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o
2
~N
B
[4]1‘,
i
I8
ftlo
=
ind
o
B
&2
>0
H
—r
o
2
A\
S
>,
u
=
M
ot
[
N
[
N
S

H (DAF, Dissolved Air Flotation)el] %83t ndla 2

ST TEES SEEEATE e eR 3 AFZ Al o A
Atk o] RHoM = VZ-YA-GAA /A T2 B odake] A7)}
A9 B PR =y g o] o] 2w} e FaRIAES] IFS

ol gkth DAFS FE& &0 IS vAE= 7ME 23 AA= 7%
oF At AATAH AAREA, HA7IES AT BE FEFTES

71329k QAkel Aed flel o) A

10000 T O S S S S 20000

80,00

60.00.

40.0.

Bubble size

20.00

20010 40,00 600 8000 1000 1200 14001600 1900 20,0 2000 4030 600 3000 1000 1200 4T 16T 1800 20,
Particle size

Particle size Particle size

(@) Zp=10 mV (b) Zp =0 mV (c)Zp=-10 mV

Figure 2.4 Collision efficiency according to the sizes of the particles

and bubbles.(Han et al, 2007)

il

Figure 2.4(a)= vAI7]E9k ixke] Aepd97F 22 Fo& 712 o
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7132 ek dAA 7ol ddglel =0 §lee WERHT Figure 2.4(b)=
Pkl Aed 97t Al ik A o S=o] EAAdE JEla
ATH wAlZIEeE dxpe] A7V W@ o = A7 EeE ke A
7|17} Zrotd 4 E FELES F7HET Figure 240 VA7l ES YAt

2 P25 7HA= Aol 9l kA =3
T 7MY e SEEES UEY meA BASAAA wAvIEe 9
Aol TEEES =Vl s Gtk mAZIEZS] AR AR
Rt E w v, ixkel 7)Ao Ar|7F Aan A7]7F Al scElf ok

2.2.2 7129 A7 A ]
| Ee 27 &%
71329 A= BAFYH SFEAS ol &t FAMY O o] WS
ZAo] 7hehx] oka @ Azto] A HE EAHS A Ut o]
He hEstety] flste] H
particle counterE ©]-&3F SAW Pl NTH AT (Han et al. 2001, Han

et al. 2002c). ©] WHE o]&3ste] DAFeF daj Aol dxxde ot

2 WA 7|Ee AV|E A% v Y (Han et al. 2002a, Han et al
2002b). Figure 25% 32 Al2"He] /o % Bl o™ Figure
2.6< particle counterE o] &3k 7|37 2AUHY MexEE Yy

AT,
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Measurement
Cell

Image Analysis

Bubbles from
DAF or EF

Figure 2.5 Schematic of image analysis system

T Sample Out

Bubbles
&
Particle
from DAF

Sample 1n

Figure 2.6 Schematic of particle counter method

| 9] Z7] Aof

DAFZFAA 7]1F9 FA7|E w=ZoA ub
A wFo] Falo] JTFE WETHAWWA, 1999). =29 Ao &
Aot A 7IEe] AVl= e ™S WEAA Aeld & dd
(Figure 2.7). ¢&o] AZAFE 7|29 A7]E ol 5 atm ©]4Fe] ¢

T



Hol M= 71329 A77F ¥ o] FopA A @ Ao HEAIL(De
Rijk et al, 1994), 1 sAIA7|= °F 34 m= YEFSTH(S 5, 2007). L
g olgd A AR ¥ e oF 15 me A7 VEE WE F
A= HAZIE BAAGR 7 PR E AL S, 2007) FstE o] &4

ZIE9 A7E Ao F

100%

80%
¥
i
8

g 60%
oy
¢
=

%’ 40%
&

20%

0%

0 20 40 60 &0 100
Size(um)

Figure 2.7 Cumulative bubble size distribution depending on saturation

pressure
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2.3 oil dropletd} 71X 9 ZFEo|&

2.3.1 oil droplet®] EHEA
Luthy(1977)& oil droplete] ol d HEHZ FFdA4 THAAE =4
d A% pH AWM 59 Astgs detdus 235 Y F7de =

EU API(American Petroleum Institute) <=2 7|4 wiEE # 2
H 9H 2 H2oY oil dropletS £33 FHeld
dropleto] <Hd3} AJejel =29 Hske] FHA S

SRA9 Fra e 259% TYFO=M oil dropletzrel A A

f

g
%0
32
£
£
Al
R
@)
o

N
)

HhrE S Fol7] 9k sfawAg W EHe B stE Al7IVIE
TH(Richard G. Luthy, 1978). olwj AME-H+= SJA= L&A SHA7E
oil dropletS FTWHE ESHA3A 7= dsto] -3}
nEAAA D] FAFo] ST F oil dropletd] F

o] Z7}atH(Healy T. W et al, 1962).

2.3.2 oil droplet¥} 7|1X9 =8 &
DAF3& A4 oil droplet¥} 7] =

S oil droplet®] ¥EWo] Eorgsld AEje] Z2EA uwl 7bs3stl. Figure
2.8391 4] Reay and Ratchiff(1973)2] o]&d| we} oil droplet¥} 7]¥7Fe] %
ol A= YA A7 e o dA= ve3 2o

Jop t Collision rate 1y, ¢ Bubble size
r,t Oildroplet size  u; : Bubble ring speed

u,: 0il droplet ring speed
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= 8¢%lo] old FF=H FRHEHE UHEl= A

| @=-W/'2 =

Figure 2.8 Trajectory analysis of an oil

droplet with air bubble

o714 71EA77F FHSFE oil droplet 59 A7I7F AZSFEF ol
droplet?} 7|327te] TEE&o] A53te] DAFEAS +Hd&&°] 5%
AE Jeldl A9 oil dropletd} 71 E7HY] 28 &S A4y
A BAe dFgFS FAS 492 AA DAFAYAE oE & o o
2} A oil droplet¥ 7]¥ 79 FEH 4L Han(2001)e] 7]¥9F QA7He]
TEas RdEy FAREY 255 3% Clayel 22 AdFAe] A3
= == W7FY 59 oil dropletdl = HLstA A -&o] 7153}
thar @ = Ak s ARE 29 % oil droplet®] A% =717k 10 -
15 m 8= A& Aol o& A7 HA=A7]7F °F 30 m ©]
o A &3A ¢l oil dropletd] AAEZEL 1 A712 o

vy} §3H o7 FAst=kd 93] A2A P wBdd ¢ 9t}

1
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241 &9 EF333 54

LE(03)2 F2oA 7k ZH=E 0CeA Ex 214 g/l, 82 U7]
& AElel A -112 T, A=H2 -251 Toltf. &2 ZolA 2HA(0)
of ¢ 10 A= &aEHH, A=540 WAE °F 002 - 0.05 ppm HE

Zo A 2FL Figure 293 Zo] 2714 == & F 1714 9

B
Hk-8-5 3lth(Hoigne and Bader, 1977).

Direct Oxidation of Substrate

0s Indirect Oxidation of Substrate
| > Byproducts
by *OH :

|
| Ozone Decomposition
l via *OH

Radical Consumphon by

. = Byproducts
HCOy, CO5™, efe

Figure 2.9 Oxidation reaction during ozonation of water
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27VA] AFEHES-O = BERPAF 9 Fof o3 A HAE et o FH o 9
3l hydroxyl free radical®] Atsjolm Awkyg oz Atz AT E A
A= w2 pH e 29 9 #ikste i FYxddd wet 4bshz)

ol dojdrh. dubHor 3o pHe T4 oldeld, vdd ste=

M

o] ¥3two] 23 W33 4= = hydroxyl free radical FAlol 23k At
37 918t g S AuH(EY A, 2008). 2Fo 23 v AE A&

s EZA A 7Y Figure 2.10914 E3] hydroxyl free radicals Al
zate]l BRI WAL 25 A AAE wotFo =z QFo] AxT

¥ AEsto] AxEd 2 ;A RNA 59 7|55 AafjAzith o 7] A

Figure 2.10 Bacteria cell disinfection mechanism by

hydroxyl free radical
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2.5 7] 9

251 71294 #HAYF
Z1E7F FERCA AwHez sd(bursting)d F¢ EL oUATL
Atk Figure 2112 7| X9t 9] w7tyFo g 7|7} SRl A <
Fol o =esoluiA A

g

oy

|

Recoging
torokdal ring o

@ ® ®

Figure 2.11 Mechanism of Bubble bursting

252 713 4dd 4% &=
Kim(2010)2 7] 3] |3 T MAZY A%S AAlst
N % ol ~2mgs AHE ds 5 AW (Figure 2.12). L5 olA

o
=
gATe AHAYOR 087 JLE BAAAL W AR EH5T A

i}
oY
ot
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2 duA =

e

ol

A= 7]

1=12
=

o

)A
B

AAe Aow 7y,

=
=

B 5 gureus

B V. parabasmolbcus

0.5 fheofr

— B £ coi

| | O~ aeugnosa

1. E+06

1.E+05

1.E+04

1.E+03

w/n4dd

1.E+02

1.E+01

1.E+00

30

Time {min.)

Figure 2.12 Disinfection by Bubble bursting (Kim, 2010)
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31 28A8 2 2494

3.1.1 A8A=

At 4 Z2A4 50 AFEE A= Kuwait?he] 7 295 (Light crude

o] ¢F 0.8729 g/cm’® Aol 15 TolA 1683 cSt= 54
= =57 T =YAY ABHES AW, TASFEERE UES
(Aromatics), #1 7 (Resins) % o}2~ZE (Asphaltenes)”} A Aol ¢F 35 %
7F 23HE = Aoz vyt 2AS5E FdE9R 5 miE 1000 mie] 3

] & oF 3087 % 600 rpmeE nWHEle] oil dropletS ¥4

gl 2gE dxAd vAEQ AEA S A E(Bacillariophyceae,
Dinophyceae), &= Z%3E (Oithona spp), YHE 21 (Vibrio
parahaemolyticus) % ZFWAra-(Total coliform), WA (Escherichia

coll®] MA=F =4 % 4Fs 28k
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Table 3.1 Experimental methods for analysis

Parameter Analytical methods
pH pH meter(YSI 58 model)
Temperature Conductivity meter
SS T2 A ol AR
Turbidity Turbidity meter(HACH 2100P)
Microorganism, ABS, TPH TALLATAHA I

3.1.2 4A9 A7NEE 9 AgAY

P
T
AN AT YEEA S Figure 3.1°141 On-line particle counterZ

'I Sample out

EG-E:H:"_:I ]
ey —Lirpas F5C

Micro
arganism

Figure 3.1 Schematic diagram of measuring

particle size distribution
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o]-&3}o] oil droplet 7154 W3stE ERIst7] fs] AW A1 SDS
(Sodium dodecyl sulfate, 1 %, 4t Chemical Co., Korea) &%= 91(0,
10, 100 ppm)ell W} Z7]H Y E 0014 90 m= 10 mm T2 F= 97 &

J= Aot YEEES BASAT.

HAFo] AEFHP SF
Autg s AW oil droplet 3 P A=F <] AEFH 9IS Figure (a)

of 7IE AEES F4e HHoE FE O AEHE AVGEsEA

&

(Electrophoresis cell, EPM)¥ (b)e] A AetA9 S48 AEvH
(SEPHY, France)E Ab&3dto] SAstdv. Al Akl Alebd 9k
of AH A2 SDS(Sodium dodecyl sulfate, 1 %, 4+ Chemical Co.,
Korea)7} v x|+ dS £43617] 9a] 1 % SDS €9 0, 10 ppm %
stk mek AlebdS SAHA 2AFe pHeE 194 14704 0.1 M9
HCIZ NaOH=Z =

Micro
organism

Figure 3.2 Schematic diagram of measuring Zeta potential of

oil droplet and microorganism (a) and Zeta phoremeter II (b)
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3.2 Batch test

321 3t8A # 722 A

2 A= DAFEAAA S84 2 AWSAA 183 7] ERX
z79 W& oil droplete] AAZES LolHy] $3] 2 HAFE 4
Alst G tH(Table 3.1). AlZ=FE 1000 ml A Hol| 9
2 SDS el mE SHITAHSRE AT AF, AlumTAdHA &
I SDS el w7l 2390 oFE

droplet®] Et=AA &S A5

Table 3.2 Experimental condition of Batch test

Standard Experiments
Chemical Alum 30 0/10/20/30/40/50
dose PAHCs, FeCl;, Alum 30
_ Kaolin 20 0/ 20
Solution
SDS (ppm) 10 0/ 10
Pressure (atm) 6 2/6
DAF
Recycle ratio (%) 10 10 / 30

< Ade] WA= Figure 33¥% 2om AL o4, 534, +49
M2 ol Fo AT

SDSF¢ % vk SDS 1% &94= 217 0
WS 7F 600 rpm S 2 30 7F oil droplets @A AIZ] A XG5 wHEH

AlumF 9% F<£E3 : AxFE Alum $=E2 A9 F5&3)

Z 93te] 150 rpme] HEE dto] 20%7F wwrS AA T SHAS

= =

22t QalEe T we A%e £,
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1o},

Zl

3744

D232 Yol 5E7 60, 30 rpm o=

_]

oil droplet Z&%

o TN R T oA
op v e B S
oS ﬂr Wo wr i= WK
T ox < Wy
C — | AT .
role NA T W o
W O - mo D
o T - % X oI R
< g = oo N o= °
5 o 3 < MT 3 Me T
s S| B g o oo T
oo c| 8 - o Hog o
B O ° 3 ¥E R oW
o X z e N m
: 5 Mo ok i
E £ 9 T o
ol 3 © o Hp
w T S g| = S % o LR
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il i T8 N S RS
| i Mw S\E = A _ﬂt a
w9 2 = & o Ao
) 03 2 AN -
T o g v 3 AN e
% T IR = op Mo
) © @ _I 2| « o c wn o
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N @ b = _ ~ T
S o = M%M%ﬂm%
N g 2% T C %
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0w Py oq LV
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3.2.3 A FFH

oil droplete] A H AZTFE SFH-FA2 2 oil dropletd] BFEZE Al A
st o SHFAANA AFEHE 3 A= PAHCs, FeCl;, Alums 717t

11
30 ppme FHste] 4= 6 atm, TS 10 B2 FEANA FFEE
48 tH(Table 3.1). ol SDSE

= FTYUsA B2 AxFE A&

gl

_I[Nv

o
.—/']\’:]]x

A F7Fo WE oil dropletd] A #a&S A3}
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X
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o
A
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HATA 1] A7

e

f

9|

o

Saturatorell 7}
= 82 100 Lo =

[e)

T

3.3 Continuous test
DAF& A

B
—_
file)
o

e
el
B
N

A A

Experiments
2/4/6
0/10 /20 / 30

20

Standard
10

Table 3.3 Experimental condition of Continuous test

Pressure (atm)
Time to contact
Recycle ratio (%)

S AEL2 Bacillariophyceae (775

2l

<

@)
-

A

A% (Oithona spp), W] 2.¢
) &+ (Total coliform),

[}

=

=1}
~

), Dinophyceae($]
AA+t (Vibrio parahaemolyticus)

=
TT

2191l Table
= Az oA

pig

w (Escherichia coll) 2-% Z}7} 9]

o ¢

= 3L
TN E

el 9

3L

~—1
()]
=

AlA T A7

Q==
T

[©)

10 #9912 FHof 30+

sfol] u}e}

—_
file)

oj

i A= A

ol

Figure 3.4¢} 7t}

T

T

A

A

Al

] %

S
vl



Recycle ratio : 20%

Time to
contact

Viyater IN @ COlUMN: 100L

# o(Pressure

Ozone
Compressor

Figure 3.4 Schematic diagram of continuous test

uel Ay
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3.4 Pilot test

Hl3 &

170 O

X

=

&

7}

23ttt Pilot plant= 2 AF

LTS o &35kl 7]

Ry
fhn Y

1] A 7]

7 sl 7] 98l Batch 2
F Az FAE oil droplet, 359

(Suspended solids)

&

-

o
=

=]

-
gdd A

9l

£APlH Ao

A
n] A3
Pilot plantA]“d ol

Table 3.3 Experimental condition of Pilot test

Raw Particles

SS(mg/1)

1 123

Turbidity(NTU) : 54

water ABS(mg/1)

0.52

Chemical dose

PAHCs(ppm)

SDS 1%(ppm)

30

10

Flotation

Recycle ratio(%)

Pressure(atm)

20

6

Experiment
Operation time(min)

30

Time to

contact(min)

20

gom, sl
o A gele]
3ol A

= oil droplet #7148 of &

T

=
—_—

oil droplet®] =
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DAEZE A ZHTE =3 5= Pilot plant BFEY] 9 5 em A Aol A
MZ3lo] oil droplete] B% % TPHE =A3 gttt FAAE & o2&
o] HEAZFE oF 20822 331 A% Ay sAdsA dAsAT
At 2BE O L

pilot A #*]e] wjx| == Figure 359 #Zt}

=
Mo
N

SERENE DLV ECER R T

Contactzone Separationzone

Influent

Figure 3.5 Schematic diagram of pilot test
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41 9 2718 E 2 At

4.1.1 o1l droplet

AMrg P Alzxzgol ZELFE FUS oil droplets F4A20

I 22 AEE 98 Oil in water FEl = 4folHA oHEd e kA

Aol Parcel® BAMA T 2704 AFE

2500 :
=#—Crude oil droplet
\ —@—Crude oil droplet +| SDS(100mg/l |
2000
\ de=Crude oil droplet +| SDS{10mgsl |
W
E 1500
=
S 1000 -
500 4
0 _—

10 20 30 40 50 60 70 80 90
Qil droplet size (um)

Figure 4.1 Oil droplet size distribution according to SDS

dose
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Figure 4114 At e o) a2t 714 717k G Hl <] oil droplete] &

AE 9o A7 Ao EEE= oF 80% o] 49 oil droplete] 10 w

Table 4.1 Characteristics of oil droplet

SDS injection
(mg/1) 0 10 100

Characteristics

Average size
12.1 21.4 30.3
(fm)

Volume(cm?®) 74 x 107° 41 x 108 12 x 107

53] ANGAATE FAHA Fe A9 vlasE w ooil droplet®] &+
2] Z}ol= Table 419 Bt A7]olA & 5 A=, 53 AHDAA
29 A= FdiA7I= 237 AU
A A7} 9= oil dropletE9 2 Al
WA A 10 ppmeoll 218 10 um ©] 3¢ oil dropletE 2] F 60 % A3 st=
Fol 20 - 30 mm A7 E ol v e AWEGA 100 ppm FHA oF
80 %ol 7H7h& ol 20-40 um 9o AVHAR AA = BFS B
ek 2ol oil dropleto] AlAEAd A sl DA A A7 FxE 5ol o

A3ty = dado] YERd Yol AEEA] Ao 93] oil droplet o] =

HA o= FUAWA g o] olx A FHHA FAlol ol A e
23} oil droplet7Fe] 22 S5 ooz FEHSo] dojuf E5&
FAA 7] wFolgt AFHA G (Figure 4.2).
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O

Flomzculabiom Conlesoenee

Figure 4.2 Coalescence of oil droplets by collision

<=l oil droplet®] AEFA Lol A=l B pH7F AL45-5 A9
7F AR golAl = 43S UERdtH(Figure 4.3).

oil droplete] SDS7F FYHH A &S 4+ pH 4 olstoll A= Sl
7WE #E dEhlE e SDS7F #9128 4= 10 ppm, 100 ppmel| A
pH AAHA(1 - 14)) A oil dropletd] THAY7F &9 AsE JEFH
At 9ol AfA & SDSFol 7 + 5 HA &

pH

Buls AS & 5l E=3 959 M9l oF 7.5 - 85904 oil
droplet> JAAZ & &9 dAstE FAstAth

=—ili—Crude oil droplet

—s—Crude oil droplet +| SDS(10mg/h
—8—Crude oil droplet +| 5D5(100mg/T

Electrophoresis Method

i Seawater \

! pH range :

2 4 i} i} 10 12 14

Figure 4.3 Zeta potential of oil droplet according to SDS

dose
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SDS(Sodium dodecyl sulfate}y o

HsC
Hydrophobic Hydrophilic
&
= o Stabilization
Emulsification [ . . ]
Dispersion
od o
‘ J';ﬁ‘aﬁ .
T a 'n{
o o >
@‘H e ¥ :Gtu’
L= =

Figure 4.4 Emulsion stabilized and dispersed by

anionic surfactant

4
=
dlo

o] =g W& oil droplete] AEFHA 7 AAEAAA 2] F=¢

2 A k-3
wjie] A2 sl EA kg e Ak dER EAce ek 2
2

i
& rolx] = ¢ L Zgolt AlXo] A

T =

Lo
Bl

.
[-'O
rlo
-
of
2
32

2 Figure 4.4 4] So]>AHEAA(SDS)E
dstoll wet oil droplet 3] 9] dale S A oil dropletite] 4
o

FEdte] ThA HAE BA FEE FASEA EA

(Bacillariophyceae, Dinophyceae), &=/ &% 3% (Oithona spp), V] B

r—LI

St A (Vibrio parahaemolyticus) 2 & (Total coliform),
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Regulation of discharge
Organism ballast water
Phytoplankton/zooplankton > <10 viable organisms per m?
50 um
Phytoplankton/zooplankton <10 viable organisms per mL
10-50 pm
Toxicogenic Vibrio cholera (01 <1 cfu* per 100 mlL
and 0139)
Escherichia coli <250 cfu* per100 mlL
Intestinal enterococci <100 cfu* per100 mL
* cfu = colony forming unit (Efi Tsolaki et al, 2009)

Figure 4.5 Regulation of discharge ballast water at IMO

welb A v A A EA 2932 ES On-line particle counter® ©] -8 3}9]
A7 & 5A4S Yebd A3 20004 30 mm HLlA tiREEe] 52
43

y

ke

=
o] EAstgg e o] Maruo(1972)7F FALgE sjdZHaEs

ri

of

T A me AVE M= wA=] A7k FAFSS T vk Wl
Al MEE e AT TS 5 m olst® YErR e, Zh7te]
HAx A7)+ ¢F 05 - 1 m%E YERST

n A5l AELH S = pH7F dsstal SDSTY&o]l Bold4= Aed

47b RelAE AL duun 55 4By BFaES 4443

N



(Phosphatide)o] F A E&4e] o] 4= &9 HslE @A I

Adol7] wiitel A o= AlE
derEd,
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4.2 Batch test

'—

421 B4 R J1ELA 29 9P
Aubsg g5 Azl ofl droplete] @49 459 $H-H4 £0A 5

F(SAA R AWSELA) D VELSH 2 mE AgEs AF4

4694 ¥, BAEATE WA SDS F98h4] &1 F A A7 oil droplet
2 Alums%E7F 40 ppme 2 SHALS v M =2 uAAES HAA

50 ppmoll A thA]l stobx] 40 ppme] Alums =7F H A A Y 8&S UE
Wtk shAI R B A A S o] 80 %Rtel mIX A Rs) HAo|dtal Hed
glith el SDS7F FRHEAS W AlumEs =2 FARE Al S
43S YEFHRAI T 40 ppmol A SDSE FYsHA] %S w wo oF 10 %
=2 §EAAES AT 9 22 A7 YERE 42 311789 oil
droplet & A Al SDS +¢ &

7l o2 #add 5 vt F SDSE FYSHA %S @ 10 gm o]k
oil droplet=©] Alumel 2|3t Z=3 o] A AT 6 atme] 1A 7] EZ(F
30 = Ao w Yt o= A77F ARV Wwow At
o

=

B T8N AdAHem A7 AR

Jju
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o s]
=

bty rem :éml (%)

Turhbi c}g
=

]
o

Figure 4.6 Crude oil droplet removal at chemical condition

a3 9 A= 23278004
oil droplet¥} 7] ¥7te] FE8 &2 oil droplete] =717} 2, 7|7} A
U v =gk o 2 dojdtiE o

oil droplet

_.--.\‘

+ SD5S

ﬂ

=¢=Crude oil droplet  ==l=Crude
Batm 10% _,,.l—'“
-—-"'......

}:

I

B

\

—_—

/

m

lllll

(Tambo, 1995).

10

20

30

40

Alum dosage (mag/l)

fow nelReE A2
ebeh o]

]

]

A QAETo] v

I

=
¥ AEfel oil droplet WS
4217 A= ook st
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100

Hﬁﬂ)lclﬁ ratio (%)
B 1D% W 30%
80 Without Alumdosage

Turbidity removal (%)

2atm fgatm Zatm fpatm
Without 505 With 5D5

Pressure

Figure 4.7 Crude oil droplet removal at operating condition

aM AHd SFel AN 5] dAE 4, EFEYAN &

=
A o] Asto] =3ttt DAFEAA $dx2A(te 348 )d g

o1
=] e
o, BA3 A3E Figure 4.79] YeER It ot 344

| == 7IEA77) fepA oL B G| WobA = #A =

-

23004 H

I

=AA
go] molxt} AW SDSE F=YSHA| &= W 6 atm, 30 %] 7|E
>z A 60 %9 oil droplete] * 2] &&°] YERE dbH ) SDS7F

«

O

dd A AT gl 40 % olek = vl § valrk ol Lol AN
ol o3l oil droplet®] EAA7}F &0 Aotz FAE PAdHo wR
&of datg o MAIZE £ Qo] WEew wudr

_39_



=Yg V2Eed 200 AaE v, 248

Gatm 10% B Without Kaolin  m With Kaolin
Alum : 30mg/

Turbidity remowval (%)

Without 505 With 505

Figure 4.8 Crude oil droplet removal at solution influence

Agglo ggo] x3tE AL SDSE FHUFFA Ze AH oil
droplet2 90 %9l 717t EE=AA &S Bt} o= Kaolin®] Alumeol 9

) Fol AsE W FHAN ) FHol FYFWA oil dropletS FHA



He |2 n A3 oil droplete] ZHF3817] wj o]t}

H

p i

¥ Kaoling ¥& 4% 7MY =& g9=AA&S HE

A3 oil dropletZ7}A] A AA 7]+ 9&S 7] W< Ao 2 FuE)

423 SRAA FTFA W& I3
513t3- 7 Al S PAHCs, FeCl;, AlumE AM§3te] 543 +
(4= : 6 atm, 3F& 10 %) S 2 oil droplete] E =] A

7)1 EEH

& A= Figure 4.9°) 4 B w s}

Turhidity removal (%)

100

g

3

8

[
[

Zz7

QY

Folm w3 Kaolindl] &) FAE ZZ0] 10 um ©]ste] 1

A =ZF 30 ppm,

PAH

Gatm 10%

Coagulapt dosage : 30mao/l

Cs FeCl3
Coagulant typs

Alum

Figure 4.9 Crude oil droplet removal at coagulant type

CAAELS PAHCs, FeCls, Alum =02 ey on,

_41_



PAHCs®] 4% A< 100 %l 717b2 oil droplets A B E&S YEW
t}, HbH o] FeCls, Alum< ¢F 80 %9 $EAAES YE WL, o=
PAHCs+ 321 FA-3H A 24 Healy, T. W (1962)°] W=2WH SHETH
of TEFPA HAHoNA JANY Ao A2FS AsATIE TP AE

L o] =
A& FHdt= L8R ARl E3stE o] 9= WA R oil dropletol
st §xAAEo] =4 Yetyth dbde] g9 Hske w4 9 (Alum,
Q o EAlste= S dstE W oil

(Tween-80)<
7 FoE) Flgure 410914 AL Zouboulis(2000)= DAF-& A ol A
Tween-80et= AASAZA7F &4 delA da H FEol= A

=AM FFAE A= ES o] &3t oil droplets # 2] 3

7 5ol ot

o]o

oy —' f"—.l ""'x ‘
-
80 ~ ---t’/!:/ ..-'- -
i p -L —— — - _,-' I,
lll .II
60 Surfactant = i
2 e \
o / "
o 404 -
204 —m—|Fe*| = 50 mgL, [SO] = 25 mg/L. with Tween 50
#—|Fei* | = 100 mg/L, [SO] = 50 mg/L, with Tween 80
&—[Fe?*] = 100 mg/L, [SO] = 100 mg/l. without Tween 80
u " T L T ¥ ¥ L] it !
0 2 4 (] 8 10 12
PH (AL Zouboulis 2000)

Figure 4.10 Crude oil droplet removal with coagulant

ald by Tween-80 at DAF process

_42_



4.3 Continuous test
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Figure 4.11 Phytoplankton & Zooplankton disinfection according

to pressure
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Figure 4.120] Q&7 3+ Vibrio parahaemolyticus 2 Total
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Table 4.2 Residual ozone concentration according to pressure
Pressure
(atm) 2 3 4

Characteristics
Residual ozone

concentration 05 1.05 1.87
(mg/1)
Bubble size
71.3 42.6 38.5
(fm)

BTOEFEA997 Y] e Eo o3 mAESY A e Ay w=w
Total coliform 2 Escherichia coli + FtF2.5£0] 5 mg/lo]w FHEA] 70|
0 o 9% A%E &S HAH, Figure 4119 AFZAAA 6
atm® TF2EFE7F 32 mg/lodl A 20 &7+ FHFAIO R 7 Aol
A=HA A Aot Bl Fg-of 2tolE BAY. 918 22 AAE
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4.4 Pilot test
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Abstract

The development of Ballast water

treatment process using Micro

Bubbles

Dohyung Kim
Department of Civil and Environmental Engineering
The Graduate School of Engineering

Seoul National University

Ballast water has had potential threat to marine ecosystem due
to contaminants such microorganism, oil droplet. From now on
treatment process to solve problem has been applied because
ballast water effluent standard gets more tight by IMO. however,
existing methods for ballast water treatment reached the critical
point because existing ones are conventional treatment Ilike
sedimentation, filtration and disinfection. In other words Existing
treatment have not focused on characteristics of contaminants in
ballast water which are suspended matters. In this research Micro
bubbles can be applied to remove suspended matters in ballast
water.

Objectives of this study (1) to analyze characteristics (size and

zeta potential) of contaminants (oil droplet and microorganism) in
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ballast water. (2) To evaluate the effects of operational condition
on turbidity removal efficiency of oil droplet by Micro bubbles. (3)
To evaluate the effects of operational condition on disinfection
removal efficiency of microorganism by Ozone bubbles (4) To
evaluate applicable possibility on ballast water by DOF process.
The characteristics test of oil droplet & micro organism carried
out to analyze size and zeta potential. Size of oil droplet get a
little bigger because the surfactant can have influences on
coagulation process. Zeta potential of oil droplet & micro
organism is negatively charged in ballast water.

In batch test Turbidity removal efficiency of oil droplet have
high results according to the effect of surfactants and clays on
DAF process under the same alum injection. The oil droplet
removal rate was in order of PAHCs, FeCly, Alum.

Ozone bubbles could have high rate of micro organism
disinfection efficiency to the effect of operating condition(pressure
and recycle ratio). Single DOF treatment process could be
possible to remove clay, oil droplet, micro organism to meet
ballast effluents standard on IMO.

This study showed that oil droplet can be removed effectively by
adjusting size of oil droplet according to surfactants injection at
coagulation process in DAF system. Ozone bubbles can be applicable
process on DOF due to high rasidual ozone concentration according

to operating condition.
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