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FHEE ALY osmotic sink solution®] I f{LolE st Frtein, FFY e Byss
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A3k}

Abstract

OSRO process was developed and it was confirmed more effective in ethanol concentrating process compa-

ring to reverse osmosis process.
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It may be industrialized if more effective membrane for OSRO and reverse osmosis, which indicate the
value greater than zero, it was shown that OSRO process was more effective than reverse osmosis for the
ethanol concentration process. The decrease of feed concentration and flow rate and the increase of applied
pressure made more effective operating conditions in OSRO process to concentrate ethanol.

From the numerical results for the multi-plates, theoretical DC values of reverse osmosis and OSRO pro-
cess was increased as the number of stages increased.

DC values were increased with the increase of applied pressure in same number of stages. The theoretical
values of DC by numerical calculation were corresponded to the experimental values within 15% tolerance.

DC value was increased proportional to applied pressure and osmotic sink solution flow rate but it was
decreased proportional to feed concentration and flow rate. The numerical calculation over the wide ranges

including experimental condition was proposed in this study.
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1) Concentrate return reverse osmosis (CRRO)

2) Osmotic sink reverse osmosis (OSRO)
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3) Osmotic sink osmosis (0SO) .
OSRO= 4& Alojo)] F31 FF 9} osmotic sink solutions A% Hgkeo g Az FFgAfesr EHL
WA AFejo Al uhekEe] MEQIAE TAAIA FdFHoE FUME FAELEHAY JdF 4% FRRYG
thakel Fol REiyo FFYo] ¥HHe Tl g 7 49 EYHar YYFe] Fratd d]a
e2 =%l osmotic sink solution®] =le2 I FEF7F o] s ARFIT Y HH &4
of EY2vt A4 2ok gl dgg §4e 8o FE5E £ Y0

OSROT 1§ 19149} o] 2ol ARFZ O 2 T Yo osmotic sink solution®]T}. Osmotic sink
solutiono] & AHFQ A8 £d F v TV & S92, HAFH e AFAY #E Ao e
HAHQ osmotic sink solution?] QUd], o] & EHE EFAA £ HFHLYE UE F JE FAY
o] & Hdzlglelr),

feed solution concentrate solution
permeate - osmotic sink solution
< < <

(dilute solution)

Fig. 1. Schematic diagram of osmotic sink reverse osmosis (OSRO).
2—2. OSRO(Osmotic sink reverse osmosis)2 0|B4] §&
2—2—1. Cylindrical Coordinate®llA{2] 1} Mechanism &4

Plug flow, fully mixing®] 28t A] 218 294 7L test celly] YHE 2i3lA.
AR FAE celld] ABoM viZFog TED Yoo Fe nEid gisty ¥ BAS5A0)
3 He
dvy Vi P1
- I ——r— = m JV .............................................................................. (1)

BC.ir=0, Vi=V;
Kedem™ Katchalsky= solute flux J, total volume flux },& Th&3 o] H A4kl

Jszp(AP e BN 1 ) IR R T T PP RN (@)
Js:Cs(l — 0) LP(AP -0 An)+w PaN ) LR T P TP PP PP PP PN (3)

F A solute o thF 42 A $2(mass balance) ZFE 2](4)9} o] eI £ Q)
dC1 dV1 V1C1 1
_VlT_Cl"ar—_ I =_6J5 ............................................................ (4)

B.C1: r=90, C1:Cf
BC2: r=0, Vi=V¢
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Fig. 2. Schematic diagram for mass balance in test cell (cylindrical coordinate).

3. HEHIA X Wy

3—1. AlEHAR g Mz
3—1—1. A8 =K
2 Ao Ale-" A¥AR QU countercurrent reverse osmosis multi-test celld] NFHHQU FAEE 2
H 39 Jehigiel &3 dEES §a3 24 YHY AU e FlEow ¥F BE
o] |2 & T3lgrt. 74 948 Axe I 4o JERA uiel 22 BE 3 (plate and frame) L 2 A

Ag-g F8§A9 5L FAYe HMWPoz 52/ Ho, FEH feed spacer® HXF2EZH oA
& FEdo] FH o] HEE 3t

3—1-2. 48 xiZ2

FFEY AT dYed AHEE HEL 94%F 58 TFCL (UOP CO, USA) FT-30 (FilmTec
Co, USA) 2¥]3L blend%?] CA blend (UOP Co., USA)BH7te] 3 7 =& AHE-3Ath

3-1-3 24

NEge T 4L rt2azatE a9 (G.C.-8A, Shimazy, Japan) 2 #4138}

3—2. A Yol o ey
3—2-1. th2 o|EE olElg =5 4

FHEEAU NEg 549 T 1972 2A2AE A 94% 2 OSRO 339 TH4YE Y3}
o] F %% (degree of concentration) & 3+l
ARG 7HEAIze] e Foe 3 dAeS F4so A4 TeATE FIen BE do]
B A 29§ Fo 3Pyt
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1. feed tank 2. pre-filter 3. feed pump—1
4. feed pump—2 Fig 4. Change of flow direction in countercur-
5. damper 6. needle valve 7. flow meter rent reverse osmosis system.

8. test cell
9. pressure gauge 10. needle valve 11. pre-
ssure relief valve
12. thermometer 13. flow meter 14. needle
valve 915. flow meter
16. recirculation pump

Fig. 3. Schematic flow diagram for countercur-

rent reverse osmossis multi-cell system
(OSRO).

Table 1. Experimental conditions for osmotic sink reverse osmosis(multi-test celD).

Membrane FT-30(FilmTec Co., USA)
Feed Concentration(wt% ) 52, 98, 16 18
Feed flowrate(ml~ sec) 0522, 0667, 0.790, 0836
Temperature(C) 20+ 02
Pressure(MPa) 294, 392, 490, 588
Osmotic sink solution concenration(wt% ) 52, 98 16 18
Osmotic sink solution flowrate(ml sec) 408, 729, 1157, 1443

Hudgel A2¥ A1E: 1992
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4—1. chalctg 0|88 BHE 2| reverse osmosis®t osmotic sink reverse osmosisOll 2|8t Of|ElE &<
gim

952 AMg-3ted RO ¥ OSROO 9% dlgg F2 48 & 43 23, 4Ze] 2gd dsfA 4Ed
37HAY 2% 2o HEgddda AR dEd ¢2E& 57499 ¥ 1FxE dEE F8A F
ZER0 Z @ UehdS ¥ 29 ¥ 302%H ¢ 5 UAT 2F A AT 25 FUdE = R F
Fd 2H§&3 e RO F2 2R OSROY FEHE & #g Jerd S X 29 H 30248 ¢ 5
1sieh, ohEel RO 2 OSROO 98 oghg 3 APAM dPx9) o]EXE AR, AVIANY 25 4
)9} o] &X)7F RO 2% 10%olWlol A OSROY 7% 12% ool A XAt

AEE(52 wt%) B TH 208 wtB)NA 2 HEAYolA FT-30¢4e] &=7 7P $58 A2
2 JEE o™ cellulose acetate blend®e F&=7F 7HE W& o2 UEhytth ©2bA osmotic sink reve-

rse osmosis multi-test cell YL MM FI-30%2 AHE 3o FFsltia Atgdr

Table 2. The DC value of RD with pressure difference for 0.522 ml/sec feed flow rate on single-test cell.

Pressure difference Membrane Feed concentration Degree of concentration™
(MPa) (wt%)

TFCL 5.2 0.122

9.8 0.020

294 FT—30 52 0.149

9.8 0.080

CA blend 52 0.011

98 0.013

TFCL 52 0.152

9.8 0035

392 FT—30 52 0284

9.8 0.110

CA blend 52 0.036

9.8 0.023

TFCL 5.2 0.182

9.8 0.088

490 FT—-30 52 0.361

9.8 0.139

CA blend 52 0.048

9.8 0.026

. Crej_cfeed
* Degree of concentration = ——————— , [ — ]
Creed
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Table 3. The DC value of OSRO with pressure difference for 0.522 ml~'sec feed flow rate on single-test cell.

Pressure difference Membrane Feed concentration Degree of concentration*
(MPa) (wt%)

TFCL 52 0.145

9.8 0.028

294 FT—30 52 0218

9.8 0.138

CA blend 52 0.018

9.8 0.018

TFCL 52 0.185

9.8 0.053

392 FT—30 52 0.333

9.8 0.171

CA blend 52 0.044

9.8 0.031

TFCL 52 0219

9.8 0.112

490 FT—30 52 0418

9.8 0200

CA blend 52 0.064

9.8 0.035

Crej Creed
* Degree of concentration = ————— [ — ]
Cfeed

4—2. 2THE 0|83 22| reverse osmosis?t osmotic sink reverse osmosisOll 2|8t OEIE ST H|W

% HolX JdE FEHL e A3 Yoz A G(FT-30022A 2¢e] g RO % OSRO
S@2E5E2AYLe Y5ty FET(degree of concentration) & T3t @Al 7 AFgen ALY
ol 71 & & A FEHANAN BE2xe Fvleke 3¢S Bgoen, 2e ALugadA Arz(s2
wt%)%e F5%7t 718 & goz2 yuaRo(ay 5.

gt e ¥EHL AT 2PgxHoEA FFLYY Turt W FE T HLYYHo] & FF
FEATE ¢ 5 AATE

293 v 2 FFY FIf&ElME RO FE5EERT OSROY FF5E & @& e
AATHH 6).

ZHFT-30)9) RO 2 OSRO®] 93 et &AM 4PA 9 o]2Xg AHed, ArAL 25 4
A9 o) EA7F RO A9 oF 9% ol Al OSRO2] A+ 10 %ol Ax et

.9
tlo
(117
4
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Pressure difference, AP ( MPa )

Fig. 5. The DC value of RO with pressure dif- Fig. 6. The comparison of DC value between

ference for 0522 ml/sec feed flowrate RO and OSRO with pressure difference
on double-test cells. on double-test cell. (52 wt% feed solu-
tion, feed flowrate=0.522 ml sec, osmo-
4—3. 3&% OI%E} 0" ._}‘% _gégg tic sink solution=4.08 ml/sec)

4—3—1. 3Ch= O|&8 RO W OSRO2| s&HTHS} MY

A7) el WM o] Yy Exe whyoz T(FT-30)¢ I4% % OSRO AEE &
FH4YE Yoty 193 2DelX 9] FEEe vug AW, Gt TS £F 5YE TFY vES HE
FEstelM FHEN G 29 72RH 2 F AUG olHT FFEE GHH APAH gL
7] qgolrt. 2w F9-9 nhA A2 RO ¥ OSRO9 &% #e FF89 ¥x7t ¥1 @49 F
E¢4del 7F £5 & @$ Ronz YxPozNe FFEYY it 225 E, FLUgge ¢

5 £9 247t 371Y £ FU¥S A 4 Aok

4-3-2. 3E53Ye| sk FilRsE, MEYH, osmotic sink solution2| L£I|SLe| Hsol ME =

= HEdE

4—3-2-1. S=EY2| 0| ME RO X OSROM 23t S&T MY
TE8Y FEY 4712 Wslel di@ FFEY 4z RugEn ey R FIFY RS
oA FEEYe ¥r7t AA2Y £5 THFEE FU8Me AL Rolm Jon HEgtHe AA4E
AR srdAe Frtehe FEE JE T U 53] FF9] FEG2 wi%)7 Holn A
2 (588 MPa)ol Ao wet RO ¥ OSROS FHE F71%o] 7% & AoZ Jeyton, OSROY &
FE¥ ROY Tz v&] v & e By
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4—3-2-2. BIZYe| SEREslo TE RO Y OSRON 2ift s&T MEAH

TFee BISEE 0522 0667, 070, 0836 ml secE WA IHEAN Ao} FFY FAHR{FE
o thatel FFAel F=st B84 Y osmotic sink solution®] 3 f& H3te] W& RO % OSROTH
9 TEL WHIE 1"& 107 18 110] YERAILE o) BE RO ¥ OSRO E¢ 9% H&¢4d %
o B TFLYe 2o BAY 52 FEEE FUEE A Bolx ded AEY
go] AHFH 2 @‘iﬁ-r]‘vﬂ——l 23 BugadE FE2E7 FUete A%E JYehi ok 28 3
Fag Bugso] AWHAWAA 7 HE 0522 mlsecd] BF B HEAFHIF AN MY 2 FI=
e Bgon Megde] A4yl BANE FEHEgel Mg & Aoz vekt FFA] FHFEC]

ZolA 4%, BEPo] Aol wet OSROY FHEgke RO vl 2 whe HAoh

4—3-2—3. Osmotic Sink Solution?| RI|F< wisol WE SHTHSAE
OSROF QoA & ool wxot Bugs P Hgree WakA osmotic sink solution®] 3] F
% 43l U FExY f&ﬁ}-a“ 31383 osmotic sink solution®] ¥ f40] 408 ml secol L T EH

Table 4. The DC value of OSRO with osmotic sink solution flow rate for 588 MPa pressure difference on

triple test cells.(feed flow rate=0522 mlsec).

Osmotic sink solution flow rate Pressure difference Degree of concentration™
(ml/ sec) (MPa)
2.4 0429
392 0.731
408 490 1236
5.88 1641
2.94 0431
392 0.733
729 490 1238
5.88 1641
294 0433
392 0.734
1157 490 1241
5.88 1.645
2.9 0436
392 0.736
1443 490 1244
5.88 1.647
Crei— Creed
% Degree of concentration = e I
Cfeed
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9l 357t 52 wi%, A&¢Ho] 588MPadmle] F&£52 W3E HE 4o VeERNAT clE2HE AHE Y
Well 9] F&EE osmotic sink solution®] ¥ 340 A wel 718k F&o] o™ osmotic sink
solution®] H I H-40°] 408 ml secol A 1443 ml/ sec® F7H¥Ho ulel BHF=e o 13% 3= F7tEe
AgE Byl

4-3—2—4, ANEETD} OSROSHY| 28t & A

ANEZHT OSROTH Y FE2EAE td2F Zo] FHE F Utk
Cr osro — Cr. ro

DCosro — DCgro= C,

9 SARRE 7 QLTI OSRO 3H Y FEHE=AE 219 1291 e o]E2FH HU4F
¥4 OSRO 339 FFEA, & 4453 d¥ OSROTA S THEHe] Axe FFEAY v&
2 Rulfdo] A FE HEUAYo 45¥ FF AIE ¢ F ANen xdezA A€W
AME FFEd T 2 FofEo] 4T FF HEYYH BT £5 FAPE 9 A 5+ A
Atk TE7t 98 wt% Y AF 2L FFY FIREdMe HEQYo] Fodd " THEAE 25%
—108% W AWAA Frtatglon e HEgHGNe FFY FIARSol iy w gHEAE
4% —119% HAWANA F7hehe Bych wekx GAdF TP OSRO 49 FHEAE AFEAW
A HEgEe] ¥zl e FYRUE THEYY FHURE wse ¢ & ¥ e AE ¢ F
ARt

B4E 3oz Qe APAAUIAN BEE LAY 16778 AU st T VP2 AN
U4g 3eol 4oz SHNeu OSROZHS FARA ¢ FEE oJEXE old EANA Ve 23
s hAAtAE B ASE Hos dAE 2 A%E 29 139 JEiisich

olzRE @4t 2718 £2 OSROFAY FEE oEXe AFE ¢ & UL, & D(stage) oA
Hggteo] Asgtol wel T2 oJ&XE FUEte AFE HATH 53 FE&UHo] 58 MPadd 41
qMe] FHT o]&AE 20652 7HE & #& Btk B dF9 A¥ESE Rolde 494049 =
CBAE FRAZAE T FHEY FEHEE 1877¢ QUL WY HHUERPNA FIFEHY FEUN 52 wt
%ol 45 wt% 2 AT & ZUEL EF FY3HA A& @ OSROTA Y FXEALA % T3
T oA & HEYYo] 588 MPa¥ ™ 4dolA Y FHE o3& 23029 @& EA ol FFEY9
TR Ha¥ 5 FERU FUMOE oMY B2HE ol&FHog AL k. OSROF A 9
# FZEARE 2A r|9sA e OSROTAHE e AMdwwt ohlz), g Fe A sfidde] Past
th & & dA7oA AEFE 754 BEY ZE(plate and frame module)o]lg)ol FF 4 UAY ZE (spi-
ral wound module)-& Ngo 2 LA FFd =dFIFo] A F7sA HEZ FHENY US
Ad Reg 7|gd.

Membrane J. Vol. 2. No. 1., 1992



2
ofl

ot

44
1.6
4P Exp. Cal,
94 MPa @ ———
g:z \pa § ==
: 1.2 | . 88 MPa J—
-]
]
§ 0.8 —
8 e
~ o
3 g — —
—
g s -
» °. 4
& 04 0/ ~a =]
/ - P - .
— - L]
L Cem
LT
0.0 1 1 1
o 1 2 3 4
Stage nusbers
Fig. 7 The DC value of OSRO with number of
stage for 0522 ml/sec feed flowrate (52
wt% feed solution : osmotic sink solution
flowrate=4.08 ml/sec:1, 2, 3 test ce-
1Is).
2,0
Tos
8
s
§ 1.0
S
& 0.5
0.0 1 1 | 1
1.0 2.0 3.0 4.0 5.0 6.
Pressure difference, AP { MPa )
Fig. 9. The comparison of DC value between

RO and OSRO with pressure difference
for 0522 ml” sec feed flowrate on triple-
test cells.(52, 98 wt% feed solution)
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Fig. 8. The DC value of OSRO with pressure
difference for 0522 mlsec feed solution
on triple-test cells.
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Feod {lowrate Exp. Cal,
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- a2 HE & = y
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2
Pressure difference, AP ( MPa )
Fig. 10. The DC value of RO with pressure dif-

ference for 52 wt% feed solution on tri-
ple-test cells.
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2.0 0.10

Feod flowrate Process Exp. Cal, Feed flowrats Exp.

0. 5"22 sl/sec RO § —_— o / nl/s-c . [
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X
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0.00 ! 1
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Pressure difference, AP ( MPa ) Pressure difference, A P ( MPa )

Fig. 12. The difference of DC value between RO
and OSRO with applied pressure for 9.8

522, 0.836 ml/sec feed flowrate on tri- wt% feed concentration on triple-test ce-

ple-test cells.(52 wt% feed solution, os- lls.(osmotic sink solution flowrate=4.08

motic sink solution flowrate=4.08 ml~ mL/sec)

sec)

Fig. 11. The compaison of DC value between RO
and OSRO with pressure difference for 0.

25

2.0

Degree of Concentration, DC (-]

0.5

0.0

[+] 1 2 3 4 s ] 7
Stage nuabers

Fig. 13. The numerical result of DC value from simulation according to stage numbers on osmotic sink re-
verse OSMmosis.

(feed conc.=52wt%, feed flowrate=0522 ml sec, osmotic sink solution flowrate=4.08 mL/ sec)
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L 9A=E 45 vwste] OSROFAY FHAMS H=g drlste %22 (DCospo—DCro)E A 4
AW elolA P4 onTt & & HolnZ g FZo] 3UojA OSROTH eI G4HF-F Aol vle) ATH
e& ¢ F AN

we}A) OSROEAR ) o8 FEHF AL /Muste] oleg w5ol 2ET vt AareF Aol wiste] ¥ ol
ge F2ade @ged, deg AN Hold OSROE T A ¥ FEAANE B ddoR
g A% At shssitte AHE AU

o OSROZA] W o|&Ae] #AEAA EQIE5e PRFRE ol &dhe] A en Jl2RE F
vy B Bysd A FEd 3FHY AE TE & AAeH, AN AR RH FEHE oA
= Ak o 15% ool YAEHACh

3 Z2AETe Bue<4 289, osmotic sink solution®] gy 22 2FAUSFEY W3l ¢
QA% @ OSRO A9 FE: Wsg nAd,  A7dM= A glele] AR 27 FEE
o]B2 X AA] 8Kt
ZAt

o) woe neRAd ¥ 4& AFATY FeATERANA Q8 FAE Ae2A old FA=HY
o}

72l 49

R : Rejection coefficient(=1—C,/Cy)

Jo  : Solute flux (mole/ cm? - sec)

J.  : Total volume flux (em®/cm? * sec)

P ! Pressure (MPa)

AP Pressure difference across the membrane (MPa)

n  : Osmotic pressure difference across the membrane  (MPa)

C, - Permeate flow concentration of solute (wt%)

C, - Solute concentration at the membrane wall (wt%)

L, : Pure water permeability coefficient (cm3/MPa - cm? - sec)

A A2d AM1T 1992
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c : Reflection coefficient
C: Concentration at the upperside of membrane (mole em®)

Vi I Average feed flow velocity upperside of membrane (cm sec)

1 I Cell length (cm)

Cs  : Logarithmic average solute concentration (mole” cm3)

® ! Solute permeability coefficient (mole,”MPa * cm? - sec)
8  :Channel thickness (cm)

p ‘' Density of solution at a differential element (g/ cm®

p  Density of solution at a next differential element (g/cm®)
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