
(DSA)

.
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2

1.

, .

,

, ,

,

.

,

.

/

.

, Dimensionally Stable Anodes (DSA),

 ( Ti)

.

 ( )

 ( ).

,

.

Ti/IrO2

.

,

Ti/IrO2,

,

. ,

,

, .
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3

, ,

NaCl .

COD,

TOC, .
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4

2.

2.1. .

2.1.1.

 ( )

,

.

(80-83%), (15-18%) (2%)

.

.

2.1.

2.1.

(Niaounakis &Halvadakis, 2006).

,

.

,

. ,

,

,

1% (Niaounakis

&Halvadakis, 2006).
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5

30

.

0.5 24 g/L,

.

, :

1.  ( , , ,

, , - , , . .),

2.1,

.

2. ,

.

.

. ,

.

.

,

(Niaounakis &Halvadakis, 2006).
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6

2.1.

(Niaounakis &Halvadakis, 2006).

2.1.2.

,

,

. 1180/1981 ( 293/ . ./6-10-1981)

. ,

, 2.2.

,  ( ) ,

1 10

, 10 m3 (Tsagaroulakis et al.,

2005).
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7

2.2

1180/1981 ( , 2004).

2.2.  ( )

,

( ),

.

(O3, O3/UV,

O3/H2O2), (TiO2/UV), Fenton (Fe2+/

H2O2) -Fenton (UV/ Fe2+/ H2O2), ,

 ( ), , . .

,

/

,

.

, ,

OH*,

, , .

,

.

,

CO2, H2O .

(2.8V),

(Carp et al., 2004).
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8

2.2.1.

UV/TiO2 ( )

, /

. OH* ,

CO2 (Carp et al., 2004).

,

 ( )

 ( ) ,

,

(Eg).

,

, ,

(e) ,

(hv Eg),

(h+) .

- /

n-

, TiO2,

, ,

. -

OH-  H2O,

(OH*) ( 2.2).

COD .
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9

2.2.

, hv Eg (A)  ( )

/

, (C) (D) D (Carp et

al., 2004).

UV/H2O2

UV/H2O2

,

,  H2O2. OH*,

(Parsons,

2004).

,

(Openlander, 2003; Parsons 2004).

.

 ( & , 2005):

• .

• ,

,
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.

•  (

) ,

.

• .

2.2.2

,

.

100

. ,

(Parsons, 2004;

Bhargava et a., 2006).

(WAO, wet air oxidation)

.

,

(Parsons, 2004).

:

• ,

,

.

•

15g/L COD.

•

.
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,

,

,

 ( & , 2007).

2.2.3.

.

(McNamara et al., 2008).

.

,

.

,

. ,

,

,

(Rozzi & Malpei, 1996).

.

 ( ),

(Niaounakis &Halvadakis, 2004).

2.2.4

,

. ,

PDF created with pdfFactory Pro trial version www.pdffactory.com

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com


12

, ,

.

:

•  ( , ,

, )  ( , ,

) .

• ,

.

,

.

• ,

 ( , , .).

•

.

• .

,

DSA

(dimensionally stable anodes)

(Trasatti, 2000).

. IrO2,

RuO2 – SnO2, Ta2O5, SnO2, PtOx, . .,

. ,

 ( Ti)

(Comninellis & Vercesi, 1991).

,

(boron-doped diamond, BDD)

.
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13

(Comninellis et al., 2008).

,

 ( , ).

,

, (

),

.

(Israilides et al., 1997; Foti el ., 1997;

Gotsi et al., 2005; Chatzisymeon et al., 2006):

• , .

•

,

.

,

(MOx)

, 2.5.

 H2O

(MOx), HO*,

(Comninellis, 1994; Foti et al., 1997):

*
2 ( )x xMO H O MO OH H e+ −+ → + + [2.1]

*OH ,

.

:

• . ,

[2.2]:

( )*
2 2x xMO OH R mCO nH O H e MO+ −+ → + + + + [2.2]
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CO2.

• . ,

:

( )*
1x xMO OH MO H e+ −

+→ + +
[2.3]

, :

1x xMO R RO MO+ + → + [2.4]

.

:

[2.5]

(non active)

1 2
1
2x xMO MO O+ → +

[2.6]

(active)

RuO2, IrO2, . .

PbO2, SnO2,BDD, . .

( )*
2

1
2x xMO OH MO O H e+ −→ + + +
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2.3.

: (a) (2.1),

(b) (2.2), (c) (2.3), (d) (2.4), (e) (2.5),

(f) (2.6) (Foti et al., 1997).

,

, ,

.

, NaCl,

, -

(Israilides et al., 1997), :

( )*
2 2H O M Cl M ClOH H e− + −+ + → + + [2.7]

( )*R M ClOH Cl M R H Cl− + −+ + → + + + [2.8]

:

( )*
2 2 2 3 4H O M ClOH Cl M O Cl H e− + −+ + → + + + +

[2.9]

, :
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2 2H O Cl HOCl H e− + −+ → + + [2.10]

, ,

. –

, OCl- , ClO-
3

.

.

. pH

(Israilides et al., 1997).

, . ,  (

, 3 g/L)

 ( & , 2004). , NaCl,

,

- (Gotsi et al, 2005; Chatzisymeon et al,

2006).

.

( 2.5)  O2

( 2.2). A ,  ( 2.5 2.2)

. ,

 ( ),

 ( 2.2  O2 (

)

(Kapalka et al., 2008b).

(oxygen

overpotential) ,

(Bard & Faulkner, 2001).
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,

2.3.

2.3. ,

(Kapalka et al., 2008b).

2.3  (

)

. ,

.

,

 ( )

 (

).

IrO2. (Fiero et

al., 2007) IrO2

IrO3,

.

.
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,

,

 ( )

 (

). BDD

. ,

PbO2 SnO2,

, .

, BDD ,

(Fujishima et al., 2005; Kapalka et al., 2008b).

,

, (current

efficiency). (2.5)

( ) (2.2) ( ),

.

. ,

 ( , ) ,

(Gotsi et

al., 2005; Chatzisymeon et al., 2006; Kapalka et al., 2008b).

( Instantaneous Current Efficiency-ICE)

COD

, :

0

8
tCOD CODICE FV

I t
−

=
∆ [2.10]

COD0: COD (g/L),

CODt: COD (g/L), t(s),

I: (A),
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F: Faraday (96487 C/mol),

V: (L),

8 (l/geq).

,

,

IrO2, RuO2 SnO2 (Comninellis & Pulgarin, 1991; Comninellis & Pulgarin, 1993;

Comninellis & Nerini, 1995; Longhi et al., 2001; Saracco et al., 2001; Trabelsi et al.,

2004; Khoufi et al., 2004).

. ,

o Ti/TiRuO2 (Panizza & Cerisola, 2006).

30 h 5 , 5 g/L

NaCl , .

, COD, TPh,

8 h Ti/RuO2, 135

mA/cm2, 2 M NaCl, 20 C. ,

. ,

Ti/Pt (Israilides et al., 1997), 93, 80 99%

COD, TOC TPh, , 10 h,

4% (w/v) NaCl 0.26 A/cm2. Ti/Ta/Pt/Ir

COD 71% 8 h , 3% (w/v)

NaCl 16 V (Giannis et al., 2007). , (Gotsi

et al., 2005),

,

COD 40% 4 h . ,
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- ,

, (Inan et al., 2004;

Adhoum & Monster, 2004; Un et al., 2006; Khoufi et al., 2007; Un et al., 2008).

.

BDD

(Iniesta et al., 2001; Polcaro et al., 2003)

(Canizares et

al., 2005; Canizares et al., 2006a). BDD

,

. ,

, BDD,

(Canizares et al., 2006b). ,

,

Fenton

.

,

, BDD,

,

(Deligiorgis et al., 2008).

2.2.5.

,

,

. ,

, ,

, . ,

, ,

,
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.

.

, ,

(Comninellis et al., 2008).

,

.

-

,

, ,

,

. , ,

, ’

.

, -

(Mantzavinos et al., 2004).

,

 ( )

( ) ,

, . ,

,

. ,

(Comninellis et al., 2008):

•

.

UV/H2O2, UV/O3, O3/H2O2, UV/ O3/ H2O2,

UV/TiO2/H2O2, US/Fenton, WAO/H2O2, /Fenton

,
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,

.

•

.

,

.

• ,

. ,

, ,

.

•

, .

, ,

, ,

,

, ,

,

. , ,

,

.

C – C ,

2.3.

,

C – C.

–
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,

.

,

.

<< >>

,

(Comninellis et al., 2008).

• ,

.

.

2.4.

(Comninellis et al., 2008).
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3. –
–

3.1. Ti/IrO2

,

DSA

Ti/IrO2.  H2IrCl6
. IrO2 15mm

0.5mm Ti (25 x 25mm).

1.77cm2.

:

1.  Ti,

2. ,

3.  Ti  1 1 95 -100 oC,

4. - ,

5. 30 l 50mM H2IrCl6 x H2O

(ABCR 99.9%) ,

6. 10 min 70 oC ,

7. 10 min 500 oC,

8. ,

9. (5-8)

, ,

10. 1 500 oC.

4  Lx,

x .

:

3.1. 4 .

2 4 8 20

(mg/cm2)

0.35 0.73 1.53 3.60

L0.35 L0.73 L1.53 L3.60
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3.2.

.

,

. ,

.

,

,

.  ( – )

.

,

(E )

(E ) :

02.22 57 ( ) 25R TE E mV C
n F n

× ×
− = =

× [3.1]

n .  E1/2

 E

 (

)  ( & ,

1990).

(AMEL 2053)

(AMEL 7800).

Ti/IrO2, (MSE)

Hg/Hg2SO4K2SO4 (sat) Pt. ,

.

1 M HClO4

.
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-0.8 -0.4 0 0.4 0.8
E / Volt (vs MSE)

-0.2

-0.1

0

0.1

0.2

L0.35

500 mV/s
400
300
200
100
50
30
20
10
5

-0.8 -0.4 0 0.4 0.8
E / Volt (vs MSE)

-0.8

-0.4

0

0.4

0.8

L0.73

400 mV/s
300
200
100
50
30
20

-0.8 -0.4 0 0.4 0.8
E / Volt (vs MSE)

-0.8

-0.4

0

0.4

0.8

L1.53

100 m V/s
50
30
20

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs MSE)

-0.8

-0.4

0

0.4

0.8

L3.60

50 mV/s
30
20
10
5

3.1:  L0.35, L0.73, L1.53, L3.60

-0,7 +0,7V. : 1

M HClO4. = 25 C.
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0 100 200 300 400 500 600
u[mV/s]

0

0.001

0.002

0.003

0.004

L0.35

0 100 200 300 400 500
u[mV/s]

0.002

0.0022

0.0024

0.0026

0.0028

0.003

0.0032

L0.73

0 40 80 120 160
u[mV/s]

0.01

0.011

0.012

0.013

0.014

L1.53

0 10 20 30 40 50 60
u[mV/s]

0.014

0.016

0.018

0.02

0.022

L3.60

3.2: q

-0,7 +0,7V  L0.35, L0.73, L1.53, L3.60.

: 1 M HClO4. = 25 C.

,

.

.

,

 ( )

.

(3.2).

( ) ( )cathodic
x y yanodic

IrO OH H e IrO OH+ −
− +

→+ + ← [3.2]
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:

) (qdl)

.

)

(qredox) [3.2].

(Calderon et al. 2008).

 qdl (Trassati et

al. 1990):

1/2

1( ) dlq u q const
u

 = +  
 

[3.3]

(3.3) 1/U1/2=0

U=  qdl.

0 0.1 0.2 0.3 0.4 0.5
1/u1/2[s1/2/mV1/2]

0

0.002

0.004

0.006

0.008

0.01

0.012

L0.35

L0.73

L3.60

L1.53

3.3: [3.3]  qdl.

-0,7 +0,7V  L0.35, L0.73, L1.53, L3.60.

: 1 M HClO4. = 25 C.
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0 1 2 3 4
Loading [mg/cm2]

0

0.004

0.008

0.012

0.016

3.4:  qdl IrO2. -0,7 +0,7V

 L0.35, L0.73, L1.53, L3.60. : 1 M HClO4. = 25 C.

3.4

IrO2.

3.3.

Fe3+/Fe2+

Fe2+/Fe3+

Ti /IrO2.

(Pt, Au, Pd)

(Calderon et al 2008).

’

 ( )

.

1M HCl

50 mM 3 2 2 2FeCl 6H O 50mMFeCl 4H O• + • .

IrO2, L0.73, L1.53  L3.60.
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3.5

( U=0mV/s) Fe2+ - Fe3+

(1 HCl).

. ,

Fe2+ (Fe2+ Fe3+ +e-)

Fe3+ (Fe3+ +e- Fe2+).

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-0.8

-0.4

0

0.4

0.8

L0.73

HCl + Fe
Scan rate: 10mV/s

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-1.2

-0.8

-0.4

0

0.4

0.8

1.2

L1.53

HCl + Fe
Scan rate: 10mV/s

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

L3.60

HCl + Fe
Scan rate: 10mV/s

3.5:   L0.73, L1.53, L3.60.

: 1 M HCl ( ), 1 M HCl + 50mM Fe3+/Fe2+ . =

25 C.

3.5.
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.

3.6.

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-0.8

-0.4

0

0.4

0.8

L0.73

Fe
Scan rate: 10mV/s

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-1.2

-0.8

-0.4

0

0.4

0.8

1.2

L1.53

Fe
Scan rate: 10mV/s

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

L3.60

Fe
Scan rate: 10mV/s

3.6:   L0.73, L1.53,

L3.60. : 1 M HCl +50mM Fe3+/Fe2+ . = 25 C.

PDF created with pdfFactory Pro trial version www.pdffactory.com

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com


32

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-4

-3

-2

-1

0

1

2

3

4

50 mV/s
30
20
10
5

L0.73

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-4

-3

-2

-1

0

1

2

3

4

50 mV/s
30
20
10
5

L1.53

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
E / Volt (vs SME)

-5

-4

-3

-2

-1

0

1

2

3

4

5

50 mV/s
30
20
10

L3.60

3.7:   L0.73, L1.53,

L3.60. . : 1 M HCl

+50mM Fe3+/Fe2+ . = 25 C.

3.7

10 — 50 mV/s.

–  (

IR drop)

.
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3.4. Ti/IrO2

3.4.1.

, - (C9H8O3 98%, Sigma-

Aldrich), (C9H8O4 97%, Sigma-Aldrich), (C9H8O2 99%,

Sigma-Aldrich) (C6H6O 99%, Fluka).

,

COD 1300 (±5%) mg/L,

.

1 M HClO4.  (

- )

. ,

. ,

,

(NaCl, Riedel) (Na2SO4, Riedel).

<< . & . .>> . .

 ( 190 m),

,

.

, –

, 3.1.

3.1.

.

COD, g/L 47 40
 (TPh), g/L 8.1 3.5

, g/L 50.3 0.6
TOC, g/L 16.9 14
pH 4.6 4.4

, mS/cm 17 18
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Ti/IrO2

 H2IrCl6 (Acros Organics, 40

%), (Fluka, 99,5%),

. IrO2

3.1

250 mM. IrO2

0.4 mg/cm2.

3.4.2.

3.2.

. 0 – 1.23V vs SHE (

) 1.4 – 1.54V vs SHE ( ).

20 min ,

.

3.4.3. Ti/IrO2

,  ( 3.7).

Ti/IrO2 12.5 cm2 ,

,

.  H2

.

.

. ,

.

110 mL.

1 M HClO4 .

3 mL

, ,
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COD, TPh,TOC

.

,

±5%.

3.7. ,  ( )

Ti/IrO2  ( )

.

3.5.

3.5.1. (COD)

(Chemical

Oxygen Demand – COD) Cr2O7
2),

 ( Ag)

. , 2 150 oC

COD.

COD, 2 ml

(86% , ).
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150 oC 2 .

(Portable Data logging spectrophotometer HACH,

DR/2010), 620 nm.

COD

, 0-1500 mg/L (APHA,1989).

3.5.2. (TOC)

(Total Organic Carbon – TOC)

TOC 5050 SHIMADZU.

,

.

CO2   H2O. CO2

(non-dispersive infrared analyzer) (APHA, 1989).

3.5.3. (TPh)

(Total Phenols, TPh)

Folin-Ciocalteau (Singleton et al., 1999).

( mg/L )

Folin-Ciocalteau.

, .

 ( 765 nm

mg/L, 3.5),  TPh

.
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, 2 mL 20 L ,

1.58 mL , 100 mL Folin 2-3

300 mL Na2CO3.

765 nm, UVmini 1240, Shimadzu.

, mg/L

 ( 3.8), TPh,

.

3.8. TPh, mg/L

, .

3.5.4.

ISO 11348-2

LumiStox LPG321 LUMIStherm LTG053.

Vibrio fischeri Photobacterium

phosphoreum. EC50 EC20. EC

20% 50%

Vibrio fischeri .  EC50

.
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4.

4.1. Ti/IrO2

,

Ti/IrO2

1 M HClO4. ,

. 0 – 1.23V vs SHE (

) 1.4 – 1.54V vs SHE (

). 4.1  (

)

1 M HClO4 10 mV/s.  (

) ,

. 1.25

V/SHE . -

4.2. -

, ’

,

( ). , 4.1

(Cattrell &

Kirk, 1990).
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4.1.  ( )

0,2,5 10 mM 1 M HClO4,

 Ti/IrO2. : 10 mV/s, T = 25 oC.

4.2. (Gattrel & Kirk, 1990).
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4.3

Ti/IrO2 10 mM

 1 HClO4. ,

, ( ).

.

4.3.

10 mM 1 M HClO4, Ti/IrO2. ( )

, ( ) , ( )

. : 10mV/s, T = 25oC.

,

, Ti/IrO2.

COD

 (~1300 mg/L). , 4.51 mM

5.8 mM . 4.4a

1 M HClO4,

0 –

1.23 V/SHE.  (
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), ,

. ,

,

1.1 V/SHE, IrO2 IrO3

IrO3 IrO2, . 4.4b

. Ti/IrO2

.

0.79 V/SHE ( ),

,

0.8 V/SHE 1.1

V/SHE .

 (

1 M HClO4). (Fierro et al.,

2007; Kapalka et al., 2008a),

.

4.4b

. ,

Ti/IrO2

 (

IrO2/ IrO3 1.23 V/SHE)

.

,

.

,

 ( fouling). ,
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. 4.4c

10

,

COD. ,

0.8 1.1 V/SHE

0.6 V/SHE

 (

) .

4.4d

1 HClO4, (

4.4d).

, . ’

,

,

.
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4.4.

Ti/IrO2, 1

HClO4 (a) , (b)

(COD0=1300 mg/L), (c) 4.51 mM (d)

5.8 mM .

(scan 1 30), 20 mV/s, T=30 oC.

(1.4 – 1.54 V vs SHE),

.

,

.

Pt

(Comninellis &Pulgarin, 1991).

,

,

.

,

,

.
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4.5.

5.8 mM (phenol) 4.51 mM

(caffeic acid)  Ti/IrO2. : 1 HClO4, = 30 C.

4.2. Ti/IrO2

4.2.1.

11 mM

30 C, 60 C 80 C. COD

61 8% 80 30 C, .

,

.

4.1 COD, TOC

, 11 mM ,

48 Ah/L . j=50 mA/cm2.

C COD % TOC % %

30 8 8 42

60 39 22 72

80 61 60 72

COD TOC 11 mM

80 C

Ti/IrO. 4.6

,

, ,

(Gattrel &Kirk, 1990). , TOC
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. ,

CO2 ,

:

[CO2]t = [TOC]o – [TOC]t (4.1)

60%

(TOC) CO2 48 Ah/L

. ,

, .

:

[ ]t = [ ]o – [ ]t – (4.2)

[ ]t – [ ]t – [ ]t

4.6. , , ,

TOC,

, 11 mM 1

HClO4  Ti/IrO2 Ti/IrO2, = 80 C. j = 50mA/cm2.

20 mmol C/L.
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.

,

. ,

- OH

.

,

.

3.5 4.5 V

.

11 mM , Ti/IrO2, 0.08

. COD

, .

,

( ). 4.7,

COD TOC

5.8 mM

60 80 C.

, COD TOC

80 C (38 59%, ) 60

C.
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4.7. COD TOC 5.8

mM , 28 Ah/L . j = 50mA/cm2.

COD TOC

 ( ),

. ,

(Comninellis & Pulgarin, 1991; Miranda et al., 2001) .

,

Comninellis et al., 1994 2.3.

, COD

. TOC

,

COD. COD TOC

(Zhang et. al., 2005). ,

.

, (Average Oxidation State of Carbon)

AOSC,

(Stumm and Morgan, 1996):
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4 1 ,CODAOSC
TOC

 = × −  
-4<AOSC<4 (4.3)

COD moles O2/L TOC C/L.

(Partial Oxidation Index)

,

( =1)  ( =0) (Rivas et

al., 2001a):

, 0< <1 (4.4)

0

0
partox

COD CODCOD TOC
TOC TOC

    = −    
    (4.5)

AOSC  ( 4.8)

=0.7 ( 4.8 ). ,

0.3,

.

11 mM  ( 4.6)

 ( ),

CO2  H2O ( ).

, AOSC

0

partoxCOD
COD COD

=
−
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 ( 4.8. ). ,

. AOSC 20 Ah/L ,

.

> 20 Ah/L, AOSC

,

AOSC.
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4.8.  ( )  ( ) AOSC,

5.8 mM 1 M HClO4

Ti/IrO2. T=80 oC. j =50 mA/cm2.

, ,

Ti/IrO2. ,

Ti/IrO2

. ,

20 Ah/L . ,

CO2

TOC .

CO2  ( ,

, )

(Comninellis & Pulgarin, 1991)

Pt.

Ti/IrO2, (60 80 C)

4.9.

1 HClO4

(CODo=1300 mg/L).

80 85 60% TPh

COD.

60 oC 75 35%. ,
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COD ,

COD:

o t
dCOD k COD COD kt

dt
−

= ⇔ − =
(4.6)

k .

4.9. COD TPh

(CODo=1300 mg/L). j=50 mA/cm2.

4.9 (4.6),

 ( ),

 (

r, 0.96

52 26 mg/(Lh)

80 60 oC , . ,

COD 1300 mg/L,
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COD0 .

4.2.2. -

,

,

, - .

(50 mA/cm2) 80 0C.

.

4.10. COD

-

60% COD 28 Ah/L

. TPh,

93 87% - ,  (

).

COD 25 5% ,

28Ah/L.  ( TPh

60% 28 Ah/L).

, . 4.1. ,

 ( 4.5).

(ICE) ,

COD (2.2).
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4.10 -

,

.  ( 0.1

- )

(Comninellis & Pulgarin, 1991),

.

4.10.

. = 80 C, j=50 mA/cm2. ( )
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COD ,  ( ) ICE

.

4.10.

(4.6),

80 C, 60 C, -

80 C, 80 C 80 C, ,

.

COD,

.

4.2.3.

, .

NaCl

Na2SO4, 11 mM (1M HClO4), 80 C.

4.11

.
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4.11.

11 mM 1 M HClO4,

Ti/IrO2, 35 mM Na2SO4, 35 mM NaCl, 3.5 mM NaCl

. =80 C. j= 50 mA/cm2.

Na2SO4

. ,

. NaCl, - ,

,

(Israilides et al., 1997).

NaCl ,

.

. , NaCl

,

- (Gotsi et al., 2005;

Chatzisymeon et al., 2006.
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4.2.4.

NaCl 5,

15 25 mM ( 0.0003, 0.0009, 0.0015% w/v, )

, .

4.12. TPh 6 Ah/L

NaCl.

,

(Gotsi et al., 2005). ,

50% 43 Ah/L , NaCl.

, ,

(Israilides et al., 1997).

NaCl

COD ( 4.12. ),

30% .

: ( ) COD

,

,  ( )

.
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4.12.  ( ) TPh,  ( ) COD,

NaCl.

T=80oC. j=50mA/cm2.

4.2.5.

EC50 BOD5/COD 9 2%, .

, 43 Ah/L ,

5 mM NaCl,

,
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 (

4.12. ). ,

. ,

BOD5/COD

.

25 mM NaCl, 43 Ah/L,

, ,

,  TPh . ,

: ( )

- (Gotsi et al., 2005)

( ) ,

.

.

4.3.

, , ,

- ,

Ti/IrO2

.

. ,

Ti/IrO2

,

. ,

,

.

Ti/IrO2

,

. ,

Ti/IrO2

CO2, . ,

.
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,

. , COD TPh 60 85%,

, 80 oC 116 Ah/L .

, NaCl

TPh ,

. COD

.

, ,

,

. , 25 mM ( 0.0015%) NaCl

.

PDF created with pdfFactory Pro trial version www.pdffactory.com

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com


ΒΙΒΛΙΟΓΡΑΦΙΑ 
 
Ξένη βιβλιογραφία 

 

Comnimellis, C., Pulgarin ., 1991. Anodfor wastewater treatment. 

Journal af Applied Electrochemostry 21, 703 – 708. 

Comnimellis, C., Pulgarin ., 1993. Electrochemical oxidation of phenol for 

wastewater treatment, Journal af Applied Electrochemostry 23, 108 – 112. 

Comnimellis, C., Vercesi, G.P., 1991. Problems in DSA coating deposition by 

thermal decomposition, Journal af Applied Electrochemostry 21, 136 – 142. 

Foti, G., Gandini, D., Comnimellis, C., 1997. Anodic Oxidation of Organics on 

Thermally Prepared Oxide Electrodes. Current Topics in Electrochemistry 5, 71 – 91. 

Chatzisymeon, E., Xekoukoulotakis, N.P., Coz, A., Kalogerakis, N., Matzavinos, D., 

2006. Electrochemical treatment of textile dyes and dyehouse effluents. Journal of 

Hazardous Materials 137, 998 – 1007. 

Giannis, A., Kalaitzakis, M., Diamadopoulos, E., 2007. Electrochemical treatment of 

olive mill wastewater. Journal of Chemical Technology & Biotechnology 82,663 – 

671. 

Gotsi, M., Kalogerakis, N, Psilakis, E., Samaras, p., Matzavinos, D., 2005. 

Electrochemical oxidation of olive oil mill wastewaters. Water Research 39, 4177 – 

4187. 

Trasatti, S., 2000. Electrocatalysis: Understanding the success of DSA. 

Electrochimica Acta 45, 2377 – 2385. 

Trabelsi, S.K., Tahar, N.B., Abdelhedi, R., 2004. Electrochemical behavior of caffeic 

acid. Electrochimica Acta 49, 1647 – 1654. 

 

 

Ελληνική βιβλιογραφία 

 

Γκότση, Μ., Καλογεράκης, Ν., 2004. Προεπεξεργασία υγρών αποβλήτων 

ελαιοτριβείου με ηλεκτροχημική οξείδωση. Μεταπτυχιακή διατριβή. Πολυτεχνείο 

Κρήτης. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Κατσώνη, Α. Μαντζαβίνος, Δ., 2007. Επεξεργασία αποβλήτου κατεργασίας 

βρώσιμης ελιάς με υγρή οξείδωση. Μεταπτυχιακή διατριβή. Πολυτεχνείο Κρήτης. 

Παπαδάμ, Θ., Μαντζαβίνος, Δ., 2005. Συνεπεξεργασία οργανικών και μετάλλων με 

φωτοκατάλυση. Μεταπτυχιακή διατριβή. Πολυτεχνείο Κρήτης. 

Στάμου, Α.Ι., 1995. Βιολογικός Καθαρισμός Αστικών Αποβλήτων. 2η Εκδ. 

Παπασωτηρίου, Ελλάδα. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com

