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The degradation of Rhodamine B (RhB) in water was investigated in laboratory-scale experiments, using five

advanced oxidation processes (AOPs): UV/Hy0,

fenton,

photo-fenton, UV/TiO,, UV/Ti02/H:0;. The

photodegradation experiments were carried out in a fluidized bed photoreactor equipped with an immersed 32 W

UV-C famp as light source.

Initial decolorization rate and COD removal efficiency were evaluated and compared. The results obtained
showed that the initial decolorization rate constant was quite different for each oxidation process. The relative

order of decolorization was: photo-fenton > UV/Ti0»/H,0, > fenton > UV/H,0, > UV/TiO,

> UV > H,0,.

The relative order of COD removal was different from decolorization: photo-fenton = UV/TiOy/H,0, >
UV/TiO, > fenton > UV/H;0,. The photo-fenton and UV/TiO,/H,0; processes seem to be appropriate for

decolorization and COD removal of dye wastewater.

Key Words : UV/H;0,, Fenton, Photo-fenton, UV/TiO,, UV/TiO2/H,0,, Decolorization, COD removal
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Fig. 2. Effect of HO» and Fe* dosage on the decolorization
of RhB(fenton process).
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@®, H0: 25 mmol, O, H:0s 5 mmol;
V¥, H:0: 10 mmol;, v, HO: 15 mmol;
B, 1:0; 20 mmol
(b) Effect of Fe* dosage(H:0», 5 mmol)
®, Fe¥ 02 mmol, O, Fe¥ 0.3 mmol;
V¥, Fe” 04 mmol; v, Fe™ 05 mmol;
B Fe~ 06 mmol



Reactive Orange 4% A&3 3 JEJ
E] L HE :'_24,] ﬂz% HO 55
%*%*JEJ AL 15 mmol, ¥4 AP vE= F
E% 0075 mmole] il B 123 Muruganandham
o] AAe} HuE uf F- Ji]‘f/i Hh-g-of A o
v 2 At fApskA 4 ﬁJ%L
oA AolE

zoll A

[‘F ol

ox

o

g b
2ox O,

e 4
E]—A

o
=

o do olo
[e3
l—r—' [o}
IR
<)
WEOXO e B g off ol

=
tio
o

5 0
e =T D | G v .

ol e pHe 93

Qaus A pHot

A9 Aol BEsol Aelagol dadv
6’21 ]D}_Kﬂﬁ)

L B

15 (a)

®)

RhB congentration (mg/L)
°

4.0

S

80
Time (min)

Fig. 3. Effect of H:0: and Fe” dosage on the de-

colorization of RhB(photo-fenton process).

(a) Effect of H:0» dosage(Fe’, 0.05 mmol)
®, H:0; 25 mmol; O, H:0; 5 mmol;
¥, H:0: 10 mmol; v, H:O: 15 mmol;
H H0: 20 mmol

(b) Effect of Fe* dosage(H:Os, 5 mmol)
@ Fe¥ 00l m mol; O, Fe& 0025 m mol;
¥, Fe” 005 m mol; v, Fe” 0.075 m mol

70

3149 AR -4
%}oﬂ me @y FHo|Ae
[og]

a)ell veEh ST Fig. Aa)ol X BEo] pHIF &
7}Q°ﬂ wal RhB 2447 ZAHE A% |
o, 5olskef p 9} 601*&91 pHol Al RhB 557
A& #ol7t yEen pH 3449 RhB #5244
7} b AT pH 49kE 3 AoluhA] ol HH
pHE 3 ~ 42 Yebytth pH #gel e 3 8

TR A 9 RhB #2445 Fig. 4 (boll HeEt
t}. Fig. 4 (b)o A B0l pH7L F7etel wet 7t
AFE Ado| YERRkoW, pHIL 6014l ME pHIL

3~557%t RhB =747 =dA deht 3-3d
A HA pH E8e 3 ~ 5% HALe=E Als
Atk Fig. 4@ ()& vasiRE dgx7] 5%
o w #@y FAY RhB s%E pH 3¢ 9 018
mg/L, pH 8% W 048 mg/L, #-Hd T4 A$
Z+7} 0.03 mg/L} 1.14 mg/LE L}E} A% pH ¥
Aol e F-Ad THo] plel o NS & F
)\)\}\)\E}—

15‘0!5

14.0
0.6

04t

02+

0.0
15.0C1

RhB concentration (mg/L)

Time (min)

Fig. 4. Effect of pH on the decolorization of RhB
with fenton and photo-fenton process.
(a) fenton process
® pH 3 O, pH 4 VW, pH 5 v, pH 6
W pH7 [, pHS8
(b) photo-fenton process
@ pH3 O, pH4 W, pHS v, pH 6
B pH7 O pHS8



¥ pH7}F 3014 52 #a of el 3 7
$ 018 mg/L% 027 mg/L, F-H" T4 H$
27 003 mg/Ls 023 mg/L® YElY F3 pHY
Aol A= L Aol7t A gkt

Reactive Orange 45 ¥ F-glel Ao
Aga s W F T4 EF ¥4 pHe 3014, 3
ate] pHel A= H' o]&°] OHelt}#g scavenging
8t7] wjFo ¥tgo] =3 pH 3o}4tol A HEgo
A A4 EE Fe” hydroxy complex?l: <2 w2
ghao] 7hAa%htha M3 Muruganandham %279
Aol A5k

_Hﬂ

33, UV/TiO:% UV/TIOVHO: 342 3 =24

UV/TiO; &AdA UV 59 Arls d&3 =
Ada HA FEu) Fngs ZAAS] st 43
HH lof'g'—g 03 - 06 g/L?’ tﬂi"*]/\z\a HH RhB lé:
=W3tE Fig. 5o YERHSTH Fig. 504 BE0]
FEu] 27} 03 g/LolA 05 g/LE Z71E W
RhB %‘:7} FASE AFgE Jegdsiey 06
g/LidXe w2 AA7F g ol Hfde F
Zufe] 9% Fateh(light scattering)®} BF4
(light penetration}®] Zr4 wi&ol A7lE didolH

o2 dpate AfAFME BREY .
TiO:9] F&v) Abshubgol A F8 oA 4wl
Ae Ax-AF AAFolg, 2z Ax-HF A

AUg Pob USHES Eoly] A9 AAY WA
FAE Azde] Yok, BAG At
>Oob} NaxS:0s7 &2 87t Az &A1& A7t
o Fig. 6 (@9 (b)ell UV/TiO: &4l HO»
= *47}& UV/TiO¥H:0s 3 *01]*19] Ho00¢F TiO-
FEWate] W RhB sE¥W5E JePArh Fig.
6 (@A H%o| HoOp EWEe] W2 RhB &

HeE el =, 25 mmole] &AH HO, 5%
2 Uegon, 5 mmol 0149 FEA+= RhB &
=7t 238 =A vERY. ol thErel HO.7t
OH radical®] scavenger® #+-43}7) wWjZo|n 324
o] H-dAd FAHAAN A A4 pRoH, =
of el e HoO2 A7HA scavenger® 2Hg
gt Bug o 573 2o AxE dg

Fig. 6 (M Ti0: %7 0.2 g/LA 0.3 g/Li
Z71go W} RhB 5% ZAEQ e 04 g/Lo|
*H TiO: %l XE RhB 5271 $718s 4%

S 2ol H4 TiO: %% 03 g/Letir AsH AT
UV/TlOz A9 HA TiO. %< 05 g/LEY

TiOt A 28¥e Aog vehy
wg UV/TiO: 343 UV/TiO/H0> 3RS u]

W EH UV/TiIOyH0: T4 AL TiO; wLwt
oRE ME MEGLE 22 5 dEd, o) wg

71

S A v A7
17101] H?OO i A3k AR Ao AAR A FUH
A2 E 9,
0 . \f<;g=4-'
0 20 40 60 80
Time (min)

Fig. 5. Effect of TiO; dosage on the decolorization of
RhB(UV/TIO: process).
@, Ti0: 0.3 g/l O, TiOz 04 g/L;
W Ti0: 05 g/L; v, TiO: 06 g/L

156
(a)

(b)

RhB concentration (mg/L)
(=]

4] 20 40 80 80

Time (min)

Fig. 6. Effect of H:O: and TiO. dosage on the de-
colorization of RhB(UV/TiO»/Hx0» process).
(a) Effect of H:02 dosage(Fe””, 0.05 mmol)
@®, H:0: 1.25 mmol; O, Hx0; 2.5 mmol;
V¥, H:0: 5 mmol; vV, H:02 10 mmol;
B H0: 20 mmol
(b) Effect of TiO» dosage(H>0», 2.5 mmol)
®, TiO: 0.2 g/L, O, Ti0; 0.3 g/L;
V. TiO; 04 g/L; v, TiO: 05 g/L



X

ZAL ;Ls}x] orm HE
mmol & -&)oll A A7kl
of YehNSitt Fig. 79A
Y H0p3F 83 Zee
ohuizl 808 A o=

515%< A 7<ﬂ71ga Hetigict, UV
L gEom Aas A

- [e]

Wag Bol AU

L= =1

Morju b wju

T
i

N

-%PN'PI-E@FJL

J

ot 4o 1

lo,
o,
o
P
~N
rE
oo
Y

A e
AAHE Ao
gl djFE<| RhB7
UV/TlOo 4‘245]_4
%‘f?}—é L}EHHO*
HAELo] =&
UV/Ti0~/H:0
Table 1¢°}
PAR-R PR
Atk Table 1
HoOo 9= F é
a37t 2A
dath 2] ¥ g 51
o H:OxE #7t
THRG b.82HH

e oo ol M XL rir

T
oy olo
B
R S K

8. ol
ol

.
a2
[¢]

£ P
T m N

X

o

i

it
R

ol B
"
0,

j=v]
v By

Fo=7) 2459, UV/TiO: &4
g UV/TiOy/Hz02 A2 UV/TIO:
Z7lete RO B eyt

RhB concentration (mg/L)

Time (min)

Fig. 7. Comparison of oxidation processes on the
decolorization of RhB.

@, UV: O, H0u(HCs 10 mmol);

V¥, UV/H0:(H20:10 mmol);

v Fenton(H:0: 10 mmol; Fe* 0.5 mmol);

B, Photo-fenton(H:O» 5 mmol, Fe*™ 0.05 mmol);
[, UV/TiO«A(Ti0z, 0.5 g/L);

@, UV/TiO/H:0(TiOy, 0.3 g/L; HaO: 2.5 mmob),

72

UV/TiOz 49 =3 27 BEEE O, F
of g 7t&H, HE A
WS4 E 2o Byl (08 o]F9 =Y
A wEA s
57_%

CE
s

P

FPH_\L—.~

Neamtu &
&9l Disperse Red 354%- A S o
£AE F-"g > 98 > UV/HO: =
239 31, Arslan '524)0 Rremazol Black B2} 1%
*Jﬂoﬂ’ﬁ A AAA digt 2] W&
717F 3-dE > A€ >> UV/Ti0; &1
IE vush 2 w A=AANA duyor
TiO, ¥R} #:Eo ]14' P-de FAHY MEAA

gol 5§ ¢ 7 Atk
g

=° e
5t2A el COD 5% 74 v

AaA AAHA £ UVe HOn

1740“*14 i "L@r"écﬂ] up 2

43t CODE

‘ﬁi‘i}e F1g 801] UrE}LHO“:} 2

F7HN71E 8RR 4

9} COD‘: AFGHA FAel 9

g uAs Folof Fop”.

A7y 0olA RhB 15 mg/L/1
/L2, RhB2 COD &
VNger F-99 = UV/

TiOy/H:0: > UV/Ti0: > #HE > UV/H.00.2 1}

El} RhBA Zagte 24 et CODe o

& z7] +Z Féte] Table 291 veR

Fel=3
Table 20142 %7] W& EyE

AL > UV/TiO¥H:0p > UV/H:0; =

E}‘/P 51; mo"lﬂ"ﬂ/‘i«] COD 5=®3

OH‘
_mo

1o 4
k-84 Tk

2
©

Lﬁoﬂ a3
HHs z 6&-‘4
AlZte] wHE ¥
239, 131
UV o} &utgolA=
S HERSAT 31244 3

dre UVe 08 A9 &
o] F0A) 7] ol =7

35 271

()
o
2

o rlo
hin
20 ¢
Mo

ro

>
R
_h

)
o

L

L

2

S0 ko ob o,
>
o

roh o Bl 2

rL
o,
=
&

N
|~

[

Pl
HT o o2 5L 10 ofr 4 sy rfr to

°%*;{Nrﬁmo%‘_‘llorii‘iolol‘lm—irﬁ
o

off

—r" i
B
}1] =

ko rir

i “H*"ﬂ t&° FAA

sl AR H AT

9,]

o
ol

N
-

N
—

‘3

o



2FAEEA % asHs Al v AT

Table 1. Initial rate constant with oxidation processes(RhB removal)

Oxdation process uv H:02 UV/HQ2 H & A-4¢ UV/TiO:  UV/TiO/H:0s
Initial rate 0.039 0.021 0219 0.244 0.599 0.083 0512

constant(1/min)

Table 2. Initial rate constant with oxidation processes(COD removal)

Oxdation process UV/H:0, He F-Ad UV/TiO, UV/TiOy/H20s
Initial rate 0023 0.055 0,059 0.021 0.030

constant(1/min)
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@, UV/H.0s O, Fenton; ¥, Photo-fenton;
v, UV/TiO»; W, UV/TiO/H.0.

[
k1
o T
A ole
~ AP
"om ¥
rlr

N

&

U
(b
B

=2
=
)
S
O

L
I X o
o

UEE

.

Vo £
Auj
307
S

ol
|
[E2)
i)

L g
I
.;J%FE:Q“%E
v By of oo o B

> UV/TiOz >



UV > H:0: & YElRtTh

ZF Aol 2 COD%
7} RhB/] COD 5% mﬁ\_T‘:‘ %—f’“%
H202 > UV/TlO?
RhB"H

D)
lo [uiiA

l\.'m
Q
T
o o
NB
Zi
ko
(o
L
;
Ao
_}‘,]_‘ _L4
o,
i
'®)
o
)]
N 1
N

[ rot i <
Ry
S

2)

3] A], 23(3), 396-406.

3) Olhs, S. F, E. Pelizzetti and N. Serpone, 1991,

Photocatalyzed destruction of water contam-

inants, Environ. Sci. Technol., 25, 1523-1529.

o]Fd, oldE, wFalS, el 1999, Fenton

A3HE o] &3 S f71E, ME AA

£4, gestA4 33, 21(5), 1013-1021.

Prairie, M. R., L. R. Evans, B. M. Strange and

S. L. Martinez, 1993, An investigation of TiO:z

photocatalysis for the treatment of water con-

taminated with matals and organic chemicals,

~ Environ. Sci. Technol., 27(9), 1776-1782.

6) Dillert, R., A. E. Cassano, R. Goslich and B.
Deflft, 1999, Large scale studies in solar cat-
alytic wastewater treatment, Catalysis Today,
54, 267-282.

7) Matthews, R. W., 1986, Photo-oxidation of or-
ganic material in aqueous suspensions of ti-
tanium dioxide, Wat. Res., 20(5), 569-578.

8) Fox, M. A. and M. T. Dulay, 1993, Hetero-
geneous photocatalysis, Chem. Rev., 93, 341-357.

(\{/l

9

74

A
=

9) Muruganandhaam, M. and M. Swaminathan,
2004, Solar photocatalytic degradation of a re-
active azo dye in TiOs-suspension, Sol. energy
Mater. Sol. Cells, 81, 439-457.

10) €320, 2005, Sl d s FE0) wE7](Rotating
Dick Photocatalytic Reactor)E ©]-&3F Rhodamine
Bel A AA, s EBAHEL A, 21(1), 46-51.

11) 3E, olghs, o]&<l, 2001, F&wjel F e
238 o] &8 6-Hydroxy-2-Isopropyl-4-

Methyl Pyrimidine 42 &30, Applied che-
mistry, 5(2), 272-275,

12) Piera, E., C. Calpa, E. Brillas, X. Domenech
and J. Peral, 2000, 24-Dichlorophenoxyacetic
acid degradation by catalyzed ozonation: TiOy/
UVA/O3 and Fe(2)/UVA/Os systems, Applied
Catalysis B: Environmental, 27, 169-177,

3) YR, AEFFYHRAE ZH o)X ! http:
//songsim.catholic.ac kr/™foonubar/sub/food/food4.
htm.

14) $FAFHL, FETEALLE AT A=
o)A : http//wwwk.dor 1gguk.ac.kr/ “kesg6203/
menud/Q £/(17127] 51)F A1 718 html.

15) APH-AWWA-WPCE: Standard Methods for
the Examination of Water and Wastewater,
18th Ed., APHA, Washington D.C., 1992,

16) 9%, &Y, 1991, Fenton's reagent—‘ 0]%
o G A, desdFersA, 13(2),
123-132.

17) A2A], o|7-&, 2relF, 1996, Fenton Ahsle] ¢
T dEHTY {718, A AA, dSdE T

- 3] FASeE RN S =53, 456-459.

18y 2949, 198, olAA -o]32, =AY, 2000,
Fenton % Photo-Fenton ~t3}&4-8 o] &3
A H e Ao #3 AT, T EH A
=], 26(4), 29- 37

19) o] =dj, m% ord, FA4s 1998, TiO: #
Zrjo] o8k QEE Az &8, gERETe

3] 4], 20(11), 1599-1610.
A4, 1998, d=shd -
3= -rhﬂ Photo-fenton-%+-§-9] 712 <,
8 A2 8H5] A, 20(10), 1385-1394.

21) Muruganandhaam, M. and M. Swaminathan,
2004, Decolourisation of Reactive Orange 4 by
fenton and photo-fenton oxidation technology,
Dyes and Pigments, 63, 315-321.

20)

22) ¢tzi3t A4, g4, 2004, Rhodamine B
0F B/A30) B4, fIBA TR, 2610),

1063-1069.



TFAsE A o

23) Neamtu, M., A. Yediler, I. Siminiceanu, M.
Macoveanu and A. Kettrup, 2004, Decoloriza-
tion of disperse red 354 azo dye in water by
several process—a comparative study, Dyes
and Pigments, 60, 61-684.

24) Arslan, I. and A. A. Balcioglu, 1999, De-
gradation of commercial reactive dyestuffs by
heterogenous and homogenous advanced oxi-
dation processes; a comparative study, Dyes
and Pigments, 43, 95-108.

20) Zejs], LW, BHAlE, AR,

= o
AEA, 54,

Kl

75

f84

& RIS AL vw AT

2005, TFAHTAL o]§F drAF A
7, A ers] A, 21(3), 267-273.

26) Kang, S. F., C. H. Liao and S. T. Po, 2000,
Decolorization of textile wastewater by photo—
fenton oxidation technology, Chemosphere, 41,
1287-129%4.

27) Kang, S. F.,, C. H. Liao and H. P. Hung, 1999,
Perooxidation treatment of dye manufacturing
wastewater in the presence of ultraviolet light

and ferrous ions, J. of Hazardous Materials,
B65, 317-333.



