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% %3 it 242 B (advanced oxidation processes > AOPs) 7 - f& %@
i#% % pd A (hydroxyl radical) T f* & % pd JLEF77 F Bikienmn &
AHRrEEF P RRF RN EIEFERSAIEDE D F RehR By RS
3 JI*UVZiEF it & (UVHH,0,) ~ Fenten” & (UV+H,O,+Fe(Il) ) ~ £ 8-
it F & (UVATIO+O,) M2 %4 &5 2 UVaA S 3 (H0,+0;+UV ~
O;4UV) 74 i k#2375 pd Ao

KEgR 2 kiC B/ FT UL 828 0 & W 5 kE v (photo-oxidation
reaction ) ~ % i & ( photo-reduction reaction ) % ® & k "} f# ( direct
photo-degradation ) - — J@;’l%’g d UV/VIS P& #43% % (photo-induced reactions )
2 kBB F AR LY ¢ /z‘?f]?ﬁ’érl:* IR EESAS S T2k F
@ 1'% o 3 3vsk4e4nB B £ R (photo-initiate reduction ) i ¥ 1n A g B A
LARSR SRR -

B sE LEP X L kF *F & (photo-oxidation reactions) % sk
it ¥ & (photo-catalytic reactions) = f& o /T B/ F S fAF fe ek 1

FF -

2.1.1 k¥ i* ¥ & (photo-oxidation reaction )

X F 0 F fedpen i - I Y UV/VISEE St iopie 2§ 24 R
Verhoeven(1996) = 3 » ¥ #-p & o 5 Z 4 > Tk E 3 L F R
( photo-induced oxidation reactions ) ~ % 424~ % i* & & ( photo-initiated

oxidations ) ™ % k<4c ¥ & J& (photo-oxygenation reactions ) » P 4o o

2.1.1.1 k¥ F i F & (photo-induced oxidation reactions )
KFAEF VP S F ERGAF BP A M TR B ER



o FEkRPEILZE R F BT =487 N7 (Figure 2,12 F 5%
1-3):
1. #% & (excited state ) 2. F R AFIM > L7 3 btz 4%
— B3I pd AM T AN e
2. FAERFEF CFRAET I FERETRUV/VISREHF B 7
MPEF > 4es82 o higteniR™ o kF W F D T g 2
FRP A FIMYH Eaeiztt F RiIEF'EZ T T 5 5 EMH T
TR ALY Ao
3.0 b frVUViR R 8 2 d5d ¥ B R orieifL kit F 5

JORRFET CF R Aosi3 e

2.1.1.2 sk4=4~% i £ & (photo-initiated oxidations )
Az g VF P o T RE ST B0 R chif ety VR A

Nom 2 -kt FrEe ik BHPMSF ~F o ffev g i-H 0 3 N

Ik

fsiem A5 F itz BB 4 /8 (reactive species) 4rd ¥ p d A x> ¥
BT OFFRAT Y A RS BRE S RPMiEFE B RF st

g AR - ARFREAIY AN 2 kg E o F Rehg g e RINAe
(Hy0,) 2 &5 (05) % o - kA F S feVUVEE Rl it £ 1

2.1.1.3 k4§ F & (photo-oxygenation reactions )
k4 FRIAEXBEBE Y BT AT ch- BAABE BRI 5l r it
L > LAEF B AR T IRL2F BRI A R F RS
A A 2 ki d AL AApRE 0 LRSS BEP AT
I Type IR 4 e & A4 ke pav kit F A2 2 fd At pd A
BF e A A 3§ (triplet ground state oxygen » = f£ § 0 °0,)
oA 22 ¢ BAagg pd &k (M-O-0")e A cha Bl ¥ &
Type lIen7 o 4385 -



2. Type IR & 4p ¢ it % § i & (photosensitizer ) ;’%‘r} Hwor g 4 h¥

Ly o—

it ¥ (singlet state oxygen » 10,)» {7k 4§ F B > 40386 - &2

o

ZhEFvROERFVATIZAERS > HE T REERS

e n =y S8 3mEpd 2 FletType 12

h
W
Type 1T A 2 A $ = 7 o o X 5 LAgiE HMT 0+ kg 4 H

St
238

E‘ 3

§ oA nE G 245 (organicdye) AT B F ¢

|

HETFERBESH LT E ERF Y YA
3. Type llI& 476 % 154+ p d A& (superoxide radical anions, O,"")
PATMEAF o et T e B0 BT RS pd R CEF R
PALRGGR ~F C/BREE - ZAPETA o
SEd THEAZFT A Mir2 ey VAR Y RIEEANT LR R
(LFigure2.1 > ;%4) 0 e 8> f sk ™ » @ * AOPRJ2 7 § ¥ & 4
KPR PE RFEF CF R KA F F R IR T oA kAR
&R S o

2.1.2 RECF R
BEEELLE RBRI/Y 7 A 23 HKF 4 B 5 R(photogenerated

catalysis ) % it & 2 & & (catalyzed photolysis) & %A » & W] 4Lit 4o o

2.1.2.1 k&4 @it £ & (photogenerated catalysis )

AL F L KRR F st A5 it A (Figure 2.2 0
ML) @ it AT g E o A - fAp RESRE G e 7
TR F ML E A e PRI RRE BAL B
FRMFEZELRB - JRABCEREELL > T g 1804 17
THEF 2 7582 SRR A S nd B o FI 0 LATE B2 0 T b
ko Fep TS 0o fTA—ELF Ry A FIME kT2 5 UBTETA
FEUBPHAF o P F RN F RFE G F L ER S (turn over
number, TON) » & & 5t TONE - i #1 j57% ¢ @ g pliE - L4 4
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it o AL DRF AT (Opogua) B X310 5r R T LA LTI F

A - faREpd RBEF K-

2.1.2.2 i k35 & (catalyzed photolysis )
itk fzE e o A F (Figure 2.2 Fi%2 )2 A F 4 + (Figure
Him3) fk i F AR AOYT T EE M o AT T EE B2
e F Ak p R EE ek ot A 4 an (Figure 2.2 1iR2) 0 ¥ ARG d i
L A A SRS R BB ERARM 0 SR TRk
FRAF 0 Tt R R kR s R AR F L T

AFz BEENN PN 2 F AR EPEF BT R LR T k)Y
o PR AR EREFLENEFTFREORFIRTFHE B E

UV/VISHs 5 % if % sk fRaberie (7 ehfh TF & F Joid ¥4 5 % i §

i* (photo-catalytic oxidation ) °



M+ —»M—» M* " +¢
Photo-induced

)}
2:M+ho —» M*—~ Product Oxidation
M Reactions
3: 0y + hy —» O, —» 2 O—~ Product
. . MO, s
4N+ ho N React'lve }g Product Phot(') 1n1.t1ated
Species Oxidations

5:M+hy —» M —» M*—>» M-0-O°* — Products type I

3
0, M
6: "Sens + hv —» 3Sens” —~—p» Sens + '0, —— Products type Il
3
0,

. M
7:%Sens + hv —» Sens’ —~  Sens* +0,*" —~ Products type III

Photo-oxygenations

Figure 2.1. Nomenclature of photooxidaiton reactions (Verhoeven, 1996). The

term “photo” denotes the wavelength ranges of VUV, UV and VIS. M and N

represent substrate molecules, Sens = photosensitizer.



o Substrate Photogenerated ﬁ
ho Catalysis

Catalytic
Product in Photons
© Catalyst" Substrate N Photocatalysis
hv
Nominal Product Catalvzed
Catalyst atalyze < J
Dproquec=1 Photolysis

hv *
Substrate — Substrate Non-Catalytic

in Photons

Product J

Figure 2.2. Nomenclature used in photocatalysis. ( Kisch and Hennig, 1983 )



2.2 kg4 (photocatalyst)

REEAGEE PTERUE A AM S BFBE LG RFDEF
Btde F * 20 kP 4do- § 1 4x(titanium dioxide, TiO; )~ ¥ i £ ( znic oxide,
ZnO )~ = % i* 4% (tungstic oxide, WO;3 ) ~ 2 i* 4§ ( cadmium sulfide, CdS) ~
~ % i* 4% (tinoxide, SnO,) % #ri* 4 (znic sulfide, ZnS) % - o >t WO; ~
CdS 2 ZnS & L E R4 L B2 40 ZnO 2 TiO, » Flpt s 4 i #
PURECE A 3 bR AR e F VA - BRE G RT 2 (32eV) L &
ik BT Zn0 § AR H 2 A a M Ak
Bl o pt k> SnO,BEAR L S 35eV R 2 R { R £ AV e a BT
kg it "2 f2 5 & (Muruganandham and Swaminathan, 2004 ) o

TERMEE I B PFE TR FFRE > RS
/‘]‘J"-‘ﬂb J€ % # (valance band) e = T @ H+ (conductive band) ¥ &
wERA 0P AR A DTG R F A (Hidaka et al., 2003 ) » f§ ¥ =3k
FRE-F B4 & Figure 2.4 - % ff 4 (SC Particle) % 3|k &k (UV/VIS
Radiation ) & ¢ ¥ v jc & % i I (Epg )2~ it £ (hv) 8> # & 2 7 F (Electron,
e)XIpFAEL I BEF R F L €424 - B4 ST F T F (Electron
hole, h") o B3 + ZEEE I L R B sV E 7 B Fill £ Rt S I A i
3 #5_ (Surface trap ) » 2% F_ A ff 455 1 ¢ 1% & 4 $i_ (Lattice trap ) = 5%
LGB E ot s F (A 2 Dags) #fJ8FRR2F 10 F REDF P A
f22_ B e FIPH T R H B3 %44 mI2 b (Granados et al., 2005; Tryba et
al., 2006)

221 - § iv4kf§ A4 2 @& * {35 (Titanium Dioxide )
SF MBS NI ERHY o kv S0 d ER AR HE
?qr%/i;},l\égg \_I—’;r"}ﬁr,q}‘g,%;\%ﬁjz_%'r%:gﬁ o T F LA EE G A

- § 14 (Titanium Dioxide, TiO,) 5 N 2| ## » £ L /8444
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¢ 23 = 2 i i (Band gap energy) X 5 e Figure 2.3 #7771 > ) 5 3.2eV e
FTEFROCERAL S F A BFECWEFE N2 RRT Y (Xuet
al., 2005; Kryukova et al., 2007) % 8> 3 S AR A * ¥ R i ik

Gl de P4l 3 s (Hara et al., 2001 ) ~ it R %5 (Pengetal., 2000 )~ = Hr it 2.
&4 (Vichiet al,2000) feB& 875 4 4~ #L3 (Florentina et al., 2007 ) -

%‘i’iﬁ Serpone et al. (1995) 4] * = & it 4% (P-25, Degussa )~ % i* 4% -
3OV ~mi 4R 2 F VP2 F VR SRS LS R 2-
P2 I AP F R Y S ST P25 A% R SRR
TR RS L PE o LA BT H s B4 2t > Suneral. (2005) F1
* 2 PR Y R4 (P25~ HK 2 HT0100) - » HALHS 2 4-5 B3R
AR ERER TR RET P25 B it 2 B BRF ok
FofteiF :?—ﬁ(ﬂianaletal 2001; Chiou et al., 2008; Tasbihi et al., 2007 )
EH P25 LR ULA T I A R N Rz g FE Y P25 IF
MEFT R R Table2.1 5 P25 = F it 4k pr it o

drigss § taEafr Emdz St mag (A<380 nm) iF35
FoF RIREFRBENER A Bk 5 5%5 % b2 § F - Figure 2.5
w7 ek k2R 5 UV-C iﬁ»ﬁ;’l% A& 5 200-280 nm > UV-B % 280-315
nm>UV-A 3 315-380 nmo & £ 42:F 380 nm 5 ¥ L k304 ’%[Ti?] % 380-780
m > k£ AZiE 780 12 Bl Az eb kIR s (infrared) o 5 7 aw 49 { de v A A
PR RE DR FIEEF NV T Ak A 5 e
2 P o Rt g g

BT A WALt Ao T o

A2

Bt~ EERAE A e it EZ < 3w

b -2 e A NBRERLELE T S 527 § 4 (Choi
etal,1994) % 21 G & BHF (4~ 49 ~ &0 b5 40 - £ 5 ) PBes =
FOOCAFREY TR BT Fe3+~M05+\V4+;}§;§é:1: FoivghH sk
Bt A B ABRPYE  T P VHEET I -TRHL R EE T o 0

Sl & RS B kI ELE 7R B E R SIS BT B e



IR 2 £ BRI EELTREY TS
PO FSBRTPHEI 2 ER TS T I AT LF NS REL I

% A+ 2

MHHAE >+ RIS L AN BT BFRBIEEL MG

_\.\

5 %‘3 * % * 48 (Adan et al., 2006; Nahar et al., 2006 ) ~ 4% (Fan et al., 2008 ) ~

&~ (Yang et al., 2004) %:E & £ ~2% % £ (Centeno et al., 2008) % 47
(Ohtani et al., 1997; Park et al., 2006; Kryukova et al., 2007) % % £~ %
TaBAt AT ALTHBAAFEFLRLERYF WL ok

SO el e B AFEEBRT > TR LB
FFET B EREAFE T M (Choi et al., 1994) ¥ ¢ %
P LG 4 B 4@ F ME M (Yamashita ef al., 1998 ) FJ4t %?‘F,k’?'lq* o
(Hong et al., 2005) ~ % (Asahi et al., 2001 ) ~ # (Yang et al., 2004 ) ~ &=
(Umebayashi et al., 2002 )~ 4 (Yuetal.,2002)~ % % 4 (Luo et al., 2004 )
LB TR ET I £ (A >400nm) 27 LkiTE
FEF LRI FRHTAPPREFREBLCEREF o AN RE T LK
TS ] BRI E T 0 B

e Pl RATR R 2 AT LR o R R R LR s S

7
I

N\
m

§ A 2 R FIARIA T T Bk

i

SN T EE NN R s
CEEAMA I A AL I RABBI S F A BEF L Ao
FREMSARF AR I EF LT RRF

Ik
v‘q,

=

,,

AL«

i '—:"‘
W 3 5

F PRI R R TR oK B * ATV A H| ﬁ‘(fui% A% = _M(M

54 [
(w

body SR ME) B4A 0§ ¥ (llieveral,2002 ) 1 fs

gi
ﬁ“i

&
e

AAT L L ATIVRIEE ¥ e TR T A W Rk £

w
=1
_@_

44iﬁ,, f—y,]D];E\LIL.M(ﬁ*o

222 S A5
W2 - F “4xFhAp A B 5 44k 7B 4P (Anatase) ~ £ = 7 4p (Rutile)
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r 2 AR bk Fh4p (Brookite) = 48 0 M T A w1 L= AT -

(1) éescdhdn - P AR P ¥ TR EHF AR Z 23 H 5~ 244
AFEES CEPILEP L FHY o A ARBLF RP 2
BRZFE TEREIEMRAERFEFT ISR T BE N &M T
S LI F o N

=t

Q)ﬁﬁzw:xﬁi&z»%%&%@&ﬁfiﬂv#i***%i?
FrAP 2By > G kiR S EPILEP L HE 0
f 641 > pcB it K Y H R R TR ML o T O SR M Ao i
e E BRI IEY T IFRIEEHE cAMTIEY Y (FRAE -

(B) FaBI: ZAS R i Fihd s ehd P LEPIABP LB o

BB E Y ARG EREE

=
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Table 2.1 Physicochemical properties of Degussa P-25 titanium dioxide

Synonyms Titanium dioxide
Chemical formula Ti0,

Particle size 25 nm

BET surface area 50m’ g

Density (water = 1) 3.9gem’ (207C)
pHy.c 6.25

Band gap 32eV
Crystalloid phase Anatase 75%, Rutile 25%

14



m -1.04 CB T 200 Ti0, 10, Fe,05 WO, H'/H,

T

T H
Z 1.0 IR 0,/H,0
> +2.0— 1 1 28 . owom
> +3.0— - l
+4.0— pH7

Figure 2.3. Diagram depicting the redox potentials of the valence and

conduction bands and the band gap energies for various semiconductor

particulates estimated at pH 7. (Serpone et al., 1995)
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UV/VIS Radiation

hv > Ebg
A_ads
SC Particle
Reduction
e diffusion
Om— =— — — PO
Y Ve
4 LT ) I A Aads
| \
a
o
| £ 15 N
Foe v £ hv | ST
N
‘ I / Dads
3 \ /
O— — — —pO
VB h diffusion
Oxidation

+
D ads

Figure 2.4. Schematic representation of some photophysical and photochemical
processes in and on a semiconductor particle (SC). Ey,: band gap energy; VB:
valance band; CB: conduction band; h': electron hole; ¢ photoelectron in the
conduction band; LT: lattice trap; ST: surface trap; A,4, Dags: chemical species
adsorbed on the surface of the SC particle with A being an electron acceptor

and D an electron donor. (Bottcher 1991 and Serpone 1996).
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Photoionization
M= M +¢

H Photoexictation
i M _} M |

y-ray M —p M""
X-ray |
YUV
UVv-C
UV-B
UV-A
VIS = light

>

I
Vibration
Excitation

I I I I I I I
0 200 400 600 800 1000 1200

Wavelength A/ nm

Figure 2.5. Classification of electromagnetic radiation in the wavelength range

below A of 1200 nm as bands with specific names, and the interaction with

molecules M (VUV: vacuum-UV).
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23 2 HBlA S

Bp AR Bk RN L RFA KRS S E Rk
¥ pk (Iiev,2002) @ g ps 2 e o4 R himg £ 0 B E - 4 F
EorHE RS £ P ERUGER 2 A PR AN £ 4
vt Az kA g o

frag it G4 P MERI MBS o WME 4 ARE R TR
Beok? UFE A o R AR TR 0 WA & F 4R A %ﬁ”ﬁ = faig
Bogsor @ rfelafl o FAES £ 80 2 R Ap g e
R pRts > TaldeEN G > RN A & o Al Bl M i
Likxd vhicd NR2TE o FH

¥

HEA S VRN B o T
PRFE AR B A P AR A4 o Table 2.2 G s g I B 4
BFEki o2z A3 5%l gmol » “RIEPEI AL AP > AR
FEpH B 2 s 73 e Pk 8 5 60 52 % 414 # 3 3.33 X107 atmm’ mol™ » 7 ¢
Flg vt oA p L e

Ry Tk BF LF A1 32 > - EE -5 KT kg &
ME RS R ARG 2 B Aok kY B s B S 1. 0mgLl! v @
G KR AN KRB AR 3000l mg L @ At MR B TR
PRI EY PR E - (T RRREETR 2 # T oK) %R K570.014
mgL'> $ -8 ($- gt g 7ok) M0 14mgL” ;& E i kB g
1 mgL" (Table2.3)

%‘? * (Leyva et al., 1998; Peir6 et al., 2001; Ortiz-Gomez et al., 2007 )
TR RAPED KR AREE S AR Y WA AW G- S
fi= (ortho-dihydroxybenzene, o-DHB ) ~ #f-% = fi= ( para-dihydroxybenzene,
p-DHB) % #-% 72 ( 1,4-benzoquinone, 1,4-BQ) »

<

S ot fﬁ»ﬂ CAS %75 5 120-80-9 » ©+ # X %
CeHy(OH)y » 5 A B ¥ 2v ¥ ~ A BE - PE W E2 2 w1 &
dow g At AR 2 RERY o
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-3 SR s RSO R R R AR
- AR SH-FR SRR hv e AEP (Leyva ef al,
1998) e yt4r 464 & * 3 B AP RER A ~ HOBE £ A~ B B AIZ 4 % 4
FRET R o

-3 F NS CHOy A2 25 F 1 e ffim ek i AR Y )
FERSAETRIATH-F o A2 F CHZ AR oA é/,?%
(Ortiz-Gomez et al., 2007 ) ¥ » & % fefis kB F A, 2. g A R
1 1,2,4-= % A ¥ f= (1,2,4-trihydroxybenzene, 1,2,4-THB) %2 ? & (Formic
acid) ~ ¥ p¢ (Oxalic acid) ~ "8 5% 7 % = B¢ (Maleic acid) % & 347 %= Pk
(Furmaic acid ) & = f8f&#F > Table 2.4 7| 1 i 55 1L *5 f2 15 7 iy A5 = 2
¢ A4 o Table2.5 3 B HE K ok i R RS2 P B S HEL L & o
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Table 2.2 Physicochemical properties of phenol ( Toxicology Data Network,

http://toxnet.nlm.nih.gov/, 2007)

Synonyms

Carbolic acid

Common name

Chemical structure

Molecular weight

Appearance

Vapor pressure at 25°C
pH
pKa at 25°C
Henry's Law constant
Solubility

® Water at 25C

® Benzene

phenol
OH

94.11

colorless to light pink crystalline
solid

0.35 mm Hg

6.0 (aqueous solution)

10

3.33 x107 atm m> mol™ at 25°C?

90 gL’
83 gL

a. Gaftney et al., 1987.
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Table 2.3 The limitation of phenol of various environmental laws

(http://www.epa.gov.tw/index.aspx)

e

TR

T

=

& KRRk
(A

Gor ko
et
ST N

BTORB R
AR
BTORE R
R dhioE S
S F AT oK
%

e A 4

i

R ErRETT
fTLp kokZE AR
kol Ak ko iR
CE S YER

FE kTR R
3R A5k RSER
LAY S PE'iE’H-
b — 5 A RORIROK
B ® po2 3 ok
R R - 2

BTk

L8 B
2

e

WA
RYe

0.001

1.0

0.014

0.14

1.0

1.0

21



Table 2.4 Names and acronyms employed in the text and chemical structure of

chemical species involved in this study

Name Acronyms CAS Chemical structure
number
Ortho-dihydroxybenzene o-DHB 120-80-9 OH
OH

Para-dihydroxybenzene p-DHB 123-31-9

HO OH
1,4-benzoquinone 1,4-BQ 106-51-4

0—— ——O0
1,2,4-trihydroxybenzene 1,2,4-THB  533-73-3 OH

HO OH
Formic acid MeAc 64-18-6 ﬁ

C——OH

Oxalic acid OxAc 144-62-7 0 o)

Maleic acid MeAc 110-16-7 \
HO,C

i i -17- CO.H
Furmaic acid FuAc 110-17-8 /\/ 2
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WEERTRIE B3 X 35

kBRI > PR ERFF LGS A - AT
(extrinsic parameters ) > ¥ — B 2 p . %]3 (intrinsic parameters ) o *F A 7]
+ 5 F RIERB - FIERIE KR E AR pH EF 0 A p AT P 5 A

Fo A~ A B R AT Sl o 0T A S AR -

2.4.1 *t 4. %13 (extrinsic parameters )
2400 F %%

d PSR P 0 F OF oy sk Lt R R
PEOPORTLI R 4RI A Y R SR ALY 35
Pk o ?}*Jc (Sunetal,2005) f1* = f&7 ef % = § i gh 4t |

o

FARF Gk F o BmBT ey FRRAT IR RN F R
R IR ﬂ:éa?ﬂ?fﬁr’ hEV R EFLNTI L IE T RE R
Mendzd AL S - FIPF F ARBLERPRFFL T B EOEE L

g om

& e JI}‘J: ¢ (Barakat et al., 2005; Chiou et al., 2008 ) » B
B o

A=

L Mg

\M« 11*

2412 s

B F T (H0,) 453 F fettds fike OH kft = % i
B A LR LT R
BT B E R A 0 B F BB AR L S8

UEREE VN P P BRI TS SR RIS

2, e

e F 1L a4

=t

(Barakat et al., 2005; Hu et al., 2006; Silva et al., 2007; Rupa et al., 2007 ) -

2413 Xh%RE

d R e JF A d ST R R B ehar £ ORIE T RLIY A fRaE
B o Flt kR R RAIERPSHER 0 AP 2 F AR R T
A el (E K]t 380nm) A BB A AR 3 B F I HbA s
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WRE T R FF R R TR R SRR RS RN &
BRI H AR T3 RF  HAHPIE § Lk A 2i 4 o e E
B WECORFTAD TR P AT F AEE TIO 857 iz i
it # (Chitose et al., 2003 ) -

4% %‘3—%‘{ (Hong et al., 2005; Zhu et al., 2007; Ling et al., 2008 ) | *
TRk RRIE TR RS L B RN AT LT > A
K2 R TR R MR BRI o @ A W% 332 (Hong et al., 2005 ) ~
4 (Zhuetal.,2007) % /{rih = 32 (Ling et al., 2008 ) = 715 £ i 4% &
PRAEEFH Y I PSR E (red shift) » & Afsz RRCF@EY F 3P

BTk IV iAotk o B R R 2 k4L o

2414 Bk pH BHE

¥ d R pH ERRFEBEY > X ELA e 2T s 2R ER
PRtk cF I AT Al A pH BB T M TR E
P MR Y BBICEEEFGE G RS o A KRR T
P& £ (Peird et al., 2001; Adan et al., 2007; Lin et al., 2007; Ortiz-Gomez et
al., 2007; Tasbihi et al., 2007 ) -

2415 fREEE
kit Gy R kAT NS B P AR KR T
e BEmAanEEd FREME > THERES - FUFHH L
T oBE A fEk B —‘ﬂk (Barakat ef al., 2005; Chiou et al., 2008 ) #& 114z
WAL ¢ FIRE R A &G R A 2 oo s (Shielding effect )
T LT R fehi B 0 i@ 0T % R I .
242 p &.%]% (intrinsic parameters )
24.2.1 % 1§ 4% 5 48 (crystalloid phase )
5 8 —‘ﬂ’z (Sun et al., 2005; Kryukova et al., 2007; Mishra and
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Srivastava, 2008 ) 3k 4 g% - F L4 G WAL R F R S Y B

oo Bk Bk hd AR S gk AR o 24§ FF (Suneral, 2005) RI#

S I 10092 dndiThip = F CACEfRARZ B TRk A Ao £ T

AR ARAETTHAPZ R fe = F A4 A FZ AT ARy M2 lh 0 F 5
w

<,

LR BRM2Z LFFEET T BRI s THp > T2V AT RFE

2.4.2.2 v % & f& (specific surface area, S, )

PR~ ) R R R A T L6 ff o F I Een
AR o R g RA T LG FH g REDF B F] A G f
HAcpr > R A e BEETE o RS BT JHIELFOSFE 2 R
Hifae 4 o f&égk (Sunetal., 2005) ¥ 4p & BT AETRY BRI L
2 HK Eff4 B ¥ W42 4-F po2 L fRag 4 Jr3 4ol f4p ¥ B s
Sa 2 P-25 kg4 - HK j§45-4 £ fodp 5 100902 &edsohip » @ P-25 5 75
OpddsTh 2 25% & ‘= T 4P Fl# P25 ¢ th 4 = 7 40(epg=3.0 €V, Diwald et al.,
2004) 2. T F B R Lk X PlEE o T SR T PR e
T TR A A BET > B 424+ (Hurumet al, 2003) - @
AT AV ARTTHUXZTFILRF AR FER/SI > B EFERR
Fle> Fletdple e 2 4 Bt Lo fF 22 R it 7 — @A T ot o pbob s
7 (Aoeral,2008) ¥ 3n 4§ LS HIDATA P> HORE 5 A 6
Moo D R S R HAR g o e H P Ap e S R LT e

(AR IR AR A

o
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25 BEHF A5
A Rd R EF VARSI NFT LSS Gi L B %
AR PR S A R AU RIB O F RSTH S A o d 3B Sk Y
Pt B (7R LI RE AL > woT (T E F W I B S SRS BT Ok
f s NP g A A AL Ao 5 BRPLLR Y B eE 1Y o 1
PEREF IR PES R R DR L o i) BRSO F
MAREE 2FLERAE o & 855 S0 R A KA KRR 2
AARYE S SRR B ER S A A G FEBREELE
CEGE S Y USRI FEER R VIR A BTy X
FOFIERAIG GG LML T FFIFFF IR N
e % (Shchukin et al., 2002 ) -
Bt LS E I BT hgpde 4 0 B 3 B b B R
PR &4 B9 1% B3l 4 A g K e JEEE o T0 R chE A B R
3% 5 3 A2 B R 2 (superparamegnetic )~ B V' Ar frgd it R - 1 B4R 2
L WHRBRE W E YR ARMEFE - aRQEREBZ AT ETE
BB 4 pho A g RN T2 AL HPERRSREZ N

Aoodm e # S T AEONARY c A TER G SEPTES

\

B A B TS B R o

%‘i’iﬁ (Beydoun and Amal, 2002) 4] * % i* 4 (Fe;04) 5 BlE{r < o
L eb e fho §F M ERES BRI - A N F R
i A E “,f 75 FesO4 i 7 (magnetite) » & € 12 @ ¥ i 5 Fe,05
2 g7 4% (maghemite, y-Fe,0;) % #4857 (hematite, 0-Fe,O3) > @ 1345
B FHa kT o NBBEHOE oY R 84 emu gy @ Fe,05 2. B
Wi Tdemug' > A4BFHR L 057 emu g’ s&«mmﬁg LRI R g
TR RZESD Fom b § TAEZ A 550°C oA, = 2.
AT UEL 0 T F TR AR o ’éé’f‘“@"“ B g2 A

SR RS B R RS 2B
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yehH %‘I‘—"F’f (Aoetal,2008)F1* F i*48 (v -Fe,03) 5 Bfhirw »
HORE R A~ F VST 0 e T A& R (TBOT) &7 § 1t
gxE P B EER AR o I HARL R VE 7R
75CT it f

o
Hp
C“\

E o X ANMBEME D AXRD RS S N A2
SF AR R R R AT o ¢ Y R B b bk
lé_ll*);ﬁiﬂi:g%—ﬁ«’?uf’”* s Tk ﬂﬂmﬁﬁ)‘»i S ¥ 23 S s bl TALF A G ¥ 4
Poiik BRI TE RRAT A 4 R e s m BB R R ek o

poehy - B (Xueral,2008) + i@ * MRS L R K4
24 &% (Beydounand Amal, 2002) & {7t fe > FRE # 477 ¢ AT
2 5B R ARk T H Sk LT R R AL @ 0 MR L e
RALIR g LI E AR Y 4 2 F F R NATF S AR R
B RO HEAG FF BHOT A AR OH-> X P A G A
LT R A e 4 R SRLL TR fRRE R - %Y ¢ o Al F
A - F e Ry MUY o AR TR e 2 S
EHA T A G ens § 4K o EA T R4ps § A G B A g
- F kR G DF R A AT TR 0 B MR Sk o a A ]
7 (Aoetal,2008, Xuetal,2008) ¥ “tHl # ot Mg w 27 %

BCFR Hp kB ey A% (57 Zwie) ek 5 80
%ll'_l' o

7G5 BAT T AR R B 3 > 4o Shehukin & %‘1‘ =% 12 ( Shchukin
etal,2004) FWik &-4-5 2 LRI HATUE L REERT 2
§ L gieng 1V A f2 -~ Fu ié‘fi (Fu et al., 2006) ™ 7 &4 45-FfF v $c48
(Martensite, FeC;) 5 f7w > i@ % piziy & & 3-7 3 A p A-p %
(3-(Trimethoxysilyl)-propylamine, MPTS ) i & %< &2 B & 2_ 3¢ o frie
¢ & § = (tetracthyl ortho-silicate, TEOS ) &7 = § i* & & & che R 1@
&2 a3 gl 2 & w i 4n (Panella et al., 2009) % 45 (Liu et al.,
2008) B AEET AT S PRI R AR A Awdc g @ Y e iR
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30096 (wicR® A=) 2 8896 (Wt * A=) T % o B AL
Mg s 5 7w JI ¥ O E R D TS A IREE o

HisF 4 (Changeral,2006) 1% § 4wz - 5 0o B2 $1-
BB T At e BRI S ADRRMER A (MASG) T4t 4
B TRk BT R AT 0 BF e pH E BT I (7R SRR

HALT i ¢ Fl 5 phdk o R A2 Fe~Six Al 333 1 0 7t

=4

VBRI pH=6 T 5 b XL T F R d o (qu=38gkg) -
B (g AR B A (SPMZ) (Chang ef al., 2008) % 428
Fi 4R L B ex i@l (SPAMs) (Chang et al., 2009) % ATsipifiitst - &
ReAD R A B GR R N B 2 S BT AR REAF & ML E G

R it o
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¥ = % F & # o & 3 2
31 R%ES
1. p= (Phenol, C¢HsOH )
99.5 % - reagent grade » Riedel-de Haén > Seelze > Germany -
2. F* - § i 4x P-25 (Tatanium dioxide, TiO; )
99.5 % TiO, » 75 % anatase +25 % rutile > Evonik Industries Degussa °
Essen » Germany °
3. #8F - Y B i 47 (Potassium hydrogen phthalate, KHP, KHC3H,O, ) °
Elementar > Hana > Germany o
4. ¢ % (Acetonitrile, CH;CN)
99.9% » Merck » Darmstadt > Germany °
5. #p& (hydrochloric acid )
329 - reagent grade > Merck » Darmstadt » Germany °
6. & % i*4 (sodium hydroxide )
999% - reagent grade » Merck > Darmstadt > Germany °
7. % i* 48 (Iron(IIT) chloride hexahydrate, FeCl; » 6H,0 )
reagent grade > Merck » Darmstadt » Germany - o
8. # i Iy4#% (Iron(Il) chloride tetrahydrate, FeCl, ¢ 4H,0 )
reagent grade > Merck » Darmstadt > Germany -
9. w2 X% # (Tetraethyl orthosilicate, CgH,(0,Si )
99% > reagent grade > Fluka > Buchs SG » Switzerland o
10. % -k ( Ammonia hydroxide, NH;OH )
25% - reagent grade * Merck > Darmstadt » Germany o
11. £ p B (Isopropyl alcohol, CH;CH(OH)CH; )

99% - reagent grade » Merck > Darmstadt > Germany o
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12.

13.

14.

15.

16.

17.

# -k ¢ & (Ethyl Alcohol, C,HsOH )

99.5% - reagent grade » Shimakyu’s pure chemicals > Osaka -
Japan o

# 1“4p (Natriumfluorid, NaF )

99% - reagent grade > Riedel-de Haén > Seelze > Germany o
i A3 & 2 % (Fluoride standard, NaF solution )
100ppm F* » Thermo electron corporation » surrey » UK o
#-%F = fin (ortho-dihydroxybeneze, o-DHB )

999% - reagent grade » Merck > Darmstadt > Germany °
¥-% - p» (para-dihydroxybeneze, p-DHB )

99.5% - reagent grade > Merck > Darmstadt > Germany °
¥-%p2 (1,4-benzoquinone, 1,4-BQ)

99.59 > reagent grade > Merck » Darmstadt * Germany °

35



32 R%KA

I.

2.

3.

5.

6.

7.

8.

9.

He i T A £ P8 B (digital Magnetic stirrer )

2185 5 G-150ROM-T > Shin Kwang > Taipei » Taiwan °

T2 E# 4% (Mass flow controller )

A5 % KD-4000 > Kao Duen Technology Corporation > Taipei » Taiwan o
ek /ORP 44| % (pH/ORP controller )

A)8 % PC-300 » SUNTEX - Taipei » Taiwan o o

¥ ob Sk 4 sk Sk B 3+ (UV-vis spectrophotometer )

A %5 % S-3150 » Scinco » Seoul » Korea °

% »Tae % 48 & 47 & (high performance liquid chromatography, HPLC )
Ji 4152 5 PCO80A » UV-vis detector 3] 5L % UVD 170U » Dionex
Corporation > Sunnyvale » USA -

A5 5 BT 224S > Sartorius > Gottingen > Germany ©

Ag R

7|55 5 D4641 » Barnstead » Worcester » USA o

N, 4 5%,

% AR 99.99%% F 0 =~ i § {7 > Taichung > Taiwan °

O, 4 %,

% AR 99.99%% § 0 ~ ki § 7 > Taichung » Taiwan o

10. B3 f

11.

R 99.99%7 § 0 HaxftH > Taoyuan » Taiwan e
FFERD

3t j= 045~ 0.22 4y m » MILLIPORE - Billerica > USA -

12. %3 ¥~ 7% (Total organic carbon, TOC )

A5 5 liquiTOCII » Elementar > Hana > Germany °
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13.

14.

15.

16.

17.

18.

i5# J i (pump)

A 5% % Master Flex model NO:7553-70 » Cole-Parmer - Illinois » USA o
BoebaE g -9 (UVaizaes)

355 TUV 16W > & £ 4§ 5 213-468 nm > Philips > Eindhoven
Holland -

Boebagg -2 (UVas)

A5 5 UVA-13W > £ 5 275nm > o4 = @ » Taipei » Taiwan °
& 18 ) % ¥t (Miniature Fiber Optic Spectrometer )

Z] %% 5 EPP2000 - StellarNet » Florida » USA -

® i iR AR K 17 & 4 4 g 4 (Column)

7] 85 % ODP-50 HPLC Column » Supelco » PA » USA -

¥ 2 R (conductivity)

A% % SC-120 » SUNTEX > Taipei * Taiwan °
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33F a2 WUHR
331 w#EanR2 WG

I.

B~ ] g phenol 4x » 1000 mL Z_ & g ® 73 f# 16 & 4v » 4244k £ % 1000
mL{é > ENBEFEB LI E 2T 0 12400 rpm 3 30 445 o
MRS 2 30k B 1L 2 B jFHg Y o 3 AR IE MBI Y
% 2 & %417 ok phenol % f%» = & phenol #% % 3% > L FEER 5 1000
gm” -

fie @l phenol #2472 & & &g QiR 4 & 5 0 )k & 4~ 7] 0-100 gm™ > # #p
B % #c (correlation coefficient, r*) & % 0.9985 o

332 F R R WA

I.

P-40mL G5 % 73 % 4e » 1000 mL 2 E ALY o F e~ 076 L 3 dpS ok o
TA A E 0 1400 rpm EiE I 30 A0 WE RS F BRIZRIER
% 50gm” e

WS 2F iR NEFHREBREE ST E RN A0 & 1T R A

kR
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A kLR
341 2 B F B EHFEF L PBLRIRFR %
AR 50 gm> 2 friik o i ~ Kt £ B e > 4o Figure 3.1
12 50-800 mL min™! z_ ;i i EEFRBHR MEIF R EHEPETE 2
(R FORPERF 180 A 4m o B M 2 RERMAHZ 5% R &
LT E R R hk.w A RRFREFTAIT

3.42 P25 TiO, 2 M-TiO, & 7 £ B iRl P %

LAl 30-100 gm™ 2 f i3 i o 5]~ KL E BB 5 #7200 mL
min” 2_ ¥ FEFRF FPEREMAS 08L #ﬁ)\ﬁt:ﬁ—i&? 1gL"' P25
TiO, 4e » F G B¢ & Fenrfiflid o F PR 30 A48 3RAAH 3 408

BREAEZ S L R c HEAITERER T Fraa AT REFA T

3.4.3 P25 TiO, 2 M-TiO, $+5 & 17 5k 1L 9 %

FFAFE 08L 50 gm> 2 finik s @ » kit £ BEY > 512200 -
500 2 800 mL min' 2. = f&iE  #* FF 2§ F i EERF URFHY 2
BEFRBTLRB R LA  H 2 02l e F RS
Tk LT PR o 4o x fRRLE LR (T 30 A 4B B 0 30 A 4BiE (S o
UVysges & UVys EEF A F EFE Y 2 17 180 iz kit jzd s o
BRI ARE RS2 5905 RA - AT B B sa i R
W REF A4 AR S 260 nm v SRR Lok B REA 0 30
RE o hE R ImLmin' o 54T R AR Y 022 2 045 um £ F iR
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Table 3.1 Experimental conditions for photocatalytic degradation of phenol in

this study

Experimental conditions Photocatalysis system
Initial concentration (Cy) of phenol, g m™ 10-100
Gaseous flow rate, cm’ min™' 0, 50, 100, 200, 500, 800
Species of atmosphere, 0,, N,
Dose of photocalalysts, g L! 0,0.05,0.1,0.2,1,2
wavelength of irradiation lamp (A), nm UV,13.468: 213-468 nm

UV,75: 275 nm

Temperature, ‘C Room temperature
pH 59
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Table 3.2 Analytical conditions of phenol and intermediates of photocatalytic

degradation experiments in HPLC

Compound Wavelength, Range of Standard calibration Correlation
nm concentration, curve coefficient, r*
gm”
Phenol 269 0-100 y=1.0172x-1.1234 0.9992
o-DHB 274 0-10 y=1.0396x-0.2906 0.9962
p-DHB 288 0-10 y=1.0221x-0.1622 0.9993
1,4-BQ 244 0-10 y=1.019x-0.139 0.9992
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Qﬂ{ | mD HCI NaOH

__/ S

Figure 3.1 Schematic diagram of the apparatus in this study. 1: UV lamp, 2:
mass flow controller, 3: air steel cylinder, 4: pH/ORP meter, 5: pump, 6: air

stripping head, 7: sampling syringe.
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Identification the
concentration and TOC of
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Figure 3.2. Flow diagram for photocatalytic system of phenol in this study.
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@& @ »

3.6cm

Figure 3.3 The schematic diagram of detection of UV lamp. 1. UV lamp, 2.
mass flow controller, 3. steel cylinder, 4. miniature fiber optic spectrometer, 5.

fiber of optic spectrometer, 6. digital signals received system.
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Table 4.1 Percentage of transimission under UV,;3 4 irriadation with various

conditions

213nm  242nm  273nm  30lnm 325nm 431 nm 468 nm
a 100 % 100 % 100 % 100 % 100 % 100 % 100 %
b 0% 843% 992% 982 % 100 % 99.1% 98.2%
c 0% 811% 982% 957% 988% 97.5% 98.1%
d 0% 561% 947% 946% 93.1% 951% 90.2%
e 0% 0% 0% 326% 583% T72.7% 464 %

Table 4.2 Percentage of transimission under UV,;5 irriadation with various

conditions

275 nm

o 060 o e

100 %
99.6 %
73.8 %
23.1 %
4.38 %

————

(a) 0.8 cm ,/
/

il /
#

~ 1) 1.3 cm

A

Q:} 3.6 cm
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Figure 4.1 The spectrum of UV, 3463 lamp measured at condition (a) by fiber

optic spectrometer.
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Figure 4.2 The spectrum of UV,;5 lamp measured at condition (a) by fiber optic

spectrometer.
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(d) (e)
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Figure 4.3 The spectrum of UV,j34 lamp measured by fiber optic
spectrometer with various positions. (b) measured at 1.3 cm, (c) measured at
3.6 cm, (d) measured at 3.6 cm with phenol and (e) measured at 3.6 cm with

phenol and P25 TiO, suspension.
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Figure 4.4 The spectrum of UV,;5 lamp measured by fiber optic spectrometer

with various positions. (b) measured at 1.3 cm, (c) measured at 3.6 cm, (d)

measured at 3.6 cm with phenol and (e) measured at 3.6 cm with phenol and

P25 TiO, suspension.
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Figure 4.5 The spectrum of UV,3.4 lamp measured by fiber optic
spectrometer with various positions. (a) measured at 0 cm, (b) measured at 1.3
cm, (c) measured at 3.6 cm, (d) measured at 3.6 cm with phenol and (e)

measured at 3.6 cm with phenol and P25 TiO, suspension.
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Figure 4.6 The spectrum of UV,;5 lamp measured by fiber optic spectrometer
with various positions. (a) measured at 0 cm, (b) measured at 1.3 cm, (c)
measured at 3.6 cm, (d) measured at 3.6 cm with phenol and (e) measured at

3.6 cm with phenol and P25 TiO, suspension.
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Table 4.3 Energy band gap of P25 TiO, with various studies

Energy band gap, eV

This study 3.25
Tasbihi et al., 2007 3.23
Zhu et al., 2007 3.2
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Figure 4.7 The UV-vis spectra of the P25 TiO,.
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Figure 4.8 The corresponding plot of photon energy of P25 TiO,.
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Table 4.4 The parameters of Langmuir isotherm of phenol

Langmuir isotherm

qgke' k,m'g! R’

Phenol 0.976 0.398 0.93 -2.249

Table 4.5 The parameters of Freundlich isotherm of phenol

Freundlich isotherm

ng, - kg, (g kg )(mg dm>)ng") r R’
Phenol 0.767 0.022 0.97 0.995

2 " " " "
r”: Correlation coefficients for linear regressions.

R?: Determination coefficients.
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Figure 4.9 Simulation of Freundlich isotherm (—) of phenol on P25. O :
Experimental data of phenol adsorption on P25 TiO,. The dose of TiO, is 2 g

L' and the volume of solution is 0.8 L.
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Figure 4.10 The dependence of C/C, on time for phenol at various gaseous flow
rates analyzed by HPLC. The volume of solution is 0.8 L, and the C, of phenol
is 50 gm™. O, [, A\, O and @: Fy, of 50, 100, 200, 500, and 800 cm’® min™',

respectively.

68



4.4.2 REsE2 B E
fic @l phenol 4= 423k & (Co) 5 50 gm™ 4424 % (DO) 4 7.75gm™ »
B RREF EREY (FFFF2 ARG ) RYIRALZE]
(UVaiaes %3 0 k£ § B 2=213~468 nm > J%_? R 5 16W 5 UVys % 3
AE e A=275nm EERE G IBW ) B F AL BIFET 2 P g2 sk
AREER 0 XA W R Y B AR KT RA TR kiR Y ZER E
WA T RAATH T 22K 0 &% do Figure 4.11 #7177 o % & {7 f & iF

"

T UV213_168 22 UV275 }H‘ﬁﬁ;% 7’5)/17;5; 4 Vv‘] :; 58 %% 5.8 %> ¥ P &g %5

pu

BAEENE LY o F F ##& (P of 200 cm’ min™) #1227 >
UVoi3a6s BB ETi £ T 0 e § 40948 £ & 2 o J % UVyys BRETPF > fridts 5.2
YAk kA fE e TRl R FlE UV 2% F 2 A M AR B2 RE G
213nm > fis % 3|38 Z) ehae £ R & A 3Tk o fR g {7 oo
BRF FIEITiEET (Foof 200 cm® min™ ) » UVyjzge 2 UVyys 20 %
RS A G5 80%2 6% BT UVasas B8 6§ § 0RB ¢ > 7 #3080
FALAFIFEF TN EFRBRAIE FREFRTFEBET R L% AR
FIF i sk kR R RS PERT > R A o B oo kA R
(Chitose et al.,2003); ¥ - RFIRIF i 2 F AR BEF ¢ ¥t £ 3 200 nm
W2 VUV e m it VUVE kY 5 ams M 3ndz VUVE
MR E AR T Ea ol F AR A R 5 F R Ndet 433 0

T .
OH OH OH Q
oH |
hyt0, + —+ @ —Oxidation products
{
OH (3% 4-3-3)

A UVyps ehit B > 22 FRF UE ARG SHRBELT > LR
Av\ﬁ;ﬁ 4 fi"ﬁ 5 %i—/'jiﬁ’}’,\ UV213-468 J%_?L",(;)‘ ° TX‘%\' UV275 J%_;E?_ };Eiﬁifﬁ
BART AT HEE S TN RRLAVEF BB T 0 SRRk g AP

69



1.2

1 M
Ql u l a 38 v v e
O
0.8 —| )
S O
3 ¢ O
(_)o 06 4 U O
O 0 ¢ &
i - o .
| <& &
0.4 L] 0
]
7 L]
0.2 []
0 \ \ \ \
0 40 80 120 160 200
t, min

Figure 4.11 The dependence of C/C, on time for phenol under various gaseous
flow rates, various atmospheric environment and UV irradiation analyzed by

HPLC. The volume of solution is 0.8 L, and the C, of phenol is 50 g m>. O,
[] and O: Fg, of 0 and 200, Fy, of 200 cm® min”' under UVj3.46,
respectively; 4, ll and @: Fo, of 0 and 200, Fy, of 200 cm® min" under

UV,,;5 irradiation, respectively.
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Figure 4.12 The dependence of C/C, on time for phenol at various gaseous flow
rates under UV, 344 irradiation analyzed by HPLC. The volume of solution is
0.8 L, the dosage is 0 g L™ of P-25 TiO,, and the C, of phenol is 50 g m_3. <,
[, A\, O and 4: Fq, of 50, 100, 200, 500, and 800 cm’ min™', respectively.
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FEBFFRIBEFALLTFI TR (N 44-1) 5 REIIFEE 6
Tk AN T F pd AT R AR AT (0442 2 4-43); A
Ao AKLET Efonnr? 2 FRBEFI T San3 i F ad L (S
44-4)> 5 pd AL E-HEPEFEF A (X 44-5) bF F Rk
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Figure 4.13 The dependence of C/C, on time for phenol with various gaseous
conditions and various dosages of TiO, under UV,,; 4¢3 irradiation analyzed by
HPLC. The volume of solution is 0.8 L, the gaseous flow rate is 200 cm’ min™

and the C, of phenol is 50 gm™. @ and 4: 0and 0.2 g L under O,; O and

<>:0and 0.2 g L™ under N,, respectively.
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45?%&&&%@7%1%@
d Table2.1 ¢ #4P-25 - % it4x2 & ¢ =2 (pHpe) 5 625 &fk
i Bk BHRBEY 0 2 F LA ARG R Amy €7 A BT R R
fRermed o Fp Aol S4B F iR Rk EF bR R ARk (TiERT
& 174834 o fe Bl phenol 474k B (Co) 5 50 gm™ > e UVyy3ues % RT3
U F kBT o &% HCl 2 NaOH 17 5 fadg @33 AF 2 * o
Figure 4.14 % Figure 4.15 5 7 ¢ fadk E T v 2 KR A fR2 30 % o i

<+

)
FMP LR o tpH=3 RHET > Xk 5 10% o frt‘ &8 (pH=T7)
2 AR (pH=5.9) 4PiT ; & Adk M IRHE P T & pH=10 B > 4 %

A R AT A FIMER A pH=10 PFerre kL 0 %% ¥ Pecchi

VB, 2 PRk B2 R kAR A RAp R 0 A Ak A RIS BT

(Pecchieral,2001) % 8 K 7 & o @ kA fRNA AR 2 ¢ (IR
BT i@ ERRKES  FINTIXEREEFIRI DT E pd R
Mo R A R R o xR PR PIRE TR RE PSR &
Stafford % Esplugas ( Stafford et al., 1994; Esplugas et al., 2002 ) % % Jﬂ" 2
ER R

P EARPpHER > -5 &5 R L 92k 0 F RS AeT

pH < pH,, TiOH +H" —TiOH," (7% 4-5-1)

pH > pH,, TiOH+O0H —TiO" +H,0 (5% 4-5-2)

¥ pH < pHp, ¥ > = § f“4502 TiOH, % &5 pH = pH,,. /¥ > = %
it 450 TiOH 75 &> @ pH > pHy,FF > = % i“ 4502 TiO 75 e o F|Pt 7
PopH @R = % 455 23y 3 od iz fefadpd #ic(pka) 5 10
Flot & pH=10 BF > o~ 5 33 5k 575 &0 FIet E 3K A pH=10 PFefif oz
5§ 4 o Figure4.16 5 # = pH B> i % Fia e pH E° 5 22 3|8 -

32 )}%:}% A ¢t (pH=5-6, Wei and Wan, 1991; Pardeshi and Patil,
2008) % et (pH=3.5~3.2, Okamoto ef al., 1985; Silva and Faria, 2009 ) =
A o Rk kg o FR % B3 pH=4.5 2 pH=6 ik @i 2k %
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K7t o B % 4o Figure 4.17 #751 » PP EF I Adk iz T >k

puu

(R "f‘ 593 %> %2 Al B RB AT é),?% ( Sugiarto et al.,
2003; Wang ef al., 2006) # % £ % 5 iz pH &4 TP > %4 4 2. &
FADAERERM DS B AJETE L S BT (carbonate
ions) & i iEm "E M KRB stk o ApH6 2 AR E (pH=5.9) t7f % e

LR AR B s AT Bk R A A AA D HHGE
(pH=5.9) 2. %5 T F EA4Fhk @i & f222F - Figure 4.18 5 pH=4.5 -
AR pH=6 B T R B ARG WRB L EF T F 0 AfEE
BT 287 BB S rp RABRKERR 2S5 L 273 1 A pH=6p
FlERBIMEMRY A R AY D M pH o @ fhdkrd B p B4
B AFFR M L pH=6 FlA R0 T A RFER 4 BT EF pd AR
Ead gt 2 dofiid AR EFERE
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Figure 4.14 The dependence of C/C, on time for adsorption of phenol with
various pH by P-25 TiO, analyzed by HPLC. The volume of solution is 0.8 L™,
the C, of phenol is 50 g m™, the dosage is 0.2 g L' TiO,, the gaseous flow rate
is 200 cm® min™ and the pHy is 5.9. O, <>, [] and @: pH3, pH7, pH10 and

unadjusted, respectively.
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Figure 4.15 The dependence of C/Cy on time for phenol under various pH and
UV,13.46g irradiation analyzed by HPLC. The volume of solution is 0.8 L', the
Fos is 200 cm® min™, the C, of phenol is 50 g m™, and the pH, is 5.9. O, <,

[ ] and @: pH3, pH7, pH10 and unadjusted, respectively.
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Figure 4.16 The plot of phenol under various pH.
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Figure 4.17 The dependence of C/Cy on time for phenol under various pH and
UV,13.46g irradiation analyzed by HPLC. The volume of solution is 0.8 L, the
Fos 1s 200 cm’ min™', the dosage is 0.2 g L' TiO,, the Cy of phenol is 50 g m>,
and the pHyis 5.9. O, ¢, @, B, < and [ ]: pH3, pH4.5, unadjusted, pH6,

pH7 and pH10, respectively.
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Figure 4.18 The dependence of TOC/TOC, on time for phenol under various
pH and UV, 3465 irradiation analyzed by TOC analyzer. The volume of solution
is 0.8 L, the Foy 1s 200 cm’® min”, the dosage is 0.2 g L' TiO,, the Cy of
phenol is 50 g m™, and the pHy is 5.9. 4, @ and Wl: pH4.5, unadjusted and

pH6, respectively.
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4.6 4ok R HF ik F 2 FF
TR RAARER o PR LI TR F 2 B "R IPER
RS 100-10 gm™ Bie 7k Wit sk o rik 2 kR4S P2SH Y k1Y
P B* UVosues » BERRT 2RF FHRET > 2 AFZ R E > T
B S B he o RS 2 AR Y BT 30 A daern i o e T RS iR
FhiEiEF ko ik B PR 81 4o Figure 4.19 #777 o &9 2 1 Hi -
F# F J&5¢ (Pseudo first-order rate reaction) ¥t # 440k R 5 22 F PF R
% o i@ 0 R B A de R R s 2 kLT iR o
Langmuir-Hinshelwood (L-H)#-5% 2. Z ~ 3k (£ % > 2006) 47 :
LT s ek 2 B 5 AR
BRI E TR - BT (ZHEERE)-

A RPrEHEFLF 2B PE AT REST A

"

o

> »w N

BRI B GA S A € T ARIER o
5. BMHHZ AR R AN (SR 2 L EF i o
FI# Bk T E N2 3 A2 et 4-6-1 #1on

1 _1+K,xG 1 xL+l (3 4-6-1)
r, kxK,xC, kxK, C, k

B3N 4-6-1 B BT D] 4-62

dC kxK, xC .
==t =Ky xCy= (3 4-6-2)

2P G Ak R (gm?)
F it % (gm” min)
t: * B RF (min)
Kops : BAET| 25— P4 4255 % #& (min™)
Kp @ - P2 4258 % #ic (min)
BT A ek B2 B 0T By R T TR S A ek BT
UV RetprlF e kR Y 2. M R IF@ ?iiﬁf?'fg'— MPpT oL d e

BAEH S AN 0 B P Ky B AR A o il P2 Ko, Bfrde 4k R
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FI# 38 4-6-1 Apk ¥ FDEAIR R 2 F B F rpo THRAAERE F
ik FP-FHcts (TB (7 1/Co ¥t 1/r, iFB ) ¥ K#r@d B2 > 4258 > H
© kLG ARR R 2 g Ky S AR 25N 2 BRI A |
vEINKE KL E o

B2k 2 KL B2 A4k R T ~ 38 4-6-2 ¢ > ¥ 7Pk
I Co2 A4 F ik 5§ 1o X A dplk R A AR F i FOITE] (7 Co ¥
1o (TR ) TV EIF KL BEEZ BB ot T I Lk R
R E S A ok B2 Ap M o e Y 2 e T
Rzzl{ ( yc)Z} (3% 4-6-2)
. =)

Ve! B2 F it % (gm”min)

Pﬁ%

DHSS IR F B S (gm® min )
Y B B2 TI0F i F (gm” min)
F % % % 4o Table 4.6 2 Figures 4.20-4.22 #7571 d fiHpig % (84 F
BT R O PR EA § ART 0 AU GREE S 0946 R IR s
BHE T 45 g it o
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Table 4.6 Kinetic parameters for phenol on TiO, with various C,

Cy of phenol, 1 of experimental data, 1, of L-H model, Determine
g m”> g m” min™ g m” min” coefficient, r°
10 0.784 0.788 0.946
25 0.8725 0.884
35 0.915 0.906
50 0.917 0.923
75 0.93 0.937
100 0.96 0.945
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Figure 4.19 The dependence of C/C, on time for phenol with various Cy under
UV, 3468 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
Fos is 200 cm® min™ and the dosage is 0.2 g L' TiO,. ¢, ., @, <, [] and

(0:100, 75,50, 35,25and 10 g m> of phenol, respectively.
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Figure 4.20 The dependence of -In(C/Cy) on time for phenol with various C,
under UV,;;.44s irradiation. The volume of solution is 0.8 L, the Fo, is 200 cm®
min”' and the dosage is 0.2g L' TiO, 4, l, @, <, [] and O:100, 75, 50,
35,25 and 10 g m™ of phenol, respectively.
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Figure 4.21 Langmuir-Hinshelwood plot of 1/ry vs. 1/C, for phenol with
various C, under UV, 3.4z irradiation. The volume of solution is 0.8 L, the Fq,

is 200 cm® min™ and the dosage is 0.2g L™ TiO,. O: experimental data.
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Figure 4.22 Langmuir-Hinshelwood plot of 1y vs. C, for phenol with various C,
under UV, 3.4z Irradiation. The volume of solution is 0.8 L, the Foy 1s 200

cm’ min”' and the dosage is 0.2g L TiO,. O: experimental data, (--):

prediction with Langmuir-Hinshelwood model.
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4.7 A E 2 B
dhwo] & E 0 UVypaw 2 UVys 25 F BT - 4z g ¥
Bps kLI E RS o Tt M &3 A 4R R
& 7431 o el phenol 4742k B (Co) 5 50 gm” » e UVyp3qe % BB T 3L
U FIRBET (7 b HE (020212 2gL" P25 TiO,)
X sk 2 0 B 5 % 4o Figure 423 %2 Figure 4.24 #7775 & Jii#
F R * 3% 4-6-2 » Langmuir-Hinshelwood (L-H):i& {7 fdt - F¢ F id 5 o
At & 5 4o Figure 4.25 2 Figure 4.26 #751 » fic#t 5% % 4r Table 4.7 2 Figure
427 #7510 ¥ F BRI T @t UV, 46 KRB ET > 7 Sv B R TR R
%;@%ﬁﬂ,F@ﬁﬁﬁiqwﬁw$%ﬁLnﬁwq;gLJﬁzmy
R P E PR Aok PR LR B R 02gL7 2 8
R eE fE xS 2 1100 % o 7 e (Chiou et al., 2007 ) # Vi & /¥
PAREFTH ST F-TFHAL EF S LS ﬁ%ﬁ%ﬁﬂiﬁ? Vo ERT G-
EXFEF LM RBAREAET F A EREAIRTE S AR
kit g R A A A Fooo s (Shielding effect) » 1ot f 413 2 3 = &
@ & P A e . 2 Langmuir-Hinshelwood 25N H 7  ff L8 £ 2. & iR
Fo AU 0922 B E e R SR EF ARG LA APM o gt b
¥+ (Barakatetal, 2005) # & & § @ fibchip e <8 R ®F > F 5
ok b Sk T g om gk LI ok E M o
B GEP A e AR R g A e ool 0 Flet el phenol A7 4n ik R
(Co) 550 gm” > e UVypu KBTI F F hIRBET » 25773 b4t
FE (0:02-05-1-2-4g L' P25TiO,) ¥k 75 B 2 4534 > &% 4o
Tables 4.8-9 2 Figures 4.28-29 #775
Figure 4.28 5 4 f4ME 5 02 02 gL' 2 F B L F3H > 7 e
FREPFET T BB B AR 5 242272301 324431 % 468 nm - @
der 02 gL fuLE > A B T A ER S 301 324431 2 468 nm > B R

BR300 nm P Z B RS T A R A2 T T PR R
7
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BT
Figure 4.29 & #-ff 4 e M Ed 05 g L =3 4g L' - § 4L 5
0.5 % lOgL drg A A R E R 2425272301 ~324+431 2 468 nm -
FHEHRTLIT 152 20g L Upr o £ 242 nm 22 e BT W
272 ~301 ~ 324 ~431 2 468 nm 7 % 1) %k o ﬁ;/] e B E R 4gL'1B$ vk
3300 22 3B & AT ()T 301+324-431 % 468 nme § F 2 }g’é(Chiou
et al.,2008) © #& % ff 45A] & ¥ 4o § 7)ol ( Shielding effect) @
kT 5 AR d Tables4.8-9 v P BB R T M B/ DL H T F F 2 P2

Figure 4.28-29 z_ Bl P ¥V % F L #H B ©
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Table 4.7 Kinetic parameters for phenol on TiO, with various dose of TiO,

Dosage of TiO,, 1, of experimental data, r, of L-H model, Determine
g L! g m” min” g m” min™ coefficient, r*
0 1.11 0 0.922
0.05 1.38 1.381
0.1 1.635 1.623
0.2 1.76 1.778
1 2.015 1.926
2 1.875 1.947
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Table 4.8 Percentage of transimission under UV, 344 irriadation with dose of

P25 TiO,

Doseof 213nmm 242nm  273nm  30lnm 325nm 431 nm 468 nm
P25

0gLT 100% 100% 100% 100% 100%  100% 100 %
02gL’ 0% 0 % 0%  326% 583% 72.7% 464%
05gL" 0% 0 % 0% 0% 0 % 0% 0 %

Table 4.9 Percentage of transimission under UV, 344 irriadation with dose of

P25 TiO,

Doseof 213nmm 242nm  273nm  30lnm 325nm 431 nm 468 nm
P25

05gL" 100 % 100 % 100 % 100 % 100 % 100 % 100 %

1gL’ 97 % 41.1% 479% 100 % 100%  999% 100 %
1.5gL" 264% 549% 456% 71.7% 941% 957% 87.9%
2gL" 0% 6.74% 159% 592% 902% 915% T722%

4oL 0% 0% 10 % 17.9%  61.4% 79 % 33.5%
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Figure 4.23 The dependence of removal efficiency on dosage of TiO, for
phenol with various dosages of TiO, under UV, 3463 analyzed by HPLC. The
volume of solution is 0.8 L, the Fq, is 200 cm’ min'l, the Cy of phenol is 50 g

m™, and the dosage of catalyst 0,0.2, 1,and 2 g L' P-25 TiO,.
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Figure 4.24 The dependence of C/C, on time for phenol with various dosages
of TiO, under UV,;;_4¢65 irradiation analyzed by HPLC. The volume of solution
is 0.8 L, the Fo, is 200 cm® min™, the C, of phenol is 50 g m™>. <, [, A, O,

& and B:0,0.05,0.1,0.2,1,and 2 g L' P-25 TiO,, respectively.
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Figure 4.25 The dependence of -In(C/Cy) on time for phenol with various
dosages of TiO, under UV,;3.4¢5 irradiation. The volume of solution is 0.8 L,

the Fo, is 200 cm® min™, the C, of phenol is 50 gm™. <, [, A, O, 4 and
:0,0050.1,02,1,and2 g L' P25 Ti0,, respectively.
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Figure 4.26 Langmuir-Hinshelwood plot of 1/ry vs. 1/d, for phenol with various

dosage of TiO, under UV, 3 465 irradiation. The volume of solution is 0.8 L, the

Fo, is 200 cm® min™' and the C, of phenol is 50 g m>. O: experimental data.
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Figure 4.27 Langmuir-Hinshelwood plot of ry vs. dy for phenol with various
dose of TiO, under UV, 3.445 irradiation. The volume of solution is 0.8 L, the

Fop is 200 cm® min™' and the Cy is 50 g m™. O: experimental data, (--):

Langmuir-Hinshelwood data.
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Figure 4.28 The spectrum of transmission under UV;;3_465 irradiation with 0 (—)

and 0.2 (--) g L' P-25 TiO, detected by fiber optic spectrometer.
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Figure 4.29 The spectrum of transmission of UV,;3.4¢5 irradiation with 0.5, 1,

1.5,2 and 4 g L' P-25 TiO, detected by fiber optic spectrometer.
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48 * PR RHR AL AL 2 BE

BT RLICRER > HP A FfRA2R A H AR > BEA T G
PRS2 AR o %‘;’ﬁ (Ortiz-Gomez et al., 2007 ) #% J1fm 1 & "5 f#{s ¢
A4+ 2 #-% - @ ( o-dihydroxybeneze, o-DHB ) -~ %t - ¥ =

®

( p-dihydroxybeneze, p-DHB ) ~ ¥+-% 2 ( 1,4-benzoquinone, 1,4-BQ)~ = &

3§ A% - g5 (1,2,4-trihydroxybenzene, 1,2,4-THB ) ~ % f¢ ( Oxalic acid) ~ 7
fc (Formic acid)~ "8~ *f = & (Maleic acid) 12 % & 7 % = & (Fumaric
acid) T v ¢ A2 A FAF B RE TR ET o RE R T
FoRRRRR e F A TARB-F o F-F o TR
FLPRAPEERAER 2 RFERAEE G AW FAS DR
B ik kR SERE TS A AR REEFY FALET
FEIER LAY A4 ER SO gm” iR R A TRAEAIE G 0 2 02gL"'>

§ 4 mE 5 200 ml min' KRB REPE T A FER 2 UVaysges 2 UVyss
HEEERETH &

® % UVyue B F &7 %/"“ Sv i 2 /"“ Sv P2 F B % % 4o Figure
430 2 431 #0 ¥ f NGOG 0 3 WHp R FTe 0 H R

%ﬁﬁﬁﬂﬁ?ﬁgﬁﬁﬁﬁ§%é°%Wﬁﬁﬁﬁ’ﬁﬁ%ﬁ%ﬂﬁﬁ
80 %'z > L E P BMASF AP EER ¥ AN WA T AR K
8 Y%or 27 ke £ T RERBEYFALEF 20822 G
Lo RAcfPuLE F BB LSRR ,Lm&r+nfzmé7,g,f;zwﬁ§—‘§#}i—,ﬂz
PERREIBRIFIBEIRAF T AR 2H A RAY Y H-F B

feft-FpRiE* @ 25 L R4 & & (semiquinone complex ) #7A 4 &

-

4
§ o I % s AH 5% (Sunand Smirniotis, 2003) ¥ FIH o A ¥ FA I
LR %ﬁﬁiﬂikiﬁﬂwﬁmm49%ﬁ°%Wﬁ@%iﬁ’ﬂé
PARPERMEF BFEFLE A M T AF BREAFTRIINERT S 2
B oo GAcfiat o Y RASEA) S R AORER ALK D 180 min
#W I 60mine f FRaEfERE S 80% ¢ BAFA S L b o B4
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B % 0 L BT A B AR WA HfER R LR BRI
20 %E A % 27 R AR % ffe o-DHB ~ p-DHB # 1,4-BQ %
3 BUP RAP T B A TG o REERAZIH S CO e
Ko FIR R MFHICERERF RFR - Figure 432 2 433 & J%;‘?Fﬁ
ez @ e 02g L 25 5 -
AHBERRRREHER AL AL 2R F I UVys B e
SR A 7y be 2 fgit *% iz > H 2 % 4o Figure 4.34 2 4.35 #7
7o WA ER A Rlde Table 410 #7 o B2 L3 ) §¢ 1@
UVys BE v B35 > A2 R BF AL N SR RFRLBAJE LRAfZ
FREEL S5 % Y BRASFINS T RIIMEL 1,4-BQ 3 & > o-DHB
2 p-DHB #i AR > R4 @5 »Ehm A 3 REF R EAREA
1,4-BQ - ?i ( Subramanian and Kannan, 2008) # 3 45 1} » &% & %
BEFFTRAS DAL @ AT S dpd 0 ARKBRDERET > R
'\?F"f’;{f*ﬁ YA TR 2 kR
Table 4.9 27 FF it B2 L B+ P HEY AL 2253 o R4 fPocts

3253 4% o & Table 4.10 *©

B RLIE TR iR 2R SR G A AT 5 %3 160 % BT R HRL i B n #
AR PR RB L LR FF L - o FRESRRTT R E
Wi el F iR A B ALY 0 B A F AR AR BIA S
Ao A o e R WAL INA 0 R TOF IEE A E RSP G PCE fE

Fd UVai34e8 57180 %dieift T UVyys 015 % B m UVyys Bg g ek
fR4-2 TR BT o i B4 f2 o Figure 4.36 2 437 A W %«, Svff 42
oA J4E02gL FiEE IE B

SEAARRF Y FRAER 2 T ¥ IRK AR RiEARY T
AFEEF TS 2 BRI > T A L 401 B EFRT 2 38
mineralized ratio = ATOC 3¢ 4-9-1)
TOC,

#d > TOC 5 BHMF K7 A7 W2 kR > & ATOC 5 F 9 >
TOC 2z %t 8 > ¥ 572 TOC; @ afléhd Agt TOC? » d flép2

101



fis ~ #7% Pl2- & A 47 4o 0-DHB ~ p-DHB %2 1,4-BQ % (intermediates) % A
2 8 A% (unknown intermediates ) ST 0 A5 34941 Eal N
B iEi2z2 gk BT R > 4o Figure 4.38-41 #7571

‘dﬁ\,}a}*‘ilfﬁlﬁ]"’?l&’“f” AT R3] enfis 2 @] A 47 40 0-DHB ~
p-DHB % 1,4-BQ % (intermediates) 2_ *t > B3 * £ s 5 T RIR A+
(unknown intermediates ) 4 = 4@~ F V7 ":T“p: a2 FRE A o B
#\;‘?tﬁ}?ﬂ%—wli'f PR R ALV i Fli B2 o-DHB ~ p-DHB %
14BQE1 &R AL d LA f2is)2 FIP APIRHAFRER L 5%
e RlE A 158 %k B o FlREER & 21.67 % FERF BFHF G
7.59 % > A WG SIS s A N F LR o A R ELE uT i
BARGK LI EE (0%) F BREFILRAFDERY BT 222
(0%) & ehdhicf 8 SFT ARBAS > 98 FHF B 161% > 7
FEREF dh % 83.99

® % UVyys % PR S+2 s T 7k & Bl4e Figures 4.40-41 #7177 o # 4
B BARACERIARRT 0 AR R R TG 0 Bk R era R F A

R 109 % BlAY? 2 @ 2R 1,4-BQ e 0} BHAER 0.15
% ABIRIAF RS 1.8%  BHE BHF 5 8% NG 5L aEs
Tt = F b o A RIS AF BREBAF RIS FHAER
37% L& B AP Wk G 149 % @ KRG AP B F] S 4 48 8
FRi i RR AP LB ER A NR G DARIRAS > L EHAER
33% > EEREF dh it 5 14.42 % o
SEd I EET I BR RS (UVysge) iR T > 173
Ayfeg fpnafRa s TP VREHETIBASZ ARBAEAS F KA
R H3 (UVys) B $Hs K fRa 4 < 1gs i1 00 300 2 ik o 13
2089 14-BQ 2 ARIBAY o § AL 0 KRR KRR
(UVaizues) 2FE P » 7 W5 »x e A e 2 4 & Bl A $ 2 "% f2 > $30 A
BlA 2 BER Y o XfRN55% M T 161 %  HARIBAF L F - TR

102



B iRa 4 o B ARRES d 7.59% % R T 83.9 % o fksi B S
(UVys) Him® » s 24z d 22 10.1%5# = T 63 %> &l 4 4+ 0.15
%k T 149% > ARIR AP R 1.8 %2 T 33 % A1 5 B 8% 4c
31442 % o BT BRI F Y o G e KRB RRET o fPH 4

$05 AR Bl A SRR B F R ehmh i g ehdle o

103



Table 4.9 The concentration of phenol and by-products form photocatalytic

degradation under UV, 3445 irradiation with various dosage of P25 TiO,

UV1i3.468 UV5i3.4651P25
t, min Phenol, o-DHB p-DHB 1,4-BQ | Phenol, o-DHB p-DHB 1,4-BQ
gm-3 ,gm3 ,gm3 , gm?3 g m-3 ,gm3 gm3 | gm?3
0 50.873 0 0 0 46.554 0 0 0
5 44816  0.538 0.397 0.228 | 40.645 0.947 1.645 0.518

10 40.089 0997  0.524  0.240 | 36975 1.702  2.634  0.689
15 39.533  1.688 0.641 0.239 | 34.711  2.107 3.381 0.942
20 35.070  2.128 0.739  0.228 | 30.864 2.625 4.218 0.846
30 32706  2.690 0908  0.207 | 26.193  3.783 5226 0952
40 30.248  3.069  0.941 0.225 | 23.038 4.006  6.144 1.053
60 25.852  4.070 1.141 0.291 | 14.023 3.594  6.169  0.926
90 22.542 5.541 1.409  0.355 6.532  3.065 5433 0.825
135 15.381 6.434 1.652  0.422 1.056 1.045 2.193 0.441
180 11.028  7.287 1.635 0.526 0 0 0 0
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Table 4.10 The concentration of phenol and by-products form photocatalytic

degradation under UV,;s irradiation with various dosage of P25 TiO,

t,min phenol, o-DHB p-DHB 1,4-BQ | phenol, o-DHB p-DHB 1,4-BQ
gm-3 ,gm3 ,gm3 , gm?3 g m-3 ,gm3 gm3 | gm?3
0 47.590 0 0 0 45.306 0 0 0
5 47.193 0 0 0.0207 | 42.994  0.300 0 0.074
10 46.966 0 0 0.0231 | 41.359 0.435 0.243 0.145
15 46.906 0 0 0.0326 | 40.751  0.552 0.419 1.401
20 46.861 0 0 0.0265 | 38.699 0.637 0.480 1.701
30 46.206 0 0 0.0448 | 38.555 0.757 0.716 2.301
40 45.856 0 0 0.043 | 35950 0.838 0.837 2.775
60 45.359 0 0 0.0726 | 33.425 0.959 1.096 3.477
90 45.333 0 0 0.0927 | 29.555 1.107 1.175 4.087
135 45.052 0 0 0.0667 | 22.532 1.266 1.425 5.007
180 44.932 0 0 0.1415 | 18.511 1.444 1.268 5.846
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Figure 4.30 The concentration profiles of phenol and by-products under
UV,3.468 1rradiation analyzed by HPLC and TOC analyzer. The volume of
solution is 0.8 L, the dosage is 0 g L' of P-25 TiO,, the Fos 1s 200 cm® min™
and the C, of phenol is 50 ¢ m>. <, [, A, O and @: phenol, o-DHB

(o-dihydroxylbenzene), p-DHB (p-dihydroxylbenzene), 1,4-BQ (benzoquinone)
and TOC, respectively.
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Figure 4.31 The concentration profiles of phenol and by-products under
UV,3.468 1rradiation analyzed by HPLC and TOC analyzer. The volume of
solution is 0.8 L, the dosage is 0.2 g L' of P-25 TiO,, the Fos 1s 200 cm® min”
and the C, of phenol is 50 g m”. <, [}, /A, O and @: phenol, o-DHB
(o-dihydroxylbenzene), p-DHB (p-dihydroxylbenzene), 1,4-BQ (benzoquinone)
and TOC, respectively.
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Figure 4.32 The concentration profiles of phenol and by-products under
UV, 3468 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0 g L' of P-25 TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 gm™.
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Figure 4.33 The concentration profiles of phenol and by-products under
UV,13.46g 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L™ of P-25 TiO,, the Fq, is 200 cm® min™ and the C, of phenol
is 50 g m™.
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Figure 4.34 The concentration profiles of phenol and by-products under UV,5
irradiation analyzed by HPLC and TOC analyzer. The volume of solution is 0.8
L, the dosageis 0 g L of P-25 TiO,, the Fo, 1s 200 cm® min”' and the Cy of
phenol is 50 g m>. &, [1, A, O and @ : phenol, o-DHB
(o-dihydroxylbenzene), p-DHB (p-dihydroxylbenzene), 1,4-BQ (benzoquinone)
and TOC, respectively.
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Figure 4.35 The concentration profiles of phenol and by-products under UV;5
irradiation analyzed by HPLC and TOC analyzer. The volume of solution is 0.8
L, the dosage is 0.2 g L' of P-25 TiO,, the Fq, is 200 cm® min™' and the C, of
phenol is 50 g m>. <&, [, A, O and @ : phenol, o-DHB
(o-dihydroxylbenzene), p-DHB (p-dihydroxylbenzene), 1,4-BQ (benzoquinone)
and TOC, respectively.

111



Figure 4.36 The concentration profiles of phenol and by-products under UV,5
irradiation analyzed by HPLC. The volume of solution is 0.8 L, the dosage is 0
g L' of P-25 TiO,, the Fo, is 200 cm® min™ and the C, of phenol is 50 g m™.
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Figure 4.37 The concentration profiles of phenol and by-products under UV,75
irradiation analyzed by HPLC. The volume of solution is 0.8 L, the dosage is
02¢g L of P-25 TiO,, the Fo, is 200 cm® min™ and the Cy of phenol is 50 g
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Figure 4.38 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0 g L' of P25 TiO, analyzed by HPLC. The volume of solution
is 0.8 L, the Fo, is 200 cm® min™ and the C, of phenol is 50 g m”.
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Figure 4.39 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution is 0.8 L, the Fg, is 200 cm® min™' and the C of phenol is 50 g m>.
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Figure 4.40 The plot of mineralization ratio of phenol under UV,;s irradiation

with 0 g L™ of P25 TiO, analyzed by HPLC. The volume of solution is 0.8 L,

the Fo, is 200 cm® min™ and the C, of phenol is 50 g m™.
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Figure 4.41 The plot of mineralization ratio of phenol under UV,;s irradiation

with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of solution is 0.8 L,
the Fp, 1s 200 cm’ min”' and the Cy of phenol is 50 g m>.
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Figure 4.42 the SEM and SEM-EDS pictures of uncalcinated SiO,/Fe;04 with
various conditions. (a) X10 K, (b) x30 K, (¢) x100 K and (d) SEM-EDS.
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Figure 4.43 the SEM and SEM-EDS pictures of calcinated SiO,/Fe;O, with
various conditions. (a) x10 K, (b) x30 K, (c) x100 K and (d) SEM-EDS.
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Figure 4.44 the SEM and SEM-EDS pictures of M-TiO, ( TiO,/SiO,/Fe;0,)

with various conditions. (a) x10 K, (b) x30 K, (c) x100 K and (d) SEM-EDS
with calcinaiton for 0 mins.
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Figure 4.45 The SEM and SEM-EDS pictures of M-TiO, ( TiO,/SiO,/Fe;0,)
with various conditions. (a) x10 K, (b) x30 K, (¢) x100 K and (d) SEM-EDS

with calcinaiton for 20 mins.

123



(a) (b)

% "
T _ﬁ;“ - ;;L"*'L,
SEI 3.0kY  X30,000 100nm WD 2.7mm

B S S TS SEEE S eSS
SEl 30KV XI00000 T00mm WD 28mm Full Scale 100 cts Cursor: 0.000 ke e

Element Weight% Atomic%

OK 55.76 77.06
Si K 9.05 7.12
Ti1 K 28.81 13.30
Fe K 6.38 2.53
Totals 100.00

Figure 4.46 The SEM and SEM-EDS pictures of M-TiO, ( TiO»/SiO,/Fe;0,)

with various conditions. (a) x10 K, (b) x30 K, (¢) x100 K and (d) SEM-EDS
with calcinaiton for 60 mins.
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Figure 4.47 The SEM and SEM-EDS pictures of M-TiO, ( TiO,/SiO,/Fe;0,)

with various conditions. (a) x10 K, (b) x30 K, (c) x100 K and (d) SEM-EDS

with calcinaiton for 120 mins.
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Figure 4.48 The SEM and SEM-EDS pictures of M-TiO, ( TiO,/SiO,/Fe;0,)

with various conditions. (a) x10 K, (b) x30 K, (c) x100 K and (d) SEM-EDS

with calcinaiton for 180 mins.
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Table 4.11 Phase Structure of M-TiO, with various duration calcinated 450°C

Percentage of rutile, % Percentage of anatase, %

Uncalcinated 19.58 80.42
0 11.46 88.54
20 9.31 90.59
60 9.19 90.81
120 8.89 91.11
180 8.66 91.34
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Figure 4.49 XRD pattern of SiO,/Fe;O,4 uncalcinated and calcinated
Si0,/Fe;0,4. M: magnetite.
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Figure 4.50 XRD pattern of uncalcinated and calcinated under 450 ‘C with
various retention time of M-TiO, ( TiO,/Si0,/Fe;04) . M, A and R: magnetite,

anatase and rutile.
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Figure 4.51 The UV-vis spectra of the with Fe;0,, calcinated Si0,/Fe;O4 and

various duration of M-TiO,.
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Figure 4.52 The UV-vis spectra (from 200-470 nm) of the with Fe;0,,

calcinated S10,/Fe;0, and various duration of M-TiO,.
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Table 4.12 Saturation magnetization of various magnetic particles

Saturation magnetization, emu g’ %
Si0,/Fe;04 25.4 -
S10,/Fe;04-calcinated 17.8 100
M-TiO, (450°C, 0 min) 12.1 67.97
M-TiO, (450°C, 60 min) 8.93 50.17
M-TiO,-ext (450°C, 0 min) 12.7 71.35
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Figure 4.53 Magnetization curves of various magnetic particles.> and [ ]:

S10,/Fe;0,4 and calcinated Si10,/Fe;0,.
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Figure 4.54 Magnetization curves of various M-TiO, with various retention

time. O and /\: M-TiO, with 0 and 60 min of retention time.
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Figure 4.55 Magnetization curves of various M-TiO, with various conditions.

[] and <>: before experimented and after experimented.
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Figure 4.56 The zeta potential of M-TiO, as function of pH values under
various ionic strengths. <> and []: ionic strength = 0.01 and 0.1 N NaCl.
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Figure 4.57 The dependence of C/Cy on time for phenol with various dosage of
M-TiO, analyzed by HPLC. The volume of solution is 0.8 L, the Fo, is 200 cm’
min" and the Cy of phenol is 50 g m>.<>, [], O, A and 4: 0, 0.2, 0.5, 1

and 2 g L' M-TiO,, respectively.
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Figure 4.58 The spectrum of transmission under UV,;;3 4¢3 itradiation with 0 g

L' M-TiO, detected by fiber optic spectrometer.
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Figure 4.59 The spectrum of transmission under UV, ;3 445 irradiation with 0.2 g

L' M-TiO, detected by fiber optic spectrometer.
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Figure 4.60 The spectrum of transmission under UV,;34¢ irradiation with

various dosages of M-TiO, detected by fiber optic spectrometer.
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Table 4.13 The efficiency of photocatalytic degradation of phenol with various
M-TiO,

Only UV 0 min 20 min 60 min 120 min 180 min

1* 78.4 % 85.4 % 86.4 % 8%  925% 80.2%
o 90.4 % 84.6% 873% 90.1% 87.2%
3rd 87 % 87.5% 855% 871% 85%

Table 4.14 The efficiency of mineralization of phenol with various M-TiO,

Only UV 0 min 20 min 60 min 120 min 180 min

1* 7.6 % 40.6 % 273%  319% 27.1% 235%
o 21.4 % 257%  229% 274%  26%
3rd 18.2 % 17.3%  232% 268% 142%
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Figure 4.61 The dependence of C/C, on time for phenol with various retention
time of M-TiO, analyzed by HPLC. The volume of solution is 0.8 L, the Fo; is
200 cm® min™, the dosage of M-TiO, is 0.2 g L' and the C, of phenol is 50 g
m>. O, [, A, O, V and @: retention time with 0, 20, 60, 120, 180 min

and only UV irradiation, respectively.
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Figure 4.62 The dependence of TOC/TOC, on time for phenol with various
retention time of M-TiO, analyzed by TOC. The volume of solution is 0.8 L,
the Fo, 1s 200 cm’ min’l, the dosage of M-TiO,1s 0.2 g L and the C, of phenol
is50 gm> O, [, A, O, V and @ : retention time with 0, 20, 60, 120,

180 min and only UV irradiation, respectively.
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Figure 4.63 The concentration profiles of phenol and by-products umder
UV, 346 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L of M-TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 g m”. The duration of M-TiO, is 0 min.
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Figure 4.64 The concentration profiles of phenol and by-products umder
UV,3.468 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L' of M-TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 g m™. The duration of M-TiO, is 20 min.
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Figure 4.65 The concentration profiles of phenol and by-products umder
UV,3.468 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L of M-TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 g m™. The duration of M-TiO, is 60 min.
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Figure 4.66 The concentration profiles of phenol and by-products umder
UV,3.468 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L™ of M-TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 g m™. The duration of M-TiO, is 120 min.
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Figure 4.67 The concentration profiles of phenol and by-products umder
UV,13.46g 1rradiation analyzed by HPLC. The volume of solution is 0.8 L, the
dosage is 0.2 g L of M-TiO,, the Fq, is 200 cm® min™ and the C, of phenol is
50 g m™. The duration of M-TiO, is 180 min.
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Figure 4.68 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm® min”' and the Coy of phenol 1s 50 g m>. The

duration of calcination is 0 min and the temperature of calcinaiton is 450 C.
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Figure 4.69 The plot of mineralization ratio of phenol under UV 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm’ min”' and the C, of phenol is 50 g m™>. The

duration of calcination is 20 min and the temperature of calcinaiton is 450 °C.
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Figure 4.70 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm® min”' and the Coy of phenol 1s 50 g m>. The

duration of calcination is 60 min and the temperature of calcinaiton is 450 °C.
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Figure 4.71 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm® min”' and the Coy of phenol 1s 50 g m™. The

duration of calcination is 120 min and the temperature of calcinaiton is 450 C.
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Figure 4.72 The plot of mineralization ratio of phenol under UV, 3465
irradiation with 0.2 g L' of P25 TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm® min”' and the Coy of phenol 1s 50 g m>. The

duration of calcination is 180 min and the temperature of calcinaiton is 450 C.
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Figure 4.73 The dependence of C/Cy on time for phenol with various times of
reuse experiment with M-TiO, analyzed by HPLC. The volume of solution is
0.8 L, the Fo, 1s 200 cm’ min’l, the dosage of M-TiO,i1s 0.2 g L' and the Cy of
phenol is 50 g m™. The retention time of calcination is 0 min and the

temperature of calcinaiton is 450 °C. <, [J, A and O : 1%, 2™ and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.74 The dependence of TOC/TOC, on time for phenol with various
times of reuse experiment with M-TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm’ min'l, the dosage of M-TiO, is 0.2 g L
and the C, of phenol is 50 g m™. The retention time of calcination is 0 min and

the temperature of calcinaiton is 450 C. 4, I, A and @ : 1%, 2™ and 3"

time of experiment and only UV irradiation, respectively.
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Figure 4.75 The dependence of C/C, on time for phenol with various times of
reuse experiment with M-TiO, analyzed by HPLC. The volume of solution is
0.8 L, the Fq, is 200 cm’ min™", the dosage of M-TiO,1s 0.2 g L' and the C, of
phenol is 50 g m™. The retention time of calcination is 20 min and the

temperature of calcinaiton is 450 C. <, [], A and O : 1%, 2™ and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.76 The dependence of TOC/TOC, on time for phenol with various
times of reuse experiment with M-TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm’ min'l, the dosage of M-TiO, is 0.2 g L!
and the C, of phenol is 50 g¢ m™. The retention time of calcination is 20 min and

the temperature of calcinaiton is 450 ‘C. 4, ll, A and @ : 1%, 2" and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.77 The dependence of C/C, on time for phenol with various times of
reuse experiment with M-TiO, analyzed by HPLC. The volume of solution is
0.8 L, the Fq, is 200 cm’® min™", the dosage of M-TiO,1s 0.2 g L and the C, of
phenol is 50 g m™. The retention time of calcination is 60 minand the

temperature of calcinaiton is 450 C. &, [, A and O : 1%, 2™ and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.78 The dependence of TOC/TOC, on time for phenol with various
times of reuse experiment with M-TiO, analyzed by HPLC. The volume of
solution is 0.8 L, the Fn, 1s 200 cm’ min’, the dosage of M-TiO, is 0.2 g L'
and the C, of phenol is 50 g m™. The retention time of calcination is 60 min and

the temperature of calcinaiton is 450 ‘C. 4, I, A and @ : 1%, 2" and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.79 The dependence of C/C, on time for phenol with various times of
reuse experiment with M-TiO, analyzed by HPLC. The volume of solution is
0.8 L, the Fq, is 200 cm’ min™', the dosage of M-TiO,1s 0.2 g L' and the C, of
phenol is 50 g m~. The retention time of calcination is 120 min and the

temperature of calcinaiton is 450 °C. <, [J, A and O : 1%, 2™ and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.80 The dependence of TOC/TOC, on time for phenol with various
times of reuse experiment with M-TiO, analyzed by HPLC. The volume of
solution 1s 0.8 L, the Fq, 1s 200 cm’ min'l, the dosage of M-TiO, is 0.2 g L!
and the C, of phenol is 50 g m™. The retention time of calcination is 120 min

and the temperature of calcinaiton is 450 C. ¢, I, A and @ : 13, ond

and 3™ time of experiment and only UV irradiation, respectively.
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Figure 4.81 The dependence of C/C, on time for phenol with various times of
reuse experiment with M-TiO, analyzed by HPLC. The volume of solution is
0.8 L, the Fq, is 200 cm’ min™', the dosage of M-TiO,1s 0.2 g L' and the C, of
phenol is 50 g m>. The retention time of calcination is 180 min and the

temperature of calcinaiton is 450 °C. <, [J, A and O : 1%, 2™ and 3™

time of experiment and only UV irradiation, respectively.
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Figure 4.82 The dependence of TOC/TOC, on time for phenol with various
times of reuse experiment with M-TiO, analyzed by HPLC. The volume of
solution is 0.8 L, the Fn, 1s 200 cm® min’, the dosage of M-TiO, is 0.2 g L'
and the C, of phenol is 50 g m™. The retention time of calcination is 180 min

and the temperature of calcinaiton is 450 C. ¢, I, A and @ : 13, ond

and 3" time of experiment and only UV irradiation, respectively.
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