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3o B 33 FolA u #el FE ol EFH HI) AU AL

£ i(membrane)& o] &slol #el & Wshe Aolvh. F dead-end F
g FRolAE Arl AYHol whel o ERo] HFHFo| FHH £ &
7} FAA AL A A3 JOER ol REI st MY X
& o ¥ BYo] A FeEUE cross-flov o3} YA OE FRo|=X
AAE A33tgTt

bentonited ZFH 4ol HEIA F o] WENE cross-flow AA3PHA F
Z frdiol AL T WYYY w2, F4 /4, A2 T Al oist
of EMsigon QA% o84 A& Jhe/gol oiste] dFstgich

MF 2h& o|-8-3}c bentonite VE & cross-flow A 2fA o] ¢ =7} W
45 F3 f42 35k, £ R0l F7 Y4F T f%0l 5
7HtE @olch £ 3¢ ¥5 100 mg/L, $¢ F< 1.0 L/nindw] 4 psio]
o ¢t WA EHW §A fdo] EYHEE Uskch ¥} {43} Log b
A BAZEE 42 AF SEE ¢ 1,400 mg/LofA 1,800 mg/L Atol2] Zroldl
2, BF A" A4 Ks"e 4 (8)old ¢ gt A Aolrt dsich

EY} Reynolds number 2} (Sh-Sc1/3) ¢ 4@ AL o] oA AL

Sh = A- (Re-Sc-dh/L)1/3 o] A3t @A} AA|stgct



Abstract

Cross-flow microfiltration is used increasingly for the concentration
of suspended micropaticles, bacteria and emulsion droplets. The suspension
to be filtered flows parallel with membrane, When the thickness of a gel
attains to a maximum thickness, a constant filtrate flux can be reached
over a long period of time,

Theoretical models for the description of process and mass transfer
coeffecient are based on the concept of concentration polarization. This
model is based on mass balance for retained solute and back diffusion
from membrane into bulk solution. In this study, we could not explain the
mechanism of cross flow filtratioﬁ by a simple gel layer theory. But
fluxes were reached to a limiting value when the pressure difference
exceeded a certain level. Also the result of C.F.M. (cross-flow
microfiltration) separation process corresponds with the to proposed

equation : Sh = A- (Re-Sc-dh/L)-1/3
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1. A &

o Sa 2L AV BWY B opet 2ol Jwskn FHEAY
2o8 ne¥es 48 ¥ 4 oy HBe A2 Bol T4 el AW B o
BE (membrane module)o] ZPUEEA At T El &= AN H4e
Uas) A4 @, 47 29 a4 % 5&, W4 N, AN 2§ o
o Holold SR Gtk D Fl, BA Boflde & £& TFTN) 2
£ AT 24 B e, 97 B #a 2 AR, §4 $34 L U4
Fo AA, GE AA, woldAE UAY DAE AA 5& Astd ° 23
240) $85 grh.2)

24 71Es A7 BAL iz Aol Al wel ¢ Eel HEANE 2
HEZ A3l ANGET} FH3] BLH= EMHo] 9o}, cross-flov 93}
7 AUl uet o8 AL 4 ATk O cross-flow oizhe FFAe] ¥
sz} Gizjole) weo] FlEe) o WHze ThEA w Ewlel HAE 1Y
B Wold 4 UES Fol ged, T} o] ITE WA + A& W4
e AAs 2ARoSH o3t TEE WA-OAY 4+ Y® ol o3t
o) Abg 710e AF AY FE AUk

27)0] cross-flow oJ3H= thgA 2 o] 4319 Alumina , Kaolin clay2}
e #E4 Lelo] o|8HPom 7.8 AZAA Y cross-flow o R AT+
Z22 Yudz ge R0l VY A0S A(ge) oo 3N 4FHes

4= gt o 10)



E 7oA bentonite HE}YE cross-flow JY3tAA F {5l
Qg NN &, ¥4, ¢Y Fo HLES B43in, AF &L A&
o] 2 SHXNE Brsln], AAH §8ol Hr} R & 2A& AFaA

shaich.



2. =% A

2-1. ¥4 7%
Fzoley dxht whiAs) 22 AcjEAY §4& Y o 53} &
ol ThRE Q8 A== Fig 1 3t o] aopdrhll) &, & 3} Yl
HE ezt Foigel wet £33 fdol U, BT o T AF o]
Fole TA f&o WA "Hch o] dol: £ R&ol ¥ETH, 2=
7t 445, 7Y 527 WELE FE £F 84S a3y ¥} K%

< F71% Zojrt.

Water Higher Flow rate

Higher Temperaturd

Laower Feed
Pressure Concentration
controlled
region Y

Flux

/ Mass transfer controlled
region

Transmembrane Pressure
Fig. 1. Generalized correletion between operating parameters

areas of pressure control and mass transfer control, 11)
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oleigrol qteAtel Zlehe RRSA YRY ¥ 4<%

QA f<&(Liniting flud)oldh B8, 12) WA f&ol Gare & A%
£ B3 AW A4 K" 7Y HEoITh 1Y)

AT FHS AE olBel oM d¥HR Qo HIole AFY B2

14193} AAS AY BRI INEE WA ol i HTIES WEER

lct.

2-2. GelF o|&

Qitos U 2 H YoiNE FE £F Aol WAz ol
8ol o EHgle] NSl ST JI7E VA, 10 WREYAT} YA
£ AfolE B UYUAE Uthiel £e T gol Wolduch ¥ ozt 3
2ol FARE WAl UENUR T g3lo] 2¥ah} @0l gkl B9e
AT G wxeton, w Ewlol Aol YAHe T3} f&E T
Atk Qv ARSWA o Edel  AxF A=l doly Yxtel wET}
27 ¢ 4 Q= A el Weh o wel AsEE guiy, 3 4o
e AAHE B ol9Pe WA “gel polarization theory” &
“gel layer theory” 8}3l %Yc}.19.20.21,22) o]}t VA EAHLE e

W Fig. 2 ¢ rh



AAZNM §hol Uiyt B xS ASE 4 (1) 2 o] "rh.23)

J-Cp = J-Cs = De(dCs/dx)eevrnvnvrrvmnraeniieoaens (1)

A AN T kg FHste fY FARSE [m3/m2- hr]
Cs: o] 5% (kg/m]
Cp: T e] vE [kg/m3]
Ds: g2 ¥t A [m2/sec]
(dCs/dx): %= 9} [kg/m?]

Gel-polarized

&~ layer
(
— K L l
Membrany : > | l
Z_Sg Boundary |
/ E':;: ¥ 4"‘ Convective
/E{- ! flow
Permeate -@%’éé‘-_ | CS
/ <o !
Cp é:::_:f ":'?"Back diffusion
7= !

Fig. 2. Schematic diagram of the gel layer theory,



BAAZD x=00d C=C, x=8 N C=C & A (el

Qeted AL The e g 4 ok

J = (Ds/&)-1n [(Cg-Cp)/(Ch-Cp)levvvvvvmeeeevennss (2)
= Ke-1n [(Cg-Cp)/(Ch-Cp)l-rvrvrnnrreeemnenneenn (3)
Ce G W
J = Ke-In (CgrC)---rvrevvnrnrarneenunnnseerennns (4)
# Aol & BE 35 FA [m]

Ks: %3 A A =Ds/8 [m/sec]

Al (4)ollM C = YAIHER A2} X J £ Ks 2} G o 23N AP
Atk Ks £ FA 8L Azle] g3 FAFHER J & qHA] V&
A gdom YFATL AN wA] AFY FAY FANLE A3} FEole

FYE mAA] et



2-3.85% &3

o $o B Q1A ool G3iA §ho] MAED Sulae] B T
3t7] whEol W $oolA 829 FEE TFAe FEuch wolA Wk
oY WAL wEEIolel siu, Fig. 3 2t Zol vehd 4 glch.29)

gzol=a ah} WA e Ad $x 89 Aol WAHE &
= 23 dae 27 AUy 44 983 Axiol el xRCh19) ojuhol
FE B3 Wgos dslel 839 HEs} S5 HE geje) AT F7t
37 ek QASE ol Aol Newtonian FH2) H4elA non-Newtonian &
A2 AVA). WY H2Y 899 A3} AHN = £3 Wao] Wy
o ERol QAdfel wel 2z Aot OE §A S4E ZA Aok of
Yo} &€ AFL viscosity U solidity 7t &7 WES 4] Zgol w
2 wpsia) eherh,

s s Blhlauane A s s

S § § § § S S S S S
$SS5SS$SSS§SS$S5SSSS
<

Fig. 3. Phenomena of concentration polalization



e AL oo gy Fgsin g Fiske guiy £ U=
A o] & THsiA "rh =R AFY It dAFe= dx A7), B
o, gAY ST, £ BI= Tol uwet FA YA Feoj A A
go| Act Qe 29 &Y AFL 9 Fe I oA F34 &
&g AAFIN {4 ey Ay F/AAch e+ FA FE52
Darcy 2| FAlell &3t} th4t o] EPHCE

AP
B I T R I (5)
s Rm
1714 Rn : ] A8} [n-1]
AP : we] uish A% gEn [P]
u ot fAe As [kg/m- sec]

Tzl e nE} Esol=4 UANE Ay AE AR AMyes
Astol £} A4 A (6)22 EHWCH 1Y

AP - ATl
I T R R R R (6)
(Rm + Rg)
o]7]1 Rg : AZ4 AY [m-1]
ATI: 92 2352 AHEE el
wAdd A A {Pa]



duirog Fgoltg QUate] Zf AFUS FAEM, = Ao MY
AZol uis) ciets] FoET A (6)2 Thet o]l EHHT].24)

AP

Jo e e e e e e <7)
(Rg

2-4. B3 Ad AF K" o ¥4t As Ds"Y F
gt 22 3o UodA T= EF UAAES A #dMs 22 WY

Aol thyt AE7F 27dch QUHLE 23 AW Af K" & theat 2

& BANE BETh25.20)

a B @
Sh = A (Re)- (Sc)- (dh/L) «-cvvnvrmenaneeneinanannn. (8)

oj7]A4 Sh : Sherwood number = Ks-dh /Ds [ -]

Re : Reynolds number = dh-U /v [ -]

Sc : Schmidt  number = v /Ds [-1

dh : hydrauric diameter [ m]

L : channel length [m]

U : velocity of fluid [m/sec]

v ¢ kinetic viscosity (u/p) [m2/sec]

o viscosity of fluid [kg/m- sec]

p : density of fluid [kg/m3]

o, 3, w : exponents in equation (8)

A : constant in equation (8)



Laminar flow 4 dolA 4] (8)& thad && 44§ Zeth

Graetz27) 8} Leveqe:28) @=0.33, 3=0.33 & = ¢3.2r Grobers229)
@=0.5, [=0.33 & ATl A4 A2 7§ Grobert 0.664, Leveqe = 1.86
28 3 Yrc} 30

2} (1), (8) olN B/t A4 “Ds” £ &Hol F2ol=gt T2 7F YA

79 Stokes-Einstein31) &] Ao 2RE dojHir}

DS = kT/G][urP ................................... (9)
$] AJoflA] k: Boltzman constant(1, 380E-16erg/deg) [kg- m2. /sec-k]
T : temperature k]
M viscosity (kg/m- sec]
rp : radius of paticle diffusing [m]

- 10 -



3. 4 ¢

3-1. Ay AH
3-1-1. o AX
o3} x| Bio-Recovery Ato]A] A|Z3F X-FLO Lab. Moduled ARE3e
o, o] A ot 2 ALt 1 Alo]9] support plate 17§E A E o] glch
Fig. 4 o] X-FLO Lab, Module &] o2} fgl& uelich FFY2 3 F W2

el g Fasie, £ BE UYL FFN cross-flowdtal glck. &

AFo A et 0.2um pore size 8] microfiltration membrane& A}-8-3}

gl Table 1 oM & AFolM +3T 4 23& Uehigch

Upper membrane

Membrane support
plate

Lower membrane

Fig. 4. Cross-flow path of X-FLO system
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Table 1., Experimental condition,

Cone. : 50, 100, 150 mg/L bentonite suspension
Temp., : 30 °C

Channel height : 0.84 mm

Membrane type: 0.2um pore size

Feed flow rate : 0.5, 1.0, 2.0 L/min

Pressure : 2, 4, 6 psi

3-1-2. Turbidimeter(HF instrument DRT-100)
bentonite TEINL] 58 HE(NTU)E FH3la, o2 =g &%

#7] $18] o]€3Ict. Table 2 o bentonite ¥Et 4 ol ©xe RAE

Uehich,
Table 2. Relation between bentonite suspension concentration and
turbidity
Concentration(mg/L) Turbidity (NTU)
50 4.5
100 9.8
150 16

3-1-3. Coulter Counter( Coulter multisizer)

R gxt Bxo} B2 YA E FAs7 AAst] ol $Hch

- 12 -



3-2.1F ¥EY
bentonitex= ¥¥Alo=w Al203- 45i0z-Hz001 & <ol 1um o] 3}7}=]

oo nlASHA BAEE 42 ek EdEE FEt Avle EBY 2%,
ANEE A So] &stn 60 oC ol 7-8AolH AL fAF] FAEHU
32) & Ao A= 30 oC o] =4 A7 2 500 rpn 22 30T A
slo] WA R AH&3tgich

o] 7% Coulter Counter® &Y % X E Table 3 o Yehllen
BF YAE < 3.483 um 2 UElWth. E¥ bentonite YAHe FHdol AA
&Eol el $E gate] HAIRL olo] WE 2XF FAAII] A ¥

A 115 oc AR7|o] Yol BFY o Aol AHEFTh

Table.3 The result of granulemetric analysis of bentonite

suspension by coulter counter,

> 5.029 um 6.95 %
> 4,039 um 22.1 %
> 3.703 um 36.3 %
> 3.366 um 57.3 %
> 3.029 ym 65.1 %
> 2,695 um 65.9 %

_13_



3-3. 4% Wy

Az} ol tigt £a] B4 Yoty fisted 2 £BVHE G WIAA
JlEA AEe S9stdn, 94 w2 Qo] tald A eRIE 43 o
A5e Gg Aol met FPPoeH T £} 448 FFsATh EY 3
%%, Qe 55, ¢S WA AN AP VEAch ol Wi}
g Sl Sl ojmy A8e mXErHE Yoty sl UPS SUA

tl.  Fig. 5 o] X-FLO Lab. Module & o|€% xj =¥ o He FALEE

Uepd g,

6 3
2 | |
2
1ok
Lo 7
8
1. Feed solution 5. Speed control valve
2. Centrifugal pump 6. Pressure gauge
3. X-FLO module 7. Pressure control valve
4. Graduated c¢ylinder 8. Magnetic stirrer

Fig. 5. Schematic diagram of experimental apparatus

- 14 -



4, Azt 4 3@

4-1. F2 ol nHE FA 2 Y

bentonite HEINS] =7} 7 Y4+F T} F&o] ULHEE Fig. 6,
7, 8 o] Uetdth o3} Azt 27lele FH Rse] A3 Fasicist o 60
Fo| AU £} fgo] A AL ol =EsHA =k Fig. 6 & A
otel 2 psi AME BY FI K40l =Wk oz At 60 FolAM
bentonite VEY SE& 24z} 50 mg/L, 100 mg/L, 150 mg/LE 3lySu] &2
=3} 9&o] 24z} 273 L/m?-hr, 250 L/m2-hr, 204 L/m2-hrgich ole Y ¢
HolA Wetde] 7t 7181 A fol TAUE Yehdrh. SR 4
psi Q) Fig. 7 ol bentonite BEY ¥ EF 212t 50 mg/L, 100 mg/L, 150
ng/LE ste-&u] 22} 346 L/m?-hr, 270 L/m2-hr, 230 L/m?-hro] ¥} §&4-&
Uelyich. o3} 48 6 psi &l Fig. 8 oM % Fig. 7 2 A1 B8& et
th o] AYL T HEI W4 VA f50) FHE & 4 A

- 15 -
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2. 3t ol nE g 4%

23} S0 & AL Jue Yohsy| #Fted bentonite VE &
£ 50 mg/L, 100 mg/L, 150 mg/Lojl thsted 22} o} ¢4 2 psi, 4 psi, 6
psi oA AYE WHE Fig. 9, 10, 11 of zZ Yehiglch bentonite VE
Q2] % 50 mg/Lel Fig. 9 ol ol 2 psiolA 4 psiZ F7I% Ffole=
eyt Fee] 2f4o] Frlsid oy g¥o] 4 psiolA 6 psiZ I B
Lol T3t f4e Fulol go]l AY e mAA R3art ol W
wxo]dE HHY ¢4 (optinun pressure)& WY + S1&E Fch WA
ol 100 mg/L, 150 mg/L ol X ¢ F7he F frdol FYE WAX U&
& dgten], o3 2ol AL FPo] oy Ao A wmet ¢He

432 FBadtgcl.
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4-3. T2 ol X 742 3%

o @elol el o] T} f&ol AL AR Yotr] Astel 0.5
L/min, 1.0 L/min, 2.0 L/min®] f&ollA Ajzte] wd T3} {42 WHE 3
As}7) st ¥ 2 2 psi, 4 psi, 6 psi B FIMAA RN AQY
A3g A7 Fig 12, 13, 14 of vebdch 8 2 psidl Fig. 12 olM& %
Y 3} fdol =dstae o, R%o]l 242} 0.5 L/pin, 1.0 L/win, 2.0 L/min
o A9 2tz 200 L/m?-hr, 250 L/m2-hr, 305 L/m2-hre] 2} §&& |l
ol u Wele) o] FishE T fol A = FIHE B AETh
etejo] 6 psiql Fig. 14 olAE 220 L/m2-hr, 270 L/m2-hr, 330 L/m2-hr ]
284 Gl o Bolld EAY wpel ol A Frhe ¥ #45H
Zro] & 9% Bidou, o WM f48 F7he TRl A
A5 G AL AR U + QAT % DAL WE F&e whe] ¥
AEE AEE AL 4 92 ¢ Aok EY AN I|Hcke
R A o] A Fo FaHFFol nlXE Rl o] F& dslrh
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4-4. TA F<
Fig. 15, 16 ojA& HEtle] ¢ &= F7l wlE Fae] hex
o} =3} §&3te] BAE Uehdt). Fig. 15 o] A& bentonite W& Fx. 50
mg/L Qul ¢tYo] F7i%tel wiel F3} Kol St e, fdol FIES
& =23 840 2L ¢ 4 At EY Fig.16 ol & bentonite FEHY
%7} 150 mg/LY A§ @88 F7He F2t fdel AL G¥E nAA AN
o f4e F71U4E T3 ol FHE golch
Fig. 17, 18 ojX& ®Etie] w7t F7idel oe F342te gPApe} F
2p2te] BAE Uehidch o]t Afel T3t 42 VA Kol 2
Fole SEo A IA FBE B &S Yslth
Table, 4 S|A & MF 4 o8 F=ol=4 YA}l cross-flow ool
de 23 f4& Uehd Rog 3¢l HEIt 100 mg/k, F<% 1.0 L/min o]
Qo] &zt 2 psi, 4 psi, 6 psi dwle) ¥ K& 42 250 L/w-hr, 270
L/m2-hr, 270 L/n?-hr & ¥%en, FUSE7} 100 mg/L, o] 6 psi oA
$4& 242} 0.5 L/min, 1.0 L/min, 2,0 L/nin & &l 4L ¥4 4
Z} 220 L/m2-hr, 270 L/m?-hr,330 L/m2.-hr 7} €& &t o224 F4¢ 5=
7} 100 mg/L dull A7 4 psi oAU BF VA F&ol =L, Fol

37145 £ f42 FU1E ¢ 4 dach
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{ | i
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Fig. 15, Relation between limiting flux and
pressure {at 50 mg/L)
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Fig. 16, Relation between limiting flux and
pressure (at 150 mg/L)
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Fig. 17. Relation between limiting flux and

pressure (at 0.5 L/min)
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Fig. 18. Relation between limiting flux and

pressure (at 2.0 L/min)
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Table 4. Fluxes of obtained with cross-flow microfiltration

Ap 2 4 6

Conc, Q psi psi psi
0.5L/min 225 273 300
50mg/L | 1.0L/min 273 346 360
2.0L/min 330 375 380
0.5L/min 200 220 220
100mg/L | 1.0L/min 250 270 270
2.0L/min 305 330 330
0.5L/min | 130 210 210
150mg/L | 1.0L/min 204 - 230 250
2.0L/min 250 257 257

Unit : L/m2-hr
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4-5. 9 2ol 32 54 B

43 2 FFo] oy A ¥ FFY A A vEH A
Fig. 19 ol $3} R4} Log Cb Zke] AUBAE vehd Zjo|th. o4y
of &3t 3HY AF $E Cg & ¢ 1400 mg/L oA 1800 mg/L o] UE Z
oo, @old 71&7] 2k “Ks" & Table 5 o] LEhth ool &fsto] 3¢
Kso} Atetet Atol& Uelm ol kg 7Eo ¥ AF ofEd oM &
A AY A4 K" TET Y ol E o}E niFtUFel N AP
4 orh= JHsAd e Bo{33 gt Fig. 20 oM Reynolds number $} §-2}
f4:2) BAE UEeld Ajolrt. HlZY &S Reynolds number BThs W&
Reynolds numberold ¢4¥ 9] Qo] 24 Uetd& ¢ + dgon, Wa ¢
3}oj A Reynolds numbero] ¥IZ¥e & 4 l4cl Fig. 21 < Reynolds
number 9} Sherwood number, Schmidt number ¢] & ¥AE Uehdx gt
o] wjo] ¥ 7|&7] 2t 0.33 & Laminar flow %Hojse] o|&4 sh =
A- (Re- Sc-dh/L)1/3 o] ERd Z3B8A 0.333 Y83l
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Table 5. Mass transfer

500

400

300

;__—; Flux(L/ma hr)
S
(]

100

coefficients in L/mw? -hr from Fig. 19.

Mass transfer Flow rate ( L/min)

coefficient 0.5 1.0 2.0
Ks 79 102 124
Ks* 0.13 0.16 0.21

Ks* : 30 oC ofjA] 7%t Ds 3} 1.59E-9 cm2/sec &}

vt 0.8039E-2 cm2/sec & o]&-3l AArslgcl.

e 2.0 L/min EEINN
SR
- Ao 1.0 L/min RN
\\\
0.5 L/mi b
= n \\\
NG
i l \ | L8
30 50 100 300 500 1000

— Concentration (mg/L)

Fig. 19. Relation between flux and logarithm of bulk

concentration (at 6 psi)

- 34 -




——p Flux (L/M2 hr)

10000
5000
3000 {—
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Fig, 20. Relation between Reynolds number and limiting
flux (at 50 mg/L)
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Fig. 21. Relation between Reynolds number and Sh-Sc-1/3

in laminar flow
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2. VA 4 YAl WS Y ol Tt 42 Yol 3
A dakg oA oston, FFde w8 FU &= M FAH
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3. F8oluA QA cross-flow oA HiLE 7| BLE2F AF o]E2
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o F9lct.

4, AP B3] AL QY WFETY LY MUY FAYL (Sh-Sc71/3)
3} Re &}o] A# BAE o] 220 A A AR Sh = A (Re- Sc-dh/L)1/3 o] ¥4
A o} Bt

_37_



5 79
X 8, A O, v Y], R o3 I fGo] Uiy & AR
A3y, B3 F&, Vol.27, No.4, August pp.446-450 (1989)

. Robert, L. Sanks, Water Treatment Prant Design, Ann Arber Science,

pp. 649-651 (1979)

. M.C. Porter and L. Nelson, Recent Development in Separation Science,

Vol.2, N.N.Li Ed, pp. 227 (1972)

L BY, B 9Y, FAR e ol &Y g A <8 A% Jvre
UE, obF iy =EY, (1988)

Alan V, Quirk and John. R, Woodraow, Enzyme Microbiol. Tech. Vol. 6

pp. 201 (1984)

Georges Befort, J. Membrane Science, 40, pp. 123 (1989)
Zhevnovatyi, A, I., Int. J. Chem, Eng., 4, pp.124 (1964)
Dahlheimer, J. A., Ind. Eng. Chem. Prod. Res. Dev. 9, pp.566 (1970)

Porter, C., Ind. Eng. Chem. Prod. Res. Dev., 11, pp.234 (1972)

- 38 -



10.

11.

12.

13.

14.

15.

16.

17.

Deverreux, N. and Hoare, B, B., Biotechnol, Bioeng., 28, pp.422

(1986)

Munir Cheryan, Ultrafiltration Handbook, Technomic Publishing Co.,

Lancaster, Pennsylvania, pp. 76-82 (1986)

Sin-ichi Nakao, Tsuyosihi Nomura and Shoji Kiura, Ultrafiltration

and Macromorecular Solutions, World Congress 3d of Chemical

Engineering, Tokyo, pp.262-265 (1986)

ol &%, H T, Aol 23t n]¥EL] Cross-flow o3}, ¥ &
Vol.26, February, pp. 97-103 (1988)

Gold Smith, R.L., Ind, Eng. Chem, Funda,, 10(1), pp. 113 (1971)

Kozinski, A. A, and Lightfoot, E. M., ALChE, J. Vol,18, No. 5,

pp. 1090 (1972)

Wijmans, J. G., Sin-ichi Nakao, Van Den Berg, J, W, A,, Torearita,

F. R. and Smolders, C. A., J. Membrane Science, 22, pp. 117 (1985)

Nakao, S., Wijman J, G. and Smolders C. A., J. Membrane Science, Vol.

26, pp.165 (1986)

-39 -



18,

19,

20.

21.

22.

23.

24,

Kishihara, S., Fujii, S., Komoto, M., Tamaki,H,, Wakabayashi,S5.,

Kagaku Kogaku Ronbun shu, 12, pp. 199 (1986)

Blatt, ¥, F., et al., Solute Polarization and Cake Formation in
Membrane Ultrafiltration : Cause, Consequences and Control
Techniques, Membrane Science and Technology, J, E, Film Ed., New

York, Plenum Press, pp. 47 (1970)

Kimura, S. and Sourirajan, S., Analysis of Data in Revers Osmose
with Porous Cellulose Acetate Membrane Used, ALChE J, Vol, 13,

pp. 497 (1967)

Michaels, A, S., New Separation Technique for the CPI., Chem. Eng.

Prog., Vol., 64, No.12, pp. 31 (1968)

Wijmans, I. G. et al, Hydrodynamic Resistance of Concentration
Polarization Boundary Layers in Ultrafiltration, J. Membrane

Science, Vol, 22, pp.117 (1985)

B M WE, & A R 8 BW R B, (1986)

Fill, W. H., L. J. Derzansky and M. R. Doshi, Convective Diffusion
in Laminar and Turbulent Hyper Filtration(Reverse Osmosis) System,
Surface and Colloid Science, Vol, 4, E, Matijecvic Ed,, pp. 261

(1971)

- 40 -



25.

26.

27.

28.

29.

30.

31.

32.

Treybel, R. E., Mass Transfer Operations, McGraw-Hill, New

York, (1981)

Sherwood, R. K. et al., Mass Transfer, McGraw-Hill, New York (1975)

Graetz, L., Ann. Phys. Chem, 18 (1883)

Leveqe, M. A., Ann. Mines, 13, April (1928)

Grober,H. et al., Fundamentals of Heat Transfer, McGraw-Hill, New

York, (1961)

Hwang, S. and Kammermeyer, K., Membranes in Separations, John Wiley,

New York, (1975)

A, Einstein, Investigation on the Theory of Brownian Movement, R.

Furth(Ed. ), pp. 47 (1970)
Yim, Highly compressible cake filtration application to the

filtration of floculated particles,, 4th world filtration

congress, Al - A7, (1986)

- 41 -



AR &

2 £Eo] YHHIA ALY NSt AAS e Ag oF FA A
¥E mayd ANeT Zasen ue 33 Fdol we H=ne FU 2
2% 249D & Y LA 2AHE SUUD BT Ry o= BE
ASE oA ged & Hd 24dd B =R A 24 347 24
W, @ 44 24uA AN 2AHE =Y,

o3 ARG WS B U o AW, 9 44, ¥ B4 AvdE
322, o B9, 2 W, 2 AE o A4, 2 2Y, ¥ 44, 2 o
$-EolA ZAHE Soln We 2 ohudlel MR B W4, & MY, 3
9%, 4 28 WIYEAS 2AE SYUTh

0 W AT AAE oA Yol Ty iy v ASEA 2
AHE AsE oA Tl AReT BAT 24 Ynus $EUA Fo

Unt o] =& YUtk

1991. 12,

- 42 -



	MF막을 이용한 콜로이드성 입자의 Cross-Flow 여과에 관한 연구
	표제
	국문초록
	영문초록
	목차
	1. 서론
	2. 문헌연구
	3. 실험
	4. 결과 및 고찰
	1. 투과 유속에 미치는 주입 농도의 영향
	2. 투과 유속에 미치는 압력의 영향
	3. 투과 유속에 미치는 유속의 영향
	4. 한계유속
	5. 막 분리 공정의 특성 평�

	5. 결론
	참고문헌


	qqq: 


