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Summary

1. Project Title

A Study on Photo-Catalytic Decomposition Reactions of Organics Dissolved in
Water (1)

II. Objective and Importance of the Project

The structure material integrity of the water chemistry systems at
nuclear power plants depends on water chemistry control with parameters
such as pH, dissolved oxygen, impurities, suspended solids, chloride, fluoride
and sulfate, including organics. Organic compounds are usually decomposed
and concentrated at the low flow areas in a high temperature system water,
resulting in inter—granular attack against inconel-600, corrosion of carbon
steel or copper alloys, or damage of turbine disks and blades. Therefore,
organic impurities should be removed and minimized by the site pure water
production process. In this study, in order for photo-catalytic reaction to be
applied for more efficient removal of organics from source water, the
photo—-catalytic characteristics of five nitrogen-containing organic compounds

were investigated, based on their chemical structures.

III. Scope and Contents of Project

In an experiment on TiO2 photo-catalysis of five nitrogen—-containing
organic compounds, the changes of pH and total carbon contents were
measured, and the dependence of their photo-catalytic characteristics upon

their chemical structures were investigated.

IV. Results and Proposal for Applications

« Calculation results of the effect of ionic carbon species in an aqueous
solution on thermodynamic equilibrium, pH and conductivity showed a small
quantity of organics in a system water could lead conductivity increase and

pH reduction.
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» A preliminary experiment on the photo-degradation of dissolved
organic acids showed the photo-catalytic reaction is quite effective for
removal of organic acid compounds.

* Each aqueous solutions of ethylamine, phenylhydrazine, pyridine, urea
or EDTA was irradiated by UV for 180 minutes after adsorption onto
titanium dioxide surface for 60 minutes, resulting in different types of
change of pH and carbon contents. Based on the chemical structure, atomic
charge and electrostatic potential map of each compound calculated by
semiempirical method, relationship between nitrogen atomic charge and the
first-order rate constant was expressed as the following :

R (I1st —order rate constant) = & (¢ —a)®*+ b

where, € : atomic charge of nitrogen in a molecular, &, a and b :

corrective coefficients.

Though the photo-catalytic reactions of organics would be complicated,
chemical structural approaches is still required, and this result would be

developed more to compare with other systems.
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Table 2.1.1. Equilibrium properties for carbonic acid system.

Reactions

Equilibrium properties

COxg) = COs(aq)

AG® 8= 2003 cal mol™.

A SO 208= —23.0 cal mol™ deg.™

Co = 36 cal mol™? deg.”

CO2aq) + OH = HCOs

AG s05= 10406 cal mol™,

4 SO 208= ~372 cal mol” deg.”

G = 195 cal mol”! deg.™

HCOs; + OH = COs™ + H0

4 GO 20g= 5000 cal mol™

48° 998= -16.1g cal mol™' deg.”,

a4C, = -21.0 cal mol™* deg.”

Table 2.1.2. Limiting ionic conductance of the ions (Siemens - cn® -+ eq ™).

Temperature
()
Ion
0 18 25 100 200 300
H 225 315 349.8 634 824 894
OH 105 171 198.3 447 701 . 821
HCOs 24 439 51.5 156 306 460
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Fig. 2.1.1. Schematic diagram of photo-oxidation cell with UV lamp.

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

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

Peoy (baF.) CO:(xq.) H HCO;~ OH- co*~ lonic pH Conductivity | Totat
sirength (uSicm) carpon
species
{ppm)

1.1GE-07 3.74E-09 1 05E-07 1 46E-08 9.16€-08 6.18E-12 1.06E-07 697 5.61E-02 1.05E-03
1.20E-07 4 OBE-09 107E-07 158E-CH 9.70E-08 6.66E-12 1.07E-07 697 5.62€-02 1.14E-03
1.30E-07 & 42E-09 1 0BE-07 1 70E-C8 9 05E-08 7.13E-12 1.08E-07 697 5.64E-02 123€-03
140E-G7 4 76E-09 108E-07 1 82E-C3 8.95E-08 7.58E+12 1.08E-07 6.97 5.66E-02 1.32E-03
1.50E-07 5 10E-09 1G9E-07 1 94ELR 8 94E-LS 8.03E-12 1.08E-07 596 5.68E-02 1.41E-03
1 70E-07 5 78€E-09 11CE-07 217E.c2 B.84E-C3 8.99E-12 1.10E-07 5.96 5.71E-02 1.58E-03
200E-Q7 5 BOE-09 112€-07 251EC3 8 69E-03 1.01E-11 1.12E-07 5.95 577E-02 1.83E-03
2 10E07 7 14E-09 113€E-07 252E.Ca B8 B4E-08 1.05E-11 113E07 595 5.79E-02 1.91E-03
2.20E-07 T 48E-09 1 13€E-07 273E-C3 8 59E-C8 1.09E-11¢ 1.13E-07 5.95 5.80E-02 2.00E-03
2.50E-07 8 S0E-09 1.15E-07 I DSELE 8.458-08 1.20€-11 1.15E07 6.94 5.86E-02 2.24E-03
3.00E-07 1 02E-08 118E-07 3.57€08 8.24E-08 1.36E-31 1.18E-07 6.93 5.95E-02 2.63E-03
3.50E-07 1 19E-08 1 21€-07 4.07€E08 8.04E-08 1.51E-11 1.21E-07 6592 6.04E-02 3.00E-03
4.00E-07 1.36E-08 1 24E-07 4.54E-08 7.856-08 1.65€-11 1.24€-07 6.91 6.12E-02 J.37E-03
5.00E-07 1.70E-08 129€E-07 543E08 7.51E-08 1.89€-11 1.29E-07 6.99 6.30E-02 4.06E-03
6.00E-07 2.04E-08 1.35€-07 6.26E08 7.22E-08 2.09E-11 1.356-07 6.87 6.47E-02 4.72E-03
7.00E-07 2.38E-08 1 40E-07 7 04E-08 6.95E-08 2.27e-11 $.40E-07 6.85 6.64E-02 5.34E-03
8.00E-07 2.72E-08 14507 T77E08 6.71E-08 2.42E-11 1.45€-07 684 6.80E-02 5.94E-03
9 0OE-07 3 06E-08 1 50E-07 8 46E-08 6.50E-08 2.55E-11 1.50E-07 6.92 6.96E-02 6.51E-03
1.00E-06 3.40E-08 154E-07 9.12E-08 531E-08 2.56E-11 1.54E-07 6.81 7.12E-02 7.06E-03
1.10E-06 3.74E-08 1.59€-07 9.74E-08 6.13E-08 2.77E-11 1.59€-07 6.8 7.27E-02 7.59E-03
1.20E-06 4.08£08 1 63E-07 103807 5.96E-08 2.86E-11 1.63E-07 6.79 7.42E-02 8.11E-03
1 30E-06 & 42E-08 1576-07 1 09E-07 5.861E-08 2.94E-11 1.67E-07 6.78 7 S7TE-02 8.61E-03
1 40E-06 4.76E-08 17207 1 15E-07 5.67E-08 3.02E-11 1.72E07 6.77 7.72E-02 9.10E-03
1.50E-06 5.10E-08 1.75E07 1.20E-07 5.54E-08 3.08E-11 1.76E-07 676 7.86€-02 9.57€-03
1.70E-06 5 79E-08 1 83E-07 1 30EQ7 530608 3.20E-11 1.83E-07 6.74 8.14E-02 1.05E-02
2 00E-06 6.80E-08 1.95€-07 1 45E-Q7 5.00€-08 335E-11 1.95€-07 6.71 8.54E-02 1.48E-02
2.10E-06 7.14E-08 1.98E-07 1.49E07 4.91E-08 3.39E-11 1.98E-07 6.7 6.67E-02 1.22E-02
2.20E-06 7.48E-08 2.02E-07 1 53E07 4,82E-08 3.43E-11 202E-07 6.7 8.80E-02 1.276-02
2.50E-06 8 50E-08 2.12E-07 1.66E-07 4 59€E-08 3.53E-11 2.12E-07 6.67 9.18E-02 1.39E-02
3.00E-06 1.02E-07 2 28E-07 1.85E-07 4.27€-08 3.65E-1% 2.28€-07 6.64 9.77E-02 1.58E-02




Table 2.1.4. Equilibrium concentrations (molal) of dissolved carbon species

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

Pecq {Dar) €O (aq) H HCO;~ OH- €O~ tonic pH Conductivity | Totat
strength {uS/em) carbon
species
(ppm)

3.50E-06 1 19€-07 2.43E-07 2.03E-07 4.01E-08 376E-11 24307 6.61 1.03E-01 1.76E-02
4.00€-08 1.36E-07 2.57E-07 2.18E-07 J79EG8 3 34E-11 2.57e-07 6.59 1.09E-01 1,93€E-02
5.00E-06 1.70E-07 2.83E.07 2.49E-07 J.44E08 3 E-11 2.83E-07 6.55 1.19E-01 2.26E-02
6.00E-06 2.04E-07 3.07E-07 2.75E-07 31708 4 24€-11 3.07e-07 6.51 1.28E-01 2.58E-02
7.00E-06 2.38E-07 3.29E-07 2.99E-07 2.96E.08 3.29Q7 6.48 1.36E-01 2.87€Q2
8.00E-05 272E-07 3.50E-07 322807 2.78E-08 3.50E-07 6.46 1.44E-01 3.16€E-02
9 00E-06 7 08E-07 3.69E-07 J.43E-07 2.64E-08 3.69E-07 643 1.52E-01 3.44E-02
1.00E-05 i 4DE-07 3.88E-07 3.63E-07 2.51E-08 3.88E-07 8.4 1.59E-01 3.71E-02
1 10E-05 3 T4E07 4.08E-07 3.82E-07 2.40E-08 4.05E-07 8.39 1 66E-01 397E-02
1.20E-05 4 0BE-07 4.2)E-07 4.00E-07 23008 42307 837 1.73E-01 4.23E-02
1.3DE-05 4 42E-07 4.39E-07 417E-07 222808 4.39€-07 6.36 1.79E-01 4.49E-02
1.40E-05 4 76E-07 4,55E-07 4.33E-07 2.14E-08 4.55E-07 8.34 1.86E-01 4.74E-02
1 S0E-05 S5.10E-07 470607 4.49E07 207E-08 4.70E-G7 €33 1.92E-01 4.98E-02
1.70E-05 5.78E-07 4.99E-07 4.7SE-07 1.95E-08 4.93£-07 6.3 2.03E-01 5.47€-02
2.00E-05 6.80E-07 5.40E-07 5.22E07 1.80€-08 5.40€-07 827 2.19E-01 6.17E-02
210805 7.14€-07 5.53EQ7 5.35€-07 1.76E-08 A7E-11 5.53€-07 €26 2.24E.01 6.41E-02
2.20E-05 7.48E-07 5.65E-07 5.48E-07 1.72E-08 4.38E-11 5.85E-07 6.25 2.29E-01 6.63E-02
2.50E-05 B.S0£-07 6.01E-07 5.85E-07 1.62E-08 4J9E-11 8.01E-07 6.22 2.44E-01 7.3tE-02
3.00E-05 1.026-08 6.57E-07 ©.42€-07 1.4BE-08 441E-11 6.57€-07 6.18 2.66E-01 8.41E02
J.50E05 1.198-08 7.09E-07 8.95E-07 1.37E-08 4 43E-11 7.08E-07 6.15 2.86E-01 9,48E-02
4.00E-05 1 36E-06 7.57E-07 7.44E-07 1.28E-08 4 2ag1 7.57E-07 6.12 3.06E-01 1.05E-01
5.00E-05 1.70E-06 B.45E-07 B.33E-07 1.15E-08 A.e3E-11 B.ASEH7 6.07 3.41E-01 1.26E.00
6.00E-05 2 04E-06 9.25E-07 9.14E-07 1.05E-08 4 27E-11 9.25E-07 6.03 3.73E-01 1.46E-01
7 O0E-05 2 3BE-06 9.98E-07 9.88E-07 9.76E-09 437€-11 9.98E-07 6 4.02E-01 1.65E-01
8 00E-05 2.72E-06 1.07E-06 1.06E-06 9.14E-09 4 28E411 1.07E-06 597 4,28E-01 1.84E-0%
9 00E-05 3 06E-06 1.138-06 1.12€-06 8.62E-09 4.43E1 1.13€-06 585 4,55E-01 2.03E-01
100E-04 3.40E-06 1.19E-06 1.18E-06 8.18EQ03 4.89€-11 1.19E-06 592 4,79E-01 2.22E-01
1 10E-04 3.74E-06 1.25E-06 1.24E-06 7.80E-09 4 49E-11 1.25€-06 59 5.02E-01 2,40E-01
1 20E-04 4.08E-06 1.30E-06 1.30E-06 7.47E-09 A4.50E-11 1.30E-06 588 5.24E-01 2.59E-01
1.30E-04 4.42E-06 1.36E-06 1.35E-08 7.1BE09 4.508-11 1.36E-06 587 5.46E-Q1 2.77E-01
1.40E-04 4.76E-06 1.43E-06 1.40E-06 6.92E-09 4.50E-19 1.41E-06 585 5.66E-01 2.95E-01
1.50E-04 5.10€-06 1.46E-08 1.45E-06 6.69E-09 4.50E-19 1.46E-068 5.84 5.86E-01 3.13E-01
1.70E-04 5.78E-06 1.55E-06 1.54E-08 6.28E-09 451E-11 1.556-08 501 6.23E-01 3.49E.01
2.00E-04 6.B0E-06 1.68E-08 1.68E-08 5.80E-09 451E-11 1.68E-06 577 6.76E-01 4.02E-01
2.10E-04 . -f 7 14E-06 1.72E-06 1.72E-06 5,66E-09 4.StE-14 1.72E-06 576 6.92E-01 4.18E-01
2.20£-04 7.48E-06 1.76E-08 1.76E-08 $.53E-09 4.51E-11 1.76E-08 575 7.09E-01 4.35E-01
2.506-04 8.50€-06 1.89E-06 1.87E-08 5.19E-09 4,51E-11 1.88E-06 573 7.55€-01 4.BBE-0%
300604 - | 1.02E-05 2.06E-06 2.05E-06 4,74E-09 4.52E-11 2.06€-06 569 8.27E-01 5.74E-01
AS0E-04 .| 1.18€-05 2.22E-06 2.22E-06 4.39€09 4.52E.11 2.22E-06 565 8.93E-01 6.59E-01
4.00E-04 1.36E-05 2.38E-06 2.37E-06 4.10E-09 4.52E-11 238E-06 5.62 9.54E-01 7.43E-01
5.00E-04 1.70E-05 2.66E-06 2.65E-06 3.67E-09 4.53€-11 2.66E-06 5.58 1.07E+00 9.10E-01
6.00E-04 2.04E-05 2.ME08 291E-08 3.35€-09 4 53€-11 291E06 554 1.17E+00 1.03E+00
7.00E.04 2.3BE-05 3.14E-06 3.14E-06 3.10E-09 4.53€-11 3.14E-06 5.5 1.26E+00 1.24E+00
8.00E-D4 2.72E-05 3.36E-08 3.36E-08 2.80E-09 4.53E-11 3.36E-08 5.47 1.35E+00 1.40E+00
9.00E-04 3.06€E-05 A.57E-06 3.55E-08 274E-09 4.53E-1% J.57E06 545 1.43E+00 1.56E+00
1.00E03 3.40E-05 3.76E-06 3,76E-08 2.60E-09 4.54E-11 J.76E-08 5.43 1.51E+00 1.73E+00
1.10E-03 3.74E-05 3.94E-06 3.94E-06 248E-09 4.54E-11 J.94E-06 54 1.58E+00 1.89E+00
1.208-03 4.08E-05 4,12E-06 4.11E-06 2,37E-09 4.54E-11 4.12E06 539 1.65E+00 2.05E+00
1.30E-03 4 42E-05 4.29E-06 4,28€-06 2.28E-09 4.54E-11 4.29E-06 537 1.72E+00 2.21E+00
1.40E-03 4.768-05 4.45E-06 4.44E-06 2.20E-09 4.54E-11 4.45E-06 535 1.78E+00 2.37E+00
1.50€-03 5.10E-05 4.60E-06 4,60E-06 2.12E09 4.54E-11 4.60E-08 5.34 1.85E+00 2.53E+00
170E-03 ~ 5.7BE-05 4.50E-06 4.90E-06 1.99E-03 4.54E-11 4.90E-06 531 1 97E+00 2.84E+00
2.00E-03 6.80E-05 5.32E-06 5.3E-06 1.84E-09 4.54E-11 5.32E-06 527 2.13E+00 3.32E+00
2.10E-03 7.14E-05 5.45E-06 5.45E-06 1.79€-09 4.55E-11 $.45E-06 526 2.19E+00 3.48E+00




Table 2.1.5. Equilibrium concentrations (molal) of dissolved carbon species

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

Poca {DaF.) CO; (aq) M HCO,~ OH- oo Koy tonic pH Conductivity | Total
strength (1Ssem) carbon
spacies
(ppm)

2.20E-03 7.4BE-05 5.58E-06 557E-06 1.75E-09 5.58E-06 5.25 224E+00, . | 3.63E+00
2.50E-03 8.50E-05 5.94E-06 5.94E-06 1 64E-09 5.94E-068 5.23 2.39E+00 4.10E+00
3 00E-03 1.02E-04 6.51E-06 6.51E-06 1 S0E-09 6.51E-06 5.19 2.61E+00 4.89E+00
3.50E-03 1.19E-04 7.03E-05 7 03E-06 1 39E-09 7.03E-08 5.15 2.82E+00 5.67E+00
4 00E-03 1.36E-04 7.52E-06 7.52E-06 130609 7.52E-08 512 3.02E400 6.44E+00
S O0E-03 1 70E-D4 8.41E05 8.41E-06 4 16E-09 8.41E-06 5.08 3.38E+00 8.00E+00
6.00E-03 2.04E-04 9.21E.65 9 21£-06 1 06E-09 9.21E-06 5.04 3.70€ +00 9.54E +00
7.00E-03 2.38€-04 9.95€-05 9.95E-06 § 84E-10 9.95E.06 5 3.99E400 1.11E+01
8 00E-03 2 72E-04 1.06E-05 106E-05 920E-10 1.06E-05 497 4.27E+00 1.26€+01
9.00E-03 J 06E-04 1.13E-05 1.13E-05 8 68E-10 1.13€.05 493 4.53E400 1 42E+01
3.00E-02 3 40E-04 1.18E-05 1.19E-05 8 23E-10 1.19E-05 4.92 4.78E400 1.57E+01
1 10E-02 3.74E-04 1.25E-05 1.25E-05 7 85E-10 1.25E-05 a9 5.01E+00 1.72E+01
1 20E-02 4.08E-04 1.30E-05 1.30E-05 7 52E-10 1.30E-05 4.88 5.23E+00 1.88E+01
130E-02 4.426-04 1.36E-05 1.36E-05 7 22E-10 1.36€-05 4.87 5.45E+00 2.03E+01
1.40E-02 4.76E-04 1.41E-05 1.41E-05 6 96E-10 1.41E-05 4.85 5.85E+00 2.18E+01
1.50E-02 5.10E-04 1.46E-05 1.46E-05 5.72€-10 1.4BE-05 4.84 5.85E+00 2.33E+01
1.70E-02 5.78E-04 1.55E-05 1.55E-05 5.32E-10 1.55€-05 481 6.23E400 2.84E+01
2.00E-02 6.80E-04 1.68E-05 1.68E-05 $ B3IE-10 1.68E.05 a77 6.76E+00 3.10E+01
2.10E-02 7.14E-04 1.73E-05 1.73E-05 $.69E-10 1.73E-05 476 6.93E+00 3.25E+01
2.20E-02 7 48E-04 1.77E-05 1.77E-05 § 55E-10 1.77E05 475 7.09E+00 3.40E+01
2.50E-02 8.50E-04 1.8BE-05 1.88E-05 5.21E-10 1.88E-05 472 7.56E+00 3.86E+01
3.00E-02 4 02E-03 2.06E-05 2.06E-D5 4.76E-10 2.06E-05 469 8.28E+00 4.62E+01
3 50E-02 1.19E-03 2.23E-05 2.23E-05 4 41E-10 2.23E-05 465 B.95E+00 5.37E+0
4.00E-02 1.36E-03 2.38E.05 2.3BE-05 412E-10 2.38E-05 462 9.57E+00 6.13E+01
5 00E-02 1.70E-03 2.67E-05 2.67E-05 3.69E-10 2.67E-05 4.57 107E+01 7.65E+01
6 00E-02 2.04E-03 2.92E-05 2.92E-05 337E-10 2.92E-05 453 1.47E+01 9.16E+01
7.00E-02 2.38E-03 3.16E-05 3.16E-05 3.12E-10 3.16E-05 4.5 1.27E+01 1.07E+02
8.00E-02 2.72E-03 3.30E-05 3.38E05 2.92E-10 3.38E-05 4.47 1.35E+01 1.226+02
9.00E-02 3.06E-03 3.58E-05 3.58E-05 2.75E-10 3.58E-05 4.45 1.44E+01 1.37E+02
1.00E-01 3.40E03 3.78E-05 3.78E-05 261E-10 3.78E.05 4.42 1.52E+01 1.52E+02
1.10E-01 3.74€-03 3.96E-05 3.96E-05 2.49E-10 3.96E-05 4.4 1.59E+01 1.67E+02
1.20E-01 408E-03 | 4.14E-05 4,14E-05 2.36€-10 4.14E-05 4.38 1.66E+01 1.82E+02
1.30E-01 | 4.42E-03 4.31E-05 4ED5 229€-10 4.31E-05 437 1.73E+01 1.97E+02
1.40E-01 4,76E-03 4.47E-05 4.47E-05" 2.21E-10 4.47E-DS 435 1.76E+01, 2.12E+02
1.50€-01 5.10E-03 4.63E-05 4.63E-05 2.13E-10 4.63E-05 433 1.86E+01 2.27E+02
1.706-01 . | 5.78E-03 4.93€-05 4.93E.05 2.00E-10 4.93E-05 431 1.98E+01 2.57E+02
2.00E-01" 6.80E-03 5.35E-05 5.35E-05 1.85€.10 5.35E-05 427 2.15E+01 3.03E+02
2.10E-01" 7.14E-03 5.48E-05 5.48E-05 1.80E-16 5.48E-05 426 2.20E+01 3.18E+02
2.20€-01 . 7.48E-03 5.61E-05 5.61E-05 1.76E-10 5.81E-05 425 2.25E+01 3.33E402
2.50E-0% | B.SOE-03 5.98E-05 5.98E-05 1.65€-10 5.98E-05 422 2.40E+01 3.7BE+02
3.00€-09 1.02E-02 6.55€-05 6.55E-05 1.51E-10 6.55E-05 4.18 2.63E+01 4.53E+02
3.50£-01 1.19E-02 7.08E-05 7.08E-05 1 4DE-10 7.08E-05 4.15 2.B4E+01 5.28E+02
4.00E-01 1.36E-02 7.57E-05 7.57€-05 1.31E-10 7.57E-05 412 3.04E+01 6.03E+02
5.00E-01 1.70€-02 8.47E-05 8.47E-05 1.17E-10 B.47E-05 4.07 3.40E401 7.53E+02
6.00E-01 2.04E-02 9.28E-05 9,28E-05 1.07E-10 9.28E-05 4.03 3.73E+01 9.04E+02
7.00E-01 2.38E-02 1.00E-04 1.00E-04 9.91E-11 1.00E-04 4 4.03E+01 1.05E+03
8.00E-01 272602 1.07€-04 1.07E-04 9.2BE-11 1.07E-04 397 4.31E401 1.20E+03
9.00E-0% 3.06E-02 1.14E-04 1.94E-04 8.75E-11 1.14E-04 394 4.57E+01 1.35E+03
1.00E+00 3.40E-02 1.20E-D4 1.20E-04 8.308-11 2 73E-11 1.20E-04 3.92 4.B2E+01 1.50E+03
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B-ZUjg o8 FABA 7

€2, dA7A AFEEH
transfer)dl &3 AP Fxg %

VNEE, & L¥9EdSs "—‘1‘/8*01]/\'] A
o2 HolA7l7] o &4 Zroly} o]&mF e didA J|HdoE
HolA 7171 A AR S9ES FUgrides €8, sshd w3 (chemical
destruction)& FZAlZ B oiyg AETFHoEZ At ol FEINA
F71EE7HA AT F 7] Wi, B ZFE AT £ ok A
B2 A7V JgFoln 4F A&std FAE Yok 2]

(1 a Jau?
ol

4

. B-Fu vkg7)

F-Zuf AL F-ZFoiQ 9t EFo] E A (Band-Gap Energy)
B 1L AdUAE Ze oz xAE o AWYd I AA-AF
4 (ctlectron-Hole Pain) & 2FE A|ZETh (2 14). o] Fd BEFL F-ZFv)
EHAA EBolu FTHH —’F ](hydroxyl group, OH)E AIgA#A F4k3}
AZES A Bk (A 1

|

Photocatalyst —™— ¢, + A, (14)
OH™ + hj, —(hv)— OH - (15)

F43} Age WHgAo] ofF EohM WREES £V 29

g BEdoz
£x At Easted 27 sHmineralization® & 9T AZe) dEiME

Bl-MgAo g zgS g}

AZe o3 729 wed pjEo], FLo|REL AR ) AP E
5502 FUHo AAHAY (4 16), A EHE Bl FoA BT &7
A FHE AFAA AT F ok (4 17).

Mi + neg — M (16)

Mt + e~ — M D+ (17)

ole} Zo] F-ZFu] FFEL o]&sH E Ee F7] T UHU=E EE
Felo] LEE, F 7€ U FUE FuH 2 vAE FHE I HE
& F Aok [21. ol g AAHJ AdEL Fig. 21674 Zo] vsd +
deom, dukAEd  #AAAE FHAAM BE AJAAEE B0l
FLADEE
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hv

Surface
Recombinatip

Volume
Recombination

uC

Fig. 2.1.6. Schematic photoexcitation in the solid followed by
de-excitation events [10].
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) "EUA o] AURE 7tz e AP 97 Ax-AHF 9 A
i) AaA-BFe ANEAFSERY #wE XHPETE e FTEAC 9§
Mste] &4,
i) F2E 2374 FE2 BT L Az 9§ As-39d wke
iv) AHE9 €% 2 SolEd B9 94 A
webA, F-SELL dRitEe] @4 ZE R, 02 AR HE UES)
4ol Ho| g3 Uiz AEHE AIF-HA B9 M RIHHn 2
ZHoA o]Eo] ZAZt A3 d AT FAoZA, As-FYUnES FE(redox
mechanism)gt & = Aot [4]. W=A] HEF AR P& FAEHH
AAEe dA-AEF B F, HAAEL AEd(conduction band) ol X2
FLE S Z2A Ha, AFELS YAV (valence band) oY R 2] Akslg S ztA
gt WA, dEdge dAtde EF RE X uEl F8d FoA
F-EFUR A EHe HEAY As-3Y FEo| dFEd. NEA7l Ead
Azt BE3E ZHA F&E B destE 582 AR F-E&-H(electron
acceptor)®] A thd TeEld EH7 vtz A=d xdd 29 of(RYg &
ol EAT o 98z oz sh53tm HA F oA (electron, donor)d] FelA
FHE HEAY AN ARG J(ETG 2 ghel EAsteot A}
F-Zuukge §8&d JFE Fr FoT 82 PAHD AR} HF 9
2} 2 & (electron-hole recombination)e] At  HAA-AFY AABY S
Mztst AT T Fol A¥Hoz wH st Fr1ech Ats-3d v
=)
)

AN

AbgE ARt AFo] WA AAYI}H F-Fof vHge §& AW
HEE A =HE, F-Zv] FHAA d3te WS A
gHHoz AN (AA EE AFT)E o837 HsAxe AR-FFY AAF o
Rtz Al A ojop  Ft 01% -r]ﬂ, =1
F-EwE JjAstd A
F-o7le g3 BAAHE HAAY AT E ;SO}"F*‘E Wgol Aot
dutx o2 AHF FEFH(hole trapping)S EIrt 7HsF %’4‘€ %
8] A A (sacrificial reagent)E AF&3HA ©d. 2 <&, 2-propanole] A& uj
TiO2 (Degussa P-25) EHol| ¥4 € AAY FHo] dAHE d], ol ZH
FAs oz 2 EAste AT X3 FAU] wWEolHn FAHL
Atk olet Fo] AFEYHE Y8 Mz FANE AEE F e BEREE
EDTA9 Z& dAA1zE i3 FFEEC] o S4E Yedh
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AAE 8 (electron trapping)= PHAVIAZ AA-A T AAEE AA I
TiOz9] A% FE=dis 4 Y Trdd A 2 duA E4& 27
&, o= 7EA S F-Fo] 9hgo ]*1 Zu) Ao FFE At #AA

THAZ ZAL3A =HW F-Fof §Eg& 2 A4S vAA do. wEhA,
A= 718 &3 doAA F ff} IS A Hw S ZHo &
T35 met SujEde &4do] ¥I3tA ¢
olg} o], AbAe L FHIFE o3 FUREEA g3 HA=v AAY

HT

TE7t $43%] ZAHYE, AA-AFY AAFSEI F43] oA HAHA
AstEee FrhetA "o %, AFol A i wmE H:=2
AAA™E, FAEEL F7MY. F, F£59 AN LE {FU1EY AsE
FTUA71 9 AHEA B9

A2, AA-AFTY AZAFTE AT B oy, HAE T3
24 8HE (super-oxide) & A g ¥EEAo] ofF F O v FUVIEAY
F&" FARREETS LAY F4A H7Hprotonation)oll & FH e
&g 24 adzZE ZANAA FUIES 2lste dol Wy {EI}EE,
F71E 28E 9% F-Fo g E A5y & o [13, 23] ®EAE,
AAE F459 FdddA F-Zu] TH Azl U3 FEHo|LETH] BAH LR
BSSHA HER XHAHo2 £28 TAAIA B9 [14, 15]

T4 Fo oA P THAAN doAvdes F-F9 RSEEE §99
pHoll &} sj A

P& wet. TiOo A$ E &4 pH/F < 35~68 A&
A (soelectric point) g 7HXZZ, I oAM= BHWY
A7t dez I olAdME oz YeuA Hu ol uwg wEE 9
EZAEFo] 2Etzt.  AAbe(silver nitrate) £dolA FEH TiO: YAE

oM Adiret 29 YAPJEET pHel s ZA JIdE
H, o] pH &4 Ag’ &F3o] ZHAsLY 49L& wr] wFolth. pHYL
Zastd W 09 F471(0H) S FAHAZE AztEe Ag'e 39
&5 wEfstA Eo [18].  ol& fAEHA 8459 #-3d FFHNZAME

pH7t & 932 7AH

A F-Fv T4 U@ 7= dFE MEHA £E2F FHjel @E
HETE R old mE EHAHEY F, 2 LA S AR S
Az R wgre ALE F8 52 3 g F-F



ZPNZAde o8 EE ® AR FEFE EE2 tn YT [2~7

F-2v) Wy AeRRIME AEH Fuldl oF B FLA o
TR $ode FHAAVHAE Ae BE she, WA weEY
58540 we 2o F5 L 2T 9F A4 2 F-2W nxH e
AL Fol APFolh

F-20) Jee Agssr] AANE A E: AAS mA AVelA
obe BHL HYste Aol BEAAW, of WAL H$ His
e MILEEH ATE FARIE YR B WH7 EABT. o9
2o Wrse F-3v) ¥R 24, BOA, A% AA, &, 499 pH, EW
Fzol U® pHY 9% BEE BE &uje) BA, Aad B, £ I
ERAS S FE S02 ofF BgEI BFsth  wHM dwa
-] W) BA Y METFREL FAAA B FHAX gron,
ool e Be AFE [11~13]0] W& Foldh

o #-Zu) ggo] 9@ §E 47180 By :

F-20) w89 A wAE, gEAIUA Bk 2 qUAE A Aol
A5 n-g wEA FEe @A, At Al dwds
Aolgo] Artst FFol YAH o]Fo] 4F L FUNSEL T FY
setxs3 wgaiA Ao

Titanium Dioxide(TiOz) #F-Zvjo] 23 {718 EQHLFE Ao 34,
8719 ABEE o) FE &A3] AbslsElo] HCL NHs; COp; Hp 5o
713 (Mineralization) Jl & AL 2 Uegt. o9 AANEE thFa 2ol
d=2 =+ Ao (111

B o
ko

e

1
CaHyOcNyCle + @a - cHp0 - aC0y + dNH; + eHCl + Eea +b-2c-3d-e}H, 18)

FEASE FHE A vEA 229 @Y F8&d YA E EWH ¥ 3"
FAIY EEZAVT AT THEAZ LA Hi TH FAsE ddzE
F4EY. TIOE F-F9=2 AMES f7]E Eivgy SUAAAHEL dirE
FAZIE Zed oL FE FA3 dYZy g o3 e 4ibstd
SN EY F3(hydration)dl o3 BAHET. EF FFde TiOH 2&

3=
ZAsbAE FA3 ggZe] A FAYE A2 EPR (electron paramagnetic

resonance)®] €3 AAHZF HEoY £REF &L 53 HAY AL 53
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7189 E3E A F-F0 &M MR FoT dAE, F3
FAAs ool AF o3 AbstEol At #YZ(OH -
DAIZA, o #YZL {FIUIEY AsHEGoM Fo AgF e
o} [22].

ZAtel o) A" AFH AAE Table 2163 2 o7 71X 9
Hb-gdol 2 HAYZE FAsH o] &0
< SHA "o ol 4 HYFY
% 3 RAOZ A, £ Fo2 FAaHy] A
2ag Edo did) dAHe=z AsEgg dodn g FoZ
A *&:é}zﬂi ZFEE A A WY Akl s} BPHE WA
2 ofF wEA dojum, AAIE AWAA o]Fsr] HsiAE
Aol FHo mlE] FAHolol drh.  B-Fvuj dEES
715 AsFANA FIIEEC] tiRrE, AHZoE e FEHY
£ "WAZ o, FFAAHAA FT AR FLI{E2 FHAFolY
5ol B-Fv] & L v XA .

o ot e

ooz o
Mo
30,

oo M

N

ool o P T

)
i)
o
OJ
de rlo
=

D rf oo oo of i rH ok

o

of

Table 2.16. Reactions which generate radicals at the illuminated

electrolyte-semiconductor interface [23].

O: + e O *

O + H HO, "

HO." + H' H20o

H:02 + € OH® + OH"

H:02 + O2° OH® + OH + O2
H:0 + A" OH® + H’

OH- + 4" OH*
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#7183 Wl o8 A Fabsh A Alold RS ) A st
A2 Ave d [2), o 3 &
#7183 A8 $23 o2 e WS, Gi) FFY 48 oz &

=

F7122 ke wbg, (v) A 5 #EE e 9§ Folth.  dAziA ¢

I
flo
o El""
D
(i,
4
o
)
g
)
lo
rE
oo

O

ATFAI I, FUIEY F-Fu HSEEAL gutydow gL e
Langmuir-Hinshelwood Ed-& M2+ RAo =2 Yely gl [22]
_ ac, _ kK C
n= T g T I1FKG (19)

A7, e 27 HEEE, G2 H7IEY 2VFE, kE EERYT

KEe # 24 (binding constant)©] th.

3. 5% §& 47189 F-5v] 23 54

714 (carboxylic acid, R-COOH)¢] #vks2 oS3 72 AdxHQd #3s

— R" + CO; + H’
R-COOH —R™ + CO + "OH
— RRH + COq (20)

&2

go] o8 Az@Th o BT WL 240 m olae AW EAd o
AH oo A7 Bz FIFo|A 4 Balst D9 Kolbe w8
lom, of wgsl Aot Fig 2173 2th o WgEel 5w, F7)4kL

_}]:

a8
Ol

L

Bl =o] COE HAAIFIH alcoholF, alkene®d 2 esteri Sol A4 =
NLS & F U},
[e]

F71€0l 225 WA EalEHo AT = d' F7IASEE formic
acid, acetic acid % glycolic acid %o} gow, E AFxo] ojHd &3}

olE9 F-=v &3 S 93 &} (1l

—_—

b 71 -0 Baws 43 (1)

fe

Mo of I

F-Zu) 9§ AL Fig. 2187 72 APYZXE ol &3t <& 3|
(recirculating batch type)2.2 FH3FTE Algog WUE o|FAE e
8l-2-7] (photo-reactor)= 2] 36 cn, WA 1.7 cm, &3 23 cmZE Y Fo] FH
TR EE AR A

o

i
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alcohol (or ether alkene ester
ROH ROR"Y R-COOR

(or R'OH) T.H @
+H 20 “rcoo @
alcohols
rearrangement
alkenes ~-———— R" ® 8 R® —_— Rgs
esters :
T- ) ©
o _-® . €02 . .
RCOO RCOO 35 — RCOO s »| R = == R ads
(start)
.V l \2
alkene R-H
R_'R alkane
dimer

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

Headspace
Reservoir
Quartz
Annular
Reactor
Centrifugal P Lamp
Pump (UV ornUV)
Cooling Loop

Fig. 2.1.8. Schematic diagram of reactor assembly.

._23_



o}

1L A8 9 "Black—Light” Fluorescent Bulb (n-UV, GE F15TB, 181)&
AbEEtR o F-3 99 320~400 molz HFL 350 mollA Vel
o F-Foj2 AlEF titanium dioxide(Degussa P-25)% anatase T%(80 %)
9}' rutile T3(20 %)f'“ A AYUs, 7|BAxe] HHFAT7]= 30 nm, B|EAHA

o 5015 mYg, FF A9l Z71= ¢k 300 nmelt}.  Titanium dioxide: #
g glol *1’%3‘3}3}. AN EE BT AldrichAt A A Fol AT

dg

O[t

o fr1ake] F-=v 28 54 (1]

F-51 LALAFL 500 me] FE A F-FuE FHGA|A ZASIHEA
- Nzhutth A 88 AFsld daRestn 022 e MSI Filter Membrane

(teflon) .2 AT =& E 3 & Shimatsurle TOC 500082 §7]|849)
kg Z2AsIETE BE AHEL 20~25 T AL 35y

Formic acid, acetic acid & glycolic acidol] ™3 #-Zw) Bajrtg& 2
Z3}7] #Asted, Al89] pHE ®-87]o 739 pH-Meter2 A SH o= B
AT AR X7FTE BT 167 x 10° molelAth. 2§71 vk
AlZbel wE pHOl WM3b= Fig. 2199 Zo] yehwt. Z+ {7]ite] /4
&89 pHE F-Fm) vt =T 5 7143 sttt <2 4L L4
g3 AdHE AEFH AAPE (2 1 2 2)9 AE-Fd £947] A, AT

Ao F2d OH o3 ZAFsty 45 Yozds JPstd /7128 &3
Al Ha, dAE F£89d Fof A4S 28 2HAAEE o] =(02)0] H oL
B 2t FASFEH0)E FASAU, 29 #Ae= si7 FA4HE
theel whgo]l APH Aoz BHAY, o Wl o A9 pHe F7HEH.

2H,0 + 2e” — 20H + H,1 (21)
HO,+ + e~ + H™ - H,0, (22)

o3k pHel Wsle W& APALE 94“’] k= TOCS w3l (Fig. 2.1.10)
AN = Yeldtt. Formic acid®] A%, oF 40 ¥ ZAL2 TOC7} o] HH, o]
T o] AAZA F4% pH 453 F-ETE olF TOCH H3EHEx= dA
3| Z+438tm itk Acetic acid®t glycolic acid® A%, pH2 53 &9
A& A TOC7t 743t

Z F-Zu} ¥kgo]| 93 formic acid9} acetic acid ¥ glycolic acid®] &3

A, f714ke EF9 2 BAYA RS HT2e uhe pHAb w3 gk
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6.0

——Formic acid

——Acetic acid

—8— Glycolic acid

pH of solution
=N
(8]

4.0

3.5

3.0 1 L 1 1 1
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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50.0

® Formic Acid

O Acetic Acid

40.0 L ® Glycolic Acid

30.0 +

20.0

Total organic carbon conc, ppm

10.0

OO 1 1 i i,
0 20 40 60 80 100 120
Irradiation time, min

Fig. 2.1.10. TOC wvariation of the photocatalytic reaction of
carboxylic acids.
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4. % €< amineR 9 F-=v] B3 54

TiO; #-Zwle] A& o] &3 #HFAE BHLE #7714 (environmental
remediation)}& 93 4% nF Adrle 29 suelr. AL-g§
JFAEELS AAZANA Wo] TAHY, AFAU AxAY gFEL 3
Te F o9 ZAYAE 2 Yrh o]EHE FA-gH JFEE F-Zn)
= =

A&l o F7g weF A TREEer & F2F Aol

Ai-FF #7] sSEEY #-Fris #AAH T Z2LAAY AFL ohF
A B3 A UA €Y. NHO0HS 22 Fr7|d4, 44 U] NO 7A),
71 HY 714 A4 Fo] TiOp 3-Fwlel 93 #®E=HE, Np NO,
NHs;, NoHy Sol AAEHE ), oL 47|18 TiO, A4 4= dAxy
AF Foll g 43t ®e Fdo] g Aoty 7144 ammoniat TiOz YA
ol A Z-2t3H(photo-oxidation) = o] Np& AAAIIAY AagEe] =2
ZolME NOE AAST. Low 5 [24]2 nitrate, nitro, saturated E+&
aromatic-ring FENY AA-FHF FI7SFEESo] NH 9 NOz 2 a5 o]
HFHoz F-Fristd gEgFoz HIPES s Ammonium
0] 258 N-pentylamine, piperidine, pyridine®] #-2F3l=o] M FHE= H),
o)JAL FAHMAHEQ immonium cation radical (RCH=NHz)S At
a8y, NH 9 NOs o858 Ai-Tf AUWLGHA7 H-asl=e
BEdAE Fe g2ZAT A Ag"ET. ol A NHy9F NOs
o] &2 FAo] A3 F AZE T dojuz Y& RAET.

Nohara & [25]& o &3 AL-FF IFEEE TiO: " FE&AA
ZAMA 7|2 BEE AAPEQ NHy 9 NOs ol29 ¥=& ZXsd Ai-gH
§829 85727 NH 9 NOs olee] g4 mXe 43 zAstAT
£3] NHs 9 NOs 2 fA F-9slsHe FXES Wl o] o|2Ec] JFAHH
£ stz TiO, ERA £33 A dHstgd. o FHi
1R, 2ol 13 amine’] & AW FFEL F-2tste] % NHi ¢ NOs 9
A YRE NHy ©l222 ¥3lEv methylene?| 9 Fole LA

BN

oft lo
ox, ok
=2
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Amide7| = 13 &=4d wi NHS2 AgsEs ® olde &x7}
ineZl MR o wWEA el WEAEZE XYW, 13 amined
AH a-8ae Z7|d AFHe] N-C AL HEAZ WA amide
Stk EolMe N-C ZAFel A Heddzm AYsATY. w-amino acid
AME Ee7|d -COOHY -NH; E57F TiO: YA EHAAAA AAQHo=z
~AbslE A CO9F NHy ©]2o] FAld AU, 12 aminefFE C-N
A% Hddl olojAl NHyol ofF wWEA FAHEATY. &£AE methylene?] 9]
T AFdoldMe wWgE vEgsa o 129} 22 amine’] &
F-4kstEeo] R-NHp @l #dz Fe2 Zdd 733 FUHAE4ES
A A A N-alkylidene amineS& At o]e} FA|d], o] Fol& gyze
A2 immonium Fel2o2 WEHEH § « OOHY & «OH gz 23]
12t aminedll <UAHI o-©HAE AFSAIA  alkylated aldehyde®t NH3E
A4 gkt

22 -FAA2ZHE NHy 2 NOs o]2E5o dA=He AsdAe, dutdes
ze Y Z‘—__L/,\J}‘ A¢] NHy ©]2E2 WHFEHXAT, N-hydroxysuccinimided]
A9l F2 NO; ©]2¢] Hi NHy © HA yelhd. o] Azt
o]

o
T )
Y ¥ ¥4 ¥ amide”] 2R E

&0

5 X
13

rﬂgﬂ

oL 4m ﬂ (2

AdEE ALE HAH

Urea®t formamide’} F-E32 w, NHs Y NOs FAS FJEs) =2,
uread At F /19 23 amine’| & 7R L Y7lE AT B F9 NO3
o] & AASY, formamideZFElE A v£d ¥ NHy 9 NOs ©]&9]
HAA G, uread F-237F formamideX. ot 1/5 A= =Hu. o] 7T
A4, 2709 NHp7lol 98l OH Yol TiO: ZEHA Y& Ureas
amide’| & AFH FASE Ao thh FAHI ol wat NO; o9 &0
Z7189d 2 2 4 9. Formamide®] 7%, OH #:AYZEo°] amined
carboxyl71 & E5F AAZRo=z FF3A 4. A, TiO; W FEL
FAstel s At 93 -l FHIE Aol NOs o289 A
Zd g9+ doh

NH,'9] 4tslell 93 NOs 9 APARE &Asty] A3 Ak T4F
Zz9 4 NHCIE ’\]’331}'7\]7:’ B Ad s @R 4 %9 NHCl 7ol 15 A|ZF 9
NO; oj&o2 HEASIASTE BAFAUTH

pHel &g #2387 $8 imidazoleo] #-4tstse] NHy ¢ NOs 7}
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of ¢}5td, HCI® NaOHZ pHE =ZA39Y<e o,
EW 7157+ titanol(= Ti-OH)l &g Re]H,
TiO: 49 OH7I= A-¥7] H¥ & vedle Aoz g8zt TiO: Y=t
EH A FAAH FAHE AR F-84 S A FLAAEA Bl
A7z gt AAdAdE (pH=2)ol A imidazolee A FEsIHo] NO; Bt}
°F 64 B AEE B2 ¥ NHy o2& AHst. FAYY (pH=78) A=
imidazole & FAHE NO3 |29 &7 AHIHAARY 3 MiAE
B pH=11¢9 €714 944 4" NOs ©|2F9 FET pH=12¢14 ¢}
A B2F ge Ho] Ho|dttt.  Imidazoled] #- Jﬁ}ﬂ}zé T AHH=
SUARLE F FASFEL AFEdoA= HOl 3] 4257t A3 n
ol wa} NOs3 o]29 3Asle NHy o229 AA o] %Ol'ﬂé F At
pH=11¢] 9714 wixlX = imidazoleo] ¥-2t3t=lo] AFH= NH, o2
%ol Btd A YeEldEs b, o]AL TiO, EAA o] T wEolt)
ol TiO: ¥A7} pH=1114 NHCl F8&Aol 7™ 75 %9 NHy o]2¢]
TiO, X9 F&E S & & Atk @A, F4E NHy o5 F B2 4o
NH3 71H2 H38EE & & o

olgo] AAIE ZAF{E F§SH, amino acids, amides, succinimide,
imidazole, hydroxylamine 2 urea®} #Z< ALX-THF IFEEL Ho=
ZALE TiO; dEAA FENHT dAH o2 NH 9 NOz & A3
olul, & e F3td AL 3}§E-(hydroxylated nitrogen moiety)< thi&
NOs; £, 12 amine?} amide® tH&9 ZA 223 NHs &% ¥shdi
Imidazole W] hetero-cyclic nitrogen’]E €32} amine™ hydroxylamine?]
TZEE Zv FURAEES AFAM NH Y NOs2 z4zh gt A4-g5
SIFEE0] TiOe o3 F-2ts=+ FAdA 13 amino’] EE amide’] &
A FAPE] FASE dEE NHy o]0 44 =1, hydroxyamino”] 2]
AdE BalME NOs o|2E° A"t 3IFEY sstdzrt o ¥4
o]2E9] ®&dd JFL MAYG. TiO: EHYY EZFFHoY HI FH=E
T3 FFALA NHy 9 NOs™ o] 2 AAolA mejsefof & F8 AxEo|th

. Advanced aminef ¢ #F-Zv] 23ur-g 54 [1]

Gol e TAd Ay 2 AFFAANA, £ AFZl°] °]H ammonia,
morpholine, AMP(2-amino-2-methylpropane) 2 ETA(2-aminoethanol)&
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ez 3% F-Fof EI¥kg 54 oS3 2o 11 o] & 9
271 EE, €948 oAAFY FYHAe THVE U= 9, 7 188
ppm, 146 ppm, 853 ppm, 52 ppme=Z AASATY. AmmoniaE A 23t
Alge] 27] pHE 70 o149 @714 EH7IE2A, o2 #F-Zd] Fautgo
gl wzt AAdsd F, HF pHYE 6.7~752 oA 9713 HJT (Fig.
2.1.11). o|lw TOCS wW3l+= Fig. 2.1.129 Zo] EF 13 whg& x2S uag
5o COE dAsle A2 BAdY., AMPY A%, 7] & 40 &7A
pH7} 3t7+st Htd TOCS Wsle] Xd&Ao] yvely+= H, ol= phosphate

T 83-38 9 €9 o]lF9 COF AAEHY] YF22 Bt Ammonia
AS, &9 4= pH 90904 A& AAsEn o pH 74 FE=FE A%

d

H
%, F-Zu] g2 AEFY Y94 T £F£FH amineF 2L FA-IH
7] i 4 ¢t %9, advanced amined] #H-Zuj
BN HAFE pH R TOCY Hite, o|AAFT Ed EdH IFF
7vE7] el Add amine?] BT EE AAEEA i AF} (Table
2.1.7(21.4) FZ) [26]A4 YEIY, L F8IY FgMq Fe FEE L£FH
Abao]l ¢J8) ammonia®t acetic acid ¥ formic acid2 EdHe HIFI o=
AT FAem B £ gleun, o] APAFEE advanced amined] GES

EANS AstE g RuAER 289 5 gL Rt

=

Table 2.1.7. Average decomposition products concentrations generated in the
model boiler feedwater heater (ppb) [26].

Ammine Ammonia Acetate Formate
Low O High O2 Low O High O: Low O2 High O:
NH3 - -- 20 9 16 16
Morpholine 2 11 8 13 5 19
ETA 3 58 17 20 14 122
DAE 71 54 5 10 4 6
AMP 79 72 4 11 3 34
MPA 4 17 9 7 8 29
QOH 5 34 10 15 10 120
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10.0

—a— Ammonia

—o— AMP
9.0 —o0—2—Aminoethanol
—-0- Morpholine

pH of Solution

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

Irradiation Time, min.

Fig. 2.1.11. pH variation of the photocatalytic reaction of
amines and ammonia.

_31_



Fig.
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2.1.12. TOC wvariation of the photocatalytic reaction of

amines.
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A28 % A4-FF 77182 F-5v 24§ 243

47 AFSFE A5t f7180 uF $EHo om oF FAA
YA AARA Fod AFSe pHE MR AFFAY B JFL
#71BEEES AFH SWEA AAF ok @)

n 27 dZel, &&
F-5u] ZeRrEL 71EY ®7IE AAYHA v 23 HIU|EC] e FF
ed 7l B AHeA

E, o8 dF F & RIIECEY AAA
H&st7] Asl, && w71 % amineR® #71E0l 3 F-5v) EAE

o2, FEEAel e Ai-FE F/ESL AR osd dB
=]

d ethylamine, & 718 A& A= E=
37§ phenylhydrazine, WAle] &4 U7l d42Z X #E pyridine, 7 7]¢]
amine AFeldl carbonyl7] & 73 urea, ¥ Yl 7Nel carboxylZls} F 7l
amine°] &%  EDTAC(ethylenediaminetetraacetic acid)& HAEA=Z
A3k, AldrichAl dFAIFES AL
oA /Y &-TF F7IEEd g F-S9 3] F TOCH HstE
Kl

Fyoz BV s, Bi FHF 2 pomel AFHE FE x2/FER
AR sg
52 3 ALl FRAYoH, F-ug Ao FHE TIO, F-5742
20 g/0 FAHT 7§78 F8A0A 60 EES et Zu) TR
%718 E%e fESAT.

2. Ethylamine®] 3-Zvj] w3l &g pH ¥ TOC W3}

Ethylamine€ TiO, EHol FIFA7IZ ZF-Fv EaA2 F9 pH =

_33_



TOCS W3+ Fig. 2.2.13% Zo,
pH7b % 57¢1 FF%o ethylamine® FY3% pH7E o 11372 HzH
2% E7teEldg JUErleny, TCltotal carbon content)”} 41.05 ppm,

IC(inorganic carbon)”’t 154 ppm, TOC(total organic carbon)?} 39.15
ppm©} AT,

pHE F7] 2907] shelA TiOg EHA7IT 60 & Fol ok 1116028 tha
Zastn F-2Ah 00 ¥ Fole pHt 34 997A 4¥Fez gasta o
AE7E 90 B2 fA AT

TOCE #-ZAF HAl 3862 ppm7HA] & Zadn F-24b 60 # Folle

36.41 ppm7tA] MM ZAsicirl wbE F 180 Eell 2382 ppm7tbA|

Zo] 3775 ppmlE tA FI7FEgr a2 ZFoe

o

]
=

3. Phenylhydrazine® #-Zuj g 23 pH 2 TOC A3}

Phenylhydrazines TiO, EH| FFA|7| Z-ZFv) E3jA170 *9 pH &
TOCe W= Fig. 2.2.29 Zt

pH7} 2k 57¢1 ZF 59 phenylhydrazineS F¢38tH pH7F ¢ 66602 <Fst
2He vEiew, TC/F 4135 ppm, IC7F 0.30 ppm, TOC7}F 41.05
ppm o] i o},

pHE 37 £47] oA TiOE EFAI7IT 60 & T & 446714 = Ho)
Hasti F-ZAF 180 B Fdle A9 dASA FAHAUG.  Ethylamine

% pHZF &7ty F94A4 FAE AFeE gE, & A e A A
Ao KA HS

TOCTE #F-FA} A Ao 2558 ppmZ7tA] FA3A 24
5t 233 ppm7HX A¥Hez A faletA FadAT. o TOCS T
£ 2 ethylamine®] 7o wla] Aoz fgigs] & Aolth

Wb TIs B-2AF 180 £ ¢t 0.01 ppm7bA A9 W3k gldch

Ac

4. Pyridine®] F-Zv] drgd] 2]3 pH € TOC W3}

Pyridine€ TiO; Wl F&A|71x F-ZFvf EsjAIz] +9 pH R TOCH
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H3l= Fig. 2.2.33% Zt}.
pH7F ¢ 5730 FFF°l pyridines FU3tH pH7F &F 6522 <3k M-S
el es, TC7 41.58 ppm, IC7} 0.40 ppm, TOC7} 41.18 ppmeo] At}

pHE ¥7] 97 stelA TiO:& E&A7IZ 60 £ F °F 6212 %4zt

ZAadn F-FAF 60 AR "lAstA #gaxdgrst 2 & g AEHA
F7tstg oy vk A 7|E<k A S FA8 Y. o|& phenylhydrazine2]
3% pH7Y 4~46 HAE FXE A} FAEAT, pH7F 5~65 <

A2 FAH Hol g2,

TOCE #F-xAF A Ao 3990 ppm7tA] vlAsHAl 7Aooy F-2AF 180
T ¢ 663 ppm7tA] ABH o2 FASA FasAT. o TOCY Zs &
ethylamine®] 3% H|&} AH oz s & A< ¥HHE, phenylhydrazine?]

3¢t 73 —“—’\}5} Zoltd. w3$ phenylhydrazine?] ZA$olE o TH AN
FaE wu F-FAte] % BEHA=Zz 22 WY, pyridined] FE ol
F-FAte] ¥ BAEI 2oy S W FEFL HE BA FUTh

g TIE F-FAF 180 & 5 187 ppm7tA] "lASHA Frlslg o,
phenylhydrazine®] A $RUE tia %L #Ho)9, ethylamined Z$ERU=
AR oz ofF & FHolr, -

5. Urea?] F-Zv] wkg-9] 2] pH 2 TOC ‘“3?}

Ureag TiO; W FAANI| L F-5u)
¥ 3l= Fig. 2.2.49 2t}

pH7} < 57 FFF uread FYsH pH7F & 5122 MM S
Yebgsles, TC7F 40.47 ppm, IC7} 0.01 ppm, TOC7]' 40.46 ppme| A o}
pHe 371 971 3tdA TiOE& EFAI7IZ 60 & F & 4372 &
ZAAasta F-xAF 180 B E< pH 4.071A U]/‘ﬂ’é}ﬂ] #astm wrg A
7175 23S AT, o]l phenylhydrazine®] pH 4~46 ¥H¢ 2
pyridine® pH 5~65 B9 4Hdd9 FX vlwstd, A FFolgts HL
FAFSHY pH W 97F 4.0~442 FX9 Aol Aol

;A F2 pH o TOCH

M

TOCE 60 ¥ &3 FT7x & ¥3r gldled wg A 7|1 &< 390
ppm7ZHA] A9l WslEA] &gtk o+ urea AV Ful ZHA FFHA
gon 99 pH F9dMe F-Zuf Eajukgo] A9 dojuytr Eedes AL

gnlste, 9o 37hx] WA S7HERE Te Sold @4tk

<
rir
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TI Al F-2AF 180 ¥ ¢ %719 001 ppmel A 2 2z Ro) ¢lo

6. EDTAS F-=v] ulgo] €& pH ¥ TOC W3

EDTAES TiO; FWo| FHA|7|1 F-ZFu] EHAX Feo pH € TOCY
H3ls Fig. 2259 2t}

pH7} ¢F 5791 FH<o EDTAE FYstd pH’F ¢F 5612 AL
Vel es, TC7F 40.00 ppm, IC7F 0.48 ppm, TOC7} 39.52 ppmol it}

pHE 7] 297] st Ti02E EFA712 60 & F o 592 453tn
#-z2} 30 ¥ F pH &9 1.0 ASs} 5—7}6—}9\101:4 2% 120 B B9
2499 AV pH 792712 ulAsx e AddHoz Zrtstdc. ols g

= I
4742 Aa-FHF F7I2E e A 71 Fdl A otyd dvtEldrkS

F7EA 2 Wy gllew A-FAF F = 7HA
2702 ppm7tA F37A3] #2307 2 F 60 B 5 3
& F-ZA F 60 BRY 47 o] #AF)
itk =, o] z7dM EDTAE Zu) Z®ol Ao FZe
F3 TOCE pH7l AR Y W) ZAHY FAHFGeAs H22 234 Zsitirt
d7tel]d o2 vpH A A TA] ZHAStE A .
Tl £3 =% ¥ ®sp/t iled, F-2A F 90 E70A] 4,73 ppm7HA]
SZ7vstn 255 A9 ulAstA F7tste] 556 ppm7tAl =S TH
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The changes of carbon content and pt
in aqueous ETHYLAMINE solution
during UV irradiation

o TC—EtAm —&—|C—EtAm ~M—TOC—-EtAm ==@==pH—EtAm

45.00

40.00

35.00

30.00

25.00
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15.00

10.00

Aqueous carbon content (ppm)

5.00

0.00

12.0
1 11.0

10.0

9.0

8.0
7.0

-

WMo

pH

1 5.0

4.0
41 3.0

4 2.0

0 30 60

0.0
90 120 150 180

lrradiation time {min)

Fig. 2.2.1 The change of carbon content and pH in aqueous ethylamine
solution during 60 minute adsorption onto TiOz surface
followed by 180 minute UV irradiation.
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The changes of carbon content and pH
in aqueous PHENYLHYDRAZINE solutior
during UV irradiation

| === TC—PhHz —A—IC~PhHz —8—TOC—PhHz =4#=pH—PhHz |

45.00 % 12.0
40.00 1 11.0

= \ 4 10.0

g 35.00 \\ 190

< 30.00 8.0

< |

S 25.00 \ 7-0 -

- 1 6.0

S < ................ . Q

2 20.00 N

3 150

§15.oo | 4.0

® 10.00 1 3.0

2 2.0
5.00 l 1.0
000 Sz J . N

-60 -30 O 30 60 90 120 150 180

Irradiation time (min)

Fig. 222 The change of carbon content and pH in aqueous phenyl-
hydrazine solution during 60 minute adsorption onto TiO:
surface followed by 180 minute UV irradiation.
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The changes of carbon content and pH
in aqueous PYRIDINE solution during UV irradiatior

| ~@=TC—Py —&—IC—Py —B—TOC—Py =—4#=pH-Py

45.00 12.0
40.00 3 1.0
g 4 10.0
2 35.00 \ 190
< 30.00 8.0
€ 170
S 25.00 @mmmmm
c ] T T 6.0 5
.% 2000 ] 5.0‘
(&)
® 15.00 4.0
O ]
Z:; 10.00 3.0
< 2.0
5.00 P 1 1.0
0.00 &= . 0.0

-60 -30 0 30 60 90 120 150 180
Irradiation time {min)

Fig. 2.2.3 The change of carbon content and pH in agueous pyridine
solution during 60 minute adsorption onto TiO2 surface
followed by 180 minute UV irradiation.
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The changes of carbon content and pH
in agueous UREA solution
during UV irradiation

| =B~ TC~Ur —&—IC—Ur —#—TOC—Ur =#=pH-Ur |

12.0
{11.0

_ 100

£

§35.00 190

£ 30.00 8.0

8

5 ]

S 25.00 "0

© 160 %

@]

8 20.00 g S 50

: do

2 15.00 490

3 ]

2 10.00 ' >

3 120
5.00 11.0
0.00 & A Ak A ———h A 00

-860 -30 0 30 80 90 120 150 180
trradiation time (min)

Fig. 2.24 The change of carbon content and pH in aqueous urea
solution during 60 minute adsorption onto TiO; surface
followed by 180 minute UV irradiation.
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The changes of carbon content and pH
in aqueous EDTA solution
during UV irradiation

wf=TC—Edta —&—|C—Edta —#—TOC~Edta =@==pH-Edta

45.00 12.0
40.00 7 1.0

g3 9.0

5 30.00 8.0

[

S 25.00 7o

c 60 5

8 20.00

g 4 5.0

(6]

» 15.00 4.0

3

2 10.00 1 90

g 420
5.00 110

4. ............... )

0.00 A== 0.0

—-60 —30 0 30 60 a0 120 150 180
Irradiation time (min)

Fig. 225 The change of carbon content and pH in aqueous EDTA
solution during 60 minute adsorption onto TiOz surface
followed by 180 minute UV irradiation.
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A3A 5 3
=4 3

N

o oA FA-FH% §71E 520 Uid F-Zv BEHurs AP Ae
O =
T =

129 shetn Wehol webA Aol @
2 ddME, Aa-Fh 47129 AR
%

°o% ojgo] B-Fu] B3 SA¢ tAE L A%

ja—

L TT AR 718 F-Fd REuks 494 v

% Ao 5729 3tgH FEREA] Aol Hi-Ff
Fg&dd &fF F TiO; F-Fvl EWH 60 £ T FH€
HAEA 180 ¥ ¢, F£8&9 F9 pH9 carbon content WEHEL #FE ).
o5& AuAHoZE zolE HPon, 7 HAFAE Fig. 2.3.1~23.39 Z=As

2. A&~ F7189 st 7xe dAAS} 2 AAANFH A EA

TiO; &1 WollxE F9d %A A (amphoteric) 2H&7]7} “titanol” ¥#9, &
=Ti-OH °]t}. TiO; THAY hydroxylZ]& th&9 A-497) S o|&dtxn
daix Aot

=Ti—OH,; _QOH~. =Ti—-OH .OH" =Ti— O~
(acidic side) CHT  (newtra) < HT  (alkaline side) 2

Az} FA(electron donor)?t TiO: ¥AFe] EHA o F3sles 4L F-e
(photo-reactivity)?] ZAAd F Q3 d&& v} [25] F, F-Fv

)

s4e 7129 5Tz B4, S8 9A4dste] Exo) BE™ Aok

AL-FF F71F 559 tgd EAAE A9 e £Xd dig 2gH
7432 Extended Huckel ©]&3 CNDO(complete neglect of differential

overlap) ®¥o] AL HE semiempirical WPz AT £ QU Ex
2438 HyperChem ZEZE AMg3ld 3 &4 AL-TF #7189 &4
T2 3 x4 35 (atomic charge) 2 AA7|H M9 FEXE Fig. 2.34~23.8¢
A8 o

3. A2-FH RF71E A Ul d49A9 Hee F-Fv B 54
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7}

X,

A-

DSL’

F718 559 TiO; E¥ &3 2 F-Zv) B3 SA4

za'l

!~>

~gg 7120 s4d WA Tio, ¥4
St $71% BRIV TiO, B-Hu) EHe =
ehylamme«] 4%, Fig. 231 % Fig. 232019} o], F£&de pHE
gstel4d Addelr mlAEA padAeH TOCE A wWakx  Lsith
Ethylamine TX} Woll A&, Fig. 2.34%F o], AxLA7 713 ve &
AXRAH-01798 Wz Qe ¥, Frteld £8Y W TiOe A W
A 23dlMst ol =Ti0y 7 & HMEE mu r] "W, ojse

watrlgle Mo oa A2 gostx Eath W, ethylamine 24 el
GRS RYE F294 BP0, A/ A9 BIsF Fig 234
Zol Ba Yo 12 HA 7] WEe, ZRHoE Aol ZaHi

ﬂ .2
morlj
i
2
32
rlr
(@)}
O

o o 1o

g3t F497 9ok gEA £ 9] ethylamine A TiO: YA
o] & FHEx gron o2 Qs pHY TOCe W3+ Fig. 231 2 Fig.
2329 Zo] HAEATE.  3H, ethylamine F& YA TI(total inorganic

carbon) F&71 T AE sparFEo] v 71 Fel Ikt e (Fig.
23.3), ol A& F71 F9 COvt AHEH" 24 FF/FF o F5=Eo HCOs 9
P2 EAte pHZE & 57010 TH7t (& 2 2 4] 3), ehtylamineo] H7lEx
pH7F &7tel 8 o2 vt AN, 2] 48 o], dvteld ¢899 e OH o]0
os) COs" oleog AFHE Fo] WolAy] EY HAolth olag @he
A FEYAAE dojyR] &S Aol

olgtE W2, A FEANE TiO, EWo| 4 233 Zo] =TiOH,
Fol2 FHE oA doh. TiO:%9 &27]7t 5 phenylhydrazine® pyridine
2 urea?l ZA$olE, Fig. 23104 ¢k o], F£L&HAe pHI A4 A4
AL, FHAIZA BE pH 49 £ AN 24y phenylhydrazine©l
a5 Ao

Phenylhydrazine® & #A3T, Fig. 235949 Zo], 12 amined A4 YA}
H22(-0094) 2 22 amme«] AALAA F(-0.082)d M 7Hd 21, F At
12} amine®] FA4UA FY0.047)A 71F =X 559 K718 F 7}
Zty, w8} A phenylhydrazinee 44 & H WolA =TiOHy 9o 713
Z HIste o2 3] A g7t Tl pH 2 TOCT 74 @eol #astHA
gk (Fig. 2.3.1 ¥ Fig, 2.3.2).

X o rlr
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Pyridine®] 7%+, Fig. 2363 Zo], 2 W £ Ast7t WA 1 e
A2PA FY(-0.1440)94 71 33, ¥ Asts ALLA F29 @AY
22010714 71 A phenylhydrazined] H3trtt k7 & AL o)t}
Pyridine& AFAd GgolXq dR7F Ao 93] F H4iHconjugated acid)Q)
pyridinium ©]2(CsHs-NH) 2.2 Hg="a 4 ¢lon pyridine®} pyridinium ©]&
el dae sp-EHLZA op-EAHY FadxRd d4 Fr=st =
gebA, A FE YA TiOHp ol2de F FFAHA €A =Ho FFH7zt
Fole pH ¥ TOC ®s3te] Zo] AY (Fig. 231 ¥ Fig. 232). 28y
F-ZA A Fele 29 TOC ®ste] Zol 5% #7]8 % phnylhydrazine
g2 F HAZ IA FAsHETE. o]E pyridinee] EAYx AVSAET}
HBAYARY o Z7] WE IAAAG weAd Bod A §EEAgo] I
A7) WEgd Aot

Urea®l ZAd%v, A ®&7|r Fo pHZE A F904 A9 ¥srt
glen (Fig. 231), TOCH TI= A ®st7b gl (Fig. 232 R Fig.
2.33). Urea® Fig. 23775 #Zo], #x WA & ZHsFE H RHJ}
carbonyl7] 8] AtA YA F-9(-0422)9 F Jlel AAYR F9(-0.256)0] 12, %
AstE W F7F 242 £9(0.131~0.113)0)tk. 23 Y SEFE o2
carbonyl7] ¢ AbAe] s Ao HAEAFEE IF ALY HIH
Aol BEFstyl Wil (AR FxyE odAd. wEd B-Fv 9§
AA7)1zE Fo EThE RBSE Rolx gde AoZ FAHHL

EDTA(ethylenediaminetetraacetic acid)e 99 AAX-gF FHI7IEE wHY
ERAlEo] Z3 ExFEEr Adizoz Bzt (Fig. 2.3.8). EDTAY
F&d W TiO, 8 FHIAANME pHY WE7h A8 ZA-3F F718
4%3 28, A4 d9oA pHYE % kst (Fig. 23.1). EDTAY &
AdtE FE2 Y carboxylZ] 9 AALAR EC -031 - ALE A3 HAF
Aol EAEZ A7 ZA) 2 F amine”’]2 AAYA FEAG0.164)0A, %
AstE carboxyl”]9 ©A9A E0113)4 udetdth.  wEtA =TiOH:
Kol carboxylZ]] AtAx B $AHoE HIsY FHEHEIL
FE&A A carboxylZlol 9% b A7IZt ZAastdd pHIF tauwnt B
Ao2 dadct. TOC 2 Tie §FHAF Fo vlAsA ZLsdev (Fig.
232 2 Fig. 233) F-ZFA} T 2A #2340 ol& carboxylZl¥ &
Aste © AALA7E F BEA el 47 3 Su) ¥ 1A F2E 599
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Aqueous pH

Fig.

The changes of pH
in aqueous organic solutions
during UV irradiation

=l pH—EtAm —&— pH—PhHz —M—pH~Ur —%—pH—Edta ==#==pH—Py |

i2

10

—60 -30 0 30 60 20 120 150 180
irradiation time (min)

2.3.1 The pH changes of aqueous ethylamine, phenylhydrazine,
pyridine, urea or EDTA solution during 60 minute adsorption
onto TiO2 surface followed by 180 minute UV irradiation.
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The changes of total organic carbon content
in aqueous organic solutions
during UV irradiation

eifi=TOC~EtAm —&—TOC—PhHz —8—TOC-Ur —¥—TOC—-Edta ==#==TOC—Py |

45.00

40.00 38

35.00

30.00

25.00

20.00

\ ’
15.00 \
10.00 \

5.00

Aqueous carbon content (ppm)

0.00

—-60 ~30 0 30 60 90 120 150 180
Irradiation time (min)

Fig. 232 The total organic carbon content changes of aqueous
ethylamine, phenylhydrazine, pyridine, urea or EDTA
solution during 60 minute adsorption onto TiO2 surface
followed by 180 minute UV irradiation.
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The changes of total inorganic carbon conteni
in aqueous organic solutions
during UV irradiation

e | C—EtAM —th— |C—PhHz ——|C—Ur —¥—I|C—Edta ==@=|C—Py

6.00

5.00

4.00

3.00

Agueous carbon content (ppm)

/

0 30 60 90 120 150 180
Irradiation time {min)

Fig. 233 The total organic carbon content changes of aqueous
ethylamine, phenylhydrazine, pyridine, urea or EDTA
solution during 60 minute adsorption onto TiOz surface
followed by 180 minute UV irradiation.
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Ethylamine

Fig. 2.3.4 The molecular structure and electrostatic potential map (line)
with relative atomic charge (number) of ethylamine.

Phenylhydrazine

Fig. 2.3.5 The molecular structure and electrostatic potential map (line)
with relative atomic charge (number) of phenylhydrazine.
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Pyridine

Fig. 2.3.6 The molecular structure and electrostatic potential map (line)
with relative atomic charge (number) of pyridine.

Urea

Fig. 237 The molecular structure and electrostatic potential map
(line) with relative atomic charge (number) of urea.
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Ethylendiaminetetra
acetic acid (EDTA)

IS TN
)‘A:,-—wn\ﬁ it \
o === S IRY O
o _‘__, =
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S 2y Y
N

WYaw, \/
,.'.'-'\;-\

Fig. 238 The molecular structure and electrostatic potential map
(line) with relative atomic charge (number) of EDTA.
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Fig. 23991 3&-8% #71% 539 A2Ux7 A9 4d A=A el
Weh #-%u) Belurge]l o8 TCltotal carbon) 3 Ea|wg ST el
W EASET.  B-2u BN FEAFE 14-9E SEAFZA

ol ate}

3
MEFA $£XE ppm/min G2 EASIETY. ZAUAR A3 U1
F-FA TR TCe Fr7hettirt #Zasid oy, F3ARAEH F-2AHA
AAE &3 E&3 TCE AF F7I8IA

ol¢} Zo] 5F 9 HAA-FH K729 F-Fv H&E 1A-HELE By 7}
T2 W 2443 799 & HE ¢ 2, A7 TCl 71A 8t AFE
§ 2 FAISHY, T2 @AYol AYgin

R (st —order rate constant) = & (¢ — a)* + b (24)

o a @ beE BAMNSFET

Foz 69 a D be TE FA-FH F71E85 HANE 1ZY Fol
Hesojof & Aot}

F-Zo) BHUSe Aa-FF A8 dAME W Bgsez
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Total carbon change and its 1st—order rate constant dependent upon
nitrogen atomic charge (max.) of N—containing organics

~Z& TC change in 240 m ad+ir (ppm)
—wTC Rate constant of 240 m—ad+ir (ppm/min)

45 ' - ' - 1 0.5
40 4-eeo e S S S S Lo..i.4 045

0.4

o
w
)

©
w

o
(V)

Total carbon change (ppm)

o o
— o
[6;] [6)]
Total carbon change rate (ppm/min)

0.1

0.05

-0.26 -0.24 -0.22 -0.2 -0.18 =-0.16 —-0.14 -0.12 -0.1
Relative nitrogen atomic charge

Fig. 239 The total carbon change and its lst-order rate constant
dependent upon nitrogen atomic charge (max.) of
N-containing organics
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GAF FEALY AL ATSY £33 A AR pH,

LE2AA REFA BESE ¥R, Y923 X Cl, F-, SO& o9d=
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