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Summary

Cause humic acid to present in treated water at the drinking water treatment
processes operate as precursor as to form THMs during chlorination. This study
aimed at improving the TiO: photocatalytic degradation of HA.

In this study, the Degradation of Humic Acid using Jeju Scoria Coated with
WOs3/TiO2 in the presence of UV irradiation was investigated as a function of
different experimental condition : photocatalyst dosage, Ca® and HCO; addition
and pH of the solution.

The results obtained from this study were summarized as follows :

1. Photodegradation efficiency increased with increasing photocatalyst dosage, the
optimum catalyst dosage is 2.5 g/L and: Photodegradation efficiency is maximized
to WO3/Ti02=3/7.

This indicates that WO;3; retains a much higher Lewis surface acidity than
TiO;, and WOs has a higher affinity for chemical species having unpaired
electrons. And WOs is trapping of electrons photoexcited in the conduction band
of TiO,. Therefore, WOs3/TiO, can adsorb a greater amount of OH or H-O, which

are prerequisite for the generation of OH radicals.

2. The addtion of cation(Ca®") in water increased the photodegradaion efficiency.
This indicates that the increas of cation strength in water could provide a
favorable condition for adsorption of HA on the photocatalyst surface and
therefore enhance the photodegradation efficiency.

The addtion of HCO3; ion in water decreased a photodegradation efficiency.

This indicates that the role of HCOs was scavening the hydroxly radicals.



3. Photodegradation efficiency increased with decreasing pH. At pH < pzc, the
electrostatic repulsion between the HA and the surface of TiO: decreased. During

the photodegradation of HA, pH is convergent in pH 6~8&.

4. The photodegradation of humic acid fitted a frist-order kinetic model and in
this study their rate constants TiO,, WOs/Ti0.=3/7, WO3/Ti0,=5/5 and
WOy/TiO»=7/3 were 0.0038 min ', 0.0056 min ', 0.0035 min', 0.0033 min"' in
photocatalyst dosage 2.5 g/L, respectively. Therefore, it can be known that
photodegradation efficiency decreased in the following sequences: WQs/Ti0.=3/7 >
WO3/Ti02=5/5 = TiO; > WO3/TiO2=7/3.
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.OH —— ) Usedfor
Valence Band h+ Oxidation
OH

Fig. 3. Photocatalyst Mechanism of supported metal/metal oxide.
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Fol A% f71%9) A4 A8} Abssth 2y dRRe A9AR §712L 2
571 A= OH radicalel Bage] WaA TiOo B3 Wgold Fad v

AE BE OH radicale]l 45 & @AIZ 484 dth B 48 TiOzol+= H07}F
T 2dE dAY H'eF OH 2 #edh S2€ HO0v OH 7} &3 ¥h-g3h]
OH radical® P4 el OH radicalo] S HIZ W&at=r WS WAl free
radical2A] ®¥rg3t=A & dHA YA AT F AS EF  Langmuir
-Hinshelwood MlAUES W2+ Zo2 By ¥ ow Hbg HE2e thgi

ol e 5 k(A 5, 1997).

dC _ o 7

2 DNA t=0 & o] C=Co= HUH @) #i o5 HEZFH WIEFEHE(n
2O vEd & vk

1nic‘3 — ®)
k KC
— v ystr~ 9
"= (1+KCo) ©
o AolA WMeEe 27| FE Cort FATRFER WMLELE 289 o 5 9



s Sk Ax gl Abea Farol ol o Zavh AzE Y] wE ol tHOllis
5, 1991)

HERHA =] F&8f el AolA TiO, H7he] 2 g/lol ol s W&o wstrt
Aol gltkar B HAck(e] T 1998).

a8 3 Li 5(2002)9] humic acide] FH&E3 ol AAA TiO, HA7FHFS 1~4g/L7HA
Z7hN 7S v humic acid®] Fal&go] Z7isttty Busla 9o, 7120019 %
Zbst B el A humic acid®] dT-oll €&t TiO. H7HdS 0~200ppm7HAl 5 7HA 2

S u) 50ppmolZde] sEAME 443 FEFS YElWty B usta o)

U
ot

3) UV 3%

(10)

o7l A, h : %3 244(3.9883x10-13mol/k]-s)
c : 4£(2.9979x108m/s)
A 3 (nm)
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4 (10=RE FeluA: shge] 5
A9 g Gejol valA s A=

o8] 77 ¥ of
5,1996).

Fig. 4= AA&

ZFo]l 280 nm ©] st
2+ sto(d, 1996),

253 nm, 1849 nmeo]il,
mol/k]), 6.7 eV(647 mol/k])
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];H_LX-]O
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2~ 0
TT:

[e]
A&

A 3] (CIE)
ofe] wEW o]l =

m
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o]
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2 A 7 7] 23] o (IEC) ol

Aolth, Wi uish 7ol
45 UVC, 315 nm ©o|ol¥ UVAgsta 1 F1H
oA WEHE AL 365 nm,
el A= 34 eV(327.7 mol/k]), 49 eV(4715
Sl {25, 1996).

VIOLET VISIBLE RED
COSMIC | GAMMA ULTRA- MICRO | RADIO
RAYS | RAYs [X-RAYS|yioLeT INFRARED| v AVES [ WAVES
107%m 107%m 107m 10°m
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Fig. 4 UV Spectrum.

(nm)

He= 100~400nme] eH(hivy fd

s UVB

T =

FEoh 2 ASEHE WEAE U0 AUA o ge] Wol AL A% o= Fx
AAE shgel wldss B9 Bolt, T ool e BYE shFel FuatAl
o FLW AL WSE A LS Frael YANA WS YoAME & A
Aotk mebd HAF shgel Wel xAbslolob FTHILM 2, 1996 7,
1997).
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xoje] gEalol s AgEE TiO, #5Me F8oe] pHol utel Fuje Hwie)

B s Beth dirdoR TiOE &9 pH7F 56~66 Atelel 1S w A

714 el A4S wA %+ PZC(point of zero charge : GAsH &= SHH)7F &%
Hoh 2Rl A= TiO, xWel szt Ha 971 = Sd38k7 €t whahA

(TiO,-H) 9714 9ol =W OH o]o] ¥l F&=o] (Ti0,-OH) &< A
2S¢ vA " Dionasiou 5, 2000).

Ti-OH + H — Ti-OHy' : Acidic condition (11)
Ti-OH + OH — Ti-O +H20 . Alkaline condition (12)

AW g pHE F&e o] Aol Qi TIO, #Evlel EWelA Yol

.
R
£
oo T

= WhE o WERERt oiyel F3F B 2 AFS WA e #7194
73

B EHEd FFS FA HuE dedor dA)

=
oo
4
K

AWrH o7 FFoE B - AASLA e F7]E ola® FTHE, FUlole &
A rE g8 f71E8E0 FESL o wElA ool EH3le fr|Ee Eaut

Soll WA= Il e A= FHHL YT
Bekbolet &(1998)¢] ATl A

k1
i

mAdel Esl egold Cl, HSO.,
H.PO, /HPO, ¢ ol &o] W8 Aty wustdov], Zh Hua $(1995)9)
Monocrotophos @] #3874 NO;s, CI, ClOg °]°] W&

b
b
i

A7)
Cu?olee FE=n 23ls =R dw Bustw uh Chen(1999) So] &7 239
FEu] A3t AT A Mg oleo] FEu AstE FrpA Itk Bustka gltt,
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2 Ao EFHAEZAQ humic acide INCAHDJC-ICN-198763) ZF-E %3}
ALg-stE Tl AF o] AFR3E 94 E humic acid 1 g€ 0.IN-NaOH 20 mLel] ¢ &
2445 718kl 1000 mg/Lel EEEAS W50 o]E 20 mg/L® 348kl 01N
Gk = 0IN FASIUEFS o] &3to] pHE 7+028 A3k AHE3SHSITH

Scoriat®™ A @3] wste] ATAE ko] 425~600 mel AS AA AR o] &3t
om, & 9% e u AMEH FFulE 2R TiOfF WOszS ol &3tdw=d ©

€9 TiO.(anatase, Degussa P-25)%= J#te] H# & 74-& 3.3 el BET FHA &

—

47 m'/g °olH, WOs(Fluka)© =% 99.9%¢]| 1 W-O Ag4dol7l ¢ 188 Aol dAF
S Wk
Scoria®l #F&wlE ZY S Fig. 59 #Zo] HAA TiO, E WO32 NaySiOs(Junsei,
Japan)& &£¢sle] & gdS e, o] AS scoriadl 5~63 =XE3FFO] scoriao] A
H TiO: B WOy/TiO; F=viE WAt 283 FZFHvf= TiO: 100%, WO/ TiO:
FEHul= THZ 3/7(30%/70%), 5/5(50%/50%), 7/3(70%/30%)% FH ] 2335}
Aok ZHE FEFuE AAHT T AEAA oAS A ol&eton, TiO.9
FEEL 2F 602w/ w%°] 1L, WOy/TiO:2] ZEHEL2 2F 18+2w/ W% A th.
Fig. 6, Fig. 7, Fig. 8, Fig. 92 3 gfote] #Fwls W A& FAHAAATA
(SEM)e.2 zAste] YERd Aot} Fig. 62 TiO,, Fig. 7= WOs/Ti02=3/7, Fig. 8
= WOy/Ti02=5/5, Fig. 9& WOy TiO=7/3& UElH Aot} SEM ALzl o3 ~=
go} el FFu7t ZRE de= As B F Urh
Fig. 102 3Fgldl W3 Ao £371(FTIR)S S43te] vErd Zlolt. 7h v
sl W =27b 1100cm 2ol A ek ow F4i= 24 Sujlel whet 2 A debdks
4] o] A2 WO37F TiO; EHo &x]# 5
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!
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Fig. 5. Method of scoria coated catalyst.
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ANk H10,000 Tum W F . 9mm

H10,000

Fig. 7. SEM pictures of catalyst(WOs/Ti02=3/7).
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4.0k HK10,000

A0k H10,000 Tum Wi F.8mm

Fig. 9. SEM pictures of catalyst(WOs/TiO2=7/3).
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Fig. 10. FTIR of catalyst.
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Fig. 11. Apparatus of photoreactor system.
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Table 2. Experimental condition

Items Conditions

HA concentration 20 ppm

TiO:

WO3/TiO, = 3/7

Photocatalyst WO3/TiO: WO3/TiO; = 5/5

WO3/TiO2 = 7/3

Concentration | 25, 5, 7.5, 10, 125, 15 g/L

pH 4+0.2, 7+0.2, 10£0.2

UV intensity 40 W

Ca®’ concentration 0, 20, 40, 60, 80 mg/L

HCOs; concentration | 0.1 mM, 0.5 mM, 1 mM
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1. ZE0i=f0f (2 hunic acid 2SS

FEA gkgoel glolA FEFw F=7F wkEel wAE g AAE Fig. 12, Fig.
13, Fig. 14, Fig. 150 YWetWllth Fig. 122 TiO., Fig. 132 WO/Ti0:=3/7, Fig. 14+
WOs/TiO2=5/5, Fig. 155 WOy/TiO2=7/35 Hetdl Z ot
UV ZARAIZE 180% &<QF ZdolA ®ite] FujEFol wet xbo]7h IAIRE FZu)
Fol S7tdrs Lalaso] Stk 5 wX=7F 10 g/LoldelA A7 4
= WEHAA T, AAA] Sl M= FE5m) w271 25 g/LY Aol &Aoot

ole g Arddd= A S(199%)9 olitstEEE FEvEe FFviEE 0
100, 200, 300 ppmel* 200 ppmo]/ol A g3 A& et en, 11(2001)9]
TollA FFuEx= 0, 20, 50, 200, 500, 2000 ppmelA 50 ppme]Zdel A dF& 33k

2

FEo7h FlUAE FA3 FFF F AL WAAT Sojge] Tkl g wrg

S g Brke] B, 199). & BE0He] Prhge] BoldsF egE A AE W
Hol ol HE ol4te] Ww W Futs walste] FEu] HwelAe FHu] wg
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Fig. 12. Photodegradation efficiency of HA with TiO: dosage.
(Co=20 mg/L, pH 7+0.2)
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S 60 [ o) X
g % A X
- X
5 4 | g y
©
2 X
o)
i)
o 20
o X2.59/L A5g/L O7.50/L O10g/L +12.5g/L < 15g/L

o &

0 30 60 90 120 150 180
Time(min)

Fig. 13. Photodegradation efficiency of HA with WOs3/Ti0.=3/7 dosage.
(Co=20 mg/L, pH 7+0.2)
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Photodegradation efficiency of HA(%)
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Fig. 14. Photodegradation efficiency of HA with WOs3/Ti0.=5/5 dosage.
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Fig. 15. Photodegradation efficiency of HA with WOs/Ti0.=7/3 dosage.

(Co=20 mg/L, pH 7£0.2)
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Z=0] =g dH[€0| [}2 humic acid EHES

FZu|FFol ©WE humic acid®] FHERE FelFe] wE EENA AAHA
SHoA Z&o] FIH FFv] v 25 g/LS 7FAL UmA Fuleh Blalske] Fig.
163} Table 3¢ veEbWith Fig. 167 Table 3014 Hio] Wkg-Alzko] 180% <

humic acid®] E&HEZE&L TiOE 50%, WOy/Ti0:=3/7< 65.3%, WOy/Ti0=5/5%
48.1%, WO3/Ti02=7/32 44.9%S ERH o] WOy/TiOx(3/7)°] 714 -3t A VEb%:
thooly s AFATAE Kwon(2000)9] 4tst whgolA] WOsE TAAZ TiO9] #3

o) AL go] e @A WOk TIOol oig FelA % 3%mol Am Be] )
bRtk shgse o &6 BHEsk 9 vhmonolayer) FANA Atk At
1 ZEsm gom 1 oge FANAE BYES F43 gadda sar

WOsE FAAZI B2 FiEel] o] mokxl= AL fF7]&0] F=Fvol ofste] 4

oﬂ

oJA TiO, #Fvle v §&& FWd FA5HE B4
o)t} WHE FFS W WOs7F TiO, Ede | Hd, ol ol&te] TiO, 4
o] oJ7]d w Conduction BandolAl A== HAE AFAZ HA A2 + A&
Aot Ti0»9 Conduction Bandoll A A Eo d& AzsE E&

AA A" F Ak 1999). EXEH WOz7F TiO, e AAE 00 ddste]
B 9ds & Aoz Yo

webA] AAF BA o]l AL, Valence Bandol EA8k= &o] 4ksh whge 3o
go] FulEo] AE Aoz AzhE o

oAl WOzl el dAke] Trape ALA o= 7 +
A7lel B e FEo] AsNbgo] FHodte] wrge F dTFS F 7 UoHE TIO.
Hohs WOy/TIOZ ¥ 2 848 1Y Zeojgtal o3 4 ArthWold &, 1993).
T3 Fvigd e F2 A dde] v WOz TiO: AARGRE A=7F oF 15
8l E=ok(Young & 2000) HAAkel fr]EAte] =& stES shdthLee &, 1993),
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Fig. 16. Photodegradation efficiency of HA with catalyst.
(a @ TiOs, b © WOg/TiO2=3/7, ¢ : WO3/Ti02=5/5, d : WO3/TiO:=7/3)
(catalyst dosage=2.5 g/L, Co=20 mg/L, pH 7+0.2, Reaction time : 180min)

Table 3. Photodegradation efficiency of HA with catalyst.(%5)
(catalyst dosage=2.5 g/L, Co=20 mg/L, pH 7+0.2)

Reaction Time ) WO3/TiO;
TiOs
(hr) 3/7 5/5 7/3
0 0 0 0 0
60 30.1 379 30.1 25.0
120 429 55.0 41.0 37.0
180 50 65.3 48.1 449
Relative
photodegradation 1 1.3 0.962 0.898
activity (180min)

_27_



3. Ca”9 HCOs ZMA| humic acid®| FE0f Esfio| O/XlE I

1) Ca® £A4A humc acid®] FE3)] <k

Ca”' 7} %o £A8 ] humic acid®] o] WA= JFL A= ZIAE Fig.
17, Table 4o YEFHATE Ca” o] & HIMA ¥ %7t 271842 humic acid®] 23
8ol F7tetgth Ca” s %7t 80 mg/LY W WHSAIZF 1508 vhe] i EaE Q)

t}. Humic acid®] Ea|o14 Ca™ o]&& H7bekAl e Z$wr} Ca”'e d7batale
m R Eeol FUES HoF: Ytk Table 4&  TiO; WOy/Ti0:=3/7,
WOy/Ti0:=5/5, WO»/Ti0s=7/3 Zujx% 25 g/LolA Ca’ o] & #H7be] w2 Zajg
&9 YW Fo® Ca’'E WIS A9 WuleA 4L Aend Eaaso =4 4
Byttt ol# st AFAF= A 5(2000)2] WEYolEY gt humic acid & 2ol o
Fol A o] &= 0 M, 001 M, 0.1 MFXolA o]&7%7}
AttE 747, Li(2002) 59 humic acid®] FE&A o] &%= 3k o3t
Chen(1999) ¢ E2=2¥=9 FFEaA vtadlgol=9 e g A%

u

ol
2

JA—W

Aol 7}53slti (A 5 2000). o] 7o) wWE humic acid

electron/hole A 2 &S < A3

Fig. 18 #Z=w] WOy/TiOx(3/7)2 ¥ =7} 25 g/LYu] Ca® oS Hrtalg e
humic aicd®] ##38)1A] pH W3tE Uelt) Fig. 22914 ®w Ca® o] e& H7hsid
o] pHEY tha wobhtrh a7k WA EWA pH7F 63~694kool g5
wola Itk Ca’ ol &g HAAFORM Z7lo] pH7F RolAWA A4 geel 9]
of FFe WAL Aole ol

2 FZv] 93 humic acide] E3&) wb
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100

Photodegradation efficiency of HA(%)

Fig.

Table 4. Photodegradation efficiency of HA with addition of cation.(%5)

/>
O
<o
O
0 20 40 60 80
ca”(mg/L)

17. Photodegradation efficiency of HA with WO3/Ti0»,=7/3 dosage in

different Ca®" concentration.(Catalyst dosage=25 g/L, Co=20 mg/L,

pH 7£0.2, Reaction time :

180min)

(catalyst dosage=2.5 g/L, Co=20 mg/L, pH 7£0.2)

WO3/Ti0:
Items TiO:
3/7 5/5 7/3
0 0 0 0 0
no—addition 30.1 37.86 30.1 25.0
60
2+
Reaction Ca” 80mg/L 55.48 74.69 54.16 52.48
Time no—addition 42.92 55.0 41.0 37.01
(min) 1207
Ca” 80mg/L 75.81 95.0 75.8 70.37
no-addition 49.95 65.3 48.1 44.94
180
Ca®' 80mg/L 35.04 100 35.0 30.24
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Fig. 18. Variation of pH in different Ca®" concentration.

(WO3/Ti02(3/7)=25 g/L, Co=20 mg/L)
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acide] #Fu] Zafol gk AFrelA HCOy %7k 0 M, 0.1 M, 1 M2 S7t&+%
hg&o] AAaTHS vEkd 213 dA s

o] AL olzfeo] A3 o] HCO; ©]2¢] OH radical scavenger® 2t-&3}7] wjF o
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OH- + COs# — OH + COs -
OH - + HCOs — HxO + COs -

Fig. 20& vl WOz TiOx(3/7)¢] %7} 25g/Ldw HCO; oS H7FstASw
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Fig. 19. Photodegradation efficiency of HA with WO3/TiO2=7/3 dosage in
different HCOs; concentration. (Catalyst dosage=2.5 g/L, Co=20

mg/L, pH 7+0.2, Reaction time : 180min)
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Fig. 20. Variation of pH in different HCOs concentration.
(WO3/Ti02(3/7)=25 g/L, Co=20 mg/L)
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Fig. 21. Photodegradation efficiency of HA with WQO3/Ti0,=7/3 dosage in the
presence of Ca” and HCOj; .(Catalyst dosage=2.5 g/L, Co=20 mg/L,
pH 7£0.2, Reaction time : 180min)

(a: Ca’20 mg/L + HCOs 0.1 mM, b : Ca’20 mg/L + HCOs 1 mM,
c : Ca”80 mg/L + HCOs 0.1 mM, d : Ca”80 mg/L + HCO; 1 mM)

4. =7| pHO| 2 humic acid?| HEHEA

%7] pHell w2 Eda&S 323 A3E Fig 229 YERAT Fig. 22914 2%
o] Z7] pH7} 2Hd 49l pH 44X 7F 947178 49l pH 104 Rt Eaago] =
okth. olEf gk A A 519999 UV-TiOA ZwlE AH&-3F 3l 3} 8ol 5= %] g
of &3 AFolA pH 42 FAAZHS v CODw #a7F AL $3 vt eyt
ouw Li 5(2002)9] humic acid &) A o] 24 %= o] o3 , A 5(2000)<]
S2A] o]l &7 et pHe @&l gk A, & 5(2001)°] humic acid®t &=
SAEE e te Aot A8

i
k%
i
d

8

22

oo}
ot
r
-1

B ot
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Humic acide pH ¥3lo] wel AdstE g A ¥+=d humic acidoll E3EHo] =
carboxyl group?] pH 45°]7Jo A o]23td e/l =2 EASIA F 1 pH 3~49
Az okl SAEE g I %8 pHolAE humic acid Wl A48t ¢ 2& 7}
254717F sl H o] -8 AsiAA Fo (3 5, 2000).

TiOs= PZC7F 56~6.6%1d PZC eolstellAe xWol TiOy-H'7F ol TiO.o}
humic acid &2} Abole] A 7]% 1go] Frhste] Fabo] 7 o] Fo]A oL PZC o4
ol A= TiOp EWe] TiO-OH 7} %o} TiO»9} humic acid A} Ape]el] whibe]o &
Aal F=o] 2 o] FofAA = Ao AlRHEG

pH7} Y&42 Ei&wr walxlE o]f+ Conduction band®] & =}7}

oo

EA 49}
Agtsle] A7 superoxide radical(O: - )o] H' 9} 23] OH radical® A 7=
ke B A HEE7 22458 A3 408 OH radical YA Fo] ZolAdA Ea&

=7F A5 Aow ARdAHE &, 1995)

Photodegradation efficiency of HA(%)

0 2 4 6 8 10 12
pH

Fig. 22. Photodegradation efficiency of HA in different pH. (WOs3/TiO2=7/3
dosage=2.5 g/L, Co=20 mg/L, pH 7+0.2, Reaction time : 180min)
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Fig. 232 %7] pH(4, 7, 10)& 2GAZ1 % 180% &<t F&Fm % WOs/TiOx(3/7)
25 g/LollA humic acide #3]t w] pHe W3S YelH Aolt),

Fig 2304 ®zo] AJto] Zughel wrel pH 4ol A= pH7F S7Fske A&s e
WAL pH 100M = #Haste 43S vetdlon, pH 72 A9 W3igle] dAsA

AslE AeS Holil Qo] humic acid’7} #al7F A x = Eek pHZF 5.4~7.40

o,

73 e FRE ofF A& wWaE molwd 4L fXselE 49e Ui

pH 10.2 oAM= WhgAIZkel] whe} Fasigivhar Haeh ol 7] d7-42(1996)
o HFF wEs ol &3 HIIE A Az N AFolA PCES FafolA
%7] pH7F 99 o] whgo] Aol we} pHF Ak A2 deh AR gt

Z7] pH 4o~ &E&7F & HA pH7F 718t ©]F+ Conduction band® A}
F 8220409 A%3ste] A7 superoxide radical(O; - )o] H' ¢} A3ste] OH radical
S JAA7I= W Bl A Hol&o] HasiA HBR pH7E S7iets ez A}

2q

w3 Z7] pH 10914 #3l7F WaHEA pH7F #HAsks A

fo
Ap

o 3
@7t Sl mHeA EAsE dEFa whestel H 2 OH radicals A4 8k
A’3¥ OH radicale] 71823} §hg-3to] HAshAl Ho oA o= Hol2e] wo}
A A pH7F FHastAl | Aolgt AbmE ozl

=5
ool
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Fig. 23. Variation of pH with in different pH.
(WO3/Ti02(3/7)=25 g/L, Co=20 mg/L)
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Fig. 24% ¥ TiO;, WO3/TiO=3/7, WO3/Ti02=5/5, WO3/TiO.=7/3° th3s}o] Z}
7} &) 25 g/lel U@ WLSEEE ek o]tk Fig. 249 Uehd vhe} o]

humic acid®] F&38= 14 H&HE24S =1 gl



2
OTIO2  OWO3/TiO2=3/7  AWO3/TiO2=5/5  CIWO3/Ti02=7/3
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e
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05 | R é
o oy =
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Fig. 24. First order kinetic plot of the Photodegradation of HA with catalyst.
(catalyst dosage=2.5 g/L, Co=20 mg/L, pH 7+0.2)

FEv] TiO,, WOy/Ti0:=3/7, WOs/Ti05=5/5, WOy/Ti0.=7/3¢] %ol w& humic
acidE FE&) & uf FE& A4S Table 5ol YEFH T

b TR E FRE SRd57E TS B
M A Z& ¥E9 25 g/LelA  TiO,, WOy/Ti0»=3/7, WO/Ti0:»=5/5,
WO3/Ti0o=7/39] #&& £=A4E= 2+2zF 0.0038 min ', 0.0056 min ', 0.0035 min
0.0033 min ' &2 WYEFY} WOy/Ti0x=3/70] B3 &7} 7pd whekc),
AAARoz FiEd % AFsE WOyTI0=3/7 > WOy/Ti0:=5/5 = TiO, >

WO/TiO=7/3 =22 23S &4 4+ AT
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Table 5. Photodegradation rate constants and determination coefficients(r?)

calculated by first order kinetics in different conditions(Co=20 mg/L,

pH 7£0.2)
WO3/TiO:
TiOg
conditions 3/7 5/5 7/3
kmin') r* |k(min) r* kmn") 1 k(min!)
25 g/L 0.0038 0.9454 | 0.0056 0.9717 0.0035 0.9433 0.0033 0.9709
5 g/L 0.0042 09233 | 0.0083 0959 0.0046 0.9132 0.0037 0.9356
75 g/L 0.0055  0.9577 | 0.0098 0.9654 0.0055 09 0.0046  0.9257
10 g/L 0.0072 0.9523 | 0.0109 0.9557 0.0068  0.902 0.006  0.9303
125 g/L | 0.0079 09283 | 0.0116 09499 0.0077 09044 0.0064 0.9071
15 g/L 0.0081 0.8814 | 0.0121 0.9385 0.0086 0.8979 0.0069 0.8938

Table 69} Table 7 humic acid #%3] 3 @ Ca’'o] 23 HCO; o] H7pA] #2

3 S s dEd Aot

Table 64, Ca* ol& A7} vE7} S71R5% Fia) 2457 S7Ee B
=4 Ca¥ol€ %7} 20 mg/L, 40 mg/L, 60 mg/L, 80 mg/L. U w BRI &HA

4= 77} 0.0087 min !, 0.0102 min "}, 0.0136 min*, 0.0376 min ' 2.2

7betAl @S wol W8] Ca’ o] H7ME w7t Ha HEgl 80 mg/Le] FES £
=7 6,740 gk,

Table 7914, HCOs ©o]&o] T7ted5 Fid 2457 ads 4 & dAgs
d HCO; %7} 01 mM, 05 mM, 1 mM & o FEa] H=45= z+7 0.0034
min ', 0.0024 min', 0.0015 min " °]@<2™, 01 mM > 05 mM > 1 mM =22 3t
28kt HCOy ©]2S #H7F8kA @okg wol vl HCOs ol #H7M3 wx7 3

R

Frol 1 mMe FE £%7F 378 =%}
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Table 6. Photodegradation rate constants and determination coefficients(r’)
calculated by first order Kkinetics in different Ca®"  concentration.

(WO3/Ti02=2.5 g/L, Co=20 mg/L)

Ca” concentration k(min ") r
no—addition 0.0056 09717
20 mg/L 0.0087 0.9785
40 mg/L 0.0102 0.9794
60 mg/L 0.0136 0.9856
80 mg/L 0.0376 0.931

Table 7. Photodegradation rate constants and determination coefficients(r’)
calculated by first order Kkinetics in different HCOs; concentration.

(WO3/Ti0,=2.5 g/L, Co=20 mg/L)

HCOs concentration k(min ") r’
no-addition 0.0056 0.9717
0.1 mM 0.0034 0.9879
0.5 mM 0.0024 0.9844
1 mM 0.0015 0.9813

o
o
ML
:O;I:,
i
£
ot
M
:O;I:,
I
bt

%7] pHE W3}AlA humic acid A2 Table 8o ek
W,
Table 8o vebl A3 o] 27] pH 4, 7, 109 FEa &= 5= 22 0.0075

min ', 0.0056 min ', 0.0016 min ! ¢ 2 e} FE&H = pH 4 > pH 7 > pH
4
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Table 8. Photodegradation rate constants and determination coefficients(r?)

calculated by first order kinetics in different pH.(WO3/Ti0O2=25 g/L,

Co=20 mg/L)
condition k(min ") r
pH 4 0.0075 0.9628
pH 7 0.0056 0.9717
pH 10 0.0016 0977
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FE5u 288 =o]7] fdl WOsE #H7bste] Al AbAlE] e 23 gols A A
AZ o] TiO, E WOy/TiO, FEwE o] &3to] humic acidE ZajAZ AF vk

GQA] ME BeEse T A3} e e ARS Atk

1. #&mFe] w2 humic acide] ®alelA  #Fwl TiO, WOy/Ti0:=3/7,
WOy/Ti0:=5/5, WOy/Ti0:=7/3%= 10 g/Loldel A7 AIFE mont A =
Holl M= 25 g/L7F 7b Z&o] Edth FulF 25 g/LolA 7F Fulo Reass
s A WOy/TiOp=3/79] 7H¢ Fstth o]z mdel WOsE FAAZ TiO,
7b &5 TiORT 8ol £t AL WOzl 98, TiO.o Ak ol&3 Eo ut
S F 7135 AA sh7] wEelth

2. Humic acid®] £&)4] Ca®E H7tatde w7t d7bebA F¢e o wop 589
soigh S ol2A=ETF Frtete] whrEl S FHAste] sl FTolE Zolth
HCO3s & H7IA HEalggol #Ase= AL HCOs; °)<9] OH radical scavenger®
2Hg-g7] wiEolth, w3 Ca’o] HCOs o] &3 F&EA el Edol Hasgla, HCOs

o] &o] Ca’'o} FEA Hallago] F7Halglth

3. 27] pH7} pH 4¥ W7} pH 10¥€ W@t Bafgeo] =t} oA pH7 TiO:9]
PZCol 3kl Al TiO29F humic acid &=2F Abele] A 7|4 Q1 o] Frfste] &0 F
¥ = Aol & Conduction Bande AAe} &FEAA9} A3Esle] A7 superoxide

radical(Q, - )o] H+¢ Ad3te] OH radical® A7/ EE F&o] ZHE Aolth

4. Humic acid®] &3 A] pHe ®HI}E AHEH v S/ WE humic acid?
Al pHE 719 63~7A01E FA8tg e, Ca¥ ol &S H7letgle we] pHE
o] pHE Y tha vtolxithrt #al7F A& A3 WA pH 6.3~69& FHs = 7

o Ae
4 &

ofk
tlo



HEb e, HCO; o2& F7Eetle e it pH7F 910704 okttt
al7b AL AP i pHZF stobAWi A pH 6.8~85¢0 FHsts 43S B ®
7] pH ®3te] wE pH W3} L3 aj7F 3= EA pH 54~74 75t

& =
© A%E 2t wWebAd humic acid7b 37 W@ H= ¢ pHE 45 FA6
He A4S dUEhAth

5. Humic acid #F&aiA] B3] £o F2v 5w/t S/1a42 FRe 245
7V EF71ES Reon AAH S X 25 g/LolA TiO, WOy/Ti0.=3/7,
WO4/Ti05=5/5, WOs/Ti0,=7/32] 3538 &=44= 7+7F 0.0038 min ', 0.0056 min .,

0.0035 min !, 0.0033 min ' & YE} WOy/TiOs=3/7¢] BE3] & %7} 744wk}

_42_



uj ol A 2]

s3]+ 17(3), 283~294

=
=

, 1995, ol4tstElEE

Eaca

%, 4

o

o

3
i
Ul

o o

==
=

I Z1A A 6] TiO, 3

o) %

AGH, 1999, &

al 7}

o

] 14(1), 80~87
A}

=

=3

kel

1
o

[
o

=

AbA L WS A F 573~574

k]
T, B 713, 1999, UV-TiOAl

7d-538r3] 21(2), 297~304

S

3

fa13
S

993, Ad+-o] s}

o] A, St E
A4, 1998, 4% humic acid]

L=

&, 1

1

S

El

sy
y T

<

1

2

J

=

o

°]
’ ;ﬂ—'

AAE, o]%A 2001, PEROXONE(Ozone/Hydrogen Peroxide)-& 73 ol A 2]
_ﬁq

g8

A
4
o
Tor

™

ol

of

—

gl

o

o

, ZA, 2000, WIELo]Ed]

]

8

Pt
™

]

,

&
&

i
pH 93 J. Korean solid wastes engineering society 14(4), 415~421

’

np
HJ
ol
e

Tor

o

B

ol

o

jild

& o

3

o FAR

= =1~
T

g7zl

2}

3

&

3l

=]
=

z|

1<

7

1

°
il

] 13(2) 234~240

Xl

1

[
=3

(1), @843}

ol

)

+ humic acid<}

pul

ko)
Humic acide] 3%

o] &
1

°
yul

=

=3

of ¢

o

==
=

ul
ha

humic acid

=87 9815 13(3), 279~ 288
A =9

s

<+, 2001, TiOy %
°o]-&
- 43 -

F3] 17(2), 179~190

<

2000, TiO-

g, ol
154,

’
’

2
£
2=~ o

, HE}d, AH

&

q

A
~



S (), tiskek7d &3] =] 22(4), 765~773

4871, ol B, 1995, FEvhe o\ Bk o), 11, 53~63
FoE, 1999, FAA ol U@ Belelag el AAnsh JFA A4, G
WA R

2
o
o
—
<=}
O
e

SHAA B FE2F 7Y =de 72 SA42AE EudD %

Cm(l) o] &3he] 2% wrgo] # A7, FFo}elr| &9 9T

FES, oA, AR, 2000, £2FTAN FEF FF FAHAHS)S L&A
&k A, tighebAd & eks] A 22(3), 453~461

F749, 1991, SAFT A 7L F)ol 3 stz BaA, A5, 830

oltf<t, whxlgk ohWE ZAS 1998, TiO, FEvwle] o3 UE=Zd e Fa, il

87 3-38F3] A 20(11), 1599~1610

olmA 2002, FZAAY humic acid®} fulvic acide] #&g = EA, FH A 353
15(1), 36~42

ol FA, A9, 2000, st3tA Abstriel ofgh A 4ko] EajA e Vel #wE A-1D,
koA et g 13(2), 241~249

oWl f, A8 1996, AlFFolE o] &3 T
A, 5(2), 195~210

o] A&, 2000, TiO»/UV, TiOy/UV/O3 iLwikstel gk humic acid®] &3, g =
=3+3] 189~195

A3]lE, 1994, TiO, FZFmE o] &3t 1 EAbstA 7)<, tehetd 3 38ts] 16, 809~818

A7, o]&]l, 1997, FZFvdt-s-2 1 &8, J. Korean Chemical Society, 41(12),
682~710

AATt, 1996, FF1] TiOE ol &3k sl=o] AbstAglel] #gk A+ AAstL #hA}

Zlof

&

1p
ool

=

ek AT, gk 3183

QIR o] 27, AWA, 249, 2004, o] =3t~k TS o] &g FHAE A
A3k A, Journal of Korean Society on Water Quality, 20(1), 72~77

95, 1999, AF Scoria®l % FHEA, AFHFWL AL =

, vr=3d 0 vkE ) 1998, Humic acidE X33 Ao o&Ex T o

AldehydeiF2] Aol 13 A7+, v)dhghd & s3] A 20(3), 385~396

B
o

X

it

_44_



ol L %] 7] &4, 1996, Bk WES-S o] &3 HV|E A Alx"l Jfg 38
=4, pp 33
A8t 1996, F=v] 2HsdkSg

HApsel e

tlo
e

3 AMSAAA Al B A, AA S

)

5

F 2% 4

N

A, 1999, Al 2Fgol2HE FAE A SHolEE o] &
Aol #F A, AFHTn ALY =&

LLvE fdtz, 1996, Z8A4R & BRAb7 %2 M v 72 AR BE R o) i B B PR, JHOK & K, pp.376~
383.

b &=, Uttam K. Saha., 1994, —gftF x> 2wz ) 7av7 o /- LaXf
Iy M2 B3 pHEg 2, K & 38K, 36(10), 883~888

Bahnemann, 1991, Photlysis of chloroform and other ogranic molecules in aqueous
TiO2 suspensions, Environ. Sci. Tech. 25, 494~500

Brian, R. E., Fiona, L. P. and Anthony, B. J., 1997, Photocatalytic treatment of
humic substances in drinking water, Wat. Res. 31, 1223~1226

Bunsho Ohtani, Yoshimasa Ogawa, and Sei-ichi Nishimoto, 1997, Photocatalytic
Activity of Amorphous, J. Phys. Chem. 101(19), 3746~3752

Chen, J. N.,, U. C, Lu, M. C., 1999, Photocatalytic oxidation of chlorophenols in
the presence of manganese ions, Wat. Sci. Technol. 39(10-11), 225~230

Chen, P. H., Jeng, C. H., 1998, kinetics of photocatalytic oxidation of trace organic
compounds over titanium dioxide, Environ. Int. 24(8), 871~879

Christoph, K. S. and Fritz, H. F., 1995, Degradation of phenol and salicylic acid
by ultraviolet radiation/hydrogen peroxide/oxygen, Wat. Res. 22, 2346~ 2352

Devitt, E. C., Ducellier, F., Cote, P. and Wiesner, M. R., 1998, Effect of natural
organic matter and the raw water matrix on the rejection of atrazine by
pressure—driven membranes, Wat. Res. 32, 2563 ~2568

Didier Robert, jarek Wiszniowski, Joanna Surmacz-Gorska, Korneliusz Miksch,

Jean—Victor weber, 2002, Photocatalytic decomposition of humic acids on TiO;

_45_



part I, J. photochemistry & photobiology A: chemistry 152, 267~273

Dionasiou, D. D., Suidan, M. T., Bekou, E., Baudin, I., Laine, J. M., 2000, Effect of
ionic strength and hydrogen peroxide on the photocatalytic degradation of
4-chlorobenzoic acid in water, Appl. Catal. B 26(3), 153~171

Do, Y. R., Lee, W., Dwight, K., and Wold, A., 1994, The Effect of WO3 on the
Photocatalytic Activity of TiOs, J. Solid State Chem., 108, 198

Gary, C., and Joann, S., 1998, Effect og molecular size and charge on biofilm
sorption of organic matter, Wat. Res., 32, 1580~1592

Hine, R. T. and Butsill, D. B., 1983, Gel permeation chromatography of humic acid
Problems associated with sephadex gel, Wat. Res., 18, 1461 ~1465

Lechevallier, M. W., T. S., Cramper, A. K., 1984, Appl. Env. Micro., 48, 918~923

Lee, W., Do, Y. R, Dwight, K., and Wold, A., 1993, Enhancement of
photocatalytic activity of titanium (IV) oxide with molybdenum (VI) oxide,
Mater. Res. Bull,, 28, 1127

Mallevialle, J., Mandfa, V. Baudin, I, Anselme, C. and Manem, J., 1993, Proc.
World Congress Il on Engineering and Environment, October, Beijing, China,
915~931

Miray Bekbolet, Z. Boyacioglu, B. Ozkaraova, 1998, The influence of solution
matrix on the photocatalytic removal of color from natural waters, Wat. Sci.
Tech. 38(6), 155~162

Miray Bekbolet, Golhan Ozkosemen, 1996, A perliminary investigation on the
phtocatalytic degradation of a model umic acid, Wat. Sci. Tech. 33(6), 189~
194

Okamoto, K, I, Yamamoto, Y1, Tanaka, H. 1985, Heterogeneous photocatalytic
decomposition of phenol over TiO: powder, Bull. Chem. Soc. Japan. 58, 2015~
2033

Ollis, D. F., Pelizzetti,E. and Serpone, N., 1991, Destruction of water contaminant,
Environ. Sci. Technol. 25, 1523~1529.

Paciolla, M. D., davies, G. and Jansen, S. A., 1999, Generation of hydroxyl radicals

_46_



from metal-loaded humic acids, Environ. Sci. Technol. 33, 1814~1818

Santos, E. B. H. and Duarte, A. C., 1998, The influence of pulp and paper mill
effluents on the composition of the humic fraction of aquatic organic matter,
Wat. Res., 32(2), 597~6089

Sclafani, A., Palmisano, L. and Kavi, E., 1990, Photocatalytic degradation of phenol
by TiO: aqueous dispersion : rutile and anatase activity, New J. Chem. 14,
265~ 268

T. Sakata, T. Kawai, 1981, Hetero geneous photocatalytic of hydrogen and
methane from ethanol and water, Chem. Phys. Let., 80(2), 341 ~344

Wan In Lee, T-M. Gao, K. Dwight, A. Wold, 1993, Effect of Silver on the
photocatalytic Activity of TiOs, J. Soild. State Chem., 106, 288~294

Wan In Lee, Y-M. Gao, K. Dwight, A. Wold, 1992, Preparation and
characterization of Titanium(IV) oxide photocatalysts, Mat. Res. Bull, 27, 685~
692

Y-M. Gao, Wan In Lee, R Trehan R. Kershaw, K. Dwight, A. Wold, 1999,
Improvement of photocatalytic activity of titanium(IV) oxide by dispersion of
Au on TiO2, Mat. Res. Bull, 26(12), 1247~1254

Yoon, J., Cho, S., Cho, U.,, and Kim, S., 1998, Wat. Sci. Tech., 38, 209~214

Young Tae Kwon, Kang Yong song, Wan In Lee, Guang Jin Choi, and Young
Rag Do, 2000, Photocatalytic Behavior of WOs-Loaded TiO: in an Oxidation
Reaction, Journal of Catalysis, 191, 192~199

Youngmin Cho, Wonyong Choi, 2002, Visible light- induced reactions of humic
acids on TiOs, J. Photochem. Photobio A: Chem. 148, 129~135

X. Z. Li, C. M. Fan, Y. P. Sun, 2002, Enhancement of photocatalytic oxidation of
humic acid in TiO: suspensions by increasing cation strength, Chem. 48, 45
3~460

Zhu Hua, Zhang Manping, Xia Zongfeng, Gary K-C. Low, 1995, Titanium dioxide

mediated photocatalytic degradation of monocrotophos, 2681 ~ 2688

_47_



i
o)

N

Al
=

o] olA

B
=0

o
!

o

el

7 AR

!
A
e

™

!

=
NF

o))

Jol 4 mshE A om avhg el WS

Y~ e A

o, A

0

1 4

o

N

ol

Y

O

o
NH

o] ¥ o]

3]
=i

o oA

S

nhe} 25

gom rhe) Q.

P oo, J)om, [ o, 87l

A Je]
S A

o)

o} 71 4]

o

At 714 2, of

fol & 37

*

Qb Alzwe -l

1Ho

o

ool

o

A Bue A 7t

Ho

)

al 7}

a8a =
A=y,

15l Al

=z 3
- <

] =lof

3l o
=

FupstAM = ol A

Q84 nhgu e

yase]

(e}

(U SIS Sogl

2004 ©] 7kar 2005

_48_



	표제면
	Ⅰ. 서론
	Ⅱ. 이론적 고찰
	1. Humic aid의 특성
	2. Humic aid의 처리 기술
	3. 스코리아(Scoria)
	4. 광촉매 이론
	1) 광촉매 종류
	2) 광촉매 반응

	5. 광분해 반응의 영향인자 
	1) 오염물질 초기농도
	2) 광촉매 농도
	3) UV 파장
	4) pH

	5) 공존물질

	Ⅲ. 실험재료 및 방법
	1. 실험재료
	2. 실험장치 및 방법

	Ⅳ. 결과 및 고찰
	1. 광촉매량에 따른 humic acid의 분해효율
	2. 광촉매 코팅비율에 따른 humic acid의 분해효율
	3. Ca^2+와 HCO₃-존재시 humic acid의 광촉매 분해에 미치는 영향
	1) Ca^2+ 존재시 humic acid 광분해 영향
	2) HCO₃-존재시 humic acid 광분해 영향
	3) Ca^2+와 HCO₃-의 공존시 상호영향 비교

	4. 초기 pH에 따른 humic acid의 광분해 특성
	5. Humic acid 광촉매 분해시 광분해 속도

	Ⅴ. 결론
	Ⅵ. 참고문헌

