o} 1 & ol (Membrane Journal)
Vol.5, No.2, June, 1995, 81-88

AMEY AME ZES 0|EF 22| §Y iy
SRR BELRE B R M R

3 3e7]¢d7d CFC A7leAdE
*ofoista shatgett
(19953 19 99 A4, 19954 48 274 A)

Analysis of the Separation Using Disc Plate and Frame
Type Reverse Osmosis Module

Kun Yong-Chung,! Wook Chung*, Jang-Mook Won*, Seong-Youl Bae®, and Baik-Hyon Ha*

CFC Alternatives Technology Center, Korea Institute of Science and
Technology, Cheongryang P. 0. Box, 131, Seoul 130-650, Korea
*Department of Chemical Engineering, Hanyang University, Seoul 133-791, Korea
(Received January 9, 1995, Acepted April 27, 1995)

Q 9 NaCls} Sucrose £4& 454 Y#EY g T3] FAUHsiden Kimura-Sourirajan{8]¢] |
Qg wyo 2 Beldse EAstch 8¢ Belute] £4F53 AT E ool FRA 2.17 x 107 %(gmol/om?-sec-bar) £
A&l &5 gdch. Sucrose Sle] T YT gAre NaCl £oduc Aztatgd oo 40bar ooy t3e] Friitel
g 98 ERAL0] Basgch. £ AL NaCl $809) A4 o] Frhgol webs st eyt sucrose
Sgoio] AgE otdel gelA wiAET FrlstAch.

Abstract: Separation performance was measured for the disc plate and frame type reverse osmosis module using NaCl
and sucrose solutions. An analysis of membrane performance was done following the equations proposed by Kimura-
Sourirajan[8]. The membrane permeability was 2.17 x 10~%(gmol/em*-sec-bar) and independent of operating pressure.
The effect of concentration polarization for sucrose solution was higher than that of NaCl. Permeation flux for sucrose
solution above 40 bar was decreased as operating pressure was increased. Solute rejection for NaCl solution was de-
creased, but that of sucrose was increased as operating pressure was increased.

LM £ AUz "oy g3 7R dAEHEN 4T T
Mol sl RFH7| Asigd. d4F 34 F

A% (Reverse Osmosis) 7]€-2 10 WA 100 7] g g Hees 45 9 459 @58, oA ¢
gt B9 gtHAE o]fdte] 2HF ol #7VIEAR AapabedBols} AlFAtql 9 88 Fo 24 A
< ZesAY FEsted ol4EE ¥FTHY & Z Rololrh, FAE TAH AEE 4 LobEA
urolct. gArRute AMUEFE B FHAESH AxAz FHE F 5 sk A5 Ropol AR
WA LEH TA EeF AALE FHATIEHE o He 945 AL 254 Az #F 258 T
ch. AlA Al oil shock o]F HALE 7]go] HEAHQ off udted G & gt 4 ojFoiA FHLRAM F

81



82 AL AL (A5

2 2 EAEY Tt e
2 7}Ae] zrleloiA FHg me
of FZ Al4Fc). oldtel dAF FAHLE EAldAF
f 3z AEeet T, AfsEad, Adr)sie
22, AETA Selld WEss Hed Meld AHg
Hx Qoo g oo & g3t Pulp % Al
RAbedoliA 9] 4= "ok HRAarg A A,
Jd, U, B Fo] FAHAME AEFe Aot
A=Y &3] AfaeFels 4F salt, 4=, AW
4, AMFAA, oil, grease, AZtA U FUA Fo
g 9ck olg HLE Mzt BB
7%, ol d¥o] A& E AF d4od A
73 4Fg nlXeg AT FA 2ste] A=

& Ar@sid 542 QA FAA £
o} olgfellz FAAT closedst, o]Bul Tt
systemol| & #718 AMAFH] &Y AT T
o] Axl g Hgsw et

ay 28 FAHAM ErigsA FabsEe 2
Edo MY oFEd £H(FD 3 oyt
o} Z o] Helots oA FeldEsE Al
s(Hedd) S ﬂ% 171 sigk 714 #
abo] ;leq L =1

oX. du & ¢

e

o2 MAdste o o B 4

dol Hxe] Fo2 FREAY FRFE FaAl7IAY

ARZAA 55 Hristd dadde] 4As iz

sy el ggAe Jad $H Fof by
o}

WA So} it ofutelx =t Fuwdol A 39 9}F
S #4447 2 Bxel Zeidle £3E A
# Sl 1, 2]

2 Ao 4 5 Rochemite) d4%54 #E3
EEFo| NaCl#} sucrose £8& FTH&he] fdst
2 Y Fol dAF F2 Aeel vlAle AnE
54, 37kt o

2. GAE0|2

GAE AL oA #ASA 2 vt 7
S A ot Aut gejoii Ahoddtele A s o
2zl mechanisme mE2: o= otalxy gci[3,
4], HA7tA] <A AAFE 0|82 bound water
hole/alignment type diffusion model{ 5], preferential
sorption/capillary flow mechanism{6] 22|31 solu-

Wual, A5A A2F, 1995

A - sl

tion -diffusion model{7] Fel # A5} )}, Aw
o Bl E ExFol 471 cellulose-acetate it
o carboxyl7}e} 7g3ted bound water& 63/«43}4_
2ol Zhsi e sF el 2jste] bound water7} =i
vl FAgoe Zelth Sourirajano] ) x)g)
AelRdol &z ol ol B uﬂa}qio] A o}
o sata Aol w8 Foll fAol Wato} nega
tive F2h& dehid 2t Tkl Adelae) o &
o 44slo} £ STk B Tapoly 3As ga
A ek sheb ARl £5 59 e ol
& Esto] sheinl 4HS FAPoE e Hy,
oMoz B84 AAUZE AR oo
789 7ol fof 3 §Ao| ™A Ao Lsin
2t} chemical potential 2polol| 2]s}tod whe niy)
Ho2 gakshol 7he Uelolch
A4F TA Bl dFE oA B
T AR £F, L4 Fx 9 pH,
zor®, dRdde) 55 9 TI4c

=Y

2 of

AR

g4

o3t fel 54 Seol sk B o)
Kimura—Sourirajan[8]011 olsto] Aoty AE

T gl &

ok
2
Am
id)
o
iy
i
u[o
r|§
=
lo
Hu
i
hul
e
>
2
i)

NH:A[P’((XM) "”(XU))} (1)
we £4 FRAS AL $47 $9 TREEE
t83to] o} g3 o] FRHo® FE £ ik

N,
T My xSx3600xP

>

(2)

e suabol o e FAse Ao A
v, 7+ekgh diffusion equationel] 2)# c}-g3 2

D v
N \1 (C\.‘l’X\\U C\HX\\H) (3)
g9 5 X9} oohe) & X Abolol %A
o B EMETIT b A ()9 o) dheh
9 % ol

CX.\:KC\1X~\\1 (4)

AL A ()F A (3)l dslstd A (5) 7



AUEY SUE TES 8T ¥l B4 A4 o

Z
E t
3
00
Ny
et
. R ‘\IIE
Flow Direction
N,
—
xn
Xaz
® 2 @ T & &
) el ] »
282 8822 E7 23 5%
CEme CZ A9 B3 < 20
x g a5 % z 38
@5 S D=
o= 9] G Cc
cohm 28 k@ < i
T CS5o>k X F 4
mEE 220225 T =
o 9 >»53 & g 58
08 Hr> s 2 &=
ZE Bﬁ;%g < S
§5 g&:2Z 3 2B
=5 S Fw EE vz
C L0 Qf & z
z Zx T Z (2
c 87% > ==
z > ot = &=
g = < S
5 = 2

Fig. 1. Schematic flow diagram and concentration

polarization near membrane.
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Fig. 2. Schematic flow diagram of disc plate and
frame type R/O system.
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Table 1. Design and Operating Details of the Dige
Plate and Frame type R/O System

ROCHEM RO-SYSTEM 100 DT

Max. operating pressure 65bar

Max. flow rate 6 ¢/min

Max. feed temperature 35¢

Membrane 252-TFC

Membrane dimension 191mm OD x 45mm ID
doughnut type octagon

Effective membrane area/sheet 4340m*

Number of module plates 3lea

Module plate material ABS Plastic
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Fig. 3. Effect of operating pressure on pure water
permeation flux (N,) at 6 £//min and 25C.
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Fig. 4. Effect of operating pressure on pure water
permeability constant (A) at 6 £/min and 25°C.
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Fig. 5. Effect of operating pressure on permeation
flux (Ng) for (a) NaCl solution and (b) Su-
crose solution at 6 ¢/min and 25°C.
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Fig. 7. Effect of operating pressure on solute con-

centration at membrane surface.
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A E-RSR]

A . pure water permeability constant
{gmole/cm*-sec-bar]

C > molar density[ gmole/cm?]

Cwz Cus  molar density of solution in equilibrium
with C, and Cy[ gmole/cm?]

Dam . diffusivity of solute in membrane phase
[cm?/sec]

: proportionality constant

: mass transfer coefficient[cm/sec]

. boundary layer thickenss[cm]

: molecular weight

: flux through membrane[ gmole/cm?-sec ]
: operating pressure[ bar ]

: solute rejection

»omYZE TR R

. effective membrane area[cm?]
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A - sy

X - mole fraction
Xarz Xaws - Xaw In equilibrium with X, and X
z - distance in boundary layer vertica] to

membrane surface[cm]

J2j0jA 2X}
- effective thickness of membrane[cm]
> osmotic pressure| bar]

=

X
: solute
: solvent
: membrane phase
. water
: feed solution

. concentrated boundary solution

W = g W o

. permeate solution
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