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A AR AR AZE Yot 2 2 7|2 e 2Ysa. ANG g FHE Fr199) 257,
T R QAR Ag7)7ke] AR EAS] A F(aggregation) T HFF A M A E JGL A&}, =2
FEEol o daEate) A AL BAs) o) FHA S = A UL o]-8-8 o 24t (counter diffusion)
M E9dste] dRdaol F4E 4L HdHo 2 AASNYL. g o3 ] AA Age 13 FH9
5-20% A2 A% G859 Feut 10-700 02 WS & Fge 2 W dge &40 04 % ol 39t
R4S olg3t 73 A7 AR o] BE EIAL A% U e Un )= HUAEE ALo) Zzt
275 % 0.72/m’/hr 9] 3k YERo] G a9 SN P HgH Ras) 7Feds BAFQg. =§
AT 2 TEYY {1, 2o i@ o] 4o AA Tgo] WA= gy a8k

Abstract : New separation process was developed for the preparation of storage-stable liquid dyes. The extent
of aggregation of dye molecules was measured with respect to storage time of liquid dyes under different
salt environments. Hollow-fiber membranes were modified by immobilization of inorganic crystals onto the
surface of membrane. Using surface-treated membranes, counter diffusion technology was introduced to selecti-
vely remove salts from dye solution. The separation factors were 10— 700, and the loss of dye molecules was
less than 0.4 %. Membrane permeabilities for sodium ions(Uy, na) and dye molecules(Uy, pye) were found to
be 2.75 and 0.72 1/my/hr, respectively, in the case of surface-treated membranes. The effects of various operating
parameters on desalting efficiency were also investigated.
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B dgol Algo R Q% WX HALe A8 E

ZE AgA gdEnE FEA7AY OE F
Eo] 298 g3l 59 olfE AR 433
PP AZHAA Be EAYOoRZ XHHo gt}
w3 Bogge] AMge 2&A3 Fu)(dispensing) 7}
Basto] =583 qUA 7} golee ddel Ao

o] dAAdaes 24 2urt £2EE Bo
Q- ZkA 37w ol EEdF Y ARE Al A Bt
EAAE A o By ol APAd AAE
BN 7R ekl FMEze] Qb do] Fol FHAE
A7)1A gon dM&z Fuld Qg kv &
szl Au)7t "agle AHS 2 dd1~3].
w3, Aakg Aol 215 349} FMS(flexible manufactu-
ring system)3}2] FAlo] H|Fo] & u] AF P8
gg4e FuHn o3l

A A= ELE s 8ludty A FAE
AU o, EHHLS FAATL AFFLY
Eug Z0]7] 93 7Hedg B oA Aoy
ARE FAAFIA Zofok ). olHF WL W
EAN7E AHFRE A7 M 1=y 7]
%ol Hasdty o]#F JjgEL, (1) 948 EAY
3etA 9l 249 My, (2) £ 7149 (organic solvent)
9} solubilizer & 7N, (3) 8 ¥4 YA (crude so-
lution) ol FHH e F7H(sal) 9] AATLZ
EAE F A4l

o] AZkAe] A4 Fg Az7IE FAM (P #
7199 AAZIEE AAIES ARA Bt F8%¢

FAQ1 7leo] "ok, fukatd (DFH (2)9 ¥H
o2 AAIEE AXde B A= £S5 e
F7180] 3= glod A3 AAIARE s
F §17] W&ol

Hie] FAAAHAA A AAEL FHddo=
HEFAL 30—-100% 1 3= chEe] FU1EE
EgetA gk o)A Aol g 2199
=7 =€ A 5 EA Alole] &4 A3 (hyd-
rophobic interaction) S SWAIA HE7t A
A (salting out) EFS oA HH5~10]. o
gA FAHE SHEESC) S5 FHHAAY A
E& P45t A9 EA S A7) 7] dfEe] o
S8 FHEHY U F71YS FES) AAA A

F4se, A2Ad A43, 1991
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Fig. 1. Principle of transfer.(Note : C; and C. are
the concentrations of two species in the feed
(F) and Water(P) streams. The subscript m
refers to the membrane-solution interface. J;
and ] are the net fluxes of species 1 and
2.)

g, 28y BAkgo]l oF 500—1500 %1 dE9} ¥
Apeko] eF 150 0|8l F-7]Ho] FEFE SAFNA
Az &4gl0] 4 HdAo g AAsfeL Huz
71Ee REFRoTE o9 =g 2AE |7}
ojgt, ATZAA AP AZE 9 Mt
27199 AA7IEEL FAEl11~16], FEEy
[17~18], o} 2 w3 H[19~25], A5 H[26], Na-
nofiltration ¥ [27~33] 5°] Stk

oy, ol e vmE FAHo B ot
o] spatekEo] A HW, AXujy EGHE7t vy
At A7ke] Bo] AE 5o 93 dHES A
drt, mEty B AFoME RAF7A AAEE A
ZE 98 71Eo) AdE @ AA HERY AL
uhel o 2 A7 e = o 32k (counter diffusion) H[I34~
40] & =Yt Az AAAR Ax VIS FH
szl &9k,

2. 9 =it olE

N

>’lﬁ rlo £

2rlgn #7122 22l HIHE

shate] gilel @ AT K718 B wrh
thga} ol Ay £ Ak A, Fig 1914
o] EUARY T FAZ 3o T Yrae
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2E=d ACHH F71E(CHol &= das
NE § A7 FAlo) w9 Kol & A4 (stripping
water) & %3 (counter current flow) 232 &&=
i 2 Ui FFY(feed solution) &l EA 3=
% {7189 FitA g9 Zolo 7]1AFTHDYD,).
=4, o] FZuAM @3} §I)E9 Zzte]
=2 QA8 4% 3 (osmosis phenomenon) o]
dojut g i o] AL AR} u YRE 509 7]
2ol Z2t B2 it £ 57 ZAAHAT B e
FAEEE Zte 18 A(ER) 9 497t HEg R
2 9 #ol ZAaH & MY x(selectivity) S A
TEH34~35]. AA, o2l F Edo] Ty
71274 % (inorganic crystal barrier) ol £3H& &
3z o] xlojol 7)AFTH 34]. wetA o] g 3 7}R)
£ WAUE S 3t 49 R1EQ AUy 2
2] ¥ (separation factor) & Z7IA|AX FE o] 2&
e GEEANA 7186 e G A F A A}
7V 8}et.

2. 2. AsiMo| £EY o

Ao ds59 F A Fvlo] S e Ax g
ddsE e 7t Bdo AL, TIEHE 9=
&3 GAFANN & Bd Fxal, NFS 3ol
9] g & A4 (osmotic water current) 9] 4, = 9
FEZANAM Y AdEE(shear rate), 1T F7|EA
ol & Z @9 EulA < (partition coefficient)
SLH34] F F7198 Y AU FAEE Lo
84 7d4[35]8 S8l PolAE 5 BAe 32
E-AHAGAS(U,  overall mass transfer coefficient)
2 vag 4 Qi

Na=U X Cajn+ VX Cayg ¢))
—V X .

=D VXCa @
CAlm

AN 22 A7 2 R e 539 $ e F
£ 3 2(total permeable flux)+ ¥ 38N (bulk solu-
oSl B AVl o oj¥E Eahe Eeiog
g AAZ @ SRR AEG A o ool
A7 £ Bt THA(V) Y foz Hog
T Aok ol BAFI AEte) o) ggoz
23 B0l #ARZ VE 29 #e 2evk(Fig 1

). AdYo] ¥e AL, % ¥ (membrane
walDol Mo AsEr) ¥a AN AsEel &
A Zolg vehY 4 AT, AdHo] EL4E
FEE ole #AAEY. 22 EAXNGASE o
HZ3} ukRZe] A (liquid film) oM o) ARG
4*(mass transfer coefficients, Uy U) 9} E3 A ol
3 Z(membrane) 2] F 3} (permeability : Un) &
2 fgdged, off 929 H3)ez Y &
Ak

U, Uu  Us U

1 1+1+1 (3)

FEAL R dEgAY f43) o 9o @
A% f4-g F7HA71E, Uy 3 U & 37h 844,
ol Uy & olH® 42 wslel vaiel Jae
1A gtk AR, 43NN /UL Uk
gol 24 A2z 4 (2), BN Uy s 78
ik,

e e

P o

3.4 #

3.1 Age] &¥ 2 84

APl A2 985 B2 ¥ (powder form) o)
C.LReactive Black 5(MW : 7964)& B %o Al &
At 989 FEE Fd 5 342 608nm oA
[41] UV-Spectrophotometer(Spectronic 1201, Milton
Roy) 2 23394, 98 8% Foe I8 o]9d
oo AL XIS glEH o9 HEL o
AZ2 v e ¥ (lon Chromatography, Model ; DIO-
NEX 40000 ¢+ 921&% £417|(Atomic Absorption
Spectroscopy, Model ; Jarrell Ash 880 Mark IDE&
olgste] EASGT. E2dud ¥FE de
NaCl 2 Na;SO; 2 4% UL, ¥2% NaCl# Na,
—S0, & A3 FA= BF 959 A= N3t
olE Alitste] ¥'Ze) 24g Table 19 Jebyoh
de F=7t 48899 AN nAE 9T U
otR7] S8 o) FRFol 4zt & 23] 500 mi ¢
ARE 470 EVEHUL T 2L Table 2 9 2},
MNEE F2(15—25 °O)° HASY AEE 10
ml ¥ FH3}] 045 um o] AF27)E 2= membrane
filter(Pall Trinity Micro Corp. ; Ultipor Nec™ Nylon
66)E &3 &4& A&FN 104 °C o A=A
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Table 1. Composition of Powder Dye.

component weight percent(%)
Dye 69.7—73.6
NaCl 17.1-176
Na;S04 93—-127

Table 2. Composition of Liquid Dyes Samples.

component| Dye NaCl Na;S04
sample g/l mole/1
sample A 383.6 141 047
sample B 383.6 1.67 0.49
sample C 383.6 2.67 049
sample D 383.6 1.67 0.74

9 A7+ AZRANFE ZAE gol B2 F(Suspended
Solid) &} %¥& =AsA.

3. 2. 2&AH(Counter Diffusion)ofl 2|8F |
3.2.1. sz
S gate Fig 2 o 418 53 A (hollow fibre) 9

W (Jumen side)ol & AFLE Ad d2&RE
8 A7) 3, BA FETAIL upgEoz g7

ol Qg

5

vewren OUT

¥

om0 OuT

Fig. 2. Flow arrangement inside a desalting tube

using Counter Diffusion.
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Fig. 3. Labofatory desalting unit.
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A& Eol7] 98] AERL 2 AT FEAIGY &
€4 F719€ FRANA 77123 %S 4N

3. 2. 2. HEME o2 HE2EHIAM Hx|
A

248 9] ClReactive Black 5 & 75 &3
AlA A wa} 231 10—30 liter & A|EE £
3tk Table 1914 R %o] ggeo] F2<o) ojn
g5 AN d79 o 30% ] @3t o
o] F71g0] gFHol SVl HE AFHo g B
=9 4 ArtEA gsid.

BTN ALR-E A4 AR Fig 304
BAIG vhe} Zo] A H FIAME, = YR
o fdE HE LAY} AFE G AFHY=
g o3 EHES dAY 508 ZHE £ Y
A% ¥ = (peristaltic pump)9t #¢ 2 F&U¢HES
3T F JE AR FAHEUL. AP T4}
the] YR (lumen)ol YEE&AE SHAA7 1, ¢
H2E @AFE 338, o f48E 2A59
fr&ol Z7HHA BAFY FYgEE Frtslng,
A AHE3 2ho] A1 (100 kPa) & 2781
de HeldA dgsdtr. =%, de 849 &
=& mg/min G2 NG F, @9 ARG o w
2 fYse 4 £49 47 2 o 25
%] BEA FA A& A9 o] F3k 2ol7 5% oY
Agolvt A¥X2 FH3Ho

aga, B8 AEe 1525 °C 9 AgexoA
AAEAR, olv ALEH e ZFFE o] &3ty
AFFE o F/FF2 T RS 443 Ay 23
&t

4. &z Y 0F

4. 1. ¥o| S=7} WAHAZ 9| oty Mo O|x|=
k-1

Table 2 9} Zo] 242} th& Yo]2(Na*)H go|&
(CI7, SO BEE ZHe 4719 Ajgs £v)8y
ok olFA FHE AFY RHFEAY FE A3l
2} £33t Fig. 4 ol YT, RHFEdo] Bhe=
gule 89 Eavt AFAE It gh%9)
A2 2717 ARk RE 9udtr] w2 o)
59 FF Ao et ie AL gulgict, aFA

100
80
§ .
2 60 1
i .
2 « .
i a0 . * .
§ a a o o
L]
20 1 9 o . .
- ° °
[+] T T
[+] 1 2 3 4 5 6
Time(month)

Fig. 4. The variation of suspended solids with diffe-
rent salt contents.(sample A(QO), sample B
(@), Sample C(0), Sample D(W))

EHEAY 9 &M A8 A B CY A$ C>B
>AE 49 FFo] BEFE R HEH FgHIE=
B Aoz FAH 489 £¥=EE 99 57}
FNESE FAaTE RAFa Q.

ES, AEE AR F o 3/E BddE A=
BY K& Edo] oF 12490 200g/1 8 A8 C7}
16504 324g/12 A8 Dt 42794430g12
74 o] 717 Fjte] R{EAY F71e] Zo] 10
—204 A==z 9Pt 28y A EE AXI
F 3/1€ o] FHE 6 MENX B{EEH %2 B}
200914 71.9g/1 22 C7} 324 91X 760¢g/1 2 D 7}
43094 975g/1 0.2 ZF7tel o] 71zt Ferel 7}
& 23-36Wl2 Yeh} Ate] ARAFE Bg
E29 ¢o] olA 89 A AFAo] B} =A
AEE B 4 ek ojAL A due AFHA
4L BV 13l A 85 avelA] £z g9
A7 #=A JEIE Ao Algdd, 28y A8
D9 424 e dAGE Mz 275 g
A& A B, C vusiA 24 22 e Jehin
Atk AIE BE 712082 A& C¥ NaCl & 1M ¢
33 g3 AE DE NSO E 025M o 34
B YA FH A RFEA] B A F D 7385
975¢/12 A& C9 165—760g/l Bt} 423 =
*& 23 Qe AoE FAHo], 80,72 o)) CI”
o]2HT A8 $IEE o] A AAAITGE AL
& 4 At} o] AL CI'<CH:COO <S0, 29 &A=
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4 A (salting out) 5 & & YE} ! Hofmeister Series[5,
6J9 T4 Z7E viEha Qi

4. 2. Aol 28t Hol HHA

JP_4>
0

1

=

S 2.1, BHX2IE 2ot 2H Ma2|5HK| %2
ey
FdEAgE =

7 MelH A e g He& v
3t7] 913 FFENY {4(Qr )2 100 ml/min oA
560 ml/min &2 W3A7| FAl GAFY #4
Qw ) e FYEe 9589 #4Qr oY 152
74z} FAAA FAq. olw, FAAE i A
HA e o] 959 £47 d9 AAL 1gx
7 989 FeHlE Table 3| YeEbATH Table
3ol Bule g S48 g do AAL
H2A s 717ty ghe BE FHF{ o] whe
13 3% F49 gEolth. 4 #H HFsA
e u1L261-539% & & g9 xﬂﬂ%% Zr =)
H3f 959 &4o] 217-105% ¢l o221 g9
EHol YR A7) 7ol AAHo|A] Eajt}, wido)
AT 2 A AALC] 51-131% 2 EH
Ae)dkA] ¢ HEo Z2 kg JeR | 959
EAge] 011-032% 2 wl$ @*e #Fe vehlo
o] FHS Mg 2 F89 48 L 2eHEA
& aAHo= AAY 5 AUATh o] AHAM F

J

Fgodel ThpRelde AFALE o 53022
NEe) B FA vms) WE A7t Ao
E£de A9 glowA B8R 48 AN &

Ak

T8, HEsHE 245Uy 9552 2A9Y
ol Ze] #H7t = 7] wEd HE Ao gL L
oA #vh. COD ¥49 ZH3 95 1mg1%
COD € 08 mg/l & ¥&A, FAHg slA &-& =te]
A5 &= 2449 COD = 85.0~4349 mg/l &
FHEA T 2] COD ¢ 4.5~133 mg/l ol H]&) &
e 2L A7 g HAFHPd = v go] 7}
FTHA HBAARLES & 5 Uk

Table 394 B vle} Zo] st 5o By
(separation factor) 9] -2 EHA 3 o] 22123
o2 #AANYINA e vt 5-12 B} e 3
=t o] olff= thg 3 o) 4uE 4+ Utk A,
A3 45 F £329 BEAAATY g LIES

38, A 2d A43, 1991
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Table 3. The Variaion of Separation Factors with
Change of Feed and Stripping Water Flow
Rates (Qr ;=X ml/min, Q. ;=1.5X ml/min,
Concentration of Feed Solution ; Dye=
7376 mg/l, Na= 1682 mg/1)

unmodified membrane

Qr.i | Dye Loss® Na Rem.Eff® Sep.Fac® O.W.F¢

ml/min| % dimensionless ml/min
100 10.5 53.9 5.0 - 80
200 6.0 44.3 70 - 79
300 44 381 9.0 - 179
400 30 30.1 10.0 — 88
500 2.5 28.1 11.0 —-10.6
560 22 26.1 12.0 —123

modified membrane
Qr.i | Dye Loss Na RemEff. SepFac. OW.F

ml/min| %

dimensionless ml/min

100 0.11 13.1 123 - 75
200 0.32 10.2 32 — 83
300 0.30 7.7 26 —117
400 0.27 6.2 23 —10.3
500 0.22 5.2 24 —19.6
560 0.23 51 22 —20.7

Cw..{mg/min)

X
Cr.i(mg/min) 100

* % of dye Loss=

® Na Removal Efficiency(Rem. Eff. %)=

C'w..(mg/min) — C'w,;(mg/ming)
C'r.i(mg/min)

X100

¢ Sep.Fac. (Separation Factor) : the Ratio of Na Re-
moval Efficiency(%) to Dye Loss(%).
Osmotic Water Flux

H2 3t o]2og EA3e o A9 &=t 1)
=73 F-¥(nonpolar part) S Zt= PE B9 £3)
ERT 37 qio] 42 FHAF B¢ dg4e
FUWAZIG[36]. A, Table 3914 HiEnle} 7o
uho] yto A Bhe] 9t o @ ol 2o 9k¢l Os-
motic Water Flux(O.W.F) 9] gto] R A2 5] @&



S o] 8 F AAA 7Y Az 405

8.0~ — 123 m/min) Bt} FAAa " oH(—75~

3 o)A Jn/Ioe & HIE UE HA HE7] W
—20.7 ml/min)°] ¥ A7) g &olt}, F, Fig. 1914 2

Folth. ¥ Table 3914 FYHE Y88z 2
EAAYE e} 499 Jw gol of Acke AL 9 Aol %5 27NL5E OWF 9 ghol F7hste
P1 )
Feedin Feedin
(100mYmin) (100 mi/min )
P4
Nt |
(100mi/min) «——
Water out Water out
L™
I
J ) . J )
Water in Water in
(200 mi/min) (55-600 ml/min
vari fied)
P2
Feed out € ) Feed out
Fig.5-A Fig.5-8
Feed in
(100 m¥/min)
[‘ M
—
Water out
e———
j J Water in
(200 ml/min)
Feed out N
Avd
Fig.5-C

Fig. 5. The schematic diagram of Counter Diffusion unit without recirculation(Fig. 5-A, Fig. 5-B)
and with feed recirculation(Fig. 5-C).
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Table 4.The Variation of Na Removal Efficiency and
Dye Loss with Operation Time

time | RemEff Dye Loss| Sep* Fac. | O.W.F [Inlet pressure(P;)
min % dimensionless| mi/min (kgy/cm?)
75 124 | 0.02 711 —80.6 ~0
16.0{ 150 0.08 179 —81.8 ~0
270| 141 0.10 137 —74.2 0.12
410 105 0.10 102 —512 0.20
530/ 56 0.08 73 —352 0.24
655/ 25 | 007 37 —225 0.60
75 176 | 015 119 —86.3 0.02
18.0f 172 | 015 111 —829 0.02
Age weltd, ot HAE MY Zag
230 e FEA7} FisEo) HEAAE Foh3t
A1F17] o]t

4. 2. 2. 9to| oisl(clogging) 34t

X E ol Alztel] ©2 o] dee WslE
Lol 7] 918 Fig. 5-A AP FYHE 95897
2AFY 5452 Z+2F 100 ml/min F 200 ml/min 2. &
TAAFI I At et 4o AAE, 8 &£48,
a8z Fevie] Walel 9T ARl e o
g7 P-1< #Z3) oy Z2FHE 99 ¢
89 g9 Fx& 77 2556 g/1 9 56.1 g/l A} Al
Ztoll & 9o} A5 9] M3tE Table 4 o] GERH AT
Table 4 914 B 9] AAZo] A% 208F
FE] 43 €A 65 & o] F4 £7] HAX|QI 150
% 2 % 1/6 359 25% 2 a5 Hu Bule
Al 7kel e} 711 A 37 2.2 F4 3] 243t AFS
Xl

ojZe BAAQ Ao UL Yol 7] ¢33t
TEYY GHEAE BES 27 Table 4904 HHE
Aol A wpe} kol HA F/dve RS
A3t G et =3 Table 4 ol A K% 0] Osmotic Water
Flux = 48 A2 65 & A5 7] HulA|<0 —81.
8 ml/min oA —225ml/min 22 Z4dn J=d
oJRL, FFAMY 47t vyl wiE dse 9
e §do] BHE & e e W] Fo]E7)
gEoz Mg, =3 g 21 oA dPFAIF
65 % Fol &S v 25te] 48E & 73 Table

3, A2d Al4E, 1991

494 BARAE g¢] A AL Osmotic water Flux 7}
27%eE Bddge g #EHAY. AELAY
urake ulEgl S SulE WE A7t The] Aol
298gde AczRg o] B3y £EL Fig. 5—
AdAN ® 2EA FFAHY lumen YTFH-EolTHL
28 & ot wEA o)F e RE HPAME o) &
Hasla oF 08 A E AELN] FYWFL
48 (up—flow) =& 313 (down—flow) o2 W zo}
vEFAAN HEE FPF

4. 2. 3. =A% (stripping water) 2] §& i3}
Aoz A8 AAY Agole 71E9 i
IR 98 vuy gL 49 ¥A4E Hag
gk, mEbA tEddt AL e BE(EARE A
SHA & FTOE 9L AAY F e 2HL
ol 7] $j3td g3 e AFL FPsigd.

FoHe 95899 4L 100 ml/min &2 1
A1 EAFY #4452 55 ml/min 94 600 ml/min
o2 gAFoz F/HANAHNFig 5—B). olwe &
3= Fig. 6 o Jebdch.

@A (stripping water) ] &8 ©AER Zv}
NZ4E o] FZERHAA 2424e] B gF &
EX7} S8 5] 7o 99 AAE 102 1A 150
% 2 F7Htg oy d5e &A% 002914 022% 2

16 0.30

15 1
g 141 F0.20 §
S g
£ °
g 131 =
o . o
Zz

12 7 ~0.10

114

10 l T Y T T T 0.00

0 100 200 300 400 500 600 700

Flow rate of stripping water(ml/min)

Fig. 6. The variation of Na removal efficiency and
dye loss with change of stripping water flow
rate.( ® Na removal, ® dye loss)
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Z71 3t gaE4] FUt Zel ¢ & 4 £ Aok
olmf EauE 50594 70 22 TAadm vk w
A & EHE FATHA BA gAY F&
Hx8E] Y e ALY f45S 95 §9 75
ol3tE f A gt Zlo] viEAs & & Ut

4. 2. 4 AZEHo x|=8t

Qo X AFE 2 g8 godo] TTAIG YRs
13 (AFAZE S oF 30 2013 FHE 9 F 10—20
%9 HAA E&E YehlL Jot HFF XA
I8 E drlde v|FSI2 & Fig. 5—ColA A" &
A= d88d §&5% EA5 F55 47 100
ml/min & 200 mi/min &2 AA3A AN F
Ag fds AT dAAE FFAA Btk
(Fig. 7). NEE 484 Fx12 g5 % 2](6 pass)
Rew HEAR FHEHA D 99 540 % 7} Al
A" whd 989 &AL 43% o BHs] J&ito]
deo] AA EL&FYS KgF T gioh. Fig 7 oA

So] §4dHE d8fdd TR Jv 99 ¥
EE 1304 632 Ao AYLLE YopAn

50

Ne removal), Dye (033 (36) and separation factor

Na concentration in feed solution(mg/l)

Fig. 7. % of Na removal and dye loss with variation
of Na concentration in feed solution.(® Na
Removal, ® dye loss, O separation factor)

0 10000 20000 30000 40000

oft

g AAEE 19.7% AA 6.1% 7HA 23 3
S BRlth ol& g89 A £d& 9iibgx
03 SHAAmuit Alggdsd giEol Idd
ARo] Fo] A|ALL EFE, he] ekZ o 2 AEQto
o8 gAFIE s Al g Edo] A= o] qt ot
&3} ot vl o] g o] FX 74l (concentration diffe-
rence) 7} Z4387] ot} o)L Fxpuje 7
Zm#ol Osmotic Water Flux ¥ —60.8 ml/min | A1
—130ml/min 22 ZA&3AL, Fig 74 EX
TR 46 A 8 2 A HAT. I olf-E AA,
Osmotic Water Flux & ZHA& Fig. 1914 Jw 3ol
ZolAtke AL AuEy o)AL, /o HlY
Fag Y. A, 7 pass it G 4 &
Bt Qo] AAgo] AR 7] W 13014 6 3=
ZFE AEEA Yo A 98559 AUF
H7F Aaste] 2 5T v wpg ] o Fru)e)
Za7t 48 FETHY ZARY A7) gio|,

Ao g AelE AFTSE A2l ngol ©

il

oz AAR
% AYE ARE GUTRELR $IANE A%
A5 Re %Y 29 Aol Baslga A}

s29ch

4. 2. 5. FEAN g 0|23 ¥ ¥=9| ot
£z Ax=(Um) o] AHat

F#EHE A5 8% %S 100 ml/min oA 560
ml/min &2 WSIAFIEHA FAle] @A #45S
45 & F59 1592 3t 150 ml/min 14 840
ml/min 7}A F7HA A,

Table 5= 28 & ojdst] A& E7 dEo
o7t w5 (parameters) £4] o]u] ol A
AdE8 2dA(DH (F ol8d HEAA Zzo
WAASFES GAE f49 Fl) g Fetdg ®
A" g3 st g& e wasigd.
o] F7MEFE A7 d59 ¢ E44g A
(overall mass transfer coefficient) = ¥ &) 3 =2}
AgjetAl gk 9 BT 7R, olAL &
7INZ o2 AGE (shear rate) o] oA g okz
W9 AAZ9 FAiquid film thickness) 7} )<
gFolA 7] wiiel o QtZw o Wiz gde AAZ
(boundary layer) oA @3} Qg oig 2AAG
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Table 5. Comparision of Masstransfer Coefficients
through Membrane with and without Sur-
face Treatment (Q.,i=15XQr. 1)

modified membrane [unmodified membrane|

Qr.i Uo. bye Uo, Na Us, bye Uo, Na
ml/min| 1/m?/hr 1/m?/hr

100 0.23 121 0.94 6.53
200 0.29 1.67 0.98 8.75
300 041 1.86 1.07 10.3
400 0.37 1.89 1.03 10.5
500 0.64 2.28 1.09 115
560 0.70 245 112 11.5
© 0.72 2.75 112 115

(Um, pye) (Uwm, na) | (Um, pye) (Uwm, na)

A Un o U, 7t Sd18 982 ougich, o
A el AFF A(3) & 39, 1/Uu & 1/U, S
AAANZ F Ao, olfZe f49 Fvld o
3] Q4 d=50 g HEAEE FFL B @47
o 2 Edo g Uy & 7& 5 AU} oluf,
BHAE A 42 2o F9d 949 d8 2F Uy o
7t fr40l 560 ml/min Q1 HA @A A =2
gorvz 1129 11469 #S 2 Uu v o UM.
De 22 HA 28y, EAXAT o] A

A7 489 5k Ae 2F o] §4 %}arﬁoﬂﬁ
AEE A7 7o FAA =2 & gl
A FAE AAGsA DL Unpye & U = 248
0729 275 241 EAAYEA We 75°°!l H] &}
#4394t Na9 247 88 2 AL Donnan
Dialysis @73l 71218 RAog —rxéﬂq

5.4 =
AE7A 71 viel o] AsALL o] g3 1

£ 9g BHE B o)A o) M F A7 ol
ge A% tew 2,

X ol

L 9A 4 H(salt) ] FFol BE 5 AFA
kol U}E} %Ev:?‘}—l SHoz YL A
A% ol AstE T 271 0] 2(S0L7) ) B
o] 17} o]&(Na*,Cl) e} A,

FdstE, AM2A A4 3, 1991

e

]

=i 3
=

N
N

o} 23A2S B84 FrIge s mHAd
o] &3 &t FHL o 5~30% 4 e
o EFE 51~197% Y =& EA
28 29 whd dx9 &482 0.02~040
) o] W}ﬂuﬂ} d5e &£4& FHa=
s}“w S AA & dAd, x£F, THAHAG
o] 39 947 g59 FEurt 22~123 2 A
37 @& 2ol 5~12 B}  g& vehio] 2hg
Faxgo s g A AAE FFA A

3. 9 BEAEF B 4% 77 29 £Hvt
Z7h3le ol I oAl ¢te g Ee Eolew
Osmotic Water Flux ol 213 943 989 44U ¥
o Ea&wol Aolot F7] AF ] o G
F7] BA9 RIAx z}olo] 7|AF,

4. 93 FAE AHEE d8 £98 6 AU
pass) ¥ Z9 &A &o EAte B 540% F
AAT ¥hA gy £4L 43% 2 FHo] F9
£4& Eoln] 9L AAT = A

5. Al7bol| whe) 2] Aol A HE F AU e
3 (clogging) ol 7191319, U= 98 €49
WS F(up-flow) T 33 (down-flow) &2
AR wpro] Fo2 4 of9} 2L Wi (clogging)
g AT + ok

6. Ed2ogxny 73 o g EJANY AF
(Uwe BEAYSR g 3¢ 9= 498 44
2.75 ¢} 0.72 //m*/hr )AL B¥ A2l g zhe 115
9} 1.12 Ym%hr °| 1t}

—

Azt

N
km o o

NOMENCLATURE

Caim Log mean concentration difference(g/D
Cavg Mean concentration of species A on both si-
des of membrane(mg/l)

C Concentration of dye(mg/1)

Cc Concentration of Na(mg/1)

D Diffusivity (cm?%/sec)

JuJ:  Fluxes of species 1 and 2(g/m%hr)

Na Flux of solute A passing through membrane
(g/m?/hr)

O.WPF. Osmotic water flux(ml/min)

P Pressure(kPa)

Q Flow rate(ml/min)
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U Liquid film mass transfer coefficient inside
membrane(l/m?hr)

ULz Liquid film mass transfer coefficient outside
membrane (}/m?hr)

Um Membrane permeability(l/m?/hr)

\% Osmotic water flux(I/m%hr)

f Feed

i In

o Out

w Water
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