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Abstract

Photocatalytic Photooxidation of phenol and
chlorophenols aquouse solution using TiO
nanoparticles coated on the surface of stainless wire

mesh

By, Kim, Jong Kook
Advisor : Prof. Jung, Oh Jin, Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

Ti0> nanoparticles were synthesized using spray process. Particles
with and without silver ion dopant were obtained. X-ray photoelectron
spectroscopy and energy dispersive X-ray spectroscopy measurements
confirmed the stoicheometry of the Ti0O» nanoparticles. X-ray
diffraction patterns showed a polycrystalline anatase structure of TiO.
nanoparticles. Transmission electron microscopy revealed that these
particles are of nanoscale dimensions. Exact particle size and size
distribution analyses were done by dynamic |light scattering. The
average particle size was determined to be 31~38nm. The nanosize
particles provide large surface area of photocatalysis and a large
number of free surface charge carriers which are crucial for the

enhancement of photocatalytic activity. In order to improve the
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photocatalytic activity, silver metal ion(Ag’) was added to pure TiO:
nanoparticles.

In this study, TiO, nanoparticles was added with 1.0% Ag'ion was
coated as thin films on the surface of stainless steel mesh(SS) and
quartz glass tube(QGT). The coating depth was about 500nm. and the
structure of Ti0O, nanoparticles were polycrystalline particles with
almost anatase type. The -effects of Ag(l) dopant on the
photocatalytic activity were revealed by the degradation of phenol and
chlorophenols with an UV light source. The phtocatalytic efficiency was
enhanced by the introduction of Ag'-doped Ti0. nanoparticles coated on
the surface stainless steel mesh [Ti0O2(Ag")-SS] showed the largest
enhancement. These effects were related to the position of the Ag'-
dopant in the nanparticles and the difference in the Ag'ionic radii
respect to that Ti*, Especial ly, the phtocatalytic efficiency of the
Ti02(Ag")-SS was remarkably enhanced by introduction of only auxiliary
oxidant as a Hx0.. However, effect of auxiliary oxidant without
photocatalysis was almost |imited in the photodegradation process of
the contaminate organic solution.

This study investigated the photocatalytic—photooxidation kinetics of
2-chlorophenol aqueous solution without pH control. Intermediates and
by-products generated during the process were rigorously identified and
quantified. The major products are four carboxylic acids: tartaric,
oxalic, maleic, and hydroxymalonic acid. The generation of these
organic acids is in agreement with theoretical product ions. But
hydroxylated compounds are more favorable to produce than thir
corresponding non-hydroxylated ones. Based on the information
concerning the generation of organic acids and other intermediates, the
complete reaction pathways toward mineralization can be proposed and
mathematical ly modelled. The fitted second-order rate constants are in

the same order magnitude with the results from other studies. Using
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these oxidation pathways and the corresponding Kkinetic model,

by-products generated in photodegradation process can be predicted.
This can help in optimizing the design and operation of any

photo—oxidation process on the organic contaminates.
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o] 23l TiO, polymeric 9 AZWHLE Scheme 1. o] YEFHSAT.



TIP

}

IPA + acac

I

Stirring (60 min)

}

H,O + HNO,

!

Dropping

Stirring (120 min)

}

TiQ> polymeric sol

}

Auto Spray Coater equipment

Scheme 1. Schematic diagram for preparation of TiOs.

3.3 FF A=z
TiOsFZwj o) A coating”] %S FAL3s} HELo] wj
Holl wa} A 54

2 oA s, sARES A2ss "HAld Exshs e o7

%

TiO, ZY 7= 1 7Y

¢

dip—coating, screen printing coating, spin coating, spray coating,
sol-gel coatingsel Ui, AAFIAYL AgdeolA 7[Ae] stetEdS
gA g ZHEE AoZ CVD, PVDSo] Utk 2 A= 5228
H % Figure 33 72 spray coating FXE o]&3sle &4 F=5n] 2

Ag(l) 55E&Y TiO: F=mE 42 Alxsqltt



Figure 3. Automatic spray coating equipment.

3. 3. 1 Spray coating ¥*d

4.5% TiOz9] #A4F &99& Scheme 19 AYAAHORE AHElste] E& &H
< Auto Spray Coater(Figure 3)& Ah&sto] #dshA 33 wHEdoz #
Abakar 200Co| A 2A17F &<F 24131 stainless steel mesh®} 219
#FA) nano size TiO:YAZ coatingdtth. 22la Ti0,2] #AF &l
gk 1% Ag(1)E Edste] TiOdAke] ZER I 22 WPe= Tio,
YA7F ZHE Substrate WOl 1% Ag(1)E &4 3tk

3. 4 F=Zv)-FE3 23

3. 4. 1 Chlorophenol# &3 23

Spray coating ®HH o2 A Z% TiOs F=wl= Phenol, 2-Chlorophenol,
4-Chlorophenol, 2,4-Dichelorophenol®] F&EslasS HESHZ] &) AA
H g EFE 3tsttxet 159 EXLS Table 13 ).
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Table 1. Chemical structure and characteristics of the target

compounds.

MW A'l’l’laX
(g/mol) (nm)

OH
@ 94.11 280

Phenol

(L,
o 128.56 280

2-Chlorophenol

OH
c/©/ 128.56 280

4-Chlorophenol

0OH
/O 163.00 280
Cl 1

2, 4-Dichlorophenol

Chemical formula

3. 4. 2 3 &2 AYAGA
332 A8 A (Figure 4)& AE 20 cm@ =] 30 cmd] §-7] W<
A&22 g cylindrical pyrex-glass®} Stainless steel®] <=z 4 ]

o} 2gla o] FAo] =A1HE power supplye] 2% UV-lamp(Amax =
—

o

2
0
rlr
ofy
jubed
e
lo
otd
o,
=2
2

Mg ke Adel FEvE =

o}, g A

of,
i

stainless steel meshY} quartz glass tubeZE %] s}

o 715 Z3A7I wrert.

2
)
ofo
12
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sample port

Cooling Air ——
Ar —»

Y

r

Quartz glass tube

3 UV lamp

——  Mirror reflector

.~ » Photocatalyst coated

on stainless wire mesh

stirrer bar

4

—+— % sample solution

Figure 4. Photocatalytic reactor for batch experiment.

3. 4. 3 9% AFAH

il
r
B

ol

G2 #o 2 Figure 5%

S|
o

7.5 cm9

=
=

Zo] 100 cme} A

Foach. 1elan

2

=

W3-8

&

o
oF

o
ool

|2 F Y% stainless steel mesh®

jg_ =
=

B

—_
fie)

—

N

4
of
ﬂmo

—

O

1o

]
=
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Uy-Lamp
Cooling Air
Quartz glass

Photocatalyst coated
on stainless mesh

—# Sample solution

; I} Stirrer bar

=
B ARS FAs7] Aol ARE oFe oA 308 Bk /Ao my
sgom, Asst FEu Alole FRY g FPL FANN G 29
ZAG@EEY 7 9 A5 5R)E geeuA Aggde] Fra e

& Sl Bek AN vial] AR S1E BHTr] a4 7kl

wE Fee a8 %2 gst ke vWrtdES g skt

XA 3 AHEX7)(XRD; Japan, Rigaku Co., D/MAX 3C0)2 F=njo] 314
patterng ¥¢] JCPDS fileol 98] TiO.9] +%% 54& 43t XRD
9] 6-260 scaneE2 Rigaku(Tokyo, Japan) A¥%9] CuKy radiations ©]-&
sto] 71Zslgdrh B TiO 9] el igh A et Fa A= 7]¢
A E = Amray(Bedford, MA, USA) 1810T FAFAAAu] A (SEM)Lo. &2

2hsl 9 T, Sustrateol]l Coating® TiO29} doping¥ Ag(1)e] ZAS E4

)

3}719)3] X-ray Photoelectron Spectroscopy(XPS)¢} energy dispersive
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X-ray Spectroscopy(EDS)¥H S ©]&3}3itt. SSI-M Probe XPS+ Al Ka
S8 Babdol AHgHA 53] Ti Zp, Ag 4d, O Is, % C Is] & 23
5 FAHScanning)E 9] /1SHAG e 2He 245 )
123l Tiek Agel AA7F AAGEE FAsky] 918l Ti Zpeh Ag, 4dA =3
& XPSe EDSE #4383tk TiO W=y A2l = 7] (nanosize)t YAk
=9 HAATEE glsrielsl Fab AAARBUEOL 2000 FX TEM)O]
AR E AT B JAEY wEwl A7](Size)w Lexel 95 dynamic light
scattering(DLS) spectrophotometer® 488 nm<] #olA FHoz 4
sheich.
A7 AHARe £33 As&NE BFHE71(280 nm)¢F column
(Pheno-menex Luna bu C18(2) 150x4.60 mm)e] Hztd AT dH
A2t 9 (HPLC; Sykam S2100)02 #Askelch. &2l 8902 65%
Acetonitrileo] AREE O™, 2 A3 =oj7br] He me ZEIAHE
Agetel o B3 89S AR BAst] oA e ¢ e S
# 43} skl
FEm-gakshg ol AAEE S WSS qrEskr] SlE
HP5971 A9 HA=7|9F DB-5 EAM# column(30m><0.25mm i.d.*<0.33
pm, film thickness)e] 2%l Gas Chromaatograph—mass spectrometer
(Shimadzu, GC/MS-QP5050)°] A&= 0t HALdHdxAe] AL F=v)-
Al A =ZFE 30, 60 2 90l 2-CP& 100 mLE 33
X o] EAE2] chromatograms 7] ¢& 3 #U-5=7]1(Brinkmann
Co., Westbury, NY, USA)& 50v] 5%33ith ~18]3l  Reacti-Vap' A28
(Pierce Co., Rockford, IL, USA)E °]&3te], 40TolH E4E F8N0]
H31 mlold Foll AAVIAIE Bolye] FEs 1A 75k, 100 we] s
A HBSTFA+ 1% TMCS, Pierce Co.)¥ 2 mL®] Pyridines ko] 65Cel|A
60s¢t FEbeS 3 e wAE fde A2om st S

GC/MSell F=dste] ZA e Fd7-2] === 250ToI . Ao 2=

¢
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e 3 & 80CT= dASA FAAZ v, 24A3bs¢ £1 10T
HlgR 280C7HA F7keklth aglm GC/MSE] Interface?] 2%+ 300C
2 FAEA ARAY AE71e 71E A= e/m 50~5507H4 1.2
sec./decade®] =2 FAE UL 18|31 HAEZ(electron impact) mode®
70 eve] FFAAF |23t WS o]&ete] AF AFAEGES AU AlES
(splitless)WH o2 A5 &HS shal, SHH7IAZ = 99.999%°] ik
He gasZE AF&3FY] 0.9 mlL/mine &2 2 THFJow GC/MSE scan
mode® AZAIZHE &Ql8to] sim mode® A #Fs}3lth.

FE -G Asikg Fol AAEE 2CP T3S AEEAS Hsl 94 4™
o1 C-18 Vydac™ column(50mm>0.5mm; Vydac Co., Hesperia, CA, USA)
i.d.<0.33um, film thickness)o] #2t# HPLC Alx=®S ARSSlgith. 8al

FlaEA Aol BAS 93] Supelcogel™ o] HlAl A#A(on Exclusion

N
e

Chromatographic  Column; C-610H, 30cmX7.8mm: Supelco Co.,
Bellefonte, PA., USA)e] ¥-Z¥ HPLCE AM&3IQt) 2-CPe} Wk 714
& 57l 9% Eluents A ¢45-8- A (HsPOs/HoPO, 5 pH 3.0)3} oM EY

EY Zgrgds glal 7284 AR E8E 93 Eluent® 0.1% HsPO,
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A
spray coating WH o2 A|xH FZFu]e] XRD FA44A#E Figure 69
Bhideh. XA 7224 23 dPHQ TiO, W24 anatase &Z YA
peak® #WZE T} Figure 69 ZA¥oA B TiO, YA A anatase F24¢]
Zh= (101), (004), (200), (105) % (21DNA A& YHeERAAT. o=
peakE 7ML AlMtE AR EE M E A o]59 film TE= AW
A A BravaisAAZ 3=t 18]31 450CE 244 A7 TiOs film EH
3k XRD 3% PatternsS Figure 7] YeERHATE. B2 A3} anatase
81.4%, rutile 18.6%=Z °F 8:24%=9] anatase-rutile A4S 2t= 22 &
ol ®Qlt}. o] Axto] o 200CE 2AAIZ FZEv|7} anatase] AATZ
£ weed 7P A dow AdE

1000

(101)

800 -

600 -

400 +

(200)

(004) (105) 211

LS}

o

o
1

o

N
o

60

(nun “quy) Ausuayul

TWO Theta(Deg.)
Figure 6. XRD patterns of TiO. particles prepared at 2007C.
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1200 ~

A : Anatase

R : Rutile
1000 -

800 -

600 -

400 A

(1un “quy) Aususyul

TWO Theta(Deg.)
Figure 7. XRD patterns of TiOs particles prepared at 450C.

AAE Fo A ol 2ALS XPSe EDSel 93 AU

Ag(D7F EYE A 89 XPSe ##ZA 3= Figure 83 k. o] Ao 95
™ Ti, O, Ag, ¥ Coll #g vya50] avpxor FasAct. wj$- z2& C
ZdEF> of

vz9] EAE Ade] 29" A%E vehd ddolw, AgDe 2
1.0%=E FAHATt. Ag(DFE HA] EDSE #HZEJARE & =
o159 At 95t TiO, Y=g at Foll AgD7h st
A BXEHASS o4 5 At Figure 894 B, 4584 eV €} 464.1 eV
of 91xg 270 I A7t BRE =, 453.82p)% 4592p1)eVeY oA
w54 Tife] 937 9o Aoz o gl TiOgel A d/ds = vkef o]
47Fkol 2(Ti*)el &A1 wiel TiCpy2)9t Ti2py) =] o]Fdxol
7474 gebdth Tips2) 9k TiCpie) A1) #elolA] el Wehs

TiO.9] AAFAANA A EAetA B Ag’ 992118 eV)?!
ZHE o]EH Ag 4d9 3L 122 eV A eIt wilA] AgE Agiol

o1 e =
oz FAFS ¢+ AAh

il
1t
By
&2
fass
iy
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O(1s)

Ti(2p ar2)

e
8
&

Electron Counts (Arb. Unit)

1 L

550 450 350 250 150 50
Binding Energy (eV)

Figure 8. XPS patterns for the TiOs thin film doped with Ag() on

Stainless steel mesh.

spray coating W .2 stainless steel meshit®oll coating3dlil doping
3 TiOx(Ag")FEHME 200C2 2A43ke] 43 SEM AMS Figure 99}
Figuer 10| Yelith SEMe ##A3} TiO, YA =71 ¢F 30~50
nm= wYsHA EEFH O™ substrated] coating® TiO: Y AEL] T
(coating depth)&= ¢F 500 nmZ Z21FATE SEMARKIE ##std, Y
Atol= F29] TiOy FAAE wo =2 FR1E & oy Ygarsoe] AxolA
YAES AVIE WEs 7 dA Fun 2 Bo FEg JAEe
Atolz2E ZA38H7] 918 TEMO = #aeh A5 Figure 110 ATt 27
3l Figure 119 WiF-ol TiO29 34 oS el FAnk oA7]elA a2
H JAES Ha Ale]=E oF 36 nm ollem, o= TiO:9] A3 d wH
7 Ao dAETh Figure 12% TiO, U= 9AE9 RE4HE DLSE
ST Aafolt}, o] At ofshd B 22 Apo]=8] Ti0, Hi=UAHE 4]
Yol By F JAEe Alol= WEew ARHs & 4 vk wEkA
B APAAM dojX miFEe] A= A7]e WHel= WE 31~38 nmE
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| |

x30 SE(M

2 156.0kV 7.8mm

2 15.0kV 8.1mm x1.50k SE ' 30.0um

Figure 9. SEM images of the substate and TiO: particles coated

on the surface of stainless steel mesh.
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?
=4
>3

2

Figure 10. SEM images of the TiOs particles coated on

the surface of stainless steel mesh.
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Figure

11.

Relative Particle Numbers

TEM bright field 1image of polycrystalline TiO»
nanoparticles and selected area diffraction pattern at
TiOs nanoparticles were coated on the surface

stainless steel mesh at 200TC.

100 =

uillll d 1 -
10 100

Diameter (nm)

Figure 12. Particle size distribution of TiO2 nanoparticles obtained by

DLS.
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4. 2 FEF-Fist 5& HE

4. 2. 1 TiOz #ZFv] FFol W& 2-CP F&qf FE3

Figure 12| 3% Ad Ao 953 A3 Wl TiO.E coatingdt
APdHT a¥A v Gt A9HE FXska w87 2-CP 8 2.0
< 9o UVHY(Amax=253 nm, 10W)o. 2 FEa] A7l A3} Figure 13
W A UVERe] AR FEel] w7l 1835%0lARE, dEd A el
TiO2E coatingdt FFulE A8 49 FEF Hvd7]E 62002 24]

o1 FRAGEI WES % 5 AT

1.0
® Not coated quartz glass tube
A TiO, coated quartz glass tube
0.8 1
0.6 1
o
(@)
A 04
0.2 |
0.0 T T T T T A T
0 30 60 90 120 150 180 210 240
Time (min)

Figure 13. Photooxidation of 2-CP aquouse solution using TiO»
anatase type nanoparticles coated on the surface of
quartz glass tube by spray coating and Not coated quartz
glass tube under 10W UV lamp(Amax=253 nm) in batch
experimental system. Initial concentration of 2-CP, Co=10
mg/L and Volume of test solution=2000 mL and air-flow

rate supplied in this photoreactor is 4 L/min.
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4. 2. 2 Substrate 7 ©E FSvj-FANE 25

Figure 19| 3|2 A3 FAE o]&sto] sprayd o= TiOxE coatingdt
A GAHQGT)H stainless steel mesh(SS), 123l stainless steel meshel
coating®t TiOs filmel Ag(1)E dopedt FFHvlE o] gste] 2-CP 8 d&
UV (Amax=253 nm, 10W)o&2 33 A7 A3+ Figure 149 #th
Ag(1)E dope?dt FZFvl7F 120+ ool 90%°lde] Fialads Hof 5
Ak 1Elar FAkst &a&e] A7) Ti0.-QGT < Ti0.-SS < 1.0 % Ag
(1)- TiOz-SS9] &A= F7FstSith

1.0 @

A TiO, - quartz
0.8 - [ ) TiOZ -SS
A 1.0%Ag(l)-TiO,-SS

0.6

o

o/

0.4

0.2

0.0

0 30 60 % 120 150 180
Time (min)

Figure 14. Photooxidation of 2-CP aquouse solution using TiOy
anatase type and 1.0% Ag(1)-TiO, nano particles coated
on the surface of stainless steel mesh by spray coating
under 10W UV lamp(Amax=253nm) in batch experimental
system. Initial concentration of 2-CP, Co=10 mg/L and
Volume of test solution=2000 mlL and air-flow rate

supplied in this photoreactor is 4 L/min.
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Time (min)

Figure 15. Photooxidation rate of 2-CP aquouse solution for the

distances between 10W UV lamp(Am.x=253nm) and
photocatalytic nanoparticles(1.0%Ag( 1)-TiO2) coated on
the surface of stainless wire mesh by spray coating
method n batch experimental system. Initial
concentration of 2-CP, Co=10 mg/L and Volume of test
solution=2000 mL and air—-flow rate supplied in this

photoreactor is 4 L/min.

Ag'olei o AFE o] L(noble metal ion)S Ti0.9F &9 A =W
TiOz9] A=d) wel = 5T AA7E x¥d e & o] 22 = o]sstA #
th(2]. 9). ©] Adg4=(work function) 4.6 eVZ Ti0,9] gt
T(4.2 eV)ET A7) wjiol o] F=Zn] F9(fermi level)o] Hro} Mzt
B TiOol & oo olFg A A, HAe ojFow & oo
= =55 = S 2 550 HAAs AxF W] AEe

o FSA Wol aehsuAol ANEE AR HaFow A%

rr
rlo
©
rlo
o,

=

2= (silver metal) &
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k. o] A, AA-AF AAGES A BFIA10). wepd FE)

e tAg - TiOz — Ag - TiOz 9)
Ag - TiOz + hy" — Ag" - TiOz (10)
& o]2o] EFEA = TiORT 2 ool xFrH FFHv= (e)-(h)

WA AlRbel AojA A Hof, A7 o] e 77 LdEs Ll
2+ -OH radicals U ®Wol AT + Aok, A=A

© BE W] A AHE FZobrh vA] Us WA HE 9] wedAE vE
53k " o] wito] TiO.= AlLsiA AR = = F5v7F "k
webA Ag(l)ol=o] =Y¥ TiO; HY=UYA7t coatingdl #Fml+ 2-CP

FEA A FUIEgE FEAe] AtE wke 5ES By SAAA
&=

)

L Aol &x G} FHveke] AE st 29 4
2 Figure 1591 YeERHRAT. o] Aol o gl F=vieke] A7t

FAATT O PR £82 V)0 T 5 YL Ao HolEnh

4. 2. 3 BZE ASAZA H0p FRol W& FSo-FE3 &&

H:0; FdE=9] Wsto] @ Aggde] FHnj-F&s] a&s #E3s7]
Al H:0:9] vEE WA AAF4(5.0 mL/min) o2 ¥H&87]o] 9]
shar, HAx79 FFHud TiO, Ag(1)e} FdTel AZE 3 cm= 3+
H:0.7F Bis) ke vxE 938 AES 23S Figure 169 YERIS
Th ARSEE AR H20:0 w5 EElstiA F5uj-4&s) ¢ A3, FY€
H:0; &%2 7kl wldste] 2-CPe B4 a&e 371 33tk H.0:
FgHo] FQ) Rul= AmRId A& w9 2] wizel] H:0. FY4 F97}
Mg Frdste] dgS FA gGErh ol ARES aHste] & o

H:020] &A= FSvi-34tst 580 a4 43 5= ¢ & do 10
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mg/L 2-CP &% 20 mmole-H.0, &NS 715t Figure 169 A3

o=z FFvj-Fis] 3 A3 10 mg/Le 2-CP F&H2 60 ol

= @AV QoY a8 B & Hu0.-TiOx-UV Al 2=#e Bitsl a§S wr)

0.8 A

0.6 1 e only 5mM-H,0,
A 5mmole-H,0,
v 10 mmole-H,0,

O 20 mmole-H,0,

0.2

0.0

0 20 40 60 80 100
Time (min)

Figure 16. Effect of hydrogen peroxide on photooxidation rate of
aquouse 2-CP solution in continuous flow system. 10W
UV lamp(Amax=253 nm) and photocatalytic nanoparticles
(1.0%Ag(1)-TiO2) coated on the surface of stainless
wire mesh by spray coating method. Initial concentration
of 2-CP, Co=10 mg/LL and Volume of test solution=2000
mL, HzOz flow-rete=5.0 mL/min, and air-flow rate

supplied in this photoreactor is 4 L/min.

Figure 14¢ T3t Adx7A°0=2 10 mg/Le Phenol, 2-CP, 4-CP,

2,4-CP =gl 20 mmole H:0» €45 F7ksto] F&al akls wef A
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dA3E Figure 170 Wepiley WA spehyxo] dAlasrt vu 22
Phenolo] 7F¢ WA = glom, o]Fd & 24-CP < 4-CP < 2-CP &2
2 AAEJo Y, BE APEAL 1508 ool 99%7F AAE AT o] <]
A Hol FHrf-Fats} whg Al vEFe] Bz ASAIE H7hehd 4hs)

g afo] o S4ES & ATk

jus

/0

0 30 60 90 120 150 180
Time (min)

Figure 17. Effect of hydrogen peroxide on photooxidation rate of
aquouse Phenol and Chlorophenols solution in continuous
flow system. 10W UV  lamp(Amax=253 nm) and
photocatalytic nanoparticles(1.0%Ag(1)-TiOs) coated on
the surface of stainless wire mesh by spray coating
method. Initial concentration of Phenol and Chlorophenols,
Co=10 mg/L and Volume of test solution=2000 mL, HzOq
flow-rete=5.0 mL/min and air-flow rate supplied in this

photoreactor is 4 L/min.
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. 4 AFAZ & 2-CP $£899] FE3T

2
5494 (Figure 5)% o] §3te] 2-CP 436

=

4.
ol

RS

[e)
ol
Figure 189 sltto] Aws Adxro=w F=u|-Fiest A= Figure

187} #t}. stainless steel mesh ¥Wol| coatingdt TiO¢} A Ag(1)E
dopesdt F=u7} AFE-H ST},

0 30 60 90 120 150 180 210
Time (min)

Figure 18. Photodestruction rates of 2-CP aquouse solution for the
IOW UV lamp(Amax=253 nm) and photocatalytic
nanoparticles(1.0% Ag(1)-TiOy) coated on the surface of
stainless wire mesh by spray coating method in the
continuous flow experimental system. Initial concentration of
2-CP, Co=10 mg/L and volume of test solution=2 L and

air—flow rate supplied in this photoreactor is 4 L/min

of ArH uW AP Fhol FARFE FEv)-Faeh BEol T}
Fe o 5 ATk olRe ARG MEF Agto] FAAFS F
Aol 71 dvidth B 4ge SR W3UlE d%-w@eln



FEu-FEse A3 A58 5510 mg/L)e] 2-CP&<Y FFuj-Fits)
el et e E e vkl 60 oItk 28l f145(1.5 L/h)S HAAl
A 2-CP A& NS stainless steel mesh 3R coatingdt TiO2} 7
Ag(1)E doped FFn| FTolA FEFvl-F28list 23 w37l= 408 o=
7kl o, vkg-&710l 20 mmole 38t 4E F9dska 2-CP A&
& 1.5 L/h #&5o= 559 i FS5u-gLai A, 2-Cpe W
71E 2880 ® FRHEEE Ho0z9 FHolol wel 1.58] o] 5473l
<7t Sl th(Figure 19).

o 1

1.0
O 1.5L/h
0.8 A ® 1.5L/h -H,0, 20 mmole
0.6
o
(@)
O 0.4 A
0.2
0.0

180

Time (min)

Figure 19. Photodestruction rates of 2-CP aquouse solution for the

10W UV lamp(Amax=253 nm) and photocatalytic

nanoparticles (1.0% Ag(I)-TiOs) coated on the surface
of stainless wire mesh by spray coating method
continuous flow experimental system. Initial concentration of
2-CP, Co=10 mg/L and volume of test solution = 2000 mL ,
H202 flow-rate=5.0 mL/min and air-flow rate supplied in

this photoreactor is 4 L/min
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A1z el A AEEAT. adlan WS Bhehee] AbskE et
o 1AF Akl o] 5o FEaFAelM AEE wghrleh 13 weEe

Table 2. The Half life and reaction rate constant(kx) of the target

compounds during photooxidation under the optimize experimental

conditions.
Target compound half life(min) k(mg/L 'mim ™)
Phenol 30 9.37x10°°
2-Chlorophenol 40 8.10x107%
4-Chlorophenol 50 7.01x107%
2, 4-Chlorophenol 120 1.84%1072

Table 2% Figure 179 AgAF}E 12 HbE5E WA o7 435k A}
2, HEe w)9EeEEd)E  30%(k=9.37x10"mg/L™" mim™),
2-CP¥ 40%(k=8.10x10"% mg/L™" min™), 4-CP¥ 50%(k=7.01x107
mg/L”" min)  24-DCPE  120%(k=1.84x107 mg/L" min et}
w#}A] Table 2014 ##E Fatshube&wE 2 4-DCP<4-CP<2-CP<H &
To® TS & 7 Uk

2-CP F&de] FEHuj-Fitshibg A& silyation FF-o wa} o] 5]
3}, silyation® sHA| &+ A$ v A4 3,
2-CP ¥ F Ias #FEHA ZFAARE silyations st T3+ I AE0]
t}. Figure 202> FZFuukgel 608 Fo 2-CPe #=A13 2ts)
AGEY APH A=zmtEaH o R 879 It BEEHYoH, 47] F8
4 2, 6, 7, 89 H¥ ~IFEHS Figure 219 tixA o= YeflH
11.87 12.3%<] HEFAIZ Yebd 31 WA 2719 93, 13 2% 4|
As =AY silaneol o3 FEAstE 2-CPe] ofn] w32 747t 3l

H=
= ATt

ot
i
o
o
?)
@)
~
=
%)
M
1%
o
iin)

i
e
i)
32
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74 3, 4 9 59 MEEAIRS 14.3 14.9 18]aL 15.6%0]9, 2719 4k
71 2ol 9d E4HsA fFE=A8tE chlorodihydroxy benzenefl2hes &
7 A ES] dojxom, chlorohydroxybenzenesi= silyationA] &Fol 2] 3]
silyl 2522 FEHJAT. F8& AAEE 92 6, 7 2 89 HEE A
16.0 16.5 Z1g]al 16.9%°]9, ol&9 A& 2AEFHAgANE= FEAsd
chlorodihydroxybenzene¢|gt= €@ 3t A =0 dodS & 4= AY. =

g 712 o] A AF ~AEY M 9 m/ex 218°]3L M-[Si (CHy)sl"
olm/et 1442 o] FXAStE chlorodihydroxybenzene X &E2 3}
T M # M-[Si (CHa)s1" 93 Aole] m/egho] the M2 silyl7] &
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Figure 20. Total ion chromatogram by the electron impact GC/MS

analysis of the oxidation products of 2-CP with silylation.
Experimental condition: flow rate 100 mL/min, [2-CPl=

1072 M, 1=1.3X107% M NaNOs, pH=3.0.
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(chlorohdroquinone) photooxidation of 2-chlorophenol.
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Table 3. GC/MS analysis of qualitative experiment result.

Q7 Authentic chemical formula”

90% HOCH»COOH (Glycolic acid)

64% (COOH); (Oxalic acid)

95% HOCH,COCH-0OH (N/A)

91% HOCH>CH(OH)CH-OH (Glycerol)

83% COOHCOCH(CH3)s (3-Methyl-2-oxobutyric acid)
95% HOOC(CH2):COOH (Succinic acid)

91% HOOCCH=CHCOOH (Maleic aid)

56% HOOCCH(CH3)COOH (Methylmalonic acid)
91% HOOCCHOHCOOH (Hydroxymalonic acid)
72% HOOC(CHOH)2COOH (Tartaric acid)

91% HOOCCH,CHOHCOOH (Malic acid)

3Q is the match quality when compared with the spectrum in the NIST database; “The

authentic structure is obtained by substituting TMS group (.e., Si(CH3)3) with hydrogen atom
from the silylated compounds identified by GC/MS.
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Figure 23. Results of quantification of various oxidation byproducts
in photooxidation of 2-CP. Marked symbols are
experimental results, and lines are results from the
kinetic modeling. 2-CP=2-Chlorophenol; MaA=Maleic
Acid; HMA=Hydroxymalonic acid; OA=Oxalic Acid; TA=
Tartaric Acid; Cl'= Chloride.
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Table 4. Fitted results from kinetic modeling.

Compound zki® (M 'sec™)
2-Chlorophenol (2CP) 1500
3-Chlorocatechol (3CCA) 3600
Chlorohydroquinone (CHQ) 3600
Hydroxyhydroquinone (HHQ) 9000
Muconic Acid (MuA) 6000
Tartaric Acid (TA) 100
Maleic Acid (MaA) 6000
Hydroxymalonic Acid (HMA) 10
Oxalic Acid (OA) 0.01
Glycolic Acid (GA) 0.01

%z; is the stoichiometric coefficient between photocatalysis and each compound, and k; is

the second order rate constant.
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d[zdfp} = —(k +k,)[2CP)[ - OH]

dBStCA] =k, [2CP][ + OH]—ky[30CA][ + OH]

d[C;ij] = ky[20P)[ + OH— k,[CHQ)[ - OH]

WG] _ 1 13ccall - om—kIcrQll- o]~k Q] - o]

d[l\é:x‘l] = ks [HHQ] + OH] — (ky+ ky + ks + k) [MuA][ « OH]

d[Z;A] = ks [MA][+ OH)— ko[ TA]l » OH)+ ky;[MaAll + OH]

d[ﬂdJ:A] = ky[MuA]l + OH|—k;,[MaA]l + OH)— k;[MaA]l « OH]

WAL _ . vgua]l + 0~ kLAl O]

d[dOtA] = k. [MuAll+ OH) =k [TA]l « OH+ k,,[MaA]l » OH]
—ks[0A]l « OH]

d[thA] = ky, [HMA][ « OH]— ky,[GA][ + OH]

d[(;tOﬂ = ky;[0A][ + OH)+ Ky, [GAl » OH]

%: ks [OA]l « OH]+ ky,[GA]l« OH]
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