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2. k20 2}t (RR44@iB, Ultrafiltration)

Boleishe WRotg olgsiel gohje) BAL =7

w2t Feehs WEoR of 1~7kg/em®e] gEle TEY
22 3l {7} o] Fole}, o|nf AME-HE= Fhejedniate
Ae4dg AW Barrier Q&S a}v] 10-1000A Rxe] 7
B3718 A 722 Ho) go] 1Y 19 e ule}
9] Suger, Biomolecules, E2ol= ¢z} @ Ez} S9)
300~500,000 Daltons Fxo] Eatake 2d 22 (Mac-
romolecules) & vj A (Rejection) Al7] 3 whdo] o Bz}
Z(Small molecules and Solvent) &2 AR o] Faly)
7¥s3ih.

dutso 2 gejouute Bel g 2 £ JaRag
o Z7o] 90% ol wiAE wE ¥E B 44T
B, Molecular Cut off, MWCO)2 H|3le grade’s
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Current Status of Development and Application of Ultrafiltration Membranes
HAREFIE $Y I 74 (Sang Yeol Oh and Kie Seok Choi, Kolon Group Central Research Institute, San 207-2,
Mabuk-Ri, Guseong-Myun, Yongin-Gun, Kyunggi-Do, 449-910, Korea)
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cofitis bacteria
pseudomonas aeruginosa

pseudomonas diminuta

influenza virus
Japanese encephalitis virus

gamma globulin
hemoglobin
human albumin
cytochrome C

insulin
sugar

H,0 Na*
c

2@ 1. RO, UF, MF 99} &8 4.

# 1 dodAT Azg A% 2EA 24

Polymer Chemical structure Tg/T Tm/C
Polyethylene —+fcHy Ny -60~-90 137~1435
(PE)
Polyvinylidene- ~fon—cFo)y -40 160~185
fluoride
(PVDF)
Polypropylene —feon— ?" )T ~-113 327
(PP) CH,
CHy [+]
Polycarbonate (@_é &;_o} 150~155 240
( PC) (':H 3 L}
Teflon ~+cF ) -113 327
ON  CM,0Ac
6; };o l:o
Cellulose d lonc - 230
acetate JOAc A
(CA) Ac 1 0COCH,
Polyethersulfone 225 -

(PES)

TR} FUFoE HE MWCOsT 2,000~60, 000
wo] b ol AHgH ik
Fojolateto A8 ANE et LS4l

RS S
2) $HYS-BIRAY, VAN Fok(Flux)
3) WS- WEAH, HpHA, Wad, AR 2w

E 19 goozjete g AMgseE nia 248 Jvehd
ule} Zo] 1960\t Zajo)FZa A (Polyioncomp-
lex) 8 2AE & Frejojatute] U ofef At 30o1dzt
7t ARA AAE o8] el Aute] AzHm 3=
b F2 48202 oMHIE AlFe] Bol AF-HY &

A5A 1A Flduet 242 AHLEL oEE
FAA 2ol ¥ B BA} shaA) dge
atel o] gobiy B JIAA Bwg AsAIIE EA
ok R, o oA AHA LA nRAe wAF A7)
2 B¥zo] oigh a2yt Bt Kesting'e Rapago]
o ko] B4 wistel iy ATolM B AEA AR
2aEe AY 248 AR stke A0S AAE v}
irk. gejejniute FhoAutreg FYA7) Hong
733718 2AE)7} 4& ¥1284 ¥R Amorphous
Polymer) o] AA Tgrh wlitd & AEAE 0|83k 4
71 B} o)8ig A4 A vEdl] el Zefol Bol &
2jdEo] gullof thgt Aol tha ol WEA,
WpHA, $-4:% 71413 ddo o3 geloimgu Lx=
o] ARSI Uk whdd), ZejoladayEde] A5
A aAgels 78t F8 MHelA WeAA, Haet
Aol 9-alal gl Fato] AA dojum R ghejo vt
o2 Jidso] AldeEa gtk
g TER AR E GV 2L 27 5AE BT
EEL7)7) ojBl ¢ ng B 20049} 22 A2 A% ¥
7NaAE o) Feoiztuto] AR sfdtw|o] FEstE o]
W71 sht B Ax wlgo] nEa ARt wel Fol
gl o} 854 B gle dAo|th
gejoFelol A g TE = A S8 Foll wet 45

M

? o
Fobullone (9@ ™ E 2 4%38 Aty el g5
Polyvinylalcohol ~ —{oHs—~cH}; 65~85  228~256 Az I A d Y Am)
(PVA) SFEC.(x) Tubular  ZrOy/C 0 002—0.15(UF, MF)
Ceraver() Multitubular Al,O3/A1,03 0.004—5.0(UF, MF)
Polyacrylonitrile —fon =CH % 80~104 319 Norton(=1) Tubular AlLO3/AlLO3  0.2—1.0MF)
(PAN) o Nihon gaishi(d) Tubular  ALOy/ALO; 0.2-5.0(MF)
Polyphenylenesulfide 85 285 Carre/DuPont(v]) Tubular Zr0,/C Dynamic membrane
i {@}s} TDK(%) Tubular  AlOy/AkOs Dynamic membrane
Shott biotech(*5) Capillary 0.01—0.09(UF, MF)
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Udel (P-1700, P-3500)

CH3 ]
‘: —©_ °_©'— :: @ —o Polysulfone
CH3 o

n= 50-80
Radel (P-5000)
i
-°_©" ﬁ _© -0 Polyphenylsulfone
o
- n
Victrex
[~ i
—©_ﬁ—©"° Polyethersulfone
o
a8 2. 7E HE aEAe gtz
o)z} gl o= AE 9 YEFE Hopo| A=

7dtel A9 5 31 ‘—Hqﬂ*ﬁo] Hestx, ety T’:o]:
ol A= B]5=A(non aqueous system) £&]7} 7158 g
ZI8Agel Hel g, ma, Fae] Yool

¥ a9t A9 (sieve mechanism)ol] 9]a] &do] &

£ 71Fo 2 slo] B, E8o] Hg oL} o)9} ge ule)
if 1A R fASHA sl B W nae

AE3l7] 93 vre) e Walw @ 9ol
21 MY Y S8

B 2E BHo R 3t XFA| BFEsE o

i

e R 2 EAdEe] F4o] Ho] glEd 9w
3o 2 Polysulfonel g Zxw n) 7hss nRAleE
23 29 Yl vle} Fo] 3FH7) OH:}

o] ZejHEY] HEA L oF 70C A Folu}, zeu} A

Fute} Fo] AELAo) M AREA lOOCOl*H 71t
71 gk Ho] 7153 vto] W g wal Za
1o Ha] Tgr}l w& ZejoHl2HES 242 3ja] U
gAol $43 u-g Awsiich. Tweddle®2 Victrexe)
ol Rut AP AS HESY 8AL B 19,5 wt%
9] N-vg-2-9 22| E(NMP) &4L A7} golo g 3o
WHY B AslA)zl &, te 345kPac)A] PEG(MW
6,000) 8&°4(200 ppm) &} $2H5-4:0] 100 L/m? - h, uj
AE oF80% Q) ABE A vhe Azshed UG b5
A< Byt 18) 3, Kai®7} Victrex 300 P 2Az 3 3
il s AFE 7)% 2 dto] Y Daicelol A 128C
oA 3057t VIt dgrol oJsl EH Mg Tolr Aol
FrAlEE v FYgFe s HZSHDUS-40) A7t

1
r:o o

1x ot

DEXTEDL JIS A5 2.5 19949 49

E 3. Feoprinute] glojd 2% gl RdsE

G Flux(L/m? + d)
Water 1980
Ethanol 2160
Acetone 13800
Tetrahydrofurane 7950
11M acetaldehyde in H,O 2750
Dimethylformamide 4050
Dioxane 3110
Dichloromethane 3200
Toluene 7600
Benzene 7000
Styrene 5700
n-Heptane 1450

22 W 7|2xdat

3et gagollAe] A J1gujAle] EFES Belsr] 9
A= FoROT 245 Sl A)E we] Wasic)h
718340l Sl aRARANE At GEA Qo
ols 1EAEZ &slshe AFE Gul7} 2o castingol
g Algto] stk e, AT MNE AE T4
Bog A st A8 7Fsd 39) o] Ffuty o]

U A|FHA Q)

Zschocke$} Strathmann’-e Du PontA}e) ks Za)
ollEQl Fal-(p-w A Z o) 8 FE i) &
SAIA Huh B FFAILE A8, F 3049} o] 2}

718mhell gt o Faksw(ste 5719t 718) 2 2ty
Sufoll gk W4do) Y= e By}, =3 Iwamas}
Kazuse®= 17 33 po 7z9 1, 2,3,4- 3 )]
2 LFgE oo mRE Zalolnog Al
NMPel] &3¢t 3 AG8 H7ia2 slsto] Aetgdae 2
23 ¥ G furg A z3Ych, o2 722 s, @A)
YE MHEBTN FLE2)12E 6,000 2 20,000 gradez
A5 3 Qe “1e]3 Sabolouki®= UpjohonAle] PI-20
80 % Ciba-GeigyAte] Ze]olw]= XU-218< o] g3lod N,

HOOC-—-CH2 CH2—-COOH

+ H2N —-R—NH2
HOOC —CH— CH-COOH -

1,2,3,4-Butane tetracarboxylic acid  Aromatic diamine

3% 3. Eejolu el gAY,

117



N-vjdojiEclnto] =(DMAC) 402 1 718414 &
WEEE Sl I delotatg A28

23 31y gteloi mat

Fridrich®® $& Udel-1700 ZEa4Eo| Z=adzit
(CISO;H) & o] &3l HEs} ZejdELR @ el
2 A23to] Dextran B 245 77 W3] viA) Qe-g
233}e] gte] FAEAEZ FESL) ldalle ZouE
AR ol dE3} ZHZHE 4SS A 4HY
Eiuhg sty st At o £ Al A4 A9s
B3 dgen ol ARETIAM NTU-7140 grade= A]
#= 3 gict, ojdelE, ol RUEY Y ENE
Fo FFHAZ @ A EHEN ZejdAS AL
=9 33 ool F2EAAELNE IRE o,
AE3HE Y dANEFe.elo|=ul(PVDF) ol #%
d77} Baso) ik

24 Y XEA stelof =gt

gejoiziate) A, F4 9 FPEA T2 Bshe
BEZE, AF, o ne) §57) SpasEEy BF
Al @l do] 7 fde FAFo B3 £58 A
EAl e & =go] FaA=T Yk

AHQ gjezute vt FHo| ApAolng wEY
= gulAdzke] Hydrophobic Interactiono] 9}3) 24=Adu}

foio-ote) === folroioy

{» #3 an exampie of

—foferotey
ole-eioy
= o010

L Nacw
eie-oto

foio-otod

Efo-0to) e —olo-0 kol

(CH);50 4
(c) Polysultons modified with propsne sultone

ofo-oiey «tn—p@la-aled
?QCN 2OH

(d} Polysuilone modified with propylene oxide '

fofo-otey: = —ofor-eted

(e} Suifoneted polysuifone

3y 4. EYHE RAY ADPE.
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H 4 ZejdE%e) A Iy TR

- Physical modification
1. Adsorption of polymer on membrane surface
2. Adsorption of surfactant on membrane surface
- Plasma treatment
+ Radiation-induced graft polymerization
+ Surface reaction
1. Sulfonation
2. Friedel-crafts reaction

Hohs gAe) Fajo] A ua weix ok B 4
g2 ozopElo|EY ZeULE wE Felolagay
EY 2L 054 242 8 e o] sl AFa
(Low-Protein Binding)-& Mo} g4 ¥ 7144 Zx
5| 247k ik Wk PVDFY 242 59 vds
watetdol $& 254 NEAE $HR fBste) Bl
A Fato] Ao golaiznete Azshy A% A7 3y
49} Zo) AR YTk, F o] EHE BAS ADSE
cjei7bA) Ee et

2.5 M2 siejod mjatef s w

AZE DEA 22 E oo miute] gigh 7= vid
Z7 o] Base] oXqF A8t | 9 AAle 1A
BA .

B3], AE2o AL o URE Fejeizutoz o) AL
£5)0] grout WaH R 71844 BA7} Qo) olE
Madstele =80 o]Foix1 gtk Gobayashi'Zs 4%
202E vgolEcjutol=-dslElF SvlE B3% &
At §AZ & L 7HE /718 E A3l oo Huhs
Azt ABE e AE2Q =) vje) o RidEn
E thh HolA Higkg, AddUE, olihAagyE, of
AE, JEzzdid 9 g2t 5o 83 dde 4
A zstAh

o Ul B 78RS EolE Mg o e
3391 22 Jtu AEE 2EA A8 ARS-she Aoy
ol FAR= Sl £aFA] A Fo]7)7} oEf$-
22 Aubgo] u)-¢ vhmd, weld, ol#id FAE 2
817] 918} Gobayashil?: 7l Aa7] 4 ¥wherl= =
W APNRAE o] &3t Fejdfuhg AUt & F, B,
S8 whe 5ol 98] FlEsiav)E BEe aekesich
olejof, HA AT Fojojrete R R o] il
10, 000904 10%F Hx=r} thif-Folut Sxd ujepal =
Ao EAFE AAS=H 43 HEYEAF 54
Zd ghe] sldro] w1 Qi)

Hashida™= 4E20=Az € o9&
ZFo] Fr1he FHAA SR 229) 442 EEEsTh
=3 Yolojzt BHo s B 1000 3 z
2o ShE vhlde 2as)A) e AER02 ob
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E 5 @sloiney Bgd) £5 4 vl

3 = Plate-flat Tubular Hollow fiber Spiral wound
Z % = ~5mm%* 1mm o]3}e] FFALE Spacer A}o]ol
i e as . "l Ba Borg B4
E3)
- A dded & 2EY MHerbs(i44) BRE O 3 Mg o
HE4 A9y
-2 AR FEAE B 4EF A7 g4 A3 FF A3
Sponge
Balld &
B RO Bl R HaA He oty FLAA He B AA
(&8& #°b
AHEE 04 O A O O
A& O O X X
FTE O @] X X
EFAZ A A O O

Elo]EAl9] gto] A} 1 2e)m A Mg e =gl
AR 72E Ad 719A LEAE ol &% gejeut
Mio] =0l Y AE2 Q=0 Hls] AFFE 24),
FHEE 9 HElR B129] FaAIF7}y 242 T~ 144, 1.
9~2.54) T7tE AHeg Ho Fdazwrozol o] go]
713 et

3. 3t2|of =t 2 & (Module)

ok RelFA Al2ade) AAs) JNE RER 0E
o)M Ahgahed) Soloisiet REo= B 59 o] Al 4
259 eyt YoV 27 A - @do) dome $xd
97 Mey AFgsojof gt} o2 Sol, F|4) e A
SS 2 @4 QU So] MaEug uhe] w4 =] W A
£o]4 5¢ 1T o) dvrHo s Py vk A4Y ¥
52 AHgahE Aol AAl), oldolx AA 7 £H %
A, 27 el ot B=E Ma) gy 289 S50 wat
253 77} o|Folxo} dr}, 17 5o Fejodut &
F2 A sedsolor & gue Lehych

["as 2n ] [ Modute 4 ]—p—=| 4129 a1}

e g ppa
# # 1

| Module 29714 I

)

me
=l EER R DR LR

OEXTED 7)1E A5 235 19949 49

4. gtelojzietol S8 HE

Bslolaube E 6olAst ol 24E TR e 5
%, BUese Az 2 ASA, A5 5 24 A
2oplA FEAH 282 glon] Aol T8,
P57 AES 71 2 Az S 4B R AT 2

7ol 488de 2

8T Az} 918 HETE Hof

H 6 feloate] 3-8 A

H8 ¥of

A2l g 83

Electrophoretic paint
Cheese whey

Juice clarification
Textile sizing agents
Wine clarification
Oil/water emulsions
Polymer latex
Dewaxing
Deasphalting
Egg-white preconce-
ncration
Fermentation broth
Kaolin concentration

Water treatment
Affinity membranes

Reverse 0Smosis
pretreatment

Process rinse water, recycle paint to dip
tank, allow reuse of rinse water

Concentrate/fractionate proteins from la--
ctose and inorganics

Remove haze components from apple
Juice

Recover polyvinyl alcohol after scouring
of woven goods

Remove haze components from red and
white wines

Metal cutting oils(lubricants) concentra-
ted from wastewater for incineration

Latex emulsions concentrated from was-
tewater

Separation of wax components from lo-
wer paraffins

Solvent recovery/recycle for deasphalting
of heavy crudes
Partial dewatering before spray drying

Separate low molecular weight organics/
therapeutic agents from cells or cell deb-
ris

Paratial dewatering of clay slurry before
centrifugation

Concentration before sludge dewatering

Retain ligand complex from noncomple-
xed proteins

Retain colloidal silica, bacteria

119



) K §
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4.1 HAT 8 &

AR Aol zrFW =33zt she AxES ©
a3 484 80 AYL 7HEl sEEe S53W
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AAE 2L AR 59 3= EFOE o FHI v U
2xgo] £4 wie] w3 £uo] FYUIL AFHLE
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go] Z74Ea ek olw) AREEE AAERE 7HFo] AL
stelnz =3% 4 HAYAN FEHE E8E A5y
AAEEA gow AAAe) gick. 3@ 63 o] Feo
Fate o] g3l Ml 29 8 ¥ FHAE BF
ANE 73tk

42 MITHE =59 HE

a3l 73 2ol g AR e HFAX ] FldH
ot 2§l uE)Eol 52 AT vEA 5L AAS
o A e, 25 2YEAF FH AR T AR
&led 271710, 1um AE2] v|HAE 413 A7 )
AgE3 glout, FAAANA 0,1um ool HPAT} 4
A/ml 2575 dhe B4R Ack. 53] AFo] 7istd
LA ugatel HAlo] F7EE NS Holed ole
golojut Az FANA mjFA e9E Reg udH
T glo] gt WE 9 £ sl o3 nPApt TAHA
Qe #elon Rgo] atse] A1 gick, olAF A
& A 98 3o WeEA YEo F4E Double
Skin Layer 728 Ad $3A1 Jejo) 25 ARGl g
A7) AlE I

43 29 #R #Hse Ma

AAAR R 7} AgJeA 2ol Ho] & A5t
sk AT ey HEso] £33 2EATIE 90l
53 gk o)8E LA sigs FEl(EE, free-floa-
ting oil) © 2%, BAE oA % AT 2
W4 o0 /AR REE & gk fElde T
ot 2213 wgo g {A AA FFsstL, BT L
o oML F3tH o2 BaA7l F FYAA AA B2

120

& gont, HAT deiel o quA, 53 F84 24
AgE Hrt e S8t

Y eaes i 24 AReM adE Az
A Qo] skl Helsta e Aotk olEE ¥
o) Bl Fute ol gate] sk HaFe] ¥I= L
e 2@ ¥, 27t AsAt HE | gA o HEst
o M) B8-S #aAE & ek ol @ 240} A He
sxde AHsr] 98 Bal Freshingo] 7Fs& #33
wEo ARl BEe) £9e AFATE TR0 NEH
o] gich.

4.4 MR2YoIMe| SH &5

A4 QAN Akl BEUSA 2 AR s A
$4)(Sizing agents)E Ahgsted BE EeHHL2S
(PVA)olu} 71282 vl g2 2(CMC) 5ol AHed
. o] EAE AEL QY57 Ao A2 (desizing) 3=
gAo| Wag) o5 sAE Itols A7 HA ot
HA4HE) 2 H5ol o Aol B Fopelvh

QA o 2 desizing® HFole 2 0.5~1.5% ALe

Untreated Water

e N e e
|Pn'mary pure water tank LI‘
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ORI Py BACHC FOWLTE TS
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4.5 MEZ Yol A2 telof nieto| 0|
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auga fgo] gEo] Q1Y) wWiEe] =g o83 &l
71&0] gadlth #3 ANdoMe Fejodziatg o] 43t
A2 7)ol dARE ML) AEIE ARl 2 TEHE
QAL Z3a 2EA] 7)se] gl gt )7 AE
sol AFaiel dsizztal stz AHasolA glh

451 453
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vsjoise !

3y 9. FeleizT R YIS JlPel ¢ 4F R o8 B

AE.

E7 BE A% RF gE 4

2y 253924 g9 A4 g 2RI~
= (mg/mD)  (mg/ml) (mg/mh. AH%)
B oulxg 39.8 445 61.0 65.2
= UFx¢g 378 424 57.9 65.3
qa =5 40.0 45.7 612 65.4
2w 42.4 46.5 69.5
& UFxdg 39.1 434 67.5
x %3 451 494 73.7
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