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SUMMARY

I. Project Title

A Study on the Photo-Catalytic Decomposition Reactions of

Organics Dissolved in Water (II)

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 the 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

system 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

aqueous organic compounds finally into CO2 and H2O, 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 several

structurally different nitrogen-containing 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

- v -



especially used in order to chemically clean the secondary water system at

the domestic nuclear power plants. After chemical cleaning EDTA has been

converted into a liquid 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, T1O2 photocatalytic experiments were also carried out with

aqueous EDTA, EDTA-Cu(H) and EDTA-Fe(III) systems.

III. Scope and Contents of Project

An experiment was carried out with ethylamine, phenylhydrazine,

pyridine, urea and EDTA in the previous work. In this year, distribution of

aqueous ionic and neutral species including atomic charges of neutral

molecules were calculated, and the TiO2 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.

Also, experiments of TiO2 photocatalytic decomposition of EDTA,

EDTA-Cu(II) and EDTA-Fe(III) 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.

IV. Results and Proposal for Applications

In this study the characteristics of aqueous TiO2 photocatalytic

decomposition of organic compounds and nitrogen-atomic charge dependence

were investigated. Based on the results of this work, the following

conclusions can be stated.

- 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
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solution with air bubbling was mixed with 2.0 g /1 T1O2 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 '• (D a group almost completely decomposed (phenylhydrazine,

pyridine) ; (2) a group partly decomposed (EDTA, ethylamine) ; (E> 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 TiO2 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.

On the other hand, this study investigated the availability of TiO2

photo-catalysis for the aqueous-phase oxidation of Free-EDTA, Cu

(II)-EDTA, and Fe(ffl)- EDTA system. Based on the results of this work,

the following conclusions can be stated.

- This study proves the availability of TiO2 photo-catalysis for the

aqueous phase oxidation of Free-EDTA, Cu(II)-EDTA, and Fe(EI)-EDTA.

- In all three aqueous EDTA systems, when TiO2 loading weight was

2.0 g / 1 , 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 TiO2 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
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degradation of EDTA, and this effect about the photocatalyzed degradation of

EDTA was smaller than that of the metals.

In conclusion, it was shown that aqueous TiCte photocatalytic

decomposition of nitrogen-containing compounds and EDTA-metal systems

can be estimated with T1O2 surface charge and nitrogen-atomic charge, and

expressed akin to the Langmuir-Hinshelwood model.

Such characteristic results and decomposition conditions 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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molecule

Compound ,, , . phenyh . ,. r-rw^
- -_ ethylamine £ , ' • „ pyndine urea EDTA

Max.

Max.

Max.

negative

N-atom

positive

charge

charge

charge

-0.305

-0.305

0.130a

-0.223

-0.223

0.157

-0.1793

-0.127

0.155

-0.469

-0.469

0.4213

-0.351"

-0.268

0.305a

'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.

- 6 -



-%-*A ̂  4 (1-2-2) (1-2-6)31-

CH3CH2NH2 + H20 = CH3CH2NH3
+ + OH", pKb = 3.31 (1-2-2)

C6H5NHNH2 + H2O = C6H5NHNH3
+ + OH", pKb = 8.79 (1-2-3)

C5H5N + H2O = C 5 H 5 N-H + + OH", pKb = 8.76 (1-2-4)

H2NC(O)NH2 + H2O = H2NC(O)NH3
+ + OH", pKb = 9.23 (1-2-5)

] # ^ pH ^$\7\ 5.27 ~ 7.92 <>l&7l ufl̂ -ol), oj p H

27} ^

H - Y - H 2 " = H -

^ . ^ , 271 PH

(1-2-6)

&!••§- Table 1-2-2^

>. EthylamineS] TiO2 ^ ^ ^

Ethylamine^r f-B-*V TiO2

•?]:

#, ethylamine^

240

(Fig. 1-2-1

O) <§7l^ ^^7H1A-1 TiO2

(1-2-2)4 ^v°l ethylammonium

Table 1-2-2 The values of pKb and molar ratio between ionized species

and neutral species of each compound at 25 °C

Compound Phenyl-
" ^ ^ ethylamine , , . Pyridine

Values ^ - - - ^ hydrazine
Urea EDTA

pKb

[ionizedMinitialJ
ratio

3.3 8.8 8.7 9.2 7.8
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Ethyl am ine-AM1

Fig. 1-2-3 Molecular structure and atomic charge map of ethylamine
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ethylammonium

ethylamine

CH3CH2NH2 + H2O = CH3CH2NH3
+ + OH~, pKb = 3.31

Ethylamine ^r-g-^ HHH 2 4 # • ̂  4*HI 4e|-

4 ^Sfs l^ ethylammonium <>1£-^ # ^ ^ ethylamine

^ # ^ *1^:£- Fig. 1-2-14 £61 4 4 ^ 4 . Fig. 1-2-

ethylamine ^ - ^ ^ r ^ ^ ^£7f c|]^ 80 %

(1-2-2)

JL, ^-SA> 15^

^ , ethylamine

^ ethylammonium <$<>]•& ^

-i-^r^] cfl^ ethylammonium

-%-o}Sr ^ ethylammonium

ethylamine

s}^ z]-z|- -1 ^ +10] ^

^ - ^ ^ , Fig. 1-2-3 ^ Table

-0.305^131, i)c)] ^ ^ e f l - <£

§]-^ 0.074

Ethylamine

ethylammonium

.£ ethylammonium

Fig. 1-2-3^1^5]- -5i*M

o] SS. TiO2

Ethylamine

7]- 11.37^]^ 11.16.S.3.

ethylamine ^ ^ ^ ^ ^

^TiO'sf ethylammonium

17 %~25 %

> Fig. l - 2 -

1, ethylammonium

20 % i ^ ^ 34

pH

ethylammonium

ethylamine

l-i-^r 83 %~75 %

TiO2 a ^ ^ ^ - ^ r °<3=*l̂  >fl 7] 7> >^tfl^ o

^ %•*]<%, ethylamine

- 11 -



$r, Fig. 1-2-2*11*14 ^ o ] ) + £.<q p H 7^ n.16611^ 7.225.

, ethylammonium °<M£ ^ £ S ] ethylamine f^£*T- ^£.°ll

34 %4H 3 0 0 ^ 27fl ^7f§f^cf. a , =TiO"^ ethylammonium

%-%: ^ l ^ R r # « ^ 1 ^ : ^ 25 %°1H 3-ZJ3M1 100 %

ethylamine ^ A j ^ - ^ tfl ^ r
- 75 %*IM o %s. # ^
^ TiO" S ^ ^ ^ - ^ r o<3=̂ *> Afl7]7l- ^ t f l ^ o . s €-

ethylammonium +17]- °^o]^-oi] ^ o V ^ ^ S . ^^§l-fe- ?§-*}<>)), ethylamine ^A^

XI4.
, ethylamine^l^ TiO2

ethylamine f^£*>s l

-°i nl/fl^-sa^, ^£A} -^ofl^ ethylammonium

^71-sl^ TOCs] 7Dv^ ^o] tj-dt ^7J-«V5a4^

XI4. °lfe, Fig. 1-2-2^1^4 ^ol, TOC^ #&^xf(7} ethylammonium

, Fig. 1-2-H-M3- ^°1, ethylamine

TIC ^£7>, 4 ^ . ^ i - f - f r

2.21 pp ,

fEi -B-°Js]^ -§-^€ CO27> HCO3"M-

TIC ^£71- ^71-tt ^ J ^ ^ ^ ^ € 4 .

CO2(g) ~ CO2(aq)

CO2(aq) + H2O = H + + HCO3" (1-2-7)

HCO3~ + OH" = COi~ + H2O

^ £ 4 ^ ^ 90^^-Ei^ ^ ^ - ^ PH ^ TIC

TO

pH7> o

0} w-^oil ethylamine^ ^-^§> ¥-

pH7>

pH7]- <*H3.£.5. -fr^l^ phenylhydrazinesf urea ^ pyridine^l ^-f, H+

Le Chatelier ^ e l i s]«fl ^-5- (1-2-7)^ ^ ^ ^ ^^1

- 12



, 444*1 &# 3M4. °14 ^ 3 , EDTA4 3
^-g-^ PH7> *H3°1H ^7l^«LS 4 ^ 4 o]

4 A] 4 4 ^ 3} o.s i # € 4 .
^ ^ S , Ethylamine ^-g-^ 31 s}

ethylammonium

-. PhenylhydrazineS] TiO2

Phenylhydrazine ^r-g-^ ^ l i ^ f e , Fig. 1-2-44

^ pH7V ethylamine 4 ^ 5 . 3.A] #&€t%&. Phenylhydrazine^
tiJ-g- (1-2-3)3}- ^-6] «fle]5l^f -̂g-o ĉflAi ot «^7l^^ ^Cf.

C6H5NHNH2 + H20 = C6H5NHNH3
+ + OH", pKb = 8.79 (1-2-3)

=L^^, & ^ ^ i ^ i <r-%-°3°] ^-71 s bubbling si Si 7] nfl^i )

phenylhydrazineTi] 3^7] ̂ -g-^ pH^ 6.66^-5. M-Ef^A^, o ] ^ 3.7] ^^-ofl

pH7l- 65291 pyridine ^ ^ 4 -^Aft}-^4. £ t t , ethylamine A £) ^ ^ 4 f e ^ e ] ,

^01 zicfls. -R-*]sl&4. c] AJ.^ ^^7)ojlxi TiO2

PH 6.66«̂ -H =TiO" ^Bflo] ^ - ^ ^ 1 - 111471-, 4 S . pH

7} f^d^ pH 6 o j ^ s . ̂ -4i£l31 aV-g-A]^^ tfl^-^ ^ o j p H 5O]§1.5. ^ s ] ^

Ai TiOH2
+ ^Efl^l °o^-Sl-# -B-̂ «l-7fl ^ 4 .

M , phenylhydrazine^ ^r-g-^ iflofl^ «V-g- (1-2-3)4 go)

phenylhydrazinium O
o

t(il^r^-S. <sl^S|-SH i r ^ ^ l - 4 «v ]̂ sg^^- o]^ .^ o]

^ phenylhydrazinium ^^1^ :4 phenylhydrazine ^ A ^

Phenylhydrazine ^

^ phenylhydrazinium c l^ r^4 1 : ^ 4 phenylhydrazine

l : 4 y ^ ^ Fig. 1-2-54 ^°1 4 4 ^ 4 . Fig. 1-2-5^1

fe- phenylhydrazine f 1 ^ ^ ^ ^ £ 7 } tfl̂ = 97 % ^£S>H ^ t f l^

4 4 ^V4:^fe tiJr^, ^ 2 : 4 ^ 30̂ *11 olS.71 *H

Aj^-g; ^14uL, f £ A } ̂ ^-B|fe- phenylhydrazinium

4*1 t t 4 . # , phenylhydrazine

phenylhydrazinium °l^r^ 1 - ^ ^ « 1 ^ ^ ̂ r^-^^o] ^ 7 ^ i 4 4

^ phenylhydrazinium

- 13 -
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Phenylhydrazine-AM1

H

0.147

Fig. 1-2-6 Molecular structure and atomic charge map of

phenylhydrazine
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phenylhydrazine ir^-ar*r MHl'H ^ ^ # ^ § r # *l \ i f̂-rl-fe-, Fig. 1-2-6

Table 1-2-l^l^i-ef g°], Q^Qz^g.*] Qx}Qt} ^o ] -0.223olJL ^tfl

SH ^ +0.157°! 4 . Phenylhydrazine

Q ethylammonium °<M£rxr ==TiOH2
+<:)l]

*r£i$l7>}2] °^^§1- Sr-cr, ethylamine-2]

phenylhydrazinium 'cM-S:^ ^ ^

E7> Fig. 1-2-E

Mr ^ol£LS TiO2

Phenylhydrazine ^ - g - ^ Tfl̂ -H ^ ^ 4 ^°flfe, Fig. 1-2-5°!]^

phenylhydrazi- nium °o1:O]^: -^S.^1 phenylhydrazine

•i-°l 4 %°fl̂ i 85

TiO2

phenylhydrazinium

^ 3 %°1H ^ 20 % °1AJ--^S 3.711 ^7]-tt ^r^ , phenylhydrazine f1

^ 80 % Ol§l-S. ^|Ai*l ^ - ^ ^ r ^ 1 ^ . 4 ^ 1&'3r^, 2L7] 15

fe- phenylhydrazine 31 ^

E- phenylhydrazinium +17}

phenylhydrazine

pH7f

r ^ S TiOH2
+

2*2} phenylhydrazinium <^:ol-$r̂ ]:o11 ^ ^ 7 l ^ ^^lk zl]^^}
y]-^^cr 85 %siL ^-7rfr ^b^, =TiOH2

+^l- phenylhydrazine ^ ^ ^ r ^ l - Ml

^i^l-^V^l -^-^71-^ ?l^"s" ^ " o " ^ ^ ^ ^ ^ u l^-c- 15

phenylhydrazine^l^ 3z7] 15lr <>]$• %^} #v}x) TiOH2
+

phenylhydrazinium +17} ^ 1̂ -& °1]

] ^71-^J-c- -§-Al°11, phenylhydrazine

717}

- 17 -



4.
, phenylhydrazineTll^ # 2 : 4 # ^-g-d] T 0 C

- # 4 f e ^ e ] , Fig. 1 - 2 - 5 4 1 ^ %6\t -

l] tUtt Phenylhydrazinium +17]-

TiOH2
+6fl « phenylhydrazine

lfe, Fig. l-2-5°lH2}- ^o l , ^-g-^ PH7} 4.464M 4.15S. 4
, phenylhydrazinium Q^^r ^ i f i ] phenylhydrazine

$t 5 OJAOVO^ u s . a.7)l ^7>^V^4. a

phenylhydrazine °otc>l^:^rS] ^ ^ 7 ^ ^ ^ # ^ R s R r *M^ H]#^r 85 %

92 %S. ^?V ^ 7 > ^ H>^, =TiOH2
+4 phenylhydrazine f1^ -̂̂ -

^ 7 1 ^ ^i^^r ^ l ^ § m ^tf l^ al^r^r 15 %<fl̂  8 %

:*V^, phenylhydrazine^l^i %2:A\

^ o.s. €• phenylhydrazinium +17}

l, phenylhydrazine f1^^-^]-

, phenylhydrazine^l^ TiO2

phenylhydrazine ^ ^ ^ r
^^51 ^ - - S - f r -a-7l# ^c l̂Ai 2;X> ^Sl TOC ^.S} %-, # ^^-1-61 7RV

4JL ^ ^ xl4.
phenylhydrazinium

+ phenylhydrazine

s]«fl phenylhydrazinium °1 ̂ r^l phenylhydrazine

^ i , phenylhydrazine f"$£-xrs] ^U-0.223)^)

, Fig. 1-2-5^1^ TOC^] ^- i^^]7> phenylhydrazinium

, phenylhydrazineTll^'M^ ^ ^ 4 ^ • ̂  "r-S-^ TIC ^ £ ^ , Fig. 1-2-4

7] ^ 1 - 4 . o]^. ^-g-^ p H 7 | . s_^ aV-l
§-ofl, ethylamine^S] ^ ^ ^ f e ^Bl, a>-g- (1-2-7)^1

^-^AS. , Phenylhydrazine^l^^^ Ti

TOC ^ £ ( £ ^ TC
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phenylhydrazine f"S£-*f ^ ^ £ 3 1 4 # * H ] ^ ^ t t ^ f J L «F ^ $14.

4 . Pyridine^ T1O2

Pyridine ^ - g - ^ 3 H H ^ ethylamine7fl ^ phenylhydrazine31^1

3r-g- (1-2-4)4 £<>] 4

C5H5N + H 2 0 = C 5 H 5 N - H + + O H " , pKb = 8.76 (1-2-4)

- i^^ 'Hfe - l>-§-e-°-3 ^17]- ^-71S bubbling 5|^7l n^ofl, 2:7]

Fig. 1-2-74 £ ° ] 6.52S 14^3^4 . o ] ^ ^ 7 ] phenylhydrazine ^

pH 6.664 7]$\ •&*}•§: «V^, ethylamine^ ^ - f 4 f e ^ 5 ^ , ^^1 ^r-S- l̂̂ V

pH 6.52-6.21 ^ ^ ^ ^ ^ ^ ^ 1 -fr*13&th °1 ^ ^ ^^7loflA^ TiO2

TiOH2
+

pyridinium °j:C)l-$:4 pyridine

Pyridine^l ^r-g-^°l]^ 2 4

€ * | - s | ^ pyridinium ° l -8 :^^ # ^ 4 pyridine

^ Fig. 1-2-84

r cfl^-lrol pyridine f ^ ^ f S ^ ^ * V 4 ^ %t ̂ r $14.
Fig. 1-2-8^1^ JH3, $^ ^7]o]l^ pyridine ^ ^ ^ 4 ^ ^£.71- cfli* 95 %

pyridinium ^^l-S- -ô S.0!] 1̂*1) "S '̂S'l 3.1^ ^]^]:ol ^7]-'§"o1] 4 4 4
!1 90 %4X1 -fi-*ls)ji $14. 1t!:13, %^-A} ^-d\}^: pyridine ^ ^ ^ - 4

Pyridine ^ ^ ^ 4 t^HH ^ tfl ^g -^^* 4 \ i ^ - ^ ^ Fig. 1-2-9 ^ Table
-0.179S. 44^ : -^ -^ , °lfe ethylamine^l4

+0.157S.

Pyridine ^ ^ ^ 4 ufl 4 ^ € 4 s ] ^^«}-7f ^tfl ^ ^ 44^^1 n Jr , Fig. 1-2-9

-2.S.3., =Ti0H2
+oll tf l^

=TiOH2
+<:>ll <?1^^-S 4-8-*>fe

^ pyridinium °<M
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Pyricfine-AMI

H
H

Fig. 1-2-9 Molecular structure and atomic charge map of pyridine
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, ethylamine^l ^ phenylhydrazine 31 ̂  ^-f^- £o]t pyridinium +17} <&<>]•&

Fig. l-2-

^ ° 1 E £ TiOH2
+

Pyridine ^ r M Tfl«fl>H ^-2:4 ^^ fe , Fig. 1-2-9^2}- ^°1 , <T&°A pH7]-

H 6.21S. 4^-g: •fr^l^^'H ^l^l^Tfl ^ i ^ & j ! , pyridinium

phenylhydrazine ^ ^ ^ - ^ ^£°)1 ifl^: H]^-O] 5 %6\)X\ u %$_

# , =TiOH2
+^- pyridinium °<M£r?H ^ ^ 7 l ^ ^ ^ # xfl^-sl-^ ^tfl

& 5 %<H)̂  10 %£. 4 ^ ^7ftt ^ ^ , f-^^ pH HfS. ^<H)^ TiOH2
+

+ 4 pyridine

-g;^ 95 %°1H 90 %S. 2:

, pyridineTfls] ^ A f ^ TiOH2
+ S 1 ^ * ^ - ^ :

phenylhydrazinium +17> <&*]•&<% $*${ ^*1]1- wi-

tfl^-1-ol pyridine

6 3 aj.6. ^ i ^ V ^ i

p H 7 } . 6.

, pyridinium c&°}-& ̂ £ ^ pyridine ^

0.26^-S. ^ ^ r §7}§l-^4. ^ , =TiOH2
+^ pyridinium

^^r af l^Hr ^ - ^ ^ u i ^ ^ 10 %°n^ 20 %

phenylhydrazine ^ ^ ^ - 4

^ ^ «l^-€r 90 %i^l 80

pyridinium
^ rfl^-^-^ pyridine ^ ^ ^ ^ vfl

TiO2

phenylhydrazine

, Fig. 1-2-

pyridinium ^ 1 ^ - ^ i ^ ^ - r f c ^ ^ ^ 6 > ^ -n-A>]

^ g TIC ^ £ f e , Fig. 1-2-
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ufl̂ -oll, ethylamineTfl ^ ^ - f 4 ^ ^e) , HV-g- Q-2-7H

Pyridine^HH 4 TiO2^l ##n l l -̂g-ofl £]^r ^ A } -f TOC ^£(5Efe TC ^

phenylhydrazine^H^ S-4 # • $- #*)] TOC

TiO2

7} $n i 7 l ^ £ l - ^4 i^ -^ -^ 40 ppmJ*^. J L ^ A I ^ ,̂03§1-^71 H&o\], urea

> ^€t i ] (^r^^^l- ^ ) / ( ^ i ^ x > ^)7> 1/2S.^; 4

^-fCethylamine 2, phenylhydrazine 3, pyridine 5,

EDTA 4H *)n A^ 2]- 7] nfl̂ -ofl
^ ^ € - , urea r̂-g-°-3 W^$\ 3&\ ^-§-°^ pEfe, Fig. 1-2-104 ^°1 , ^4i-f"

. Ureafe ^-§-^^1^1 «>-g- (1-2-5)4
0^0] ^ 7 l S bubbling £1^71 nl|^

PH7> 5.12*1 Si^.^, ^^1 t̂-S-71 ̂ 3r«H| ^ ^ aV-g-Aĵ ofl 4 4 nl

H2NC(O)NH2 + H2O = H2NC(O)NH3
+ + OBT, pKb = 9.23 (1-2-5)

°1 tf'S ^^71OIIA^ TiO2
 0 d 4 a ^ ^ 94Al =TiOH2

+

4U0]. 4 4 A i =TiOH2
+°ll tfltt ^^"^1

carbamylammonium ^^-Sr^j- urea(carbamide) ^•^•^•^

Urea îl ^-g-^ofl^ iAf ^ • ̂ ^ A^ofl 4 4 -̂g-<ai pHofl 2]a§^Ai ^5}-

£lfe carbamylammonium ^ 1 ^ ^ ^ -1-^4 urea ^ ^ ^ 4 ^ # ^ ^ ^L^Q til

^-^ Fig. 1-2-114 4 4 V t 4 . ^ 3L7}°\]±= urea f ' ^^ r^s l ^5.7} tflit 6 9

^ 25 ,

carbamylammonium OOH£<>1 ^ - § - ^ ^^lAi cfl-r-^-^: ^ 1 ^ : 4 . # , urea
carbamylammonium

cfl^-^- carbamylammonium ^

Urea ^ ^ ^ 4 ifldfl*! ^tfl ^-^«>1: ^1\1 ^ ^ f e , Fig. 1-2-12 ^ Table

+0.421 * H , ^ f l ] ^ ^ ^ 4 ^ § f ^ +0.253^^
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U-ea-AMI

H

Fig 1-2-12 Molecular structure and atomic charge map of urea
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Pyridine ^<%&x} vfl ^ W ^ l °^^7} ^tfl & ^ uj-^ifl^^, Fig.
^ 7 } - ^z]*}5L XiASS, =TiOH2+

]) carbamylammonium +17}

Fig. 1-2-12^1^^ £<>1 ^ 4 ^ - ^ i aLf- ^ ^ X i ^ ^«].^£7> zte]

^ o ] a ^ TiOH2
+ a ^ ^ H ifl^: 7l^£7l- ziel 5L̂ 1 &-|r ^o]cf. 4 5 } ^ , rfl

Jf-g:^ ^r^-Al^ol) ^ ^ TiOH2
+ a ^ ^ ^ - ^ 1 7]^$=

carbamylammonium °<J=ol̂ ^ ^ ° 1 ^ , °lfe TiOH2
+

Urea ^r-g-^ ^1^1^ # ^ 4 ^<H]^> F j g . I - 2 -

5.12i^ 4.37S. ^ ^ - 1 - - f i - ^ r ^ ^^MA} #±^#3., carbamylammonium
0otol-& ^ ^ urea ^ ^ 1 - 4 ^£^1 tfl^ u]-§-o) ^ ^. ^£6f|^ 30^- °H<>f|

2.5S. ^^-erMl ^7V*>^t}-. ^ , =TiOH2
+^ carbamylammonium °o

^ 7 1 ^ zm^ *\}^-§}±t #r%q a ] ^^ - 31 %o|]Ai 71 % s . a7]i ^ 7 |

TiOH2
+s]- urea ^ ^ ^ ^ vfl ^ i^7 ,> ^^^o] ] ?g^7l^ «y^^-

^ yl^r^r 69 % ^ 1 ^ 29 %S ^ 4 1 4 . 4̂ >1 W ^ , urea^l^i

TiOH2
+ S ^ ^ ^ - ^ : *9=̂ «1- >1|7]7> ^rfl^ o.s. § carbamylammonium +17]-

urea ^ £ :

fe, Fig. 1-2-11^1^1^- ^ ° l , ^-g-^ pH7> 4.
, carbamylammonium °<M£: ^ ^ ^ pyridine ^ ^ ^ - 4

+2l- carbamylammonium

urea ^ ^ ^ r ^ vfl ^
29 %^l^ 14 %3. ^ ,

^^r i f l ^ oot;5i^ -*fl7l7]- €• carbamylammonium
7> ^ o ] ^ ^ ^^ofl ô sfl 3.7]} Hj-sfl!- -̂Tfl ^ 4 J L ^ ^ SJO.^ , urea

TiO2

carbamylammonium ^ ^ l ^ ^ 2^0$ ^ ^ ^ -^^ -y <^̂ =-i- ^ 5 . ^ , <>H1

. ^ , Fig. 1-2-
carbamylammonium ^ ^ ^ £ ^ 1 #±^4Q 7]$)
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fe carbamylammonium

TIC ^£fi] £3* ^°1 , pig. 1-2-10

(l-2-7)«l
4.

^ TOC ^ i (S fe TC

TiO2

bubbUng si Si71 ^^o\] 3±7}*\] 5.27^ ^ ^

- ^ ^ ^7]Aj O.S. y>^<^ ^^-oflfe pH 7.924

4 €«VS5l4 (Fig. 1-2-13). ©li 4 4 , ^-2:4 ^ TiO2 S1^^-

TiOH2
+^ ^ ^ 4 * 4471- ^ ^ ^ pH 6 ol^^-H-^Bjfe- TiO" ^

«q >n si 7ii ^ 4 .
EDTA -g-4^:, Fig. 1-2-144 ^ o l , 4 ^ ^ - " # - 8 - -fi-7l3?-^-l

©] ^31 S}-«i-^S£ Aj-tfl^o.5. ^-^"§1-4. EDTA ^ 4 vfl ^ tfl -g-

fe, Fig. 1-2-14 ^ Table 1 - 2 - 1 ^ ^ ^ 2° ] , i-fl carboxyl7l vfl

4 -0.351 °1JL ^ i ^ H ^ i -0.268°H 4 i ^ 4 ° l H +0.305°

+0.240^14.

&#, EDTA ^-4^1 5f«)-^ ^Bflfe ^&q iflofl>H r̂-§-°Jl pHi 4 4 ^ 4

. "#714 ^^r ^-%-q pH ^ 4 ° H 4 EDTA^l =TiOH2
+

^-^fi.71 ^«fl, MINTEC 3 £ f A ^ § H

pH«̂ l 4-E ^-S- EDTA S^ -̂f̂ Sl A O V ^ ^ £ 1 . ^AVSV ^34, Fig. 1-2-15

4 £°) 4 4 ^ 4 . ^- ^^ ° f l ^ 4-8-^ EDTA^ disodium saltsA^, Fig. 1-2-15

H-Y-H2" ^Efls. ^^fl^l-44, T-§-OJJ pH 6^1^ife ^«V^1 H-Y3"

<H H-Y-H2"4 H-Y3"^l §-11*1 £ 3 . ^^«l-7fl € 4 . 3. ©1^51 pH

pH 7.9244 ^ ^ S H-Y3"£.3. ^ ^ t t 4 .

H - Y - H 2 " = H - Y 3 " + H + , pKb = 6.16 (1-2-6)

, EDTA - r M Til W*fl *-8-°fl4 ^ ^ € r̂-g-0-̂  pH
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(ethylenediaminetetra- acetic acid) during 60 minute

adsorption on TiO2 surface followed by 180 minute UV

irradiation
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Fig. 1-2-14 Molecular structure and atomic charge map of EDTA

(ethylenediaminetetraacetic acid)
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Fig. 1-2-16 Change of total carbon concentration, molar

concentrations of ionic and neutral molecules, their ratio

and aqueous pH with time before and after irradiation in
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3. JL5]£]^o> -g s\-^£- ^A$$Z}7} oj-ujef H-Y-H2" ^ H-Y3" -g-

EDTA 31 ^-g-*H*l 2;A} #-if-$) Al̂ oij t^e]- -̂g-oji pHo,] C^S

141

TT H-Y-H2" °l£rf^ # ^ 4 H-Y3" <>1^S] # ^ £ nl-fil H ] ^ Fig.

EDTA ^ - ^ ^ ?HH #2:A> ^di^ , Fig.

(1-2-7)^1 3*fl ^ 4 j ^ H+7> tijr-g- (l-2-6)#

pH < ^ £ ^ - 8 - ^ ^ TiO2^ ^ ^ ^ pH

TiO2 5}-€l-^^S.^ TiOH2
+^- TiOH ^ TiO"7V ? § f 4 3 . (^ (1-2-1)

EDTA ^r-g-^ 7̂1 oflA-̂j ^ A } . ̂  H-Y-H2" -g-^l^r ^ £ ^ 1 H-Y3- •%-°]Sr
^ 1.5S. «^«V7ll # ^ § } $ 4 . ^ , H-Y-H2" ^-

ifl -y-tfl^ ^ ^ a l ^ ^ r 78 %°11^ 60 %S. ^-^§1-5131, H-Y3" -a-

-̂g-ofl ifl AOV^^ ̂ 7f l« l^^ 22 %°IH 40 %

4 ^°ll ^-g-0-^ pH7f A^Ai§] TiO2

H-Y3" ^ - < ^ 1 ^ ^ ^ o ^^ TiOH2
+

^ TiOH4 -§-^-§1-^

H-Y-H2"4 H-Y3""

TOC ^ £ ^ 1 ^sl-fe, Fig. 1-2-16^^^ ^°1 7 ]^ £ §

5^4. ^ , ojfe EDTA ^-^l^-^l-6! ^ ^ 4 ^°1] TiO2

^ ^ - • 1 : ^ D ] ? l 4 . a^r, H-Y-H2"4 H-Y3" -g-o]^r^^ -2

71- =TiOH2
+ ofl

ol€r<>m- Na+ ^

H-Y-H2"4 H-Y3"^1 < a ^ ^TiOH2
+ S^^] ^ ^ - ^ ^ o ] ^ , 3. «3=̂  Table 5

0 3 ppm6]] «-J4S}5icf.

^ - ^ m , Fig. 1-2-1641*1^ ^ 6 1 , ̂ -g-OJl PH7V 5.99O11
TiO2 ^ ^ ^ pH ^ ^ 1 - 3.711

- TiOH ^ TiO"7l-

H-Y-H2" ^ l^r^is l H-Y3

0.15S.
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£ 60 %<>1H 13 %S. tf-% # £ $ $ £ , H-Y3" 4 tftflaj ^ f l t i ] ^ 40

87 %S. EL?]} ̂ .7\*\%v\. nJ-EH, -̂g-oji iflofl ^ s } ^ TiOH2
+4 TiOH

TiO" ^ TiOH2^l t|)«|| H-Y-H2"i4 -g-#§l-7} ^ €• H-Y3" •§•<>] £ # 4
, Fig. 1-2-16^1^21- £o)t TOC ^£7]- EL?\}

EDTA ^-g-^ ^]^1 A] -̂2:A> 30£ ol^-^-Blfe, Fig. 1-2-1

pH7> 6.97^1 A] 7.92S. ^7}*}<q ^ TiO2 ^ ^ i ^ pH $$! ! • ° 1 ^

*-4, TiO2^ ^ S}-^-^'?! TiO" «>1 «q6||2. TiOH2
+^r % fl ^ 1

, H-Y-H2" ol^-^^sl H-Y3" °]^r^£^l cfltt «)-ir°l 0.15^^ 0.02S.
2 S ^ ^-^r 13 %<%*\ 2 % S c-]^- }̂-

, TiOH2
+°)l cfl«V H-Y3"

)*), Fig. 1-2-16^1]*\4 ^o i t TOC ^£71- ^3)-

%SLS. ^ j ^ 4 . ^ - 7 ] ^ ^ ^ ^ ^ E D T A ^ ^

TOCSl ^ - ^ ^ ^ 7 ] - , Fig. 1-2-16^1^1 TOC-ppm

TiO2

H-Y3' -g-^l^r^ TiOH2
+<̂ l tfltt ^l^^l ^ ^ S l ^ H , Fig. 1-2-16^1^4

H-Y3"

TIC ^ 4 ^ ^ ^°1, Fig. l-2
4 3M, 4^1 ^7>?t ^J^: "971^ 6.S #^lsl7l A]3|-^5|7l nfl^^l, ethylamine

4.

3. r 4

TiO2 «g^1-a^4 titanol^l, r̂-g- (1-2-1)4 ^ 1 , ^-%-°A pH°ll 4 4

[10]

TiO2

pHi 4^/r-g-0-^ # TiO2

(1-3-1)4 ^r^r Langmuir-Hinshelwood £ . € 4
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A

TC

TC

Langmuir-Hinshelwood

TC ^£fe

Table 1-3-

180

s ^ 60

Ci

TC

(1-3-1)^1 2:7)^-5. & Ci^r A
TC ^ ^ - S ,

-n-7]

Table 1-3-1 The values of the TC concentrations decreased during 180

minute irradiation in aqueous TiO2 photocatalytic

decomposition of several nitrogen-containing organic

compounds, including the TC decreasing rates, the

decreased TC concentrations calculated and the maximum

nitrogen atomic charges

^^--^a5a r r ieter
CompouncT^^^

pyridine
phenylhydrazine
EDTA
ethylamine
urea

k
(ppm/min)

0.175

0.129

0.087

0.076

0.008

K
(arbitrary)

-0.127

-0.223

-0.268

-0.305

-0.469

ATCobs
(ppm)

31.55

23.25

15.64

13.59

1.47

ATCcalc
(ppm)

39.27

28.19

17.27

14.73

1.55
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Fig. 1-3-1 Dependence of the TC concentration decreased and the

TC decreasing rate of TiO2 photocatalytic decomposition

of several aqueous nitrogen- containing organic

compounds on each maximum nitrogen atomic charge,

including the decreased TC concentration calculated
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d C
ri ~ dT ~ 1 + KCX

/c* £A]§>^ Fig. 1-3-14 £°1 M-^\+4. ^7lollA^ pig. 3(HM^ TC

decreased (ppm) calculated^ Table 1-3- l^H^ ATCcaic

Fig. 1 - 3 - H ^

aV-§-#S. 5Jt, fc (TC decreasing rate (ppm/min)) ^ # ^ § ^ TC

ATCobs (TC decreased (ppm) observed)^
o>^:sl, Fig. i ^ £ € }

TiO2

40 ppmA

Langmmir- Hinshelwood

^.S-, pyridine, phenylhydrazine, EDTA, ethylamine, urea

fe- Langmuir-Hinshelwood 2 - 1 4



TiO2 ^

fe, EDTA ^ ^-#(Cu(II) ^ Fe(in)) ^ T O 3 H tfl^- TiO2

1.

^ ^ ^ r Fig. 2-1-14 ££r ^«r S]^-^ (recirculating batch

type) ^ ^ H H ^r^ l s l^A^, ^ < ^ ^ ^ . ^>s. o]

(photo-reactor)fe ^ ° | 36 cm, ^fl^ 1.7 cm, $\^ 2.3

^^ ^r S l ^ # ^l3)-«l-^4. # € £ -S-8-sl "black-light" fluorescent bulb (nUV,

GE F15TB, 18")» A>^-§1-^JL, ^ j - s ^ < a ^ ^ 320-400

350

ir or N2 purging)^: 3:^§r3L, pH

si Til u-g-7Hi 7 ^ s ^i^-*i-sa4.
uJ:-§-#^: ^ ^ # £ S . ^ ^ r ^ l ^ ^ Slfe € 4 ] ^ ^ , ^-^r-S-711-

fil^l ^ V % ^ ^ g & i f l ^r-g-l-i- ^^}7] ^*> magnetic

stirrer, OL^JI °d^^\7d ^ t ^ ^ S . A

air-closed

Degussa P-25 TiO2fe anatase (80 %)4 rutile (20 %)

4 ^ ^ $ 3 . 7 1 ^ 30 ran, «1 S ' S ^ ^ 50+15 m!/g, ^ r^ -§-

. 7 ] ^ ot 300 nmS-A-l £^B\ <&*} A>-g-^^cf.

2}-#^ a j l ^ A}-g-̂  A ] ^ ^ Cu(NO3)3-H2O (Aldrich), Fe(NO3)3 • 9H2O

(Aldrich)^- Na^EDTA (Aldrich)*, pH
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(UV or nUV)

Cooling Loop

Fig. 2-1-1 Schematic diagram of a photo-catalysis reactor

assembly
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O, 26, 27, 32, 33] NaOH^- HNO3

Junsei Chemical)-!

#-§-#(Free-EDTA, Cu(H)-EDTA4 Fe(m)-EDTA)£]

« 1.79 nMS. «a^*l «1-SI^-^, $"£7l# Af-g-sH 20
- 1400

^r TiO2 -n-^- l̂ «|-^ EDTA
fe Free-EDTA « cfl^-^-S. ^-g-1: ^r3:tfl^l T%7] ̂ $) ^-7}^ purging

TiO2 ^ ^ A ] ^ 2.0 g / ^ M o i H , ^ ^

air-purging €-Sl7l°1H TiOa* 0.5, 1.0, 2.0, 3.0 ^ 4.0

air-purging £$]7l, TiO2 2.0

$]€H TiO2 2.0

: i ) air-purging :

^-711- purging, ii) air-closed : ^>-§-7ll- tfl71^51 ^-714 x>^-, ill>

nitrogen-purging : :§-7l cfl̂ i ^ i purging"sj-c- ̂ -T-.

^•§-^^1 pH^f DO (-g-^^iijfe •a^A]^; ? V ^ ^ S PH & DO-meter

(Orion, Model 1260)* 4-8-*M # ^ ^ r ^ ^ . ^-^31 #nf l^^ 4 ^ ^"^fe Fe
HF Scientific Turbidimeter DRT 100B

^ 0.22 imS) MSI Filter Membrane (Teflon)-i: *}

^ 1 IR^ ^511: °1 •§-*!! TC (Total Carbon)^

IC (Inorganic Carbon)* ^ - ^ TOC (TC^*i IC# ^ &)!• ^ ^ ^ H

TOC# # ^ ^ f e Shimatsu4^ TOC (Total Organic Carbon) 5000A1-

^ t ^ ^ f e Perkin-Elmer 403 AAAS ^ - ^ * > S | J 1 , EDTA

50 mM HNO3 (0.5 ml/min)!-, detector^ UV Detector

reagents 11 £\ ^r-g-^°l] lg Fe(NO3)3 • 9H2OSf 1.4% HC1O4»

column^ 4x250 mm, AG-7^ AS-7 column0] M Dionex Ion

Chromatography (Al-450)S £
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2.

7\. TiO24l ^ t l : EDTA

TiO2

4 A] TiO2 -3-^41 n^=- 1.79 mM Free-EDTA3l4H 4^-§- T ^ M TOC 4

EDTA4 ^ 5 . ££)- ^ 4 1 - Fig. 2-2-14 2-2-241 4 3 " 4 4 ^ £ 4 . Fig. 2-2-1

41 4 4 ^ ^ A ] - A]#4| 4 ^ TOC SSHM ^^r 9X^°), %^A} 1

%3£. ^l1?]:^ T0C7> ^-«fls]^o.^, TiO27l-

fe ^ 20 %T%5.£\ TOC €-«B7l- M-^-^4.

Fig. 2-2-241 M-Ef̂ fl EDTA ^ « H 1 ^ £ TOC £ « -fi

2 Al^oj-o]] TiO27l- § i ^ >fl4lAife- ^ 11 %3£.sl EDTA71-

TiO27|- safe- ^I41*ife ^-3:4 80 ^-^H41>H. 100 %

UV, ^-lr«ll4I^fe TiCb^ %^7} EDTA^l ^-^-

4 . TiO2

Degussa P-25* -4-g-t}. ;g.<j>- 0.5-4.0 g / £ 4 TiO2

^ 3 Al?i %£.*•} ^41 TiO2 -r-^l-^0! 1.79

Free-EDTA, Cu(E)-EDTA

^ ^ § H 3- ^ 4 1 : Fig. 2-2-3, 2-2-44 2-2-541

TiO2t- *1~§-%V ^-f, ^-§-«J| tflfil EDTA

I, Fe) ^ £ ^ T0C7> ^tfls. TV:A1§]-^_O_^| 2.0 g /£S .4 ^

2-2-141 Fe(EI)-EDTA^14 TiO2 ^71-^41 nij--g- ^ £ . # 44 lJHAi4.

L, 2.0 g / £ ^ nfl 7250 NTU1- 4 4 ^

UV

L, 1.79 mM

Free, Cu(E) ^ Fe(ffl)-EDTA^14 -̂%Bfl £^ -4 )^ ^ ^ &Bfl ̂ ^ - 2.0 g / £ ^

- 42 -



LOO a

o

1
o
o
O
O
O

"D

"as

o
2

0.95

0.90

0.85

0.80
10 20 30 40

Irradiation Time (min)
50 60

Fig. 2-2-1 The change of normalized TOC in the solution

containing 1.79 mM EDTA as a function of TiO2

( • : No TiO2, A : TiO2)
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Fig. 2-2-2 The change of normalized EDTA in the solution

containing 1.79 mM EDTA as a function of TiO2

( • : No TiO2, A : TiO2)
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Fig. 2-2-3 The changes of normalized EDTA concentration and

TOC in an aqueous solution containing 1.79 mM

EDTA according to T1O2 loading weight after

3-hour irradiation.
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Fig. 2-2-4 The changes of normalized EDTA, Copper
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containing 1.79 mM Fe(m)-EDTA according to
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Table 2-2-1 The Turbidity of 1.79 mM Fe(EI)-EDTA

Suspension According to TiC>2 Loading Weight

TiO2 loading

Weigth g/i

Turbidity

(NTU)

0.0

0.3

0.5

2250

1.0

4300

2.0

7250

3.0

12850

4.0

14700

Fe(m) EDTA

Fe(ffl)£

, A
(111)7}

, 34], EDTA

Cu(H)^- Fe

pH 5,175.

^ -n-A>tt pH

pH 2.85^ 2:

Fig.

EDTA

471-
7] 3^7]-

Fe(ffl)-EDTA ^ ^ -
Cu(II)-EDTAS] 3-f

^-^§1-^ EDTA 51 # H ^-^1-i-

A ^r-8- 341̂  tH^ EDTA

PH ^s^-71- EDTA

EDTA

TiOH2
+

2.89 ^ Fe(III)-EDTA ^1°1]^^ 2.484

# ^l^«V7l ^sfl Free-EDTA *

^ Cu(n)-EDTA2f Fe(DI)-EDTA

pH ^s}-!- ^ 4 ^ 4

pH - 2.7±0.2^Ei ^

fe- Cu(0)-EDTA > Free-EDTA >

PH

3 7]-S] Fe3

)^S] H+ O ] ^ *

e3'

p H

Cu(H)-EDTA

]-^ TiO2
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Fig. 2-2-6 The change of EDTA concentration and pH in the

solution containing 1.79 mM of EDTA and 2.0 g /1

of T1O2 according to complexated metals during

photo-catalytic reaction
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Fig. 2-2-7<^l^ Fig. 2-2-64 %•<£•§ ^#°)H<>] TOC

60 £-?}-*14 2?1 TOC $)7]4-^7}t EDTA4 £

i * a . 5 3 - ^ , Cu(H)-EDTA > Fe(DI)-EDTA > Free-EDTA £ A

3. 44^ :4 . oleitt « £ ^7m ^ l ^ r ^ l 4 (1-3)4 £<>1 tiJr£^l IE £41
^-fofl UlSfl TiO2

. Prairie ^ ^ r <^z] 7\T]

salicylic acid^ ^ -# S^«r^! ?1^ *>4 ^-sfl^S ^ o ] ^

\7\ t ^ r t ^7l-^43L ^ 1 * 1 - ^ 3 1 [34], 6 14 ^>H> ^^ofl-H Fe3+

-0.037 V J t 4 el €• ^ ^ >̂ 0.34 VI- ^l\i Cu2+4 ^-f7f w ^ ^
Cu(H)-EDTA4 Fe(m)-EDTA7il4 EDTA

Fig. 2-2-64 EDTA #-sB^H4 Fig. 2-2-74 TOC aflT^Ht- HlH^: n})j Cu

(n)-EDTA4 %^A &•%•$ ^ ^ - ^ EDTA ^ - ^ # £ 4 TOC A>\^, ^ =i ^^

^£7}- 4 ^ ^ 1 4 ^ ^ ^ ^ - 4 S ^ nu]-iM 4 4 ^ : 4 . °14fe ^s i , Fe(III)-EDTA4

Free-EDTA4 ^-f^ll^fe, EDTA ^-«fl^£fe ^-A^\ ^ 7 } , TOC

. °lfe EDTA7> <a^^o.s. ^-sflsl
H 1 EDTA

. EDTATfl # 4 TiO2

-§-̂ 114 ^ ^ V ^ ^ ^ l l - TiO2

^ ^ ° 1 H ^ oo1(^4 ^ > * t - B - * EDTA7>

fe T1O2 ^ £ t f l 0114^1^44 - f r 4 * * € S^ l

37].
£#41 £21-*Rr 7 1 ^ ^ TiO2

-^ ^ TiO24 ^^°11 pH 3.5-6.8

4[16, 17]°fl^ pHzrc (pH at zero point of charge, =Ti-OH)^r
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Free-EDTA, Cu(H)-EDTA ^ Fe

4 4 1 ^ € 4 . 20 °C, 1.79 mM EDTA

MINTEC S ^ n ^ - i - <>l-g-̂ H s]«l] *ll A ] ^ EDTA^) sj-^H^ ^ W Fig. 2-2-8,

2-2-94 2-2-KH 4 4 ^ &4.

Free-EDTA, Fe(m)-EDTA ^ Cu(n)-EDTA3]£l TiO2

pH 2:7d°-i

I 4 » Table 2-2-2^)

o\] -s}- Aĵ j-̂ oV ^-^si EDTA^I ^ S . 4 Table 2-2-2^1 4 4 ^ IP^

pH ^s]-» Free-EDTA^1 fe Fig. 2-2-11, Cu(II)-EDTA31fe Fig.

2-2-12, Fe(m)-EDTA31fe Fig. 2-2-13^1] AA

Table 2-2-24 Fig. 2-2-11, 2-2-12, 2-2-13AJ
pH 33M, ^A ^ 3.7} =r-^-^ pH Î 71^-g- Free-EDTA^l°flxi 6.97, Fe
(EI)-EDTA3H]Ai <$ 6.50±0.2 (4.89-6.82 *\Q]), Cu(n)-EDTA^l°fl-^ tflst 7.0
±0.2 (6.80-9.67 4°1)S. ^ ^ , a ol^-ofl^;- A] -A^ ̂ ] f - f̂l ^7} =r-g-<̂

p H

7] fil pH ^ ^ o ] ^ ] i | n . S *\, TiO2

Table 2 - 2 - 2 p H Change of Solution before and after Adsorption

Initial pH (zJpH after adsorption for lhr )

2^85 517^ &4 6 ^ 039 1009^ 11.15
Free-EDTA

(+0.03) (+0.26) (+0.05) (0.00) (-1.43) (-0.14) (-0.13)

2.48 3.04 4.89 6.82 8.6 11.17 11.65
Fe m -EDTA ^QQQ) ( + Q I Q ) ( + Q g i ) (_Q n ) ^ ^ ( _ Q ? ) ^ ^

2.89 3.50 4.14 6.80 9.67 10.75 11.56
Cu II -EDTA ( + o ^ 5 ) ( + o ^ 5 ) ( + o 5 g ) ( + a w ) ( _ ^ g 7 ) ( _ ^ I Q ) ( _ o ^ 6 )
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Fig. 2-2-8 The chemical species of dissolved EDTA in a

system with [EDTA 2Na] = 1.79 mM. Calculations

were done for 20 °C with MINTEC, a computer

program
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Fig. 2-2-9 The chemical species of dissolved copper and

EDTA in a system with [Cu2+(dissolved)]=1.79 mM

and [EDTA]=1.79 mM. Calculations were done for

20 °C with MINTEC, a computer program
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Fig. 2-2-10 The chemical species of dissolved iron and EDTA

in a system with [Fe3+(dissolved)] = 1.79 mM and

[EDTA] = 1.79 mM. Calculations were done for 20

°C with MINTEC, a computer program

- 55 -



1 .OU

1.75

E 1.70

ra
tio

n

g 1-65
o
o
O

Q 1.60
LJJ

1.55

•i e n

/A -

/
/

/

- • - EDTA(ads)

-«-pH(ads)

^*-pH (ini)

5 6 7 8 9
Initial pH of Solution

12

11

10

8

10 11 12

co

o
CO

1
co

6 1

X
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dependent upon initial pH of the solution for 1 hour
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Fig. 2-2-12 The tendency of EDTA adsorption onto the surface

of TiO2 and the pHs of an aqueous solution

containing 1.79 mM Cu(II)-EDTA and 2.0 g/£

TiO2, dependent upon initial pH of the solution for
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Fig. 2-2-14 The change of pH in the solution containing 1.79

mM of EDTA and 2.0 g/fi of TiO2 according to

initial pH of the solution during the photo-catalytic

reaction
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Fig. 2-2-15 The change of pH in the solution containing 1.79

mM of Cu(E)-EDTA and 2.0 g/1 of TiO2

according to initial pH of the solution during the

photo-catalytic reaction
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Fig. 2-2-16 The change of pH in the solution containing 1.79

mM of Fe(EI)-EDTA and 2.0 g/£ of TiO2

according to initial pH of the solution during the

photo-catalytic reaction
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Fig. 2-2-17 Change of total organic carbon(TOC) concentration,

EDTA concentration and solution pH during 180

min irradiation in EDTA-only solution
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Fig. 2-2-18 Change of Cu concentration, total organic

carbon(TOC) concentration, EDTA concentration

and solution pH during 180 min irradiation in

EDTA-Cu(II) solution
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Fig. 2-2-19 Change of Fe concentration, total organic

carbon (TOC) concentration, EDTA concentration

and solution pH during 180 min irradiation in

EDTA-Fe(III) solution
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Fig.
2-2-8, 2-2-9, 2-2-KW MINTEC S.S.ZL^-%; <>]-§-3H Free-EDTA, Fe
(DI)-EDTA^ Cu(E)-EDTA ^M-TH^ pH°fl 4€- ^-^f1 S - i E f

=Ti0"

^•o], 1.79 mM Free-EDTA, Fe(m)-EDTA ^ Cu

(H)-EDTA Sf-l-^l^ 3Mh7l-§-£- *1|e1€ EDTA ^#c.l-gr4 TiO2

,7] ^-§--5fl pH<^]

^ ^ - # Free-EDTA

?llfe Fig. 2-2-14, Cu(n)-EDTA7fl^ Fig. 2-2-15, Fe(m)-EDTA31fe Fig.

2-2-16< l̂ AA M-Ef^^A^, A n$\ pH, EDTA, TOC ^5^1- ^e|«l-^ Fig.

2-2-17, 2-2-18, 2-2-192}- £o] t|B]-\+4. ^71 ^-g-^ol ^ ^ ^ ^ ^ ^ i ^

^-^A> Al^l^ r^^. -̂g-ojflol <%7\^7\ Sl^JL, <^7l^ cg^o^ ^^of l^ A_V̂  J).

71- E l^^oi , «»1 ^7lSl-Sf %^7\ HHfe pH^ ^ ^ ^ • ̂  TiO2Sl S^^^l -

7f nl-flfe ^ ^ ? 1 Free-EDTA^l^l^ 6.97, Fe(m)-EDTA^H1^ ot 6.50 + 0.2

(4.89-6.82 A>6l)f Cu(n)-EDTA7J1°11^ q]§* 7.o±O.2 (6.80-9.67

7\9\ <a^l«-ir <t ^ $14.
fl fl j ^ ^ H ^ ^ f l p H

('OH)^l

2-2-1, 2)[38, 39]«>m-, ^-2i^H ^*1] ^ ^ € e"7V <^^

-S-^l 4-3), JEEfe h+7> <§7l^

- ^ 4-4)[40]i

h+ + H2Oads -> • OH + H + (2-2-1)

h+ + 0Ha-dS — • OH + 0H~ (2-2-2)

2 H2O + 2 e" — 2 OH" + H2 (2-2-3)
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2 H20 + h + -> 4 H + + 0 2 (2-2-4)

4 . 2:71 pH7f EDTA 31

4-E- EDTA4
Free-EDTA^l 2:71 <r-g-°Jl pH 21

^ s R r Fig. 2-2-20^1, EDTA ^ £ f e Fig. 2-2-2H

Fig. 2-2-20°ll 44 \H TOC *fi3H4fe pH 2.85-11.15 ^ $ H 4 SAJ-AI

4|«H 1*} £!:-5-^-5- ^ l^s l^^ i EDTA7f CO2S. ^-sfl^^- 3JAI

*T"%-CA pH7> 2.85U nfl >£-§- 3 xl̂ > ^ 4 ^. sjcfls. 4 48 %

^ , pH7> ^71-^-^r^- ^Shfc-IH pH ll.lSofl^^l ^ 18 % 4 4 ^

EDTA ^ i ^ 5 } - # 4 4 ^ Fig. 2-2-21 °1Mfe- Fig. 2-2-20S1 TOC

4-§>7ll 2:71 r̂-g-̂ 1 pH 2.85^ nfl -̂2:A> 60 ^r ^^1 2:71 EDTA

2:7) ^r-g-^ pH«Hl 4 € - EDTA4 -

TOC ^5hfe Fig. 2-2-22 «fl 4 4 ^ 1 4 4 ^°1 2.89-11.564 pH

flsfl l^> tiV-g-*.S. ^ l ^ £ l ^ 4 . TOC^ 2:71 ^-g-^ pH7l- 2.8911 nfl s)

42 % 3J.E. ^-rt^l-^A^, 2:71 ^-g-^ pH 2.89-3.50 ^-^°fl^1 4 25

3:^1 ^ H 4 ^ ^ - ^ EDTA ^ £ ^ Fig. 2-2-234 ^°1 4 4 ^ : 4 .
pH 2.89^14 fe # 2 : 4 60 §• ^°fl 2:71 EDTA ^ £ S l ^ 100 %7>

', Fig. 2-2-22S1 TOC ^Sf4 - ^ -A}^^ ^7] ^^-ofl p H 2.89-3.50 ^

3.50

^ S H : Fig. 2-2-24*11 4 4 ^ ^ 4 . Free4 Cu(n)-EDTA314 ^°1 2.5-
11.654 pH ^ - ? H 4 2:X>xltt°fl tfl*fl 1*} »&-5-.2.S 1̂*3̂ 1 ^ 4 EDTA7>
^•SflSl^ ^«LS. 4 4 ^ 4 - TOC ^Tl^^r 2:71 ^g-«d| pH7> 2.5°̂  nfl

4 42 % ^ £ ^17-iEl^.A^, 2:71 ^r^-1^ pH7V 2.5°fl4 3.04S. ^7^f^ TOC

^Tl-i-ol ej= 22 % ^ E . ^±:«1-Sa4. pH 3.04-11.65 ^4°114^ 2:71

pH7l- ^71-^^r-S- TOC l̂lTl •§•-$• 4 10 % 4 4 ^-±.§V^4.

^14 %-<£•&}; 2:?i -Sl-̂ lAi ^S)-^ EDTA ^S-fe- Fig. 2-2-254 ^:ol

2:71 ^r^°A pH 2.50114^ # 2 : 4 180 £ f̂ofl 2:71 EDTA TfS.sl 4 96 %7f
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Fig. 2-2-20 The change of TOC in the solution containing

EDTA and 2.0 g/i TiC>2 according to initial pH of

the solution during the photo-catalytic reaction
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Fig. 2-2-21 The change of EDTA concentration in the solution

containing 1.79 mM of EDTA and 2.0 g/£ of TiO2

according to initial pH of the solution during

photo-catalytic reaction
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Fig. 2-2-22 The change of TOC in the solution containing 1.79

mM Cu(H)-EDTA and 2.0 g/£ TiO2 according to

initial pH of the solution during the photo-catalytic

reaction
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Fig. 2-2-23 The change of EDTA concentration in the solution

containing 1.79 mM of Cu(H)-EDTA and 2.0 g/«

of TiO2 according to initial pH of the solution

during photo-catalytic reaction
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Fig. 2-2-24 The change of TOC in the solution containing 1.79

mM Fe(ffl)-EDTA and 2.0 g/£ TiO2 according to

initial pH of the solution during the photo-catalytic

reaction
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Fig. 2-2-25 The change of EDTA concentration in the solution

containing 1.79 mM of Fe(IH)-EDTA and 2.0 g/£

of TiC>2 according to initial pH of the solution

during photo-catalytic reaction
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L, Fig. 2-2-245] TOC M 4 -fr^M 3,7} -̂g-«J) PH 2.5-3.04

£-«M£ ^ 30 %7\ #£«]-&.$. nj, p H 3.04-11.65

pH7l- ^-7\%o\] n}e} ̂ - ^ 4 Al̂ Hl n}€- EDTA ^IEfe <g

EDTAS]

J] TiO2

fe- EDTA7J-

1̂ ^-#^5] ^-§-#£71- 3.711

TiO2l-

superoxide ^t\^r (02*")<>l ^I^^JL o]^<sl H+2]- ̂ t « f ^ OH*

JELS., H+ *5L7} # ^ ^ - , ̂  pH7f ^-jr^Wr, OH'
Jijl[42]7> Sl^cfl o]fe

t ^ a*}. ̂ §1 o]«q. Aovtivv̂  JT#^A-] 1990

Hi J. C. D'OliveriraWSl^] 2-sf 3-Chlorophenol# tfl4vAS

ife OH' 2}£m<>l ^^£]7l ufl̂ -<H|) 0H" ̂ £7]- # ^^-, ̂  pH

-, OH' 5 } ^ ^ : ̂ ^ ° 1 ^ ° M l i ^VsM

1̂ <̂ 1fe ̂ r <$.T^*\ fe«}^?i pH^Sj-'Hl nf€- TiO2

TiO'S. M-Ê -uf D'01iverira7|- T]}*)^ OH" ^£.7]- # ^ ^ - OH
-^r OK 7} -S-^^l- a|ul &TT TiO2 S^°fl 5

° l ^ l ^°> pH7> ^ ^^ofl H]«fl O H '

Free-EDTA^- Fe(HI)-EDTA ^ Cu(H)-EDTA

^ 2:7] ^-g-^ pHS]- TOC *1]7-]̂ £S}- EDTA ^

71 ^s] | ( ^-#n)l ti>-§- jf. 20 ^>^]s l 3:7] ^ s - y - ^ s . ^ 7fl^*H Table 2-2-3

, TOC ̂ 7 ] ^ £ ̂ ^ (k) fe [TOCMTOC]taitiaiS.

fe 1^-^r-g-^S Aov^r^ ^ t ^ ^ ^ l J l , EDTA ^

)fe- Ln[EDTA]/[EDTA]o &^r ^-g
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Table 2-2-3 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 k0 of EDTA.

Free-

EDTA

Fe(ffl)-

EDTA

Cu(H)-
EDTA

A

B

C

A

B

C

A

B

C

2.85

0.0027

0.0660

2.48

0.0025

0.0182

2.89

0.0028

0.1195

5.17

0.0025

0.0591

3.04

0.0012

0.0064

3.50

0.0015

0.0242

6.40

0.0022

0.0248

4.89

0.0011

0.0062

4.14

0.0014

0.0186

6.97

0.0017

0.0228

6.82

0.0009

0.0055

6.8

0.0013

0.0138

9.36

0.0015

0.0168

8.6

0.0008

0.0055

9.67

0.0012

0.0111

10.09

0.0013

0.0146

11.17

0.0008

0.0052

10.75

0.0010

0.0108

11.15

0.0008

0.0058

11.65

0.0007

0.0045

11.56

0.0009

0.0056

fe 51 €-

TiO2

, A 3 - f # Fig. 2-2-26i 51A

, EDTA -g:Sil#51 tf^ k<,4 TOC

^-g-afl pH7> 3 o

^ A # ^ A o v ^ SJt̂ S: Free-EDTA > Cu(H)-EDTA > Fe(DI)-EDTA

TOC

EDTA

, TOC^l 1

o# Fig. 2-2-27^1

EDTA

Free-EDTA3HH^r EDTA

3.71 fe Cu(II)-EDTA > Free-EDTA > Fe(III)-EDTA £°-
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Fig. 2-2-26 Change of the pseudo first-order rate constant of

EDTA decomposition, ICEDTA, versus the initial
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solution
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4 ^ t t ^ m ^ ^ S ] EDTA ^ ^ - ^ ^ ^-#^11 «i-g- 20 ^ ^ EDTA

180 & ^°fl TOC «1S1-1- ^ 4 q -EHsm.
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the solution containing 1.79 mM EDTA and 2.0 g/
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