldl] airg F9lekA %Far
H.0.8 AFE38Ee] HLO, 7ol 5o vk adol| vxr Jade dolrghr} Fi
8 oA K= wpel o] H,0,9 FRlos BTEsiaso] F7isialorn H A&l
0.05M& & & Ak H.0.5: 54 350nm oldl2e] UV oy zlo] of&) el
Yol - OHg& AAstAvh TiO3d WA Hold wxtel whg-ste] - OHS g

| I wkgoll Al Abgkal et Hy0,8 o83 249 2 Falags 48
oo gelr oo

H,0, + hv — 2-0OH (3)
H.0, + e — OH + - OH (4)
H,0, + - OH — H.O0 + HO. - (5)
HOy-+ -0OH — H,O0 + O, (6)

atA Rk REg-2] (5), (B)Fzeo] dAHF olFes H.O.7F F3HE 4 H.0.71 - OHE
ARAZI7] W&ol HA o FAFS et P4 o8] wbgaso] FAEA "o

4.2.4. AolF%o] H7IH TiOs powderE o] 83 BT F&E38 &8

Ao T FEu) A5e ZANYI e AT ddeh Frel AATL
k7] 98l electron scavenger® Ho]#E£ L powdero] H7}ste]l ZulE A4 siot
Vel ela) TiO.EwolA Axket ATl Lelsa vl Bobga el FFol 43
§712& BalalAL golol Al OHellZ e Adletol 2l 2ol slal §7)%ol 2a)
7% goh ShARE AA-AF o] A Aol nanosecondsQtol ApEe] dojupr] wiE
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Decomposition of BT at various H2O, concentration with TiO,

[Experimental condition @ 10mg/L benzothiophene, without air,

photocatalyst dosage 0.8g/L, pH 5.2,
ionic strength 0.05M NaClO,
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rate constant (k, min.”)
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Fig. 9. The rate constant of BT decomposition by TiO.

with various transition metals

Experimental condition :

10mg/L benzothiophene, without air,
photocatalyst dosage 0.8g/L, pH 5.2,
ionic strength 0.05M NaClO,
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Tio, TiO, TiO, TiO, TiO, TiO,

The rate constant of BT decomposition by various transition
metal contents onto TiO»

Experimental condition : 10mg/l. benzothiophene, without air,

photocatalyst dosage 0.8g/L. pH 5.2,
ionic strength 0.05M NaClO,
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Fig. 11. Effect of initial pH on photodegradation of BT
Experimental condition : 10mg/l. benzothiophene, without air,
photocatalyst dosage 0.8g/L, ionic
strength 0.05M NaClO,
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Fig. 12. Blank test of dibenzothiophene

Experimental condition :

photocatalyst dosage 0.8g/L, pH 5.2,
ionic strength 0.05M NaClO,
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rate constsant (k, min'1)
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pure TiO, H,0,0.01M H,0, 0.05M H,0,0.1M

Fig. 13. Decomposition of DBT at various H20: concentration
with TiO»
Experimental condition : 1.14mg/L dibenzothiophene, without air,
photocatalyst dosage 0.8g/L, pH 5.2,
ionic strength 0.05M NaClO,
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Fig. 14. Decomposition of DBT at 0.1M H,O, with TiO;

and UV irradiation

Experimental condition :

1.14mg/l. dibenzothiophene, without air,
photocatalyst dosage 0.8g/L. pH 5.2,
ionic strength 0.05M NaClO,
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Nd(2%)-TiO, Pure TiO,  Pt(2%)-TiO, Pd(2%)-TiO,

Fig. 15. The rate constant of DBT decomposition by TiO»
with various transition metals

Experimental condition : 1.14mg/L dibenzothiophene. without air,

photocatalyst dosage 0.8g/L, ionic strength
0.05M NaClO,
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Fig. 16. The rate constant of DBT decomposition by

various transition metal contents onto TiO;

Experimental condition :

1.14mg/L dibenzothiophene, without air,
photocatalyst dosage 0.8g/lL.. ionic strength
0.05M NaClO,
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Fig. 17. Effect of initial pH on photodegradation of DBT

[Experimental condition :

1.14mg/L dibenzothiophene, without air,
photocatalyst dosage 0.8g/L, ionic strength
0.05M NaClO;
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Fig. 18. Blank test of TCE

Experimental condition :

5mg/L. TCE, without air, ionic strength
0.05M NaClOy4, pH 5.2
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Effect of TCE degradation on various photocatalyst dosage

Experimental condition @ 5mg/L TCE, without air, ionic strength

0.05M NaClO., pH 5.2
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Fig. 20. The reciprocals of the initial rate vs. the reciprocals

of the initial trichloroethylene concentrations
Experimental condition : without air, photocatalyst dosage 1.2g/L,
ionic strength 0.05M NaClO,, pH 5.2
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Fig. 21. Decomposition of TCE at various H>O. concentrations with TiO»

Experimental condition : 5mg/L TCE, without air. photocatalyst dosage
1.2¢/L. ionic strength 0.05M NaClO4, pH 5.2
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Fig. 22. The effect of TCE degradation on TiO. with various
transition metals
Experimental condition : 5mg/L TCE, without air, photocatalyst dosage
1.2g/L, ionic strength 0.05M NaClO,, pH 5.2
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Fig. 23. The effect of TCE decomposition on various Pt contents
onto TiO.

Experimental condition : 5mg/l. TCE, without air, photocatalyst dosage
1.2¢/1., ionic strength 0.05M NaClO,, pH 5.2
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Fig. 24. The effect of TCE decomposition on various Pd contents
onto TiO;

Experimental condition : 5mg/L TCE. without air. photocatalyst dosage
1.2g/1.. ionic strength 0.05M NaClO,, pH 5.2
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Fig. 25. Effect of initial pH on photodegradation of TCE

Experimental condition @ 5mg/L. TCE, without air, photocatalyst dosage
1.2g/L, ionic strength 0.05M NaClO,, pH 5.2
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Fig. 26. Comparison of TCE degradation to appearance of chloride ion
Experimental condition @ 5mg/l. TCE, without air, photocatalyst dosage
1.2g/L, ionic strength 0.05M NaClO., pH 5.2
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Fig. 27. Comparison of TCE degradation on TiO2/SiOz with TiO» powder
Experimental condition : 5mg/L. TCE, without air. ionic strength 0.05M
NaClO,, pH 5.2
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Fig. 28-(a). Total ion chromatogram of BT
Experimental condition : 28mg/L BT, without air, TiO, dosage 1.6g/L
ionic strength 0.05M NaClO,, pH 5.2
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Fig. 28—-(b). mass spectrum of BT
(Ret. Time: 9.249 min.)
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Fig. 28—(c). mass spectrum of hydroxybenzothiophene
(Ret. Time: 13.255 min.)
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Fig. 28—(d). mass spectrum of 2,3—dihydroxylbenzothiophene
(Ret. Time: 18.261 min.)

_58‘



PN R
\\M l !‘J g2 o
% ih ik i i kit 5

Fig. 29-(a). Total ion chromatogram of DBT
Experimental condition : 1.14mg/L. DBT, without air, TiO. dosage 0.8g/L
1onic strength 0.05M NaClO,, pH 5.2
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Fig. 29-(b). mass spectrum of DBT
(Ret. Time: 18.261 min.)
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Fig. 29—(c). mass spectrum of dihydroxydibenzothiophene
(Ret. Time: 24.724 min.)
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Fig. 30-(a). Total ion Chromatogram of TCE
Experimental condition : 20mg/l. TCE, without air, TiO.dosage 1.6g/L
ionic strength 0.05M NaClOy, pH 5.2
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