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in the electrochemical treatment of dye wastewater
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Abstract

Dyve wastewater is known to contain strong color, the heavy change of
polymers, highly fluctuating pH, high temperature and COD. Because of
those characteristics, it has been a difficult task to maintain the
optimum condition of the wastewater treatment. Many attempts have
been made to treat dve wastewater using chemical coagulatioh, filtration,
clectrochemical and biological treatments separately or together. In this
study, combined electrochemical system which added electrolysis(EL) to
the existing system of electrocoagulation(EC) and  magnetic
separation(MS) was proposed to overcome many problems awaiting
solution of the existing processes. EC 1s based on the fact that metal
ions dissolved from anode are combined with dissolved organics or
colloidal particles and then form metal hydroxide flocs. The flocs are
composed mainly of ferrihydrite(Fe (OH),) and magnetite(FesO4) which
were magnetized. MS is used to remove magnetized flocs from the
electrocoagulated water. To facilitate the adequate operation of this

svstemn, it was considered three operating modes; EC/MS, EC/MS/EL



and EL. EC/MS has been conducted on removal efficiency of
color(97%6), turbidity(99.6%) and suspended solids(99.9%). But COD
removal efficiency was relatively low and only 83% at most. So EL was
added to overcome the limitation of the cstablished system(EC/MS). EL
was effective in the additional removal of pollutants dissolved in
wastewater because of conducting a direct anodic oxidation and indirect
oxidation repeatedly. In EL, COD and color removal efficiencies were
improved with increasing current density and concentration of NaCl used
as supporting electrolyte. In a combined system(EC/MS/EL), maximum
COD and color removal efficiency were 96.8% and 99.8%, respectively.
They were much higher than COD(Max. 35.3%) and color(Max. 50.3%)
removal efficiency in only EL. It can be concluded that the combined
electrochemical system of EC/MS/EL is great for treating pollutants in
the dye wastewater and may be applicable for a practical process in the

future.
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Table 1. Combined process in the wastewater treatment

{ ) COD removal efficiency

Rescarcher 1st step Z2nd step 3rd step
Nicolaou ) ,
chemical activated sludge | ] ) _
& _ filtration—disfection
- - coagulation treatment
Hadjivassilis . (91.1%)
(66.79%) (86.7%)
(1992)
) chemical ] activated sludge
Lin & Peng , electrocoagulation
. coagulation tfreatment
(1996) (66%)
(43.7%) (85.4%)
. electrochemical chemical .
Lin & Chen ) ion exchange
process coagulation
{1997) (95.5%)
(71.9%) (72.8%)
) i electrochemical chemical ,
Lin & Lin . ion exchange
process coagulation
(1998) _ _ (94.4%)
o (74.1%) (81.5%6)
, fluidized biofilm chemical electrochemical
Kim et al. . L
process coagulation oxidation
(2002)
(68.8%) (88.5%) (95.4%)
electrolysis lime treaiment
Bejankiwar  (61.8%) (81.3%%)
(2002) lime treatment clectrolysis
{17.1%) {71.0%)
. , , o o Squencing Batch
Lin & Kiang | Air stripping Fenton oxidation .
. . Reactor(GSBR)
(2003) (375%) (98.8%)
N - (99.9%)
_ clectrocoagulationj  7y-irradiation
Barrera-Diaz (6294) (912%)
el al . . .
electro—-oxidaton ~y-irradiation
(2003) .
(78%) (91%6)
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nAl(OH)} — A (OH)?H

ey pHel med AOH)Y, ALOH):, AIIOH), 5 o2 &g2o] A4y
S71% gk oWl 4T SRAE e de A Fase) FAsAL Yy

T E%t eHEAE £g%e] AASA Ao

P lron A=;

A1 A F TN DS Fe 48 Fe 748129 Fe(OH),
=2, 3= AT Fe(OH),o 434 F 745 g 428 Ay

low ohg 3 o)

Mechanism 1.
anode 4Fe — 4FeZ+(aq) + &e
AFe™ L + 10H:0q) + Doy — 4Fe(OH)sgy + 8H' g

CathOde 8Hifaq) + 86 i 4H2(g)
overall 4Feis) + 10H20¢ + Oup — 4Fe(OH)ae + 4Hog
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Mechanism 2.

anode Few — Fe™ g + Z¢

Fe”y + 200 — Fe(OH)uy
cathode 2H:On + 2e — Hap + OH
overall Few) + ZH200 — FelOH)zo + Hag

Fe(OHnw #H4 FHoll A ofudd Ff n8EAd 4450, g5 2

dedes S ¥HE st AR B os) RBaAA A
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e i

Fe'(aq) + H:0Oq — Fe(OH) (g + 2H )
Fe*'(ag) + 2,00 — Fe(OHY ty + 2H @
Fe''(aq) + 3H:0w — FetOMay + 3H o

2efal dvbel fdo) M= Fe(OH)s o Fe(OH), o] o] wjebdcl = s)ut
Sl AR P m= AP 0192 OH 9 w2dte] Fe(OH)., Fe(OH)-
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%
e
o

= op, dRbqow b4 W Frl9 HEehd Fe(OH):
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1
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2-1-2. A7] &3

thakel wsinbgol ofs) A ElH g SliE Aol oF, Hitar i

& ol g sk AstAed oA L EHE A

L ks
AE Fotel doldti64].

A, da SAo2RY A5 mwoez A5 FddAe o] F(transport)
o] dojytrt

A, A FAAAE AT fHWo & (adsorption)e] o}

AR, A= 98-8 Aloldi= Ast AP (charge transfer)o] o)t}
A, whgE YA 3 desorption)e] H AW 38F w9k (chemical
reaction)ol] <& A} 1= A 2Hadatom)o] H o},

ohalA, AAEES A pveziE Wa Jdoz ZFolE(mass

transferye] dojdrt}
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1) dadde o g 2L

A71EA M w2 AA23A 9k high overpotential oxygen)?) 42 717

T Fe A" ) b dd9hS-(oxygen transfer reaction)o] 2|4

T o Arle e o)ibsekne BR e v, WA of2o] oate] A
Ao W&ol dojdtt

A7|2a et 7hest MAYFL ofeleh h Aol wa)E] Holo) A A7

Fallel o a FAS GEA AP F ok Agded i 9w

T ZbRE A Qe S el EE $ ko] & (H0) e v

2H3O" + 2¢ — Hy + 2H,0 (1)

kel Gololn AAEL fas Faw oleg 97 98 Fo® B
e Ag e

2H0 + 2¢ — Ha + 20H (2)
2o ddsts MICHIEA sy el F5u Faste] £ &y
o 43}

HO + M[] - M{OH] + H + e (3)
HE@E Aol VH FE o} e ARUEelN doj 5

GTh W27} Aelubs HeF Fag FubSold wrve] 2gstel i

Adeks Aoz dbe)sh o)

[
it
ol
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H:O + M[OH ] — M[] ~+ 0.

7159 G=(TYPL, Ti/PhO, Ti/lrO. S)old 47| &

Az1gretA Abste FrhH AR dojur). 3

dolrpm, 2 thg dAelA F5E Fal
R+MOH] — M[] + RO+ H +e (5)
wehE {71 ES ROE dehle, dEdoa MAHE $aE o] 2o
F=o el ol dojdt

AL BB E BofA] o
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2) NaClel 2] 75 323

W R GFAE e A, 2N Sa A 2T,
olEe WA lelA 23 ANES AMET, Lxsk pHel Wae) ulel
AT aolee BTN Aesh wEEE FAA EF

u}
s MIe) #d3 Fue Fasda oo A AT,
H:O + M{]l + CI — MICIOH ] + H + 2¢ (6)

REE(4)et (5)ell FALEE wbg A 2o ofe) AT AE57| S FE(RO)S vt
& @M% F8 d2(Free chloride)?t @403} zto] A AT,

H:O + MICIOH ] + CI' — Cl, + M[] + O + 3H" + 4e (7)
R+ MICIOH] — M[] + RO+ H + Cl +¢ (8)

A F2 Dot g wged ok} 2epd £ ol (0CH )3 B

Clo + 20H — H.0 + OCl + Cl (9
Cl + HO — HOCI + CI" + H' (10)
HOCI <> H' + OCI (11)

12 A7) sk goll A G4 Aba, Aol 24k )41 2 (ROYO] A A
Aok Sl gl Boly) AEA Tvh welAw ot 23 A7 sk
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&ol Qo Aetdatt $E/k Fow de¥ Lwo OF Ad, 22

pa o] o] 1.2+ p
qd ¥358 gy goh

F=el A
2C1 = Cly + 2e (12)
60CI + 3H:0 - 6e — 3/20: + 6H' + 4C1 + 2CIOs (13)
werell A,
2H0 + 2¢ — Hz + 20H (14)
OCl + H:O + 2e — Cl + 20H (15)

TAC 2E(0s), HAETAH 009 o4 F A (CI0)E A2 Lol A
T8 hEEH R A" A Aol Al UERdU) ob el go] 23
" W7kt whSol ule) Absta|So) A H G

ol

_Im'

HzO + MICIOH ] + Clz — M[] + CIO; + 3H" + 2C1 + e (16}

O + MIOH]T — Ml + O3 + H" ~ e (17)
H:0 + MIOH ] — M + HO» + H' + e (18)
Cled S HE sk wEe] FHol vl #en o2 4ACh O

ClOz, Os, Ot #7128 248l Rl 200G HEs), da9 s
o159 ol R oRRE AW 24 HAAEES £uo] Wy v AtHow
tehwrge] <oy ASemne ezt SAEOGHERN), )9

5 o] A /cj_, gﬁ

I-ﬂ
e
o2
JH
{0

] -—%,-n]-]’ oF:iT 9 gAM A H7] 23 o] Fapdr

b AREEd me) S PHEASEE 234 A gasE, @
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<, pHel o3tk 23 WS 8 F9 =T §7187 oldsigsg

3 A#AY o glenz 8H2 9UE dar AY dAvlastd e

~J

lRosw @vl aeinm Aggelis Aa, fedesh aFel ¢eu

ohdaatel Fow 03} AR APRaurgl olaid WAL ofebz}

e oAM= Ga-dhol&-Folgaato]l e Aie] $3to] doju 3}
obHaxqbol &, abd WAEpE A 9 F Fo] AMHC BLvbe] fBd A=
Pah-dhol&-dre #3802 kAT okol 29l ClO; 7} A EE g o

E Aol 2o pHolM dat 9atgs 448t 40N dae
27 7 hgskel OH ool A% A4HT
Table 2t ¢|S¢ Aelg Ao® A5e §+2 s@goas dojd 5

i A7) shstAolm, Hetael FBubes Lhebd 210 H31),
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Table 2. Electrochemical reactions

Primary Electrochemical reactions
HO + M[] + CI — MI[CIOH ] + H + 2e
HO + M{] — M[OH] + H" + e
Anode
Secondary electrochemical reaction
60ClI + 3HO - 6e — 3/20; + 6H' + 4C1 + 2CIO;3

Primary electrochemical reactions
OH3;0" + 2¢ — H. + 2H,O

. 2H,O0 + 2¢ — H» + 20H

Cathode

Secondary electrochemical reaction
OCl + HxO + 2¢ — Cl + 20H

In a closed anode arca
R+ M[OH] — M[] + RO + H + e
R + MICIOH ] — M[l + RO + H" + (] +e¢
HO + M[OH } — M[] + Q2 + 3H" + 3e

L HxO + MICIOH | + CI — Cly + M[] + Oz + 3H' + 4e¢
Oxidation

reactions
Awayv from electrodes

R+ O+t ZH — RO + HO - Ze
R+ Cl — RClI +Cl - e
R+OH — RO+ H + 2e
RCl+ OH — RO+ Cl + H +e

Equilibrium }
. Ch + 20H — H.O + QCl + (I
reaclion

ML : the active sites of the electrode surface, R : organic matier
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2-2. AA R

of &FA66], FE Hstd, gFuiy S FEAZ Algse 9w
[67-68], 5% AABI] 5& AAs=H 2§ Q) 1ela g4
& ALeelE Fo FAAE o) &8 T nEaw D gase 2a)g)
=& oled vidle) FgEe ¥4 T shuz Ao dedon
szl A Ast A oH70-711. Schifer 5[72]2 vlolaz o ubw-ulol]
TUH FIHLYES FRANGeRN HO 90%7A AAFYeH, Lee T
[73]& BEe WE71E olgale] &% 9k obyet o}, CODE A
Ast=dl AFstYth Madaeni and Mansourpanah[74]% 3% o] # 4
COD 1l AlAA o2} FF9 wg o] 43 A Hd 529%, Madwar
and Tarazail75}% G742 1%0}611 2] AdHs Agd AdENs
ol &ste] sl REEA W gL ArE 22 CODS 0% 789
ool e W Agdl mA e dE7hA AARE A 22 A

Aol mapHolu e alzhe] wol Au] wRale] B9t Faeel =

T o,
cinie

A=l

N5 ghHol Frhsme AAS AT dloF sh= ¥ v A& Holeld)
GejA R dpel A= FEe] MM 85t BE welRee szl
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d At dEAes FeErl e s A¥e] o8 9 x FEzle)
o Faot Aokg[77]. #E S REjo LAY o] WY AU Y

e wdEts] S wHoR FaA Bge] wol dhid AEAg(sRE,

~A2, G, dd A o] Wzhe J3alol = o] @ 78]

F o= magnetic seeding 71# 2 o] &5te] AL uwlA oM ulo

o &, il(algae), EeE, 29 2 044 SdER AAdE A&
Stk ol A PEAE FYste wkslAl H n 29 w2

d Abelell van der Waals 313 22 $3¢o] &gale] wayd B4 x

Ao thEe] vlRAlE Fare dele) Bele] A o) e WA

T wAel ZAetete] A S A v EA vl El o] E(Fe0) 8 H) AHA

=

EEol Sk A el FY owwistA =Y S W EEo] dysy
olF Aol BFEAHAAN FHohd fFAFPRG Fu b =¥
o8 d & ol5& Felste] WlEa79-81). ¢} Y& Fig. 19 e
et A R oop el 9 47 [82], Feld +=35(83], FAbH5[84]
o g HeAeld AdEele ddg ol gate] H&ed S

o3

gQlg wp 2dvk A Y P e FAae gHdel & B AT P4 =

of A Azd, =@¥HI WEY Ko glon A go] Wte Az
a2s Eedse 3wl AARE7I(HGMS; High-gradient magnetic
separators)7b 2t HGMS+: Lyeie] 2H & JtARE &80 ¥
dol We 452 Jea 2 dol 2uAdAE gas Boplr A%
Mot LuRE TS f)el A matrix B wire wool S8 AR ) w®
o Eeo] a A grEaao) whad 5= glrigs).

Agderlae] Al oo 742 FHe ey e 2oHes).

\J{D‘
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Magnetite + SS

S8

Magnetite

Magnet

Principles of magnetic separation.

Fig. 1.
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D 3

Ah’

= ool 25 Aa gl
2000~ 300 m/mEA, AEA) dy Aspgniel vls 15 ~ 20 wrpak
o E=& o S5 vpehdlch

@ A Ao A
Agate] dAlel dAMAE e ougAe) 13 - 16 ¢l

@ 7 - 2540] us,
T AL sbset, AR BEI} obd A7 BEo] FH| ur
A FA - B hdbakn o,

@

¥ Aegws Ayn o
Ael Aol £22 3000 mbh

web A el g dEelel HestAl He Ao xew Ysme) =
£3E JJUE = Qo WA 4gas delxn gt
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3.438 #Ax 92 44
3-1. 49 #A
3-1-1. A7 54 #AA

7183 3= Fig 2014 Wi nhel o] REy @ F3()ny &

o]
T Abelg Bdete ASd AF %2 A FFe o

%
TS 2Ed AT AE2 Wu $3 88149 Felronolw, 2w
%

A =5& 2HAdY A ~D(Stainless steel) S AV EF A 9@ AL
27 em, A2 21 cmol i w#e] 974L 17 em, WAL 1.2 cmolv] A
T AL 04 em, WgHT "ol 33 cm olth #2123 wbge THEA
AE H GFol 150 A, 26 VA HR{71E ol &5td AF ARE Adds
A EelElon, 5 W9 AAE Algste] Wua @] F Mo F7)

Hoz obgalil o FolAES aslr).

3-1-2. A2 23

Fig. 3& #AAEe] Aol Agvrad AgyLer], 47183859 597,

ri
re
o
Ho
g
2
il

Fele] &b pump® A E o] o A ERY) W sEE
FEHE ZER 3 em, AR 2 emo] AAME fxoln] x Zel= 98 cmo]
Fbel del A el ApEle oF 2000 Gausseol™ B 27}

vl A 3 g

oLJ

U F 9 filter matrixe] AL stainless steel®) woolZ, A4S 1 mmo

HAOANEHFW 22 QAT S FTUEHER o)
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(0.D: 2.7, 1.D:2.1)
Cathode(-)

|

Inflow

=

T

Anode(+)
{0.0: 1.7, 1.0:1.2)

Outflow

—— < Two Pass , Direct Current >
{uint: cm)

Fig. 2. Schematic diagram of the electrocoagulation

process.
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-
N

. Magnetic Powder
. Wastewater
. Mixing Tank

. Peristaltic Pump

. Magnetic Separator

. Magnet

. Clarified Water

. Valve

. Magnetic Powder + S3

OO~ LR —

Fig. 3. Schematic diagram of the magnetic

separation process.
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3-1-3. A71&s] FA

A7) Ba) A= Fig 49 o] AAlZEe] B9 olmdz mo] glow i
o]= 35 cm, WHEH AL 420 emi(35 emx12 cm) 22 A A £35e uek gL
Q) wrgzolth 2o EEF(THZSIH olatsol el H(Ir0) e At

284 o w dgdon 2F3E stainless steelS AR A=

i

o FAE 4= &3Fol zzt 01 em¥? 04 cm® WAHE 100 cm (20
cmx5 cm)® Edate], FFI ST Aol AdE 12 em® YA 4
e T 2vlel 53 R ol Feld Qom, ¢339 el wos uA
Yo glow 7b 3 ofA¥ ZHd nAE e Sk F AS9 A

9felm 3whoz mol glom, w Atele} AgE o 5 cem
ot} Adel A Hake] 150 A, 26 V! AR dAFE AL
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Anode(+)
(20W x 5H)

H, gas

Cathode{-)
(20W x 5H)

Unit: cm

Fig. 4. Schematic diagram of the electrolysis process.
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2 Ayl ARRF gAHS s dEE ol f3lo] Mo s GMAFE A
2l A AHo R ol&HelAn 9= wreAd ool Suncion Blue
P-3R# Suncion Yellow H-E4R2} £4Hd 8.9 Suncron Blue RDX-4003%
Suncron Yellow 3GE-200F ARE-8FAoi[11]. o] 52 A A 4(CD+ reactive
blue 49, reactive vellow 84, disperse blue 106, disperse vellow 540t} o
R FET 100 ~ 300 mg/L #HSlelA WAAYG FAH e B
Table 39lA Ri= vl Z-on Blue RD 4008 7|&2o.2 39 SS+= o
§- osgken, 2= e 796 NTUoIth pHE Hat 809 2 44z &
Wil Al @Al pH 9%FE deotrz] fls 05 N H:S048 02 N
NaOHE&E A}-&38le pHE F4d3slsict. Fig. 5% |G4# 5 Axd Al81 o
we] shehqtgo|rt
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Table 3. Characteristics of synthetic dye wastewater sample

Parameter Unit Average value Data range
SS mg/L 3 2 ~ 4
Trubidity a NTU 796 339 — 1253

pH - 8.09 722 — 896
Conductivity ©HS/cm 290 236 ~ 344
TC(;D mg/L _ 293 134 : 452
Color - ADMI 4388 4025 ~ 4720

(Dve: Blue RD 400)
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Reactive Blue 49 {(Suncion blue P-3R)

6] NH,
- S0O,Na
N
NH-—=" — NH—
O NH W
M Y N
H.C
3 CH, l
SO;Na

Reactive Yellow 84 (Suncion Yellow H-E4R)

50,Na " - S0Na
N=N —QNHj// e NH*(/ \>
“OO NN —
NaO35 SONa  NHCON,H T

Cl

Disperse Blue 106 (Suncron Blue RD-400)

5
: CH.
el Senl
— " ¢ H.0H
0O,N N 7
2 H,C

Disperse Yellow 54 (Suncron Yellow 3GE-200)

Fig 5. CI number and chemical structure of reactive and

disperse dyes.
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3-3. 4% Ty
3-3-1. 47143

dMH 5= A% (peristaltic pump, Masterflex, Barnant Co.)& &3
A71ex Axz gurAc daHrE WY dan)es FYEo

i
ool §=h()wIt AP Alolel BFEHZF Fate] wiEEH, o]F# 2

oF 3 H9 METZ= 075 ~ 125 cm/s (005 ~ 0090 L/'min)2, AFHFo
5 ~ 10 A (AFYUE: 142 ~ 284 A/m3)91 Helo ] AEA AT At
Aol whel thesl e, 27187 wEA dERen Wasid

3-3-2. A7)+

A7 Rl AR og gddon, ArlsygAe 22 AF7E AHEE A
oh A ke By 8L F fFE 9 sL=, ATl dE 474
the 710 % gglch vhg A 7ke 100 — 700 sec (1.7 ~ 11.7 min) 9]
o A Bt Wi 10~ 30 A (HEF= 83 ~ 248 A/m5 e Wl
A @A A, AslAR2 NaClg AHEstelen], NaCl 55 0 ~ 1000
mg/L.e] 94l Hrbst AT

3-3-3. AA &

47 gR GAdSE gParel oe AYRARA AR F9

A Anw seo) sl oy, RS AdRelgN e Fahebas A
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o W Eelry el dAA AAdr. S AA 75 05 ~ 1.23

emfs (05 — 22 Umims stedeh 207] 4257k 44#e 32 94
W 27 B GARA FES Foldg B ATIN SAREE
lae g A wA eAnse #4800 AR & 47 EaS

b 2% Aclnl, ¥ oA SHAREE AW AYvels 2HD 4

g )

Ribeiay
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—— Mode 1 (EC/MS)
--—-> Mode I {(EC/MS/EL)}
------ > Mode I (EL}

Treated
water

Magnetic
separation

Magnetic
separation

Electro— electrolysis J—-——- >

Fig. 6. Block diagram of a combined system.
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Power supply

3

O -]

o |
Power supply

Fig. 7. Schematic diagram of continuous process.
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3-3-4. AU
18} %2 SS, "¥%, COD, pH, dx5%, A%, sludge &

lgas AzRAe A dvkel 2ad 3
o) AALL The AL olgatel el

Akl S8, gk, COD. Mke

[e] =z - A
€ THHoZ

ol
ad
i

At

SS(rEx= gx)e 71 & (SS(or Turbidity) removal efficiency)
ol SS(EE B) — Aele SS(EL FE)) 10

47157
M7 e 4ol SS(E Hw)

COD(xE= Ar)e] 274 (CODlor Color) removal cfficiency)

fo] COD(Ex ¥n) — Ao COD(Ee %)) (20)
Aol COD{(EE M%

B AnY BAo @29y Standard Methodsst #74 ¢ 3 A9

H ¢ A pAsIYT 4 2ol A Alma)s = 23]

o elAste] AR AF F A
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Table 4. Analyvtical method and instruments

Constituent unit Analytical Method or Instruments
S8 mg/L Standard Method
HACH Z100N
Turbidity NTU
Turbidimeter
HS 2000
CODCI’ mg/L
COD Analyzer
Dionex, DX 120
Cl mg/L
I lon chromatography
. Istek 460cp pH/ISE/Conductivity
D _
meter
. Istek 460cp pH/ISE/Conductivity
Conductivity ©S/cm
meter
HACH DR/4000U
Color ADMI
Spectrophotometer
Particle SEM/SEM-EDS/TOF-SIMS

- 40 -



4-1. 27183 T2 54

=1

A7) o3 Adreel T3 wAL Fe Aol WAE Selo] Fe A8
2o gaz slo] Ao YA S4L ol 4@ Aeolch wEy HAFelA

O_.L‘

4R Fe Ast2el grhg @ Al FAXEA} ® T Faw 8

e

g a pogr) YRSl gREel A AFZEelr EF AASIAE nh
v Elo] E(Fe;00) & Ho] 9 ow A ake] hematite, geothite, maghemite &
o] &£t

Photo. 12 7t HAelgtAe] g g

A,

|2 elE e Ao s

il

Gol R, A71gA%, AAReel e, Agee Aus ANwa el
ol merg 247 wated e Aelth Abdel A mi wkek ol (ool
A owas Sl Bee 44 poe] @% HWow gds ol
g dug eI el ARHE @ AF A 42183
Agael wol ARgd waetgs W AEsk gds] AARAEE &
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(a) (b) (c) (d) (e)

Photo. 1. Conditions by treatment step in EC/MS/EL.
((a) raw wastewater, (b) electrocoagulated water,
(c) magnetic separation principle, (d) treated

water by MS, (e) treated water by EL)
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SEum

19 em

Photo. 2. SEM analysis of electrocoagulated flocs
formed in EC.
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4-2. ¥ 51 57 Hi-ol A4 A

Fig. 8% Fig. 9 @2 A7 AGEY F459) Wt B A
U ERe&ud B gno) A4S wnZdoe s el Aot o] il
SHNeRRE AV&HH AEdEY fFES AHegdd e A4Fs rv

Fig. 107} Fig. 11& AfRYEe} A71&3e §9 Hd&mo n2 Ar&3
FU R nEEY wxe 2 Ul Aol AFUES} 142 A/miel
A 284 A/mPE Eobel wel, 47153 Az §9 HEEs 125
cem/sell Al 075 em/s2 Wolde] wiEk &34 Y BH 1¥E FRe
1260 mg/Loll A 2912 mg/LE ZLAl 7218ttt g5 =8 kY F7}ste]
Ho 4012 NTUZHA 2 o= Frhsslnh. dRrdert st #7183
o] ¢ AEE7} doldd @it 784 Fe dFedA &&= Fe )29
dol FrhetAAM Rig vd@Ee wxe HR FrEEY 2 4L £

t},
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SS removal efficiency (%)

90 -

80

70

60 -

°
A
[
504 o |
A i
] 1.00 1.23 ]
40 T T T T T T T
0 1 2 3 4 5 6 7 8
Treated volume (L)
Fig. 8. Effect of linear velocity in EC/MS on SS

removal efficiency in the treated water.
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Turbidity removal efficiency (%)

30+ o 0.75 0.86
A 1.00 0.86
20+ m 1.25 0.86
o 1.00 0.50
104 A 1.00 0.86
a 1.00 1.23
0 T 1 T T T T T
0 1 2 3 4 5 6 7 8

Treated volume (L)

Fig. 9. Effect of linear velocity in EC/MS on turbidity

removal efficiency
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e : - -
3500 Blue RD-400 : 200 mg/L

U,in MS: 0.86.cm/s
3000 - .

2500 1
2000
1500 1

1000 1

Concentration of SS
in the electrocoagulated water (mg/L)

500 -

Fig. 10. Effect of current density and linear velocity

in EC on the concentration of SS in the

clectrocoagulated water.
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Turbidity

in the electrocoagulated water

Fig. 11.

Blue RD-400 : 200 mgiL
U, in MS : 0.86 cmis

4000 -

(NTU)

20001

1000 |

09 T
10 T
14

il 1.2 o
1N EC (ch) 13 120 G\’(‘e

Effect of current density and linear velocity in EC

on turbidity in the electrocoagulated water.
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1-3. COD®] AA

4-3-1. 47184, AQEs A/RA 2F L AR A3

Fig. 12+ ¥ 79 7|2 $HR=g 471343 A4 Eed & 47288
F7t 27T A=A, A7IEEe A} dRdse] wE COD AlA

&9 ¥3lE gy AHolg AFUEs} golaA L Hejazte] Aatds
2 COD AA&e) A o 42839 AFYEYE 142 A/m’E T
AP o HsfEE NaCl 500 mg/Ls A7tskath dA71s549 df/d%
o }Z COD AALL Vel Fig. 170149 riaztxs A7 2s)e dF
Wy 7l A5@deE Fejaldel wE COD AAEY AFZe] #& 4 F
ALt Fig. 13614 R vhe} 2ol Hr &zt g A5 COD AA&ol
t 35.3%e 23 Hkd A&, AR AV)EaE =g Alzdd

o]

B

A A 968%E =@A2We] Gl

Fig. 132 d71&slwt & ARrm=e #7183, AAdEd F A0S
F7H3F B R ed A dA7|8s]4 NaCl o] WwE COD AAE&E vekul
Aeloh, A7 E&7 9S8 AF, NaCl 0 mg/L.ed = 10 ~ 14 %% COD
A& ol 1000 mg/LY o 11.2 ~ 344 %= F7rstdo),. d71e5, AdE
do} AV|EHE 2F3HEE A% NaCl 0 mg/LY wf 78 ~ 82 %<1 COD
A&l 1000 mg/LYE W= 826 ~ 968 %= Frietsichk d7lEafwt of
A 4T #JA7d COD SFdY) F5, AAA, LA o &3l 529

AAZE ojE sl o, A7, AdRelsh MIEAHE 27T Al A"l A

i

A AL o] ujFo x| Raure] Aol A&, AL et M) E&

o] 53]

1r10
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Fig. 12. Effect of current density and electrolysis time

in EL on cumulative COD removal efficiency

of combined system.
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Fig. 14. Effect of initial wastewater pH on COD removal
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Fig. 17. Effect of current density and linear velocity in EC

on COD removal efficiency.
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on residual COD in the treated water.
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to the treatment procedure.
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Fig. 23. Effect of electrolysis time and dye species
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Fig. 24. Effect of NaCl cocentration in EL on Cl

removal efficiency in the treated water.

_70...



A-6. pH2] W3}

AdEe]l A-E A AYFE pH 912 ~ 928 £ 2 Az Add A
ok $-9} 250 mg/LE kst A9 Ealaz
o] Wshel] #AYe] pHE YAskvh el NaCl $%7F 500 mg/L o] 4
ol A= 100& §F pH7F 847 ~ 87022 F43] d4dlen olF Rzt
o] Aol wep A& gdaste Y59 pHoll A= 7
1€ #d F pH dEel FANLE S5ol @Adle ¢4 717 3
Tom WEste A el H'9] Fx7F ®elxla OH #%7F Aodez
ol Akst I, S04, HCOz , HSIOs, NOs 59 oa o
& F3E9 OH Y Y240z A3 s QoA OHE W
A7l A% pH 259 Yo ddiel]
a2l AvlEaE § A9, NaClg ¥718hs &8 uje Balajzie] A3
stefim 7l pH a7t glolevt NaCl 527t F7hshdA] #s A gkl w

2 pHel 5ol fFelafsivh ol A 49l NaCie] OH o3} A3 o

cpé

H‘L

Egte 2 OH ol 2% flol 7] o ol 61l

-71 -



pH (-)

8.5

9.0 -

8.5 1

8.0

NaCl conc.

(mg/L}

0
250
500
1000

<onopo

EC current density |
: 198 Aim®

EL current density |
: 248 Alm® 1

U in EC: 1.0 cr's |

raw EC MS 100 300 500 700

Electrolysis time (sec)

Fig. 25. Effect of NaCl concentration on pH.
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