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ABSTRACT : Cleaning process is necessary for machining parts or manufacturing finished products in
the industry. Most of domestic and foreign companies are now trying to adopt environment-friendly
aqueous cleaning agents instead of CFC-113 and 1,1,1-TCE which are ozone-depleting substances. However,
the aqueous cleaning system has a disadvantage due to its generation of lots of waste water since the
system utilizes water in cleaning and rinsing processes. Thus, it is very important that monitoring and
recycling technologies of the cleaning solution and the rinse water should be introduced in the aqueous
cleaning system in order to minimize generation of waste water and to maintain its cleaning performance
for a quite long time. In this paper, the cleaning agents utilized in the aqueous cleaning system and
cutting oils which are main contaminants were examined and analyzed. And the monitoring and recycling
technologies of the aqueous cleaning system which can be employed in the industrial fields were also

reviewed and evaluated.
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=7 dojArz ogd ARAE HZSAY
LAES Fost ALl o a2 FA
AR Fo] FAEolER AAAE HHd] v
A 28 A¢ B do 29" 22 TANE
7t en E5A ABAE AFRAE EE A
goz FARE £AVE 28 71 o

metx BadAe FA ARAY @3 #s
BHS Hageta AlY BAEE wol7] AT A
At AEE WS =& A AT olE 9
st} A A FA ABA2HY Fo 2AE
A AAFe TR FAES SHEND, A ABA
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FA AR A ARBAY B, BFHEH T
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sk ez Ae AAFA pHel o} b4,
4, €294 ABAZ FE3= o2 Table 19
pHell @& AgA e °l& 2FE7 AAZEY A
SHAE A EFATT[34]

gz AAAE A AZAF 7P BRHEFHY
AZANZ AAE&He} pHeE 9~142AM ol thAl Z
&2e)(12~14), 4Z(9~12), dLZ2AB~9)= T
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Atk T4 AWGAAE g AGEAS Al
asted slFA(rinsability)o] 43t AEFZHo| &
ol3tt, Al FRo F=gn, AAY o] vlu
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AANE AHE3e A% f3bdel wob ABE LE9E
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Ak Bk AAEE Fol7] sty ZIAH xxtbol

Egulel o] e AWY

HgstA] gor FE Favt
= Ag g wAsteop gt

FA ABANE BF A 771 L9
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Zasit
A4 A AARAPH 1~6)5 AAd = =
2, 530 YAAN DARE EWo was uid
2rldel} 2ANE, AR FAE 52 AAse
o v EFoln] @4, By, AuT pe B
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Table 1. Classification of aqueous cleaning agents
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v, Z1e} H7hA <]
™ Table 29 ©]&
ARG =

FANAAL ANE P4 HEL ol FFA 9
3 ofe] 2@ wEHe} Uk [367] i7ldE
AR ADBAA, REA, $4 FAA,
QB ojefol s AFHAL

2ok,

2441 7] (hydrophobic group)%}

pH Range Type of Cleaner Soils Removed Metal Substrates
Oils and grease
12~14 | High Alkalines Buffing compound Steels, no soft
. metals
Drawing compound
Oils and grease
9~12 | Alkalines Coolants Steels, no soft
. metals
Drawing compound
. . Oils
8~9 Mild Alkalines Steels, soft metals
Coolants
Oils and grease
638 Surfactant-based neutral Bufflr}g compound Steels, soft metals
cleaners(SBNs) Drawing compound
Coolants
46 Mild acid Inorganic salts, water Steels, no soft
scale metals
1~4 Strong acid Heavy scales Steels, no soft
& vy metals
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37 94 @ 59 a(doud point)o] E3)
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of gtk Z8l3 vlo]2 AUBAA} L= Qe
Aggodel et 22 e Edol HrtE A
ditzog o] wobx MAA wige] Fog @
271 Utk

A A (carrier)7} &

A
22 o)%oi77] WEe] 49
24715 40] e Q2

g} mehy 28 EE Y
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g FAg PR 9% B BAA} 5

Al H77h Bk o5 RARANE AREAC] g
e %2 YA §A4Fe e Jroznye 3
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Act. °]a |l &
Zh= g :LFL]E’- e o thylene glycol butyl
ether)o]. tE A1 &84 ZZAl(solubilizing agent) 2
ARES I ek ey, a2elA A3l B olE
E4do] Fsty] el o7} Hasich

olgtall A AAAY HMZE AF LA
< Yol AP A g iiiﬂ(defoamer),
a8l A BECAA AAE 2¥Eo] A EHd)
AREAE A B2 F= B (dispersants), 18] x
AAZ LIt MBA FALETS] WSl me} A
d9e AT ZFoled e FEHORES
B33l & X3 A (sequestering agent) EE=
olgAl, MM Hx g FAE Asr] A% =
2 Fol Uk

Table 2. Formulation Technology of Aqueous Cleaning agents

Formulation Contribution Example
Components
- Soil emulsification
- Detergency
Surfactants - Surface passiviation - Alcohol ethoxylates »
urtac - Surface tension reduction * Sodium dodecyl sulphate(SDS)
- Surface wetting
- Spotting reduction
- Buffering of pH + NaxCOs
Builders - Alkalinity - NaOH
b - Electrolytic activity * Sodium tripoly phosphate(STPP)
* Soil dissolution - NaSOq4
Corrosion - Surface passiviation + Sodium metal silicate
Inhibitor - Prevention of chemical attack and oxidation | - Triazole
- Boosting cleaning power by solvency and| - Glycol ethers
Solvents . .
surface tension reduction - Alcohols
. Foam control - Polyethylene/Polypropylene compounds
. Dispersion - alkyloxylates
Special P . - STTP
) - Sequesteration
Additives T - Polycarboxylates
* Viscosity control . . .
. Ordor control * Ethylene diamine tetraacetic acid
(EDTA)

CLEAN TECHNOLOGY Vol.7 No.4



#9905 - AE - HFE Y - WA 29

3. 4w [8-11]

FA AZAZ ABE F Ue LEEIESS
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lubrication additives), =%}37}A(extreme pressure
additives), 3AMAA, LEA, F3A, BAA, A
X4~ ZA A (viscosity index modifiers) Eo} Utk
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(1) AHELH s =4

A ARES F FRHY Y ARBHA
o 247 sEE A3EAY FF ue} gugo
2 UV detectorg ztF HPLC (high performance
liquid chromatography)1} GC/MS (gas chromatography/
mass spectrometer) & ©-83l] SAIT an Y2
+ FTIR (fourier transform infrared spectroscopy)&
AHgste] AREAAA T2 EAVIE Foh

FA ABEH o dYACIE, Zg, vtavlg
22 F533Ee T e ICP/MS (inductively
coupled spectroscopy/mass spectroscopy)E ©]-8-35}a]
=A%) AYFAolE FrE ICP/MSE A2 &(Si)
FEE AL ol§ AYAIE FrE g

(3) o2 5z &4

12k 0] &(PO,Y), FAb o) &(NOy), o} A4k o]
(NGy), @4 ol () 59 ¢l =& IC{on chro-

Table 3. Specifications and characteristics of metalworking cutting oils

Type Soluble oils
Components Nonsoluble oil
& Properties Emulsion Semi-synthetic Synthetic
Original base oil ~100 60~70 10~30 0
Composition surfactants 0 20~30 50 20~30
(%) additives small 10 20 70~80
Appearance opaque opaque translucent or t t
ppe paq paqu transparent ransparen
Dilution ratio by water no dilution 10~50 30~100 50~100
Mean size of emulsified oil 100
after water dilution(nm) ) 1000 (10~200) <3
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matography)dl] ¢]3le] Z33c}

(4) 21t 2|2~ ST 24

A ALY Fo LEEY 29 a2 F
T §9E & B39 FTIR (Fourier transform
infrared spectroscopy)el]l 29|dte] EAFc} ojm 3
& 80l 112richloro 1,2,2-trifluoro ethane (U9
Freon-113)(EPA method 413-2)4}, perchloroethylene
(PERC)e] AME=HEH[13] olAe odxt aavt
methylene hydrogen (-CH,-) % €(2930 cm™)oljA] &
AA(IRS AW FFsnz F= F4o] sbHsdith
o W HFLHoln Agshe fuid &34

7] 22L 29¥9% 8 X(oil and grease,
0&G)Z 2tF3tm ZQshs Aolmg AFNe £7]
20 &uld A L@ Ffol oo BFe] I
a3}

(5) Ixt/A4m F7| Haf

AAgAed FRES e 2F AR =Y o]

o] By, 18]7 #3189 2 Y(emulsified oil)e] =7

oA BAYA Ar] BEX EAM7(laser scattering

particle size distribution analyzer)& o]-83lo &%

FHE 4 gow o 2Adat fd9 293E
2 AL rIsAS 39S = Uk

(6) £77| EIA (total organic carbon, TOC)

FA &4 Fo A= IA HUEgL FE

(ng/ £)E Z3l8) TOC meterdl] o]atd ZA g}

42 9vt ¥ UHY 2 PrPY [14-18]

(1) MiEhof Mrob AlFy

oX
&
i)
o
Rul
fr
o

(2) MEZ=/XMET (Conductivity/Resistivity)

goe] AEEg AYEE Sl Tl 3

= A = (T2 o2 TE)Y UHE BHA
Utk Hde AR HARAA HHAFEZRE AA
H 2YUF HE(oi)g MALAozRE RIYE
FANAFE FA ABA Fa8 24Zo|h A
T Arle Ax 3712 28 99E ymho/cm
Ee ps/cmE AREETE AYE(ZL vAR e A
=9 99 gogA &9 My A AVE
38 A 39 Me-cnm B megohms o]t}

NaOHS$} 2o ¢rzhe] e A 9&3te Al
Aede AR zr)e FAT Axx FAE HAF
- olAE BIE AAA FEI UG} gLdE B
st 2 e gze ¥z A% Azx
#HaE 2d37] QEot) ojd A A= AA
A dol HFY ZUHF A8/t HA B of
o vlgte] SE/FENAY AHUE TR AAA
28e AT AAEE RAFEAM AFERALS A}
&3t 71Z(lifecycle) U AEE ko]l A9 W
812 ol M=yt ALY #ele shie FL
7 A H (a predictor of bath life)7} 2 47} Ut
AesE LEEFo] AALY Fo Asjdgs w
S5l wet gro] AFEm Hlol2A SHES AA
a7] st ol MAAE ALY ZA$ dragout
Sl 2% ABA FE H¥Y &4 58 FUHF
g g A v AFgAEA Y A AR S o
e 138 ARAE 2YHE srde Axzr)
g Hrbgol HA R

4 2

[+

(3) &8& 1¥E(Total dissolved solids,
TDS)/E58% 1¥E(Total suspended
solids, TSS)

FTEE 1IE(IDS)01d &5 22 &ujo) &
Hel gle AA 49 Tx(ng/ 0)E I &
nYEL 02 m 279 e Azt A o 1
m 2719 BT EANGEZ A Fgz AT
o ole 3L A AR BAS FEldR 9% o
T}7\(glass fiber filter disc)oll EHAAA REH 1S
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A ZAlZk(approximate value)S ¥4-& F Utk o]A
< AZIHEErt F89d &3Eo] U= o] F
=9} dHS Aol Ar] dEelth 2, HIE F
oo gaAH = FIISFER Zo] o285
BE Edo] o] TDSY Axxe 11 H3HA &
=t} Table 4o &4 Fo o232 EAT 73
¢ Axx, AFE L TDSY AZ#AAE FAISA
ot 7oA TDSE 2W|7tvlE] FollA ARSI g
E NaCl #8272 EAE

FRF DFPE(TSS)S HA 18 E(total solids)
FolA 045 m oA Ff =2 AA Fx(mg/ ¢)
€ watn ol FAA P EOIF 106TA 4AF
5

4

g AxE AR TS YPET $F nYRL
ofghol jste] APE Fol AABT

Table 4. Relationship of Resistivity, Conductivity

and TDS
Resistivity Conductivity TDS
(MR - cm) (¢s/ cm) (mg/ £ NaCl)

18.2 0.055 0
10 0.1 0.0214
5 0.2 0.067
0.438

0.5 2 0.9

0.05 20 7.7

(4) BT (Turbidity)

SEE 89 3o 2AkE A7 92 F4H
v} ddEte AEE SAse Aoz RFREIY
TEE UHACE /Y 4 Aok 1z A A
Hgole] 2QEAY %arh WY B4 59 B
£ 24802 9EAE o880 23VIE NIU
(Nephelometric Turbidity Unit)e]t}. [10,28]

(5) &&= (Alkalinity)
L= T S FHAE 5 Ae EH] U
2] & (capability)S =3le] OH, CO;*, HCOs &
o] F8 AH¥g otk ¢FETE A FEZET
(total alkalinity)9} A-f- Lzt =(free alkalinity) &
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HEzea 9l ¢z2x(phenol phthalein alkalinity)
2 TEI
2 €ZEr Ee dHeIdgded dFEEs

ol FHlezedd Ar Y B &4 o] &

A p
2 3 F e 2ZE &3S dsia e
A= oA G AAe HEIAE ¥ A
st e FHbste] & Aol kFolA 21
Mo Wate A pH=43~497b7 HF 27|%
H A2 F3AZ F e ¢y FEFS e
olE HoE AT & 2o

Aeenas = LI (ngcacoy/ 0]
zazeE = % [ mgCaCO,/ 2]

Vi = ASEE pH=83717 ZH7}3 HEA
&} 5-5](mi)

V, = ALRE pH=457t7] #H713 BFA
o} *-3)(ml)

& zhe] T o|(alkalinity ratio)@ A L@elxe}
FEZE =9 v E Yuidt. g LERT)
et wet dwrHog Z4gth NaOHA ¥t

Azd AFEde ez Wt g 4%
gol g7l wjFo] 4 2dEo AYHUAE
A8 = o] AstEnt 2u, BIE/F
AEA A EAL FEAFFHCO3)o] Aot
1o g A EF S did] Y L9E
FHHAE HUEE AL F o] AREE
L FAofo] NaOHA MALART felsicta

h=}
2= O
T

<3

o o o oo op fu o)

9

pHE F40l29 & FAgholn o] 444
d g# &t pHE pH metert}
pH A8 A (pH paper)& AMg3te] ZA 3o pH A



38 - olad - lAE -

FEE - PEY - A4y 23

dEdol doluA HEs s ¢ :

AZAEe 43S pH g 7Y LEE0] 4ol
A 2714 ' 8wd ghee 4o 4 Yo
ARERLE ARS-Fl W} pHYY Ashenh IRtz os
pH 05 @97} A3lstd MAA 9] RF(recharging)
o] lojoF & Zojz pHZF 1 &9 o] EojAd
ABE 5 FEHRL O 2RF AoZ B
AN2g §dog mAstedof ot e AFA=
ARE o LEE°] HoAY F3A 98S &

A% pH7L 8% AARY ZUE g0 & &

At

(7) 2E2E (Refractive index)

9o FHE 2HEAS o8t &4 =3
E(degrees fluoride flux, BRIX)S ZAgo =N A
Agde FEE HHHoE 2HY F uh. FHE
2 ABEY F9 2LEEY A (buildup)t £ F
el wE g Fr WEE RUHH dk=d o
48 F 3ok AHRFQ AR LA FHEF AR
Ho] B HE FEFY FBBAE &3t A
Z&4E BFAY Hr Ao 22d ABE
do] wl¢ HejHR A¢e= 2HE I AFEA
o 44E = 3 e o] goldth
Freget Babdel 2 AMAAE AHEE 2o
U 55 RFGES AAY B¢ 2HE ABAE
EUHFsted R sdo] 2 & Utk

(8) HE=0l (Foam height)

siigd Alddds dF ¥ Ageds
Wi AZs] aft Fol AFEB WY AFECIE &
Zsld AAEA QAL FHF] S
gt AFEolS AF AgAol Z2ds ¢ #
Aoltt. AF =ol9 AT we} AF&A S
EE A AggEAL dristdor gtk AF =
HEL2 dA 2TolA o]Foixol sty AFA A
HEAGAE 722 ARAJ] B AFEOT A
A9 45 ZUHH Y {83 o] 2 5 itk

fr 3o
L2 of me &

(9) 5B A 272F (chemical oxygen demand,
CoD)

F&A Fo| fUE g3 avlEe 4ho @
< 23 AAE FFIE A KCrO9 A%
= COD¢, KMnOs3l 9ol CODMOE FE-3}0
AALAA GA FRVsE R AR ded AFY
Y LEEA(FE F71ER)Y ¥ Yehdth

5. FH MIZALH2 MEY 2| X
s wy

FA 2 EFA ARTHL dvFyoer A
(cleaning), #& (rinsing) X AZ(drying) 5 A &
Az A FEEY 493 729 A2 FIPxE ¢
7] st e Ao 2 94 AL A F9E
devt ok 53], AH dAe FRZ=A dFFHA
L A7) Qi 7 F9F 71Eodqof g

AR zANA FA APRoz MG Eo F25
UE LGE ABAY A EANA 2Fd 2
< 2234 e met FFLGE(tramp soils),
148 E4 9 9E{mechanically dispersed soils),
3letd BAF 2 9E(chemically dispersed soils), ¢
A} @ Q& (particulate soils) 502 FEIT 4+ gtk
ARz A ARG 0N LFEEC] F3H
o2 MFEE AstE MY Fo FEZE
Q S3rEAL Aol Age Ttk oA A%
Astd A AAFARL A {7] AAFH A AE
Aol 2AHE ABYF A YA (liabilities) AT
FA AARde 7180 s =& e H7)
E AE FAE oG A FA AFSL 4
g2, 47, dA2|(pretreatment) Fo] W& Wy
Sog AMEEH o)HF AEFd LEA Wy A
ol e v §4EE A AR AEFHE o
Feazt she F8% 17 gk e, fEA
ol Fid FA AgHAE SuE Hr) Hede
Aol o] & A AMejdte vrEdtd a8 Fa
7F Ao

Ldd FA AFAE H7) NESE il 2
HEdU FE@is)F YAE AASA A4 A

2

L
Lo
=]
=

N

)

o]
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234 FA AR AR/ P ZuEY 2 QB Tl 24

S AEE3e PP 2= FAHE 2 (decanting), &
Y (skimming), ¥ (coalescing), o #H{filtering),
o}3)=#(thinfilm recovery method), 2& 7}
3% (ozonolysis), &2 73} (bioremediation)
o] sith thgdl o5 HEe) it A} 24
] Hglth ol frEedHES #A AFd A
ek oplgt A AAFITAY 13 A Ae
M= A A& 5 ArH19-26].

X

g

51 73 AHE€] ¥ (Decanting)

AR dirdem FA MAN Fo| B
2 o B Yol EAY At YdvtFHoE HE
ok o] e FA AFEY EUFoERH B
29& AAFZ(holding tank)E € F(overflowing)A]
A AAZE WHoltt. a8y, o] WHEe O 2
< #3& Zen
D) A AL Foll sdtHoz E4d 2de
AAG 4 gloh
(2 FA AZEA Foll ZIAHCRE EE 299
HEEE AAAE FXNAA BAHE ANRE
& AATL 5 gtk
@) FA ABLANA AAE BFede] T
Al 4Fd ARdT EFEe A0t g2k &,
AR P 84 4958 AAd)
B2 o dBHE BEo] ol AHIHE d%
oA@A T 5 Aok

5.2 2717 (Skimming)

mlo

2:7] % (skimming)o] & 1§/ (lipophilic) FW
7}zl v} (wheel), ZZ(rope), E& HWE(belt)7}
"ﬂ”é"“ AE FHAA Y ZHFY B4 FE

= AR B8 FHAAA e Wold. o)
WS AAEdo] FALEE Y vsted vimy B
of AAHAA Ggevhe o] Ue WHdd {3 2
FEIT A APEAHA Z R4 PR AA A
/40l & 93o] Uk

=gy e A%

fqr

)

F-2H(adhesion techniques)
224 AFY FHo <kFE RAAFFo) EAslo
of ANE AL F Aok a2lm AAFY Fde AW
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8447 lemz ojle] AR/A v HE 9
ool od FHAYE Wolxejo] 2YS AEHOZ
AAG & glow EF of W ofsta] A F
9 B2 AWINANE A AAY + de ERHo
Aok

5.3 §A]H(Coalescing)

FAHE B g2 F3.2Y(emulsified oil)o)
EASAY 7IAHer #id 2dE FRHT A
Aol A freded | AMg-ete el o] ¥
He #steds #Al7|(coalescer)o] B H
(Plate)"]‘% v A(media) Alo]lE FHAA F3 4

B 2 Y(micelles)E2] HE£VPE HAA olEo] &
Aol 24T £ Y= 2 AFE YRS o
= Zoltk o] WH2 A Ao fatede &
28 & UAT o] WA HAE FAede
A A7 AR, FAH st Ax A k&
BEE dds] f3td Yol Agde @A) Uk

54 ututl 34+ (Thinfilm fluid recovery
method) [20-22]

AR, 2719, $AY $3 22 71EY
FeRdUEe Aol 2x AASE ARt
LYo EFAHUIL 50:50 EE 2 olide] ol &
GAA B&o] Wi B2 APAADLERA) 7R B
o] AAHE dio] AUtk ofe} vt HIo A
B utetel I A A 24 wEsiglo]
AEEE LEE(HE 4AE AAT 5 A= By
o)t

o] Bh{-& w|ZFo] f2](Bernoulli's Principle)
o} 2FEH FA AAN uFAS o] &F Ao
A ARZE vigr] @l Fele] 2S5 (module)o] ¥
Fede A&HFHoR o FHRAYEER Ho gl
o gt 3 Al fd® AL dF(upper
flow)¢} 3lF(lower flow) FHZ F Mo =7
(laminar flow)Z oAt 3l{E ol Wao
2 52w AR Hdeflecting baffle) H 3
ZHSHreduced pressure)2 SHAIAIA oYz} agAE
ZHRANL Y FES BoltEE ) ojgA F



FE -9 - A4y 25

ozH A ARY F9 FEoABE BgHoR
25 ARBHAE ¥ %

Atk ARRIAE E4 2T 29 AAGA
g gl Yomz ARERAT} ¥
A4 £39 449 Boz ot suel pad
AR F9 AVBAA SEE FohEAY A8}
Al gl el of Wel Folct.

of WHe FELABY HEHIY AARE

SF F9 FEGT 1% o8, £AY FAMRA £
o HEEE S0ppm olsh), Ee AN, THY ©

B
)

A] Suparatorg}= AFHEoz gy RFHo rlm
Aok ez, FA ARG Fol TR Ax YA
AA Eg&e AT E e 298 AATCEHR
S7ME & Aok mEkA, A AFS Fol 2A9
AE AAT Hart g dos utae A xH
ol 4AAAE A3 FAE AAse o) uig
A3tk Fig 1o weheelel 98 f58a d2g
Ho|F D Fig 29 o) o]83td Agstd FE
A2 N="E EAEAG.

Detlecting
Baffle Reduced
Pressure

Loww

C ]

Fig. 1. Thin-Film Separation Device Principle

Suparator

S ——
Fom ‘Dunkand Spuy’
Posnvashev&, ) To Quench Ol
Spray Nozzles Storage
ank
aa |
—>
"Bunk and Spray” iTo Botton
Postwasher Tank itioning {Disposal
B Dunkand Py’ Pot Drum
Postwasher i £
Spray Nozzles

Fig. 2. Suparator Oil Separation System

o AP FAH W Ro] HZo] ¥ FYo]

a7 Feirt dom AHAe oupy
o HEyes A R F Atk AHA oqn
He 49 vl2 2 o3} (macrofiltration)ol g} £2]$
B dA 2717 1melde] s Ao ol
A7y He)Z bag filters} depth filter AIES &
T At oA FEHo AAFXE FEA L] §
g & YA BH(debris)EL AAE= Az
HHPogr dwrHoz Ag¥ch Bag filters TR
£ ZE(woven cloth)olt} VYdE, Zejzegdd, £
Zold e e ZetrE HRE AF(bag) FH2
BHEolA MRS A7l FUFANA AAE A
Az} olo] uvlate] depth filters d3}rle] Y2
& W3 AF ZE aun AZA 9E1n 238
o2 ZFE FolAD 7] F(porosity)S ZA st
Z dAe GFEAA +Hez AARHT Fe
e FFEAA A o &x9} LS F7
Al

5.6 T2y [9,10,23-25]

222 = 7]F = 7)(pore size)ol Wl A
Y of #H(microfiltration), 3+ Qldﬂ(ultraﬁltraﬁon) s
o 74 nanofiltration), 1)1l
22 FE3k=H olg F -rlﬂ Agde] BAe] &
o] o]&HE Wz HUdays FoodIge
= F den 2o AfE= Griad Zviy 77
A77t AHE-E)

Aeeigs Q=717 01~10 vho] 2E (microns)
3 BAS AAsteY wEle Fejodge 0.005~0.1
tto]lZE 2719 EFS AAY £ Utk )AL
A% =27l FYoize 200,000~1,000,000 dalton,
a3 skejojzl= oigk 10,000~200,000 daltonol] 3
FETE Iz oz Hdonye RHYAH(suspended
solids)&, 1|1 A He L34 vlol2y &
d& AAz =Y *}%UPE} FA AZY Fo BRA
o] EAT BT olzle] 2o 9 H(fouling) EA]
€ oA F lenm Ri{Ag oo &N A
¢ SellA AF FAE o] &3t BRA

29 AAR F AU} BT FNE WX

ME 2Hreverse osmosis)

5 Q.28
?J.’TTTTL‘
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236 FA AFA2H S AAY/RFEr) RUEHY 4 AL 7le Y

T g

Fjod e A e AREY Fo 78
2 AfA 29E AAste vl AFHFA wye
2 gzl Atk ey, oAl &sta] Al
AA F9 2d FEE 001% ©J3E Y & AL
A= EF3L #3leds AASE A Y&
et AWREEA S} 22 A AFAY FELE
o] Ud¥ AAE F dv 2FE KAz ok "t
M, FgqFHY gt FA ABFEAE FEse=
Atoe AeAdgdA AAAY FELAES B3
darl oy 53], AAE AVZEAY o] £
AR & Floltt. A AR AL HIA Fole
23d REEAEES FAAA JARE AFAE
2] 45 E = B2 maleic/acrleic acid 354
HEFHol Bol AMEHE g EA47ke] 15,000
~150,0000.8 E2jete] Alge] 01 vwio]Z& o]3}e]
H olE Ve AA"EHL ¥ F Aok

ARBAAZA Fol2 AREAAY Hloj& A
AEAAE dY EAEAE 8000 olste]r] wEd
Aot feeiate] vhy FHAAT olE0] &
FHo] mlold S FHNE As FAF F Qo F&
Yol Af S0l ABREAHAL] AP ABEAEA &
“~(aggregation number)7} th=F 25~500] Hw A3
2 F=rt SVESE 5243 SAFE ST v
Hell Hlo]l2 AREAAY A¢e vlo]do S
7} ti=F 100~5000] = djd Fxo FA3AT
2= mgt F43] Frigd. geA, ol AW
429 mlojde & od AAZEY FF A
Al vleS L Fge AEFZrIE 2R
oF FHt}25].

57 @ F A7} By [26]

AutH oz O = o W F(sterilization) T AT
(disinfection) 33} &84, X sl4 L Wzt F9
#7183 3 A F2 go] AE8Ho Ak
JdF TANMEL Fedzdoz aPHE o
10~50u) ghEe] o] @ Fo| Fasi). ofd Hls}
o ofF He o 2EL A AFEA o
sl DAREAN AAY 244 $729BLES
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A

AREALE 717 S5 38R AFANE #
o F &2 DAFEEFH o)FEFE I g4
A3 A8t /73258, 5

2, 27218} E(superoxide) 0] &7 e Q=3 whg
2tk ol IIEEL ATl

UZddl ot A8y Fo| ¥ =
EET WhEste LEATEFH [ARGE

F A (coupling process)oll &Jated =L 3}
-O

N
o
ol
o
il
to T

,.‘
oo
=2
)

b
b
]I?‘_:

2ot (2 odg 4y do
it
tio
o
ox
>

Mo

to ot o

HAANAT o FA9 ookt AvgdE s v}
stHEo] A=l frIstdE Fxd 712
&=, FhR g2 (carbonyl ester), 7F+E2AAF 7]
15 712 A2 3RS0 A MAEA
77b "k ol9) go] e ko 2FES YL
WHEEle] =EAl7)W 9, FUE 2 RN
718 71 @54 SdES A RS $F
A7t A€tk ojelg AWREHAS
o] ¥ F&olen LYoy =L 3
o F%0]&S ¥ 3r(sequestering), A7

4 frad 2 A S FUH
A QE U BAHe =8 AFz _:E
U3 R AR 2 fU]IREE A ¥ES
29 & A AEh 53, d5AZY Ffole 2
EXEY BEVNEVE T =Y 2EXHE] A
HEES BolatA HESH HAE & 5 A 8§
Fo] AR ARE 4L F Aok

2 4o oof At oy o
N

Broor 2 o N
ol
SR A I

£ 8
to Xl
ox

2

5.8 vl E 3L Y (Bioremediation) [27,28]

FA AR AAe] gde met LFEol
Aol Ho] dFLPE F= ool HE AA 4
o} §73] AstEo] AHsete AAHEAY A9
2 uAstdop gk FAARFZAHAAM vBE &
4L Adzd F49 RVILFGEAES ARAY
g7 FU48 " A E(microbes)E0] olE ZAES £
3 AAANA AR A LAEY FHE st A
BAL A7 AT & UAEE ste @yelth o]
HRlog AMEEE wAEEANE AIEAQ lipase
(FA, 2dFs&), 28l amylase(AEES), protease
(@R 5 5 & Jud o 2ISL 2

= = P
A3 aPx 22 B3FL LEEAEY AFS A

=
=
A
T
o
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=g Rzt L@9EAC] £43 B35ad
ol PlAE 2% B HAHES B
ojct. WYEZEH o5 AFA F
S 5gFHoR AASY AWM ¥rEH 5714 7l
AEE TEo2 BEY Hart Aok

U AE At g AWE w@gdrsst WS
g3lea Eale e F5HL AW ¥4 &
AE AR o] HAFANAM Ao wYE ke
Aete 53T a7 AR a7dd. o] v
AEE Adoldorz olE9 Holy} He 2EEF
7 F4E(nutrient)o] EAdte F FHoz PR}
o Bt AZsHA Aetr] fsid 71 (substrate),
24, vjgg 44 Fo] F712 destrh aeln v
HEY B FFS viAE 802 A2FY
L% LEEF &, AR FAT SHEE,
§E%4, %, pH Fol Atk RN nAES
FF3he A= (pad)E Holz 30Ul Y wA3}

ofo} shedl oRe H=ol F3 T °l

Y
ojff

=g
=42

22" 71gAdo] s #Fo] X v AR VAE
TA(colony) 2 A& HQ8 o] Y7l wFolth F
A AZHe LEEHES VUES E83d B
oz Hzsly] 3 A AAY Fo vYEY
F(colony forming unit/ml, cfu/ml)e} 2 Uz} 1]
2 FXx(oil & grease concentration)E FTAIZ HA
g "art Uk

Table 59l AG7A] A% A AFYe] Az
2 ASE IHES 234

6. TH MZT AlxHe dzms ME| H
e

Azold ARTAY deEgoz Agsde
2 HAHES AHY T NABEA 2R 0
23} ARAL AASGE FRoZA AF A,
AFE, FAel FLH 9T vAZz Fongs
AZHFAN ALSE AF5o o8] PlA dA

Table 5. Oil-water Separation or Purification Methods of Aqueous Cleaning Solutions

Unit Operation Primary Function Principle of separation or purification
. ing floating oil fr th i f
Decanting - Remove floating oil Overflow'mg cating ot trom the surace ©
the solution
L . . - Adhesion techniques of oil on the lipophilic
Skimming Remove floating oil surface of the wheel or disk
. e - Moving cleaning solutions across plates or
Coalescing R.emove mechanically emulsified media and increasing the contact chance of
oil pe .
emulsified oils
Thin-fi . . , . - Exploiting the specific gravity differential
r “film fluid R:;nseor\:,ee ththee dgoa.mgsoﬁiioind between fluids and adapting bernoulii’s
ecovery P J principle of fluid pressure differential
Flltratlo‘n . + Remove particles of 1 micron | Filtering with bag filters and depth filters
{(macrofiltration) and up
- Remove suspended particles and
Microfiltration live bacteria of 01 up to 10| - Pressure-driven separation process by membrane
microns
- Remove colloid and dissolved
Ultrafiltration organics of 0.001 to 1 micron | - Pressure-driven separation process by membrane
range
- Convert hydrocarbons in solutions
Ozonolysis to a mixture of surface-active |- Ozone reaction with oil contaminants
agents
Bioremediation . Ereak down the ol cont. . 5. Remediation of oil contaminants by microbes
into water and carbon dioxide

HYEIEs NT7H M4z
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A ARA2YY AFA/A25Y BUHD L ARE sle 24

ECES 22 HEE ZHE] ZYEHAME
ohid FFFAAA 21171 e egEdEE A
Eqol Said &3 B EUE 284 ARz
TEHY olg EFS dAMFEAA Restn AR
AHA =5 st o] ot mupA, Y
AREIME BB +4 Y/t FAdRg F
8317 o]0l AFFAH AL Hxrt Aok

Furd 4L BEdte PHozE AHZ
Mo IJHAZELS FF dragowtE HA3Ee AE
st A&Hez QAd AFFE AFAIs
o dF AL FAse Ax Fadth AFTFE
APt Mg FHoRE AAY A,
BT FHEA, ol2ud, AAFUAY, LEHEY
Sl ATH21,29-32]. olg 2L A 4R A2H
o g A F ALE WHe A AP Az
do] 22 Fws g Wl 28 4 Qo

6.1 # A €] 3] (Pretreatment)

AESE A AAEHT) Al By
A, clemBY, GUTAY 52 Agstd os
5 Y EEE Hol A Bl A
5 AR FH YAE AAG &
fiter 58 A-g3he o3, ¥4 710988 3
2 AASHE 27)% 4 (kimming), W2o] el
23 9 QERe) HMFAE olfat wua 34

2 0188 4 ok

Sl& cartridge

i

62 BAet F-2-FA(Activated~carbon processing)

Y FHA3AL AFF T HILEEo)
HwZ AL Fed §r1E3% 3F JAE AAS
o FAFFE AL B¢l AHEET o] AL
gAgd 23 248 FHg Hasgsr] s
o BF F7128ES AASE 2719UEAS 2 9
2He AAdE AHFH Tl &3 dx L9HT
Aok A H3E A wEAHL 500~1500
m’/golT MF Z71E 20~1000 Aolth YutHo =
718 E FAAM T4l gAY Fe 7Ag 1)
3l§HE(branched chain molecules)So] &Ajeko] ok
A FASAN AT Y TzE )

O
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£k, pH7} =o Aodx
714 @2 FFo] & o]Folxy 2%yl goud
Zgo] Atk AZ4 A3 W e
gallons)= o2 {-(gal/min)2] 10u] A
f3lc}H3gal/min 39 7% 30gallone] &4
2). AL AHEE F2dE fU1EAL JE
FAVA A8t AHgE 4 ok

_|N

i}

/-\

L -lﬂ ko
B
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6.3 o] 23 ¥ H(Ion exchange process)

oleun#He F2 YF5 Hel & AGE
ol A o] o] &E1 Yk o)A YFFo o]
L@Ee] AU FAFP FR3tdo &7 2o
o} ol2nEY L °]%ﬂ§l—|—xl(ion exchange resin)

_°_o]_9_ 245-].

za2 AHgE 58

24 F9 Ca¥, Mg”

ot
U
o2
L
rlo
=
e
¥
M

2kl
)
4 4
N
e
r
-
ofj
o

A@etel AATG. ol
@ Wgo] A&so] § o4 ol& BB wgo] Yol
44 @e 39S olemdsy} Eajsiicksaturated)
3 3] Astel oAl A8 4 Tk ole B4R
AYe Fole LBFRE 402, Lol WL
£ 9Bz olems weAA ool

64 4HF <9 H(Reverse osmosis, RO)/3H9] ]
Y (Ultrafiltration)

AAFEEL ALAFAYolG Fejodnpyisl 2

o] 2hg AMEEA T BExjeko] tiek 100 dalton o)A
EE &€ fUIEERT ohig o4 EAx
TEE0% ohHE AAY & Qloh a2y GiE
MR 2E o)A EF &4d AAE oY¥xn o
WP A A goz @ol olg=: Ytk A
2stnzt ke AF49 TDS7) 20ppm o]l A%,
ROE o] &3t A7} WMe-cm o)) Hel4s o
2 @ fe dodayy g dAxe 7 g

o

o 22
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a3t}

gejoapie Bxlego] vlma & 5,000~100,000
dalton ] F71EFL AA =Y AHESA g 3
=5 HFAANE d5oz AE3A ¢gu 94

FoHol ol2ud e WAFAZ o]8H 1 3tk

6.5 22} A 2(UV radiation)/Z-vll 3}y

of AP A9 &Y PEH2eY
Wl +2 Akl d2 o]&H e WP EA

FNERAE AAST] Aste] BAY] AP FAA

A dialel AEFF Fo LFEFE AQdel %
At Fujiksl BaAlA dF4E AsPAzith o]
FRAME AFFdd HAsFLY L& VI2E F
d3tn Arld] AYgHE FAMNA &EIAE OH
radical2 A3 A)71t}. OH radical & ©f-¢ 7283 AF
AR fU1EHAFH 9gsle ol EEAZIth 7]
o TiO,9 2& FujE 7}std ol2g whgo] ¢S
4}

Table 69 7] A7 AF A= & AL
3L 89 B3

7. MYFXE 2= FH/ETH HE
AM2H [33,34]

FA AR ALHog AT wi o=

AA olFodle ARl AdtHo] AHNHFEY A
Axe g2 ExA vEsA Hol AL 3}
st AAHEEAY 2L AR R WA 3t
AHEE Fart i mEtM, ABE AR Fell A
AR T LEES AEHeE AAS S Y
< AAEROE A FA=E QA AT &
A3 FA ARG T dHFHeE APAA
LHE Mg EY F AL B ol A A
A AHE 7= AFAA AAA FYule ok
T 5 Aot vSod SM AAA2EL] A g Qg
& THE FAZ ARAANE ZE AFAHA A
Ad R 254 ARAEEE ALste Btk

71 A AR A=

FA AR Alzde JHAZES BAAA AF,
Ad, Ax FH22 o]FoAtth AR FHL FA
AAAE 5~10%2 B2 M3 Algsln Pad
AE 255, wyh £F 59 71AF dURAE o) &
3t} Algo) o]FolTh A LAL ALgF o wE}
29, 18, F82, JIEUA 5o 29
ol A7 A1H8317] Y8l feREFdAE ol
LAEZ S AASS AAEE 5 Uth AF FHLS
HAZEA 7R ARGl LEES E2 AF
e 3L FAAE] HAT 87 FFEo e

A7 A+ 2 EY FAEZEF &5 TEF 9T

Table 6. Purification Methods of Rinse Water in Aqueous/Semi-aqueous Cleaning Processes

Unit Operation

Primary Function

Principle of Separation or Purification

Pretreatment
oil

- Remove suspended solids or floating

- Filtering with cartridge filter, separation of
oil with skimmer or thinfilm liquid
recovery unit

Activated carbon

Reverse osmosis

precentage of jonic materials

- Remove non-polar organics - Adsorption
treatment P & P
. . -Ion exchange reaction between charged
- Remove dissolved ions, heavy . 8 . T8¢
Ion exchange metals functional groups of resin and ion
contaminants of aqueous solution
- Remove all dissolved organic

solids with molecular weights
above 100 daltons, and a high

» Pressure-driven
membrane

separation  process by

UV radiation/
chemical oxidation

- Kill bacteria and algae

- Break down organic molecules

- Strong oxidizers by OH radicals generated
by UV light

HYI1E M7H M4z
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Fig. 3. Aqueous Cleaning System with Oil-Water
Separater and Rinse Water Regenerator

Ci-water
Separaior
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