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SUMMARY

I. Project Title

A Study on the Photo-Catalytic Decomposition Reactions of
Organics Dissolved in Water

II. Objective and Importance of the Project

In the primary and secondary water chemistry systems at the nuclear
power plants, corrosion of system materials has been minimized mainly by
maintaining pH within a certain range required during reactor operation.
Water used in the system is usually produced by using a purification process
consisting of filtration, adsorption, ion-exchange, de-gassing and so on in the
domestic nuclear power plants. But, a trace amount of organic impurities are
still remained in th¢ water, These could be decomposed into formic acid,
acetic acid, propionic acid or glycolic acid under the circumstances of high
temperature and radiation exposure in the water chemistry system. They
could have influence on pH, conductivity or impurity concentration in the
svstem water, and finally cause the system materials to be corroded.
Therefore, the organic impurities should be removed during the source water
purification stage.

On one hand, photocatalytic reactions could decompose a - variety of
agueous organic compounds finally into COz and H20, by using the chemically
reductive and oxidative forces generated on the photocatalyst surfaces due to
photo-excitation. Thus, these reactions could be applied to an available
technology for removal of 'organic impurities without any secondary waste
production or any environmental decontamination.

In this study, characteristics of photocatalytic decomposition of four
structurally different nitrogen-containing or twelve aromatic organic
compounds including aromatic organic compounds were investigated.

On the other hand, EDTA has a relatively complex structure compared to
the other nitrogen—containing organic compounds. While, widely used as a
chelating agent for removal of various metals in the industries, it has been

especially used in order to chemically clean the secondary water system at
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the domestic nuclear power plants. After chemical cleaning EDTA has been
converted into a liqguid waste mainly containing ions such as copper or iron
ions. The metal ion-containing EDTAs should be decomposed previous to
disposal to the environment.

In this study, TiO2 photocatalytic experiments were also carried out with
aqueous EDTA, EDTA-Cu(ll) and EDTA-Fe(Iil) systems.

II1. Scope and Contents of Project

The characteristics of photocatalytic decomposition of ethylamine,
phenylhydrazine, pyridine, urea and EDTA were investigated experimentally.
The distribution of agueous ionic and neutral species including atomic charges
of neutral molecules were calculated, and the TiO: photocatalytic
characteristics and its dependence on nitrogen-atomic charge was estimated
based on the previous experimental results of changes of pH .and total
organic carbon content with reaction time.

Experiments of TiQOz photocatalytic decomposition of EDTA, EDTA-Cu(ll)
and EDTA-Fe(Ill) complex systems were carried out, the effects of aqueous
pHs, their concentrations and oXygen content on their photocatalytic
characteristics were estimated, and better decomposition conditions were
obtained.

The characteristics of photocatalytic decomposition of phenol, catechol,
resorcinol, hydroquinone, p-nitrophenol, o-cresol, benzaldehyde, benzoic acid,
o-nitrobenzoic acid, benzenesulfonic acid, aniline and o-phenylenediamine were

studied under the conditions as the above.

IV. Results and Proposal for Applications

In this study, in order to investigate the effects of dissolved organic
acids on pH in an aqueous solution, the thermodynamic equilibrium between
carbonic acid, carbonate, bicarbonate and carbon dioxide was calculated.

- With only extremely small quantities of organic acids, the
conductivities of the aqueous solution was shown to be decreased, while the
pH increased. The calculated values of conductivities well agreed with the
measured values obtained from photocatalytic oxidation of salicylic acid.

- This meant that photocatalytic reaction would be available for indirect
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measurement of thermodynamic equilibrium of dissolved oxidative organics in
an aqueous solution.

- On the other hand, the experimental result of photocatalytic reactions
of dissolved nitrogen containing organics such as the amines selected above
showed that it would also be an available process for decomposition of
dissolved organics.

The characteristics of aqueous TiOz photocatalytic decomposition of
organic compounds and nitrogen—-atomic charge dependence were investigated.

- It was shown that the characteristics of TiO2 photocatalytic
decomposition of the nitrogen-containing organic compounds such as
phenylhydrazine, pyridine, EDTA(ethylenediaminetetraacetic acid), ethylamine,
urea depended on the nitrogen-atomic charge.

- The carbon contents of the nitrogen-containing organic compounds was
fixed to be identical one another.

- Each organic compound containing 40 ppm of carbon content in the
solution with air bubbling was mixed with 20 g/¢ TiO; semiconductor
particle for 60 minutes, and then irradiated by UV light (major emission at
365 nm) for 180 minutes. Each solution pH and total organic carbon content
were changed with reaction time, and the compounds were classified into
three groups : (O a group almost completely decomposed (phenylhydrazine,
pyridine) ; @ a group partly decomposed (EDTA, ethylamine) ; @ a group
almost not decomposed (urea).

- The photocatalytic decomposition characteristics of all nitrogen—
containing compounds were shown to be mainly dependent on the adsorption
tendency of the organic substrate on the surface of TiO: catalyst, of which
the surface charge is pH-dependent.

- The dependence of the photocatalytic characteristics of the compounds
on the nitrogen-atomic charge yielded the rate expression akin to the
Langmuir-Hinshelwood model.

- The method wherein the carbon concentrations of the samples are
identical will be quite available for estimation of the photocatalytic
characteristics of carbon containing organic compounds.

This study also investigated the availability of TiQOz photo-catalysis for
the aqueous-phase oxidation of Free-EDTA, Cu(Il)-EDTA, and Fe(Il)-
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EDTA system.

- This study proves the availability of TiO2 photo-catalysis for the
aqueous phase oxidation of Free-EDTA, Cu(II)-EDTA, and Fe(I)-EDTA.

- In all three aqueous EDTA systems, when TiO; loading weight was
2.0 g/4, EDTA concentration, TOC, and copper or iron concentration after
photo-irradiation showed the maximum decrease, and all the experiments
were conducted with this catalyst concentration.

- The tendency of EDTA adsorption onto the catalyst surface was
affected by the TiO: surface charge.

- The oxidation rate of EDTA by photo-catalysis was shown to depend
upon the tendency of EDTA adsorption before photo-irradiation.

- The pH. range of maximum EDTA decrease was pH 2.5~3.0, in all
three aqueous EDTA systems.

- The oxygen has a profound effect on the. rate of photocatalyzed
degradation of EDTA, and this effect about the photocatalyzed degradation of
EDTA was smaller than that of the metals.

The characteristics of photocatalytic decomposition of phenol, catechol,
resorcinol, hydroquinone, p-nitrophenol, o-cresol, benzaldehyde, benzoic acid,
o-nitrobenzoic acid, benzenesulfonic acid, aniline and o-phenylenediamine were
studied under the conditions as the above.

- Approximately 50%~90% of each aromatic compound was decomposed
within 120 minutes.

- Those containing hydroxyl group, nitro group, or amine and
carboxylate showed that their photocatalytic decompositions were almost
inversely proportional to their negative atomic charge.

- While, those containing -CHO, -COOH, -SOsH X+ -NH: were
exponentially inverse.

- It was a special phenomenon that the dependence of photocatalysis of
these aromatic compounds on their negative atomic charges showed different
from that of nitrogen-containing ones.

In conclusion, it was shown that aqueous TiO2 photocatalytic
decomposition of nitrogen-containing or aromatic organic compounds and
EDTA-metal systems can be estimated with TiO2 surface charge and

nitrogen-atomic charge, and expressed akin to the Langmuir-Hinshelwood
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model.

Such characteristic results and decomposition conditioris could be applied
to construction of a process for removal of organic impurities dissolved in a
source of system water or for treatment of EDTA-containing liquid waste

produced by a chemical cleaning in the domestic NPPs.
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F71ggES TEA FoAA BT vFgIIEH
zQ5t, A(E 122 ASF B9 BHg A o]l HFT B
HAEZ oAt AE st B Z A 3= total dissolved
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SIC] = [COy(aq)] + [HCO;] + [CO37] (1-7)

o] & 4| 71 (ionic strength)e] F&FE 1#HTY & FFE A S (molal ionic activity
coefficient)& AAFsH7] A3 &F=AF(r)7t oAV T2 YEldE &
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Table 2.1.1

Equilibrium properties for carbonic acid system.

Reactions

Equilibrium properties

COxg) = COulaq)

4 GO 29g= 2003 cal mol .

A SO 29g= ~23.0 cal mol™! deg.”!

Cy = 36 cal mol” deg.’

COs{aq) + OH

= HCO:{ ’

A GO 298= 10,406 cal mol !,

ASO 208 = ~372 cal mol! deg.™

G = 195 cal mol™ deg."

HCOs + OH = COs? + HO

4 GO 298= 5000 cal mol”'

ASO 298= ~16.15 cal mol! deg.!,

4C, = -21.0 cal mol' deg."

Table 2.1.2  Limiting ionic conductance of the ions (Siemens - cn - eq 1)
Temperature
()
Ion
0 18 2 100 200 300
H 225 315 349.8 634 824 804
OH 105 171 198.3 447 701 821
HCO: 24 439 515 156 306 460
carbonic acide]7] W&o 4(13)3 Zo] ZE7] BujATE Helstod & + 2
=
D ( Molarity of CO2) g phase (1-13)

app. Z (Molarity of Carbon Species) aqueous phase



Carbonic acid®} #uiAlsE dFoM SAZ F e @4 HFE
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(Liquid Film)ell A carbonic acidell 9}t 253 pH A2 a3 & 7142715 3o}

u. Salicylic acid €< W carbonic acid®] H¥ 54

Salicylic acid &< oA carbonic acidel HBEAJo] =& pHel

o) xje Gkl dis) A¥s dades OSsF 2ok
Salicylic acid (2-hydroxybenzoic acid, M.W. 138.12) X2 o] & oA Ea=
F71E9 HAEEE AWdc ABLAELS FUSAT. UV dde] s
F718 Atsukg A A= Millipore®] Al0 TOC(total organic carbon content)
EYUHE A&t Fig. 2113 22 AAA 185/254 nme] UV7} titanium
dioxideoll Al ojRo2 IFHH MA(quartz)F LTFANA  A-F
=& (ultrapure water)ol] A-sE9 ZogAS FUstd TOCY =H

7ol 327 JEE A2 MAEES} SRHAY,

R

N

.
S

Conductivity Meter
Titanium
Electrode
Solenoid
Valve —~ ] L
W aterout
Thermistor P
W ater [n i
Quartz Cell 185/254 nm
0.5 mL UV Lamp

Fig. 2.1.1 Schematic diagram of photo-oxidation cell with UV

lamp
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Table 2.1.3  Equilibrium concentrations (molal) of dissolved carbon species

as a function of CQ; partial pressure at 25 T.

Pooy (D) COiaq} W HCOy" OM- cos- fomic pH Conductivity | Total
strength (uS/cm}) carbon
species
tppm)

[ 110E-07 | 374E-09 TO5E-07 1 46E08 S16E08 B1BE-12 1.08E07 €97 S61E.02 TOSE-03
1 20E-07 2 08E-09 1 07E-07 1 S3E-CB 9 10E-09 6.66E-12 107607 697 5 62E-02 1.14E03
1 30E-07 4 42609 1 08E-07 1 70609 905E-68 7 13E12 1.088-07 697 §.64E.02 123803
1 40E-07 4 76E-09 1 08E-07 182623 2.99E-C8 7 SBE-12 1.08E 07 697 5.66E-02 1.32E-03
1 SOE-O7 5 10E-09 1G9EO? 194EL3 894E-08 8.03E-12 10007 5% 5.68E-02 141E.03
1 70E-67 5 78E-09 V207 217622 864E-08 B.89E-12 110607 696 5.71€.02 1.58E-03
2 00E-C7 5 BCE.09 1 12E-07 251E<2 869E-33 1.01E-11 112607 595 5 T7E-02 1.83€.03
2 10E07 ¥ 14E.09 1 13E-07 252E<3 864€.28 1.05€-11 113E07 595 5.79E-02 1.91E-03
2 20E-07 T 18E-09 1 13607 2 73EC8 8 SDE-08 1.09E-11 113607 695 5 BOE-02 2 00E-03
2 SOE-07 8 50809 15607 305ECB 8.45€-08 120E-11 115607 694 §.86€-02 2.24€-03
3.00E-07 1 02E-08 1 18E-07 1.57E-C8 8 24E-08 1 36E-11 1.18€-07 693 5.95€-02 2.63E-03
3 50€-07 1+ 19€-08 1 21E-07 407E-08 5.04E-08 1.51E-11 1.21E07 692 6.04E.02 3.00E-03
4. 00E-07 1.36E-08 % 24E-07 4.54E-08 7.85E-08 165E-11 124607 691 6.126.02 337603
5 00E-07 1.70€-08 129€E-07 543E-08 7.51E-08 1,89€-11 1.29607 689 6 30E-02 4.06E-03
6 00E-07 2 04E-08 1 35E.07 6.26E-08 7 22E-08 209E-11 135607 687 6.47E-02 4.72E-03
7 0OE-07 238E-08 1 40E-07 7 O4E-08 6.95E-08 2.27E-11 1.406-07 685 6.64E02 5.34€-03
8.00E-07 272E-08 145E-07 7I7E:08 6 71E-08 2.42E-11 1.45E07 684 6.80E-02 5.94E-03
9 0OE-07 3 06E-08 1 50E-07 8 46E.08 6 50€-08 2.55E-11 1.506-07 682 6.96E.02 6.51E-03
1 00E-05 3 40E-08 1S4E-07 912608 531E-08 2.66E-11 154E07 661 7.12E-02 7.06€-03
1 10E-05 374E-08 1 S9E-07 9.74E-08 6.13E-08 27761 1.59E-07 68 7.27€02 7.59E-03
1 20E-05 4 08E-08 163€-07 1 03E-07 5.96E-08 2.86E-1% 1.63E-07 679 7.42E.02 8.11E-03
130606 442608 187607 109€-07 $.81E-08 2 4E-1) 1.67E-07 678 7 STE-02 8.61E-03
1 40E-06 476E08 172E-07 1 15€-07 $.67E-08 3.02E-11 172607 677 7.726-02 9 10E-03
1 50E-06 5 10E-08 176€-07 120607 5.54€£-00 3.08€-11 1 76E-07 676 7.86E-02 9 S7E-03
4 70E-06 5 78E-08 183E-07 1 30€-07 5.30E-08 3.20€-11 183E07 674 8.14E.02 1.05€-02
2 Q0E-06 6 BOE-08 1 95E-07 143607 5.00€-08 335€-11 1.95E-07 671 B8.54E-02 1 18E-02
2 10E-06 7 14E-08 1.90E-07 149€-07 4.91E-08 3.39€-11 1.98E-07 6.7 8.67E-02 1.22E-02
2 20E-06 7.48€-08 202E-07 1.53E-07 4.82E-08 343E-11 202607 67 8.80E-02 1.27€-02
2 S0E-06 8 50E-08 2 12E-07 1.66E-07 < 59E.08 3.53E-11 2.12E-07 667 9.18E-02 1.39€-02
3 00E-06 1.02€-07 2 28E-07 1.85€-07 427608 3.66€-11 2.28E-07 6.64 9.77E-02 1.58€-02




Table 2.1.4  Equilibrium concentrations (molal) of dissolved carbon species

as a function of CQ: partial pressure at 25 C (continued).

Pcea (Dar.) CO;{aq) H* HCO,~ OH=~ COy*- lonic pH Conductivity | Totar
strength {1Stem) carbon
spocies
{ppm)

3.50E-06 1 1907 2.43E-07 2.Q3E-07 4.01E-08 376E-11 242E07 581 1.03E-01 1.76E-02
4.00€-06 1 36E-07 2.57E07 2.19E-07 JTE08 3 B4E-N 2.57E-07 6.59 1.09E-01 1.93E-02
5.00E-06 170€-07 2.83E.07 2.49E-07 3 44E-08 I HBE-11 2.83E-07 6.55 1.19E-01 2 26€-02
6.00E-06 2.04E-07 3.07E-07 2.75E07 J17E08 4 24E-11 3.Q7E-07 6.51 1.28E-01 2 58€-02
7.00E-06 2.38E-07 3.28E-07 2.99E-07 2.96E-08 4 *CE-11 J29E-07 6.48 1.36E-01 2 87E-02
4 00E-05 2 T2E-07 3.50E-07 3.22E-07 2.78E.08 45611 J.50E-07 8.46 1.44E.0% 3 16E-02
9 0CE-05 7 06E-07 3.69E-07 J.43E07 264E-08 4 *3E-11 369E07 6.43 1.52E-01 I 44E-02
1 OQE-05 * 40E-Q7 3.88E07 3,63E-07 251E08 422611 3 88E-07 6.41 1.59E-01 I71E-02
1 10E-05 1 CAE-Q7 4.06E-07 3,826-07 240608 4 Z4E-1% 4.06E-07 6.39 1.66E-01 397E-02
1.2QE-0% 4 0BE-07 4.23E-07 4.00E-07 2.30E-08 426E-1Y 4. 20E07 837 1.73E-01 4 23E-02
1.30E-05 4 42E.07 4.3SE-07 417E-07 222E-08 428E-11 4239€-07 6.36 1.79E.01 4 45E-02
1 40€-05 476E-07 4.55E-07 4.33E-07 2.14E-08 430E-11 4.55E-07 6.34 1.86E-01 4 T4E-02
1.50E-05 5 10E-0? 4.70E07 4.49E-07 207E08 42E-1 4.7QE-07 633 1.92E-01 4,98E-02
1.70E-05 5.78E-07 4.99E07 4.79E07 1.956-08 4 HE-1 4.99E07 6.3 2.03E-01 5.47E-02
2.00E-05 8 BOE-O7 5.40E-07 522607 1.80E-08 436E-11 5.40E-07 6§27 2.19E-01 6 17E-02
2 10E-05 7T.14€-07 5.53E-07 5.35E-07 176E-08 4I7E-11 5.53E-07 6.26 2.24E-01 6 41E-02
20EL0S 7.48E-07 565E-07 $.48€-07 172608 4.38E11 $.65€-07 6.25 2.298-01 6 63E-02
2.50E-05 8.50€-07 6.01E-07 5.85€-07 1.62E-08 439E-13 B.01EQ7 6.22 2.44E-01 7.31E-02
J.00E-05 1.02E-06 6.57E-07 B.42E-07 1.48E-08 4 ¢1E-13 6,57E-07 6.18 2.66E-0% 8 41E.D2
3 50E-05 1.19E-06 7.09€-07 B.95E-07 137E08 44JE1t 7.09E-07 6.15 2.85E-01 9.4BE-02
4 OCE-05 1.36E-08 75707 7.44E-07 129E08 4 22E-18 2.57E-07 8.12 3.08E-01 1 0SE-01
5.00E-05 1.70E-08 B45E-07 8.23E-07 115E-08 4 3611 B.45E-07 6.07 3.41E-01 1 26E-01
6.00E-05 2.04E-06 9 25€E-07 9.14E-07 105E-08 447€-11 9.25€-07 6.03 373E-01 1.46E-01
7.00E-05 2 3BE-06 9 9BE-07 9.88E-07 9.76E09 4 47E-11 9.96E-07 6 4.02€-01 165E-01
8 00E-05 272E-06 1.07E-08 1.06E08 9.14E-09 4 48E-11 1.07E-08 5.97 4.29E-01 184E-01
9 00E-05 3 06E-06 1.43E-06 1.92E-06 8 62E-09 4 £3E-11 1.13E-06 595 4.55E-01 2 03E-01
1 00E-04 3 0E-06 1.39E-06 1.3BE-05 8 1BE-09 4 29E-33 1.19E-06 S92 4.79E-01 2 22E-01
110E04 3 74E-06 1.25€-08 1.24E:08 7.806-0% 445611 1.25E-06 59 $.02E-01 2.40E-0t
1 20E-04 4.08E-06 1.30E-08 1.30E-08 7.47E-09 450E-11 1.30E-08 5.88 5.24E-01 2.59E-01
130E-04 4.42E-06 1.36E-06 1.35E-08 7.18E-09 4.50E-11 1.36E-06 587 5.46E-01 2.77€-0t
1 40E-04 4.76E-06 1.41E-06 1.40E-08 6.92E-09 4.50E-11 1.41E-06 585 5.66E-01 2.95E-01
3.50E04 5.30E-06 1. AGE-08 1.45E-06 8.69E-09 4.50E-1% 1.48E-06 584 S.86E-01 IJ13E-01
170804 5.78E-06 1.55E-06 1.54E-06 5.28E09 451E-11 1.55E-08 581 6.23E-01 J.49E-01
2.00E-04 5.00E06 1.68E-06 1.68E-06 5.80E-09 4.51E-11 1.68E-08 577 6.76E-01 4.Q2E-01
210E04 . | T4E-06 1.72E-06 1.72E06 5.66E09 451E-1n 1.72E-06 576 6.92E-01 4 19€-01
220E-04 7.48E-06 1.76E-08 1.76E.08 5.53E09 4.51E-11 1.76E-08 575 7.09E-01 4 26E-01
2.50E04 8.50€-08 1.88E-06 1.87E-08 5.19E-09 431E-11 1.88E-06 573 7.55E-01 4 BEE-01
300E-04 - | 1.02E-05 2.05E-08 2.05£-06 474E09 452E-%1 2.06E-06 569 8.27E-01 574E-00
ASOEO4 1.49€-05 222€-06 2.22E06 439609 45261 222608 565 4.93E-01 6.59€-01
4 00E-04 3 36E-05 2.38E-06 237E06 4.106-09 4.52E-11 2,38E-08 562 9.54€-01 7.43E-01
5 00E-04 4 70€-05 2.66E-08 265E-06 A6TE0S 453E-11 2.66E-06 5.58 1.07E+00 9.10E-01
6 DOE-04 2 04E-05 2.91E-06 2.91E06 335609 4.5E-11 2.9E06 554 1.17E+00 1.08E+00
7 00E-D4 2 38E-05 3.14E-08 3.14E08 3.10E-09 4.80E-11 J.14E-06 EX3 1.26E+00 1 24E+00
8 00E-04 2.72E-05 2.36E-08 3.36E-06 2 90E-09 4.53E-14 JI6E-06 547 1.35E+00 1.40E+00
9.00€-04 3.08E-05 A.57€08 3.56E-06 2.74E-09 4.53E-11 3S7E-06 5.45 1.43E+00 1.56E+00
1.00E-03 3.40E-05 3.76E-08 3.76E-06 2.60€-09 4 534E-13 A.76E-06 543 1.51E+00 1.73E+00
1 10E-03 37405 J.G4E-08 J.94E-08 2.48E09 4 52E-1% AME06 54 1.58E+00 1.89€+00
1.20E-03 4 0QE-05 4.12E-08 4.11E06 27E09 4.52E-11 412606 539 1.65E+00 2.05E+00
130603 4 42E-05 4.29E-06 4.28E-06 2.28E-02 4 54E-11 4.29€-06 537 1.72E+00 2.21E+00
1 40E-03 4 76E-05 4.45E-08 4 A4E0B 220609 454E18 4.45€00 535 1.76E400 2.237€+00
1 50€-03 5.10E-05 4.60E-08 4.60E-08 2126092 4.54E-11 4.60£-08 5.34 1.85E+00 2.53E+00
t 70E-03 5,70€-05 4,90E-06 4 90E-06 1.99E-09 4 54E-1% 4,90E-06 5.3t 197E+00 2.84E+00
2.00E-03 6.80€-05 5.32E-06 5.NE06 1.84E-09 454E-11 5.32E-06 527 2.13E+00 3.32E+00
2 10€-03 7.14E-05 5.45E-06 5.45€-06 1.79E-09 4.35E-11 5.45€-06 5.26 2.19E+00 3 4BE 00

A A st BE ©4 3stFol] g 7|4 olibsigkAd] EulE Ao
fle dry] EulAdgod dgd 2xo|EA A TOC wxd sl 4rdct Fig.
2140018 Zo], ¥& xe TOCZ7k 23lE e I2YFE @& 2uldsE
Bolthrt & ¥x9 TOCHAME 2T &AM =

12

o
Adwz o] He F/EA7YG 2L 2L olFH IFFAA &E FUIETE

—
ols] A3 AAE carbonic acid’t 714 2202 28 stsAdol &7 YR =
B Ax%E Z7F 2 pH Z4AE FL8td AET FAEAS 288 9ol

2 % gtk
Fig. 2155 25 C9 7

20 A3t B " salicylic acid®) HAEE e AA
2 v wst Az A dluy

AAFE RAEY. ot 714 mojgole)



Table 2.15  Equilibrium concentrations {(molal) of

as a function of CO2 partial pressure

dissolved carbon species

at 25 C (continued)

Peen {bar ) COy {aq.) W HCO;~ QH- 2057 tonic oH Conductivity | Tolal
strangth {nSfemy carbon
species
(ppm)

2.20E-03 7 48E-05 5.58E-06 5.57E-06 1 75E-09 5 SBE-06 525 224E+00. | 3.63E+00
2.50E-03 8.50E-05 5.94E-06 5.94E-08 164E-09 5.94E-06 5.23 2 39E+00 4.10E+00
3 00E-03 1.02E-04 6.51E-05 6.51E-06 150E-09 6 S1E-06 519 261E+00 4.89E +00
3 50E-03 119604 7.03E-05 7.03E-0€ 135E-09 7 C3E-06 515 2,82E+00 S67E+00
4 00E-03 1.36E-04 7.52E-C6 7 52606 1 30E-09 7 S2E-06 $12 3 02E+00 6.44E+00
5 00E-03 1 70E-04 8.41ELS 8 41E-06 1 16E-09 84IE-06 508 3 3BE+00 8.00E+00
6 00E-03 2.04E-04 9.21E-C6 8.21E-06 * 06E-09 S 21E-06 504 3 70E+00 9.54E+00
7 00E-03 2 3BE-04 9.95€-26 9 95€-06 $94E-10 9.95E-06 5 3.99E+00 1.11E+0}
8 00E-03 >72E-04 106E-05 1 DGE-0S 3 20E-10 1 06€-05 a97 4.27€+00 1 26E+01
9.00E-03 3 06E-04 1.13E-C5 1 13E-0S BGOE-10 1 13E-05 495 4 53E+00 1.42E+01
1.00E-02 3 40E-04 1.19E-05 11908 8 23E-10 1.19€-05 4.92 4 76E+00 1.57E+01
110€-02 3.74E-04 1.25€-05 1.25€-05 7 85E-10 1.25€-0§ 49 5.01E+00 1.72E+01
120E-02 4.08E-04 1.30E-05 1.30E-05 7 52E-10 1.30E-0§ 489 5.23E+00 1.88E+01
130E02 £ 42E-D4 1.36E-05 1.36E05 7 22E-10 1.36E-05 487 5.456+00 2.03E+01
1.40E-02 4.76E-04 1.41E-05 1.41E-05 5 96E-10 1.41E-05 485 5.65E+00 2.1BE+01
150E-02 5.10€-04 1.46E.05 1.45E-05 572E-10 1 46E-05 484 5.85E+00 2.33E+01
170£-02 5.78E-04 1.55E-05 1.55E-05 5 32E-10 1.55E-05 4.8% 6.23E+00 2.64E+01
2.00€-02 6.80E-04 1.68E-05 1.68E05 5 83E-10 1 68E-05 417 6.76E+00 3.10E+01
2.10E-02 7 14E-04 1.73E-05 1.73E-05 $69E-10 & 33E-11 173E-05 478 6.938+00 3.25E+01
2.20E-02 7 48E-04 1.77E-05 1.77E-05 5 55E-10 E-t1 1.77E-0§ 475 7.09E+00 3.40E+01
2.50E-02 8 50E-04 1.88E-05 1.88€-05 521E-10 E-11 1 BBE-05 472 7.56E+00 3.86E+01
3.00E-02 102€-03 2.06E-05 2.06E-05 4.76E-10 E-11 2 0BE-05 469 B 28E+00 4.62E+01
3 50E-02 1 19E-03 2.23E-05 2.23E-05 4 41E-10 E-11 2 23E-05 465 8.95E+00 5.37E+01
4.00E-02 1 36€-03 2.38E.05 23BE-05 412E-10 E-11 2 3BE-05 462 9.57E+00 6 13E+01
500E-02 1 70€-03 2.67E05 267E-05 359E-10 E-n 267E-05 457 107E+01 7.65E+01
6 0QE-02 2 D4E-00 2.92€E-05 29EL5 337E-10 1E-11 292E-05 453 1A7E+01 9.16E+01
7 0QE-02 2.38E-03 3.16E-05 3 16E-05 3.12E-10 =326-91 3 16E-05 45 1.27E+01 107E+02
8.00E-02 2.72E-03 3.38E-05 3.38E05 2.92E-10 2 32E-11 3 38E-05 4.47 1 35E+01 1.22€+02
9.00E-02 3.06E-03 3.58E-05 3.5QE-05 2.75E-10 <€32E-11 3.58E-05 4.45 1.44E+01 1.37E+02
100E-0 3.40E-03 3.78E-05 J.78E-05 281E-10 ¢ 3IEN 3.78E-05 442 152E+01 1.52E+02
1.10E-01 3.74E-03 3.96E-05 A.96E-05 2.49E.10 4 53E-1 3.96E-05 a4 1.59E+01 1.67E+02
1.20E-01 408E-03 | 4.14€E-05 4.14E-05 2.38E-10 < 53E-11 4.34E-05 428 1.66E+01 1.82E+02
1.30E-01 4.42E-03 4.31E-05 4.31E-05 229€-10 4 64E-11 4 31E-05 437 1 73E+01 1.97E+02
1.40£-0t 4.76€-03 447ED5 4.47E-05 2.21E-10 454E-1 4.47E-05 435 179E+01. 2.12E+02
1.50£-01 5.10€£-03 4.63E-05 4.63E-05 2.138-10 4 G4E-11 4 63E-05 4233 1.86E+01 227E+02
1.70€E01_ - 5.78E-03 4.93E-05 4.93E-05 2.00€-10 % 65E-11 4.93E-05 4.3 1.98E+01 2.57E+02
200€-01 6.80E-03 $.35E-05 5.35E-05 1.85€-10 4 55E-11 5.35E-05 427 2.15E+01 3.03E+02
2.10€-0%" 7.14E-03 $.48E-05 5.48E-05 1 80E-16 466E.13 5.48E-05 426 2.20€+01 3.18E+02
2.20E-01 . 7.48E-03 $.61E-05 5.61E-QS 1.76E-10 4 S6E-11 561E-05 425 225E+01 3.33E+02
25001 | 8.50E-03 5.98E-05 S.99E-05 1.65€-10 4 56E-11 5 98E-05 4.22 240E+01 3.78E+02
A.00E-01 1.02E-02 6.55E-05 6.55E-05 1.51E-10 &S7E-11 6 .55E-05 418 2.63E+01 4,53E+02
3.50£-01 1.19E-02 7.08E-05 7.08E-05 140€-10 £5BEY 7 O3E05 415 2.B84E+01 5.28E+02
4.00E-01 1.36E-02 71.57E-05 7.57E-Q05 1.31E-10 4 58E-11 7.57E-05 412 3.04E+01 6.03E+02
5.00E-01 1.70£-02 B8.47€-05 BA7E-05 1.17E-10 4.59€E-11 B4ATECS 4.07 3.40E+01 7.53E+02
6.00E-01 2.04E-02 9.28E£-05 9.2BE-05 1 07€-10 4 70€-11 9.28€E-05 403 3.73E+01 9.04E+02
7.00E-0% 2.38E-02 1.00E-04 1.00E£-04 9ME-11 4 1ME-1¢ 1.00E-04 4 4.03E+01 1.05€+03
8.00E-0% 2.72E-02 107E-04 1.07E-04 9 28E-11 472E-11 1 O7E-04 397 4315+ 1.20E+03
9.00E-01 3.06E-02 1.14E-04 1.94E-04 B8.75E-11 £73E11 1.14E-04 394 4 57E+01 1.35E+03
1.00E+00 3.40E-02 1.20€-04 1.20E-04 8.30E-11 4 73E-11 1.20E-04 392 4. 82E+01 1.50E+03

salicylic acid7} 185/254 mme} UV FHolA TiO: ASF Ao ZFHuj&dslo] o3
A3 23 BAEUSS 2vletH, AR carbonic acid7t vAEZO JqFS
OAE Aoz B o4 Uk o WHe ARE medd 9 Pasd 449
COE AAMAZAA7IZ BAste 29 TOC AW 2o}t Hsty AzAHUs
ot}

AeAdog, A%F Fo F]AYL F dv & F7IEcl &HF Arshsid
carbonic acid2 2 u 2983 HPsH2 12 AR AFFAA Fulge
5712 oddoel ZEAstPdE uz Fd HAEXY AFolu pHY #HAE
AL F dos, F/EEY olF e 159 FHUES Sk i JF&FS
e AL AAST drh T AJME o] & F-Fu] yrgo] F£Fo £&
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Conductivity (micro Siemens/cm)

Z1gel A HHo] FE Pl FAPA
102 T 5
y.4 —4
/:" /A - ,r/ )
/4 4 ,/
101 = ! ‘/ /
H200°C £ =
= pd 2/ pd
AL 4
_4—"/, ’q A
150° I | ¥
100 Al AUl
F100° 7
//
10-1 H50°C
=aaili
25°C
o2 LI

103 102 101 100 101 102 103

Total dissolved carbon species (ppm)

Fig. 2.1.2 Specific conductivity of aqueous CO» solution
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pH

2

. —~~-.~.\\
NON
6 Ma— \:\ \‘\
s 4| \\\\\\_. L
\\ \\. \\
5 N <
Ny | Y o
\\\ h 2? C
\:::\ Ka o .\\‘~
4 A 0 C ]
\\\\\.“‘ T \\~ |
il 00°d
. |
150°C
103 102 10 10° 101 102 103

Total dissolved carbon species (ppm)

Fig. 2.1.3 pH of aqueous CO: solution
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120 T TTIT
150°C
o 100 } /
~— y L4
S g A11lI100°G
i /
O
8 i/ /
c /]
S 60 / i
5 4 i
‘-g y 1t
8 40 i /7 ML%O%:
bt /’,ﬂ:- i
§ 20 ——:”A/ / 50C (
< /’/:/ // )//
L
0 ’

10 102 107 100 10 102 103

Total dissolved carbon species (ppm)

Fig. 2.1.4 Apparent distribution coefficient of aqueous CO> solution
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a 10 =

Q 4'1
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S 100 :

£
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= o

© Tl

3 2

S 10! % Calculated values

S : O  Measured values
at 25°C

102
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Fig. 2.1.5  Specific conductivity of aqueous CO: solution by using

salicylic acid
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a88 §719 SR Y FHOFE Ao B2y UBo] T FAlo|
AZHA b Qou, s Asr) A% THASL GRE iz 23 oa
3o} olemeT e 4 Wi EE U Rst o JREY ANz
ol2old Qe dl, oy WEEE FIMAU sHAute] Hx Zam 9o
el §a% LPEASS HY A B AANZ & Qe A=
J1&ANEo] B ] BART ol

Web fald edEdY APE A% AUAdoz HIFL olguuw
AAAel Held wwh ol HWH WewiAE Agstel 712 dsish

27129 #de FET £ JUH o8 AAZ FA Fq & F 97

2ol FAFA NEATY el Hu o [2~7].

F-%ul @/ (photo-catalysis)& F-ZFulZ ALRFHE n-¥ WEAZF Lo
o] oI7)1Eo] AF-AA(free electron)®t A -F(positive hole)& ABA st o) E9)
Ar3l-sd g S Jovle dAolth. ol ol&IH {IVES AFAA BAT
F AE FA F&0l28 FHAAA T2 A £ 2T F 3 ol &
53t EgHTE AT 4o, F7IEHR FHo2E FAAd  HIY +
Atk o] WM E F-FujE AHEEHIT e HEA dz} FH £ Fo
F&olo] Y HAHAY Boh Fajg Pz wgEr] g, ol A
e stetd wyg S e MYy 5 don, {UsFEL Adyye
Z3lol B 2 olaFEld Fo2 SAFA EAZE = Aot

912 At dolue AZEEA Aye
1990 AR e FHL §71 dedel Ao Fow

A

=

gt H-Fu) WS
9ge ggetm gom BHVA 71¢d YYo PANn Yok
wez zAE wEAl 24 os ZJH: A4, 5 3 ,

1972 Fujishima %ol [8] Bl A" <Y WdFE o] &t ES

5 A% A7t AAH ez AR A

= ol g3 3IAPH 7|&L, AATA AFEEH Qe AAol(phase
transfer)oll 23 AP AR FAF 71E€E, & LFERE AN 1 Aoz
HolA|7]7] ¢8 B FFoly o]2ws e Aalda FAte R HMolAl7]7]



A ALY LEE9 FVErIgde g8, $83A #H3(chemical destruction)S
FEAlE # ool HESHoZ Xﬁ\'ﬂﬂ A GEHY FUIEETA AT
A7 WEel, & AEHE A3 FHE FokollA dA & ATV JyFoly
IR A&3d FAE I [2]

B3-= F-Zujd vtz ZF@o] wEolU A (band-gap energy)
LR= R T ez A o A4 yAsEs HAA-HF
#(electron-hole pair) 2. 2FE AJZHT (2 1-14). o] Fo] AFTL F-Zuj
EdolA Eolu F&HA F2H(hydroxyl group, OH)E Ab3AlA 413}
A2 FAsHA B (2 1-15).

Photocatalyst —(hv)— e3 + hi (1-14)
OH™ + h} —(hv)— OH - (1-15)
FAEL oo HEg Ao ol F HolA EREEY HU] LEES REHoz
rx AAdA BE3idte] F7)F(mineralization)d 4 g 9l M

w-dEHes 4§e wh
Fol g §7129 WeH tel, FH2EL AR o) A2 Fwel
2]

= 2 gAY AAIHAY (A 1-16), AGE]E viFEoIA RY 37
Age duz ABAA AT F Aok (4 1-17).
Mi, + neg — M (1-16)
M"T + e” - MOTDH (1-17)
olg} Zo] F-Zuf AL o]E3H B E& F7] T HEYE EE FEH
LEE. F HUE HEHY FUIE dH 2 vAE FeE A AME & &

_Ur_
Aok (2. ol diF AFAA AEL Fig. 2167 Zo| yed + glon,
Al #AAME FAHAAN EHE AgA(A)RE FFol2, FAADIERE
= =

=2 [¢] =
i) wEedz] o] oUAE 74 Wel :atel o HA-AF < ?%’*é

i) AzR-AFe] AZFPSEET W TPELEF 7

e,
i) F29 2239 29 AF R Aol A As-3d wg,
i 3 } o =

opebd, F-Eojage GREY BYF 2L wH, 2 AEHE BEA
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hv

Surface
Recombination

Volume
Recombination

Fig. 216  Schematic photoexcitation in the solid followed by

de-excitation events [10]

Zdo] o] 93] Aqr)=Ho AMHE HIF-HA o At REeEHz 2
FHoA o]Eo] Z+zt 43 H #dsE Ao2AM, AbE-FAvkE FHR(redox
mechanism)gt & F Ao [4l. wr=Alel HES oo WS FA}slo]
Mg e Ax-AF B F, HAAEL HAEd(conduction band) ol x|
F398e 2tA 91, AFELS AV (valence band) ol Ao AtsEe 7t
Ao, wekd, Azd dAVMdY F O FE A we LA FoA
3 FEol dZdo, HzAsE 2™
b3 Aedstes 58 HAA 4 & Al(electron
acceptor)®] Al Teld FU Wz AY HEY THH B ofg(rg 2
ol 2 o 49802 75ty AR FoAl(electron donor)e] FelAd
2 sEAe dxirtg X EG H(EY 2k gl EAstdoF ).
P-Zojurge] ol JIFE FE FAI} oz AdE MG HF
A 2 g (electron-hole recombination)°] At AA-FFo HAY Hr& Hzate
5o Fo AM¥Hoz v sty Frigt. 4bsh-#EHA 9ol AlL2

2
™
2
2
o
ok
o
F
g
oy
2
o
)
i
itial
i3}
2

7

oK
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A} AFol DA AAFSY B-Fu) Bge) TS AWHoZ Y Wy
Hul, #-Ev) EAeMq Asts wrgo] Yol & UYEF WMoz Hak(HA

= z
e A3)E &3] fsAe dA-AFTY AF Y] A dAH o} Fir)
ol A, AsEE BAAIE AF Zo] F-FulE Mk =
EHdoz EyAZe BRFA HA7AE AMEStd #-A7|d os) A"
ARy BFE FotFe wio]l Jdo [9~12, 23]

gutd ez AHF EH(hole trapping)e EIIF 7T EFHEA

8] A} A (sacrificial reagent)E& AM&8tAl Bk 2 o2, 2-propanole] EAE u
o)

TiO2 (Degussa P-25) EWHo| A" Ao £Ho] AAEHE v, o= EW
FAE Yoz gH2 EA% s AFS X U7 WEolgtn FAHET
Aok ol o] HAFTEHE Y3 AR FHAR AlLEH £ YgE EZE

EDTASH 22 Jodas &43 PES0] o 4L Yearh

A E Z(electron trapping)® HAVIAR AX-FF AZFS gAY
TiOxe] A% ATdiE Aael $d TadD A Ze oux 98 27| u
2o, o8 71X F-Fuf WolA v Aol FHD Mast WA THA=
3t =9 B-Fu) WS 2 JYL uAA Bk wA, drEE &
718 Bad oiA Fo% &L A Hu Fof B gid Aba
utel EolE P o] WA €

olg} o] Atas}t & sFEo I FUNEGo] o Axd Azle FE}
T AEAFEE 43 B AAHQ N3as
Fol Absipkgol o3 wWE £E2 YA, FUE L

bt %, 249 #wse #7189 4%E FUAAL 4 4UHA

rlo

[«

, AA-AF] AZZE gAY B ol HAE X FHIo
3} 2 (super-oxide)S AT wESAo] ofF E O v H7IEAY
FUNAYEER LAY FAEA FE7Hprotonation)oll & FHol
24 d9Z4e HAAA F71ES Ldlste oo H¢ fE&smz,
A% B-Fd] ¥igoe 54 48S Fdvh [13, 23] #rdE,
o) Yol A F-Fu] FH A i3] §F0|2ER AAHo=
Hez xgydes £ 8 ZAA7IA 4 [14, 15].
3

5

deopE K
(r mo o rﬁ B>

o 4o oo P
\!

. A o B
oo ol
L x

do,
2
2
DZ", of
o

o WA QA BDeA Lojus B-Fu) HIEEE g9 pHol
b weT T A9 B S pHA oF 35-68 A% [16, 1712

5 A A (isoelectric point)S 7FABZ, 11 o]tollA= EHY Herl 402 1
ol ME o8 uUriuA Huo old wel wgEe FIAFo Zizc
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]

AL 2 (silver nitrate) £ JoNA d&H TiO, YA+

S7b pHel o8l A 9%

A
4

2o} 4

bz 9}

g9 O ¢
A 2o (18]

%

e

ks

A5 Ag'el EW E2e

Soll FAAT 3

F2E71(CH)

b A= pHF &

2] A
T =

o -2

olsk fAtetA FE

A% Zuje)

o
o] EoloAE ZFo

&4 A4
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Blo
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=

=

%L_
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[2~7].
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Titanium dioxide(Ti02) F-Zujo] 2

al

o] 9]

T AL2E YERH.

7] g} (mineralization) =)

o
-

T 1T (111
CaI‘IbOCI\IdCIe + (2a - C)HzO_’

)

i
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dIb+dNHy+dﬂ]+~%Ma+b—2c—3d~@H2

EA 249

_20_



FA7IY SEA7E AT =HAZ LA Hu ZHA £43 Yoz
F&E TiOE BF-EFvE A 8% fF71E Eavde FUHHAAHAEL grE
FA71E ZreEn. ol F2 Akt ddze] FEe i) T Azl
FUAAEE ] F3Hhydratiom)ol] & At B HESE TiOe e
ZAHE 48 EidEde] gAREoe A2 EPR (electron paramagnetic

resonance)oll 23t AHA HFoly £EE2FH nIAL 53 7HHF L 3
gaHon, $as duze Moz B-Zn UM TN AT
TN gk [19~21].

7 57129 22 A% P ﬁnﬁ Mol A 7% 229 wAE, 3w
Zolu 548} o &Fo] AFo| ojs) AsiEo] 2aE TLOH S FA e
SARA, o YuLe 7129 uuooﬂxa zg Agzoz 7EEY [22].

Yol ZAbel o8] AME BFH AL Table 2167 2L oz 79

=1

MgRAEE T ws AUz £e wgAol & ddEE FA4sH ol &0
F718€ Edste deo Fo3 J¥& A o oy £ Yoo
FAL FE Fojd AT T ¥ Ao, &4 FoE EAUHI] A
ZWo F&"E £ W3 daFoez daHRE dovin &Y Fo=m
gaEolx AstAz ZARE A "ot We] xAlel o3 FAHEE HAxel
AEo AZFEL ofF wEA dojud, Axrt 74]"4°ﬂ’\1 o] F37l AWM=
Rh3-Edo] FEs Ao & mlE FAHoF I F-Fv] AFE ol &
F7189 AsteAelM fr7leEc] di-E, APHFesr = W FAVE
A2 s, FALHANA AF YA FE}E2 FIHFY FAF T

Table 2.1.6  Reactions which generate radicals at the illuminated

electrolyte-semiconductor interface [23]

O + e —_— 0 °

0, +H — HO;"

HO," + H' —> H>0»

H-0: + e —_— OH® + OH

H:02 + 02 ° —_— OH® + OH + O2
H:O + A —> OH® + H

OH + h — OH"
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alcohol  (or ether alkene ester

ROH ROR") R-COOR
W‘OH) T_ H (<>
+H 20 /r:coo @
alcohols . .
alkenes -— @ ik e R® R a&c?s

esters

T_ee

o o e @ . -CO 2 N R
RCOO RCOO 395 ——= RCOO 45 R R %ads
(start)
- V i \ii
alkene R-H
R-R alkane
dimer

Fig. 2.1.7 Kolbe reaction scheme of carboxylate at the anode of an

electrolysis cell

(<) (=]
AFAF g, F7IEY F-Zo HlEEHEEAL Jut¥or Sy g
Langmuir-Hinshelwood €8¢ m2& 222 YEely Qo [22].

dc, | kRKC
nT T Tz T 1T KCG (1-19)

A7l A, e 71 EEE G #7189 HIVIFE, ke ¥BEEEIT,

3. 5%F £F 57149 B-5F9 28 54
& 7] A (carboxylic acid, R-COOH)9 #rtg& o3 Z& dA3A #H3st
dkg-of] 9l s) Azt

R—COOH - R™ + CO, + H’
R—COOH - R + CO + 'OH (1-20)
R—COOH — R—RH" + CO;,
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o] #ztst Wg2 240 nm o]dte] M FAtol ol HAHETE ol x A
ol FFolA 23t Rzt AYEHE Kolbe ¥Hgo] glon o] vkgol slg
Fig. 2.1.73 2t} o] §gEo) 9J35ld, f7]4k2 -rﬁﬂfcloi COE A7 H
alcohol#, alkene® B esterf To] 44 2 Res & F U

F7lE0l 25 oA s AT RE F71AF22ZE formic acid,
. acetic acid F glycolic acid ol on, 2H o9 F-Zu] E3) EAHL

o3 2o (11

rir Hm
0 _1014

o

r

4 b

F-Zu] w3 AHE Fig 2187 22 HAFIJAE o83ty &3 3JE
(recirculating batch type)2oz 33Tt Hhdo= 3 2
¥k-3- 7} (photo-reactor)= Z°| 36 cm, WA 17 cm, 973 23 B o FUdL
FastE & A 2skdt.

L A89] "Black—Light” Fluorescent Bulb (n-UV, GE F15TB, 18M& A}
St e F-aF d9E 320~400 molm H iR 350 oA yEbd T
F-Zuvl 2 AlEH titanium dioxide(Degussa P-25)F anatase TF&(80 %)&+
rutile #3220 %)E FAl Ao, 7]2YA9 FFA7]E 30 mm, HEARELS
50£15 m7g, % @A A7l= < 300 meolt}. Titanium dioxides 3

l ) Headspace
———/ Reservoir
Quartz

Annular
Reactor

N\
K

XL

NANINININS
SRRRLKS

<

RS

&S

b 5 5 NENESNESE N
PRSEIRRRR

N

Z N\

Centrifugal : Lamp
Pump (UV or nUV)

Cooling Loop

Fig. 2.1.8 Schematic diagram of reactor assembly
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ool Al AT, AlZEe E5F AldrichAl AF9) AlFF oA,

. frr1ake) #-Eu) 23 54 (1]

F-Zu] BAHL 500 Mol FEAo F-ZujE FEHAA FAIEA 7
Alztotgk A2 2 AFHs YAEZSIR 022 pnd MSI Filter Membrane
(teflon)e. 2 #E ZHujE £33 F Shimatsurle] TOC 500008 #7|eb4e)
g ZATNYT EE AP 20~25 T A20A FhHUT.

Formic acid, acetic acid 2 glycolic acidoll W3t F-Fo] Fiutg-& w2
3l7] ¢lsld, A8 pHe ®H&7]d §F#"E pH-Meter2 2AI7F A2 B3
stttk A2 27|BEE EF 167 x 10° mololRth Z #714ke] Hbg A7
o W& pHe W3le Fig. 2199 Zol yehwth ZF f7)3te] i3 F£899

6.0

5.5

) -
3‘ —&—Formic acid

5.0 —— Acetic acid

i —e—Glycolic acid

pH of solution
&
(&3]

4.0

3.5

3.0
0 20 40 60 80 100 120

Irradiation time (min)

Fig. 2.1.9 pH variation of the photocatalytic reaction of

carboxylic acid
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Hi, Azt &4 T die FAFE 2HAE o] 2(0z)°) H o231 7
gotel AAEFLH0)E FARAY, B9 840z Fart F4IE deo
gkgo] gy RAoF HA o] wkgol o fA9 pHE F7Hgth
2H,0 + 2e” —20H" + H,t (1-21)
HO,- + e~ + H" — H,0, (1-22)

ol2]§ pHe 3= g AFAEE olv)st= TOCS W3 (Fig. 2.1.10)9
ME YEbdth Formic acid®l 2%, o 40 £ ZFAIE TOC7F o] =M, ol
o] Al ¥7tAle] FZ% pH 53 FHAY o]F TOCY HIET = dAS
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Fig. 2.1.10 TOC variation of the photocatalytic reaction of

carboxylic acids



23l ok Acetic acid®t glycolic acide] A%, pHel 453 tlEo A&LsiA
A

TOC7t At

%, F-Fu] ¥rgo] 93 formic acid®} acetic acid 2 glycolic acid®] ¥38)+&,
Fr71%ke] R R I BHAEES] st E wEt pHYE B ASE & F
AT ’

4. £% 8& amineR9 F-Fv] &3 54

TiO, 3-Zule A& o] 83 #HeAMeEl Wi 374714 (environmental
remediation)S 9% HFHEF 1nE Aslrle F9o  shveld. AA-dH
FFBELS AAFAANA Bol LAY, 4FAY AxA REL Y E=
F oMol ZA|AE 2 o olHd AA-FHK SFEEY F-EW 2E
o F71s RkgFERE 2EIA dHEHoor & F8d TAod. I
3¢ E7  hetero-atom 3EE F HIdFd K7l o¥

7] 8t (photo-mineralization)7} 7} 3}t}.

td
i)
ro
=
Q
=2
lo,
&

a

b A&-FR frlE e 3-S50 2 dR

AL-FF /71 SFEd R-F718 A T HALAY AFTLE oA
BEsA G384 JA ¥k NH:0HS 22 77184, A4 He] NO 7)4, ¢
271 W9l 714 Fda Fol TiO: #-Fuje] o] wgt=w, N; NO; NHs,
NoHy 50l AAEE o, o)A «q7]18 TiO: W] AdE Aad AF Sl
o3 Azt =& el 9§ Aelth 7149l ammoniat TiO2 YAF Abell A
#-At3l(photo-oxidation)E ol NoE AAHAZIAY AhgtEHe] w2 XojMe
N.OE AAdY. Low ¥ [24]2 nitrate, nitro, saturated I+ aromatic-ring
dejo] Ax-FH /FNAYEESo] NH/Y NOs =2 Bl HFHosz
F-F713t8 FetFoezm  HA3EdE  FAEAY. Ammonium o] EE
N-pentylamine, piperidine, pyridine®] 3-4tslxlel HA=EE= ©, o]lAL
ZZFAAE<2l immonium cation radical (RCH=NH:" )& A&t 2z}, NH, ¢
NO; ©|2E2 AA-TF AUEAAN F-4AslEE AolAe ¢& =249
FACl g o3 AMAE NHi 9 NOs ¢l29 4ol HAZ F ARE

o

|

ZAA 7 FEH A4EA NHy & NO; ©
g g stETx7E NHo 9 NO; of29 Aol vwA =
53 NHy ¢ NOs 2 4/ #-wssle T2 ¥slx o] o250 ¥4

_.26_



FxE HUTEE TIO, ERY F2e) BRI AR o] Aol osha,
Dol 13 amine’| & AW TS F-Ashol 9% NH 9 NOs o) 4ol A
Y#¥ NHS ol€o2 Watsn methylene’lel Fole @ae A wsto

AmideZ|= 12 £XE2o] wa NHS/2 AfgHE o owe 271 1z
amineZ] MRS o WEA Jelyct HEHF2E BY, 14 amineo] AHT
a~-gAE Z7|d AstEo] N-C 23S FATAAZ ¥, amide T BoME
N-C A¥e] A Boddn ARt w-amino acidFolMe e
-COOH$} -NH: EF7F TiO: §#A EWHAAA ZAAHo=z HF-AstxwAy
CO2¢ NH4 ol2°] Al ABAHJTY. 13 amineFE C-N 2FE =g
o]oyA NHji ol olF wWZA FAHd. 2 M5 methylene7ld 9
AgdoldlAe Wzg wdstn gtk 1219t 23 amine?]| & F-ArslE o
R-NHy <ol d#dz g =Hdo 2ad FIHAEES AAHA
N-alkylidene amineE-g& A3t o9} F Ao, o] %ol Yoz Aug
immonium &ol222 ®3® F «O0OHY F& «OH oo 2 1a
aminedl AHE o-&AE ASAA alkylated aldehydest NHsE AAd$hc)

2E]-AARHEE] NHy 2 NO; ©o|&E0] FAHE AZois, gwtxdoz

2z W ALY A9 NHy o252 #W#E#HA7, N-hydroxysuccinimide®
ALoE F2Z NO; ol2°] i NHy o2& AHA yehdt o] Al
2] &}

S1H, NHy ©l22 F2 Z4-F 2/l €9 F JAHE amide’) 258
Hle AoZ Rt
Urea®} formamide’} #F-¥3i€ w, NH,'9) NO; AL #&s] B yread)

_O
£ F MY 2a amine’l €& AR U7]e AR B& 49 NO3 o2&
A

%
#4ete], formamide2REE A9 W@ %) NH 9 NO; ool
HAAd ==, urea?l F-4F3H7F formamideRth 1/6 AXE =3t o|g} &

[o]
AAe 2719 NH.71el 98] OH #dHelZe] TiO; EHdl 2+ Urea®l amide’l &

27 FHsE Aol thAh EIFHI ol wEt NO; o9 F&°] F/svgn
2 2 vl Formamide®] 2%, OH #dcZE9°] amine® carboxyl’l& EF
ARHo 2 FASA Pt A=, TiO; WA FAES HAstele ZAAQAAH

o

s 2ol FAEHE ol NO; o|&59) g4ol #d 1 & vk
NH, o] Ashol % NOs o 4418 FAst7] A3 Ask F

SRIESER
A B oAzt @4 4 %9 NHC wo| 15 Al
[ez]
P

s
Fo NOs

st7]  9lal  imidazoleo]l #-4rstmlel NHy ¢ NOs 7t
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TiOz ZFwlolA Il EW 7]%571E titanol(= Ti-OH)ol 9§ Reo|v, TiO,
49l OHZI+ 4497 43S Yehdle Aoz deizith Tio, €A Zdd
Az FAAZE FREE Are F-¥4LS AASe FRJAREAN Ho
AFHIL ot A IS (pH=2)ol A imidazole2 @A FEHEH NO; o} <
64 H HAEZ WL &9 NH, o2& AT FAHAY (pH=7.8)dA &
imidazole &9l FAHA NOs o229 Fxr/t AddddeMrg 3 wiAx
2ol pH=119 d714 dgelA FHE NO3 o|2E9 FET pH=1201A %
AA ©2z &e Aol Holdtt. Imidazole? F-AstaA Fol FAY=HE
FTUHARE T HLAIAES AEESAME HOl 3| 4IF7t 235z
olo wal NOs °]&2 3|4 3loll NHy ©o]&2 Aol folagia = gith
pH=119] <714 A= imidazoleo] F-4t3}5]o] A== NHy o2 9
%o] BT} A YetUe ), o)A TiO, EWAe] o] F2FU7] wEo|n)
ol TiO; YA7F pH=11°A4 NH,Cl 8 do] H7IEE 75 %9 NH, o]29]
TiO, E¥e F2E S & F Aot A, 4" NHy o5 T €2 %o
NH; 7|A2 H3%Edes & & Ut

olEol AAIZ AHE FE3W, amino acids, amides, succinimide, imidazole,
hydroxylamine % urea®} #2 A4L-FF FIFLEES Ho=Z ZFAE TiO
detdolA FEHAHT A2 NHS & NO; & FATH. old, £4 e
39 AL 3§HE(hydroxylated nitrogen moiety)2 WHEE NO; 2, 13
amine¥} amidet HEE2 F7dA 224 NH, 2% H3}3ch Imidazole W2
hetero-cyclic nitrogen’l= U2 amine® hydroxylamine?] F+Z& 3zt=
Z7H84ES AAA NH 9 NOz 2 zpzr etk dA&-8F 338 Eo)
TiOzol 23 B-A8EE FAHolAM 1A amino’l £ amideZ]lE& A4
FUAAREC] FAHHA dFEE NHy ol AA =, hydroxyamino”] 9
AL FHAE NOs ol2E° FAHEC. sdES] dg7x7t o A
o]2 59 gl TS ALY TiO, FHA2 EZEFHY HZ FuHxE =3

2 <l

Gl NHy' ¢ NOs ]2 AAolAM zef=ejof & F8 dztsoln

lo

L}, Advanced amine®< BF-ZFv} E3iurg 29 (1]

ol Mot Fde HA¥ELH L HFZA|AM, ammonia, morpholine,
AMP(2-amino-2-methylpropane) @ ETA(2-aminoethano)E& W4 o2 F8 38t
F-Fo Eeivrg 42 o3 2o (1l

o9 ZIV|FEE, ¥A olAATA FUHE BFHHE VIE22 oy, &4

188 ppm, 146 ppm, 853 ppm, 52 ppme & AAIAT. Ammoniag A

_28_.



Algel x7] pHE 7.0 o329 d7|4d EAVIEA, o8 F-F
Ao wet Fdstd F, FF pHsl 67~752 UA 478
2.1.11). TOCS ®3l= Fig. 21129} Zo] B 1x we2T S wil aaﬁgq
CO:Z BAste Aoz B AMPY A%, 7] o 40 71X pH7} 323
s OCe| ®3to] A& Fo] Yehte d, o]& phosphatert #&-127}
oéﬂ COz7P AR =7 WE&EY Aolth. Ammonia® 4%, F&E A=Y pH
9.0 A A& AAdEdHT o pH 74 AEHEH tAg AA43E B3,
F, F-F9 &S ATTY A Fol £EF amineF 2
7189 & w3t & + dvk 3#E, advanced amined]
el AA A BAE pH @ TOCY HslE, o|xAAF 249 Bde &5 7}
el BAHE amined| HT FEH AAHE it AT} (Table 2.1.7

(3%

I‘_EL

X,

o b

{ |

wg Jpe oot
N g S

o
H

10.0
—#—Ammonia
—o— AMP
9.0 —o—2- Aminoethanol
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pH of Solutior

50 F

4.0 | 1 1 1 1
0 40 80 120 160 200 240

Irrociation Time, min.

Fig. 21.11 pH variation of the photocatalytic reaction of

amines and ammonia
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Fig.2.1.12
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TOC variation of the photocatalytic reaction of
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Table 2.1.7 Average decomposition products concentrations generated in
the model boiler feedwater heater (ppb)
Amine Ammonia. Acetate . Formate :
Low Oy High O; Low O, High O, Low O High O»
NHj -- - 20 9 16 16
Morpholine 11 8 13 5 19
ETA _ 58 17 20 14 122
DAE 7T 54 10 6
AMP 79 72 11 34
MPA 4 17 7 29
QOH 5 34 10 15 10 120
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A2 A A2-FF F713FES TiO: F=5d E3jju

AA-TF F71stg 89 TiO; F&v 23vks 289 Fozx 2 e
2 &3 2o gb§A e g 8 A pHe TOC(Total Organic Carbon),
TIC(Total Inorganic Carbon), TC(Total Carbon) 5 ®4a% W3le] Ad A3 |
pyridine, ethylamine, phenylhydrazine, urea @ EDTA$® TiO, &3 ¢ FZuf

BEAG Y ; 4 A2-F FVsSIgEY dAYA Aste] wE FEo) 2

2 s

=4 94 7E AR 4710 EE AN 540 e
=

1. A28 471828 Tio; 54 wg A¥xA 2 AH
Ty #E0le] TAl A ALk HUIRGE FARAL w

Ao BE) BeEHE ANsE Aol Fasmz, dua

sl BEuje) BxA} A FRALE 0RO 23 &
10202 FAT. WELEE HSEE P FAWY Rl FTL FAW, B

AYe BEgAD JEae FEU BHeEAd U3 2

o) £z wael We JFL WA

FEule) FUFL 20 g/L 02 ARHAL}.
)

ol

A4a-3 F7138 889 TiOA F&F o] whgol tld Nohara 52 AYolAe
HF EAAPES NH S NOs & FA422 1ES v Ioh22] £ A geAs,
Ze AA-TF KUISHE F FETx 5A40] 4ol ethylamine,
phenylhydrazine, pyridine, urea ¥ ethylenediaminetetraacetic acid(EDTA)E 9]
TiO, #FZu] 2aints & 23 - A& S FHoZ vwstr] 9s), Fa
£ FE2v] FUFL nHse] AA-FH F1AFE 27 @2FeS

o
40 ppmo 2 TAT AT BEo) WS Wl 3] WEA AN ojue v

o2, TiOA ZA-FF F713FE FFo 93 s HEa& S ¥l
71§38l WAL Al (electron acceptor)?t &TEHERZ B APdMe 715 O

g A&t

Agdze ¥ T /719 FF9 L3NS 47 (D", KAERVRR-1869
-989] pp. 33~473% 2t

AeHoz, FFv] g olA WAkl WE £ pH W3t AY
2 # 2ol A FFE dEHUG !

™
(o
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Ethylenediaminetetraacetic acid (EDTA)
Fig. 2.2.1 Five nitrogen-containing organic compounds used
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O AA BgAIZ ¢ €714 49E& AT AL ethylamine;
@ AA wrgAZE F¢ AAHAIYE 2% A phenylhydrazine, pyridine,
urea;
@ wrgz7)el Aol Ahrt FEAL F EriHdog 8 A EDTA.
o]9} ZE TiOA #Zvf v--§ HA7|7roll A FAi- tE}Tr F71SHE EHEA
of wat FA-FF F7sst A Feo
@ TiOAl #ZFwf wrgel s &Ad) E3l=le AA-FF +73¢E &
(<)) : phenylhydrazine, pyridine);
@ TiOAl BZFv] ®rgol o3 FEHoz Eize iL-I3F /73T E
T (d : EDTA, ethylamine);
@ TiOA ZZFn) vrgo o3 FPHA] Fv AA-FF F7EE & (9

urea).

m{n
ruln
nllo

2. A&2-3 WIS E FE50 B3urg 54 &4

Fgd F Uex dAZAAAN dojue F-Fo HEEE LA pH
ols) QgL Wk TiO, wrtEAeE pH/E & 35~68 AEY W A%
(isoelectric point) 7FATH16, 17]. 534 pHE 43 S22 38 ey ¥
=7} 2olAE pH, &, 54 A3 EolA o]lsE7t 4 e pHolth FFollA
' 544 pHt & 6HERA, THZRY o AHAFA B H o]z
TiO-2l %W TiOH7} 2A#3ste EHEAYE =TiOH,'Z vl# 7] mlFof], -3

_{‘:_g_gll] 9] 3stE e U9 o]FEE zterth SHFEERY ¢ @714 &
2 & e F£247F TIOHRYE dise] 2dHEx =%
2 u¥y] WEd, §H3E "W F&Y Fo sEF

HgEA TiO, ¥ g FRAATL F8 pHl o &siH,
i0; YAIEH EA5t= 4Ad(amphoteric) titanol +H = ¥ (2-
MH-A719] HYHE o] ZTH10]

OH™ OH™

=Ti—-OH S .. == =Ti—0H ? =Ti— O~

).
i

E

Q
o
i
2
of
ft

fe e rlr
= T g
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=
foy
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$EEE TiO FHHMS ol A A5 Al(electron donor)
Eol 24 -‘ﬂ?‘f—?_‘:}[lO] ARFEAR ZFEste AT F71
33E9 dAEE FHES F pHell mzt wslste f7)818E 249 A
A71H SAde o &stA dot
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W Fel 71dgtn s s

® %% TO dAEDEL SHH pHel @k 2 ojstelq TIOH 2, S4%
pHel A TIOHZ, 2 o]l A @A TiOZ st ;

@ kA ol g TiO: YAEHA F&AHe AL-F F713d8E9 &
Ae 4 AA-ERH FO1EEE B2 U AAE X oE@

wetA, a-8F F7188E £5 TiOA &9 BHFEAHE M) 9
e 4 FUISRE FAEAY ZdAS SA4dolEsE aF =" ol wha
HyperChem" HAIREE AMgsto] z AA-F4 $718388 240 FH4AE
o] A3t ke TIH

HyperChem® Hitz=& o FARE AT F& B2 2dy ¢ 2
4 softwareo|th. HyperChem" #4tzZ=ollA] Extended Huckel Theory %
AMI1(Austin Model 1) Method

o

2 A &3 Semiempirical RS HL3}A.
AA-FF FrI18dEY 2AT2AF FA4UA A3 atomic charge) 2 A A7)
A AYIEREE TIEY AA-FH fUIsiEES #FEu g ZAIE Table
2214 Hestden, BA7zEA R A3} & hE 5N ZAsg
Table 221049 o], 713 & &9 AxAd @S Ad A= ureadt
EDTA®Y A% dadatelden yrmxe Aee EF Fihdzto|nh whd,
74 2 oo AAAES e RAE Y& pyridine®d EDTAS A$ €44
olRem, ymxe Fee BF FhARo|UTh
FadA T AAZE FAHAEAY A} o) ® o]2FEo Ad A

s7h Aok 89 W 2 4718188 o2sE W 2-D~9e (269 2t
CH3CH;NH, + H,0 = CH;CH,NH; + OH™, pK,=3.31 (2-2)

Table 2.2.1  The values of nitrogen—atomic charges in each compound

molecule
Compound ethylamine pheny {_ pyridine urea EDTA
Charge type hydrazine
Max. negative charge -0.305 -0.223 -0.179" -0.469 -0.351°
Max. N-atom charge -0.305 -0.223 -0.127 -0.469 -0.268
Max. positive charge 0.130* 0.157 0.155 0.421° 0.305

4 Carbon atomic charge, °Oxygen atomic charge.
The rest of the negative charges are those of nitrogen atom and the
positive charges, except carbon atomic charge, are those of hydrogen.



CeHs;NHNH, + H,0 = CH,NHNH; + OH~, pK,=8.79 (2-3)

CsH:N + H,0 = C;H.N-H" + OH™, pK,=8.76 (2-4)

H,;NC(O)NH; + H,0 = H,NC(O)NH; + OH™, pK,=9.23 (2-5)

EDTAS] H$ole w8712t 9 pH ¥7t 527~792017] w2, o] pH
WY oo F 3eEL 27} D 3719 SoleFogA e 2L HIYL o=
= .

H-Y—-H? = H-Y® + H*, pK,=6.16 (2-6)

o)Eg MALR 3, 7t FIFEY AL A - F Ao i W F4
oA Yo o]eFw FAHAERY B4 ¢ Heg Aste, 289 pH TOCS 3
A, Ao, 27 pH ol ¥ Z+ gE< AHstd Table 2229 2t}
o5 7t YR e EYstE FFAN =dtn

7}. Ethylamine®] TiO; &3 2 #5v} BS54

AL UvA {718FE9] A dxFHodn o d/1A8 EA7IAA TiO:
JFAEHRLE =Ti0O HFehe] Fd3E wA {10l

¥4, ethylamine2 T84 oA ®-§ (222)7% Zo] ethylammonium %o]-&
o2 oj23ste FHEAY A HPYE olFu o FFL pHY FTFFolth, uw
gbA, =TiO ol g F&o] $4H 22 el 38FL ethylammonium %]

23} ethylamine A4 £x}o]t},

Table 2.2.2 The values of pKp and molar ratio between ionized species

and neutral species of each compound at 25 C

Compound -
ethylamine Pheny? Pyridine Urea EDTA
Values hydrazine
pKy 3.3 88 87 9.2 7.8
lionized)/initial] 0.21 0.04 0.05 0.44 0.13

ratio
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Aqueous carbon content (ppm)
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Fig. 222
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. e s o
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| ——TOC-EtAm | 4
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Changes of TC(total carbon), TIC(total inorganic carbon),
TOC(total organic carbon) and pH in an aqueous
ethylamine during 60 minute adsorption on TiO: surface
followed by 180 minute UV irradiation
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CH,CH;NH, + H,O = CHyCH,NH; + OH~, pK,=3.31 (2-7)

Ethylamine &% WA ZA d - Fol Ajzhol] wet 8 pHoll o] &3tdd
A ¥3}5E= ethylammonium ©]-2%9] E4¢ ethylamine £ 229 24
389 ¥&& Fig. 223% o] yehdth Fig. 223014 2d, 3 z7jdE
ethylamine Z43%¥xte] Fx7} Bef 80 % AE=2A AP E AY A7o]
7}l wrel 7tAske BhE BEAL AZoE o]59 B4 FUE AHS Y

, Bl = ethylammonium %¥°]& FE7 giRES zA 3o}
, ethylamine $A &2 24 3 ethylammonium °©|&% E49 v &L Hb
AlZko] S el wet el n BRA Foll FAHSMA F7MEE £ & U
=TiO &o°]2& 2 ethylammonium %°l&9 AHst= zhzh -1 2 +19)

ethylamine A& WA Hd SAHEE Ad FY+&, Fig. 224 % Table
2210142k o], AAYAZA AAA3 gho]l -0.30501 2, Hdf FH}E | P
AT B2YAZA A ghol F +0.1300/7 FAAAY HdAsE 0.0740]
t}.

Ethylamine /4 ¥2F W A4UAe] FAstE =TiO o dis] H¥gozm 288
Aol Wt F4AUXe] FA3 E ethylammonium Fol-& =TiO o] ofjs) ¢l
gdog #4843 Aolu oy, A Yxte] A e ethylammonium %ol
o] ¥t grol vld] HdjHog & ¥uk ofyzE, o B AAVA Rx}
Fig. 224914 ¢} 2ol F49x Az E8iatd g1 I F29x H3E 9
Bool 1F HASA] HILEEI a8 3R S AolZZ TiO, EHEFZ o
3 71q=7t 23] & ZHolth

Ethylamine &< A& FEAb doll, Fig. 2230418 Zo], &4 pH7}
1137014 111622 ulAStAl #4A3SH T, ethylammonium ol FE9
ethylamine $AE A FXo thd H]&o] 20 %olA 34 %E < WA =
o] &7kl AAA AFE AT FAHA v gL
M =TiO ¢ ethylamine T4 Ex W A Az A
ste AthAE v & 83 %~75 %ol G thA
A A TiO; EHERLE Fds A7I7E Fojd e
= 2o HBHoZ oEdt= F A, ethylamine &
AR W A3Ar|7t Aoz e FAAXY FAIH-0305)°) &
ezt 2 4 Jut
3 BZA} T, Fig. 223049 2o, =8 pH7l 1116014 7228 o}

A 743891, ethylammonium Fol& F59 ethylamine T4 EA FZo of

B2 158 FH

a
=
S
KN
[e]

t

1
1

4

O

=TiO ¢ ethylammonium
17 %~25 % HHol HE
bzrol AAH AL A
25 ethylamineZl 2] %

ok op

0

Ol

N o

2 ethylammonium +17} %o}
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------- -~ pHX§  m - pH(7)X5
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Fig. 22.3 Change of total carbon concentration, molar
concentrations of ionic and neutral molecules, their ratio
and aqueous pH with time before and after irradiation in

ethylamine solution
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Fig. 2.25 Changes of TC(total carbon), TIC(total inorganic carbon),
TOC(total organic carbon) and pH in an aqueous
phenylhydrazine during 60 minute adsorption on TiO:
surface followed by 180 minute UV irradiation
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Fig. 226  Change of total carbon concentration, molar
concentrations of lonic and neutral molecules, their ratio
and aqueous pH with time before and after irradiation in
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Changes of TC(total carbon), TIC(total inorganic carbon),
TOC(total organic carbon) and pH in an aqueous pyridine
during 60 minute adsorption on TiOz surface followed by

180 minute UV irradiation
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Fig. 2.2.11 Changes of TC(total carbon), TIC(total inorganic carbon),
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during 60 minute adsorption on TiO: surface followed by

180 minute UV irradiation
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Fig 2.2.13 Molecular structure and atomic charge map of urea
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A3t9 11, carbamylammonium %°]& X2 pyridine FAEA FXo] g v
o] 2594 622 AA ZF7M8HY. F, =TiOH: 9} carbamylammonium %]
2 AAH7NY HFGE AFshe Ao v && 71 %olA 86 %= H& F7HE

v, =TiOH:' ¢ urea SAHEA W ZA9x d3pte] AA7 A d=Hg A&t

mok rlo
N

W

0.

N

mo

= AgAE 882 29 %ol 14 %BE ZA3ET oA B3, ureaAl e FFEAL
% =TiOH; EHEZE & FAdst A7 7} carbamylammonium +17} <%
o] &9l e o&] ZA WS A vtz & F o, urea TAHEA W9
Aodx @t o F&L vt & -’F At

AZ2HoZ ureaAle] TiO; #&F0 EHER 2 FFu]| 3o, B4 A - F
T % carbamylammonium %°]l<9] HHo FZ -‘?’— HAQ g Wooy oo
gt A F7/F9Y AR F71E FoAA 24 A - F TOCY ¥E %o 713

]
ZHA Y EN Aol = Fig. 2.2.120 4 TOC®] BAEFA 7}
carbamylammonium ©]2%F %9 ZAFA 9 A9 {FAS AL L&A W o

H
]
28 223l carbamylammonium %0]29] Fzte] i3t #wajd 7|y n 2

@7, wreadllME F2AL A - F S8 TIC $E 83 Zo|, Fig. 2211
Ao} ol Ae) Polwr] St o] EF F4a pHIF BE

-
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A9 9 Jdenn & 5 A
A ¥ TOC BE(EE TC ¥5)9

=
HaEol the Z‘ali—?'%% 715489 Aol wa g Fgdte AE xa
=
=

u}. EDTA®] TiO; &2 2 FEu] E354

EDTA®S #% &9 pHE, e F4&-8F F7istdEe 2% 2
o] AoE HA] F&HAo] F7)|Z bubbling A7 WE] 279 5279 A4
ol Tt F-FAL F 30&e] AWM @14 uHo FZolE pH 7.927
2 sttt (Fig. 22.14). oo mel, FZRAL A TiO, EWHLS AAoM F=
TiOH: 9] ¢A3E wugrt 5A4A pH 6 ol NAEEE TiO Hele S35
A =A Ao

EDTA ##&, Fig. 22159 Zo], b2 AA-3F 47 gER EarrEol
dn gstpzE Ajdes Bdsit EDTA 24 W A SAster dAdste,
Fig. 2215 % Table 221149 Zof, Yl carboxyl?]l W At xtel M
-0.351013 BAaYRtolA  -026801% wadbolA  +0.3050]1  F4 R}l A
+0.240°) .

331, EDTA 2219 353 gee A oA & pHol| wiet F2 o
U3k olxFoE EA%T. AU B T%ﬁ pH ¥H A EDTAS =TiOH,
of & Fatd med F sEES AHEY] 93, MINTEC Z =& AE3l9
F&d pHoll & F8 EDTA 3839 dusr g AL 23 Fig. 22163
Zro] el B AZAA Al2" EDTAYE disodium salt2A], Fig. 2.2.160 A
9} o], & pHZ} 591X ¢k 60 H w7zt F2 Wg (23)ol M9 H-Y-H
ez 2Astdrl, F89 pH 69ME Awko] H-Y' Hejz Agso
H-Y-H* & H-Y’ o] $¥u] &2 F&3tA4 P}t 2 ol4te] pH dGollA¥E pH
TRAAE F2 H-Y 28 &A%t}

H-Y—-H* = H-Y* + H*, pK, = 6.16 (2-6)

mebd, EDTA $4< 7 B&u) whgolx dstd £84 pH ¥ el F

e HoloF & st8F e FAEA ohyg H-Y-H° 2 H-Y &ol&3o

’

F\

N

7}

o},

EDTAA F&ANA FAF A - F9 A7t wiat L&A pHol| JE35IHA B
el H-Y-HY o)X 249 H-Y o]&Xo 24 @ 359 ¥ &L Fig.
22173 7ol Yelyw, I ko] 3552 HY FZAF F 308 ojuiel 1o =&3
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Fig. 2.2.14 Changes of TC(total carbon), TIC(total inorganic carbon),
TOC(total organic carbon) and pH in an aqueous EDTA
(ethylenediaminetetra- acetic acid) during 60 minute
adsorption on TiO; surface followed by 180 minute UV

irradiation



Fig. 2.2.15 Molecular structure and atomic charge map of EDTA

(ethylenediaminetetraacetic acid)
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Fig. 2.2.16 Major chemical species of EDTA (ethylenediaminetetra
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o2 Zasy Atk F, FEA WY F FAFL H-Y-H oW, =

EDTA &9 AA #xA Hoe, Fig. 2217949 Zo], &4 pH7L
52794 5992 AL RASTAAM vlAsHA 57}3}"9\‘—‘41 ol F71F CO:9
FE&A LT (2-7)el 43 B4 H7F &8 2-6)F dygoz AP 7)A
A &9 pHE daurt F7HAIZ ddd 71998 Aot 0}%31, o] #&<%4 pH

dEdLe 8 F Ti0:9 43 pH 682G <t vg ¥olung F&d 3 TiO,
382 oz TiOH. 9 TiOH 2 TiO7F 2&3gz (2 (2-1) #z) & £ 9
=3

EDTA &9 AA #zA A H-Y-H® Sol& ¥%9 H-Y3- ol =&
o] it Bl &L 35014 ¢k 158 AAFA BAIFAT = H-Y-H® Lo|&z¢]
F&d W Ao A8 78 %A 60 %2 HAHAT, H-YD oleFe

Fgol U AgE SN 22 %AA 40 %2 EUEE T tA 23 =
A} Aol 89 pH7E AAM3 TiO, 53d pHE WHaE ¥¢, H-Y-H Y
%
Els

8]

H-Y® $0]l2%2 o9 TiOH, EWHol &F&stisl, TiOHy 9 @& REo] %
o] TIOHY SA3tY TiOE vt¥ WA oo ths HHo| 2gdted A TFolx|
FAEAQY H-Y-H U4 H-Y" $ol&Fo] 225 Aolth. F2A d $89)
TOC ¥X9 WalE, Fig. 22179149 o] A2 wslx e Hog L}E}L}z
itk & o]l= EDTA $90]2F 59| FXA Aol TiO; ol A FFH=A ¢
dee ougtt. me, H-Y-H U H-Y" Sol&Fe -2 ¢ -39 73 A o}
7} =TiOHy o F#Fsi7live ez A(fLErs ¢ & F8d H <%
o] 2olu} Na 4ol o ZAgxe SAE &3 e Aoz FHHAG &2
H-Y-H* Y4 H-Y¥ 9 9%% =TiOH, ZE9Hol F23d Aold, 2 %<& Table 5
o ¢} o] <k 0.3 ppmol B3

3 FEAF FTRE 0E7MA] =, Fig. 22174 ¢ o], =& pH7F 5999
A 6978 E78te] % TiO; 533 pH HHAE A Hojux] &7 uFof,
o] ASolE FFAL A A9 Zo] TIOH: ¢ TiOH ¥ TiO 7t &&3t+
AL mEstdor & Aotk o) 71 F H-Y-H ol&¥Ee H-Y' ol %X
g vlgo] 148914 0158 ZA Fa %}%E}. Z, H-Y-H ¢ 28 &qug
2 60 %M 13 %2 B #FAT @ H-Y e Aoz 2281 &e 40 %ol A
87 %2 AA F7istgch adehA, T%%’ Well F&3+= TiOH: ¢ TiOH %
TiO % TiOHy'ol W3l H-Y-H® 2Tt 437 o & H-Y® $ol&Fe &%
o] AYA oz ZylstA Ho, Fig. 221749 Zo], TOC 571 2 A 46
= RoZ JEgg Rolth
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EDTA 89 AclM Fxa} 308 o|FHEE, Fig. 22170188k 2o, &9
pH7t 69744 7928 F718te] 4% TiO; 543 pH BH9E o= RAE Holy
o, TiOe F &8 TIO™ ol 9jdl= TiOH'= 420z E4& Aotk &

#H, H-Y-H °ol&%¥ 59 H-Y¥ olg%sxe thd ugo] 01594 0.022 =A
Zasanh. &, H-Y-H79 Ad3d 244182 13 %M 2 %2 68 243
B, H-Y¥ 9 o] oi®E &A%t weld, TiOH ol thdt H-YY &olezo)
F3o] A&dE Ao, Fig. 2217049 #o], TOC F=7F £& % F&o) £
ol g #Fad oZ FHACY, 571893 A, EDTA &4 Ada A
Bhe-71Zke] @A TOCS 7AaZFA 7}, Fig. 22179014 TOC-ppm 3o Hz
Heo] Bdol F5 AEZ, H-Y' 9 #A2FAY o}F fFashA Jeitrs A

o
o

a

A& o2, EDTAAY TiO; &) ZAFH 2 &4 8, 3341
H-Y* gol22 TiOH ol thdt AFe] F2 o &3std, Fig. 221744l 2o
TOCS Z2FA7F H-YY ol&sxe ZaFAg falstA vedon =78
ghek Holgt & 4 uth

#®, EDTAANN F24 £ $£89 TIC =9 W3 Lo, Fig. 2214904
9} Zo], T FtE R H1B 22 FAHI AFRSR 7] W&o, ethylamine
Ao 7L Zo), ¥rg (2-7)0] Ao APH o U B £ U}

3. BEv) W$EE F59 4294 ARAY) AEH

TiO; AERS titanolo}, ¥3 (2-1)3 2o, 584 pHAl wet A F Gl
A TiOH 2, 54994 TiOHZ, 9714 99 TiO =2 vt A-2(10]
FF F713EES TiOA &0 wgolM Fasith dustd, FEo Wl
TiO: YAFHel F713tE] FHHIM AFE8, 1 FHEL F8 pHA
e F8d 4 TiO; setFe) Hdstst F71sgEe] F8&4 & ol

2 FAAEAY AAAG ] FFE werh Aoz, FHG N
(2-1)% Z& Langmuir-Hinshelwood 223 fAHg Helz Zddtn daiA
ATH31].

E FgelMe, 4 Ax-FF FI1S8FES HEAR wE TiOA 3 Z)
Baubgol A TCO FaFgel w89 4 oj&Folut dxAdsts owd &
B RAFEZHE Y6y At o33 Zo] JhREY L FEA F 1808 F
<t WzlE F&A TC FEE Aol wet dJHoz nlddd &, wgais



dA, ke €4 TC 759 7] S HF Fo2 wo] o]& ¥gAIZ 180
o2 UE #old, Kv & A4&-FF f7istdE 84 e d4427F Ad F
A grolth. Ao ARAS} e dA-FF F713FE wet LAt
Az et FAAAAAE ey diEed Z4 FA-E {7188l

= A2dA el i HA A3}t 22 3tk ATCosE 60
o] F2AZt T TC FxolA 7 AL-F 718 Eo] XA T 1808

o wrgd ¥ ZAHHE TC =& W geolg. 38, ATC.a™ Langmuir-
Hinshelwood 222 (2-1)9] 271% % & C& 24 d4&-FF F713g 59 60%
F& Fo TC #o 2 diAg gtoln, 24+ wrgAle Hd FAYx M= A
Aol A3Add K 2 245 53 @ k& dYgstd 78 C, &S 9grig

_dc, | RKC, )
no= it = 1+ KC, (@-1)

7 Aa-FF F718FEY 2429 HoA@ek @l ds) 13 8eE&x G4,
k& =A8tH Fig. 2218% Zeo] uyehdrh o7]edlA, Fig. 221894 TC
decreased (ppm) calculatede Table 2.2.3014 9 ATCE 28 EHIT 5L
groloh.

Table 2.23  The values of the TC concentrations decreased during 180
minute  irradiation in aqueous TiO:z photocatalytic
decomposition of several nitrogen-containing organic
compounds, including the TC decreasing rates, the
decreased TC concentrations calculated and the maximum

nitrogen atomic charges

arameter k K ATCobs ATCeue
Compound (ppm/min) (arbitrary) (ppm) (ppm)
pyridine 0.175 -0.127 31.55 39.27°
phenylhydrazine 0.129 -0.223 23.25 28.19
EDTA 0.087 -0.268 15.64 17.27
ethylamine 0.076 -0.305 13.59 14.73
urea 0.008 -0.469 1.47 1.55
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w TC decreased (ppm) observed . :
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Fig. 2.2.18 Dependence of the TC concentration decreased and the
TC decreasing rate of TiO2 photocatalytic decomposition
of several aqueo.us nitrogen-  containing  organic
compounds on each maximum nitrogen atomic charge,

including the decreased TC concentration calculated



Fig. 221804 2%, 7 A4-¥4 $718889 2292 Hodst % Kol
& 12 &&= 3k, k (TC decreasing rate (ppm/min)) @ &3" TC 4%
2t ATCobs (TC decreased (ppm) observed)®] #AE Hd oz wigss Aoz
el ofg®, Fig. 221804, AA4HdA AQH3t gt K ATCeac®e) WE

BAE APHYLS YeldlH. olE, A2 t& iR &
AL-FF F713FEEYD FE94 F TiO: F5v] kg
AAYa FAAstel A¥Hoz vHES BagFe ¢, AL-38 {7)3EE
o 75 d@stn 7 G2TFEFS 40 ppm2 2 JASA 3l FYsAL o,
Langmuir-Hinshelwood @A oA A4+2 ALEEes s KE

FEu] S EAS Y £ JuE AL dHstn o

ZE83 o2 pyridine, phenylhydrazine, EDTA, ethylamine, urea &, Ako]

o
&

Jm ot

H

ol z+ BA Wel Ad] AAHAA A3t U dEHoR HME o glod
#AE Langmuir-Hinshelwood 223 FAISH ez A" + s A

T 3tk

>
o
iied

Ba) polwgel FARNE WSS YR Telr] BEd, o2 B sA 2
Ao wad AYFGE RS o= AR FAZ AAW, X AYPEH de
e TR AL-FF AVGYBSY FEU VISHL HARTEA Fuoly
FRer] A% 48% Uy 2 ANFR0E ¥48 Aoz Jdun



A 342 EDTA-25FsFEQ TiO: 35 54

2 doAM =, EDTA 2 'EL‘/—‘IQ(CU(H) 2 Fe(lll)) #3M3E Al g TiO, 23
W Bohg AP FHHT £89 pHt A4 L FE o] BE) Bajo] u)
A E4e s 2y de ERzde 229 Wee deEid
1. EDTA-24 33389 354 2ang 289y

2 A7 A¥L Fig. 2318 22 &8 3£ (recirculating batch type)

AYFAAAM  FEHJon, Agoz TWE olF ATHHY F-urgr
(photo-reactor):= Z©°] 36 cm, WA 1.7 cm, &7 23 cmEA4 Wi FYgL& =
g £ J=E Az FLL AR89 "black-light” fluorescent bulb (nUV,
GE F15TB, 18M)& AH&39x, 3-3% 99 320~400 nmel™, gz
350 nmol|th. ZElm F-ukgrE dAY 222 {FAEY] Hd F-wgr) R
ol o]F FFNE NET F27|2RE F255 124 A3

HSEZE BHEF 899 2H(air or N; purging)S &4 AR
B8 Y4 EE 2893 A5 AEFEVIE AEE FET 5 U 8
12870 772 AZsAch
olgol] MEEL AAELEEZ ¢HAL & e YANFET, F-9t37E dAZ

eEz #ASY A% FLE, USFEN BSEL E

stirrer, 283 YAAZ RFo2 A8E MFHT 5 AE FEAVZA A A
2 AFAEFEY] R AR SHIZFOZ FAHHINE F-98 4F A

2 A, Agstgch. 2dn FwE F RSB SE4L9
air-closed 289 AL &304 FAAHEE 5

EAs ZHES A%, FHsel A4S
49 AR R A

Zuj2 A2 Degussa P-25 TiO:+= anatase (80 %)%} rutile (20 %)9]
EEFREAN, 712U FFA7IE 30 nm, ¥ EHAL 50¢15 m/g, FF &
ZAA e Z7]E 2ok 300 nmEA A §lol AFEstAth

ZAEo A Zo AFEHE Al Cu(NO3)s - H:O (Aldrich), Fe(NOs); - 9H0
(Aldrich)$} Na:EDTA (Aldrich)&, pH ZAAZE #7189 Z-AshigoA
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2 o2 4 A0, 26, 27, 32, 331 NaOH®} HNO; (0.1N,
Junsei Chemica )2 ARE T

Al ¥r-3E(Free-EDTA, Cu(II)-EDTA$} Fe(I)-EDTA)Y %

= 2A3 stgen, F271E AMR3te 20 T2 A3 FA 8
A E£FFEZE o83 BEES 1400 mi/min® F4502 SBFANHT, FxA A
Al

=

AN Eujol BgES EAN F UVE ZASS Fueg

7t gEgE U 4¥xAL TiO: 7 W& EDTA 3350 43 230
A= Free-EDTA A& Aoz g&E F2Ud 7l $9 F71E purging A

Z19 4 TiO:; A= 20 g/4 9 2AAA, AF 2oz 2R HFPA=
air-purging 97114 TiOE 05, 1.0, 20, 30 ¥ 40 g/£ 2] ZHdqA 233}
Hir, FFo gh-go g 7] pHY A AL air-purging ¥ 7], TiO: 2.0
g/ 09 ZAAM HdFsgen, Ao g F¥ES FFEr]) H9std Tio: 2.0
g/ ¢ & Ag3td, 894 IS MR E Uro] AFaHT ¢ 1) air-purging :
H7]52 F7]E purging, ii) air-closed : ¥H37]€ th71F9 F719F A i)
nitrogen-purging : 37] 4l AA purgingdt= 435

F2d9] pHS DO (BEAAD)E YABAMT ZF2=2 pH & DO-meter
(Orion, Model 1260)& AH&3te] ZA43titt agx Fujze g H=& Fe
(IN-EDTAA Sl A TiO2% W3tol| wek HF Scientific Turbidimeter DRT 100B
g o] &3t FAsAT,

AHE ZE 48 ANEE 022 me MSI Filter Membrane (Teflon)& A}
g3l ARfsAh AFE A Fo R WelE o83 TC (Total Carbon)d}
IC (Inorganic Carbon)& X% TOC (TColA ICE @ zhHE AARSIY LAS
TOCE Z=A3+= Shimatsurtbe] TOC (Total Organic Carbon) 5000AE A& 3}
o A59 FHIGALATFE, §A4F AN FEsre dAFHEAEE o) &3
F49 22 ZAA3SE Perkin-Elmer 403 AA2.Z EA3%N T, EDTA 555
£89& 50 mM HNOs; (05 mli/min)&, detector® UV Detector (330nm)Z,
reagentt 149 & 1g Fe(NOs)s - 9H20¢ 14% HCIOE A&3t3lx
columne 4x250 mm, AG-7% AS-7 columne] @™ Dionex Ion
Chromatography (Al-450)2 213}t
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2. EDTA-Z& &5 889 F=v 2aus 48987 @ 2.3

7}, TiOeol &% EDTA #FEu) 4r3}

EDTA®} #4tst vbgoA TiO; 7o W& J&E Hrslr] Qs 3

Ab Al TiOz ¥ 5l @& 1,79 mM Free—EDTA?iM]H AEL 3o TOC 9}
EDTAS = w3 A& Fig. 2329 2334 Z+Zr Jelio). Fig. 2.3.20)
Ebd FZAF Al @@ TOC W&EoA & R0l FZAF 1 A|ZHE kel
TiO7t ¥ AdAE oF 1 ¥FE v|Te] TOCZ FMHALH, TiO7F A&
Aol A= <k 20 WA TOC Eal7t vrebsioh

283 Fig. 2339 YEld EDTA ZaldAE TOC &3 FAFSHA F2A)
2 AzZHetdl TiOt fle AdAME % 11 %R =9 EDTAY Edlgdon,
TiOx7t A= AdA T BXA 80 ERFEAA 100 %9 E37 o), olate]
A3 2 FE EDTAS UV, ZE3dA e TiO:9 47t EDTAS FE3A = A
71993 & F JATh

Y. TiO, Ratao] wlAlE 3%

B AFoAE ZE82 Degussa P-258 A& H 9 05~40 g/ ¢ 9 TiO,
FEHM 1 Az FF R 3 A F2AF Fo TiO, RaFe] 179 mMel
Free-EDTA, Cu(Il)-EDTA % Fe(ID-EDTAS #ZFu] &3] vjxs 93¢
A"std 2 A2 Fig. 234, 235% 2369 24z Yelgt. 8% 2% 2 A
e o FARC) 20 g/ 2 Y TiOE AT B, &84 W EDTA 5%,
£(Cu, Fe) ¥% 2 TOC7 HU=2 Zasyen, 20 g/L 2t o AAY 28
Agde gastAch 28 oy gxo J%g BF3E}r] 93 Table 2.3.190
Fe(ID-EDTAA 2} TiO: 7t W& =g YeEllA.

gx Hrlgkol STFE ZUl8tE D, 20 g/4 ¥ 9 7250 NTUS U
th. ol ZujEo] Wolgoz Low Hgde] g§rrt FrtslA Ti09 UV
EFE & F-8280 #Fasd FEo) 9 EEo] FAA Hu, FujFo] Q.
o3tz H& Agoe HEE FAh 6}0# TiO2o g F-a&o] F7hex et wkg
Ho] Hojx]7] W&o FFHv) wtgF o] Fadte AL FATHNUL, 1.79 mM
Free, Cu(ll) % Fe(I[I) -EDTA

—

o BEo) ReolN HY Fojwe 2

0
[+

A g
ARG, oA ATAHE Eof W 2% BE e BEuAd 2
A Ed gEdel 245 BMLELE FHRGE AFAAY AU 1
gy 5Y Eujge] 4E Y FEM HgH] BEFE F-WgALL 3
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Fig. 2.3.2 The change of normalized TOC in the solution
containing 1.79 mM EDTA as a function of TiO;
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Normalized EDTA and TOC Concentration
(@]
S

Fig. 234

O TOC—Irr 180min
—————— O EDTA-Irr 20min f -
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TiO, Loading
The changes of normalized EDTA concentration and

TOC in an aqueous solution containing 1.79 mM
EDTA according to TiO:; loading weight after

3-hour irradiation.
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The changes of normalized EDTA, Copper
concentration and TOC in an aqueous solution
containing 179 mM Cu(I)-EDTA according to
TiO:2 loading weight after 3-hour irradiation.
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Normalized EDTA, TOC and Fe Concentration

Fig. 2.3.6
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1 OEDTA-Irr 20min —
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TiO, Loading

The changes of normalized EDTA, Iron
concentration and TOC in an aqueous solution
containing 1.79 mM Fe(II)-EDTA according to

TiQ; loading weight after 3-hour irradiation.
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Table 231  The turbidity of 179 mM Fe(I)-EDTA

suspension according to TiOz loading weight

TiO; loading
i 0.0 0.5 1.0 2.0 3.0 4.0
Weigth g/ ¢
Turbidity
0.3 2250 4300 7250 12850 14700
(NTU)

e A28 48 F Aok

o

o}k 23tE Cu(I)9h Fe(ll) 549 EDTA Atste] thd 4%

durxg oz &3E F5L 57189 Aol L v A H[16, 34], EDTA
of ols) #s® Cu(l)9 Fe(IDE EDTAS #stel %L ©1d Aolth ol
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13-9g&£ 58 R¥oen Cu(ll)-EDTA > Fe(ll)-EDTA > Free-EDTA & o
Z Yehgth ol# 3 AL H7lE AolFEHo] A (1-3)7 o] WA T
A ARE 2Zstd, 5877 91 Aol B3 TiO, &0 A3EEE Zv)
At AFAH[35]19 A Fo). Prairie & o2 7Fx] F459 &R sholA
salicylic acid®d 5% E&E8R A9 A& Z3lE5E Alojo @A A a4
T A9 A7 F42 Foretn AASHEH(34], o9 FAE oA Fe*
o) AY 2 -0037 V 2ok ol & A 2 034 VE AY CuP'Y A$ot we B
4 x2S Yels] Cu(ll)-EDTASH Fe()-EDTAA S EDTA Eal&E: 9
A7t 45 FMES ¥ & AAT

Fig. 2379 EDTA E3&%9 Fig. 2389 TOC AALEE ¥lag u, Cu
(I)-EDTAS] #&u] w3 ZA9E EDTA El&EEY TOC AALE, & o AHg
£x7l Unsizle] F ALt 25 WA vyt olgke €], Fe(lD-EDTAS
Free-EDTAS 3 $-9M e, EDTA £3&xe F29 A7l TOC AAL=EE A
zpe]l 7A$-7F wiz A veElgd, ol EDTAV dxtydez Easdals o F344
ESo] ot7 fretAE FHan l7] "iEeln, ¥ E Fe(llD-EDTAAYIA EDTA
7t o =2 A BFAEAAG 2 FUHALAEEC] FedlDY o] o] Jujxez wa
A welEE Ae2 #add 5 ST

2}. EDTAAE9 TiO; Ewlx9d FF54

Z& )9 BP°EE°ﬂ Bﬂap—i FHFE A FLAAZE FA7)d 9
F&ol ALg-= 7‘42}9]' 4
o] Zﬂﬁ?’.}o}“‘ -‘*&UH HE-g & & ol ’]%’7—‘1?_‘ = sty dZell, FEal
FAAA Hte gl Had Me (AA e FF)E o= °]%”P7]
AdalM e HAA-AF AAFgo] =X JAFHojof drh. o] & A E, Zulg
A MANAY e YAAE AHESHA Ee Ald da] FEA Ho HzS
FAY AAFAAE TiO, TH FRA A g}

B AgdMe 9499 Axg TR/ EDTAZ dA3H ] =,
= TiO: A=W YA EH G} A 83 THES #d A28 S
371.

HzAL Ao wrgEAo] TiO: WA F&3ds AFL TiO, EHE A3l
ols) 943ge A Hui, o] THASE FE&A F TiO9 79 pH 35~68
21{16, 17190 A1 pHzec (pH at zero point of charge, =Ti-OH)& ZA He2g 2
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olstel e M3/ X (=Ti-OH)L.2, I o)A e S(=Ti-0)e 2 ey
A B TH22). '

E A7 F#PHUYE pHEANM Free-EDTA, Cu(I)-EDTA % Fe
(ID-EDTAA Y Al EAstE 38F5E A9 pHol| wet w2 z+ 3)s
Fo] B&x &9 pHel wel ZAAHAY, 20 C, 1.79 mM EDTA A-elA
MINTEC Z2 3388 0|83t <3 AA|E EDTAY 313+F FeEE Fig. 2.39,
2.3.103 23111 YER AT

Free-EDTA, Fe(I)-EDTA X Cu(H)—EDTAﬁlel TiO, FZv] Fwo] o3
FAASE AHREY] A, ¢4 JdA oSd pH 2d02 3 AbE 3
AEE FIYst¥ oy, 4 -5 pHY z’“éﬂre Table 2.3.20] YelWich 3
ZAL Aol 3k AHERE F&E EDTAY F%9 Table 2326 veld & A -
%] pH W¥W3lE Free-EDTAAE Fig. 2.3.12, Cu(II)-EDTAAE= Fig. 2.3.13,
Fe(I)-EDTAA = Fig. 2.3.14°1 Ztz} Jelidch.

Table 2329 Fig. 2.3.12, 2.3.13, 231422 2o} RE AdrM9 &2 = pH
zrol, & A x7] £€9 pHY 714E Free-EDTAAIA 697, Fe(Il)-EDTA
AN A F 650102 (4.89~6.82 Ato}), Cu(I)-EDTAANA ik 7002 (68
0~967 Ate)E & o, 2 ool & AP E KA A =7] #8949 pHET t
2 F71elE AYgS BYoy, O oiddAe YAR FriEdE A A %7
F4&d pHET i Z4sc. mEbA, oj2)d EDTAAISS FRF A A,
%27] 89 pHF 4 Adolv drides AAHEHA, §3 Folx pH #e o
371 A A= 2719 pH 990 FAHEZ A, TiO, EHo| 1A &
ANXE & A =TiOH 2, 9714 FE A E & MY =Ti0O 2 &A%

Table 2.3.2 pH change of solution before and after adsorption

Initial pH (4pH after adsorption for lhr)

285 517 6.4 697 939 1009 1L15
FreesEDTA  1003) (+026) (+005) (0000 (-143) (<0.14)  (-0.13)
248 304 489 682 86 1117 1165
FelI-EDTA  106) (+010) 081 (01D (-031) (07  (-054)
2.839 3.50 4.14 6.80 9.67 10.75 11.56
Cu(I)-EDTA

(+0.05) (+0.35) (+059) (+0.14) (-167) (-1.10) (-0.26)
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T A7 23 g n@elat & £ ok 53] ol9 AANrd 2 A 1990
. C. D'Oliveriral43]¢] 2-¢} 3-Chlorophenol$ W3 o2 FZHu] Atz}o tﬂsﬂ

A3, Fz7tde A F2 OH Fo whgol o3 FFu) dsurge F
2 FEHE OH™ guZo] A7 Wi, OH =71 & +§,
E¥S4E, OH &Y Aol Folx|i Ast& eyt Frlata AAIS A=

= B A7 =3dd pHEse] ©E TiO: EHAS7E G719 FNA
TiO 2 YeY D'Oliverira7l A|AIg OH F%7F 4% OH d@d Aol &
ol TAL OH 7} €438 Wi gle TiO: B AA7AQ kel
os] Fzo] folstA ot pH7} we g uls] OH' ojzd Aol A3tE
Rog Haxo olgg AL EEHE A 2ok

Free-EDTAS%}+ Fe(H])‘EDTA 2 Cu(Il)-EDTA #HEAS FZFo] Aghukgol
A 7] 4% pHS TOC AASEEe EDTA E3i&Eote AaAAE vl wst
71 948, FE0) v F 20 £74AY 2] FREATES At Table 2.3.4l
UebR T od71dA, TOC AASE A5KE [TOC]/[TOC]muali %ﬁPfi}%
e MeARo T Y 1A-RSSE S Zl-’r‘—ﬂ‘}i , EDTA ¥3&
(ko)E= Ln[EDTAVIEDTAl #< WAL ZE UFs FA-IA-HIE SR ’6"-’?‘:?—._

ot {1 . dp

lo reL'

A < A mlo &U mlo
JN
o
o
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Table 233 Ko of TOC and EDTA at different experimental conditions
according to initial pH of the solution, A : initial pH, B :
first order rate constant k of TOC (min-1), C : pseudo-first
order rate constant ko of EDTA

A 285 5.17 6.40 6.97 9.36 1009 1115
Free-
spra B 00027 00025 0002 00017 00015 00013 00008

C 00660 00591 00248 00228 00168 00146  0.0058

A 248 3.04 489 6.82 86 1117 1165
FeID= 5 40025 00012 00011 00009 00008 00008  0.0007
EDTA

C 00182 00064 00062 00055 00055 00052 00045

A 289 350 414 68 9,67 1075 1156
CullD= 5 o028 00015 00014 00013 00012 00010  0.0009
EDTA

C 01195 00242 00186 00138 00111 00108  0.0056

HFstg o, 2+ A$E Fig. 23279 =A88

o ZA¥E R2Y, EDTA 2d&x 45 ko TOC AAEE A5 ke BE
EDTAAA 7] 894 pH7F 3 ol3te] vjw3 7g A4 89 oM 713
wao, 7] £&94 pH7l F71gel me L. ¢H, 27] £89 pHY
Z7te W& ZF 249 32 Free-EDTA > Cu(II)-EDTA > Fe(I)-EDTA
F£o 2 Yeiged, o] vny AgHeR Faste BAFE AT viet 2
o] TiO: ¥A7It ATz 7 F&o|&3ke] AL Ate] 7[dste Ao g QAT

EDTAY E#&EZ et TOC AAEE Atejd] #AE 1@sty] Yz, TOCY 1
A-AALEE A5 k9 EDTA E3&E A k& Fig. 23289 TAISHAY. o
71 A, 2453 #3d F £F{9 EDTAACdAME TOCY AALZs EDTA
gl&e 7hel #@AVE diAFHo: MFHY Nk, FHol AsHA &
Free-EDTAAIGIM = Bl-d8A oz Yeged, oj #3std JF4°| EDTA
ez njxle Gk g Aojvk =3 Z} EDTAA A9 #istd 7187
o] z=7]& Cu(D)-EDTA > Free-EDTA > Fe(llD-EDTA T2 2 YelgEd,

oo

—_—
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Fig. 2.3.27 Change of the pseudo first-order rate constant of
EDTA decomposition, Kepta, versus the initial

solution pH
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solution
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o] Cu(ID-EDTAAYA = EDTAS F&v] &3 A% 44
dudez =g A 359, Fe(lD-EDTAA M E EDTA
of MmA WA BHEe ¢ & Ak

JAE FA/TEY 54 F o AAF A AAE 2
DA £ER BAA Wk YA TAN, Aok 9 A5hd Tl ol 9
de e s AEC) $4 FRH S T Zolth,

O{N r&ﬂ
T ol
)
o
ox
e

b &) WS Fao] BE W] A

fr

3%

L

ol of 3= o e aFHo|gn A YoH44]. o) F
sz BEu) weene BAS ner] st Fig 2329, 2330, 2331,
2.3.320l Free, Cu(ll), Fe(I)-EDTAA¢ %7 *’F%‘—’H pHel W& FxA A 3
A7+Eete] EDTA 533 9 33u) 98 20 ¥ 59 EDTA 3=9asl 180
B %o TOC ¥3ls Z+z} e

-

Qiton FEuld % AV ZulEweln Jolum, BEv) w
w

Eo|¥ukgt AL, B&u) ¥g F EDTA FE9 TOC W37t #xA A &
AzZrEeke) F&Fo] wsld A FARBIOE Holth ol o8 F%-EDTA
AS FZu] Asigbgo] ZAS v EHF A ESHA ¥ede R[0IFE
gz9, w$Ad gt E EDTA 23 B2 g8 2% J&23}e & 5
RN

o}, Abae] 33

713188 FEo) AsutEe FE5u A FRO FIHE EF o
8 dojute Aoz A 3egubgA e 2(2-2-5)9 o] e F Qlt}[22]. o9}t
Zo] TiOF9 ZZvl& g

o] &3l FI|ES A EBIA e vrgolME davt
7

Base), Hag FIFHA GE Aol wso) AYHA FedEs Ao we
AT7E E3) AHUTY. 2 TIOE o1& 4-CP Eadio] 3 AFANA Ax
= ZIY ARNE AASE A Yo FAgEE g F29 TS ggE
A& APSFAT3G, 45, 46]
uv
C.H,ClL,+{ x+ (y—2)/4}0, T?Z) xCOy+ 2HCI+ (y—2)/2H, O (236)
2

E A7 ME EDTA ZEu] wrLoA 449 H3FE n@dsr] 93 &3 2
22 E I Fo F7)E purge FLEA HZIIUY AAFEE A
3= A9 (air purging), &3 FA ¥E71E W79 AGstE AS (air
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Fig. 2.3.29 The changes of EDTA concentration and TOC in
the solution containing 1.79 mM EDTA and 2.0 g/
£ of TiO; according to initial pH of the solution

before and after photocatayltic reaction
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Fig. 23.30 The changes of EDTA concentration and TOC in
the solution containing 1.79 mM of Cu(II)-EDTA
and 2.0 g/ ¢ of TiO; according to initial pH of the

solution before and after photocatalytic reaction
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Fig. 2.3.31 The changes of EDTA concentration and TOC in
the solution containing 1.79 mM of Fe(Il)-EDTA
and 2.0 g/ ¢ of TiOz according to initial pH of the

solution before and after photocatalytic reaction
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K(EDTA) and k(TOC) vs. initial pH

- - @ - -k(TOC) of EDTA-only x 100 [t/min] - - 4 - -k({TOC) of Cu(ll}-EDTA x 100 [1/min] _
- - o= - -K({TOC) of Fe(ill}-EDTA x 100 [1/min] ——@— Kk(EDTA) of EDTA-only x 100 [1/min]
- —a&——K({EDTA) of Cu(ll}-EDTA x 100 [1/min} ~—=——K{EDTA) of Fe(lll)-EDTA x 100 [1/min]

12 x 0.30
10 } 0.25
= 8 | 020 =
£ E
o P
e 1=
> 6 0.15 <
= =
B g
£ 4t 1010 =
2 0.05
0 — ' : 0.00
2 3 4 5 8 7 8 9 10 1M 12

Initial pH

Fig. 2.3.32 Change of decreasing rate of total organic
carbon{TOC) concentration, and EDTA
concentration with initial pH during 180 min
irradiation in EDTA-only, EDTA-Cu(l) and
EDTA-Fe(Ill) solution
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AgE UEld 9o, 27] 8hgold] A F ALV EAE o, F wgr)S
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9] F71& purgedts A% (air purging)e W& 60 £ AF § oF 35 %9 AA
&< YA

Fe(I)-EDTAAIY A%+ AALE purgeste 2% (Np purging) % 60 ¥
A3 F oF 13 %, ¥Hg71E W7o AddtE B¢ (air closed)s o 17 o/94 |
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25 %9 AAEE e AT

EYZzAMY Free-EDTA, Cu(ll)-EDTAS®} Fe(Il)-EDTAA Y #FZu)
S A7t W& EDTA wxWstE UeEd Fig. 2336, 23373 2.3.384 z+zt
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Fig. 2.3.33 The change of TOC in the solution containing 1.79
mM EDTA and 20 g/¢ TiO2 accordindg to

purging conditions during the photocatalytic reaction
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Fig. 23.34 The change of TOC in the solution containing 1.79
mM Cu(II)-EDTA and 2.0 g/ ¢ TiO2 accordindg to

purging conditions during the photocatalytic reaction
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Fig. 23.35 The change of TOC in the solution containing 1.79
mM Fe(Ill)-EDTA and 2.0 g/ ¢ TiO: accordindg to

purging conditions during the photocatalytic reaction
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Fig. 2.3.36 The change of EDTA in the solution containing
179 mM EDTA and 2.0 g/£ TiO: accordindg to

purging conditions during the photocatalytic reaction
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Fig. 23.37 The change of EDTA in the solution containing
1.79 mM Cu(I)-EDTA and 20 g/¢ TiO:
accordindg to purging conditions during the

photocatalytic reaction
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Fig. 23.38 The changes of EDTA in the solution containing
179 mM Fe(ID-EDTA and 20 g/¢ TiOs
accordindg to purging conditions during the

photocatalytic reaction
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Fig. 23.39 The changes of DO in the solution under air closed

condition during the photocatalytic reaction
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= = 7% (ar purging)T & 95 %9 AAEEL YA
ol EZHE A4V EDTAS BEw Ashubgo] J3g v Ao A «l
AL & F I oz
g =g 2A8H7] 93t Fig. 2339‘)1]
FEo] B A 7] WGE HEAY £E4A WHEE YEHUY. £E244L 247
3 TOC® EDTA E3}&o] (air closed?] Z3-FoA) ¢ 37}A] AFeAM 713 &
#e UveEdd Cu(ll)- EDTAAICA |84 227 7bF AU o)l &34
&7 Az FEAZA L FE2o) Asubgs XY g8 A uiel &
8l Fgken, £& L 9% BHEEIRGE FI &, FHA 3 w3 E
ol o & AL #FAF F ANk o]HF PA+L Fe(ll)-EDTAA S TOC Al
71-501]/\15 29 F AT

3. EDTA-24&38%&9 J&v iz

Free-EDTAS} EDTA-Cu(ll) @ EDTA-Fe(lll) 5 &-23tgrE419] 2o £
Z71& A4, Table 2.35% Zo] AlxdATh

Table 2.3.4  Photocatalytic decomposition conditions of EDTA-metal

complexes
TiO, BF-ZFof Ho Fajzd
o
wE z7] pH §7L§EEDTA A G TiO: AAF=
EDTA-only > 5.0 mM
EDTA-Cu(Il) <28 > 17 mM ag_zfj;l%g g{g 20 g/ ¢
EDTA-Fe(lll) <25 B & B A
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AHgE #7183 EE5L  phenol, catechol, resorcinol, hydroguinone,
p-nitrophenol, o-cresol, benzaldehyde, benzoic acid, o-nitrobenzoic acid,
benzenesulfonic acid, aniline, o-phenylenediamine®] 12Fo|ow, 1 3tz
A8 Table 2413 &tk APLHS A7 FLeA3, TiO, FFHAIHE 30%
o2 3.

606%#*

[ of/u
NS \// S
N
‘ ‘ C ¢
s N

Fig. 2.4.1 Aromatic organics used in the experiments

- 119 -



2. 5 F715E AAAS A

HyperChem® Z =94 Extended Huckel Theory 2 AMI(Austin Model 1)
MethodE A 8% Semiempirical ¥H& MR 12%9 {7182 dg o
AAEHE AR e, 2 A3 Table 2413 o] eyt

Table 2.4.1°14, Nega(max)® ®2F W Hdl 9o A3 g, Nega(max) x
atom numbere U $9 HIE w= AxrY A gol I A9 AFE F
g gk, Nega(2nd)e F HAZ 2 £9 Ast 3, Negal®nd) x atom number:
Nega(Znd)E AUe Uxte] Adt ol 2 4xe] /W& F& g, Posi(max)s
Batel Hd el &t g, Posilmax) x atom numbers o] o] HsE uwe=
LAY AE ghdll o LAY AFE FF S ERAT

Table 2.4.1 The values of negative or positive atomic charges of aromatic

compound molecules calculated with HyperChem 6

Nega Nega Posi
No| Asomatic compound | 5 | T 7 | e | o) [ s

number number number
1 | Phenol -0.263 | -0.263 - - 0.207 | 0.207
2 (f;fiﬁozlene oD 0261 | -0521 | - - | 0232 | 04e4
3 (ng;ﬁ;;lle siod 0250 | 0500 | - - | 0221 | 0442
4 | Syerodunone | 0252 | -0504 | - - | 0216 | 0432
5 | o-Cresol -0.254 | -0.254 | -0.180 | -0.180 | 0.219 | 0.219
6 | p~Nitrophenol ~0.345 | -0.690 | -0.232 | -0.232 | 0552 | 0.552
7 | o-Nitrobenzoic acid -0.318 | -0.318 | -0.246 | -0.491 | 0.413 | 0413
8 | Aniline -0.405 | -0.405 | -0.225 | -0.449 | 0.216 | 0.431
9 | o-Phenylenediamine ~-0.313 | -0.626 - - 0.174 | 0.174
10 | Benzaldehyde -0.289 | -0.289 - - 0.223 | 0.223
11 | Benzoic acid -0.277 | -0.277 | -0.265 | -0.265 | 0.222 | 0.222
12 | Benzenesulfonic acid | -0.932 | -1.864 | -0.757 | -0.757 | 2.837 2.837ﬁ
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. Catechol®] #&u] EsEA4

Fig. 24.4  Atomic charge densities of catechol molecule

calculated by HyperChem chemistry code
Catechol +#9] dAAsH= <9 Asr7l Hdl -0261eln %9

0232011tk (Fig. 244 F=x). ¥k 120&8 Fol < 60% =7l 8=
el th(Fig. 2.45 #FE).

Catechol photocatalysis

~m Total carbon (ppm) e Total organic carbon (ppm)-
+ pH with time

. Inorganic carbon (ppm)
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E ¥ ‘ ; =
£ 30.000 R ENEEE 4.00 : &
g L * {300 B %
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o r < 200 = 8
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Fig. 245 Carbon contentand pH changes of catechol with

photocatalytic reaction time
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t}. Resorcinol®} #3uf B &4

Fig. 246  Atomic charge densities of resorcinol molecule

calculated by HyperChem chemistry code

Resorcinol #2Fe}l PAAStE &9 A7 Ad 02500112 %9 Ast:=
0221019} (Fig. 246 =), ¥k 1208 Fo 2 75% A7t BHEHE 202

etk (Fig. 247 Z3).

Resorcinol photocatalysis

= Total carbon (ppm) o}otal oirgan-i-t-:rtr:"arrAb»obn (ppm)

« pH with time . Inorganic carbon (ppm)
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pod e c 2
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: EREEE s s
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Fig. 247 Carbon contentand pH changes of resorcinol with

photocatalytic reaction time
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2}, Hydroquinone?] #Zul] E3|EA

Fig. 248  Atomic charge densities of catechol molecule

calculated by HyperChem chemistry code
Hydroquinone £2}2] 9dAAS = &9 Ad7E FHdl -02520] 1 %9

“ - [e}
0.216°1 4o} (Fig. 248 #&x). vk 1208 Fol oF 70% A =7} Ba= e
vt o (Fig. 249 33).

Hydroquinone photocatalysis
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Fig. 249 Carbon contentand pH changes of hydroquinone

with photocatalytic reaction time
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ol o~Cresol®] FZv] E3) 54

Fig. 24.10 Atomic charge densities of o-cresol molecule

calculated by HyperChem chemistry code

o-Cresol £Ate| AA-sE &9 A7 Hd -0254c]x ¢ A>3}
0219°14 = (Fig. 2410 F=). ¥k& 1208 Fo| oF 80% A=E7F 2a5E A
2 YEtWT (Fig. 24.11 #FX).

o-Cresol photocatalysis

: - Total éarbon (ppm) ° Total organic Vc?a";l-)'c')hﬂ(ppm)

. o pH with time

. Inorganic carbon (ppm)

40.000 E— . 1 5.00
3 i H N ! .

= * e i ! ; Do =
g 30.000 . Oio : ole o .. 0;!0___0 4.00 g g
E Lo : ] 300 » E
2 20.000 j . SN S 2
8 . i 4 200 — 8
= ! . S =
S 10.000 4 1400 5 8
5 s ! g
[ &4 R . H [3]

0.000 " I 0.00

-30 15 0 15 30 45 60 75 90 10 12

Reaction timé(min) 0

Fig. 24.11 Carbon contentand pH changes of o-cresol with

photocatalytic reaction time
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vl. p-Nitrophenol2] #F&0] 2854

Fig. 24.12 Atomic charge densities of p-nitrophenol molecule
calculated by HyperChem chemistry code

p-Nitrophenol #x+¢] dad = &9 A37E A -03450)m %] A
= 05520t (Fig. 2.4.12 #F3). ¥H8 1208 Fo oF 45% A=7F Ealme
o2 vehygth (Fig. 24.13 #3).

p-Nitrophenol photocatalysis

:"l'ﬁ&;rcarbon (ppm) )

‘e Total organic carbon (ppm).
« pH with time

. Inorganic carbon (ppm)

50.000 4 — 5.00

| 40.000 ""‘"“}_”I_‘ BRI T S| 4.00 ¢ &
E 30,000 |- @ e 3.00 % E
= ! | = =
8 20000 {—t oo ® ] 200 C 8
o« ! L 4 o [ =3
5 C b x 9
£ 10.000 f b | 100 & £
i (o3
(& ] ! . ! o
0.000 . : : i 0.00
-30 15 0 15 30 45 60 75 90 10 12
5 0

Reaction time (min)

Fig. 2.4.13 Carbon contentand pH changes of p-nitrophenol

with photocatalytic reaction time
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3

Ry
X
L

A}. o-Nitrobenzoic acide] #

e
==
e
%
1
o

Fig. 24.14 Atomic charge densities of o-nitrobenzoic acid

molecule calculated by HyperChem chemistry code

o-Nitrobenzoic acid A2 YAAZE &9 A3 A -0.3180)11 %<

e 0413919t (Fig. 2414 F&). w8 1208 Fo o 68% HE=7l E3) 5
Aoz Jelyt (Fig. 2415 =)

o-Nitrobenzoic acid photocatalysis

W- Total carbon (ppm) o Total organigcarBAc;ﬁ“(“pAprm)

« pH with time . Inorganic carbon (ppm)
40.000 — , _ 4.00
—_ s | : ]
E ‘.;&»ioéo'?"?“’ E
& 30.000 e i - 300 2 8
5 R . : S
S 20.000 I —— ! 1 200 2 €
8 A { * = 38
= N N H ! oty
8 10.000 5 g - 100 8
S i i : | <
0 i - - . ©
0.000 t PN SN n— 0.00

-30 15 0 15 30 45 60 75 90 10 12

0
Reaction time (min)

Fig. 2.4.15 Carbon contentand pH changes of o-nitrobenzoic

acid with photocatalytic reaction time

- 127 -



o}. Aniline®d] #Zd} E3jEA

Fig. 24.16 Atomic charge densities of aniline molecule

calculated by HyperChem chemistry code

Aniline ®2t9] A= F9 Wstrb Hol -04050l2 ¥l Hste 0216
olAtt (Fig. 24.16 Z=x). ¥bg 1208 Fol o 60% A=t BdHe Aoz v

bttt (Fig. 24.17 =),

Aniline photocatalysis

”- Totél carbon (ppm} o Total c;rganic carb;n(ppm)

+ pH with time . Inorganic carbon (ppm)

40.000 — ; ‘ : 7.00
T F Lo } {600 £
g 30.000 {—«#-—0_-.»-‘T"_.E*o_ff»«o__o».?'_o#o_to 5.00 .g g
§ I ¢ e 400 2 %
= 20.000 |[-- . o o
g 20 [ ] 3.00 £ 3
= ! i . P =]

8 10.000 —_— i b 200 £ 8
S l o ' i 1 1.00 5
0.000 | = 1 i 0.00
30 15 0 15 30 45 60 75 90 10 42

0

Reaction time (min)

Fig. 24.17 Carbon contentand pH changes of aniline with

photocatalytic reaction time
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2}, o-Phenylenediamine®} FZu] E3)EA

0.130

Fig. 24.18 Atomic charge densities of o-phenylenediamine
molecule calculated by HyperChem chemistry code

AsteE 0174010 (Fig. 2.4.18 Z2). #-2 1208 o) oF 65% A %7} B35
Z)

© AeZ Uent (Fig. 2419 #

o-Phenylenediamine photocatalysis

- Total carbon (ppm) e Total organicic—arbon {ppm)
+ pH with time . Inorganic carbon (ppm)
50.000 , — — T T 7.00
E 1 A;_“_f *:_ ) _!._0_‘._9__:,)_» 1 6.00 E
g W e T e ¢ B
§ 30000 iy | 5 4 400 2 F
€ b ? ‘ g €
8 20.000 ' ; S {300 £ g
c : : i : . © e
L | < 2.00
2 10.000 - 1o | b s 2
8 ] 0 B BT -
0.000 : : SN S o i 0.00
-30 15 0 15 30 45 60 75 90 10 12
5 0
Reaction time (min)
Fig. 2.4.19 Carbon contentand pH changes of

o-phenylenediamine with photocatalytic reaction

time
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Fig. 24.20 Atomic charge densities of benzaldehyde molecule

calculated by HyperChem chemistry code

Benzaldehyde +A19] YAt &9 A7 o -0.298¢0| 2 ¢o] A3}
= 0223919 (Fig. 24.20). 98 1208 T oF 90% AX7l EaEHe=s A=
eyt e} (Fig. 2.4.21).

Benzaldehyde photocatalysis

Ml.Totalicarbon' (ppm) ® Total organic carl;&n(gpm),
@ pH with time A Inorganig_carp_on (Pgm)w
35.000 — — ., 5.00
_ 30.000 +— - PPN P S ' ::g .
E RN E R R X R0
& 25.000 ! hd hdhdbhdh LR
5 20.000 | ' {300 ¢ 8
E . 250 § %
S 15.000 | ‘ 2§
8 1s. ! o f 200 8 2
‘§ 10.000 o] 150 5 ©
; 1.00 X
© 5000 050
0.000 4 A A 2 0.00

30 15 0 15 30 45 60 75 90 105 120
Reaction time (min)

Fig. 24.21 Carbon contentand pH changes of benzaldehyde

with photocatalytic reaction time
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Fig. 24.22 Atomic charge densities of benzoic acid molecule

calculated by HyperChem chemistry code
Benzoic acid &3t9] AxpAs= 9 At A -0.277012 %9 Asf

02220141 (Fig. 24.22). ¥+& 1208 Fo % 8% B=r/ Fal"des Aoz
Ebt o (Fig. 2.4.23).

Benzoic acid photocatalysis

_m Total carbon (ppm) e Total organic carbon (ppm)-
« pH with time . Inorganic carbon (ppm)

40.000 : — 5.00
T e | i : =
& 30.000 ‘.—-»»-L—,.,—.-l-.fi—.+.~4»~o#o—~~——~~°~" 10 0 &

| | . i i =
£ AR B S 4300 2 E
€ 20.000 |- R SN N S - s 2
8 i i 200 = 8
2 10.000 e Rt S 1 100 5 8
S ; L . 3

0.000 ‘—Ll = I R i 0.00
.30 415 0 15 30 45 60 75 90 10 12

Reaction time {min)

Fig. 24.23 Carbon contentand pH changes of benzoic acid with

photocatalytic reaction time
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E}. Benzenesulfonic

Fig. 2424 Atomic charge densities of benzenesulfonic acid

molecule calculated by HyperChem chemistry code

Benzenesulfonic acid #A+9] 9AAS = &9 A7 Ad -09320)1 <
9] A3sl= 2.837°|UY (Fig. 2.4.24). v+g 1205 Fo ¢ 59% AZ7l Edxe

o)
Aoz yetwttt (Fig. 2.4.25).

Benzenesulfonic acid photocatalysis

acid®] FZu] 2354

= Tb-t"a‘l carbon (ppm)

+ pH with time

40.000
€
& 30.000
€
2
£ 20.000
[ =4
S  10.000
5
(&)

0.000

Fig. 2425 Carbon contentand pH changes of benzenesulfonic

acid with photocatalytic reaction time

. Inorganic carbon (ppm)

I ‘ : 4,00
% f > @ ? *le 0 > @ . > & ® 300
PS i i
: L e |
- e 2,00
‘ .
‘ U ]
s 0.00
30 15 0 15 30 45 60 75 90 10 12

Reaction time (min)
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4. HFE w713HE FS5

Mg 54

L

He

AR AG &4

ol

7} -OH &% 335 2718829 250 2354

Hydroxyl7] & &3 phenol, catechol, resorcinol, hydroquinone #3FZ 3}
FE9 F-Zu] 23 SAHL £A9 S-4xAI} A7)0 F-Zu] EHEHS] g
-HldEte o2 YERT. ded viet 2ol F4 fr1Exe dAAsI 29
weko g 48 o & FilHe ALE Uyt (Fig. 2426 &%)

-15
e 17 R
O. i
e
- —19
2
s -21
£
(@]
c —-23
2
& -25
O
& -27
o
[
O -29
~31 ‘
-0.263 -0.259 -0.255 -0.251

Charge

Fig. 24.26 Total carbon content change of hydroxyl containing

aromatic compounds with atomic negative charge
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4. -CHO, ~COOH, -SOsH £ -NH; 3§ WIS {71329 F=a &
NEA

-CHO, -COOH, -SOsH =& -NH: F9 =x%7] 3vtsE gaste

benzaldehyde, benzoic acid, benzenesulfonic acid, aniline % %% 3gE 9 #-%

w23 S48 o HAd S b} B Fig. 24.27% 2Zth £

S-9AAe Z7)e) B-Zv) RSl G-wAse Age noln

Carbon content change (ppm)

Fig. 2.4.27

-18 ;
- 2 0 0’&& -
| |
_24 [ S — - I
|
—_ 2 6 P S A
-28 }— . ‘;
i
)
-30 I~ | I §
-32
-0932 ~-0732 ~-0532 -0.332
Charge
Total carbon content change of one group
substituted aromatic compounds with atomic

negative charge
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t}, -NO; &+

Nitro7| & ¥ 8-3l= p-nitrophenol, o-cresol, o-nitrobenzoic acid W 3t&
29 #-Fu] &3] 5A-& phenol® Zo] v H Fig. 24.28% o] g
g0 S-AAME 27| wre} F-E0) RaEHo] AgPoz o-uje)
BoFETh
-20
—_ =22
e
(o]}
L2
o —24
[®)]
(e
©
iy
o -26
[
§o4
[y
8 -28
(e
@]
Q
S -30
-32
-035 -033 -031 -029 -027
Charge
Fig. 2428 Total carbon content change of nitro group
containing aromatic compounds with  atomic

u} 3k

PFE F713g 2 FE50 BS54

negative charge
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g -COOH EE -NH, %% %5 #7/18982 #50) L5

=4

sty =& E9o] X ¥ aniline, o-phenylenediamine, benzoic acid, o-nitro-

benzoic acid W& H-FHu] FRES 5L ARAS =7)d wE Fig,

24299 Zo] Yedt. S-dRAAE} 27 F-Fu) 2350 AY A¥He
A-uvl st ‘:1'

J

, 2o A$E B2 B S4o], gol4 A¥W
-3 71:&2@4 o 22, FAEA AdAAE A7) d-nd e 5ol
3 @o]l YErRT l% FTHTEE GAE AOd nged ZLL 2Zg7] Y
thoret A7 EEE Lgo deHE Ao HHun
~-20
- . 1

=22 ST

&

Q

RS

(@)

C

©

= :

2 -26

o ;

5] ;

= |

o -28

cC

O

Q |

8 -30 M*,,.,,.ﬁ__.._._.i__ SR _1‘_7‘

-32
-0 .41 -038 -035 -032 -0.29

Charge

Fig. 2.4.29 Total carbon content change of carboxylic or amino

group containing aromatic compounds with atomic

negative charge
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A 548 JFFHo vigrle] AAMNE EA

B gdNE, BE0) wg

, B 1219t 7l BEA4E 2ASA, #&0) wtgr)s A
o}

2 o
A A5l nHojoF & 383 HANGE =&

olt

1. 3&5 Jle IR

Ed AYE 93 /1EFAL2 4 W3l (phase change), & & (adsorption),
2l (membrane separation) £ ©]2#%(ion exchange) 5 F2 E&&
Hell oj &3t gon, ZAHoZ 2AHVES AASe FAE LS Yz It
olg]g B E FH3Y) 93, LEEL S g H oz EEste nFde Hire

(AOP, advanced oxidation process)E©°] AA & o] gkr}.

2

AOP FdlA 71 Zt3& wn Qe UV-Ev] Eiurge FZo) ug
(photocatalysis)el 2t 30, 7FA13d JHe] LE vt T FAE uo)
A== HAelectron) A-E(hole)S o]&3te] #&HA Atsl == U8 {2
ste whgolth. FFol WL, COE H2IFEESEZ AFFAY, N2
NH;E& AAstAY, £S5 233t T2 daE Alste 59 s Az
of ¥ut ol §7] Z WAE 2PgEAL A3 BIstAY, NOxy SOxE
A e A, 77 F&oleS AdFcz 4 - Basty 3 Fas 5o Ay o
FER MPPoldAE 2% dAVIEs Z3e ¥u gtk FEo) wige A
Aol Hold YA L] HIFF S 8t 57 FHELE Adog Hgs
BRSO E o] &sle LHEIL #HI BIAPoEA 24HI)Eo] AA A

FEE o] w2 BFUHY AAsIE F§ AL A7 BaaA &

Bk TEobE, BSEE FEjo| & wEUF, BN
o gonky, vt & F §84E AYe FFue AxR, FEv| e A
23 Fog FRIEW FEIFE OEFH 2o © FEFu b AFEOE S E
Ao FAISAE WE F Fred X Y ; @ 5| HFALE B dFE
of : A AzvtEIIS AFSFA AR EIYT L O ZA ; @ FFu)
AZ AFE} : 2202 Y, FAHZ o] 2 A, G2 AEAE YAl 7IA1HA o]
£3¢ 2 F0 GAHY Fo ; @ FEF 9g7] NBECk ¢ Fujdl % F
g4 3T 2o 3 L FE59 1A AR
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3, 2 HFEL FEu) guzy 2 ¥Rd, FH9 AxER, FE20 X,
Bz FRTF i pH 48, HEER Fx, 299 A, AA B
gz FHoA e FiEE F o}F st Hisic mEtAd, FEu) ghgo
3t Auka EAolu HbgUlF rE NSEEE 5L XFAA GAHEA wE
A kgkony ol x ojo] W B AFZo] FHA IFY Folt} [1~20].
A, diFE g ) Ee F ) ol AAYRE A AFAU AxAE
S AdABA oF =E2FH3 glon, AA-FH KR E F g 2gEd

2 g7A 9k FEu) wrgo] % AA-FHF F1IFFE e ALl
M X F7]3(mineralization) ¥-&7|F 2 WEEE EAJ 5E& #AHSE AAH
12477 aFE 31 ot 2eu, A F71SEE didt FEo) v
FEE T3 gFsn Estr] Wil of7tR oo W3 r|xdF ARE F
FR717F A g

2. 350 wgo] o]EF w3

#ZZ vl ub-g(photocatalysis)Z &0l i/l F-7|FE vt=x] AFely U
o el zAMd W dojue #7135 (photoelectrochemical) ¥H-goll &3t}
o o] yrgoA dHeH oz g 9el(thermodynamically down-hill) #IA <&
7h&3kt), FEo] wbgo gk dFE 19708 o] F 1980\t 2 WAlR] B 7

5

3 A8 AL F-71AE A (photovoltaic conversion) L oAU X A&
(energy storage)?] 7lgAe R IAFHAAUC. 1980¢ Y] Futdle= A8
A3 Y FAH D ARG Bok At o AT @dsidoen, B4 %
A7) gEA g e] 48357t F3H| gt

P 8g FE5A HI|E Mok 484 dES AT £ 7] WE
o, 1990t °o]FHE FAAYE JgRA ¢ HAeS Y HoZ J|dFHn
At Ll ZA], TiOA FFu] ghgo] ojn] A4HA @] sz ok

7. Bd A FE5 vkg

BFdA #&d w9 deEet AT S(quantum yield) 2 EHE =
A FEo v 2dydn e FEue AP E FHFujy A, F7] 2EE
Ao FEu Astel Fr) e GEA FFu] vkl g AHE, FAeA F&
o ukg-3 37 SHAEA Ay, T/ EY FEu] #go) 3 AF 5L

F20) Axet As

=

A AWM ¥EAN(SC, semiconductor)’t w-E
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(bandgap) oy x]e] W& FF3H wkE (5-1)3 Zo] HA-A F(electron-hole)
hv > E,

ecg + hig (5-1)

gt Ege vtz Ae] a-F ol A (bandgap energy)oln], 2oz XA
H A 2}-&8-A (photogenerated electronic carriers)oll & of#l Hxlx= zbzt wix
A9 Az df(conduction band) L WA7tdi(valence band) W Y xS YebAL)
& vt A =28 slurry)/d S (suspension) ¥ ZAZE vtz Ao Ak
(interphasial) $A1E& st E 3o} 53], 471 =4 X A h(conductive
support)ell o, wEAg HajAe AWL R #IAY(bias
potentia)7} B = AH7IHoz AA-AF st ¢ F olFojE F 9
th 9= dEES Ficte Axe AL, vkge E2ld Ax-AF QA3
AAHE Axe BxA YAE 7t2A2E SHA(carrier) ©1F5 9 J& 2 2ur
Aol od) wWasle T 8 o8 FAIH.

LAEE AAAAHNANE, Lo ARG AFo] MAHE B S2 Bals)A

N3 Ao) Euf Wo g MAYE AFL W (5-2)8 Zo] ol FEu) ¥
SC

OH + hygy —— OH (5-2)
hy

g OHE OH #YZ2Z A3pA it o] kg Aol wj$ =2 YPuzs
£ 7] 3Hmineralization)\} #£3 #7] ¥ &
th. OH ;YL vABES dAdYdo] Qo] &
o2 ¥ AN wg (5-2)d g3 Hew AHHE AF
(organic substrate)s 2H FAHAE 4 3t o] FEE E3] 7|4 (gas-phase) &
Zuf ¥kgo A F a3t}

27 SHEAE E3 kS (5-3)7 Zo] F5FEUR FAdHT FHFAZEEH

SC :
My + neew — My (5-3)
hy

AAE ¢ ok EE Cr(VD — CrlD) F&v] £3 gr3A o] & i3
73

el BAIFHA 42 AEE 5 Aok pHE =43H 284 Msed e
SEEAE FEu] Fo| AANPGLRA EHDANN AT + Ao, A=,
FEu) w2 BE f7|U Pl BEe YEFY LHYSHER 298 Bolv ¥
ZNFAE BAC AP & de A5E AU JH o] A WY A7
FE f7138E g, PodDely Asdl) 5% &2 F7isterE, 9 gtegoly 9
AEE Tt volzix 22 MAES FFE dETE Aste ST A
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CB A
hv
>

VB

Energy

Redz OX2

Fig. 25.1 A schematic of photo-driven events at a TiO; particle in
contact with a medium containing an oxidant, Ox; (e.g.,

02) and a reductant, Red: (e.g., an organic substrate) [11]

A 23 Hojut)
Fig. 25.1¢ © %Ea dxolx Lol s Yojubs wgAZolt 87
"ol A&, 'Oxy'o] Pb'sh B F40/, 'Redy’® §7171 o]} njy2d =

X0,

e-h" 49 @4&s A2 Yo B=H u-E(bandgap) Well Yxlate] =
AL LS e EHdE(surface state)E A, Aoz A Wy A
gadizle ok FEF0 HeHALE EMdte doe TS (conjugate
reaction)®] 7ido] & ®b 3trh oo oW W (5-2)= ¥l vE (5-4)9 ¢
SC
2H,0 + 4h" h—>02+4H+ (5-4)
v

o] Yetd & Auk H7]eA, O HHE (5-5)% Zo] dukgo] oA =
A 2}k Al (electron acceptor) 2 2Hg-gtc), whek wg (5-4) 2 ¥Hg (5-5)olx] &
gha] Z Y A (fluxes)?t AE3HA #8E o]EUH, A3 Axe gHHo =2 A
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SC
O, + 4H" + 4e” h—»szo (5-5)
124

AgstA "ot o] A FFIEte] WgE glon, 0.5 Fig. 2520049 Zo)
e-h" AZFE FAsts ‘3183 EBA A (chemical surface state)’ oA <&
ok WA BERo] ERbA AFY FAEAZ EW FANE F83 A9
o EzstA R dae 5 dih

ghof W (5-4) R ®EE (5-5) F WUt FEANA welE weohy, u
TA ZWHAA FE3Ee] vt dojdr F wEA Bdo JE e ¢
Fig. 2513 Zo], AEmA oA o& A3} - FY(redox) 23 wkg-3lofut

1o
=
=
L

hv 0,/OH"
OH/0,

Energy

Fig. 252  Short-circuiting of an irradiated TiO2 ‘macroelectrode’
particle by the O/OH redox couple [11]
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4 OH- + organic substrate —— products (5-6h)

O, + 2H 0 + 4e —— 4 0OH (5-5")
SC
organic substrate + O; + 2 H,0 — product (5-7
hy
F A e wEd FWldA 54 FHol2(d: Ph)o]l BFLHE Fo
ot ¥hg (5-4)¢ 3 (5-8)2 FY BE FASY FEESES vE (5-9)9 #
T}
2H,0 + 4h" 0, + 4 H" (5-4)
2 Pb** + 4e” —— 2 Pb (5-8)
SC
2Pb** + 2H,0 —— 2Pb + 0, + 4 HY (5-9)
hy
(2) &2t
FAbr&(quantum yield)el HE-E BstetelA Fod A7 ok Fx}
&L ditd oz F4dE g 7 dojd Ao 2 AoHbo EFdA I}
Fgo Adoe FEHu Ao ATdF Ao AT FEAAL WFo HA o
Fustd, B Ao oA A7 AR SG3I dlxstr] Wielg, o
ASole 2Ry %x4 & (apparent quantum yield)o] & =0, ol TE A}
Fol ¥k A FFETe NS AAZ o

3 W
Gr<orol7) MEolTh o) Wee Wl sl ALHOE ASH, BAY 1A
= wed o FHel B A

+48 k]9 49 #E A= BEA el 3, 5 2 9 zuto]
(thermodynamically up-hill) Z2.8 2ojEt} ufj$ 2 4o &L Ad AYolA

[e)
Faoleo §AHE AT A998, F 270l O/H0; 443k - B9 ol ul3|
gojHos o & Fe %xﬁig%g%»waa7v1%%ﬂq

AR

FEPAANE $ad22
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hv

Energy

H.O

Fig. 25.3  The short-circuiting of a Cu-modified TiO:2 particle under
bandgap irradiation. The oxygen that is evolved via the
hole reaction is reconverted back to H2O at the Cu site

which mediates the electron conjugate process [11]

o} o] ALl Fig. 2537 o] Cu2+/0 Ast- YA Bo] wiAER
(mediator)olt WA F A E A (electron relay)2 #E3t= At d oot g
B5lE, Cu?'ol2e WA )4 A F(microelectrode) S & 2 uizith e
o2 W eA(down-hil)(AG<0) ARG =9 HSEES ehd

F HAZ 23 ¥ FEv] BIAVF FFAHJANME AAstE do] gyt

¢ JEUE AU wgo] AAA gL Ivte Aolth o E =W, ¥ (5-10)
SC

2Cu** + 2H 0 —— 2Cu + O, + 4 H" (5-10)
hy

2 B3t vr 2 (AG’=164 k]/moh)oltt. A, ujHol| acetic acid9} & AF E
g4 (hole scavengen)E A7ishd, Axy oz wkg G-1D)3 2 F=v 2%

- 143 -



(AG°=-136 k]/mol)°] Yottt

SC
Cu’* + 2 CH;CO0~ —— Cu + C,Hz + 2 CO, (5-11)
hy

243y

&
oft
e
2
=
clo

FEu) wgA AAolA dojuvte TRk o i ZUF ofol

Bl (steady state)®] ulAlAZ(microelectrode) ArollA Aratel 39

YA R ¢ E(net rates)o] FY3tHol e dol Uut. F, Fig. 254
o], $FAF 2 4=FAF branch®) 7|7} FYstajol

= E

t} TiO:¢F Z2& n-8 WHEAdME, dFAHF branch?t 25 93 & A F9
ZyA(flux)E HEeH, €FAF branche tE 9] = AAS 320 A
v 2o}

S¥EEA #Y%TF I3l (photoanodic degradation)7} ®g (5-7)3 ZThd, Fig.
254004 o] A3NEE(FA 1)& =F(ZA 2) 23 WE(FA 3) &F AW
S #Ag olFA Aok AAY AL, dAe AddE(steady state)ol A E A
¢l (mixed potential)’(F A)Z o|Eth ¥ %, o] Afe %9 FL AUE
H && v FA 9 (overpotential, ¥ B) £O.2 o]F 3T} o2, FA§Y 3}
EYg 5-5)9 H&2 {7 LHEH FEHE o w2 A 3t ¢ A3
wojof &t}

Fig. 255(a)%t & F34 vrSA(ZA 3olA, weE Fd Fas 83 (FA
1 tidel T4 2)& g A9 (overpotentia) S vl E A F Lo wEoF Lo
2tk webd g (5-9)%F 2 §5A FHol2 AAdAME, HIFE &5

s &2 AF EFA(hole scavenger)S H7IstA Bd. AsE, §54 &
&o] E43 Zo] &X ppm FFEY FL FEZ EA5YW, = branchdl A=
A Zo)Eo] A 3R (mass-transport limited) Z o] Fig. 255(b)-4 2 (plateau)
dedAe 4 322 vUeg ot o] Ay BF TH2(hole flux)e EFA
FE dAEH HE FAd=d F2F A4E AUA o AAAL S8
A, Fig. 255(a)9 A$+ 2 5 =(millimolar)d] F&o]&°] H7E Aald &4
g u) 402 3 4(metal recovery)stAY EE 'FHs}  FZ(photoelectro
winning)' 3t dlol A 5 o o] HHo® 2(silver) S FHF3teE Hol o
# o] o

A YA Ao F&E£EF0] F(metal catalyst islands)e] £L& T2 A Fd}
3 7Y% 43}7 Z(organic degradation pathway)

__19r
NhgEw ol Fes A3ty Y&, £HbAl ZE = A(carrier

=2
2
wed
r>'
B
rlok
e
[
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hv (1)

Fig. 254

k. St B TP

Voltage (+)

Cathodic

A Wagner diagram of the conjugate processes at an
irradiated TiO2 particle. The hole process is shown as
curve 1; two different cases are shown for the conjugate
electron process involving one with sluggish (curve 2) and
facile (curve 3) kinetics, The (dashed) ‘tie-lines’
correspond to particle potentials (A and B) at which the

anodic and cathodic branches are balanced [11]
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Fig. 2.5.5

Current hv 2)
L 2 T T
-
(o]
o
< hv (1)
T A
runmemeil ’971 ——— pago
——d o Voltage (+)
(3) E
[1+]
Q

(b)

Wagner diagrams for a targéted photoreduction at TiO: for
the cases wherein the cathodic process is not (a) and is (b)

mass—transport limited. The medium

is assumed to be
agitated in the latter case. Curves 1 and 2 correspond to a
slow and fast anodic process respectively for the same

photon flux incident on the TiO;

particle surface. The
tie-lines have the same significance as in Fig. 254 [11]
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fluxes) @8 E2AHo] ALEH it} o] WP Fx ZH A(photon flux) &3
2 AAES B2 E A5 A E AFEEH AT

g, wEA FEue 4%

A3 vtex FEHo S AASHY, W wl-F(band-edges) ¢ X<} T

dd AAEol 7PE TR F, A= AUl ®-E(conduction and
valence band-edges)< ®¥H§ (5-4)¢} HbE (5-5) o] dlo] o2& Fx=E 4+ gl
AR ()l FodoF goh. =, AA7td(valence band)v EE F421S
& Hojx +2.85 VI Al Fook g} ol oz AAHE HIF ol
OH 2 48Ad % 3t 28F ouxs 27 89 fAHHAl, O
(5-5)9F o] AAEAR AHEHW, AZd(conduction band)E &9 #I#*ES
Abze] ZESY Aol Fofof gt

9 oz o]lex IR 2 (photocorrosion)o] ™ EF WrE A Y] AT}
AR A AR HH, A8A ZHAA HHE £ TAVE o

TiO2& 713 %ol A8 FZFujoltt. Degussa P-259 Z°] anatases}
rutile’t EFA FEE QAT 7S AFF AEE AHEHI Tk Anatase?l
o]-E o)A (energy bandgap, 3.23 eV, 384 mm)¢} rutile®] w-E o= (3.02
eV, 411 m)t AW A Lol 93 & o9 FFS AAHscd KIS
A7) 9 X|(valence band position)st 23t AFFE, FEHof gkSo A
anatase’} rutile®th ©f $3lch. kA, anatased) A E(conduction band)
A7 AAE E3ste FAREEES FAs = o Rt oYl x, rutiled
G vkggAdo] of EF%d, ol e -h' AAY £57F ¢ 32 09 FFF
£Fo] ¥ 7] wFolty =3, FEu] 69kE Fol| anatase T otF ¢AH
peroxoZ]|Eo] AAE F£ oy rutile EWHoE 28R Ry uFolt}h
4-chlorophenol® #-2 713385 dsrt o] ¥4 3FE2 THste B3 H
28 53 AYdde e d2 £ & vk IdPol 23 titania®] A ol A
600 TEY =2 2xoA 7FdW@ZtE (annealed) W) FEo) w3 Ado] Ziste
AL AstE FR 8| =%FA] st hydroxylation)7t o] Foj A= A wH-g7]Tl
Z1018tE Rez vEeEdd, g2 BeAZE Si, TiO;, Zn0O, WO; CdS, ZnS,
SrTiOs SnOs, WSe;, Fex0O3 5°] 1oy, o}&A7A & TiO: BY v R e}
w2 &3 s

Table 2512 &% m 2719 Wojel(massive form)t S22y Ixte] ut
T A9l u-E(bandgap) U eltt, JdAZ7|E 2A H u]-F(bandgap) iUy
22 9ty E £ Aot dEZE, 395 eV w-E(bandgap) AU AS AYE 2 m

(e oo wo £

BorEomE T

-~
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o} TiO; 1Al AAAES(NafionR 5)°] AZzH At

Table 2518 REAE AEE FF0] e divkrrt 2318 g2
(bandgap) WA E A}t w-F(bandgap) A7} & HMEEL LukA
2 FR2A di& ol dAs) Be SHEIE 53] §7] EEe Az
e, BxA/Asd AdlA A7 HA7F TiOw CdSY <X Y 233
o] grolojol ot ZAHI} Hol, L At 27 HY o] AL Woz Ay
HEE AFACR e FLAHEQA #4719 AAH & 53 713 E A3
A7 AAAAE FEA AUA 2 Folth 2@z EF3}3, Table 2519 Sj,
CdS % ZnO 3% #& HMEAEL F8&4 vAA LAEE HAHSA £}
F43s HgEE TG n-Sig 2ol F2 Rt 284 HYR 29EfF @
dAAHE o EASAH BAA MBrey FAHH B4 oy dFa 9
5] st

HZ2AA EHELS LFEZAYA 71 i g G FHo] @A =] QU] o
ol AAdYG 74 FFESHAA $HH o2 AgA) v wae g
7] (photovoltaic) Z &l AL&371dle o1, FZo] W3 o3 H7E
Ao HAEer] HAsiMe EHIHY /o] aFdct dZA vtxx &8
(slurry)Yt @& (suspension) & &H& FE0) w715 & Fyrd gl ol &
o] 9 EMEE A9 od wi gA4FdHel AR FE3E 7130 o 2o
e Aol vk zed, FFu) AR Fole I stool st 2E4EA RAE

;q_

o o

.Ll

2

s 1o l‘{o m{'

o2

I‘Lf‘.

Table 2.5.1 Semiconductors that have been employed in photocatalysis
studies [11]

Material Band-gap energy / eV
Si 1.1
TiO: (rutile) 30
TiO: (anatase) 3.2
Zn0O 3.2
WO3 2.7
Cas 2.4
ZnS 3.7
SrTiOs 34
SnO» 35
WSes 1.2
Fe:03 2.2

- 148 -



713 Ak A AA ] A7 A2 nAsE FE2oe v @
gZ(suspension)®] §A4& Frldte 29E BdEg. F8 ¢, VycorR glass, 2
E(woven fabric), silica gel ¥ E& A2 TiO, A7 kst A A==t
FEo nAyze] ZAAFH FF L, FEE AL T FHFo| golsitteE A o
9ell, FEo] 2ol WA A(bias potentia)E HE3dle] Roz QMY Lnys

By o gx ¥aA4E(quantum yield) S FAAZL & 9dtts Holth
dedes, 235 FE M4l ARA0s SAAChm) gl )
g &) RS EAE T 2A MY o]HE Fa3 AxRA 7|2 AZolF
of #HHE. A=Y E(suspension)S AT A= FHo) A A A H)o]
o golstd, % FSuhe Fu=(poisoning) R FT ¥]-B- SH(deactivation)

ol § Rtk Abet gk

2R e AF7F TR FAHUAWN, FHFo) BHgagol Fa3l
g9gL e AAEEE dopant ol AARAN NF EHAE ZAYEH Fo] g
o, FHIety AFEIHY AR anatase—J q% °l rutile2 o} © *53sici=
237 ot

A
kgt TEAE AY dFAol gE anataseE ABAI7] A3 AL 7)
(flame reactor)ol Al EHZo] ~150 m/g7tAl ZF71ge] wlel 3-chlorophenol?)
E3tgo] FrtetAa, B HAd gAY F e E3&o] gisATh o] A
2 AzAgel 7]2 % (defect-induced) e -h" A AFFolQrt. Dopant ©]-&
€ TiOAlNAME e -h" WA Jd&F& T AT

B gHAd &A3le AT S5 T(noble metal islands)S 29 Z3d 2o
g stegun g4 ok Pte BE, TiO; AolA Pd, Au, Ag 2& 3%
2,2-dichloropropionate, 1,4-dichlorobenzene, 2-propanol % salicylic acid
& #7138 g FHIIE JhEstE Ao HA o o FARYE oful
(5-1elA Moz 449 e-h” 4 ¥§ (5-12)s 2o BPHez A

ads) + 2e ——2 I_I(.ads) I_Ifzzads) HZ(E) (5-12)

Az £AFA 2 Aotk HAelectron)7} 09 2 AAE oF
=) &2 slollA FAEHD, FANE (5-5)9 WEEHEEE F73T
oA F23 &8 ok

Holl A, TiO2b o] W w-H(bandgap) AHAE Ad wtx
Ae] 71A) 7Zgo] diasl dFEo FAFHZ e, zinc tetraphenylporphyrin@
2+& 7+ A (sensitizer)ol Q81 AZE TiO:7t PCBsS #E3}to)] A" o7 9

)

0

o
O oo

¢

AL
o
mo]o

olo

I
o & rfr e
12

> op
_I[N'

ol
-

wd
o o e it
e

o Uy
K

X
2
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o

2 f7

—_—

SHEZY FEF A3}

(1) A2 =43 pH 2 H7lAe) 9%
%7] d72AdME HCIF HBr 22 38he B E 93 FZEv) H&

94 @ Cl, SO, NOs, ClOs, HCOs, PO~ 2& gol2e #7]7
$gH tF FFo) AAYez AFHgen, Ny 2 Cloy 2
Y= FA & Aog IAAY B, o9 o]z uF
¥ &2 (specific adsorption), =& R F39 wgd o3 g
lﬁ— Aol FRtEE Fol2d A TiO; EHEF w377 7]¢
ok HCO; (¥+§ (5-13)3 #Z2 47 28 Fst3 e £ g 93

HCO; + OH' —— CO; + H,0 (5-13)
tn gt AHF pHe HE 6-4 FH B3 5-5 EEAAE 25 ToA
-59 mV(pH) ‘e $E2 WAz

TiOY/ €% (% o8 A3E HEA/&Y) Ade EAH AUAx o9} {1
gejz Qe Pt ok wEA EHdM WA A& pHel 5=
Male Aol WA pr TiO% 2 WEA EWelA #7712 3 @
g gl dFE FH, IS WEE R £E0 viXE L s

Jpo et
ox
lo

o
=
iz
o:

o

ro

(o

s
(e m
rlr (e

é

o2
=

S0
=]

P

o 0 o do o op

oy S

N

Nitrobenzene, benzamide, 3—chlor0phenol 9 1,2-dimethoxybenzeneol} ©jdt F=
o} ¥lg-gx o pH &4 <F 1.3~63 BHoA 43 Ao g Bt BTEX
3 AFAHAME Bl&E Aol e 3, &) & xe Fap &
@~ (photon flux) &1&44& pH 263 7 2 1194 A Holx pH 544 12 &
HAo g wyAY. ole FAY pHelA, TiOx9 4 A3}l#(the point of zero
charge, pzc)oll WEH= Aoz FAHE, 4 IAHAR FA(zero proton
condition)oll 7118tE Aot ,

o] dzHEe A 93H, H¥] F2(specific adsorption) Z&

m{m
A
ne
ey
Z
oo

Bge BEv)e EREAH 2 F3A7A B4 TR AHHow o= e

Cull, Fe(llD, Ag(D Z& %ol #7714 H}HEs ZdAZE RO
2 yehdth 7lsd $#e7FE o A o8 Loz A4Y HeESo
THPoRA e-h” A ol AasE Aotk TARS £59 ZYg FA

o] @t}
@) BRge 3%

H:0e4 O3 2 T84 AAE AH&dte 23 wgr|sd ¢-3%
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UV-BY UV-C #& AH&3te 39, TiOA #FZvl koM E di7) F-a3
UV-A 3& 283t 3¢ ~5 3¢ mercury arc lamps(FE 365 mm), W-&
(broad-band) Ei¥3 EAA PR, ‘black light’ fluorescent(d24) tubes,
germicidal(# T #ol Q&) lamps ¥ 9 =& F(outdoor sunlight)o] &&= o]
$kth. Phenol3} salicylic acidg AH&3F A% Ti029 254 st 350 nm 7] & w)
23, #e Aol o EHH Aoz AU £E5Z20U @-3F UV
3 Algo] WE 2R 29e A8l 223 ol dR &= ofz ulsHe &
o]t}

(3) =9 4F
AR *}(ﬂlummatlon)“ IR REHE AIL3% g= 3 ulLE3
A% 7tdste dde] o gEtM, 25 &R 2% JEHL 7

o2 x dAHez Fasit ]%7}2] Bug RS dxHo|t., ndy
salicylic acid®} phenol€ AFHEE W] LE=F7lo] W& FEu] ST ZF717F U
bt i1 Arrhenius® ® &S wstth. ¥ chloroformo] tsiA e &XZ 7)o uwt
gt FEv] W& EV ZATgn HaHAY o] BYXE #HEE 47U &
TEY 53, 2k HEEE R FEAHYEY EF 7S
Aol et AAEHdE of AEY 4 Fox & Holu

=
M
.ﬂ
OE

i
=2
T
olo

(4) Brg&% 9 w37 T
OH #@ltjzo] BEFw wrgolX WL RF7ISFES s A EA
T HE A9 AA7F Yok AR, obF e Z1Fol dis] HAHE FEo)
&S RFe A9 fAdol OH ditizd e ddyd 23 =& OH o
Z Aol ¥qE 594 F ol o 7IAdste=T) de Aol =R At
ojt}. wt=A/AsA AAAX OH #itizo]l XFETdE A7 ESR, FAEE,

Q g (work function) 9 AFoZRE AXAH Yot OH AdBe 53}
e F2E5NEE AA HO07F AT E Aol 28F o2 AF =AY Ha027}
2 Uvel g8 d3=HE A% 483 H0: AEE olfA .
FA715+e3 Slg A(slurry cell) HlolEHe 4o osid, OH #Hd e
oA AHfluid phase)2.& olgd =+ it} €88 Aslurry cell) dlolEle] 95}

o OH o de #¢ (5-14)8} Zo] vtxx HEHolAM EFAvg(back reaction)
kv YE,

=
T

(TiO2)OH TiO, + OH- (5-14a)

Ti0; + OH- — TiO; + OH™ — (TiO,)OH (5-14b)
g dozith §Hg (5-lda)dllA A3td FIAHE4E [(TIO)0H 19 wizt71E 16
mE FHECH o] FFE Fride] FHAEUY AFEL A {771 HFH
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o] &2 REk-& (bimolecular reaction)oll %298 RAJ7} =

Ao A AT e AL BRI o EAMS SRS

%%UH k-2 ol QAlE Fx2l Z2 A(photon flux) S EAY el wLy)
T2 2y @ AaA ey A8 &ML 53] FA & X(photon flux)7}
o oA yeEldo, FAZI7E ¢ Fod AFZE &Mooz Fgsln, Fxt

Q) A} & (rates of photon incidence)o] ©}F o9

1

Z 3 2 (photon flux)
of F@aA "o eoldd He FHFu] 9] HACAAN HIEF 37
(concentrator) 7|&& AE3sle dHolA E7[Ho] ot IAFE&L MFPJE o
o YollAs gAY, TGN E logs (o= FFE F2 TAA)Z Wy,
T (platean) d G A& 0’2 HolA} o] AAL Hole, Ny J&EAHe] 01
o} o] & AzpebAl(electron acceptor)oll &8} lo7t 2 A s se A7, F
FHog Zujadd] &sA Hoh AFEZ A& &AL UgH Ao &

Bk A (e +H — )2 FAZ7 o & B8 AwjHolztn AdHG
A, g (5-15)% 22 WMEEE RddAE OH 9 o224 AZAo] AF

2 OH- — H,0, (5-15)
= 9,]_7.:/\%_9_ Eo]r;].

FEu] wkg 7)ol 3 dF = photoacoustic spectroscopy 2 time-resolved
microwave conductivity 22 MZE &4 probed] £3d2o2 I3 ¢ JIHdE A
olth, FR% A FY e TiO: BHY {78 FE FAEH g AAH
Aol

A7 AdE {715 EE va chstx @
g9 A9, FEA5Y FuAL ofF ol
s, 25549 HEL cyanide 2FBH] T
2 #7325 Z9Y Emga— Ao,
boule} Zol, BEW wge wEAl JA/ANA ARAN T A} A
J S FANE BUEE JBToEA ANIEL AL Al Bug

e
il
A
1
ald
P
2
BN
3
A
_\:._L
o
2
>
_)&
U

Crz} Mn 2 Agel A$AE, 9=A B 73 FELL 4 Role=
Ajolt}. o] 3}8+E Ao Yt WL EEE ®& Langmuir-Hinshelwood 222
=3 Pt F7) SEEA S0 Crt AsH Y 333 Asbgeio] &)

= e e 2asE, A mEME FHolee YLAHEAR FHeE
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Zo] Fastx oo LF9EE ZAIE YA &M= Aol olgH. U=,
TiOzo A1 8] Cr(VD) — Cr(ID) 39 ¥ Cr(ID9 FAStE 29 HA™o] it

uh 714 2 A4 FE0] e

VOC(volatile organic compounds) &< F7] 5 LEEZAL =) 557
A 7142 ARG MEstAY A Afluid phase)e.2 2ujAd 4+ ot %
71979 ZdIde BEW UIESET FEAYEYG T)doA HRA ¥ wegn
AAEGTE drH o2 7)F o] F(substrate transport)E &4 KT 7] AbollA &
A o E&Foltk g 714 FEF v REgIIdA A E ZAE kA G
(oxidant starvation)® A & %X vk W, F7)3(mineralization)7} ¢As
A o] FoA A E3tE HE Fig. 2569 Fukgrldl 244 7149 AA7E =
o] wiol AFSH At

03 COz 22 F71% LEEFL g/ dHo2 Fujd Fof A =o go.
COxe A&z nAdE 37 R YA Zobd F8% 71424 CO9 A 74 &
Aol 23k ‘24 & F(green house effect)’?d AAIETH, CO9 FYUL FHSF o
] &g (energy-rich fuels)& &3t glth. ,

7183 CO; AW o2 CO, formic acid, formaldehyde, methanol, methane
Foz Y Y3 AH FUIsEEY BETH 22 o ZHANE A
olty. 5718 AL, CO9 #3Aol, F713AES #4s wgs yzdoz &
BaAg duxHog e2ul(up-hil) FH(F, AG > 0)olgte Holtt,

BA715etE F@o2 COM N 22 -‘X}-F: 1As e =go] ANUA
ok NOx 2 SOx 28 3715 29 & gdAN7IE e AEE & ¥8Z
2 gFskoh. A3 E, & ]%74] 01:1‘01]/\1“ HCIO4 el AR TiOelA NOE 1
AI(F A Eo] NoZ #H)st B a7t A

ft

-

717 FE whgE, TiOp 22 84 EAZ Wi nlRule tilesE =
Asted, Ao Ej¥Folyt e A9 (9 fluorescent, B LT 5
Ade 7t g AL AHh ole 53] HY FAHAGA & 7 st 198530
Big TiO: ZFEvle] ’%ﬁ"‘é% AToA, 2 =L 55 %iﬂli}s lamp
FAF 3lollA g oz 47 TiO: 47t 2ol 60~1208 % SAZAHE o 9| A
Bo] 4dHAFel %Eilﬁi‘jr. a2 —?—, 2}~ 314 (membrane-immobilized) %Eiﬂ 7
2o FAAE LA o] Ade 4848 FAANTIHE A= AR H2
2g HzA da/E AEA o Z&HoE LFEI] HE FARF thdo] AL
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Silicon rubber sealant 200W UV fluorescent tube
) ™
'!, . Outlet \,\ '

el .

{ =2 TiO, coated
E|  TiO,coated S=mem 6mm dia.
), gdlassmesh o=  glass tube
L inannulus  sm——

Outer glass =

il jacket Ay,

-

I

_ Outlet ===

g --
p . :
X
3

i t-o - & o«
& o g #

Fig. 256  Annular and spiral reactors for PC(photocatalysis) treatment of
pollutants [11]

9 Qe o BEG wgel ¥ ATLE A

W
AP A7l S wide] gekn wheE L dFE T Atk Texase] 89 &y elok
=N

22 93 =3 A=z ¥z
ozone3tt ZHA UV-ZA}

4
o
A
F EA%e HFY L BE0)
7‘5:_,1-

S
2L A8T & Atk B 23 PAS AATIA $7158EL AA) 9
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&l 283 @ Ai3Hchlorination) VA oMol Eo H-H7|€kA H(total organic
content, TOC)S Zo°]7] 93l 8838 4 g Fujz2¢ Wiolt $#, Ti0:9
ZAZ2 AdE OH #tZoe] mAdEd sl 943¢S £ Rz

3 =, @ @Y€l (suspended) FZu] ojyd ==
a1ZE FE, Q@ HEF == UVE, Q@ HEF VA E &9d, 2349 o
B EE 32 HYF FolA o AL AHEE UL st Aot
bl %719—} BlaEe €8 (slury) #F0 wHgrle AL
A& vk} 2ok weY] AARHAA Bd, ’“r‘iial(slurry) N8l GE st
7bodne Aol . ARRF FuldAe AAE s ddHe=z =
(membrane) A #ZFXE AL&3tE o] nAHUT LFEHE=Z TCEES AM&%
@ (slurry) st A Aol 2HE TiO, FENAE wlmd 23, <29 (slurry)
Aol 2] dE g (suspended) BFv] wEg&o] AY F vyt o YL Ao=
dH A o)#F HE A3 AP AFoA AUt gle=d, & <2 (slurry)
Az ngstE FE0 HUARG ¢ §&HYE 9|t

UV %¢3 2488 ¢ v BEd Fuidy o)7L Xgvgo|, HAeknl &

Mo A9 v&atA @ 3 8@ AR ASE s UVe 88 H

3 o B3] 4 ANAH Aol e H, AHFH UV wgxE =93

Qs AAHEA JF ez Fsith UV LA 91‘151' BE) wgol o]

= 34 R M (annular and spiral) ¥Fg712] AE A MHAE Fig. 2563 2
o}

O

A8 EAe FWSolu E@ﬁi(foulmg) AFole R 4HAe 22 e
el 1 FoiRgoAst A t=2A o dH, Hoza }(catalyst
illumination)”t B astte F W37 EFEE taEdt

(L dFAE 3 4 +d
TCE ¥ BTEXE 29822 & dZANHA oS0 ATFHoz ¥3
gRAw B £ dAdEde] old JREZHE WUt AT BuEHd,
& A E FEu] g Erlste Fre] £AEVE BostHa, T %ol
A} bicarbonate ©]-&<] 3} (inhibition)& 41371 943 pH Aoj7t as.
Phenol £X&&2 HEHIE Hggez Add TEHNY B A4 A7}



AF2 FAY WS7)A 2 Ao 2Ad(dark control run)A) ke wel TOC7}
dAsHA ZiIASH, ol FEFTEFE HAAEC SESE o Ao
O 3R oz HE 7[AFAE AHEsteE AW w$7] A S (open reactor
systems)dll Al ThFoiAjop & F Aot}

FE0 v g AdsE 2 55T FTUFAR Bot B 23T

OO A
S5 ¢ 5 Utk

(2) A7« 2 444

s

F718EES 85 2 vAE A EorillA FHof kg AAGA 7
Table 2529 Zoh. ZZFu] ¥h&o gt F4
£ 7] 3H(mineralization)7} $¥3atA o|Folad 4 Yt
2 E 8] (air stripping)< ©|3} LEE2E& A
Ehssth gAER Ve 29Ed S 93 @

ol AR H Bav AHEHooF vl W, FE£5P(metal recycling)-e
Cr(VD—CrIDA 8] #Zu) g-gof o]n] =g o] gith

¥ g-ZHell A GAC 71&3% w239, phenolic #7549 FFHu A
o] wat AAGel Utk AAlE B Fele A71H UV-lampe AHES
Zof dkgurd s %P (one-sun)E AHESE FEul w7 AEo) ‘Rl%t%],
Aol AL AHu]goltt WA FFv] §& Fdi7 T2tk A,
HH A ¥ (non-concentrated) EJFF LPAA, FEuf £z v go) AA
22 8 Relth FEFu) vegA A s, A713 UV lampst i3 G939
B g-& HlmstE Aol A

(3) BZv) wrgrlse FAHEY A
1980 ™ 27158 o ot TAHo A%, ofF = FATL wel ot
Ak AA, TiOA ZZv] ¥-&7]o] dig *A$&(quantum yield)o] o}AE vt

M off
N oo

29

S

(o oo oY oﬂ ol

O

Table 252 Competing technologies for the treatment of organic-,

metal~- and microorganism-laden air and water [11]

Organics Metals Microorganisms
Thermal incineration Precipitation, coagulation High-energy 7 -irradiation
Air stripping Membrane separation Filtration
Carbon adsorption Distillation Carbon adsorption
Microbial treatment  Chemical treatment Direct UV irradiation

Ozonation
Chlorination
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S AT ES 1A
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A, FA7IEEE A7 Ar|gsr gAY vEE AuEe x7) Agd
Al Qlth. E4EFY FAqrd vlg&E § 5% =
(electrode)d] B7|& E 3= FArisisry 7 2 g
& (photoelectrochemical)’ ol &t E2joi gttt LC &A7]€S A &37] 98l TiO:
& AM2E dFEC Aok F AToNA, FEAHS(AITS AVA 3,
anodized) titanium 7] ] aniline ¥ benzyl alcohol® Z4&A ¥ (1.6~210
wg)oll Al A& E Rt thE AFdAE, A-F A aZretEa#ly(whole column
detection chromatography)S Al&3o 24 Fxar 753 F0FH B4 =34
(light-addressable spatially resolved detection)ol 7}&3dtA] Ho] 472 &
AAk 5718 w3 AL, TiOA 02 FA7|(sensor)E°l 3stFEF goz
19] F71/d8 Hlgo] AojsEe £455Td AgHoz Algd Aot o

A1 E G (dark)(Z, non-illuminated) =0 A ZE 3t} o] 9o %,
1318 AlFdMe BAALREE AAW HFEH ol nAstk AES
AR g olth, oA FAsISLY AT AvY FoE gRPoz,
AE-H713883  7HA]7](bioelectrochemical —sensors)E  QAAHH
(clinical, ©l: glucose ZA]) AL-& 3l JFHo=2 Lz Ui,
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BE BHE71E EAT AL n=EHojor & FHEH HANGE &8y
t}.

REg-7] AAIA F8 nEdAe HEF B UVE F o= AL & £ s
7}, @ (suspended) F-Fu e AAY-14 F-Zo] F o= AL FAH
Z AT 5 et ‘ﬂEZH Zvl 2 HAA-AFT A4 AL AriAe FRE
M ok 3}1-—7} 71e} £v 5, fouling, 220, 4843 T Aut vt A &
AR g A s or =7t Folth

UV ZFujurg3 g3 Fojntg-& vy, UV Aan] g Agaoer &
gslut, Bld-g4 Zvje H8/do) AT, UV ugkgo) A3Alel dAHH

e stot.

e F-Zv) g1 AAAN-1F F-Fv) N7l Aol2E, I €37
b dEAE 0 Fen, A wgrle AL AE F ESdda AALE o
(membrane) 9#FAE 22 o 223 ¥ wErle] F-Fv] HEF o
A9 F AR ST

Zvj 2 H7MA FRAME, TiO: UEAZE HAEHoln, FwAzlstzyos
anatase’} rutileB T 381, 2 FAbo]l FHoietA wAMSIHE AxA g 9%
ANAdEe2 g&o] AFEt

A2z, FANFAA FL&F FSFu w7 AAMNELE UV A 9%
B34 2 ¥ (annular and spiral) 9#$7) 2d$ d;‘éb‘}‘ﬂ, Uv-#FE& TiO,
(254 nm~350 mm) AS EBEvt EHHA doFE 20 vxx 29z TiO;
(anatase) (< 150 m/g)E, F7HAEE O Bv H:O:E AHE-3t= Ao npgrzlsl
th o QA E g FEH dAMSTE] meEojok g}

j=]
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2 984 PWR olRASF pHie 7212 FAHojoF e wHd, oA 59
&E ECE FToAA #7IFEEC pHA YA o Fo) i}%— H A HFEHRn
AT

2 AFeMEg, 82 F7Ide] ATF pHll viAE IS sdstzn, o158
AT d5Ag dAdA AAL & Je F-Fof Eakgo] Iy 548
D&t

- ClAAFT TS §E F71%e]l pHAl MAw S sHE] Ak, Ass
9 && fU)E°] A3 Arstsio carbonic acidZ AHL H9 71742 ol
geth 2 Ao carbonic acid, bicarbonate, carbonate 7HS] HHF =, o] 4

71 3, pH 2 0|24 €@ F&FEc] AXE 7|9gste FEE 4987 By
BAZ AL

- 2 A3, 129 ASFAA F71Eel FuF §EHA JHIE AFF9
A= 5oy pH Z47t & }%Q 2 H 1, F7IE olFeol 1 3dxe
TS E ] IS P A2 FAHHUG

- o] ARE AAGL salicylic acid®] F-ZFu] 432 A carbonic acidol

g APUE T ARG, o2 AN F-Fv WSo] FF A4
2 f7129 A9y BYol B DAY 30| 8T FA, AR BE
Bys) 4HEA COE AURA7Z BHse TOC 2ART B AU
AYE BEAL FASA,

oA T & AL-FFr FrrIEC] pHA vlAE IS 4HBY] Yt
o} ammonia, morpholine, AMP % ETAE Aoz 33 F-Zo] Bajjurg
AP AT, ammoniag A amine® pH7F 7.0 ol dodlA AAdsd F g4
6.7~752 H7I1F=HI:, TOCS W37t BF 1A BEEHEZ R COE ¥
e Roeg Bt

- o] 3 amineE9 B-Fu| EHEAH HI F-Fuj WFo] AF Fo &E
amine® & A4-THF 7129 BHITAH 2 EE28 S g 934
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A+ T 82 A7 ES A-dd AAS] AT FE L2548 n@e
71 g8, AA-8F FUISEE FT 7R EAo] ZA ©E phenylhydrazine,
pyridine, EDTA, ethylamine % ureas XA, 5 TiO, FZu] B3|
e AEE FYslo, FFH ) WEEHE A

o] BFEEAE M % S5 wiez zt A4x-gF F713F

P Wl gagxty %S FY3A AAFNLeY 2V FUEEE 40
ppmoZ DA3FRD, FEw BEEES FTUHAIY] HAE FNE F£EY U=
bubbling 353t}

- FEo) AR WA BE FEY pH W3t BT B
o] A EFZ dEHUY :

AA A T4 9718 E FAE A ethylamine;
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BES-Z 7)o AbdelAnrt BEA & Fr14 22 Hd A EDTA.
g WA RANAM REEAT M2 FRA GaY a9 A
Aa2-F F718FEE°] OS2 Zo] i HIAG :
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o] £ HA F& T ourea.
Ao~ F718EEY =0 FF 2 23wk Fol dEhd
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D % TiO; YAEHL T3 F pHA wat 2 o)dtdlA TiOH:' &, %
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ezt Aa-FF fUIsEE A W AXHVH 230 &
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TiOHz'oll ™3t phenylhydrazine A2 W FAU A&t F2 &ste
Ao g el

2}
2 szaid, ool me & F2-TH AVEERTG
% E280 A% Atn & £ Ao o1, ¥ WAND 5% TOCS T2
=

A7} pyridinium o125 =S FaZAs Al §ASA e

@ UreaAld] TiO, #Fw BHEZ 4 FFv Favre EAHLE FxAl
A -3 25 TiOHz ol W3t carbamylammonium %Fol22] o] ol R
 Q3}e F2 Pon old ug tA FF AA-FIHF KHIE FoA FA
A - F TOCY W3t o] 713 A Yeiwth

® EDTAAY Ti0: #FFv) TREFR 9 FEHv] Esjnrg SAL FxA}
E H-Y3; €°)2¢ TiOH: ol tid Qo] F2 &3t TOCY TaZ=A7}
H-Y3 o]25%9 #Aa3A% Ad FAHA el o] Solsth

- 9, Aolgr HeTzs A4Ax ASE AU LB AolHPgEEe

Z A REe IdFsNA FLNEE b 4 2A-FF KUSEEY FEu) B
)54 & Langmuir-Hinshelwood @ 4)ollA A2 AL HE A4S KE 9
F2 uty FEd HELEAS PN B, LY F TIO; FE) Eiukg =
Aol zt A W AAAA HdjAste] AdPAHoR wegS & F AU

A& X o2 pyridine, phenylhydrazine, EDTA, ethylamine ¥ urea$} #o], 4

ol T x EAL AW F&-FF FUISFES] FF TiOA #Ew Zsivt

sm H2 nFAE FAHR B A7t AyHZ e TIO, & @4
S olgtd AAFHAHAY FITAV| ) SAAA L o A Bkl A
S22 st 2 A48 EDTAES A238l7] 93, Free-EDTA, Fe(Il)-EDTAS%}
Cu(l)-EDTAZHZ 9] Z&v] yr3o)A TiO; Fvlze] ulx & P F&A Yo
A Zojgde whgEdol FH8y] A € F9 pHel oish 7] £8&94 pHrt
DX 338, P 896 mM old T HHA EDTA F=®s W& FHof A
3utg- 5 EDTAS #ZEu) A3hutgolr 44k J&FE 125 oy 2 3
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dg 2dt
- TIOp BEW WAL o8 ARHALALY F/BATIS) FSARA 2
Jd Bolold f71%sAz A4HE EDTAZ add¥oz Ay +

g 4
ee ¢ F AN

- EDTA E3ukgolA TiO:7} EDTA 238% aA F71A42¢ sty

- TiO, &9 R3}sFo] 20 g/£ 4 W 1.79 mM, Free-EDTA, Cu(Il)-EDTA
2 Fe(IlD-EDTAS F&u] Bt 349 75 £ HrldRd BAQl, +
£ Yo EDTA %%, F4(Cu, Fe) ¥ % TOC7I U= zt23ste, H Ao
TiO; AF&ZF2 20 g/ 4 2 YEGT

- 179 mM Free-EDTA, Fe(I)-EDTA ¥ Cu(ll)-EDTA HZEAQ FTHZA%F
glald EDTA #Eoj23 TiO; B9 Astel] @& FA7F Ao 2 &3)

o
T
At

- &} vkg F EDTA $E9 TOC W3yt FxA A 3 AIzbEeke) F &
Zo| wiztd AgH {AStY EDTAAS FZuf At gd FZv A £
ol &g AT

- 27) 99 pHel @& EDTAA #ZEvl] Atsinkg A¥FAAZHE F49
FFe FF Aol 449, pH 25~3.09A EDTA FEs) wkgo] 7h3
F dojdg FasA

N

F71SgES Atdel AASY] AT &0 RAELS nF
371 98, 3&Fx EAo] thE phenol, catechol, resorcinol, hydroquinone,
p-nitrophenol, o-cresol, benzaldehyde, benzoic acid, o-nitrobenzoic acid,
benzenesulfonic acid, aniline, o-phenylenediamine % 12%& XAty FZF
TiQ, BF&o] Eaiurgol] gt 4¥S F3sle, FFu] WS L 3434
- S"L&“H FaiRte Yz AA-FF FUIEEEAd gE Aot 5d3A
Bz ) g¢a4xe #53%S s34 RSt 7] FYEEE 40 ppme 2
1R PL, F7E F£9 Y& bubbling 3.
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ol &t 542 o 2ol e,

@ Hydroxyl?1E &3 phenol, catechol, resorcinol, hydroquinone % 3FZ
AFEY F-Zof 23 5S4 BEAY S-AdA-S 2ol F-Fv] B 54 0]
d-vleste A2 YERT

® -CHO, -COOH, -SOsH E: -NH; 59 @7 sus
benzaldehyde, benzoic acid, benzenesulfonic acid, aniline %% 3} gE9 -
ol 3 54L& S-dAH3 27 d-vlHsE TS Y

® Nitro7] & %3t p-nitrophenol, o-cresol, o—nitrobenzoic acid W 3FZ
3EEY F-Ev B3 542 S-AdAHS AV gt F-Er 25 o]
kS © Ao 2 YEwt

@ s = Eo] X%% aniline, o-phenylenediamine, benzoic acid,

HO

~Zd EEwg SA4S vusd, S-4AWE
%

o
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N

P

2

FxEof 7S5 AAG o nesHoor & g AANGE =&3A
- g7 AAA F8 AT HYF e UVH T o= A& & 5 3
=7F #E(suspended) FH-ZFv] =& AXH-1H F-Fv] T o= RS HALH
o2 AL ¢ QeEvh BrA] o @ JA-AHF AZYE FAE HAE FAR
Mot st=7t, 718 el | fouling, A HolE, ¢HEA3 5 Awk Zofukg A

ZAHE oAgA sHAsHoF sert Tl
- UV Zujures g 2ojwrge vlwstd, UV AMNE £ Agides
S, HFF-24 Foie d&A4dol AFEH, UV vhgo] itaaet dAH

o wES71e) Aol =, AE vk
A 3 EudA AL

- @ B2 Berle AAY-nA @
3 3
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-
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Ao F WiAE ¢t
Zul 2 H7MA FAAAME, TiO: wH=A7 A8 FHo|n, gasstdon

anatase?} rutile2 ™ 5383, O o] FoisiA ulAHE AxAFA T
AEAFeR F&o] AT

AgHoR, dAHAAN {F&S FZFo gy AAMNEES UV FAld 93
Fd 2 YA & (annular and spiral) ¥87] 2EE AASY, UV-FLE TiO»
(254 m~350 nm) 2§ 2ok EH}AHA DA 26, wxH o2 TiO,
(anatase) (< 150 m/g)E, A7HARE 0 Ev HoO:E AHE3te Aol npdzast
. 3 Qo= Zlete] FEH HAMSFEo] s ojor ot

A2-F% H18E R FEE SR TIO, B-F0) Rawg =4
2, 27 ATSE 95 F £2H b HV12RD o, BAF Fo| U-
#2718 URAN F718e AedA oAdsE flo BaE & Yee
gelstel Fom, EDTA-34 #8829 4ss) =4e 41 4% o
9 Ba3Hel 842 7 AL Aol

2 dye drled 71 fAY F 4AESA TR YA
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FAZIVR A AZ ([ HE7|drnAd H3 | 2RI HE INIS FAzZ=

KAERI/RR-2079/00

A5/ BA _

TF £ F7ESE FEu Bautg 4

AT A= 2 By A7l & (48 ArrE gd)

AT AL R MY A 24948 AF3
E # ¥ o A el 7] 7 FAdA—EA T A ki 12000, 1
#H o} A 168 p. E ¥ 2L Q) | ()] =7 71 126 cm
FaAbg ‘00 71B2FAMY SAH 7| AT
H] Y of £ FN ) gge)(©O) _Fu¥ BRaMFEF AT ILA
ATEAEr# Ak ME

£ F (15~2084949)

Z} 40 ppme @2Fg FHT TR dold Ax-FRF F7ISEE 5F

2 BEEK {IgHEE 12Fd A £F TiO: FE0 U&LdEE Fdstn, 4

F1SE g &4 F ol23EgFe X ke FTHEAY dAdE e
At EHEALS YT 22-FF FrIEEd FEH0 BASAEL
AaYz & A el d¥Hoz vAHIn, BIEFH AFESL Juldse
Roz etk

EDTA-Cu(l) ¥ -Fe(ll)) #s@E Aol g TiO, FZv ZW5A
AE3 pHe AtA: R =7 vAE 9%E 2 o

=&3%th pH 25~30914 B £&44 Fol WSS 2 EAFHJ

o2l f713gE ¢ EDTA-TF FAFFEA 9 TiO: FZFn W1&EAEL
Ad AZSE 45 F 42 F718TE AA 2 A HAo B - AHIHE
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Abstract(15~20 Lines) |

Experiments on aqueous TiO: photocatalytic reaction characteristics of 4
nitrogen-containing and 12 aromatic organic compounds were carried out.
Based on the values calculated for the distribution of lonic species and atomic
charge, the characteristics of their photocatalytic decomposition were estimated.
It was shown that the dependence of decomposition of the N-containing
compounds were linearly proportional to their nitrogen atomic charge values,
while that of the aromatic compounds were inversely proportional.

The effects of aqueous pH, oxygen content and concentration on the TiO:
photocatalytic characteristics of EDTA-Cu(ll) and EDTA-Fe(Ill) were
experimentally investigated. All EDTA systems were decomposed better in the
pH range of 2.5~3.0 and with more dissolved oxygen.

These results could be applied to a unit process for removal of organic
impurities dissolved in a source water of the system water, and for treatment
of EDTA-containing liquid waste produced by chemical cleaning process in
the domestic NPPs.
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