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Abstract

Dichlorobenzenes (DCB) are widely used in industrial and domestic uses, such
as intermediates in the synthesis of other chemicals, solvents, and hygiene products. It
results in ubiquitous in all major environmental compartments. By their nature, they
are highly toxic and poorly biodegradable in environment. It is difficult to remove
dichlorobenzenes from subsurface environments using traditional pump-and treat
technologies. Most technologies have been focused on removal of 1,2
dichlorobenzene (1,2 DCB) in aqueous phase, such as adsorption and
biotransformation, catalytic reduction, and membrane separation. However, less
attention was focused on 1,2 DCB remediation in soil.

This project was aimed to investigate remediation efficiency of 1,2 DCB in soil
matrix by electrokinetic process. The experimental parameters included electrode type
(Ti, RuO,/Ti, and MnQO,/Ti), processed fluid (SDS, Na,SO4, NaOH, and NaCl), and
concentration.

Results showed that the permeability in investigated system was in range of 8.7x
10~16.1x10™* cm?/V-s. The highest permeability was found in RT/NaCl system. The
treatment / degradation efficiency for Ti, RT (RuO,/Ti), and MT(MnO,/Ti) were
34.4%/8.6~19.8%, 23.3~75.4%/11.0~29.3%, and 21.4~65.2%/9.9~27.4%,
respectively. In RT-SDS system, the treatment / degradation efficiency increased from
58.9%/16.2% to 75.4%/23.4% as concentration of SDS increased. In RT-NaCl system,
higher electrochemical reactivity and electrokinetic performance were found, which
resulted from high conductivity of NaCl. The treatment / degradation efficiency
increased from 62.9%/25.3% to 66.1%/29.3% as concentration of NaCl increased.

The electrochemical properties of electrode characterized by cyclic
voltammetry and the surface characterestics of electrode investigated by Scanning
electron microscppy and Transmission electron microscopy were all investigated in
the study.
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*IE : Inert electrode
b BMOE : binary metallic oxide electrode
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Pollutant

Medium
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Operation parameters

Summary results

Takaoka et al., 2007

Vogt et al., 2004

Braeckevelt et al., 2008

¥ > 1999

Yuan et al., 2007

Yuan et al., 2006

Pentachlorobenzene

Chlorobenzene

Monochlorobenzene(MCB)
1,4-dichlorobenzene(1,4-DCB)

Chlorobenzne

1,2,3,4-tetrachlorobenzene,
1,2,4 5-tetrachlorobenzene,
1,2,3-trichlorobenzene

Mexachlorobenzene

Air

Water

Water

Water

Soil

Soil

Activated carbon

Bioremediation

Bioremediation

EPN
(Electro-aggregation method)

Electrokinetic movement

Electrokinetic movement

Nitric acid concentration: 70%,
Temperature: 70°C, Time: 24h
Treatment time: 709 days, Large-scale
constructed wetland planted with,
Phramites australis
MCB initial concentration: 20 mg/L,
1,4-DCB initial concentration: 0.25
mg/L, Treatment time: 2 months, Current
density: 256 V/m
pH=3, Flow rate: 10 mL/sec, Retention
time: 35 sec, Na,CO3/NaHCO; buffer
Concentration: 0.025 mol/L

Duration time: 11 day, Potential gradient: 1

V/cm, As the anodic purging solution in
the absence of B-CD, Na,CO3/NaHCO3
buffer
Concentration: 0.025 mol/L
1%f3-CD, Soil moisture: 45%, Duration
time: 11 day, Potential gradient: 1 V/cm

Completely decomposed

Completely degraded

Removal efficiency:
MCB: 48%
1,4-DCB: 38%

Approximated Completely
removal

Treatment efficiency:
TCB > TeCB> i-TeCB

Treatment efficiency: 32.2%
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%(10cm x 120 cm DxL)) -
DC power . Electrolyte
supply tank

Water level
sensor

Fe electrode = PVC casing Floral foam

(a) () B
Cathode (C)] (C) 30cm
o (@) (@) T
- O (0] (@)
DC power
E@ply o o o e
+ O (0] (@)
o (0] (@] S
7 750 cm T e
||= - 200 cm - |mrl

Q Initial sampling

@ Interim & final sampling

W 2-3 731 L(?,fﬁ,ki Q)T & W2 (b)IEJm ] (Lee etal., 2011)

Anode 2 (A2 l ( 10
- (A2) ] 2) Jfe
Osé
DC power Zone 2 ® Oss O 20cm
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—@—l Cathode (C) ] | (c) 10em
= Os: T
DC
sus;c:;;er Zone 1 O Os2 O 20em
Qs1 4
+ Anode T(AT)] | @ 100m
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I 80 cm |
!‘ - T '=|] e e

QO Initial sampling
@ Interim & final sampling
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251281 & %
BoTest] ¥ 735 4c AT R P T IS 1ABA ¥ d 3t 1 T F
TR §EprH 4 0 (50 % {5 PR R OTRR E(130V) o w1 2-5 ¢ B AR
fR? apH Efcd T R A delF B S LA apFiz i A A i E P om 2 3] 3A
H3 P 5A PG BiRiRhpH ¢ AT X A pH=1-2 8% 0 - E 1B
FhomEiEpH ESY b2 > 2T A F G TR AeE 2 E A ALY
BB EY A4 M TRRAETR LTSS YR
G RATED SRR QTS L - S A P AT
-

FRRBYET AIREY P TEBE 0 UEF S PHFCOH ST 22 42 B 14 o

2 mig by BTAE b e

PR

11


http://www.google.com.tw/search?hl=zh-TW&rlz=1G1ASUT_ZH-TWTW438&sa=X&ei=tsy8TtjuFebEmQW9n5inBA&ved=0CBkQBSgA&q=%E7%BE%A7%E5%9F%BA&spell=1

BB kR B 2708Mgkg AR L L e e
O VR T SRR R My
5@’*&@1@’Eﬂﬁx#sﬁ\»}ﬁpﬂmjﬂét,g%i% %: .

e i E RS L b e

AERE T fdrad G FT% > A f? BACA W

40
¢ B % 520pend vk Koo — AL R »
Ly 51&A‘iT* LERT LRBR 2| o

s ) 4y o2 R 8
WRBRBERFE L ST BEE - o
15
;tl’%':"ﬁ"tt?,?ﬁ%’;gpﬁe’—g%iﬁ’k—:i’?i@iﬁg 10
5

2 K;% = é’ E‘f’%}i ﬁﬁi i = é’ il a3 K;? ;% B 21 ’ o 10 20 30 40 50 60 70

b Time (days)

27 61% 0 B tscrplEE s Bpl 54 % W25 T84 RF 2 (QFTf2F pH %

o= A& %ﬁi%#@?9mMLf° v 2 (b)R mB (Leeetal, 2011)

BoTestll > 3 iE— B 1A SfE XTIt &

Ktafesd BHR2Z B o 2% TR E B

oo FIRAERT e @ EHEL €M B % TR & Anode 2 foi£ #&(Zone 2) &
v Anode 1 frist&(Zone 1)® » ¥ i F| & B TRh E(250V)*> %73 & > Zone 1 & 43
T 5D Zone2 32 X s E T TR RF A ZONe 2 T B F P EF T Zone 1
BE RS g g .

B Test Il sl ik B A= 450k & 5 15,489mglkg > 546 26 = (& 4~ 5 1 RIEE T D%
—iﬂﬂﬁﬁ%4lﬂﬁ:iﬁﬁ»ﬁﬁﬁ#ﬂﬁ%%%ﬁ%%vi%ﬁ&ﬁﬁ
ot Bons pEh MY LRE RIERORT ERG S o ARBES B R
BB A5 AB% 27 b eh o & Anode 2 2@%&«¢$mm%¢;$®m@’wﬂ
Anode 1 & 3iTH 1% } 4 1 (44%) » A FERES 7 SR 5 (70%) -

2513 R A

FETE S LR G A EG R RS > R i T
oo FIAEBETHES AR - BLEad v §dd kil AHEgarp
Erg’ﬁﬂ'frgﬁ—i%f{;ﬁé TERBE ARRRE R i B ALRIGR E AL R B MOTRIRE
Blle b £ BASORY HLRELT o - HTEOPIR AR AR F 2
B G ko

T4 AR R IS Rl F i 2 bl

1 #®BTH ol FE R

o

T
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2. fTestlls i &4 kil g % 2 HIDF AR TI 2 M i LRIAC
- & £ g

3. REAEFYF AP HNT S G T A A o U R B
:i!’; ‘ I'l:—"if;“% ’ ,?E[LF—T(] /}é‘ oL t—!—_ ﬁp ﬁ" 4 ﬁ’r/rv#% IF—T m)sb /EIF’B X ©

252 3 £ T e L E V5 %3 (Wan et al, 2011)

B - BT BRI B A T PR FY  RiEEET
o4 SR ITES 0 P R T B S B 5 B0 & bodd e BB A
BELZHERPHFEAPAE 2 A2 - 540 {R AL R PR
SR e AP KR ATk RS AR TPH AT R i
RS a‘:ﬁi%‘@u TRYR S 200V/M o 5 iE 10 X A1 > TPH thg £
FRRGRE S AR KPP EY 2 f 19 HTPH 5B 5 3+ ¢ if 42
0.37KWh» $45t p %0 F B R T 60 4 Baf 7 0 LI AT 7 B- B GAOTE chikjivo

2521 HHEE 2 2 Q """""""

AFELOT N AL EESL LD PR ; ! ; :
AR - B RRELT L E //10 o
RS T I O e R R Q __________________ _________________ Q
FlH3 7 35 nR " AP T "ath (2 /2 6.0 } /

m £ 140cm) ? £ 245 F & 7 i&(E D

60cm £ 0.5cm iLtR)r &t % FF&ET Q Q

BrEat (2/460cm £ 05cm &) B 2-6 T $ 4 g,pﬁ:%mé » 5 BTIER LW
LEBR &Y X BREREIERETLE (Wan et al., 2011)

» ¥ BIAREERE Y 5 10cme ffice? B o~ 3009 efr 60 mL T X PR IR £ in
L RN S S k(- B A2mU) R R TR B0 v T4k
RIT o m wliE ek RIBE AL 5ok

2 456408 X e (S5 2 B E 25 mL R GE RS T T B

R 2 R BPHFATH S RILEARY & 5 - BRAFIFF) > L AT = E i
200V/Im chig 2 TEF R B A BL 0 10 X KLY A T ARE A X 0-2~ 2-4~ 4-7 -
6-8~8-10 & 32r 2 T I o Mficim P I3 N Rt NERRSET AT

RIS HPH @~ TPH 7 £ foim i A 45 » 2 15392 e 7 24 /| PrR 5215

131"3
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SRR ER & TR

25221 %%

wR mEl R 5 200V/m i i 7O TPH ffsdkic 2 ¢ k& K 78.6 mg/g % 1 48.4
mg/lg- = 5 ¢ 3 38.3%:0% TPH 2 K,ért Foo@m wh iR TPH 3 % F T ) pk
5 (<3%) -

B 2-7°¢ %50 TPHaz £ Cathodic

= Raw — anode mmm cathode —— removal rate
160000

S PR R
F 140000

v

F""
™ 3134

pa

F 120000

r 100000

F 80000

]
kS

(-) 1ySioy yeag

F 60000

R O " € R en
T AaC=l6m3ddd 3
£ 37 i 100% o § 7 R 4B

§ s L“I%A’H% +

(0.368 nm)& ~ & » AT B4 B

i dF AR IR B A K'% P E R min:Cag; 28 Min:Ca; 28.3 Min:Cay; 29.1 min:Cag; 29.8 min:Cag; 30.5

LD AP SRR Ao Fp T min:Cas; 312 Min:Cso = (Wan et al., 2011)
F 2 %M o

F 40000

=W @
—?—
F_k

F 20000

!
‘r‘zt \31“‘-‘

0

=

W 2-7 R84 s dend EHELA
22.4 min:Cyg; 124.3 min:Cyg; 25.1 Min:Cyy; 26 Min:Cy,;26.8 min: Cy,; 24.5

AATT R HR Y R SnpH L 820 MEF T B4 BSHRE 7T o 1R pH
BT RS TR R g R A RFIE TG A EA 2
By > VAT E Y BN L g DRI *tﬁgme'z
RIAEpHE gy fy - BRIFS Fiosr i
Fiplgd aFg 2y Ics ﬁ%%m%‘ PN RJEZI Y B RLPAERSY TR
- HREPBERTDRDFTELINL iv'mﬁp’“‘!f ° %Rl 2-8 * DGGE(% 11 & %
TAVEF R A7 R 2SI 2 5 F g (Blast) kiR T F e fp e
A% 2% 40T 1 (GenBank accession numbers FJ440449 to FJ440511): Bacillus
sp. (DQ129874.2), Bacillus cellulosilyticus (AB043852.1), Sporosarcina sp.
(EU196334.1), Mycobacterium sp. (CP000518.1), Beta proteo- bacterium
(AF336351.1), & & 7 P cf% F(AJ232811.1), Streptomyces sp. (EU741156.1),
Pontibacter sp. (GQ927312.1), Azorhizobium sp. (FJ190409.1), Taxeobacter sp.

.Jgﬁb.
5
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(AM265541.1), Dyadobacter sp. (EU446185.1), Pontibacter akesuensis (DQ672723.1),
Williamsia sp. (DQ068382.1) -

12 3 45 67 8910111213

m 2-8 2 W imFHE H DGGE H i o A Sadoth 2 » B 3 IEHEHk &
& 200 Vim ; BEor Ak e A B o (Wanetal, 2011)

16

Electric current (mA)
=

12 1

o o

0 4Il'] Elﬂ IE.{} IGIﬂ 2(;!0 24I1l]
Time (h)
W29 T g i 3P FarprFM H (Wanetal, 2011)

BB A (}; 4, Sample TPH (mg/g soil)  Removal rate (%) pH
P BE N DERT CB. 02 (cathode) 484 38.3 9.6
cellulosilyticus,Sporosarcina

2-4 59.9 23.6 9.0
sp., Mycobacterium sp., B.
proteo bacterium, unidentified al 64.2 18.9 (i
eubacterium and P. 6-8 77.6 1.1 7.1

- ° \):_ 2 ] g ,';j ;“ -

akesuensis o & B REOF 510 anode) 764 2.6 65

S L EEEN B
W FP o B pH BT § B 4 Fam e i o Ko KA B R4 R G
WA LRG0 RE A B KRR R E L F R kAR e
PH 315 ehuE = (& 2-3) » Hi4c 7 2 AT IR > Ft wpREPFR S 100 R0 (]
29 & 7 B ECILAT IR AS AT 0 07 AT R iR T e I BB AT R R

Fpo R BRTMRE &4 1g A iR 3 5 0.37 KWhg TPH» 7 A2 1
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kg hic i d 75 24 3 9 29.1 KWh e

2.5.2.3 f A5

TE AR i‘c%%%d BAstE e RORERRIT M EF 1% - BEH- g
for BHRAT S AR e B RS Ehd R SR Koo
EPRR LSBT TREFAR G 200VIM ch7 it o TPH A ts &k & 1£_78.6 mg/g
"5 48.4mglg 0 AR P2 I pH B R 2 ch 82 % I 6.4 @ At R ke
¥ FfE~ % # 5 B. cellulosilyticus, Sporosarcina sp., Mycobacterium sp., B.
proteobacterium, unidentified eubacterium and P. akesuensis ; % & 7 &2 3] ;% i 4=
291KWhic & » a7 RIEFHFFE L RRE 2 JHRAFE G HF2ETLFH
",%i’—::i'- °

2.5.375 % Fht Tnk &R 2 2 F ¥ 5 (Reddy, 2010)

SRE SR RN LS RN A e SV E AR E
(USEPA)fz 3+ » $ 4246 217,000 cr- 7 3 & &+ % 187 % A} il Ajj o7 e
F$$&ﬂ°4%ﬁ%TL@iﬁ4ﬁﬁbﬁmf®§ LG HE AR b
WP B R E RS B E AR A B Are) s S B S
PEcF P F 250 f) foXa@g g 1 &5 (40 F B g (PAHS) - & & =
F(PCBs) c iz F M EFfrE £ HFLFAF R A AR &8 Fho X540
Fa5d BT ga g Aot Gk G R T fodd fody e P iR o
FEEF RS IrE G A AnF e kP A R E

Bt j - BRRPFREFD T AL B AT o R RILHT - B
BT 2 2 0E TR IR Ar AT H TR ARE DR R RPN RILR

Lend EAcRFH e ToR(F D) - LFRT R léfiiilhaﬁ‘ﬁﬁﬁﬁié* 7
B F T R i o ISR ] 0 F R E A o ¥ R enp it 3 M3 4R g o
AR F AR 2R s B2 o2 *47'"715- EART EE &

LRI F YR DRAFE BT RS T R B A H LR
BEE S EEG snlh P b A ARR R FIE BN F A nit B oe

2T AT o (¢ RRIR ST s blde D dmie 4 3 S B FE Tt i
BRI )tk R iR 2T R b4 B PURE Gk RS

MG - B R R 2 e AT E At oy e e
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2531 B3

EFRBEE B ALFIRF DL BEFURMNT GOR T AR T

NOESER .83 SERNIE RV -1 Rl U S RAC E o )
‘@:Qﬂﬁﬁﬁnfmwﬂ SR G e PR FIEL S (3) 2 MY ok LG 1805
BP I S RIS A WY S (DR EERF R IFR T T IR Fe
R I B) R F R SRR IR R ES A (A £
Gkt AR R s RIS )

I 2P A BRXFLIEOREIL A B Y A RBRETRE AT
He H Riguzby Mag* g $308? > AR EFRTERT TR §F 4 M
RAMAL S VTG ﬁ&i;&Hwoﬁzmm%wﬁ%Jﬁmﬁmf@@

4@ AL A a2 (5 T BB ()T E 4 G REE
a%&ﬁ:@@iiflﬁ*44’ﬁ%g IT A NP I A s s
@?@**%ﬁﬁiﬁﬁ?ﬂMMﬂM%%m@%mﬁﬁ%ﬂ:w?@W*%
AARPE Ao E P AR S O)RE GEE S T U RR R4
ﬁﬂ%@ﬁﬁﬁ’“ﬁhﬂ'@ﬁﬁ%é*’%i%@ﬁ§@ﬁ£$iﬁi’%
TAF T AR o

LEFRFDGEBHL (D) HIARTREES > - LD v 5
Q¥ frdpF HTBHEH > P dpF LFOTIRI B Q)R AETH > F R
B e Adp F T dE DR AR R S (A) PR it %@%ﬁ AU ER R M
o RFG LB P ESFDILE iﬁ‘ﬁ%}i@ﬁi’ BB EL RS E
EFEA 0 LFE TR BHE BAILEAL IR L AEWS AL L RS

Fl 0 B W T AR ACEA BIEY £ T vk A seihe d SR INOM B R IEH R

m?,ﬁ;’,i pH & R A iEA 4 OH 33 ff'i ?_F» CItBA S H+$§$/§.—3‘ 'f‘"i 7:#’ ,
R %ﬂHﬁW@éﬁ@@ﬁﬁOH@@ﬁ@%ﬁ,ﬁ%H%OH@

AR o - AR ERIT AR pH B F A
F 2 etk s g pH ETRE > 2 3 pH B o it 480 550 3k 1 5 F A2 e v
MR~ B A P RRE BRI PH B Mg ARG EBFRT T
ﬁ%%éﬁﬁﬁwﬂbﬁ‘ﬁ’iﬁ$%W%@ﬁﬁ?£ﬁ’imﬂlw%pH
BB E %ﬁiéﬂ+43%fﬂh-ﬁ£/wﬁx’xﬁmfg %7 TBH o 4ok pH &
BL(PZC) > 134w ¢4 T F 2 RF

R TR s & 0K + = DA e 1
BERFEL TP R T it g

T
g &3

/

=N
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FEM P RELV Bar, T BUAHNE T Feh 5 H L L Y
#p R H @i S Ron g S A £ Renp iz 5 OH i@ fig #1545 £ %

SIS TR RS §EREES feRR ] 5 AP H TR R B

-] __CATHODE
+ 7| CONDITIONING

TREATMENT
UNIT

GROUND SURFACE

* 0 = ELECTRODE Sorre Dael el
e Vaiae . = ELECTRODE " .

=+ © ANODE (+)

LS =% WELUDRAIN .,
«* H water S
. tEjsuppLy
WELL

= CATHODE (1) * » *
WELUDRAIN * « *

ELECTROOSMOSIS
ELECTROPHORESIS ; (MOVEMENT OF WATER) SOIL SOLID PARTICLE
(MOVEMENT OF -\
NEGATIVE-CHARGED \ /- ELEcTROPHORESIS
COLLOIDS) (MOVI N F
7 { POSITIVE-CHARGED

COLLOIDS)
=

TO ANODE — b
)

[
ELECTROMIGRATION <—
(MOVEMENT OF ANIONS)

TO CATHODE
o | =570

=% ELECTROMIGRATION
(MOVEMENT OF CATIONS)

|— ELECTRICAL DOUBLE
LAYER

W 2-10 R T 64 &5 % 3LH (Reddy, 2010)

SEEHAL AT o % o B 2-110)° BT £ B L REH
ﬁﬁwﬁﬁ@pHﬁﬁﬁ’ﬁ%%ﬁ&&%&:@ZM@ﬂ’%%%$4
o BtE o AJFd BARHIT O pH B S 0 BB RS RER £ G H
i ? REH AL R EREA

1Y AR AT %?Ifz ERAAY BB E L 0 bl kG ERET R
gt 4 > FIAH I B FRAME - TR AT R ARAET IR
AE L AG 0 Tk 2 ggmpH EErEEmIERETEETEB BB ERT £
B84 (R 2-11(c) ~ (d)) > 2 F 85 A iy b GRS AP BB % o S
THBLGCHT A SR D ASEEE e T A M B mﬁ&*ﬁ%
A REE S ERTEF 4o TED EH (o R o R ) oA & A (4 EDTA)
EIRRCTLE % SNV ﬂﬁéf; S48~ 45iE 98% o

Reddy(2003)# @ # 4 &) ﬂﬁﬁﬁﬁ»wmxﬁwm,ﬁ SRR e [ R
ﬁﬂﬂﬂ¥?$$4%$?4ﬁﬁwlmﬁﬁ v Bod- A ez £ 5 500 mglkg
#01 1.0 & 1.5VDC/lem 1 B 7 b 3 i H R T g m%aﬂﬁm’u£|%*01MKl
B E o Bfs3ER Y 1L5VDC/Iem hF =t B fo 05M Kl kB § % chd
ok R AL FEFAREESRE AP > F R Y kA S 0.IMKI{r 1.0 VDClem
OTBEET o OT%A A o RIS 2 ARG IRAFT 16 mglkg -

d

5

FIRS
ETTNS
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T T T T T T 314
— E o
08 b = Mass aaE [ Mass ®
—e— pH : —e— pH
= ——— Initial Mass A ——— Initial Mass 10
£ ost s PR
g Kaolin-Ni(ll) Test 8 r % 085 KaolinCr(VI) Test is
e 5 & i
2 0atb 6 @ 6
H 2 04
= E E
4 e 14
0.2 E 0z b —|+ E
2 & — & — J2
0.0 2 : - ¢ . 3 L} 0.0 ‘ 0
Anode section 1 section 2 secton 3 section 4 secton’S Cathode Aosds pacion 1 eeciln Z saction 3 saction # Saiond Cathod
Section Section
¢ 10 T T T r T " dio T T T T 1 514
12 12
08k Mass e
—e— pH
——— Initial Mass 10 310
5 s
g osf E & g osf R
£ N iu I
= Glacial Till-Ni(l) Test a @ 6
04 & 04 E
= 3 = E
EP 4
02 — = — B __ 02
z 32
0o E L 1 o 00 L= =t =1
: Anode  section 1 section 2 section 3 section 4 section § Cathode Anode. saction 1 section 2 section 3 section 4 section 5 Cathode
Section Section

W 2-11 84 gEin % @NI()/B H2 ;
O)Cr(VI)F &2 5 ©Ni(l)/# 3 2 (d)Cr(VI)/#% 2 (Reddy, 2010)

iﬁu§$ﬁ¢%ﬂn@ﬂﬂ*?%#ﬁiﬁ%%”
; ; BHBAIENRLEFAPF I Fadn? > a TH 4 EILH
Wl MBS AR R B EERBERR AP O B R

LR BB E s B I {orE MEWR S A o
BT E G A TR AR RSP L FIE R s et B A R
ﬁ?‘ﬁ4#ﬁ¢%ﬁ4#m/b#’ﬂb“ﬁﬁ’%ﬁp”% oF ke
TLg;ﬁ-,{{'fr%n R DA AR PG LIF S rﬂlﬁ W TR AT R
FL 5T MRETAGAABRY X Ao st o

.
3
Ef
=%
‘?‘“
.
5
ﬁ'
4
|
—n
1
48

254 84 5o Cr 2 Cd 2.#2 3 (Larson et al., 2004)
THET T BB BREBL I e S bt E R REFER B
A TER S oS Higaefottiy o A F WK E 1 P g B8 Y < (ERDC)
SRR R (EL)IE 71 § P gpeni 0 g 0 enik 2 R T B R O ek
d oo PRy BESLEPE AR B F -2 3 0 405 % 7 £ 53,500 mglkg 0 R REESE
9mmmm,&@¢ﬁg%ﬁﬁﬁ%§ié%EAmem°iﬂ“F%%ﬂ%:$
I B 7S Bk L ftbefrd 39 3 2 45(VI) o Lagemen(1993) tedf 4 @ 4 &y goii' ¢b
O BRE feR B R F 4 Frn g Biof 5o 2 B2 B0 2 § ¢ % (TCE)
f3 47 ik B j€100~500 ppm*s 3 aplmm°wwp"ﬁwfﬂi~}w?%
P ET ) REE) P G R BARS I RILF L

4‘;7"1 )\EI.f‘F" o

‘i‘:“

=
@

f o el
ﬂ.
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2.5.4. 1T Hp|38 % 1

% 2-4 I-P3EE & (Larson et al., 2004)
Athode-cathode spacing 4.57 m (15ft)

Same electode spacing 1.5 m (5ft)

Electrode length 3 m (10ft shortened to 4 ft after 118 days)

Soil 9.14 m x 457 m x 3 m = 125 m®( 30 ft x 15 ft x10

ft)

Initial conditions

Initial Cr (mg/kg) 180-1000

Initial Cd (mg/kg) 5-20

Initial pH 4-9

Electric energy (constant voltage, varying current)

Day 1 60 V

Day 20 45V

Day 118 45 V(electrode lengths were shortened to 1.2 m)
25427 %+ %

W1 2-12 5 A 75 4o 5 M2 2 A T ] > 120 82 ] 2-13 35k B ot U
ﬁ¥3$ﬁ¥4wiﬁmiﬁ%ﬁﬁ%¢ﬂ;ﬁxﬁﬁﬁ&ﬁﬁﬁ?é%ﬁ$’
B RATH RS BIA FI LA A e~ E G A B0%:EE § RARL 0 A
LI E ARG AR R B R X AREEY A R ABE

Wi ? FIM e AFHEB F 2 #3007 - FIEAL TR SR LAEK iRl
%%ﬂ,g&ﬁ*ﬁﬁﬁ?@%&#éﬁk&#ﬁﬂbimﬂ@ TPV
B0 F ] RBRR ST B R B ) RS W LS T P B IESE -

1400 35

30

1200

s
o

1000

_—Cell A

——cCel B

—5— % Accum-Cell A
& % Accum-Cell B
—<— Initial Cr-Cell A

—& Initial Cr-Cell B

Percent Accumulation

Chromium (mg)

Test Duration

Cell A 1140 hours
Cell B 1150 hours

W 2-12 2 39 e o 16 (K5 4o 3 £ A) (Larson et al., 2004)
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1400 35

1200 30
Q

- 1000 25
g % EmCel A
- 2 F [c=celB
g 3z [ & % Accum-Cell A
E 153 ©-% Accum-Cell B
o § ——Initial Cr-Cell A
£ £ | @ Initial Cr-Cell B
(&]

10

Test Duration
5 Cell A 1150 hours
Cell B 1230 hours

W) 2-13 23|/ ¥ B840 w( 4cig4,aﬂ) (Larson et al., 2004)
B 2-14 5 K se 5 A2 2 SRR A T B0 000t 27 B 215 % B % ROt g
S F A CABF 2 % 0 H IR~ F AL 18 Cd A o e RIS 0 2 kot
FEACEIF o BRRSREMMA- Ly 2 L F G AT 50% 0 AT N H
WARNE P EE - TR o ARG TV g kR S - AR T
F o0 blde o B o RPAEER (T~ 4 $)F1F 0 BASLERY A2 1FP 5l o

205 - 45.00
+ 40.00
00 | 35.00
=) | 20.00
@ S [mmmCell A
-~ | 500 Lg" C—iCell B
£ ) 3 |= % Accum-Cell A
E | 2000 g - % Accum-Cell B
h=] § —+— Initial Cd-Cell A
o | 100 & |-®-Initial Gd-Cell B
- 10.00 Test Duration
Cell A 1140 hours
r =00 Cell B 1150 hours
- 0.00

W 2-14 239 B454 G —#\if]:%cig’;;”?d (Larson et al., 2004)
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250 4 T 45

200

. Cell A

—Cell B

—= % Accum-Cell A
=~ % Accum-Cell B
»— Initial Cd-Cell A

—&— Initial Cd-Cell B

150

Cadmium (mg)
Percent Accumulation

Test Duration
Cell A 1150 hours
Cell B 1230 hours

W 2-15 23| P B4 A ¢ ;;]:4\:%;'%'] (Larson et al., 2004)

2.5.4.3 § KA 45
AONIEE F A 0L N EJREAR A R e R E R R L A #H S 4
TR HREFREF S » B ER DR EALGE D A PIRFE R A EY RS Rl
B A HE LR e fet o KA R TR A R E RS
AT OB AR R 2 4 % % it 98%% 35% - it £ i 4= 350 kwh/m® g # 18 4=
7 4B v+ (3500 kWh/m® 1200hrs) » iy B3 42 F K 0 (i B D A R4 » B EFR T Y
BAL R P ANTIF L - o A WA 2 U s nd S R T vl 2 e
SRR R AL LT A T (10 A/MY) & aE £ EAPER 2 iiE o

:3.‘\
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j‘i%ﬁ"g"lﬁlﬂi’ E/V’ﬁi’T&E'Jﬁﬂé}—E*ﬂL%f ;B*ﬁﬁl’%—% \ﬁéﬁfé.,ﬁ?
FIHRAERANGETBRLES SR NTCES T e %
FWF AP RGBT 2 R 2 MpHZ F i A 0

ENI
AT ER T PR AST Y AL 2R A J TR AR

31 Py RH
AET R TRE K ¢ A H T RAEE(RUOLTI ~ MNOLTi) 2 % I 4 (Fim i
(citric acid ~ Na;SO,4 ~ NaOH ~ NaCl)2 £t 2 t&% a4 2 A 8 1 ¥ &7 E¥ FF
FOORRY O TRSER RRERT  LRAEE FERF Rl g
ATV EE T H f/‘ FIWBraLI KT 1—?']%_013’“#*#%@

3-1%5 o

~ m;’é’k” RN SN %ﬁ‘%#%‘f RS LR kS Ry
EREABE S RIBLHT AT EE ] BB AT UL AT R
SR S &Pﬁ s mp% FEFBF AT
P ATZ S IT P o

3212-= § ¥R pFIHN
G IRBALY o L BB A R B (T iR AU AR E Bk kR 1,2-

SHFFPRLIoF T RY o IGC A AT o PR FAeT Arit

1LB~2mll2-2 & FREg@g o

20c 2 2ml 2.2 & TR RE P o

3.6 * ik B 402 30 rpm F B~ 30 A 4k

4PN FEE TR TVRFGC AT A r 2ml 2 F 9 =N REE Y o

5.£45 4 F 3~4 - & » TF {7 GC A -

3312-= & ¥ AR A F AR
ERERS LG Rt T T A F R Y 2 122§ ¥ B
SE TR A ) PR L2-0 §F A2 Y A R e Be T S

1.2~5g9 7z 1,2-= bk*fi*“’;}:?c‘ o
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240~ 15ml 22 = & 7 =33 ¢ o
BT E BRI R TS > 12 30pm X P30 A4 -
4437538 B o~ s > 12 3000 rpm EdE 5 A 4E o
SEwdi3ad ik o & B~ 2ml 50 129] GC A 4
6.€ 4% F3~5- = » ¥ L7 GC A7

A8 B SCBK A &
¥
Ei%ﬁ%“#&iﬁﬁ‘l’f}*ﬁ
[ ]
o A iLEEY GG 4% &8 A E AR5
iﬁ;ﬁ smma | ®| 28 oR# 10)
%ﬁﬁg' 8 B P @&@ﬁ%&&ﬁiﬁmw
| ¥
EALE M AR5
. | , T AR F a7 R
EEET N EXT YA
L |
I & A8 4B 5 (ICP)
2P EFREFE
|
¥
B 2 M ) AT
¥
BHE e AT
¥
BRERBEERT

W3-1 =1 FHW

BAGC-% Flga M AT 2

BILF RN T RSP HRESUL ) B4R 0 GC T AT o B AR
4o T
R 47 ¢ 1:DB-624(30 m x 0.53 mm (p j= ) %A % 1.5 pm)
A+ B8 R 150°C
P BIE & 1200°C
HEHN40 CTikdr 1 ~48> 13 24820 CHiE T 150C > & 4F 1 4~
ﬁ_ o

M w0 b
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(o] ~ (o)) ol
szw :.Q‘;-tﬂ‘&

Z # i :300 mL/ min

5T #EEA
3.5.1MnO,Tig #&
%+ Dasetal. (2006)2 @i * ;@ i¥ > HAR R 4T

1. s swﬁyk—i%%\»aiéziﬁo

2. Hejgikdd ehgifr oo HCle 33— o] pF 0 12 {7 46 %] (etching) -

3. ZTRICH -

4. FeE i £ 77 MnSOs 2 KMnOy 238 & 3 ik (M izie s W & T 183/4% &%
RE S RB] 500 mL) -

5. MetbldE 2 gc¥ein o H BAEE 2R Y 0 38 2% w30 min o

35.2RuO, ITig &
%+ Yangetal. (2000)z. @& = ;A ®iF > B H4oT
éh’]‘é?'”"’ K2 %A w5 e
S e gk R 2~ 6M HCI e #4845 (80-907C) » it i
FRICE o
#-RuClsiz *+10%:n 2 5 f3/HCI® -
st 2 Tits 2 ~ H B 273
Bediis e r 45104 45 o
2~ % 8 Y8 (500°C)104 4% -
EAFS~THBRI0 » i - X AFERp- JFETRS o

L N o o A w D E

6 TER T HERR

7 £ %] (etching) -

36112 - § ¥ $ImEZHEE
544 ﬁafﬁwmmmuz FFAA100mlz & 7 ¢ 0 133~ 300 gic g 2
B RSP LR BT R T TR AL B kA

Froonfetlz A g ) DT 4500 AR 1EmIs &
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BT R 2 30 rpm g 30 A 4E U F AR R ATRA T2 0 HEA )
W 3%m E Tk R T IERWER AL ERE AN A E L FAKS
THEIRE BB E I Lkg 4R 10 A4 FRE R B
5:@}1 Eo BRI HAGH AR  FHEAF 2G4 I RERBLI0LETR
VN

4@

362 R FHFF L RAHE

ARSI E R 22 cm 2 P T 42 om 2 BB H TREE o 2R BER
(5cm £) ~ 4 48(12cm £ )2 At (5om £)E = A e A o T AR S 2 M2 i
B AT A AR AR § RS A S 0 A u% B RN, 2
st P oo Rk A o] 3-8 4T .

Power supply
] 2= -
e u
Y Contaminated Clay

v s anode cathode

[fj R reservoir EO flow mem reservoir
[ ¢ >ie >
5cm L 12cm LX4.2cm® 5cm L

W32 R0 F0 FF 035 5 A7 LW

WEEEE 28 &
BRI e d 31 - )
RN & [k o8 «
BB HRa R Push
12-2 & ¥2 kR o8 ,+§

Tom s g 2 TR B 333> %5 4 H

ez pH EE T804 Slice B2 3B E4cB 34977 » BBHN 522 g

X 16 EREEEC)-BA)F R BRI HEYRIIEE LFZ pHE 7 16 &£
EFPUHRRIL2-0 & F2 AR R E 2 4 gk g 2 K ]
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S63HEEF T REGER R
ARG B R R RIS AR fs2 17 ICP 2 & &
EHUEGETE AT
F Sk (0 Bphe
L7 2 BEABF  TE(H500mg)E » i i E
2.4c ~ & & gasmlrz 2 g ae5mlis % +zover night o
3B k%Y 2R 3280°C -
4.4~ prpelbml > L=t B >k vp ¢ # iR 2280 °C
5. M3EHE MBS EF ICP iR -
431 BB FF RRAE
Test No Pullutant(mg/kg) Anode Processing fluid Potential Gradient(\V/cm) Potential Time(day)
1 Ti
2 MT DI water
3 RT
4 Ti
5 MT 2CMC SDS
6 RT
7 Ti
8 MT 0.1M Nast4
9 RT
10 Ti
11 MT 0.1MNaOH
12 2800 RT 2 5
13 Ti
14 MT 0.1MNaCl
15 RT
16 1CMC SDS
17 3CMC SDS
Depend on
18 0.2M Na,SO4
19 results 0.3M Na,S0,
20 of 0.2MNaOH
21 Test 115 0.3MNaOH
22 0.2MNaCl
23 0.3MNaCl
364 F&R/I T REGCATT R
ARHGRTELEET T RARYZ A ENTRAFTRTZ 2 LT R
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Fod TN EF I F REARF S § o RBIRN W pH > Fl gEPe sz o
A RAR R AR B PH 32 A B RT R AR R A5 £F 7 4
R Ao ARt 2 A2 W AT 2 RpL2- F FLER S
TRMFH T M ER AR E30m/L ~ T s S 2VIemEEEE R G
25% 5% i {7 X ICPA 45 -
F B (7 FdoT

Ll #30mg/L212-2 % ¥ s %4 Bi it fwdr o

23 3 =g E2VIem s T R - SRk e

JR*ICPA 174 £ HER » &I R 172 -
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Yri B583%

#2

AFTERZARERTERAL - TG TR 2 RUTIRT)R 2 T+ &
BEF SR s A 4k (555 F(SDS ~ NagSO, ~ NaOH 2 NaCl)z % s % » #
éngﬁi%“‘?ﬁ%&%“\i%ﬁ?%&%“ﬂiﬂiﬁf’Tﬁ““
PR E 2R o AR KRR L R EER > R T TR RIEF Y G
20.5%~34% » # ¢ Bk i NaOH 2 ww - 3 3 & thjfd ' f2 8 41(19.3%)
T A BRI RS 9 f 8.6%~15.6% L R I Th 4 BrEE g4
% RT 2482 Au@scF hoik 5 * SDS 2 71.2% > # " f#»c% 5 253% 4 & %
B TH B AR A BRI T Bpond 5 123%-452% 0 )
IR ZEBFOMT THRL & T84 BFIBLE AP oS 5 11.5%-43.3%
B AIT 2 5 21.3%~51.9% ¢ s N Tk R L E% Y B AR K L e ¥
2CMC SDS » % # “T1 & 2 4 1 <5 (45.2%) h » 7§ 26% % FF 1" f2d o

41 3 A FP T2
dIEESHTHFTEAAZ G R BEF P2 RRAEF B F
" 1
3 =

e A BRF P ek o TE R THFF LI I BB ALE
rﬁ’ﬁ%]’ﬁ@ﬂ—’_%\*:’ﬂc‘ 32 jﬁ’?fﬂ«‘pH Bk VAR B E r‘]%g%_@g_@o
AERFELW GRS EEE A S Fpt P T L Loamy Sand 0 & R

w4 Bt >t Clay £ 7 (7 ¥ el s sefie H 5 3

ARBFAFAoR 42 57 o
2 4-1 2B XBH

Characteristics Values
Texture Loamy Sand
Organic content (%) 0.17
Soil pH 7.2
PH_pc 3.44
BET specific surface area (m%g) 491
CEC(meq/100 g) 1.03
Density (g/cm®) 2.8
Moisture content(%) 0.87
Hydraulic conductivity(cm/s) 7.5x 107

42 BERT Y HFTRTBRITPFES AL
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TRT S A7 0 AR T RH S AL P RRT
FHAER A ETRAAHRCF AT &0 D

g
FOOEATZFIERTE TS FH RS I R EE TR REL R
Mo A AR ARRE 2 ERTRLTRTSE L)
2 M NI RLES -

A RJZO T o b7 & DI Water @ 2 98 572 P AR > JARdf (E0R 70 A1 A
ii@?ﬁ&ﬁ’&ﬁéQMVHWN\Q%V~ﬂWVwﬁ%Pﬁ; kT A

P 5 h ook 53 &
i—LJé'ﬁ_,I”"’ }4}- __iy\ \Iﬁlpg%ﬁo
0.0010 [
U.UUULU
0.0008 | -04V
0.0006 F 0.00005 |
g f{as/
< 0.0004 f £ 0.00000 . - :
1 5 El 1 2
g 0.0002 | Potential V
=1
O 00000 F 000005 ¢
-0.0002 | Potenti -0.00010 |
-0.0004 F
-nnnn1g L
-0.0006 ¢
ULULS
0.002
00010 -0.27V
0.001
0.000 00005
1 0 1 2 ) B
< o001 Potential \ ¢ 0.0000 p——rpf e -
S c
3 000 g -0.0005 Potential V
003 U 00010
aou | 00015
nons -0.0020

-0.0025

\

s

HV mag wWD det | spot vac mode | —4 O Y 120
1500 kV[(2000 x| 7.9 mmm |[ETD | 3.0 |High vacuum NSYSU

Bl 4-1 Ti T2 TRIT LS 82 46 Fi
(a)Citric acid; (b)Na,SOy; (c)NaOH; (d)NaCl ; (e)SEM
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)
ne Z

~

BLERE 4-2(a)~(d) ) MT F &> & #k (F5n ’Ef”Lr,_ Rz TREE A4 5 081V -
-0.6V ~ 0.5V~ 04V - * ¢ SEM-EDS B ¥ % ! Mn 2 B § 4243 Ti st o 4
B 4-3@)~(d) 77 "MT TRt & 4F (Fin 9 » HaE §inz T k= 5 0.65V~1.2V -
02V~12V B MT 167 a3 DT RIEFT A 12— F 3875 VB R
F e 7"d SEM-EDS B ¥ 4 &1 Ru & e ® § ot 1 Ti b+ - NaOH 3 p#
T Bt MT R ABsni e d SNk AR A4 > @ % NaCl S im e > 28
T2 ClIP i RrF A2 OCly IL#F%.*’@mi‘a@—ﬁ)%@;m‘eLé_i o
PR EIEY 2 RT R4 & 45 § @ * dg 200 F NaOH = > 4 2 % F
PR w AR E Y B(0.2V) 0 B R F S TR T EfRoci il A2 i

v.uul

(a) (b)
0.004 N =
000 | cmi oy g oGy i i ;
-1 0 1 2 O() \
0.001 0.002 / i
0. J )
-0.002 ()8]. \' ooooAZ V& ; ; 2, ;
-0.003 H -0.002
!
J -0.004
-0.004
-0.008
-0.005
012 ¢ 0.025
040 F oo f (@D
gl 0.015 04V
noey 0.010 f
004 f /
0.005 F /i
002 f
0.000 . L T L
0.00 / 1R / 2
-0005-/’;,,;9’
002} g4
004L 0010

& Blement Wt& At
(K 65.87 16.73
NK  0.20 0.48
OF 10,95 23.44
Cul 3,18 1.72
8iK  0.74 0.91
CIK 1.75 1.69
TiK 74.79 53.47
MoK 2.52 1.57

W 4-2 MT 22 TRTIFIFIES RZ 4 5 ¥
(a)Citric acid; (b)Na,SOg; (c)NaOH; (d)NaCl ; (e)SEM-EDS
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* Citricacid pri# £ =5 065V fhiw iR %= g &2 MT 2B R
2RI s ARG 2T B R G ERTRERRT AT
F I 0 TN % NaSOs 2 NaCl (v 5 i fips > ¥ Tinam 2 %0 > 1 & R
Fi P RiRBIRZFETET P ATR o

d A% T LE > § % NaOH e 5 3 v/ B pF > MT 2 RT R &4 2 2 %
RiEAE 5 05V 2 02VRT THipRE G T AL 2% T =K 2 RFIES
¥R TRB P > A BT BT A A4 o P RE TR T NaSOs 2k 14k (Fin
R > A2 2 % T g A Citricacid 3R FRE > MT THB2 % 7 =% 1

-

P RRRMAGHE L TR ﬁv}’%ﬂ?m$ B RAEERE TR LA ER
JUUB ¢
" (b)
Il 0.08
- ; 0.06
! \ 12V
I / ; » \
- . s - . 0.02
1 - 0 _cpﬁf",ﬂl 5
= /&’#& 000 | , 3 2 3
i 4 -0.02 k/
- -0.04
008 L N
= 006
25r () " |
: '}
220 | N f
'V
215 .
) v 002 |
s © g ; \\\g /
. 000 . -'-7.__1_”_,,,_“_:#3 |
) 4 1”_ — > -
I b= o N A L 1
A ! 2 002}
sosf
00al
210k

E-13

Fox Element Wt% AtS
w'| OK 19.18 43.88
FeL 6.04 3
8iK 0.63 0.
RuL 13.16 4.77
5
0

TiK 59.80 45.

100 200 300 400 500 600 .00 8.0  9.00  Xev

W A43RT T2 TRT IS RE L5 FiL
(a)Citric acid; (b)Na,SOg; (c)NaOH; (d)NaCl ; (e)SEM-EDS
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Pede A2 vl o RT 42 % € 2R F P A SO Bmmfts fF 2 Tt
PR > NaCl 5 3 feim e MT%§:1$%7¢’£RTiiiﬁ@
LR RBEE TR

43 BRERF ¥R REGERE LA

BEERF DB E G Nhod o Auf)r T4 T2 UE MToRT 2
B HA %GR GRTRE B SHGLY R L ICP A4 0 A sl
B REAhrdk 4-3~3477 > L AR R FE &AL 690 6.64~7.26 803 845 -
93Img: @ B FAETHT I R G RV G|E BB HLLE > B FEL B
1.56+0.14% > &g+ MT Rl & 2 ffeite 23> LR RTRB2 %G E &
5.76 ~ 6.32~7.10 ~ 7.72 ~ 8.79 ~ 8.01mg > # & £ 2 * 5P| & 1.4720.17% > & RT
Tz Ua R E T ARBU PRI MU EF IR 2T T T
AT HEBEGE -

4 43MT §4&2 Mn &4 R % G € 4% 4-ART 22 RUEBEGE
: Mn MT Mn/MT . Ru RT Ru/RT
secion oy mg)  wtor) " (mg)  (mg)  (wt%)

1 6.90 445 1.55 1 5.76 440 131

2 6.64 485 1.37 2 6.32 490 1.29

3 7.26 497 1.46 3 7.10 493 1.44

4 8.03 508 1.58 4 7.72 511 151

5 8.45 515 1.64 5 8.79 514 171

6 9.31 523 1.78 6 8.01 517 1.55

Total 46.58 2973  1.56+0.14 Total 43.70 2965 1.47+0.17

44 BERF L THREGA T

REASAIEFREHIBITNFAL FILHNAIRBELELEF PP TRITE
Gatrz Bk Bk fz‘ 4 ﬂm_m B2 R e pare » LT 7
PR EETHEEA T AP AL 2% > AFHAIBEP LT ER R LI T
o B SR ded 9~10 “{EI?EFE’FL i AcR 4-4 4r7 o MT TR E 9 5
24%~28% » RT @48 5 18%~21% > 38 2 2 B R 2 M3 N3 B4 2 » T4
FRA L MT QR > & k2 SEF G LG £ BRT S A
KW B AR 'ﬁ o R ke R RS A T+ DI Water
2 HHB B RTIRIBBEARERELERT TR 2 BT
Fh i @R £BER e m r NaCl 7 5 3 (T B pF > 4138 %) 18~25.4% >
BEBAMPENFRA DL AR YEK ST LRER B RFIRS T RELY €
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0.4

(a)
03+
-
=
—— MT
—o— RT
(b)
03 F
%ﬂ 02}
=
>r —— MT
—o— RT
0.0ex
0.4
(c)
03 F
%ﬂ 02
=
“ —— MT
—>— RT
00>
0.4
.1 (d)
g o0
=
T —— MT
—&— RT
0.0¢x
04
(e)
03 F
Eﬂ 02
=
—o— RT
¥
0

00

200 400 60

=}

Time (hrs)

Wad E&BF -+ meBRIE

(a)DI Water; (b)Citric acid; (c)Na;SOg; (d)NaOH; and (e)NaCl
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BCIF A2 OCl > @ @% G &/HAWF V87 3 fRHBATR o JLI0D 2 SR F1S
FRLEERHREROCIZ 5 h o
A5 FEIFARE 12 - § AN L BP
ARG EE BT P TRAE  F RRIEIRTAS > B F T4
W IR v 2§88 > 3 DI Water ~ SDS (0.1M) ~ Na,S04(0.1M) ~ NaOH(0.1M) %
NaCl(0.1M) i 5 4k (Fin W2 f84f > 28723 F % > F 2% 2 Fir 4547 o
BEWmRRSES Y E FL RS B ARG IR gL R L

BAr I~ o LA A A 56T

S= MX].OO%
W,

0
T = 100-S (%)

- Wo _WSoiI

-W

x100%

reservoir % 100%

(4-2)

(4-3)

(4-4)

£ 5>

Wreservoir .

P=V-

P=P-A-L

;i

ViR T RV | B

(4-5)

~—~

F (%)(treatment efficiency )

* 7 £(mg)
gAY 27 £ (mg)

E

DS AR - A A o (1)0))

-t (46)

. 1000 (4-7)

R oe(mA); 5 R (hr) ;

P:# & (wh); Arg 18 6 f#(cm?); L $1£& & (cm) ;
Po:® 4 4245 (Kwh/m®)
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244 TBpFE VHPRHRESLREL

Potential Processing Power Treatment
Test Processing Qe Ke
Anode Gradient Time Consumption Efficiency
No fluid (cm¥/s) (cm?/V-s)

cm a wn/m (1]

(Viem) (day) (kwh/m®) (%)

1 Ti 2.41x10"  8.69x10° 24182.8 20
2 MT DI water 2.32x10"  9.23x10° 217535 21.4
3 RT 3.15x10*  11.36x10°® 22415.9 23.3
4 Ti 3.36x10*  12.11x10°® 33537.2 26.3
5 MT 2 CMC SDS 348 x10*  12.47 x10° 39332.8 65.2
6 RT 3.70x10*  13.37 x10® 44797.1 71.2
7 Ti 3.08x10*  11.11 x10°® 120533 24
8 MT 0.1M Na,SO, 3.17x10*  11.55x10° 120953 35.3
9 RT 3.24x10*  11.70x10°® 122834 47.4
10 Ti 2.64x10% 952 x10°® 58516.9 34.4
1 MT 0.1M NaOH 2.66x10"  9.85x10° 55352.5 40.8
12 RT 2 5 2.78x10"  10.02 x10° 54948.4 57
13 Ti 3.80x10*  13.70 x10° 178357.1 32.0
14 MT 0.1M NaCl 413x10*  14.12 x10°® 155322.3 59.7
15 RT 417 x10*  15.04 x10°® 144401.2 62.9
16 1CMC SDS 3.23x10*  11.74x10° 42147.8 58.9
17 3CMC SDS 3.85x10%  14.40 x10°® 48721.3 75.4
18 0.2M Na,S0, 3.02x10"  9.43x10° 1194835 44.2
19 0.3M Na,S0, 3.48x10*  12.30 x10° 1342314 48.1

RT

20 0.2M NaOH 2.73x10"  8.99 x10° 53532.2 58.4
21 0.3M NaOH 3.19x10*  10.74 x10® 58372.1 59.3
22 0.2M NaCl 399 x10*  13.95x10° 142853.4 64
23 0.3M NaCl 4.34x10*  16.11 x10° 157234.3 66.1

AB1BKGEIMFIETARRZ L

TR G R PERR L 4oB 45 47 B 45@) 5 Ti R R ERT
Fonm A% T/NaCI(Ti~ NaCl)z § in»t 12 ) prit 34 % 207.94 mA/cm?

¥z RmEBmFINaCl G- T 4% kTR TR TR B A

(m

Bx 2
4 AR I3 2 i 5985 RS ,fgg%nj iz 7 M > a T/NaOH(Ti ~ NaOH)
2R ERRE B e F RN 924 EFEFAL > A ERT e
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REEx A4 AT 2 LABT 8 > T/NaSOa(Ti ~ NapSOg)2 23R { 5 & % »
¥- A4S h48 ) FF(121.3 mA/cm?) 2 72 ] pF(154.51 mA/cm?) e #

TR R AL 2B 0 T2 L W g d T ot 12 ] pE(64.98 mA/cm?) @
HRFIREGHF 2 ERH e > T M3 4275k > T/SDS(Ti ~ SDS)2. % i 278 5
T > egrig * Dlwater 22 T/DIwater 4pg > Bl 5 % F > & 5 SDS #-14 3 ¥ 4
%‘ri“éﬁza C BRRERET M i"s‘]

B 4-50b) 5 # * RT @42 % I3 (755 F 2§ % » RT/NaCI(RT ~ NaCl) k- #
LB A ¥ ww > HE g% 288.81 mA/cm? s # T/NaCl 2. 207.94 mA/cm? % 1 3F
57 RT R ﬁ%ﬁﬁimﬂﬁﬁ@@iﬁﬁﬂ’fﬁéi*%?ﬁ’
RT/NaOH 2 RT/NaSOs 7 § i i 4 1 2. 4 wgm #2354 4 »RT/SDS B2 T/SDS
AR EEAD NG P AT s RT TR SDS im oA 4

2 EER ATR o

B45C)EMT R 2 R BATRES > 2 RT 24k > &%
NaCl ‘%] % A% &gz v » £ 3 % @ 5 12 /) pr2 288.81 mAlcm? & {4 B 4o~
o e MT £482 Bk 291 & M40 RT SR Lin Horis X eh=x 3 % > R
ﬂ@ﬁMTaﬁﬁgﬁiaﬁémm&’@%%E%ﬁiim?%»jﬁw’ﬁ

‘4‘:'}1%’?'}%—’ ﬁ?kb‘g _é%_gfé‘g‘fk‘ Co

452 FITIFHLE pH 2 PP
B o & % G o] 4-6 @4M®1ﬂmﬁ”7kﬁmﬁ?iqT’pHA#T
H¢ T/NaCl z pH it 25 2 8 ¥ > 2 Fla @@ * NaCl e 5 g e/ frps > 2
a%&*@ﬁ%’%waﬁ@?’i%4éi§ﬁ%’ﬁﬁ*iﬁéﬁ’meH
2 5% o pH % g5 AR » FINaOH 5 - dk e - fﬂ*w7pH TR
Wbk 122 25 0 AT A4 R A BRI 0 T/SDS 2 T/NapSO4 B 1
B PR g
o MT 47 bt TR %3 % F4cW 4-6(C) - # pH AT 2 %2 LiTH &
Wy W BRI AR L R P BT R Y S sl F T R
A2 G4 BEAZLF R4S en BERTHR LR > AR
NaOH 2 ‘e u|pE 2 pH A~ # 35 v ak 4 > 2 & (%15 NaOH 2 dkdii 1 > s * *0 4%
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Current density (mA/cmZ) Current density (mA/cmZ)

Current density (mA/cmZ)
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300
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200
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—e— DIl water
o— SDS
—v— NazS0y4
A— NaOH

—a— NaCl

—e— DI water
o— SDS
—v— NapS0y4
4— NaOH
—a— NacCl

(©)

—e— DI water
o— SDS
—v— NapS0g4
4— NaOH
—a— NaCl

20 40 60 80 100 120
Time (hr)
WA5&ERTREHTNRRLBEF
@Ti; (b)RT 5 (c)MT
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Intital pH 7.2

—e— DIl water
o— SDS
—v— Na6804

—a— NaCl

(b)

(TS =
o N
T T

Intital pH 7.2

pH

6
—e— DI water
48 g o SDS
—8— NaCI
0
14
(©
12 +
10 A
s 8 o = ]
Intital pH 7.2
6 —e— DI water
o— SDS
4 —v— Na%SO4
ViN
5 ‘ ‘ ‘ —a— NaCl
0.0 0.2 0.4 0.6 0.8 1.0

Norm alized Distance from Anode to Cathode

W] 4-6 F (TR H 2 3k pH 2 B IF
@) Ti; (b)RT ; (c)MT

(Eim T ¢ fod AE PRl pH 2 P o @ 20 ¢ mn]2 P S P AT pH %
A4 o d BIEDEEpH RS .
453 ARk 2 ARSI iR
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TOER T PRSI R dod 465 2 AT ER SR 4-T(h 403k
P56 B) B AT(@) %R Y TIRHE2 2 PR FAILZ 2% " TiTh
B w2 AT s A u] 5 34.4%(NaOH) > 32.0%(NaCl) > 26.3%(SDS) >
24.0%(Na,SO4) > 20.0%(DI water) » & B¢ ¥ 5 3 > T/NaOH § % fh 4z e @ik &
WA A2 o Rl R FIALR* NaOH v 3 3 (FiR TResra s 2 L8805~ » %3
T2 - & FHAEE . T AL RS BB REFA K AR 2R

s D| water @ SDS === NapSO,4 = NaOH NaCl

(@)

200 _________§ Inttalconcentration
2000 |
1000 | [ﬂ

0

4000

4000

Residual conc. of 1,2-DCB mg/kg

3000 Intital concentration

2000 -

1000

Residual conc. of 1,2-DCB mg/kg

0
4000

(©)

00  __ _ __ _ _ _ Intital concentration |

2000 -

1000

Residual conc. of 1,2-DCB mg/kg

0.0 0.2 0.4 0.6 0.8 1.0
Normalized Distance from Anode to Cathode
WATHREATHIBARTRRALBSP
@Ti; (bRT 5 (c)MT
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%45 R EF T RHRAEPIREL

Fraction of 1,2-DCB

Liquid phase
Anode @ Anode A=k Cathode' (7 ®) ©)
Test NO. electrode Processing fluid 1,2-DCB 2 Removal Total degradation Treatment
(mg) Soil (mg) 3 @) () 6 (%) (%) (%)
Il ( )d Degradated Subtotal Il ( )d
Collected (m Collected (m
(mg) (mg) (mg) (mg)

1 Ti 637 509.6 (80.0%)° 6.6 (1.0%)" 54.8 (8.6%)° 61.4 (9.6%)° 66.0 (10.4%)° 114 8.6 20.0
2 MT DI water 620 487.3 (78.6%)° 4.7 (0.8%)" 61.4 (9.9%)° 66.1(10.7%)"  66.3 (10.7%)° 115 9.9 21.4
3 RT 605 464.0 (76.7%)° 7.3 (1.2%)" 66.6 (11.0%)°  73.8(12.2%)¢  67.0 (11.1%)° 12.3 11.0 23.3
4 Ti 611 450.3 (73.7%)° 0.6 (0.1%)" 635 (10.4%)°  64.2(105%)¢ 965 (15.8%)° 15.9 10.4 26.3
5 MT 2CMC SDS 619 215.4 (34.8%)° 7.3 (1.2%)" 135.6 (21.9%)°  143.0 (23.1%)°  260.8 (42.1%)° 433 21.9 65.2
6 RT 619 178.3 (28.8%)° 3.5 (0.6%)" 160.9 (26.0%)¢  164.7 (26.6%)"  276.3 (44.6%)° 452 26.0 71.2
7 Ti 630 478.8 (76.0%)° 6.7 (1.1%)° 707 (111%) ¢ 77.4(12.3%)%  74.6 (11.8%)° 12.9 1.1 24.0
8 MT 0.IM Na2s04 620 4011 (64.7%)° 3.3 (05%)° 818(132%)° 849 (137%)° 1339 (21.6%)° 2.1 13.2 353
9 RT 625 328.75 (52.6%)° 7.2 (1.2%)" 123.8 (19.8%)° 1313 (21.0%)"  165.3 (26.4%)° 27.6 19.8 47.4
10 Ti 627 411.3 (65.6%)° 5.8 (0.9%)° 947 (151%)° 10032 (16%)%  115.4 (18.4%)° 19.3 15.1 344
11 MT 0.IMNaOH 622 368.2(59.2%) ° 3.5 (0.6%)" 105.7 (17.0%)° 1095 (17.6%)"  144.3 (23.2%)° 23.8 17.0 40.8
12 RT 629 270.5 (43.0%)° 8.2 (1.3%)" 88.1(14.0%)°  96.2(15.3%)"  262.3 (41.7%)" 43.0 14.0 57.0
13 Ti 633 430.0 (68.0%)° 6.1 (1.0%)" 98.7 (156%)° 1051 (16.6%)%  97.8 (15.4%)° 16.4 15.6 320
14 MT 0.IMNaCI 624 268.3 (40.3%)° 7.0 (1.1%)" 1710 (27.4%)°  177.84 (285%)%  194.7 (31.2%)° 323 27.4 59.7
15 RT 623 231.1 (37.1%)° 3.2 (0.5%)" 157.6 (25.3%)¢  160.7 (25.8%)°  231.1 (37.1%)° 37.6 25.3 62.9
16 1CMC SDS 629 258.5 (41.1%)° 6.1 (1.0%)" 101.9 (16.2%)° 1082 (17.2%)"  262.4 (41.7%)° 427 16.2 58.9
17 3CMC SDS 611 150.3 (24.6%) 6.3 (1.0%)" 1430 (234%)°  149.1 (24.4%)°  311.6 (51.0%)° 52.0 234 75.4
18 0.2M Na2S04 618 344.8 (55.8%)° 4.2 (0.7%)" 100.7 (16.3%)°  105.1 (17.0%)  168.3 (27.2%)° 27.9 16.3 44.2
19 - 0.3M Na2S04 623 323.3 (51.9%)° 6.9 (1.1%)" 1084 (17.4%)¢ 1153 (185%)°  184.4 (29.6%)° 30.7 17.4 48.1
20 0.2MNaOH 631 262.5 (41.6%)° 3.2 (0.5%)" 105.4 (16.7%)° 1085 (17.2%)"  259.9 (41.2%)° 417 16.7 58.4
21 0.3MNaOH 621 252.7 (40.7%)° 8.0 (1.3%)" 111.8(18.0%)°  119.8 (19.3%)"  248.4 (40.0%)° 413 18.0 59.3
22 0.2MNaCl 614 221.0 (36.0%)° 6.4 (1.0%)" 168.9 (27.5%)° 1750 (28.5%)°  218.0 (35.5%)° 365 275 64.0
23 0.3MNaCl 619 209.8 (33.9%)° 43 (0.7%)" 1814 (29.3%)¢ 1857 (30.0%)  223.5 (36.1%)° 36.8 29.3 66.1

1,2-DCB: 2800 mg/kg; *(2) + (1) x 100 % ; *:(3) +(1) x 100 % ;%:(4) +(1) x 100 % ; “:[(3) + (4)] + (1) x 100 %; *(6) + (1) x 100 % ; “No degradation of BPA was occurred in cathode reservoir.

@) = [W)-(2-3)-(6)] ; (5) = B)+(4) ; (7) = [(3)*+(6)] +(1) x 100 % ;(8) = (4) ;(9) = [(1) — (2] + (1) x 100 %
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Electrolyte Time  Dissolution (W)  Loss rate
Electrode i
Solution (hr) (mg) (W/IWy)

0 0 0%
120 2.4 5.2%
240 4.1 3.7%

DI water

360 5.4 2.6%
480 7.8 5.2%
600 11.1 7.2%

0 0 0%
120 1.6 3.5%
Citirc acid 240 3.6 4.2%
(0.1M) 360 6.6 6.6%
480 8.7 4.5%
600 11.3 5.6%

0 0 0%
120 2.8 6.1%
MT Na,SO4 240 4.6 3.7%
(0.1M) 360 6.3 3.7%
480 9.0 5.8%
600 12.0 6.5%

0 0 0%
120 3.8 8.2%
NaOH 240 6.2 5.3%
(0.1M) 360 7.8 3.3%
480 10.3 5.4%
600 12.9 5.7%

0 0 0%
120 3.8 8.2%
NaCl 240 5.2 2.9%
(0.1M) 360 7.6 5.3%
480 94 3.8%
600 11.8 5.2%

Ps. The coating weight of MnO, (W,) is 46.58 mg
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Electrolyte Time  Dissolution (W)  Loss rate
Electrode .
Solution (hr) (mg) (W/IWy)

0 0 0%
120 0.8 1.7%
240 1.3 1.1%

DI water

360 4.1 5.9%
480 5.4 2.9%
600 9.4 8.4%

0 0 0%
120 1.7 3.7%
Citirc acid 240 4.9 6.9%
(0.1M) 360 7.2 4.9%
480 7.4 0.6%
600 9.2 3.8%

0 0 0%
120 1.4 2.9%
RT Na,SO4 240 3 3.5%
(0.1M) 360 59 6.3%
480 7.5 3.4%
600 9.6 4.5%

0 0 0%
120 1.7 3.7%
NaOH 240 2.5 1.7%
(0.1M) 360 4.8 5.0%
480 7.6 6.0%
600 9.8 4.7%

0 0 0%
120 1.0 2.2%
NaCl 240 3.7 5.8%
(0.1M) 360 5.3 3.3%
480 6.3 2.3%
600 8.2 3.9%

Ps. The coating weight of RuO, (W) is 43.70 mg
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Test Anode 1,2-DCB Residual (mg/kg) Cathode
Reservoir Distance from Anode (cm) Reservoir

(mg) 0-2 2-4 4-7 6-8 8-10 10-12 (mg)
1 6.6 2018 2264 2342 2414 2654 2534 66.0
2 4.7 2431 2177 2532 2689 1984 2564 66.3
3 7.3 2049 2142 2565 2469 2296 2192 67.0
4 0.6 1820 2217 2756 2412 2014 1975 96.5
5 7.3 898 917 1142 980 953 807 260.8
6 35 920 1725 916 704 493 309 276.3
7 6.7 2012 2101 2314 2451 2369 2314 74.6
8 3.3 1533 1724 2142 2231 1692 1543 133.9
9 7.2 1244 1461 1624 1862 1689 1621 165.3
10 5.8 1264 1799 3459 2125 2156 930 115.4
11 3.5 1248 1455 1594 1742 1531 1384 144.3
12 8.2 1046 1145 1135 1059 1423 1328 262.3
13 6.1 1674 1695 2250 2349 2047 1847 97.8
14 7.0 885 973 1241 1321 1234 874 164.1
15 3.2 851 957 1075 11551 1214 978 231.1
16 6.1 948 1021 1346 1294 1031 987 262.4
17 6.3 583 648 729 711 737 597 311.6
18 4.2 1147 1239 1739 1895 1743 1321 168.3
19 6.9 1285 1548 1624 1498 1443 1301 184.4
20 3.2 1391 1453 1654 1698 1530 1477 259.9
21 8.0 1194 1245 1431 1455 1385 1345 248.4
22 6.4 784 894 1023 913 854 794 218.0
23 4.3 898 1095 1201 1353 1048 854 223.5
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