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Summary

The LAS(linear alkylbenzene sulfonates) can not be completely removed from
wastewaters by the existing biological and physicochemical process. Advanced
oxidation process using OH radicals have been recently developed in order to
effectively remove harmful organic compounds. The objective of this study is to
delineate removal efficiency the LAS in solution by TiO; photocatalytic oxidation
as a function of the following different experimental parameters : initial
concentration of LAS, TiO2 concentration, UV wavelength, pH of the solution and
H>O> concentration.

The results obtained from this study were summarized as follows:

1. Removal efficiency increased with decreasing initial concentration of LAS and

with decreasing pH of the solution.

2. Removal efficiency increased with increasing TiO: concentration, but was
nearly the same at TiO: concentration of 2 g/L and 3 g/L, ie., for initial LAS
concentration of 50 mg/L, its removal efficiency was 85% at 150 min in the case
of TiO: concentration of 0.5 g/L, but 100% after 150 min in the case of TiO
concentration of 1 g/L, 100% after 110 min in the case of TiO: concentration of 2

g/L and 3 g/L.

3. UV wavelength affection on the removal efficiency of LAS decreased in the
order of 254 nm>312 nm>365 nm. But the removal efficiency of LAS was nearly
the same at UV wavelength of 254 nm and 312 nm. The Addition of H2O: in
UV/TiO, system was effective than in the absence of HxO. in the removal

efficiency.
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Fig. 1. Structure of Dodecylbenzene(Alkylbenzene). : (3) branched, (4) linear
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Table 1. Material balance of detergent effluent

[unit, g]
Ttem Domestic Sewage disposal tank Sewage pipe
(use of one time) content effluent  content effluent
Detergent Weight 40 1.20 38.8 1.55 37.25
Compact Detergent Weight 25 0.75 24.25 0.97 23.28
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1) ©17](Excitation)
0. oo — 47t
TiO, 7 TiOy (et hy
e €y

hwb™ — h,

2) &2 (Adsorption)
o+ TV 'Y H,O= O,H +Ti"—0H
" + H,0= Ti"—H,0
(site) R, = Ry .4

OH - + Ti" =T"J0H -

3) Trapping
Ti"—OH- +h* = Ti"JOH -
Ti"—H,0+ht = Ti"fOH- + H"
R + h'" = R
TV + e, = Ti"

" + 0,= TW"—0; -

4) A4 (Recombination)

eyt h™ — heat

5) Hydroxyl attack

(1)

(2)

(3)

(4)

®)

(6)

(7)

(8)

9)

(10)

(11)

(12)

(13)



Case I Ti“fOH- + Ry 0 — Ti" 4+ Ry s (14)

Case II OH' + Rl,ads—) RZ,ads (15)
Case M  TV“fOH- +R, > T+ R, (16)
Case IV OH-+ R,— R, (17)

6) Reaction of other radicals

e +Ti"—0;, - +2(H") = Ti"(H,0,) (18)
iV -0, - +(H” = Ti"(HO, -) (19)
H,0,+ OH- = (HO; - )+ (H,0) (20)
H,0, @ 20H - (21)
H,0,+ O, - — OH- +H,0+ O, (22)
H,0,+ Ti" — OH- +OH + Ti" (23)

of7|ol A Qb wrEl whel o] #Eu) AFuLSelq FH AHAAZ FEet 2
OH #tizoln], o= thea e Aldd s AH v A,

rlo

1) ESR(electron spin resonance) #4710 &l #F=xALE TiO, THolA OH oz
-4 (Ceresa 5, 1989), (Shima's, 1985).

2) 7% TiOx w243 Fstum, xHe FAtstrl& Absty o] OH gtuzs A
A (Munuera 5, 1979).

3) v} Ashukgol ols] FusE FAHE] 44HM, ol OH ehrlae Fur
st v E wEEol A o FAbE 3 #FAFHOllis 5, 1984), (Pelizzetti ‘&, 1987).
) Feel 9 TAASE A7180 W WAL FAsE RaEe] WAsH

%2 (Pelizzetti 5, 1984), (Fugihira %, 1981).
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Energy
l Surface
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Oxidation reaction
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Fig. 2. Photocatalytic reaction mechanism on TiOs.
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D 9 F3¥ /7183 F29 OH ghvZite] whg. 2 (14)
2) & dow e OH duza F2E f7]&3ke] whg. 4 (15)

3) ®W FAE OH ezt #8oozyy EWe FEe #7209 0.
4) %7183 OH #heigo] ¥ 8o Joz sl wg. 4 (17)
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A2 (4 @) 2 HO.5 BAHA BAF w4 22), 4 @)l o8 A4
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of A ARe w4, 3) WlAdagel g} drkst=ol A

=
[e)
2 B dHslE B gt2RAS Ay HFAH R COE F7I3t He Aow AtRd

Fig. 3& TiO; #&wE o] &3 Dodecylbenzene sulfonate?] E3jA] HHZA o2 A

AE I 9l R wZbU S-S e 9l vh(Hidaka, 1992).

(*OH or *00H )

¢ A\
R SOgNa :5[CH3(CH2)n-3CH2CH2@SosNa]

1 ; af B
[Radical] R@SosNa V
X OH > RCH-00H(or-0H) [Peroxide]
[hdroxyl- OI-T @S°3Na !
intermediate] < 0
H R—
1 C).| [Aldehydel
ES
[Aldehyde] R—O 0
V.o [Carboxylic—
0 R C\OH acid]
1
ES
[Carboxylic— R | 0 V
acid] C%O H » CO,
H

Fig. 3. A possible mechanism of DBS photodegradation catalyzed by TiO;

semiconductor.
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A A9 = Fig. 49 & 23 9189 doret o] 471A FH=E yUFold &+

UTHEA, 1997), (o], 1998).

Table 2. Type of semiconductor electrode

Type Character
Both oxidation and reduction power are strong.
OR type . .
( SrTi0Os;, TiO,, CdS, etc. )
R type Only reduction power is strong.( CdSe, Si, etc. )
Only oxidation power is strong.
O type .
( WOs, FexO3, MoSs, Bi:Os, etc. )
X type Both oxidation and reduction power are weak.
—1.0r— cds
+ CdTe cdse e
SITiOs Tio, £y
E Y § 1.1 MoS, .
w 00 2.4 |1.4 |1.7 WO, X H/H,
L =< Fe,O3
4 1.75
Q2 o 3% [s.0 eV
> 1 0,/H,0
2.8 |2.3
2.0 -
+3.0—
| | | | | |
OR type R type O type

Fig. 4. Energy-level diagram indicating energy positions of the conduction and

valence bands for various semiconductors in aqueous solutions at pH=0.
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AESE TIOE £, d5ee] ofF AME idl dolde ofele R FEu)

=

AR Qs 4esbt ok, el mA wsslA BAtE TIO, U4

g
)
(b
i1k
_E
Ih
=2
o
s
fr
g

b
=2
o

4 |89 Astz A% 5&o #HAE HEAY F
Atk AolA AF7F AL Hojea 9l

Fig. 55 2¥ 2A4Y #H&7(@= FAA4HA) 2 Ld=@)el n4dso] oy

A REE7(b) = FWAAHA) H Ld=@B)7F HEES skl =2 Fv o] &5

& P B S & gom o] Adte] 7

o
o
o
oz
it}
i

T VP

UV LIGHT UV LIGHT

(@) catalyst fixed reactor (b) catalyst suspension reactor

Fig. 5. Schematic diagram of photocatalyst system.

5. FEI 4 nxE ggAxt

51 LH9EE 27lFx=

We organic compounds®] oxidation potentiale] TiO22] 7}FH At £l
el og FriEe] AH Asrb Jhssith 2y diiEe] Ad 49
walatr] 9= OH efrjzto] Haste]l WAt TiOx9 #Fvf whgolA F 8
g GAE BE OH gtvzo] FA4H= dAZ 4A Atk & 4k TiOqol &=
H07F &2Eo] g2 dAY H'e OH & ®edd. &8 HO0Y OH 7} 333
Whg-stel OH v zs @43ttt OH gt Zo] FAdH = whgeteA WS wy
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X free radicalEA ®FEEEA ZF dEA YAE &AW F A

T 5 BF
Langmuir-Hinshelwood MAUES Wa2F Ao® HUFI Qo Hg £

o2 2ol yeld 4 dth(Matthews 5, 1986), (Pelizzetti, 1989), (83} o], 1997),
(B}, 1998).

8 T (2)

A2 A t=0 4 W C=Coz Ht}H 237} # o
2= e = Q)

_C _
In Co = ket 3)
k, KC
Y =1+ KCo) @

9l Ao MeEe %7 Fxl Cort

52 3= 7%

_16_



FEv) sEe MeEwste] wAL e R FhdE SRR FEE &

, @AsEd =detd Rbg&He] bl IAS YEhe Zlo] AWty

(Ollis -5, 1991).

53 UV 3%

FAUAE)= AG)2 £dd.

E=+c )
A
o719l M, h : T F4(3.9883x10 “mol/k] - s)
c 1 34:(2.9979x10°m/s)
A 3 (nm)

2 G)=FE FolyuA= o] FE4-s e A

P

o

PN
& 4

ze]d el s gl tai = Al AL E(CIE) 2 =43 7] 53] 9 (IEC)el
sl FAEe glom, old wpeEw Aejde] s W el= 100~400nme] Tl fif
5, 1996).

Fig. 6& A9 He TqH ~3

fis pud

E 3
—

19,
o
rot

ZAE Zolth. Hi=npe} o] 29w}
%] 280 nm ©]38tQl A5 UVC, 315 nm o]’deo|H UVAgtstal 1 F5E8 UVB
2h ok, 1996), (%, 1997). dEHA FeAZg A FEHE 29 365 nm,
253 nm, 1849 nmolal, Zt7} 3pe] oUX|= 34 eV(327.7 mol/k]), 49 eV(4715

mol/k]), 6.7 eV(647 mol/k])elvt(ilivh i 75, 1996).

rlo
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VIOLET VISIBLE RED

COSMIC | GAMMA ULTRA— MICRO | RADIO
RaYs | RAYs |XRAYS|yioLET INFRARED|\yAVES | wAVES
10®m 10°m_~10"m 10>3m

SHORT MIDDLE LONG
X —RAYS VA%L\’/UM WAVE UV | WAVE UV | WAVE UV VL'?(';‘?_:-TE
(UVC) (UVB) (UVA)
100 200 280 315 200 800

(nm)

Fig. 6. UV Spectrum.

FEUE AHEEE REAE U1 U ool Wol 2ARE % o= AE

dlots H42 woluh, 1 ool e A e wge] el

o FLW AL WSE AL U Frstel B wes doANE & A

= ASAEA o HA &3lE7] el A

H F7 BEE f7IedE Ay de ojgHnh. 1y, ksl o sbstE

& F e Srg whgsty] wizel UVel o i

st FEEESE FAsA] OH #tozhe dAA 7= #8std frreitksirt
ol A=l Al #HFA e A&H UvhE 5, 2000).

Ollis¢} Pelizzetti (1991)= Hz0. H7bel wh& 35w Abst&o] Skl oigh of 2

eSS b 2ol ekt
AA, HOxE= d U2 AAFgAeltt. a9ra F3Fo)d 28S 3717 9

Fol HE) &S 2N 5 9
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=4, OH #tz2 FEafol oa H:0.2 58 AxAo= A2 5+ vk, OH
gz FEuf Arske] defel] Jadtr] wiitel A= o W FEFH AIES
S/ 5 U

AR, HoOp= 323l

2 7 dvh 23S 2R SAdHAY 02 AbstE 4 vk
H>0, H7}= O27F electron scavenger® #8&9 = 7] Wi 0.5 &+

A FEUES ST B 4bAe WA wkg2 FEHu a&S Adde

Aarek-Ae AAFES HAsA 2

Tl HArs g AE 350nm o] ske] UV dlvAle] ol #Easlo] OH #oZ<

AsAY, TiO; EWHlA conduction band® Zlo]® Hzfe} wkg-3ste] OH #hr]Z
< AAEI = sha, o)n A E o] gl superoxide BHUlZ¥ WHEEe] OH vz
= A8 = g

H,0,+ hv—>20H - (6)
H,04+ eT>0H - + OH" 7)
H,0,+ Oy - —OH- + OH + 0O, (8)
H,0,+ OH - —OH, - + H,0 )

upba FE5u) AbstE Sl A AbsiAl R A HAkE G AE o] &t AY Hu =
2 e §8S IS F dE Hoeg dEA Ak AR dAF o)Fe] Hatsi
AE 238 OH @t Zd thdt scavenger® #8314 Hruz A A3 3ia4io

FdE=E d4s= Aol Tastth(il &, 2001).

gl FEFAA AFEEHE TiO, FE5vls 5899 pHol wet SHoje] 3ol
2o ggs Wt 2o 2 TiOye F899 pH7F 56~6.6 Atelo] U4& wf A

7149 F4L 9] 9= ZPC(Zero point charge)7t BRHTh wekA, o] 2 J]Fe
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o o] pH7}
o] 5w OH o] &0l

alo

_Eﬂ

(10)

. Acidic condition

TN — OH+ H'—Ti" ~OH,

: Alkaline condition (11)

Ti" — OH+ OH —Ti" — 0~ + H,0

el

4r
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AA A E4LE& LAS(Sigmait, Linear CisH2SO3Na)S AR&3Far, FEwjol

TiO, %<& anatase® (Degussa P-25)0. 24 o] 1x}lo] 327

rlo
w
wW
=

=
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=]

WAL 4Tmrolth. 71ERe) Aok Sgo = AAl flo] A&
UV #fxze= #2 FEZ(CONSORTIE)EA 15W  254nm(Model @ E29104),
312nm(Model : E29100), 365nm(Model : E29105)& A}-& 3}t

2. 4¥ZA = Wy

D A

wodTel AHE B wSFNE Fig 7 dehigich 330 w8 §3F

T

3L €% Pyrex M 32 wgrjojH, o] oF2 W= Ae Adsia
bS] A Gl Aol wASHAl 2AME =S wEE Y] oS AR =M, 4

olF Mo o FAL WA A WS & Fo Water-jacketS A X|F UA s
Qo

SwA EAlel et A9A wge AAs FahaAzlna Qs L Pyrexdtol

Lamp$ 9ol ug7] Foitel astarh. =@ A% LA #4477 93
4 71(AVR, model DCR-1000)E ©l-&3t3itt. A9 pHe 724 =ol# DO x5}

&2 56~62%%th. elan FEuje] E£3bo] #AJNA S Ldotr ] ffs TiO: 2 g/L
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Al e WEAEFYES o]&3te] 650 nm HFF oA EFF=A(UV/Vis
Spectrophotometer) 2 21319t}

W% o] 27L& Table. 39 veERHSAT

_22_



Table 3. Experimental conditions

Items conditions
Main condition
LAS concentration 50 mg/L
TiO2 concentration 2 g/L
UV Lamp wave 254 nm
Initial pH 7

Comparative condition
LAS concentration
TiOz concentration
UV Lamp wave
H>0O» concentration

Initial pH

100 mg/L, 150 mg/L
05g/L,1g/L, 3 g/L

312 nm, 365 nm

100 mg/L, 200 mg/L, 300 mg/L
4, 10

_23_



V. A2z 4

AES 298 TN AAZES FEdAT

1. LAS 27]F5 =9 W3l & A AEE A3

TiOp ¥ ¥HES o] &3] LASE AIAE o, LAS 7] %9 W7} LASS
AAZE vxE AdFS 2AHZ] YA Tiopel v% 2 UV 3%, pHE 77} 2
g/Le}t 254 nm, 183 pH 72 nA% ¥, LAS® %7] #%% 50, 100, 18
mg/LE 28 F¢5te] vhgA el e LASO AAEZES Fig. 89 YRS

aeA Bzo] LASO 7RVt S E $UT 2AA wg AbEst #

AN
shlgkgol o3k LASS AAREo] sttt LASS x7] s=7F &

o

R

g OH gtvze] Fojdom FZsAm, oje} FAlol LASO 3] §hg-ol o3
FHol] F2Eo] LASY F&E Walsty] wiEoz As = (3]

5, 2001), o)ZHE FFHu] AbsshgukSol o3 LASe AA =7l LASS %7

og o)

Fa T v AMEE IS = AT, 1998).

dom Z7]s=7F 1002 150 mg/Ll A $-ol&= WkS-A]ZE 1508 soF 27 82%,

&5 Hol LASE EF Zdfetr] A= F7ke] wbs Azko]l dae
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10
B
0.8
W
o
S 0.6
< A
S o A
(%] A
O
< 0.4 O
OLAS 50mg/L
A
0.2 | |OLAS 100mg/L a
ALAS 150mg/L o
0
0 30 60 90 120 150

Reaction time[min]

Fig. 8. Effect of initial LAS concentration on the photocatalytic degradation.
(UV wavelength: 254nm, pH 7, TiO: concentration: 2 g/L)

2. TiO, ¥Zv) T W3l & AAREY W3

TiOy, FZn] W goji FZw] wL7F e nxE= ko s Lol
e LASY % % UV 3% pHE z+7F 50 mg/Le 254 nm, 28] pH 72 113

3to] TiO.9] %27] %5 05, 1, 2, 282 3 g/L= 28] FY5te] wkSA| 7o) &
LASS] AAZEES Fig. 99 YHeldY. Zzte] FA$o LASY AAEZSS A4HE
WogE FE7F 2 3 g/LY uw S AZE 110% vk 9d3E] AAEAeH, 1 g/LY

g/Lol wlsl 2, 3 g/Ld w7k AARE] %
g/Let 3 g/Ld wjeo] AATEL Ael7F Ao glof,

o2
% FE0] wEe] bl wel WeHEE FARAW 1 o ge] Ful vE F7H
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TiO.] H7tko] Boldas edadyte] HFHHo] FrtetA Ha 3oz A
Hie FellUAE s Fshy] wiiel AbsE e S7hE AN, Ti0f] §=7F o=
A ol FellME Mg FEd FFTor FaAEe FAUAE Adste A
ZHstez A F=v] wdoAM e FFv) wES WastAE el O o &l

S7bebAl gevhal gk 4 5(199), & (200009 Harete AAF ATk

il

16
0.8 | O
8 o
g 0.6 |
S O
0 A o
< 0.4 |
oTi02 0.5g¢/L o
OTio2 1g/L = o
0-2 [ ATiO2 2g/L o
©Ti02 3g/L o o
O
0 —
0 30 60 90 120 150

Reaction time[min]

Fig. 9. Effect of TiO2 photocatalyst concentration on the photocatalytic
degradation of LAS.
(Co : 50 mg/L, UV wavelength: 254nm, pH 7)

3. UV 33 Wste] mE AARE

kS
.3
o

2% sewgol glojAd UVE 9ge vf$ avkn ¥ 5 gk ol fi wkgol
des B43 AUAE UVE] 24k gafn 47 98 & 7] WEolh. 53
gol wolst: AAE ANAGHAA o/ G Bolee b UVe] 2AE U3t

UV o] F=uf wbgo mA= s d¥rr] 98 LAS 7] == 50



mg/L, pHE 72 LAAA @5 UV Al2€d TiO, FFWE 2 g/LE FY3+o]
UV/TiO; Al=glo 2 AR g4l A o] WhgA o] W& LASS| AALES Hon
skdl, UV 9 wist7h LASO AAREE vAs d&Fe 27 & A9 uv

934 747} 254 nm, 312 nm, 365 nm$ tH(Fig. 10).

g AE & F ARl LASY A A UV Al 93-S FiL &S g% +
wNew, ggo] geFE AALZEC] ¢S & F AJT 53] 365 nmel H
8 2

nm¢ 312 nmoll A ¢ LAS AA&ZEE FAE AxE e, o224 254
m thale] 312 nm 7G-S o] gl wkg7] A= &

A& AR AtzHL).

AfATe) A TEo UV AlzwleAe] whgAzE 1508 F9te] LAS AAZ &S
7ol 254 nm, 312 nm, 365 nmollA Z}Zb 27%, 23%<F 10%E WERWTE HEF
UV/TiOze] AAE4lMe LAS AAEES A4¥rd, 9go] 365 nmY v W&
AIZE 1508 EoF 77%9] AAEZES BH e 254 nmet 312 nmel A LAS7} ¢-413]

=}

+

A AN AA] 242; 9hEE 5 AIZEe] 11023 120 0] A8 ¥t
1 dﬂ ‘ A
A A
A v A
| ]
0.8 m| A L4 ° = =
(o]
’\g 0.6 A
e ®only 254nm g
% 0.4 || Monly 312nm A A
Aonly 365nm
0.2 OTi02+UV(254nm) O Al
) OTi02+UV(312nm) o
ATiO2+UV(365nm) O
0 : : =
0 30 60 90 120 150

Reaction time[min]

Fig. 10. Effect of UV wavelength on the photocatalytic degradation of LAS.
(Co : 50 mg/L, pH 7, TiOs concentration : 2 g/L)
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4. HyO;, 3% H3lo] E AAEEY W

Ho0:0] H7b7F d&5w) wbgoll WX Fas xAbstz] 918 LASe x7]% =%
TiO; #=v)] 5%, 283 333 pHE 247 50 mg/L, 2g/L, 254nm % pH 7% 3}
APS Fdsiglom, old g A+ A3E Fig. 110 YEblATh
WA o2 TiO, FFHFwE o] &3 odE4de] &3 woAe B dxtet
3o AAF WA D Hoh B2 4o OH &z Aoz =2 2354 23
= @71 Sl HoOo8F 22 e HMAFEAE H7beA I wheEH2y AARE
9t %, 2000). Tanaka 5(1992)¢] X 1o

JetE, BEu) HBHY A2WL o] §F AL FAT W, AWFFLZ WO

(

Mo
o

4 wgBAe AASES 6~8u WwebhAdn waseh et 26l nheba

AAZES 2aN7E F8S s Bus AATHE 5, 1995), (5 5, 2000).
2 Age Aq4d3E R Fig' 11914 RolXo] HhOE& H7IskA] &2 75l
5 J3te] Tanaka 5(1992)¢] dFA3}et=
At =, JAsFLAE HJ7ME A9Ut AASEETE FEE olfe s LE

HA7bsHAl =W TiOoo A== dArer dikstaarh ghg-ste] 4kt 71(OH 2hu) 2,
hydroxyl radical)7} ¥hE o] x| 11, o] FAks7| & o3k LASS| w#al7b X157 v
I Ao g AZFEA KA, 1998)(H &, 2001).

H.0,¢] %2 100, 200, 300 mg/Lo2 @8 FUsaS we AAZES vus)
B Ho0:9 %7 mobA™ AAELET S7ksts S HolAR AR 1 Aol
7o AT A7lelA H0.5 #H7HeE Aok H7bskAl & Aol LASTE ¢
A8 AAHNAA 2ouE A 747 10023, 11080 A,

N
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N
)
b
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o
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Ono addition
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0 ‘ ‘ e +—0
0 30 60 90 120 150

Reaction time[min]

Fig. 11. Effect of H202 on the photocatalytic degradation of LAS.
(Co : 50 mg/L, UV wavelength: 254nm, pH 7, TiO: concentration : 2 g/L)
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wol2AHLAHA LASE TiOy Z&m) w&S ol &l AAL v AAREA o

Fe T T Ue 8JEEA LASY 27 §&, F=5v F%, UV 34, %=7] pH,

1. LASY %7 %7} Z4sA 99H AAEZEe] FUtetsE AS 4 £ dlon,
U3 A LASO %7]%X7F 50 mg/L, 100 mg/L, 223 150 mg/L ¢ uj
50 mg/L-2 WFEAIZF 110%%el] k3] AA=A o, 100 mg/L % 150 mg/LE W
SAIZE 1508 Fob 7H7h 82%, 74%¢] AAE &S B

2. TiO, ¥l ¥X5 05, 1, 2 1813 3 g/LE T7HAA LASS AA v A= <
g AP A% S s SAEFE AARES TR, 2 g/Lot 3
g/Lol A o] AAZEL fFAst T #Ev) $%=7F 05 g/LY o wHEAIZE 150% 5
ot 85%7F AAAEARIL, 1 g/LY wiE= LASZE £33 A A= 71704 15040] A2 5 A
o 2 9 3 g/LAdu= vEEAIZE 1107kl ¢hds] Al A = o

3. UVe &% %A} UV/TIO, 7oA el LASS AAZELS 254 nm>312 nm>365
nm] FAZ YESEe ™, 365 nmoll Hlsl] AAZEC] g 254 nme 312 nmell A
o] A% A¥= FAre AT

4. HOx5 H7behA &2 ARy H7ke A7 AAEeS S7hstdlen, =71

pH W3le] wE LASS AARZES] Wsts A 4ol AAEE] %313

a, A es G714 d9elMs AARE] =4 Bkt
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