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I' &4& & & & & " , &' % ' ' &
& # &- ™ 4 & "' & % & , , ).
4& & ( 4 " 4& & & & '& - -
&( &4 " 4
! & & 5 ( & & - & 4# &
" 4& : & 5" ' 5 ' & 3 ' -
# & 5- # & " &% ' DSA (dimensionally stable anodes)
$ & &' 4 ( 4& & (" &4' (Trasatti,
2000). & 4" && ' &% ' 6 & 4 & 45 4 & (
% 3" ( '4& &( " &( . (' 3" &
&( IrO,, RuG — SnQ, TaG, SnQ, PtO, . ., & & 6 &
4 & '& " & 4&& & &5 4& & . 45& , &
'4& &( & 6& 4 " 4&& " ( " (& &'
& %& ( & $( &' b5- ' &" # & 4& &  (Comninellis &
Vercesi, 1991).
&4 & & '& 4 & 3" & " &%
‘& #4  (boron-doped diamond, BD¥ & ( " 4
& & 3 - # & . & 4" ‘&4 5 & " ("
& 3" - % 5- & 6& 4 4" &
% & (Comninellis et al., 2008).
& 4 &4’ & % & &( & '& % % , 4"
# & & "(' # &' "% &" # & ‘&4 .
%& & $"& & ' % 4 5& ,& ( &' ' &
& &4" &' '& & , (& 5& 4 ( &' (" & &4
G" ), 4& & %& 3" &"( & "% &4"
& 3" & # & & ( & & "% &4
% & (& (Israilides et al., 1997; Foti el ., 1997; Gotsia., 2005;
Chatzisymeon et al., 2006):
> 3" #Hooo- (& &4 A
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$( & 3" & & (MOy), 4& ( & $

"3 HO, % $ & &" (Comninellis, 1994; Foti et al., 1997):
H,O MQ(HO) H e [3.2.4-1]

' . H#( - &" ' 34" & &

"™ 4  ?1.23 VISHE (SHE-standard hydrogen electrod&' & 4" "4

"% &4 ( &' 4 & 4"

& $ 4% & 6- "3 ( & $( & 4"
6 3" & & ( 34 4 ($ & 4
(& &"
MO, HO  MQ, %q H e [3.2.4-2]
' 34" ‘&4 & &4 ! (6 & % 4 & $(
$( & 4" . & 4" 4" " #( & &" (
& & & " $( -& $ 4% & (

5 4 & "( &' % . & 4" && " &% ' (6 & (
& & ‘& ' & 4" & 4 PbQ, SnQ, BDD,

& 4% & 6- M3 ( & $( & 4"
6 "3 $% & ( & ( & 4"

&
6

)&

&
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& ( & & 4" & &' 3"

& & 4 ' 4& 3" & &' (MOyy):
MO, HO MO H e
x x1 [3.2.4-3]
)& &" & & & & & & " 4 &' 3" % 6% '
MOx/ MOx+1.) %5 && 4 &" & 34" & & 4 & "(
&' 4& 3" & ¥ & 4 & 4& &( & 3"
34
1
MO,, MO, =0O
2 [3.2.4-4]
$ - & & & ' 34" 3&& 4 &'4 & &
4" 3& & ( ' & & & & : & 4" && ' &% '
6 & ( , & & '& ' & 4" 3" ,4  IrO RuQ,
, & ( & 4" 4" $ $ 6 "3 &
3" & 34 % $ & &" (3.2.4-2) &, -
- CCH(C & & 3" '&- "3" &' (5
MO, HO R MQ, mCQ nHO H ¢ (3.2.4.5]
' R & ( & , & " & (& (6 &
4 & 34 # & 3" $ &' m n
3&& 4 &% & R.
; $( & | &4" 4" & & ( $ & MOy
& " -& & &" (3.2.4-4) 34, & -
- V& & & 3" ‘& %S & &" (3.2.4-6):
MO,, R MQ RC [3.2.4-6]
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Hzo \
Ht e 1M CO2+n HyO [{
+Ht+ e ‘\

e N

et ;iz‘i
MOX('OH\ f\/IOx+1
" 32, ( & 3" - -
& '&4 ' 34" 43 #( c@)&" (3.2.4-1), (b)) &"
(3.2.4-2), (c))&" (3.2.4-3), (d))&" (3.2.4-4), (€))&" (3.2.4-5), (f)
)&" (3.2.4-6) (Foti et al., 1997).
&( ,4 & &4 3" & & ' (6 (& ' $(
5- "% &4 ' &' 34" #( - &
4 & 4" 4" 3& & '&- && (& & &'.)4 &
( o, ! 34" & 4% " & 4
& ( 4" ' %' 34
3" & % #( - & 4 & "%& &'
#& ,4' &$ & & "($ 3"&( -& ' &6 & & &
" ( & " 4 & 34 & - & & &
& &' % $&°
, NaCl, & ' % 3"&4 -
& %& & & &4 # & 4" &% ' DSA, &6 &
36 ( & ¥ & 4" & 3" & 4
$ & (Israilides et al., 1997)% $ & (& &" (
H,O M CI M CIOH H 2e 3.2.47]
R MCIOH CI M R H Cl 3.2.4-8]
)& ( ( & 4 & & 6 & & (" % "
& & 4 %5 '
H,O M CIOH CI M Q ClL 3H 4e (3.2.4-9]
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458& ,' & % & &% 3

H,O ClI HOCI H 2e [3.2.4-10]

, (., 43 " % & ,& - % 3"& 4 ( & & 3"

& %' . ( "% & 4 % ' 4 - ' #@

-, 4 & % &' OCI , CIO; %5 6 "3 )& 6

"( 3"&( v (& ( " %& .3"&( "%
& 34 48 & 4 46 & (5 - '3( & pH
& & %3 & 48& & 3"& - 4& (Israilides et al.,

1997).

& & 3"& ( & &5 ( &$ & & (4

3" & 4 $& ., ( , &' ' &' &

" "& 3" - 4 - % '

& L& ( %& 4 39k (4& & ( , 2004).

& %& $5 %3 & &3 4&& & # & ) $ & &
& 4 - - (Gotsi et al, 2005; Chatzisymeon et al, 2006),
"6 & & & ' $ & .

)4 &' & 4& ( & ' 6" & & 3" -

- &' 4 & & 4" &4 4& &" & -

- & 4 6 "3 0&" 3.2.4-5) & &

& ( &" O, ()&" 3.24-2). '& 4& , " & 4&&

(54 &"( 3.2.4-5 3.24-2) & & 6. ™3 ( &

& " &' &4 & & 4" ()., (, %

48 4  4& '& " ( (" )& A&

& " & 4&& (4 '54 &" 3.2.4-2 & ' O,

" ' & 34" ) &4 ' 4& & " & 4&&

& 3" & - (Kapalka et al., 2008Db).
& ‘&4 4& ' & 3'4 ' (oxygen overpotential) 6 &
& "4, ‘&4 ! & 5 ™ &' '& & '
& & ' &'5 5 &4 '54 3" &"

(Bard & Faulkner, 2001).

31



% $ & ( ' $( & 3"& 48 & 43

#( & " $4 4" , " & &&3 &' 4 $ & & 2
- - F— - Evia)nia OZztporon
Viws Aviow b eV Tpospigon: iy

(DSALCly L= OB et

E_EIESE_;_T_ESS 15-18 0.25 ! /ﬂ‘x\

Ti/Pt 17-19 03

TYPHO, 18-2 0.5

Ti/Sn0,-5h,0s 19-22 07 | \/

p-S{BDD 22-26 13 o ipetaoy \

#'$'% 2: 3"& 48& 4" & 46 T, & & &

3" - - 43 #( (Kapalka et al., 2008b).

& 2% & 4&& "M 4 3" & 4" (' & & & "™ 4

& &" ' 34" ) &6& ( & ' & & &"
' 34 & 5 4$ & 6 "3 & $ &
4" ( 4 ' 4 4" 4 ' 4& &
&' 34" &4 ' 4& 3"& &' 4&&
3"& 4& & ( & e & ' " &'
& "' & 6 "3 , & & ' &
" & 4&& & & & &" ' 34" (
& 4" ) " & 4&& & 3" & -

- ( "& 4& & % & & 3" & - ). &'
(" 3"& 4& & '& &' IOy 4%& ' (Fiero et al.,
2007) " & 4& " ( & 10, & 6 "3 &4

' -& &6 & & 1,03, "' 4& 3"& &(& )&4 & 3" "

"( 3"&4 - &4 & 3" & - 4 & '
34"

Y4 & ( o, 3"& 4& & 4! & 6& 4 &

5 " &' &"' & 6 ™3 ) & &

& " & 4& & & &" ' 34" (
& 4" ) & " & 4&& & 3" & -
- ( "& 4& & % & & 3" & - ). & 4"
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BDD & 4" ' 3"& 4& & 5- 4" 4

3" : , &4" ' " & & PbQ, SnQ, TiO,, &
& ( $5 ( % & & &', &%w& ' (6 &
&5 4& & . , & & 4" BDD & % &  %& 4" '
"& 4& & % & (Fujishima et al., 2005; Kapalka et al., 2008b).
& (& , 56 & & & 4&& & &
3" & # & : "& 4& & % &  (current efficiency)., &
"4 & # & "4 &"( (3245 % &" ) (3.2.4-2)
"'& %' &" ), & %& ( : "& 4&& &'
% & 6 & & &4 &' % & ' & - & & &&$ &
% &' ' ( "4 % & . (& ‘& 3&& , &4 4 &
% & &' " % & & MM (" 4 , 'S ) &'
& '& % % , 4 & & ' % &' &"' 4" -&
& % & ( & & & $ &' %' "6 & 5% &
&"( (Gotsi et al., 2005; Chatzisymeon et al., 2006 aka et al., 2008b).
& 4" &' % & ( instantaneous current efficiency-ICE)
' 5 4 & & &'COD' &-& &( & " ( & &4’ , 3
ice O COR
8l t [3.2.4-10]
4" CODy: & &' COD (g/L),
COD: &' COD (g/L), 4 {(s),

L & & % & (A),
F: &5 ( &' Faraday (96487 C/mol),
V: 4 &' & %& (L),

&8 : "0 6 &' 34" (lgeq).
4.
( & - '& (& "& & 3
# ' (& & 5" & & 3" L H& (
& & ( & & 3 &4 28& & ( 4.2) &
& & ( & &" & &% ' tank '
5
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(a)

Counter-¢lectrode

ire, compartment
\\:‘ ,f"/ Polentiostan
gl /f"
-~ C-N —
Referenc s
cfcslri:d:"’f IJ:
compdariment Warkin
e gt I il
Magnetic—
AR Qo O \\L'amm selective
membrang
" 41 & &4 % & 3 &4 2& &
> % ' & '& ( . & &" & &%
trickle tower( 4 ). 4.2 6 ( & & &
&" & &% ' Batch, 4 & & % &' " % &
Flow cell with parallel
(b) plate electrodes
Bipolar trickle
Multimeter I tower reactor
P Pl Thermojacket f“;
= . -
g:u’ Anode Cathode_ 7 i_
— 1 1
Power n:;l;ler ; E
supply '} Gt
Peristaltic | Tank Anode
pump Peristaltic pump/ —
d &
(d) One-compartment (e) EMO1-LC reactor
Cathode cell
) Turbulence Spacer Back plate
- promotor ™
- /qud{:
Water re
bath R g N
_hﬁ!’"c"" b Flow - __/ “ Flate plate
— 2 L ) inlet uIIcl i . ¥ electrodes
6 o Magnetic Gasket
stirrer
" 4.2.(b), (c), (d), () & & &( &" & &% ' Batch
& '& ( & ' ( (
$ n ( & 4" m m 4 & L} & . & 1 6 # 4 4 &
&$( (6 & &4 3"5% & & ( & (
% &
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) ( & ( '& & '&( $5 ( &

& 3" % & & 3 &

3" " (& 4 - . & & 4&& & % , & &(
(&& & COD k TOC, & ( & & 4&& % &
& (& 4 &4

& & 3" 4 - & & % & 4" 36
" & & 56 &' 3"&( " (& &( & "( &

&4' " (& o) | #( , 4 " (& &

&4"  ( & & (" & | & '& 3" )"

& & & $4 (' ' 4& & ROs  (

3"& - 4 36 : 4 | "% [A.Sakalis, K.Fytianos,
U.Nickel, A.Voulgaropoulos, Chem.Eng.j.119] " ( &(" & &&$%
& #9- 4"' BDD 4 " % & ' % (" & %&
( ' 5 & & % YU )&5& 1 $(
#5 4" ' ' % ' 4& & &'& "%

3" & 4 ' ( (" ROs .&3% & & ' - , &4"
&% ' DSA, & 4 Pt Pt-Ir $& ' 5 5& ( & 3
" (& #$ & # % ' . DSA &4 "5

& -& ( & &' &5 4&& & ( &" 3"& % CIO
& $5( & & 4&& % & &4 4 & 81-93%4
#5 & &4’ 05 [/ CI i/RuQO;, i/(Ru+Pt) 3 " & 3% 100

600mAcn¥ 4 &' C.H.Yang,C.C.lee,T.C.Wen,j.Application Electrochem

5, DSA-
&4" &% ' DSA & % 4 & 3" TiInRuSn Sb '
$ ( & & & 4 ' ' 48 &
% & (43 L &4 & (" ' (6
3"& 48 & & '&& ( & - #$- , 3& &

48 &( &' (' 6 "3 ' 4 $ & & (&

DSA &4" (&5 (" 4 $( & "& ) & % 4 &
3" TiI,Ru Sn / Sb ' $ ( &

& & 4 ! ‘48 & % & (43 . &4

& ("o 3"& "% "
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& #$ 3& & 48 8&( &' (' & ( & OH4 $ &
& &
Dye® Cp/mg dm #fmAcm 2 Electrolysis Color COD decay(% Energy consumption®
time/h removal/®
PbO, anode
Blue Reactive 19 25 50 2 100 a5¢ 1.86 kWhm~? for
pure electrode and
1.66 kWh m~ for Fe,
F-doped electrode at
9% decolonzation
Basic Brown 4 100 30 05 100 73 -
Acid Red 2 225° 312 11 100 a7
(Methyl Red)
Ti/5b ;05 -5n0, anode
Acid Orange 7 750 20 6258 a8 27
(Orange II)
Reactive Red 120 1500 20 6258 a5 13
{Reactive Red HE-3B)
Ti[Rug 4 Tig 0, anode
Reactive Red 198 30 50 3 80 184 95 » 10° kWh (kg dye)?
Direct Red 81 0.1-1" 25 3 100 57-614¢ 0.555 kWh (g TOC)™!
Direct Black 36 o1 25 3 40 o *
Acid Vialet 1 o 25 3 100 32¢
Pt anode
Acid Red 27 100 10-20 3 100 104
(Amaranth)
Reactive Orange 4 100 40 1 o1 441 kwhm—?
Activated carbon fiber anode
Acid Red 27 80 05 8 ag 52
{Amaranth)
#'$"% 3:
4% & '
( 54 " W 5 & & & & 3"
4&I m & - n l(& - - , 1 1 5 &_ & & 1 (
a4 & & # ', 4" Lo #Ho & &&( "($
% 3" & & 4 & Ir0Oz, RuQ, SnQ (Comninellis & Pulgarin, 1991;
Comninellis & Pulgarin, 1993; Comninellis & Neriri995; Longhi et al., 2001; Saracco et al.,
2001; Trabelsi et al., 2004; Khoufi et al., 2008. & ( ( % 4&
54 & - ' ' " '5 $ % & & 3"
& - # & & # & " & ' 4 3" &
&( ) ‘& 4& , " '5 &4’ & - # &
o& # ' & 4" Ti/TIRUO, (Panizza & Cerisola, 2006). & 5 4&
&4' 30 h & % & 5), 5 g/L NaCl $
(" &' COD, & & - &' -& . , & 5 "4
(" & COD, TPh,& 5 4&& & " & 4 8 h
3 & 4" Ti/RuO,, & 135 mAlcnd, 2 M NaCl, &' 20 C.
458& ,( #& ( &4" ' 5 (" & &4
1 - # & & # 1 1 , n 1 5 & 3 n
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& & # & ("  Ti/Pt (Israilides et al., 1997),4& -5 93,80 99%

(" & COD, TOC TPh, & & , & 4 &4 10 h, ' 4%
(w/v) NaCl .26 Alcnf. ; $( & (" TiTaPtlr $5 CcCoD
& 71% & 4 8 h &4 , 3% (wiv) NaCl 16 V&( % &

(Giannis et al., 2007).&4 , ( ' (Gotsi et al., 2005), 4 ' & %5
& 4 (" & - s - - & -&
- & 3 & COD" 3 % & & 40% 4 & 4 4 h

&4’ . , & - " ' - # & & # ' ,

& ' 4 " ' , & - &5 (Inan et al., 2004; Adhoum
& Monster, 2004; Un et al., 2006; Khoufi et al.,0ZQ Un et al., 2008). & 5 4&

5" '& "& 4 $( & &' % $&° &

& 4 &' #&' . 43%& ' $ & & " BDD
& 3 &% "& - " (& $ 4 (Iniesta et al., 2001; Polcaro et al.,
2003) ( - - ' '5 & & & '( 4# &
& # (Canizares et al., 2005; Canizares et al., 20064). ' &

& ' $ & & & 3" 4&' " (&

'$ - - ' "5 & & & 4# & & # ',
"% S % & 3 & - # & (& .7
& &5 & 3" , BDD, # & & # ' & '
& @ 3 (Canizares et al., 20060).'& 4& & A# &  '&(

& 4 &( & 3 , & %& 4 &("
3" % $ & &" Fenton "%&  &(" 56 "5
&' # &' 4 4% & . , 5 4$& ' '
$( & & 3" , BDD, " - # & ' & 4
& & & 6 (, 4" &5 " " $4 'S -
&' ' 6" & 4" & " & (" &

- %  (Deligiorgis et al., 2008).

Chen et al i/Sh,0s-SNG (" 3" 25-30cni" ' (&
4 6& -#$ 2g dm® NaSO,.+ & "'4 & '& 4 &
&' &  5#(d)
G" 4 3"& (# &4" " & 25*24*1,6mm. &( &
& ( 6,25) hdm® 20m cm?750 mgdn? 4 & -  Orange 2 & 98%
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(" &  ,( 4 27% (' COD 16% & & 4&&

COD/ mg dm™

Specific charge / Ah dm?

" 5.1 &' " & COD' & & " 4 ' $&' & 4" TilSh0s-SnG

Ti/BDD

- 1500mg drit Reactive Red HE-3B & & & 95% 13% (&& COoD

11% & & 4&& % & . ! "% %! 4& ' &

3 BDD (" ' % %& & & &4
4 6 & & 51 & Orange 2.

Hashe et al "3 & &4&& & 4" Si / BDD & Ti/lRuG,
Ti/SUG, , & "4 & #$
H i/RugsTig 0, 4" # " & & &
3" ( & & 3"& "%

Pelegrini et al % & & 3" 30 mg dnt " ' (& & Reactive
blue 19 ph 11 & '&«4 & $" & & (", # &
4 35% & & 4&& & % 9,6% (' TOC &( 4 2-

&4’ anod=1,8V vs Ag/AICI.

4%& Catanho et al "4 30 mg dnT Reactive red 198 0,02 / ,SO,

ph=5,4 -& & & 4 filter-press &" & &' & 84#.

'5 4 ' % 18dnth?, & 4 3- &4 & 50mAcm?® ' 4
& 4 4 &
)4 & ( ( Sochaetal 3 (& 60cnt " ' (& & directred 81 0,1-
1 0,1/ aCk ph=7 "#& 4 " % & '& 4 & ("
20cnf
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i/Rug 3Tio 02 (" 20cnf Pt (5" & 25mAcm® 60C. 3- #5

& (' 57-61 % (° TOC
4&
7 54 ($ ' & (' - & &
CoD  ( 6& - #$ 4 - (& 4 "($
4" &% ' DSA. 4% & Mohan et al "4 tank
&" & $" " & 4 Ti10cnf ™ i0,-
RUO-PbG, TiOx-SNQ,  TiO.-RUG; (" (5" & 10cnf 4 3"&
('# & % 75cm 4 " % & 330 mgdnt & ) cid brown 14
0,58dm*Nacl ph=7 % 30mAcm® 5 &L $ & 4
& 9.1&& (" m (&&  COD ( i/TiO>RuO-
PbO<Ti/TiO>SNO<TiTIO>RUD,," & & 100% & & 4&& & %
'3 4 % 42,62 67% 150 &( .
> & 3"& " ( 4" &% ' DSA & 4" '
$5 4 & Szpyrkowicz et al. B& & 3 700cm 4 & 4
0,181gdn? & disperse yellow 126, 0,03 gfiv& disperse red 74 0,158 gdrit &
disperse blue 139 0,1 / ClI -& "4 & . &
100 cnf & (" & 20mAcm® &' 25#5 % 40 min.(& &
& '5 4" TilTiO>RuG,, " 2% (° - & 26%
coD (' 60% & & 4&& % & & (& %& "4
iITiO2-RhQ[47%  (&& - & 29% CcoD Ti/Pt-Ir[50%
(&& - & 39% (&&  COD.
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6.1 & "(&3 - &4"
(& &4' & 5 &" & ! & b,
& ( 6.1) &' 5 4 & &
Metrhom. &" & & & 4 ("  TI/RuGxIrO, 4 $(
12.5 cnt (5" 4 6 , & e
! .)&4 " & & " &' " H & % 4 & & L4
&6 & 0. "(' & # & # & 4" & ™
5 &5 & #5 4 '& & ' & 5
Y4 & & - & $'5 3(& "% &
5 . 4 &" " % & #9$ 120 mL.; & (&
& 5 43 'S -& 1 M HCIO & %
& %& . & & "( & 5 (& # & " & & 4mL 4 &
& 4 &' &" & ( & & ( & & & "5%& ,-&
'5% &- & ( % & 4 $( &' & 4 &' COD,,TOC
,—_”*.__ﬁ
x/ |
/ J
I /
®) (5] ’
(a)'\.. - e
Nepd yidnge Nioc . !
2 P e ToomHa
...................... piopong
MoyvnTikog Ozpuokpuoiug
AVaBELTIPUS |7
" 6.1) 4 &' & '& % % & ) " 4 Ti/RuO-IrO,
#HGE" 46
) 4 &' & '& % % & " &( # & & (&
" 54 4 2 3
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6.2 & .

(& & 5 2'5 4 $( &5 . 5
# & & 5 6 & low , 5 80C& 5 % &

Hi.

& (& 5 80 C 5 &' % 4& "4

5 && 4& 5 & &" & & & 5 & 5

&4& $ 64& &( 3 % &

(5 & . " % 7- & (6 4 (' & & '& 4

4 120ml. & $ &' % & (& 3 (& )

& 4 '4 & & & A" & 10 ml #(' "
4 4ml.& & """ - & "3( & #('

" & & 4ml& 7- "3 & -& - - (5 - - 1G5 -
& '4 6- ) (B " & 5& & "4 ( ( &
$ & & & & ( &".

G (& 3 ( & & &' %& ' $ 46& '5

"3 hi low 54 ( & & ( &' 4 5 (& . (&
' "35 "6 & & (&

(mA/cnT) ' & 5 (& -

C(400ppm) 3"& %

8 low,hi C -

15 low, hi C -

30 low, hi C -

50 low,hi C -

50(20) low,hi C -

30 hi Cl2 -

30 hi Cl/4 -

30 hi C/8 -

30 hi Cl2 NacCl(5mM)

30 hi Cl2 NaCl(20mM))

30 hi C/2 FeGH(5/3mM))

30 hi C/2 HO,(+16,67)mM

30 hi C/2 HO,(+16,67)mM

FeCk(5/3mM))




Ti/RuO,-IrO» 50%

56" & &4" Ti " (5 4 2 & & % '
& 4 & &4 $% &' 70c. & 6' 6' & &4"
& & 5&% 3 4 3%(1 ) -
151" (5 % " %' 1893 % 3 (0 =126), & ' #6"
& "(' " "5 & 3 4 3% & 5&% &
& 4" ‘&4 1- & # & 5 # % . & '
% ' & &4 4 & "(' & 3 "5 4 2
&( - % ' & 4 & &4" & 5&& & $% &'
70c.
& (& "(" Ru » 4" RuCI3 150 mM.O( & (
& & 5L5 ' 4& & 0,75*10°mol.  RuCk 41% Ru
$% .#=243.75 4 n=m/ #m=0,1826qg."' - 3 0,1826g RuGl
5ml HCL 10%. &4 & "(' 5 & &' 70c ( 3& & -3 5 &
HCL). 4&& ' " % & 5ml isopropanol.
; & (& "( IrO2 HaolrOgxH,O 150mM= 0,30529" % & 5
ml 4 [ #=406,95]
HalrOgxH0 4 & RuCh 4 & '
- & (& "( 10ml '5 ' - " 50% ' & 4 &
1,05ml(10501) 5 & & & & " (" 54, 4 1,
(& )
+ o & _ %' 50 I & " % & & & (D=1,5cm) &" (5
L5 - & & T $% &' 70c 10 min.
+ ' %' & &4" T $% &' 500c 10 min.
+ 6 6' & &4" Ti.
+ #( 4 & no 7 &- .
+ ‘4" & & " $% &' 500c 60 min
+ & 6% & & "
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&1&  $(&) & 5 4 20
13,0505 13,0710 7,3455
5+ (9)
1 & (9) 13,0569 13,0717 7,3478
2 >>(g) 13,0588 13,0745 7,3505
3 >>(g) 13,0609 13,0767 7,3521
4 >>(g) 13,0618 13,0785 7,3549
5 >>(g) 13,0650 13,0816 7,3570
6 >>(q) 13,0661 13,0818 7,3583
7 >>(9) 13,0688 13,0850 7,3613
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7.1+ - & % 34 (COD)
( & % 34 & 4 &' & 48 '
% & & &' % $&' 4 #& .)& &
34 ' && & -& 3" ' & &
" & 4 CO % ., & " 4 & ' & %
5 ( ( 3"& ( 4 &" 4  3%&' 4
3%&( & "% 3 , &'5A4 ( . " 4 4 #5 &
& &4  4& 5 (43 "%& ," & !
& %& AgH 4& 5" "% &' COD  # & 5 4
3"& % (CoP), 4 & %& ( &' Ag), 5 % 3 &
5 & 2- . " & " & 3" & - - .
&"% (& &" 4 ( & & 4 4 ™).
& &' COD# 6& & " 4 & 4& & ' ' (& 4 &
" 6& & 34 ' 5 &%& & && &" 34
! 5" "% &' COD & & .5 "
- & &( & # & % &- 4 0-1500mgl & 2 ml
" & & $ " &" & - & & HACH , &
86% 5 4 3% 5 4 "(' & 3" & ' . & 4
& & 5 & & ' 5 2- &' 150C.(COD reactor&
& HACH 45600 & 3.2.1 3.2.2). " $% -& 'S5 5
# & & & (& "4 $ &$8&A & % & 620 nm.
To$ &$8&4 & &( &4 & ' & &' &% ' 34" 4
& 4% & .(4 7,8 " 58 (& )
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72 4 4 (5 ( OC)

O 4 4 (5 (Total Organic Carbon — TOCRK (& & 5" & %

' 5 & #5 4 TOC '& 5050 & & SHIMADZU
% $ ‘& & 5" &" & - & & , -

48 & ‘&% (& & & &" & , - 5 - , &
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