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/-Re|ecnon = Percent ot rejectec solute(s) retaines

Feed e / "} Retentate or concentrate

Total quantity passed through membrane

Fiux =
-1 Membrane area ¢ Time

p——ap= Permeate
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Dairy industry

A ENHM Y Az jeg s

Fractionation

Concentration

Clarification

Market milk with
standardized
protein content

Ice cream

Cultured products

Adjustment of
protein content
(UF)

Removal of salts
and lactose (UF)

Milk concentration
(RO)

Milk concentration
(RO)

Cheese Removal of salts
and lacrose (UF)
Milk powder Milk concentration
(RO)
Whey Removal of salts Whey concentration
and lactose {(UF) (RO)
Removal of salts
(ED)
UF permeate ! Waste warer
H treatment ; RO,
i ED)
Meaz, pouluy and fish industries
Fractionation Concentration Clarification

Blood scrum

Gelatine
Brines

Egg white

Processing water
from fish industry

Concentration (RO)
Removal of salts (UF)

Concentration (UF)
Salt recovery {UF, RO)

Protein concentration,
removal of sugars (UF)

Protein and salt
recovery (RO, UF)

Waste water
treatment (RO)

Vegetable and fruit industries

Fractonation

Concenuration

Clarification

Potato fruit water

Sugar solutions
Vegetable proteins

Waste water from
vegetable processing

Fruit juices

Pcctines

Fractionation proteinfsalts (UF). Concentration of proteins
(RO). Waste water uweatment (RO}

Fractionation (UF)

Concentration (RO}
Concentration (RO)

Pigment recovery (RO}

Concentration (RO}

Concentration (UF)

Waste water
treatment (RO}




Food industry in general, biochemical industry

Fractionation

Concentration

Clarification

Beer
Wine

stabilization

Enzymes

Fermentation
broths

Organic solvents

Concentration and alcohol removal {RO)

Separation of cells
from supernatant
(MF, UF)

Fractionation {RO)

Concentration (RO)
and salt removal
(ED)

Concentration of
diluted enzymes.
Rennet (UF)

Concentration (RO)
Removal of salts
(UF)

Waste water
treatment (RO}

Rinse water

Cleaning
solutions

Waste water treatment,
recovery of solids (RO)

simultaneous

Recovery of
cleaning solutions
(UF)
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Hign- Recirculation ' Mocule and

pressure pump membrane

pump

< 65 bar

Perrmeate
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Hign-retention membrane

Medium-ratention mambrane
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E U

v 7

o3 02 JdIds, FAAS FAAME 7 2 gAERY 55 L Asd
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2 ?l!& A &% ASE WA A8 B2 Mol o594 gk, ALFA &
of ZFdl wal Hl&xrt ded Afe AR vlad %A fouling@/dol
HA AA R, %9 2aF foulinge]l AA FHEFE7 98 A4S
20-30 barZ = ALsln Ut FAFIT Af(whole milk)2 A2 /e
A 3ol ¥5d el A} A& LA ste d7t sk ol Ul RE
34.5bare] 1St 20-30°Ce &xolA /& Malszazy 4 AL 44
of #adslE lipaseel Aol Frislo] AFAMAE 34 ¥ $Fe] Aol st
FRa)e7] dfEolct. o] A ME Fo AA F2E MAGH ot AiE
A2 Ao /& 50°CoAN Aadstd WA F 4582 HAHA

mto i
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% ol 43t KB < 2vl THA #H2 Fatod 3 A FAE &
.Tlf‘é%’%}%*% ok 0,154 %8}, £ Agel gAFEd S48 vowdey A
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2% GREel 9 WEA ANNEL LT Agel s ERIRRREE
ZE WA ARe AolAE ALoA et FEP $79% W Holst grtn @

c}. 2 2N o $EF WO 27 $Eed RF2ES AxAUS § A

EHas ok 8 2o e o) gt
%%“5} TR AzT AF2EL] AL Axe Ax Ax 9 Awy 02 £ A=
o wlstel BATRL Bk GUTFHARZ $EHP FH2 Ao|2T AZAE AL
M AYFEE $Rel AN ol §2e] Wako] BE Mol FHOZ Hol
A5,

uh) xlol = slo]

$RZ Aol2E AZT B FUED Yot Nolz dolo) HHH REARY
QAR7IEE olgste H47] 94 A7t gol "‘3351 uh ook gole] AL
AFADE @A Y o4l Aoz FHANE Wal olgsn Yon, nWEY
ol 6.5%% #eold s EH A dA=z 12%77}7(] FESn A HIZdE o
WA ABlE A xwo] Ansel £39 184 1EE Dol 28% AN NET 3
T 5 sle 71Eo] HEEo] AdA R o] 453 9t Swect cheese whey9)
Mgl 28-30°C T 8-12°ColA fsted e 2EoME pHyt e & 98
< Ul pHZE 5.7 o= dlel & Az gdel 18%38 %7 AR 2E pH
—————-! _u pithdl qu;o—l
Ji
I Cheess vat lhey ! ”‘ ‘
9T O gl L ViU 1 L [
Casein fines Pasteurizer
rmrmon—§—————— HBeverse
1 osmosis
\\\ Fines
™ AN l saver l
C Permeate
i > condensate
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25 FUsted pHE ZA3rl% ot foje] A4AFA Al&H= ke 30-60
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Y
Potatoes Crinding and Existing starch
A segaration 1 factery '
Waste potato
fruit water
i 180 m3 h-!
4% total solids
Permeate
Defoaming
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protein
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Reverse osmosis Orier
plant
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coagulation separation

HARE AxFHAA e H5A e

FE ¢ LAY AL F Uk £3o0t 744 DY Bl 2%AE FA 5o
Qv o] okRd Aglel TUNE WAANANDL A ABelh T 28 T
2 784 2B AAE A5t AMEE HUW LATAe] ATAANE nY

3
30°ColA HR A9 o 60barg AH2lAl 29 358 £5= 63 I/m® hrold
3, LEE 50°CE RS U FAEEE & 40%FE FtedT =Y T34
o] pHE 5.7 dlA 7.022 A & EdsE ZAUSA @& ZHd b8 <
¢ astA Badel ggata ¥4 e rTe YA Poldd W 2L 3
a2 2 g FAtelg dHwee s AEXAF VA &enTo]l Fd 4ls

sASSSolglo] B84 WEs BRP Ao e
i}, -gk] of 3}

1) @ojeiztel gl W A3

greja sl A o) 7122 Q1 7122 APY F (sieving process) 22 Aol
FaEe] e BAES B A7) gdel e 4 Ak @ aate] 4t
W o7bse BaE & 2822 % (molecular weight cut-off) 8 23 & B xbike)
A7 ¢EA UE EEEA S ASE oo 4RSS 4dstod 48 Ty 2
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*H4 %ol BAY 2]

Molecular

Milk constituent weight (Da) Diametzr (nmj}
Water 18 03

Chloride ion 35 0-4

Calcium ion 40 04

Lactose 342 08
x-Lactalbumin 14500 30
B-Lactoglobulin 36000 40

Blood serum albumin 65000 50

Casein micelles 10°-10° 10-600

Fat globules — 200-10000

T e EAF HWAE 1.000-100,000 Daiton Slu), Ao FeH 21F A
a 27 A olslE 7198t E o $89 oE Eo] %
o. 73 271€ 1-50 nmYUHE, $fol F728 B, &
2. ol2H R U F84 vENFRE Adslne £yl sEsitt. ool
9] ZE 23 Ut} ol ol wi AR Rol
2umFE o %x AP FZE 1 YdE vy, o] wnpo 100umF =

T TEUE g, EE 2 X249 gFe

23t TEA copolymer7t AFESE T T},

Aol mre} FAR NS PRAU UF2 oA ofMHooE  EHEA o,
a2 n Ay ez s & Ut 27202 oM HolE e e AgdAo
2 73 dA Agd Holud, A2st 35°C oldtel My} sbsstn AMEIEE pli
WAL 3-7T A Fon, Ghol tlg WAel Ho] daxe =g, o oo vy
3l & OIBE 2EtEA, Hel BEA &40 o3 H Fo dno Ay @
Aelle Abgol AFHolth ZFMEAS] DRABTAZ A2 Holoinjure 4
222 ofMHolE WrE A MisUoY A4 BHdAez A4 de sojq
Aet. o o] BP0 T5°CoM 7R 2ol sMestn, AHEIEE pll WY
7k 0.5-132.2 #YP9sinl, FAHo] gojg A | 0.001-0.02 ume thear =2
718] 37, diol AP RNAES 5 F don, wHozE ALESHE WSt 170-
700 RKpa® ®lua Frie solct. 7hF 3o /Hgd utojm Adx oz o]y
T Rez2e Mol e o W$ oA L 2 A Yo U A
Ao ¢FulF, A2FYol, gh T 28 HY 2. olg s Be wru
2 AzH glo] n¥a AAe wol AYe P 2YLE, pll. YAS A
dH Ao AT TAE AT £ Ak o WozE o] £4o] glo
2.0Mpa7tx] 48 & 718 4 Ql:. 400°C olst, pHel A Wslola] 2glo| six
stk g ALg ¥ uto] Aol w43, ASo deltdE S neoR

A27A @ %+ ek o] e WA Y Bl FA N Aol s
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Tl v 2 A, 2z 7t v o] deldt. FH ot BEE Ay
2 A4 AdAez guEn e dodFteozs qiarutel Ao 2
of ¥F, FFAEFE, Hay ¥ 41 TR UG BE 2EL A8 2
ALz A& Azd SAGFHFAR o] RE glo] He ful ARAAAN 2
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FAAAAAMAEALTTATERALTALARRARAR R RARRNNAN
Permeate Out O -
PERMEATE OUTER COVER
SPACER /
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PERMEATE

COLLECTION TUBE
PERMEATE FLOW
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Conﬁguralion Advantages

Limitations

Tubular Handles suspended solids with larger particles
Able 1o predict membrane performance using
simple fluid dynamics
Possible to replace individual membrane on site;
so replacement cost less
Cleaning easy
Hollow fibre Energy consumption lowest among the modules

Highest surface area-to-volume ratio, lowest
hold-up volume
Only module that allows back-flushing

Plate and frame Energy consumption moderate; less than tubular

In case of leakage the particular membrane is
replaced; so replacement cost lowest

Surface area-to-volume ratio and hold-up volume

intermediate between tubular and spiral wound

Spiral wound Allows very high applied pressure without
damage to the membrane

Very economical in terms of energy consumption
and membrane replacement

Capital costs very low

Surface area-to-volume ratio very high

Low hold-up volume

Highest energy consumption per unit volume of
permeate

High pressure drop

Lowest surface area-to-volume ratio; 30 nesds
maximum floor space

Hold-up volume per unit area high

Since no support for the hollow fibrss. operztes in
narrow pressure range (170-270 kP2)

Fibres are suscepuible to plugging

Handling of large particles and suspenced solids
problematic

Complete cartnc ze needs to be replacad in case2 of
leakage; so replacement costs high

Cleaning of membrane more difficult
Inival capita! costs relatively high

Relatively diificuit to process fluids having high
suspended soiids or fibrous matter

Large particles may hang up in the mash spacer, so
causing cleaning problems

High pressure drop
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Fooi B & $HS o83t AR ATozE AR, DAF, Hol HEHS
£ 5ol A}, BAAAE s FEHY TRE Aol=2Y JlE $ABAE A ze
482 ¥WRE e %o] Wole) utet $-5o] FddantAAsl 2/ Ak $
frole ewrdor o 3.5% @NAR} 4.0%9 AL ¥hatn e, oH@
4eEHoz At FEEIPYe, 2o fouling B0l T E -3— A Ed 8]
sto) et RAPez FHAAN 7L oAbt #F dolME AT A4 B
tEesnz X A4 2 AAA o]F 78 23 Aoz Am ok WA ¢
A S HE B} FEE o2 2AY 5 don, A doiiE e
Mol re AL P ciFsiet, 6o Aol Mo BYLAF
°] 20,000 S T HEA Fg ol §sta 52-54°C, FU4Y 1.7-3.1 ba r
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# ol
Hole $89 97, Aol= A %2 2 VALY AAA HEA Do]]
Ege doz YL WP 6.0-6.5%F N0, ALAR| Bo] Foo 9
ol BOD ol ¢ 30,000- 50,000 ppm o 2@, mheba Fo|z FAolA L
ol sfolel Aald] o2& Hol frk Xol= #Mels Hal Yoz ERyz
BjABE o &3 Mol VWEZE(WPC) S AZJ} ol2ojd g}, @A Qo
o flo] YMEZEL Fo|E ANER ¥ @oloinsl, RRAZES s AzHAn
otk %ol gelaizts WalAe st Hols BODEE 89%014 2 4 g
. Hol2FH #5842 WPC & Q9% HAZdE B agox o=
oA @ojxle MA WPC (pH 4.6)u, Achajolze] sholojq dx M@
WPC (pH 6.0-6.2)8 A=x7] siHdE= #olE 50C. 1.7~3.1 bar (25-
45psig) ZASAA BBt HE Fo| 20%ASE WK R
dasotoz Aste A ARG & 4.1~6.9bar (100psig )9
Fe g sleto} 35%PEMANY nWBo] Y4B F2TL AL & U, dzy
WPCe| 23 & 32 duldo] 32-45% A=, diafiltration Wioz2x= o
W gaFo] 80%F =S nTMe WPCE AZE £ Ut o] WPCol B89 o
Wge gRun 2zudoez WA AsA gob Jsory Yoz ¥
W ou S4sin. folel AfdddE e A4 SAZe Aad us ote
foulingol 418t} ola] gt olMeAA B fouling Zol7l s AHESlE
2oh HeE v oen 2o $4 HAYA Holol $98 AL} A
& AANA @, qeln Foddel SAH FIANE HEFETo} e 9
omz Azde] pHIt o Welol U A ol & Bha WAHAA} B o @
2402 Hel® 80~85°ColA 1527 7AdA sz, A4ddlols] Be pH B 3
72 2E3Y. T3 AR uds We-FEI2udo] Ase] wmolx
HE A% K22, CMC HAS dto] o SHEES ¥
AIBHLEE AFE fouling B VP BAI oo] oS
% dFE Fol7] 8 A4 ol A% EDTAY hexametaphosphate 59

deold e e Aelshe o] AHHo|,

P

i

W wa

AAF2 R SRE ¥ A BACA F2d FRE B a
¥k, olg Hstel LB AYHQY WMoz 7
F Frao) A2 AUUYAE Hse Fao @8
AU Al o8 o[ES AANCE FAE B WMEC A}, W),

232, ¥x Ve FHF2E ARRxAe Aglo]l dejodFdntez FAo| 7%
ot aem 2% AadE T A2HY glolk Faulel Ay AR s)E B



go] 3ejo A e TR Rsnz e
*3§E 9 A Rz o E §F F2E vAR] A U olBH
ol Zejolrt. LAHNFol FoAde FAHR T d9jcdniA] F2ok P dF-Eol
M Jeng g o o8 AzH FA¥tE 43t} Heatherball
(1977) & pilot TR FAARNARNE o] &5t AFFAE ATFHo2 AT
271 432 F9 shveld. o]E2 Romicon AtY FF4 3
o, RYEage 50,000, #& FEAL 2.4 m?, zialoﬂ AHER FaE QAR
2 & & FHoldrt. o] olF FdTpiel o|F AlztFae] HAo] AdHog A
=57 A#s. & FAFA Ao Mol go] AlRFAE e Al J g
& WE AR Helo AR HHe] £xolth Nielson(1983) o 2%
A9 RFHEAE Aex ¢S ARF2E 50"(‘011/«1 Fo Al o EnEw
1.0~1.2 gal / > hr ol ov, 75% BAE HY & AAG F FI=2ANN &
dojAd e Fo dEINETs M2 Frtslddn @ 283 50°C o]/l
A AYEE 1°C F7HA7d ot $RAEErt 1.1%48 F718te A2 Bx
g v} gk, Al F2e @A HAzPe Fao AAY A g Ay
of u}g} zpelzt gith. ©l & /'“&'8}01 ulgre] 2d& Aesld By, 2EE 50°C,
gojoute] RaRAFEL o 10,0008 %, Helde] FAYHE 1.7~3.1 bar
(25-45psig) m%olt}. EF YA Fr2 B U AAF22AM GE FIde

28 Az 5 U T8 0

ot fu.
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#8e 97%, AdFe AYT 20,0008 oItk FAE BB 7o
zo DA E $E 2% 4 Y T A=A F2el 2,300 5714 eielol
st 30074 &, 6507 BRI TASGE FAE VIARNAS W 4
2ohg F2olE mi% 1) ogel we2elwe] ZASHAY ROz B 9
o AFAE oeiny FolE AMEY, BAFF, EE o TN PHE

g
Pt ¥28 + Aok,

o]

¥ *‘i}oﬂ ol g 7 PJr ’“EETQ} AITF Fd] FAS HE EAojg. Wz
Foll Qo] AWM AFAHCR ¥xo FAL AAIE 2Q1o R NFHoj{d ot
2 o] & W7 Asl, fe oAt A2ZA F=rE 100 ppm 7HA] FEFol B
Ax71el 2 At 2y #HZ AFFl M@ ofgtate] QAo wt
T £ 9gS vAe AoeZ BHagd uel ole] Abgo] A A 7t
2 At Anamo(1980) & EAZY Fol 20,0009 &jod et Alg-dted I
EFAE NAP AdolN Faslisd BA AHPEL AAL £ Ao,
HE 9uigle 22 ALY F59 ¥ AT £ UASE B vl 9
g Z=FUdA FALML HEL 2x9 Wit A 2 &2 24sied ol S
AeHez dste WHPLE IEFE -8§~-6°C o} 2~3F HA s A2¢
Aol X FAANA da ol §H3 Ut FdRAH e o] XA LsdHE
FTAAEAE Y F e UA2E Dubos(1979) Foll oal AAIHY}. o] o]
Ml ARV EEFE FAddsld 2E Edse B, 92 L HEAE
7 BAA e P ES R8T F ¢ FRANE A A2 E sta o
F YL B8 £¥std dste Wielt. 23u X2 Az o] #e
Azte] 71 8% 482 PAslolr}.

) A

AZE AT £ AlRTSF ol ¥l Mduetozm A7 Hd
A4, AE, 99439 BEES %i A Astaof gk, ol §EA AlLEd
d QiYL F29 lime(CaO)& 78t pHE 7.0-7.5 & 233 % 100°
Cel €& 7Hell £ dodle A4S €5 AAANA s 2 Yol &9 4
AEAE oy HAE AA AAsted "AE os BRP drege
dextranases® o] &8t ¥aAIZc}.

AT & AT e 282489 10,000-30,0009 ZaMdEA

@ololzt g ol st A& & AUtk olm) HAe} o FALEE Aol pl



5. gl2x7} 60°CY wolt}. Danish Sugar Corporation (DDS)o) A
TEt €2 ARES F20] A E A HE2 AP v ded ez
doz 489 pHE 6.5, %€ 80 °Cel e ZPMHdEIA=Z, 983 4y
€ 4 5bar °|t}.

o}) 718
Tl o FEdA 2891 ed dFSHe FAY &S 9o
Rozo(1975)7t pilot #=2e] ??}91044% Q1 Abcor 225 & ©] &% Ado] 27]
©j @?015\’1‘4 AHEE o] RAUAL 2 m”® ojln & FRXEI) pon RER
A 20,000 oAk, BTN £/E 4312 diafiltration A E

ot
-

o @& dFENESEde 27 dUAGFEY] 73-84%7 FHHEH AU, B
Ae Pt 2dia fAbst Tt @t ol & ol fAIG HAFAM UFFEE
£ el g & diafiltration & 8 F Aol 943 2o gSsuwae e
F Agol FAHAAR

AFol A7t e A4 AT ATALE AAel F3] 22 IS vA F e
Dg HI AAAL F8o] FFHR AT, FZH TR FH NAE Az A%

Ae otdfid TEFSoM F& 8L F FAGAE 513 ol F gA] A4F 6k
FEAN LA e AL AlxE 8t

Feld e dAFe plasmaB@W AL FA L FHol AnAolojy olo o
g pilotT2e AF odF o]Fo] Hieh. o] IF At BIE calf BAL
DDS 3o #ubs o] &stad, AMel2xrst 18-42°C, A8t o]l 5-9bar (73-
131 psig) MsiolA 7tFAl AlzED 3,000-7,0008lHE Haldhe Rol HAolg
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AAFHE o2 AgF2Y 2 AA

Feed Temperature 92°F
Feed Acidity 1.52%
Product Acidity 0.90%
Production Rate 95 galthr
Cell Velocity:

Product 0.3 ftfsec

KOH 0.1 ft/sec
Voltage 176 v
Current 122 amp
Current Density 13 amp/ft
Current Efficiency 70%
Energy Consumption, d.c. 0.22 kWh/gal

$% Az Jdt
o] & BAl7t At ®E ge

4 2% @ael ¥ old. WARMWE Hold GfB B
2o 90%AES A4 nE AgaA AAE 5 de ol Ak, nEAe 3
=2 e Az QAL AFAlel Beloln, ol Aua pHEol Wy

ol AbgE & AT FHEAANA WIAFAE fo] #e] 0191 o AeEE 2
Y% BB 2ARAY gL 2127 APelo SHEx

°
+58 AZAY. Y¥H HNS BolEd o gHn Yok

1o

+84

A7|FEAHe & o g8 Rofe Fad 84" F148 AAsE SaA Rk

olth. AT MyFEMA2 FHoRE AFY T £4% FA gu A
Aol F ol g AHgEtd AAANZL F Uk ol FHA MEF AF AL o

e Helglel Faol B Astm EUsted AnlE AstAE PHE ALgale

Axy AFH 2 i}°l 7b ol Sp Aol AHeH

- "lo a
2
op

ol
o
2
)
o
_A
=l
}.
&
—
U
o
0
GEL‘
Jo
i
ok
Ho
)
do
)
>
gl
o
o
o)
R
!
#E
e

A
qw Aol 2UE ehe Aelet,
3. 971w e EA4H
AT Aol A B Ee RES ML Holqm YA obA Ao T EAE

wet.

7b. w7152 At © Foulingol 2% %34 % Astsh 28 Raige) Wsst



o7l 4tk F, AES AE
F3tmg olE &Aool wumd

fouling & €27 £vle] 3o di§ o]

dol7l7l 4ok "7, A& gAHAME sre Fridaie o] w3 o
AEog g 7247t €e2g fouling® WA 9T Axelst AMFeo] £
9 v &@olA Azl A},

U, sluEelel ARl off ¢ e 1«“%’;’8 ebEAd el Aofol ofal
ot AR g ¢35 Faaete AL e odo. HE el #Y module
AAE 120 °CAM F712 A7 F Uv Aol MEHAR, di4ERdE T
o] ez e oieole utntiy #A3] YAH, WekEA el e gho] s E
o] AojA o]H R of A7 4Bl MU ?sl . 2 o] EAel o) A
T 3ED FOE 7189 ¥aUt 3, AAEE RV ALIAE Ao
dead-space ¥ MF oMM vl Eo] FAEte] A Fol BHFH Fof o) EA
AM5E do stsAel Atk =E H4HE pEeAME Ao emz 9

g gzle] EFAlel 5ol AMdE stsAol A,

o el ®A: 4R HEel WHE wAYE '1}21317145“& 2AE
R0 g 2FEAA FEA7] U AF) wAME ARAFE, F F2 S
ool nEEAA SEdoh e Aol AAE BTHn HRYSH Frol

A4 ol7ie] BrluF 73—?—7} glch
2l AEAS] B4 AFAAME Y dEe FEI) Fm, ©es] 2
23 Mz Aastelol @ o] B Ay wonz duE Wl

3tz AZd=ojy waz|e] FRr 2ok =3, EF4F Moz A

& wr)ae T8 A% Halol 2z $88 & Ax 497 Wolxl, e

AEE B4 HYT &M ge) YA S, AN AFIAME #.

2y wAsleg Aoz AL ¢ W Po| vk, = AR}

HAAE ol A ] olel e, ol@d FAE % Az &I AR

T RE #UINEE 9T g TE Fe T YUY thrle) Ao

o) Zst: Selo) YFNY AHor: Wle 42sie),
of, HgelA 35T feHR Yol & T HEZoM &

o FHog wWickste] EWE £x9] st o2 E Aot} ilzsﬂlols’} il

Bollde) A7) o]@ 4R v Zrh
XY BANE Felal wW ABFNgo) WAEE welst: Aol 4w of

9, B7h5E 2 2oE =% gl SR, AR B4 ALHE 7R

o op

—_—

op
O.J..
He
o
o
S
_QL

NP g, e o83} A2 Se4E st o " Apxg’ &
@ Aox AR, wrigel A gl e T A v Ay Ao WYt
21 2ok waba wAelrlse] 2rEd A Qv S8 AEY e o



sh e AL Hetele] YYsel, BHoz S A st Aol @

Hed ZARE Tlor dog Musteiord AAE Az F&, A4

2 220 AEAQIREeR el A v BeRyc o§ WES 43
o] WY BAR 2= Aew, Azel Gl o Aol FA A2D F

2 9oty REER Wro] 7l

2
N
x
rr >
W

7b, g AzEE

1) FHelAE ol a AEAGE & Axgr UAe A7 A7 Pz,
A 9 FA5E 5+ AL V1ESFH @ AlSHo A Fol #mE XY el o] F o
A o} 3}7115}. ael ol & JRVER s, HEARICA wrlee] B84 24
She wel 7154 B4 S #EE + U= E 7] Q8] foulingol A, %
A ool FHfLo] mMEw Yo & 9o AUE dtojo sialth
Fouling® A& ol AAx W ddHo] Aol Hal A A, Ao
wtE olejd Aolzt WrH ol o R ] ofU 2 AdAY Sl o A
A obd] F3ol MU, o AL Moz A AUE Ae o
Bt foulingel 2 AHA wAse @ Agd + AE Aot 2y

kil

s
foulingel 28 F& Ael@4to]l &A3] P F2

AzME 23 g A}
83lo] 3 FolA foulingel &% FoHzm Astrt A2 whg Azt wo) g
ot ¢ch DM BARAE foulingel MwA S A e M

Zio] 73 whetal & wWeo g sl
2) gy, WtEL o 285 A
ok Ao B e o v)Fe fA s Relate HelA WAy, WFEAY o]
& o BEe) Aol 279, EF, AENAL WET ¥2E AHF T
=, Abre] AArgth,  u AT 2ddaE s HHJ«»} up 3

7bA 9} Hspe 7best=E He Aol wheAsio

w2
__J\

g

re

ne

ot

=2,

Lo

o

-4
AEDA 3 Faeh dBEAG, Gogy FHe YEARE YRHER £
23y, BAE AR o &3l AMrg AFE Nel o] Had Aoy, o
e BEETo 78 Yol 2 7Y g o &8 ZEAES] FHE W £2
4 %5 (rejection ability) 3 #2323 2717 4&& Wizv, oM B3 A 5ol ¢
T8 g AlEAtolx At Zo] EAUNRGE A Y AP rrET ¢
ol ej3ll 4 Sl ¥ ARG detAE F9rt doh wepa 22l 5ol



$5¢ woldE I ARl wat R 238 AW, B AEWHeIE
ol ogh 2YeaPe Fuoli ol & vehl: 47} Aok ¥AEe Py e
A x94e goes A%solol 'm‘&. * 2 A ge

. #a) wlolA

D 2 7lse £4 R 38ye A
WEA, gl &2 o] Aol o3 2 J15o 3B BoldA Ha,
foulingel 22 ue] site] o8 71572171 &oldtAl =Haw, w xa]o M

WMEA]l FERFo] dojypng uvEde] Balsw plugging@d 4 °l WA g, o
2kAl UM A Y} sponge ball MEHYe] Auslol U, s HANL =
A RE ARt gos AW Il 5HRYo] MusAA A wdap o
Stz AT WP ol&she Aol e Zlojd, o & Ay HAYe syt
BA ZtzM Ay UE3E AT AFst H T Ak of Wy By o
2 2FA AHAY 9 523 -E’czlEZl Roo@ “‘«l £ FH5, AR %
) 1= AR RS U | Z
F& v  demg 33

2) 18 HY B A

Fale] el B A HT wolMM AE AMEHA Y FA T AHEE
7 %*511 Ut :LEM 7lge] BALZ AAFol e Aol B gorr A

i)

r2 o o
zE

o Flo
ﬂ{h
r
A
2
R
o
i)
N,
i
-3
)
2
2
o
ry
of

oh o‘°] .&%‘% =3

K

EEREEL

Category Examples
Physical
Mechanical Foam ball swabs
Backflushing Depressurizing and development
of osmotic flow
Air/water flushing High-velocity scouring of system
often with countercurrent flow
Chemical
Feed additives Soil dispersants, coagulants, etc.
Flushing Detergent /complexing solutions
and oxidizing agents
Coagulation . Acid or alkali treatment of fouling
layer to neutralize its zeta poten-
tial
Other

Charged membranes

Precoating membranes with a
diatomaceous earth
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