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Abstract : Ozonation was performed under various experimental conditions that Al,O; catalysts dosage and temperature for re-
moval of DMP in laboratory scale batch reactor. Flow rate of ozone 1.0 L min” and ozone concentration of 300+ 10 mg L' were
maintained constantly, and the pH, COD¢: and TOC was measured in 10 min intervals during the 60 min at oxidation processes.
As a result, the presence of the Al,Os than only ozonation increased the removal efficiency of both COD¢ and TOC in solution. The
pseudo first-order rate constants for the elimination of CODc, and TOC were 3.65 x 107 sec”, 2.52 x 10™ sec”’, and activation energy
was 0.75 kcal-mol” and 0.70 kcal-mol” at 20C, respectively.
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1. oxygen bottle
4. ozone analyzer
7. scrubber (2% KI solution)

Fig. 1. Schematic diagram of ozone reactor system.
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Table 1. Evolution of pH values during oxidation processes at

20C
Time (min)
Processes
10 20 30 40 50 60
Os 643 397 371 361 353 352 339
Os/AOs 745 618 542 491 453 435 423
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ALOs 9| 7Rl 2 A El= OH 9 F&FQ AR Alrd
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L 42302 03 9= Ak} uF-2o] 93t A (pH 3.39)2t}
=7 UE e, o= ALOs9| 7ol ot ehFa T} o
oz AtmEch
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Fig. 2. Variations of removal following oxidation processes by
AlbOs dosage at 20C,
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Fig. 3. Variations of (a) COD. and (b) TOC removal in the oxidation processes at 20C.
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HE-S-o] == 52 neov/Mroc WEHE Fig. 40f e
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Fig. 5. The relationship between (a) /7(COD/CODy), (b) /n(TOC/TOCy) and oxidation time of DMP at 20°C,
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2] (5)REE L3lo] Table 201] ety At AARE keop
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243} Qlgu|(AH”), SASRIERT(AST) U B4 &}
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AH” = Fa— R- T %)
k- T =

lnA:1+lnbh +A§ (8)
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Table 2. Rate constants A for the Os and O3/Al,0s3
Processes Temperature (C)

kooox10*sec”  kroox 10*sec™

20 1.300 0.367
O3 30 2017 0.483
40 2133 0517
20 3.650 2517
O3/AlO3 30 3.667 2.600
40 3.967 2717
oo, (a)
4 | M 0./ALO,
s | - e =

14K

2 | n\ﬂ\n

3.1 3.2 33 34 35

Temperature (T1X 103)

Table 3. Activation parameter for the Oz and Osz/AlOs

Processes Parameters Kcop bases ktoc bases
Ea (kcal-mol™) 455 315
AH” (kcal-mol™) 397 257

Os AS” (e-u) -0.063 -0.070

AG” (kcal-mol™) 2233 23,08
Ea (kcal-mol™) 075 0.70
AH” (kcal-mol™) 017 0.11

Og/Al203 B
AS” (e-u) -0.074 075
AG™ (kcal-mol™) 2177 2198

o] 7] A ky= Boltzman A4H(1.380x10™"° erg-deg’), A= Plank
AF42(6.624x1077 erg-sec) 1231 R(1.987 cal-mole™ - deg)-&
7|45 YeEbdch. DMPE] Abskis) vkg-=of theh &
Este] g vhe&Hr2iE EAuetuEE ALsH
Table 3| YEALE

Table 3o LR HEe} 2Fo] DMP7} 032] Whg-of| Al kcop
% krocoll 71284 A4LGE Ea 2he 27t 4.5 keal -mol
3.15 keal-mol 0] 3L Oy/ALOs AF3} ¥ES-o A Ea ko] 0.75
keal-mol”, 0.70 kcal-mol' 22 O; tH= &} WA vbeh
wth ol9} Z+e AT DMPOF 0,9 A vRS W T} ALO;
7} H71E w2 DMP 2 DMP E3) 7MY ET S71%h
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AR & 4= Ut
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Fig. 6. Plots of (a) /nkcop and (b) /nkioc versus 1/T for the oxidation processes of DMP,

Chater

oo

, 707

AIs8|x| | MI352 #1105 20134 102 ||



708 ,

J. Kor. Soc. Environ. Eng.

o - ES

Mol 44238} 03 (300+10 mg L) S 1.0 L min' & E3}x]
602 5ot 03 U 0i/ALO; A3} HHS-& 4343t Auj=
o

3 2

Ll 2L oo
&

1) 05 3! Os/ALO; 413} vh-g-o] X3l uta} DMP7}
Sl WEFE A A Fe AR A 5 A" A
o] oz pHOY| A 7ol UEktth

2) TYT Y 2114 ALOs9F DMP| F2he A
= 9L, 059} ALOs Ate] YR o) Atstele] ZataL

I

o H

g Ao FAS: -OH A4S FXAIA 0:/ALO;
AFeh Bhg-o 4 CODe: B TOCS] A Aol &A= &<l

},
3) DMP2} O3 T Aks) Hh-S-o 4] DMP2] E3f Hk-5-o]

Bl 52t CODAA ¥H-g-o] TOCHA ¥-g-Hot $-A
3k, 03/ALO; AFs} HE-g-o A= mcoo/Mroc kel 19 717F
+ #o® Yetd= Ao R FE -OHO| DMP £%}, DMP
o] Bl B FUA 5 vAEH o R FAte] COD ¥
TOCAA 935 £+ AL st

4) 20°Cof| A 9] COD. ¥ TOC =0 7]%3F DMPO] ¥
A B WeHEE 0y B Ake) £ 1.30x 10°
sec’, 0.37x10™ sec”, 05/ALO; AFs} B © 365x10"
sec’, 2.52x 107 sec’ 24 03 THE 24
o, keop E krocOll 71Z3t0] AAISE Ea 312 Os T 4t
3} Hh-go] 72 455 keal-mol”, 3.15 keal-mol”, 03/ALO;
Aks} ¥ke-o] A9 .75 keal-mol”, 0.70 kcal-mol' & ©
L Zke yERyiQlth 1283l CODAE 9 TOC A& &)1}

Aol AS™7} Ea gholl o 93& F= QS & & ok

=
£
ol
E
[
2
17
2

[

—_

Mo, C. H., Cai, Q. Y., Wu, Q. T,, Zeng, Q. Y. and Katsoyi-
annis, A., “Occurrence of organic contaminants in sewage
sludges from eleven wastewater treatment plants,” China,
Chemosphere, 68(9), 1751~1762(2007).

2. Roslev, P, Vorkamp, K., Aarup, J., Frederiksen, K. and Ni-

elsen, P. H., “Degradation of phthalate esters in an activa-
ted sludge wastewater treatment plant,” Water Res., 41(5),
969~976(2007).

3. Staples, C. A., Peterson, D. R., Parkerton, T. F. and Adams,
W. J., “The environmental fate of phthalate esters: a litera-
ture review,” Chemosphere, 35(4), 667~749(1997).

4. Bolte, M., Bajt, O. and Mailhot, G., “Degradation of dibutyl

10.

11.

12.

13.

14.

15.

16.

17.

18.

phthalate by homogeneous photocatalysis with Fe(IIl) in
aqueous solution,” Appl. Catal. B: Environ., 33(3), 239~248
(2001).

Chang, C. C., Chiu, C. Y., Chang, C. Y., Chang, C. F., Chen,
Y. H,, Ji, D. R,, Yu, Y. H. and Chiang, P. C., “Combined
photolysis and catalytic ozonation of dimethyl phthalate in
a high-gravity rotating packed bed,” J. Hazard. Mater., 161
(1), 287~293(2009).

Zhang, A. M., Dong, Y. M., He, K., Zhao, B., Yin, Y. and
Yin, L., “Catalytic ozonation of azo dye active brilliant red
X-3B in water with natural mineral brucite,” Catal. Commun.,
8(11), 1599~1603(2007).

Wu, C. H,, Kuo, C. Y. and Chang, C. L., “Decolorization
of C. I. Reactive Red 2 by catalytic ozonation processes,” J.
Hazard. Mater., 153(3), 1052~1058(2007).

Moussavi, G., and Mahmoudi, M., “Degradation and bio-
degradability improvement of the reactive red 198 azo dye
using catalytic ozonation with MgO nanocrystals,” Chem.
Engineering J., 152(1), 1~7(2009).

Li, L. S, Li, X. K., Zhang, Q. Y., Tang, L. L., Lu, P. and
Sun, F. Q., “Catalytic ozonation of p-chlorobenzoic acid by
activated carbon and nickel supported activated carbon pre-
pared from petroleum coke,” J. Hazard. Mater., 163(1), 115~
120(2009).

Nawrocki, J., Kasprzyk-Hordern, B. and Ziolek, M., “c,”
Appl. Catal. B: Environ., 46(4), 639~669(2003).

Li, L. S., Jing, Y., Zhang, Q. Y., Lu, P, Liu, P. H. and Li,
X. H., “Photocatalytic ozonation of dimethyl phthalate with
TiO, prepared by a hydrothermal method,” J. Hazard. Ma-
ter., 189(1-2), 40~47(2011).

Wang, J. B., Zhou, Y. R., Zhu, W. P. and He, X. W., “Ca-
talytic ozonation of dimethyl phthalate and chlorination di-
sinfection by product precursors over Ru/AC,” J. Hazard.
Mater., 166(1), 502~507(2009).

Gao, N. Y., Xu, B., Cheng, H. F,, Xia, S. J,, Rui, M. and
Zhao, D. D., “Oxidative degradation of dimethyl phthalate
(DMP) by UV/H,0, process,” J. Hazard. Mater., 162(2-3),
954~959(2009).

Li, L. S., Huang, R. H., Yan, H. H., Deng, D. Y., Shu, Y. H.
and Zhang, Q. Y., “Catalytic activity of Fe/SBA-15 for ozo-
nation of dimethyl phthalate in aqueous solution,” Appl. Ca-
tal. B: Environ., 106, 264~271(2011).

Zhou, Y. R., Zhu, W. P, Liu, F. D., Wang, J. B. and Yang,
S. X., “Catalytic activity of Ru/Al,O; for ozonation of dime-
thyl phthalate in aqueous solution,” Chem., 66(1-2), 145~150
(2007).

Tong, S. P, Shi, R., Zhang, H. and Ma, C. A., “Kinetics of
Fe;04-CoO/AlLOs catalytic ozonation of the herbicide 2-(2,
4-dichlorophenoxy) propionic acid,” J. Hazard. Mater., 185
(1), 162~167(2011).

Emst, M., Lurot, F. and Schrotter, J. C., “Catalytic ozona-
tion of refractory organic model compounds in aqueous so-
lution by aluminum oxide,” Appl. Catal. B: Environ., 47(1),
15~25(2004).

Eckenfelder, W. W., Industrial Water Pollution Control, Mc-

Journal of KSEE | Vol.35, No.10 | October, 2013



J. Kor. Soc. Environ. Eng. , 709

Dimethyl Phthalate@| 2Z&AMs| HE20]| 2+st o472

19.

20.

21.

22.

23.

Graw-Hill, New York, pp. 302~306(1989).

Chen, Y. H., Shang, N. C. and Hsieh, D. C., “Decomposi-
tion of dimethyl phthalate in an aqueous solution by ozona-
tion with high silica zeolites and UV radiation,” J. Hazard.
Mater., 157(2-3), 260~268(2008)

Chen, Y. H. Hsieh, D. C. and Shang, N. C., “Efficient mi-
neralization of dimethyl phthalate by catalytic ozonation us-
ing TiO./ALLOs catalyst,” J. Hazard. Mater., 192(3), 1017~
1025(2011).

Balcioglu, I. A. and Arslan, L., “Application of photocatalytic
oxidation treatment to pretreated and raw effluents from the
Kraft bleaching process and textile industry,” Environ. Pol-
lut., 103(2-3), 261~268(1998).

Zhu, S. Y., Zheng, X. S., Li, D. T. and Cai, W. M., “Ozona-
tion of naphthalene sulfonic acids in aqueous solution: Part
II Relationships of COD, TOC removal and frontier obial
energeies,” Water Res., 37(5), 1185~1191(2003).

Lee, C. G. and Kim, M. C., “A study of ozonation charac-
teristics of Bis(2-chloroethyl) Ether,” J. Kor. Ind. Eng. Chem.,
21(6), 610~615(2010).

saH

OH

st8|x|| H|352 10520134 102 |



