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Symbols

¢ Zeta potential

Acronyms and Initial

NTA Nanoparticle tracking analysis
CEC Cation exchange capacity

ICP Inductively coupled plasma mass spectrometer
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Zz2oltX A& (Colloidal Electrolyte) Z2]11 o]& wfo]A(Ionic
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organic

D

Monovalent

l:‘ @ counterion

Unsolubilized Multivalent

organic counterion

Fig. 2.3 Schematic of anionic surfactant micelle containing
solubilized organic and bound counterions (Somasundaran

and Krishnakumer, 1997)

_‘|8_



2.2 JrH &
2.2.1 &9 A

e oiF] Zo] A Solrt £ FElz w2 gate] 2o ufe}
22)stal S4jo] Pabaint. oA o] Exfjsts e 2|0 met 37}
=

S 37|7F ImmolAte] 7|22 tj3 2w -E(Macro-bubble)
2¥2e WY A 22 o) AReEL ol Stokes
Ao wre} oix| UollA wheA] RAbstel Abatalct.
oto] 2 2 ¥-E2(Micro-bubble, d= 1 ~ 999um) Z7|7} 1lmm ©J|s} 0O}9]
32 @99 ol HolX] = RUNH S0t tpo]azH 52 tjaz H
S0l vlsf = == B0 ofsf BAst, 50um o]ste] tholIzH =S
o] A%, "= Ui 7IAY #Eitez Aol gslEo] 4Esrl= ot
(Takahashi, 2007). YxHE& A3 1 ~ 999nm9 U F7] HHEZ Y
= Al Egolut kA Stol=do]EQF o] mUAH| ot et fa
A2goz W8 7MY ik OA], =2 WiEdol sl w2 wAIsk A

71 250 EAE o AHES=AL 2014). 9 A2 F7]9 HE2 4 =

cE L
oL
I
=2
|

e
i)
ro .
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=
N
H
ujn
rlo
2
=
1o
=
F
rg
i)
o
)
>
N
=
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oo
ol
e
olr
I
e
o

o
Uesl2e E9 A5t A2 glol, ARHde S5 558 & Aok
AR

Uusige 71 437 e vEsEe] S4o2 20004 022 27X
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Burst at the surface

O O 0=0

Macro-bubble Micro-bubble Nano-bubble
(d>1mm) (1-99911m) (1~999nm)

Fig. 2.4 Definition of Macro-, Micro- and Nano-bubbles
(Takahashi et al, 2007)

2.2.2 UnHZo] A4 qAUS

HeES AlxRsh] ¢t ot sl JHiEEo e, & A4

2, mATAL AR

Al

FIF

rOl'
C
|-r4
i)

~

o3

U2 (Decompression type)2 A=-i1o] &ZolA ZIME FAOl &
il mel 52 Tmer Goe MEetn, LES oAU S WHA

galid 7IAE A W 712 & ez AAdste Hes F4TH. ¢
o JlajAl At e w2 oF atole] s]-of AWe FAste o
Qs FgYgo=z Aasttl(Neimark and Vishnyakov, 2005).

LA (Capillary type) Ts7d THEOIA ZIAIeF A Ato] FA UR=
7IAIE #sto] W52 WA= Yoot g tiES SastHA Ad+
PRl mRol] 71go] ol(F, Rel)los mYld] DEAUA vh2e AV
B39 Pt A2 HEIe] o) 3710 ofsl| 270l TIssiH, BE 7%
AAQHECE oF 108 A= = n|MyE-0]| AYAEICHKukizaki and Goto, 2006).

OFJ
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2.2.3 Y829 YA

AWol SAstE M Qlof 7|2z A" sAketo]2(OHY)o] $AA
o7 ZAtsHA Eof AM7] o]%Z(Electric double layer)E &/dstA Hot.
o] A= HRFFAA 1Y S(Stern layer)dt W

o} ofsP] AZEel Yt URPY ol 225 (Diffuse layer)o.2 o] 2ol

Aolck. 9Rgoel o 2aHtE(Diffuse layer)e ol & WAL A
EAfste ol 24 AR, A7 ol 9t olee Adjg BaAet 2t of

LB (Zeta potential, ¢)o]et sttt €02 A= Ury
tish Q1=jo] Argstal, Zol2o tish A=o] Argettt. o
&M UleHE mBHO| B/l H7| sl FHO| ol FE7F EobA|aL
Sol22 Agor AY/SA0l HAl ¥l RAHCHES2Al, 2014). A&}
ZEE] oot M 7IEol He w2 +30mVE UEHOon, pHZt 3.0
~ 354 o A=z AEPA(Isoelectric point)o]il pH7F 60]A4Y o -
20mvyct AFe ZFS. LJEPHCHCho et al, 2005; Calgaroto et al, 2014).
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Surface potential

Stern potential

Zeta potentia

Diffuse layer

Fig. 2.5 Electric Double Layer of Nanobubble
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2.2.4 Grwle] 3ot AUS

Ues]2o] AEREEES Uheul2o] obgymel ofet odedel A
sl = 7]} g Gt Lhevj2e SAHstE Al =3

29 AL 4ol sttt Table. 2 5
molc}. Upes] 22 T} &He Zio] uls AEFEEHo] 27] HE

G0y At dis £AF= o] Hojut Agetavprt ARl S, 2012).

Table. 2.1 Comparison of Bubble Sizes and Surface Areas

Bubble size Surface area
Imm : 100pm 1:10
Imm : 10um 1:100
Imm : lpm 1:1,000
Imm : 0.1lpym 1:10,000
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3.1 YxHE49 A=
2 APolA ASH AL FRAY pateuBiolct w2
olAE eui240) AE % BIUPFR R A ol s Lst

WA} g}

3.1.1 Uewlgo] Y 2 BA

A% FA|(Fig. 3.1 ()2 ol 83to] patbes2e BYstact. A P
2 3 3542 AE Al AL T 3G 22 WY gPoz A

AAst 152 NTA(Nanoparticle Tracking Analysis) %HX|(NanoSight
LM10)E &3l 7iAle=. W22 B« 4, Auis At NTAY %
5 Hele dolA 2o UxdEaE FASH oINS Sdl UEHU=

w50 Yt &S st EMCCD 72tz ssistot. =ahd
Vg2 2T Al HolA B2S F45t0] Stokes-Einstein F24]of 9]
o DIMIUAre] =271 g et olFEA ATt UxHEY JiAlsEe
Table. 3.10]A B u}e} Zro] 1.62+0.02x10° particles/mlo|n], EH# A
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4E 165 ~ 176nm, %]

Yool 2xw ol

(a) Nanobubble

(b) Ceramic Filter

Manufacturing Apparatus

x%%

=
-1 O

Fig. 3.1 Nanobubble Manufacturing Apparatus and Filter

Table. 3.1 Material Properties of Nanobubbles
Bubble Diameter Particle
Solution Concentration
Mean(nm) Mode(nm)  |(x108 particles/ml)
Distilled Water - - -
A 165 143 1.61
B 172 108 1.59
C 176 199 1.65
Average 171£3.71 150£30.60 1.62+0.02
- 25 -



(b), , *i0

Conce ntration (pearticles £ ml)

0 00 80 1000

400 600
Bubble Diameter{nm)

Fig. 3.2 NTA Analysis on Solution A (a) Image of Nanobubbles
(b) Size Distribution of Nanobubbles
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Conce ntration (particles £ mil)
—

0 pL 400 600 800 1000
Bubble Diameter(nm)

Fig. 3.3 NTA Analysis on Solution B (a) Image of Nanobubbles
(b) Size Distribution of Nanobubbles
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14

12 |' '\

08 r','ﬂ'.,n'}

0.6 |

0.4 ||"I.I |

o\
0

0 il 1] 400 600 800 1000

Duration Time(hour)

Conce niration {prrticles / mil)
—

Fig. 3.4 NTA Analysis on Solution C (a) Image of Nanobubbles
(b) Size Distribution of Nanobubbles
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3.1.2 Yy 59| FNEtzEAE

REtZEIA (Zeta-potential) EAAH8|(ZetaPALS, Brookhaven Corp.,
USA, Fig. 3.5)2 ol8sto] APl A& Lebl240] AEtzelde &
ArHFig. 3.6). w3 S50 A9 MEtEEIFo] Ao EAo] Hx] A%k
o], Table. 3.10] AAI® Lwti2s A B, Coj thst MEfmEIAe 77
-24.80, -25.27, -22.27 mVZ Ho -24.11 mVZ YUERGTH UrwE°
goleos thHEE UL Add] WAHE 22FF0R TEADL He

Hof pAreto]2(OH)7F A™ -z FAfsh] mieoly o 425

oX
ol
o

o]gsto r=4 Wol ol Fo

¢h gAlstz oiAld WeHE2 e P AFor Qs A/2YHA &
A
EN

oA A7 S BER

K

Fig. 3.5 Zeta Potential Analyzer
(ZetaPALS)
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Zeta-potential (mV)
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Dw A B

Fig. 3.6 Zeta Potential of Nanobubbles

_30_



oF
B0

oK
"
or

159
l

oju

HAYUE
oz28Y S5 A

?_]:

=% Ao o

a4 &

(%]:

[ife)

WELR ALS

E X
=0

swol o2t AlA

=

94
HAo. E/K st

oF
(o]

= E

=
[}

=
S

g

71 glstol 4

akols

JFass

J]J

2uleb pH 223 &

=13
a

[

o

T3 E2 A A

=
=

< EF U A=

=

ol A
Ala Y AEE RErolA E/K

=2 YU s
= w=°

L

7]

&

o= ®eprt glo} of 7I3F W

ol 59 ol

o
AR

A g3}

o
=

s
__o.._

al

WAsl7] Slstol
SEE

= O

g2s A
g N
K =]

E/K &}
E] 0.75X|&7}A]

ot
25E 0.7500A 1.0R7HA]

(‘)_]8

o] 2

=]
T

Al Ale 2ol & =22

" AlgollN getd

1
L.

=
=

I odulx ere Az

o

5342 4] 9

_3"_



322 A Alg ¥ Alg

(1) EFA=

Cellddol At = 7HA EY & st sitEAZd=(0lst MBE)

rr
5
g

oA AFt Alae NPE 542 2 ok AV

a0
DO
S
S

dor 22 Al7iste] AERR] 105+5°C, 24A%F &oF XS 7
9 Az Zefd Ags AMgstd. Aad AER RREU, ERERAY
CL2 FRE0 22]5 54 Table. 3.2¢F Zth MYEL pH 9.4, Yol
2 WEL5(CEC)S 18.23 (Cmol/kg), HIEHA 16.0(mYg), S712 ek
0.85%% Z3hsta Qlrt.
Al BEAR= KS L5100 o] &35F Al
2 /=W, pH 7.6, R718 &F 0.22%9]
Algoltt. 4,5 1.65g/cm®|1, 4,2 1.405g/cm’2 LFERGTE Cell
yloll 2ldi2 oA 4ole o U2 E(Dr)x= 63.1%=2 B8 AJEHE oAl
SHiT.

BA 5744 vPIAMAl ABeEE sliof st AMEE AlRh AlBEARE A1

g mAjelo] Fig 3.701M 22 Cellg ol&3 AYLHL sl
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Table. 3.2 Material Properties of Soil

Soil Content Sand (<O.g;c?r’nm)
Soil Classification SW CL
Liquid Limit (%) 19.81 44.20
Plastic Limit (%) NP 23.82
Specific Gravity (&) 2.59 2.46
pH 7.6 9.4
Cation Exchange Cavity (Cmol/kg) - 18.23
BET Surface Area (m%/y) - 16.0
Organic Matter (%) 0.22% 0.85%
Minimum dry unit weight(g/cm?) 1.405 -
Maximum dry unit weight(g/cm?) 1.65 -
Water content (%) 17.3 40

2) 55

Pa}
rE
=
ot
ol
Jp>
to
oe
rlo
o
=2
>
P
>
rin

SAFEAE 272 S0 FU @
A 7IEA7E de F2(Cu)et H(Pb)E A dide=z AAsiA. Ait
2 (Cu(NOs),-3H,0)= FEA 7I2FEI2 E|ofQlon, A1 241.55g/mol,
SAMCHUN PURE CHEMICAL CO., LTDOJA W& A=g AMRstch +

PodsEs Eed el E thrlEe nejstel 3k FR40] AR
7} 500ppmo] =S 48U S0l AFEIIACL.

E3 Pbt A EOR WRAL 92 5o ¥R Agst: AAd
(PbNOy,)e 814 712 Pej=  slojglon], EAlo] 207.2g/mol,

SAMCHUN PURE CHEMICAL CO., LTDO|A Y42 Al&3 AMEsIATH &
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LAFrE BTSN HAVIES alesto] 3R R4 A7t

o]
ol
1p
Lo

A8 Eoro] MeE FEA et 242 ASSCh 5
At 3% BRAE ABSIGC. HuHBAE 3% FR40 S471A
Qlste] 32 ZoF 85A]A ZATAIF ZFIA o2 Table. 3.11F ZFo] A&
g HF JfAsT 1.62+0.02x10% particles/mle] 24 UtrwBS AlLs}
%ct

i
o Ju

323 AY Fx L 74

(1) DC Power supply

A= AAX]|(DRP-901 DS, Digital Electronics)w &S Alsz el
AlA, AYE st 2Ho2 FgF0] 7155y, Test cell =0 @AM
=12 &6l IS Fo A7|E6le A7 EIES dod|e Adesad

(2) Test cell

Test cell® E/K Azglo] 2~z =z2H EQYSH ofzdz A&stgict Zojyr

=
& 3lem, & 5cm, 0] 5cme] Cell Y =T ®A2XTH3 €1, pH
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of 29 YRS WAlSIL MY 54 EE. pH 54 ZES 950 AY F

A7) st Al =22 7E 0.65 ~ 0.858 oA 2R = AP
= GABIA FFC2RE 075K Sa45S LA AlRE AR
2 FFORRE 0.75004 LA A= LAAZIAl 22 Alee A

ol
AN
o 5340 sES BHS A BT

2T RAAR| Q] Ul2] QUIEL ofa AR AAE|o] FZoA FAAE A

FAL 5 W AU £ Test Cell Y #2945 2H
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o [ 1 «—— Mariotte Bottle |

DC Power
Supply

Cathode

(a) Diagram of E/K System

| Carbon Electrods

|

! Passive |
b Electrode | !

| Reservoir l

(b) Profile Diagram of E/K System
Fig. 3.7 Schemetic Diagram and Dimensional of Test Divice

(HEs, 2010: 27474, 2014)
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——{ pH measurement }*

=] L=l @

b 5 - - - - o
O-ring

i - - - - - O

= - - - - - > @
[ - . . (]

Passive Electrode

'® - - = - s ~

2 @ @

(a) Cell Cover

@ @ @

n_n 0 o oo on B8 oo po 0o 3§ ¢

{ Carbon Electrode |

LIS B B S e m ame mmw mmm am

Vyon Disk

ed Soil

@ Uncont
+——{ Contaminated Soil | aminat |- @

@ @ @

(b) Cell Plane Figure
Fig. 3.8 Schematic Diagram and Dimensional of Test Device

(A9<, 2010; =44, 2014)
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3.2.4 Cell Test ¥

g0kl FRe} 5240 E20 wel E/K Ast Al el 24 A

7 88 5445 Cell Testz o] &5t ZA3HUAL sHATE Ag2 FIAI7T

tlo
oX
ic
ol
Q2
i
m
=
P
o
a
riol
o
i
rlr

3= Cell Testo] Az
EQroges] U oIz ojAstel 2419 J1E P2 &% E 500ppm,
Fod=t 400ppmo 2 Q@ HA|ZIC}.

A L(2005), FHFAR(2000), HAF-&(2010), =4
al.(1999) 5o =W HAYGA = 1V/ecmoA g&8Q 554 AAE &
B Qe 7oz A vl 2 AL 1V/emE A gstect,

oQARE FToBUE 0.65-0.85K K0 2418 HHo] WAIEE 2

S 13 YFogBEH 0.75RK|HA7A] FaF40] QFH A7
0.7

mZL'
~
()
—
=
=
3.
[0)]
o
o]
o))
0]
@

Nae AFEY SItEAEdES} APEES
1 A™HES] ARt 7IE A4E Falst
L 4 EAO oot 592 AAsto] AdS AlsPstict,

A= UebE ZHFFE AbEstol & A As agol o
5l vl@stR on Cell Test 271 A2]s}H Table. 3.39F 7.
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Table. 3.3 Test Condition

500 (Copper)
Co (ppm)
400 (Lead)
Fixed
Factor Electric Gradient (V/cm) 1
Conteminated soil Bed
0.75
(x/L)
Fined-Grained Soil
soil
Jumunjin Sand
WanElsle Distilled water
Factor Agent
ac H,-Nanobubble water
10 (Fined-Grained Soil)
Duration Time (day)
5 (Jumunjin Sand)

g 2

2 =voMde 2¥d EAXRTANYEE, £HE) ¥ F55 2%
2|1 SFAA| & FES 1dsto] Table. 3.4 9 o] Case 1 ~ Case 82 F
woto] Age Lesteict

Table. 3.4 The Cases for the Experimental Conditions

Test No. | Soil Types Contaminated Material Agent
Case 1 Cobper DW
Case 2 pp NBW
Case 3 DW
Case 4 Clay Lead NBW
Case b5 DW

Case 6| Copper / Lead TNBW
Case 7 DW
Case 8 Sand Copper NBW

% DW : Distilled Water
% NBW : Nanobubble Water
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T
0a
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=
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=
_)‘:
@)
[«)]
[@2]
D
—
rlo
o
fon
el
N
bl
fo
12
(@]
>
-~
=)
X
e
L
20
=il
g
H1
N
)

9.21(mA/cm?)2 FGE T 015 FAT Ta IS HAh Case 2+
oF Az A Z|TIAFU 7t 9.813(mA/cm?) 02 S RARECE TASH]
A UERSTE Case 32 9F bAoA AthAFE w7} 8.88(mA/cm’)2
e}, Case 4+ oF 8AIZMOA A FU =7} 8.93(mA/cm”) O =
FE|Qct. Case 5& 9 5AZtOIA A RYE 10.09(mA/cm*) 2 7H
=7 £ E9Ic}. Case 62 °F 8A17tl|A] 9.72(mA/cm*) 2 £ glct.
978 %1(2012)0] A|AISt vRe} o] Fo] pjEty AVAEwrt W] o
FUEI W EHHE Jes wodn. E/K At A] AV 262
Qloll o] 23t o] olzyo] FUIEHWA MRYErt 7T SHM)=F
oF L7t oA =HHA AFE Wollsto] ARUEE
Aar7|= 7oz mod=ltlAcar & Alshawabkeh (1993, 1996)).
F A BEANE ARRMO] g AR ¥iEtE e Zlo]
Ch. Case 7014 oF 24AIto] 0.884(mA/cm”)2 HHARUEIF 5785 A

e

1~

H47]
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Current Density (mAfem?)

Current Density (mA/em?)

78] ZastEA HE o

| o 24417 AW 3

=
A5 o

@ Casel o Case2
B Casel —8—Cased

—&— Case5 —— Case b

Duration Time(hour)

(b) Sand

Duration Time(hour)
(a) Clay
& Case7 —o—Case8
o))
O~ | |
Q
® ® ® ® O
40 60 80 100 120

Fig. 4.1 Electrical Current with Time during Test

_4"_

|

t}. Case 82 4 ~ 6A|7F AFolof|A] 0.744(mA/cm?)
ol



4.2 &9 9%

Fig. 4.2= E/K 7| 5= #2004 f&28He /580 92 +
Aot J2fjmoltt. Case 13t Case 29 Aot 10€9F w4 &3> 44
729ml, 662ml2 Z547F 67ml o @o| S&&|9itt Case 33 Case 4
Z¥7F 571ml, 594mlz2 Urx¥E571F 23ml 245H ¢ §&55 9t Case
59} Case 6& ZizhF 516ml, 531mlz2 UrwE47F 15ml

.
9E5A}. Case 71 Case 89| st 5d Foto] »A g&5dF2 247}

rir

AHTF 9EF0] AL olgt SIMoIA LA 247|EF FRSET
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800

o Casel
700 ——Case2 o®
—m—Case3
600 —=5—Cased
& Cases
500
——Cased

Cumulative out flow {ml)

0 50 100 150 200 250

Duration Time(hour)

(a) Clay
T000
Z o Pt
£ so00 —a—Case7 o Case8 b
= --_-___._...
S 4000 N =
B Z
= 3000
E -
5 2000
.. " )
ame o o Q e!
] 20 40 60 80 100 120
Duration Time(hour)
(b) Sand

Fig. 4.2 Total Flow with Duration Time
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4.3 pHe| W3}

PHE §9o] S20l@% 5 UEMd A|52H 09
& Wb E/K Bete] YQIRtese gEe ¥ 4
A b0l ke A A} MY, 2
AWM pHZE QRS ECh Y B AR mhe &
thet pH WSk Fig 4330 2} Fig. 4.3(a) MY EA
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sbete M7l R sl o 1212 oy
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10 —a—Casels g Casel-
f— ——Case 2+ B Case?l-
Z 8 — & Case3+ —a—Case3d -
5 ——Cased+ —p—Cased-
W Casebh+ —x—Cases-
4 ——Case b+ —— Casekb-
pra
0
0 50 100 150 200 250
Duration Time(hour)
(a) Clay
16
= O n—‘/e\’E
S S D
—a—Case 7+
—&—Case7-
—m—Case B+
0 Caseg-
@ @
73 | ]
a0 a0 100 120
Duration Time(hour)
(b) Sand

Fig. 4.3 Variation of pH Anolyte and Cathode with Elapsed Time
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o] o]&sto] MAZAALo] HJ3FS v]XItHAlshawabkeh and Acar, 1992).
Fig. 4.4+ E/K Ao & EY &7E 5548 2 st A
o] AABAL Hets ‘AT Zlojtt. IdoA W= vie} o] 4= &4
o] 20] SO =2 o]5stHA A7] ArTof ¥atE 0 AJZto] FHukgtol
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A5 PYAE AST AS MF 27PF AUE FUANN F7HEo] 3
A UBGT o] 32 Q9E AURALR BolA Hck o3t AFL BAF
F402 oY AN 9 Fas Uehioo, AUAAUE 24 Uet
g odd Ade ArldEed 2 9% WS HAT 2 Yoich
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Yohage (V)

Voltage (V)

Yoltage (V)

VYoltage (V)

Yolage (¥}
[

04 06
Distance from Anode{x/L)

(b) Case 2

: k\‘:l- —_*—_:!i—.—.—g

Ewn
8
:
£:15
=
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——0 o4 B3
—B-14 a4 182 420
08 1 0 0.2 o4 0.6 08 1

0.4 06 )
Distance from Anode{x/L) Distance from Anade{x/L)

(c) Case 3 (d) Case 4

Yoltage (Y}

0 0.2 HES 06 0B 1
Distance from Anode(x/L)

D4 oé
Distance from Anade{x/L)

(e) Case 5 (f) Case 6

Voltage (V)

Sy &
5 .
—e-0 -©-2¢ @28 @ 72 -9 —A—l]:‘ N

.\_"_\. )

Distance fram Anode(x/L)

Distance from Anodefx/L

(g) Case 7 (h) Case 8
Fig. 4.4 Electrical Potential Difference Profile for the Test
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5.1 pH Hsto] W& A Jetant

Fig. 5.12 Ad &8 & Cell Y 2t AFER AR89 fF 554 5%
¢ pHE F4h Zjzolt}. Fig. 5.1(a)oflA +3]9 d& Hel=2 29d
oM e S50 w2t A9 EAls] MAEAL HREEC

E/Kato] & &4 452

=
oF 29 R7|R2MY L¥s=rt A EoSA G2 & 4+ .
+ Pboll o5l tha AALE=IE = YA 0.7FF0N FH IS4
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Table. 5.1 Mass Balance

Initial Amount

Residual Amount of

Residual Amount of

Test No. Initial  Contaminated Initial Reservoir EOF Mass balance
of Copper Soil Bed Uncontaminated soil
Unit (mg) (%)
Case 1 203.98 125.29 0.0012 1.2 87.67
376.97
Case 2 186.74 167.48 0.0018 2.03 94.50
Case 3 195.1 4473 0.0024 0.091 107.11
224
Case 4 179.78 60.73 0.0008 0.12 107.42
Copper 355.1 186.27 135.77 0.0047 1.1 91.00
Case 5
Lead 21717 170.44 7137 0.0008 0.1 111.39
Copper 355.1 168.39 132.25 0.0038 2.57 85.39
Case 6
Lead 217.17 159.52 95.11 ND 0.18 117.33
Case 7 14.27 2.99 1.1 173.75 59.64
322.13
Case 8 45,54 23.18 0.024 64.82 41.46
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Case 1 ~ Case 80] tfst Mass Balance ¥4 ZAit= Table. 5.11} 2+
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ABSTRACT

Analysis of Electrokinetic Remediation Technique to Heavy Metal

Contaminated Ground using Nano-Bubble Water as Agent

Chae, Heewon

Department of Civil Engineering

Graduate School of Chung-ang University
Seoul, Korea

Supervised by Prof. Han, Jung Geun

This study suggests analysis of the remediation effect of heavy
metal contaminated soil by agent the Nano-bubble water using the
electrokinetic remediation technique. Firstly, Zeta potential was
measured to evaluate the stability of the Nano-bubble water and
the heavy metal remediation efficiency was analyzed using E/K
technique by applying the Nano-bubble water as an agent.

Results of this study are summarized as follows.

Zeta potential was measured to evaluate stability of Nano-
bubbles. Zeta potential was measured to be negative charge at the
average of -24.11mV, indicating that it could remain in water for
a long time without aggregation.

As a result of E/K remediation experiment on heavy metal
contaminated soils, the removal of heavy metals with Nano-bubble

water was more efficient than that of distilled water.
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The current density and pH values were measured the same
regardless of the heavy metals in E/K remediation of clay. The
order of the amount of cumulative out flow of each condition
were copper, lead, complex contaminated soil from high to low.

The removal efficiency of copper contaminated samples was
much more effective than the removal efficiency of lead
contaminated samples in the same contaminated condition of clay.
Remediation effect of the Nano-bubble water in heavy metal
contaminated sand was not measured due to E/K characteristics.

In the future, it will be necessary to study the effective
remediation method in sand where non-adherent remediation is
required, and further analysis on the remediation efficiency of the
Nano-bubble water at that time will be necessary. In order to
increase the removal efficiency of heavy metals, it is necessary to
find the optimal concentration and remediation period of nano
bubble including when E/K remediation technique is applied to
other heavy metal contaminated soil and oil pollution, Additional

research should be taken place to evaluate.

keyword: Nanobbuble, Electrokinetic, heavy metal, Soil

remediation, Agent
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