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Abstract

In this study, 4-nonylphenol (4-NP), an endocrine disrupting chemical, was removed by ozone treatment processes

under the various experimental conditions including UV irradiation, TiO, addition. The ozone flow rate and
concentration were maintained at 1.0 L-min”’ and 70+5 mg- L. The pH, COD and TOC of the samples were
obtained every 10 minutes for 60 minutes in laboratory scale batch reactor. We found that the combination of UV

irradiation and TiO, addition for ozonation improves the removal efficiency of COD and TOC in 4-NP aqueous
solution. In case of the O3/UV/TiO, system, COD and TOC were greatly reduced to 85.3 ~94.0% and 89.2 ~
97.2%, respectively. 4-NP degradation rate constants, kcop and kroc, were calculated based on the COD and TOC

values. Significantly, kcop and kroc were improved in the O3;/UV/TiO, treatment process compared with single Os

process, because the oxidation and the mineralization of 4-NP were increased by generating of the hydroxyl
radical. The kcop and kroc were obtained to be 5.81 x 10~ 10.8 x 10™* sec” and 11.9 x 10*~19.4 x 10* sec” in
the Os/UV/TiO, process. Activation energy (E,) of ozone oxidation reaction based on kcop and kroc were increased
in order of O3/UV/TiO;, < O3/UV < 03/TiO, < Os process. It was confirmed that the addition of TiO, and UV
irradiation to the ozone oxidation reaction significantly reduced the E, value and the degradation of 4-NP.
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2. Materials and Methods

21 AlYH = 2 A

Aol AL&3 4-NP (99.0%, KANTO CHEMICAL Co.,
INC.)2 E&%F 22035 g'mol?, H]E 095, &4 -8~2°C,
HlE3 293 ~297°CRl FA9 o]l & AAo|th 4-NPY
BAF2E Fig. 19 el Atk TiO, (98.5%, Rhodia Co.)
+ anatase 2322 UAA7] 15~30 nm, HIEHZF 70
~90 m*g'Ql AFE TPt AMEATh

2 AP E 4-NP7F Bt &5 JAEERYD F
aEste] QLA wg A 05 gL' 4-NPE 4847
Wt ESAIZL F 12417 BAGS ARG EFEY
o] I (HYUNDAI Micro Co., Ltd. No.60, 110 mm)E A}

to B o

OH

CH3(CH2)7CH3

Fig. 1. Molecular structure of 4-nonylphenol.
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3. Results and Discussion
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Fig. 2. Schematic diagram of ozone reactor.
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Fig. 3. Variations of pH during the oxidation processes of
NP at 30°C.
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2&9 UV ¥ TIiO,E e AT Al&de] @5 0; A
Al2Ee] A9 Ho 4.NP7F §8F0F HifHes AL=E
et OyUV A Al&dHe AL 602 5 A £
COD ¥ TOC A|AE°] &5 0; A Al&"HETE COD
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Fig. 4. Variations of the (a) COD, (b) TOC during the oxidation processes of NP at 30 °C.
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AH&ETE TOC/COD HI&2 W4 #7189 S4 o
g2z gt ddE2EY d75 &3 CODY TOC
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g 259 FFes Lotry] fske 30°C, 40°C 1L
50°Ce] Y 27N FIF AFZAH} AR 479
COD AAEEAF9 TOC AAELEASTE Table 19 "}
Ehd whe} o] 2E7t FUMESE e &SRS &

Z¥E Wang 59 A7 A#e X FhWang et al,
2014). 30°C, 40°C 2|1 50°CoA T-¢+ Z4zte] wg&=
Arz3E 4 (8)o] Yebd Arrthenius #HA Aol wEh /T
of & Inkcop, Inkroctks EAISHA Fig. 89 YeER AT
TAR 2z Vg2 5E &4 AUX(E)E ALt
gom, ggs dgs(aH'), 245 dEZF(AST) Y
g438 AFAIR(AGHE T A (9), (10), (1) 93
o] A4stATh 4-NP AstRE] wEE9 =gl wE

VRS ST AL keop D krocoll 71ZEAM AXE E, aHF,

Table 1. kcop and kroc for the Oz, O3/UV, 03/TiO, and
05/UV/TiO, for degradation of NP at different

temperature

Processes | Temperature (°C) kcopx 10, sec | kroex10%, sec

30 1.06 0.28

(O} 40 233 1.45

50 5.27 2.30

30 437 109

0O;/UV 40 6.88 143

50 8.97 18.0

30 2.51 0.90

0,TiO, 40 3.53 1.73

50 541 2.53

30 5.81 11.9

O,/UV/TiO, 40 7.70 139

50 10.8 19.4

(b) a5
*0; 00s/uv
35T a0y/TiO; 0 0s/UV/TiO,

In[TOC/TOG,)

0 10 20 30 40 50 60 70

Time (min)

Fig. 7. The relationship between (a) /n(COD/CODy), (b) /n(TOC/TOCy) and time of NP at 30 °C.
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Fig. 8. Plots of (a) Inkcop and (b) Inkroc versus 1/T for the oxidation processes of NP.
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Ink = InA — T . ? (8)
AH* = Fu — R- T ©)
k- T ASH
mA =1+ In = + R (10)
AGT = AHY — T - AS? (1n

71X k= Boltzmann A47(1.380 x 102 J-K'), hi Plank
24(6.624 x 10** J-sec) 28] R (8.314 J'mol" K" 7]
AZTE Yebd
Table 201 WERd wkel Zo] 0y/UV, 0yTiO, 2 0y/UV/
TiO, Al&=HoA &5 0; A AlZ#"of &) vhgo m]X|
t 259 FFo] & AL=E YRtk ©E 05, 0yTiO,,
0;/UV, ¥ O5/UV/TIO, A" oA dojys vhe&s
A, kcop D krocol 71ZREA AAE EFHS ©E O,
03/TiO,, Oy/UV, Z Oy/UV/TIO;, Al2" &0z Zhaslg e
. 0y/UV/TiO;, AlZ"olA 25.04 kJ-mol”’, 20.01 kJ-mol’
#oz 71 UA detgth olet 2 AFAAE BE O;
A" Ti0, UV ZAh UV/TIO, A1&9 $£°2 -OH
gz Aol F7+ete 4-NP COD 2 TOC Al AHH-Sol
W3 E7F Gobd oz Qleta] whgy HEQ AGH 7} Yo}
AA wkgo] FstA PP S AE5TE F Ak TR kroc
o 7128 AH' e ©E 0, 0yTiO, O/UV, Z 05/UV/
TiO, Al&" o2 2 e YEAL, keopdll 7%
AHY S ©9E 05, 04/TiO,, O/UV/TIO, 2 0/UV Al
g £og %A Yehgth I8 I kel 712F ast e
E 03, OyTi0,, O/UV/TiO, @ Oy/UV Al2E o=
2 %S YT, keopdll 12T AST e 9= 0,
04/Ti0,, Oy/UV Oy/UV/TIO, A12H o2 dolxt} o]}
2o AFE OE 05 0yTiO, 05UV, 2 05/UV/TIO, Al
25g FA435t 4-NP7F 2l HE WSS ©E 0; A A
2" TIOE F7H A& A s Frshitgattes 4
& A AL, UVE F718 A2 s
Aghkg T £7)3hikgo] $A8A APHH, UV/TIO S
F7tt AlE2FAAE AshbgH Fr]SEkgo] FAlY &

ey

Table 2. Activation parameter for the Os;, O;/UV, 05/TiO,
and O3;/UV/TiO, for the oxidation of 4-NP

Process Parameter kcop _bases kroc bases
E, (kJ-mol™) 66.30 85.75
o AHF (kI'mol™) 63.70 83.15
ASY (eu) 0.11 -0.056
AGH (kImol™) 98.55 100.8
E, (kJ'mol™) 29.54 20.27
AH (kJ'mol™) 11.76 17.66
O/uv ASF (eu) 022 0.24
AGH (kJ'mol™) 96.10 93.89
E, (kJ-mol™) 31.17 42.17
. AHF (kJ'mol™) 28.55 39.57
OyTiO; AS (ew) 022 -0.19
AGH (kI'mol™) 97.42 99.58
E, (kJ'mol) 25.04 20.01
' AHY (kImol™) 22.44 17.41
O,/UVITIO; ASF (ew) 0.23 -0.20
AGH (kJ'mol™) 95.42 93.78
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4. Conclusion
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2) 2hghkgo] AP B¢ COD € TOCY AAELS
0, 04/Ti0,, 0;/UV, Oy/UV/TIO, HFA2E o7
7ttt 531 05/UV/TIO;, Al&® 9 A 4-NPY
COD % TOC A&o] 2x¥z 774 FHY 853~
94.0%, 892~972% FE7A A FAHUE Os
2 0yTi0, M| A& 4NPS &3] Al F7]ght
SET shukgo] A% Aoz Yegon, 0yUV
9 0y/UV/TIO;, Al&='¢] B9 4-NP 2 4-NPY §Hg
HEAEE0] &8 9 -OH FHUZ 53 BFFHo
2 ugste] Ashiks 9 Rr)shibgoe] BAld £
d Aoz Yeryith

3) 4-NP7} HaEo AMFHe A 12 EESEAT,
kcoo$t kroce ©F 0; AT UV &AF ¥ TiO &
F7te Al&" A Fvlste AR YEebgTh 59,
0y/UV/TiO, AIZ"AA keop$t kroce 24 5.81 x
104 ~10.8 x 10 sec”, 11.9 x 10 ~19.4 x 10 sec’ 8
AZA = O3 A A" H& keope HU
5484, kroce AT 4254 2 oz Yt

4) keop} krocoll 71237 L& HEHES el &3 oy x|
(E)E &= 05, 05/TiO,, 05UV, @ 0y/UV/TIO, Al
| oz 7HAET o8 Bl e&4shitse] uv
ZAL, 23 TiO S F7HE BS EFkol A #AaEH
o] 4.NPY B3/l ag&Fo= o]FAqR e AL <l
St Th
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