= v | el (Membrane Journal)
Vol.6, No.2, June, 1996, 86-95

15 8|XE

gt

UF 2&°] 0124 2 Ol Emulsion 22| &M
M2 =58

QAR B}
(199643 29 279 A<, 19969 49 23 =)

Flux Model of One-shaft Rotary Disc UF Module for the Separation of Qil Emulsion

J.W. Kim and S.H. Noh'

Dept. of Environmental Science, Yonsei University, Won-ju, Korea
(Received February 27, 1996, Acepted April 23, 1996)

A52dE f=gch 15 RDME gelodaioh(UOPAL, A 0.22m)o2 A25 sldaute zasie] 25Co4 ),
4&5(w), 55 Astel w2t LEAE 28 AR 24Tt 04 52.36rad/s2 27124 E sATy oA
7hte WA g oy bste} oot Rl ojnd B8 oY 4™ PEE 4 B Ho BLnod 3.9%
Aok dAED mna 586 o8 o4 Aele A4 (wr)d Ao vdsgnt. HABe LTIl 5236004 2.
62rad/s® 7@ o 5% AR FAES 3016% ZLIAAT FErt FE4E s Eoge o)A e Wy
ok A F3& () kg/mts) 2 HAHo| o3 4 FEtE 2P FELGYA(IP, Pa), ¥IAEE(Chl %), HLE
(or; m/s) Fof &g won] Ay Asje HF 2dg Hodlo opex} & AL $r3l o).

2 9 g dFeldE 15 AHRY PR B9 ¢4 Fhe 32U J1E A 2 54 3 Foe

4P,

J:
R'm + o(Co)(wr)?(4P,)

EC-50 Ao ¥ AgAA de AHE 0|48 R’ m=1.12x10'm/s, @=0.035, §=0.735, y=-0.4562 T3}
oh 2del4 A4d FHELE 55 0.5~5%, 85 2.62~52.36rad/s HYol A AA F3pgo] shrto] M),

Abstract: Rotary disc ultrafiltration module(RDM) was developed for the separation of oil emulsions. This module
was devised to reduce the gel polarization phenomenon by decoupling the operation pressure and the surface velocity of
solution in ultrafiltration(UF) processes. The rotary disc membrane consists of 3mm-thick ABS plate covered with UF
membrane(UOP, U.S.A.). When the angular velocity(w) was increased, the pure water flux was slightly decreased due
to pressure drop caused by centrifugal force and slip flow at the surface of membrane. The pressure drop was propor-
tional to the square of linear velocity(wr). When the angular velocity was changed from 52.36rad/s to 2.62rad/s, the
flux decline for 5% cutting oil in one-shaft RDM at 25°C and 0.1MPa was 30.16%. In the lower concentrations, angular
velocity tends to give less effect on the flux. Flux(J; kg/m?s) in a rotating disc module is mainly a function of the bulk
concentration(Cy, %), the linear velocity(er; m/s) and the effective transmembrane pressure(4P.; Pa). Using a modi-
fied resistance-in-series model, the flux data of cutting oil experiments were fitted to give the following equation.
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The values of R"'m, o, #and y were 1.12x107m/s, 0.035, 0.0735 and -0.456, respectively. The experimental data ob-
tained were in good agreement with the flux calculated by the model equation.
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Fig. 1. A schematic diagram of one-shaft RDM.

go £3hgo] F718ch APRL 4 (19 94
£ A3, 4 (1202 vebd & 4t
1_R.,+04P;_R

|| R (12)

= ASE(or)st 22 (Co)oll 7t Eol=
2 4 (13)e2 el sl 974, we 4
(angular velocity, w=df/dt)e]2 r& 3 AualAolc},

O=a(Cy)"(wr)’ (13)

A orlelq AS FEEITH9 AFe 4
(13)& A (10)e] hlsted 4] (14)9} 7o) W%
%, d&r, $Eea B3 Aoz Jehd 4 g}

R,=a(Cs)’(wr) (4Px) (14)

58988 By AEe HEEe] 2ol ma} g4y
Aaprt ok Asht, A3 SEEIEo AL
A% gagch 4 QHE A (9 Ddshd A
(15)9) =2 Jebd 4 9ok

_ 4Py
R+ Ri+afCa)(wr) (4P1)

(15)

A7NA, @ B 7l F& HuBY FEFl AF
% ¥EEIEel o4 A dBE Fr Axols 4

(A4 858 d%E Avseted EAshsic ¢
& $E233d ¢ Apel B su s,
HEE wx}ou e ule Aol HAHL R o7
F7hEY $E2IE) TA% ARA Fhol 24
s %n} —w FE9} 2E HY 243
9 g el g 22 b, 2 sAe pejn

] d3te] FAL AFFH T3S YA
FaEd thste] wbEe et ojoh UdE B F

A4 HEES 4B 17 29 FE 2T 499,
d5Ed) dsie] 1534 SERIF AT 14
o2 ZadA $3HE9 5715 et 4 (15)%
o3 e 4 (16)22 Jehd 4 sloh.

_ 4P,
R’ . +a(Co) X wr) (4Py)

(16)

3. HEEX U UY

3L 1& FMEY Y2 s

1% 9739 HoE 49 1A A%HQ 72
£ Fig. 1ol vehisich. s@ake UOPARS) Poly.
sulfone #+9]odzleb(MWCO 35,000~50,0000& A}
43t AA 0.22m, $4 3mme ABS%E Ax|#
o2 3o} Azsldeh. A Bt o €3
& ERHeR AAAFNZ] ¢ housingd] Fotd
FHo2 Adxstoic}. AR housing Apo]el] W
Hs A3l FFE 25T

housingatell 3|AHutE HAHFe] 2oz A
stgden &2 RE(0~500rpm)o] <o]&] I AHFc}
housing} 3)A & Alole)]l mechanical sealg X3}
o] 1.5MPa2] ¢tHo| g Ldo| housing 2JE-E A
A %2 HAY F Y=E e

fAe Hzo s feed tanko)4 housinge &
B3R housingo 248 o] vho & ulige] W
BE AAst 4 & 2T}, 2E+& feed tank
of Wzt ZUdE HAFA 25+05CE A&
FHee JHRE F5le HHE] Eopr er,
Foee oA A2 FAR EFAsgn S ¥
4= feed tank® Hifo] feed tank?] 55 o
AatA $-234 k.

A== sAdgdate] Rl E4E 6|x 2] 9
&lo] stirred batch cellA % (AmiconA}, model
8400)F eo]43sirl Fo FEHg Absly 1E
gy g9 #4 F34-83 stirred batch cell
A A 5 Fogd T ¢HAA Az
]z s} ot

3.2 4N 4 diY

A48 4= 431 254 (Banstead, U.S.A, con-
ductivity; 18megohm-cm)E Al4-sl9ich, A=3 3
AR e £4 SHEE 078MParty] GHE 27}

Membrane J. Vol. 6, No. 2, 1996



90 AAS -k

0.010 T Y T T T

n
s

E

S~

o

= .

~— e °

v \\\\\\\\

2 0.009 —~e B
= \\\\.
1

Q

-

©

z

'Y

=

o

[+

0.008 1 i 1 1 1
0 10 20 30 40 50 &0

Rotating speed. @ ( rad/s )

Fig. 2. Effect of rotating speed on pure water flux
in RDM at 4P=0.1MPa and 25C.

21719 EAstgiet. 28|z, 0.1MPad] st 7
£ & QoA 52.36rad/sE ZF7FA 7Y =4 F3}&
ZAEES vlnd 353 YAHd o7 oY st
25+ 0.5Co 4+ F&35}%ct.

WogeH(F)9 44 EC-50 94 o=Ad A
5 AHgstalch. Addg A EC-50& 05~5
% gfo = 34 FMz3to] 0.1MPad] oM 7
£5 & 52.36rad/soll 4] 2.62rad/sE HaAl7]H H
& 25388 zARlgY. 28w, 44 5E 20.94rad
/ss} 1047rad/sE AT ¢HS 0.78MPa7}7
Z7H0A 37 3 A F23E (limiting flux)

mu wlo If

>

4.1 =5 Fitg £

1% RDMdlM & 73§ 0.1MPad] £33+
2H(AP) &l 4 9.45x 10 *+0.28 x 10 *kg/m?-s&
Amicon celld]4] & UFehS A}&3sto] ode 947
x 10 %kg/m? st Aol wiste] & HH Adeje <k
3% Ao® wHE

1% RDMelA #dsa=te] ZH42EF 04 52
36rad/s7hA| wiie] ste £ F3 5
Astgern 1 ARE Fig. 2o dehlido 15
RDMAl A &4 Fagd sjxude] 7&e7t 0
ol 4] 52.36rad/s2 Z71E¢4E A

o
lo
3
oy
uju

N

4,
=
Ho
i_ll’

N
3L
nZ

Audal, A6H A23F, 1996

4
ofk

8000 T T : . . 7
F 2
7000 ® Net of Press. drop, r = 0.976
Vv Centifugal Press. drop by calculated
~— 6000 |- B
©
[aB
— 5000 t+
a3
2
5 4000 +
)
5 3000 + i
E] . press. drop
8 i of slip flow
— . i —
a. 2000 3
1000 |- 4
.
0 1 " 1 1
0

10 20 30 40 50
. - 2 2
(Linear velocity) ', (wr), ( m/s )

Fig. 3. Pressure drop versus square of the linear ve-
locity (wr) in one-shaft RDM.

T A % b Ae(Post B EH9
ooy EFel A3 by A3 (Pa)E Hd 5=
A4 3.9%7H ZFastict.

Fig. 3% A%=(er)d 371 & &Y 3
Bojgch £ FHES ¢ wHHEE A
e o5 FHEY AolE FATo=N Y H
£ ALE 5 ok ASEel & fasHHAH(4P)
© AY ZFENEH A (D3 o] FAT F o

APT:HdP—PpFPgm (17)
=4P-113.22 x (@r)*

1% RDMel4 A4x F7tol o8 3dgy A
Hol| gk ¢4 g A (6)o Hgstn AR
#& A (18)2 bt

Pee= (0w’ r%/2 go) (18)
=50.86 X (wr)?

SELS FA%Y oIy B 9T Y B
£ sl o5 AA Y A ALY Ny
FAZE QA S Y e AdE gel
22 4 (19)% ol ¥Y 4 Unk.

Pg,,=62.40 X (wr)? (19)

A (17), (18), (19)F wlzdtd, HA 2 15 RDM
ol 4} EHF fAe ojny BFo o7 4 7
ste S|ABY FA7E e 9AHd 9% ¢y et



1% s|xu3 UF 259 %

0.009 . y y

0.008 |- J
0.007 |- 1
0.006 L e S

e
4

0.004 - -

Flux ( kg/mz.s )

0003 @ w=5236rad/s v w= 4189 rad/s -
VY @W= 3142 rad/s O w= 2094 rad/s

0.002 + .

8 W= 1047 rad/s & w= 7.85 rad/s
0.001 - A @= 524 rad/s O W= 262 rad/s |
0.000 L L L

10 20 30 40 50

Time ( min )

Fig. 4. Effect of rotating speed on flux decline for
0.5% cutting oil emulsion in one-shaft RDM
at AP=0.1MPa and 25°C (Pure water flux
=9.61%x10"%kg/m?*s).

o vk e 2= AT T £ 3ok 49 A%E
¥el Al A4g AN 4Y Fse 94d o
U 7dshel o 299¢ & 4 Sk

4.2. Faw 2e
4.2.1. M50 oiE A%

1% RDMel4 =44 EC-50 AAH-(0.5, 1, 5%)
< AHgsted] Eeleta wadste) 7k4¢ 3mm, 0.
IMPa®] A} (IP)E uA}stz, FEro] W
3o @ FAEE A A we}t 2Asqgo.
Fig. 49 05% 2459 A3 AAE e}
4427t 4% REL 52 A At g o
Ao, AeFE Fage Ay YT Pas
ot

AAFE 0.1MPag] EAYHA(AP)H Z&x
o T o g2 Fe 4Ye S5ty Y7 5
&9 AFE Fig. 59 oebch. 72T} 52
36rad/soll 4 2.62rad/sZ 7484 E B8l b5
05%d o 653x107 %4 45x10%kg/m*s2 7}
23kdeh. 1% Y o 5.37x 10 %) 4 2.74 <10 %kg/
mis2 7+adl3, 5% % o 3.78x 10734 1.14 x
107kg/m* s 7t2stgeh. dAZ Sort Yese
3 Mo e Ax ot} wEiAe] Zrlo o)

HAZ B3hgo] F7loe A%E oo A 7 &

29 2 Oil Emulsion &8 24 91

0.008 T

4

0.007 B

0.006 jog q

—~
7]
2
£ 0005 - /——0—4’—4 i
» d
i 0.004 |- f o
/
x o V/V/
= 0003} / " _
™ ® v/
0.002 | 7 © 0.5% 0il|
V/V/ ® 1% 0il
0.001 -
v 5% 0il
0000 I 11 1 1 t
0 10 20 30 40 50 60

Rotating speed, @w( rad/s )

Fig. 5. Effect of rotating speed on flux for cutting
oil emulsion in one-shaft RDM at JP=0.
1MPa and 25°C.

0.010 —— T T T T T
0.008 - -
12
Nt
E 0.006 e 4
no
4 f/.‘ﬁ———"‘
b
0.004 - 4
= .
.
- T
0.002 + \—V\v\v/v -
0.000 L i L L !
0 10 20 30 40 50 60

Rotating speed, @ ( rad/s )

Fig. 6. Effect of operating sequence on flux for 1%
cutting oil emulsion in one-shaft RDM at 4
P=0.1MPa and 25C (Pure water flux=0.
58 x 107 *kg/m?-s).

T w7} 2094rad/s o|AlME 3Ho] ZrlFedg
73 dAHE Fohgo] AL, o) Z&n
o F7hsh T doo] A A falo) Ex
Rt JEEE o = Ut LA weAU4E £
Fgo] Frlste AN o FHA S demn
b F7teke] HbsHo] HEEITE grE w3
(bulk)Z 4tsl7] w&olrt.

j

Membrane J. Vol. 6, No. 2, 1996



92 A - =25 F

0.020 y . T T T
0015+ 4
)

W
g
o v Ty
A 0.010 / 4
~ V——v
§ v V/
™

0.005 - .

® Pure water, W = 0 rad/s

v 0il, W= 20.94 rad/s
¥ 0il, @= 31.42 rad/s
OOOO 1 1 1 1 ]

00 01 02 03 04 05 06

Pressure,JP ( MPa )
Fig. 7. Effects of transmembrane pressure(4P) and

rotating speed(w) on flux for 1% cutting oil
emulsion in one-shaft RDM at 25°C.

Fig. 69 15 RDM& 2452 52.360]4 2.62rad
[sB RAARE a7 £4% F oA 52.36rad/s
77 Z71ste) SAE JF FHEE el F
Fgo] 2719 o2 FHBHAE osten AT
Enlg 74 dodoh DT Ewe] @ 7|E
ABoZ 248W A4EE FIHAAS FHE0) 3
B2z otor waAd oAt FIgg BT
£ Ao

4.2.2. 70| WE HE

1% 2A4#+E 15 RDMAA ZFE&x(w)E
20.94rad/s, 31.42rad/s2 TAA7|Z A ¢H3}
(4P)8) 27}l E £35¢ ZAkshe] Fig. 79l 1}
shusich S3ge e FHAME Steol A2 ¥
daiv}, dEel Frlol ue} Aol FANLLEHN
AF 4d Zvbo FHsA FA FRE =2
t}. &A B2 (limiting flux)e 222t ZHe A
2o} wxol ot RepAlch 1% 2Aee 9 5
H4e 0.39MPad] 1 s}HA(AP)ollA Z& =7}
31.42rad/s% o 1.14 x 10 %kg/m*-s& 20.94rad/s 2|
9.15x 107 jkg/m -sdr} 2.28x10 *kg/m*-s7} ©]
th otEe @A F3g o4 FrHATIE bl 9
& 7’”01 SAYA o358 T3] B A

Angal, A6A 23, 1996

300 T T
ittt =09
. 280} Oil. r = 0.947 _
an v W= 3142 rad/s
< vV @= 20.94 rad/s
v 200 i
o
g
~
w 150 g
2
e
@ 100 4
o
o
2 .
— 50 |- ® Pure water |
@ = 0 rad/s
2
r = 0.999
O 1 1
0.00 0.05 0.10 0.15

Inverse Actual Pressure, l/dPT (1/Pa X 10* )

Fig. 8. Inverse flux versus 1/4P; in one-shaft
RDM of 1% cutting oil are replotted accord-
ing to eqn.(12) at 25°C.

4.2.3. AR En2Y &Y

Fig. 79| A%& 4 (17)o] 4435 fastzyst
(4Pl SgEe F35E BAbstm, 4 (12)e o
2t F3g3 gtgel 948 Hsle Fig. 8o vepy
adck. A (12) rﬂr_ A, Fig. 844 7]%7]& R,
o AFHT YHHE 0o st} AR 1% 2
g9 FF R .3 0= 27 1.12x10'm/s, 66.22m
/s-Paolqich. 1elz, ol di’t Zo] AR,
1.06 x10'm/so| 22 1% HAtf9f oo 4 ot
A& (R=R .-R.,)& 6.09%10°m/solglch. o 7]4,
R .=R.+Ri¢l2 R.¢] Rt} sf$ 27] ofFof
R .~R.22 & & gk 99 ZANERH 1%
RDM & A}%ﬂoﬂl AAGE 28E o, o] HHY
A 3o oo 4 o&Eas|vh= Az
FEE %wﬂ gakg A wE ¢ ¢ ok

Fig. 59 A#g 4 (INF 4 (12)e] 24344
% 2o A4 g2 0% Aok 974
R .& Fig. 8914 & g& AH4(R ,=1.12x10'm
/9)8tgch. O& uHElAel| o3k& WounE P9 A&
S(wxr)ske] FAE A7) 3l Ao o

sto] & I GEE Fig 901 debiqlch
Table 1o g5 B (wr)’ o gg viehi o
¢=B(wr)’ (20)



1% 3493 UF 252 £32d ¢ Oil Emulsion 8 &4 93

10000 —
. L

® 05 % 1 =0951

~ v 1% °=0.955

© 2 L

o v 5% r’=0992

9 o000

g

-

=] [

=

=

2

Q100

g

&

L

[e]

(@]

10 *
0.1 1 10

Linear velocity, @r ( m/s )
Fig. 9. A correlation between @ and wr for cutting

oil emulsion in one-shaft RDM at 25C.

Table 1. Coefficients of @, 8 7, B According to Eqn.
(19) for EC-50 Cutting Oil in RDM at 25°C

Bulk con-
centration a B B y
Ca(%)
0.5 62.56 -0.39
117.94 0.76 137.02 -0.47
5 385.31 -0.54
Average -0.47
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Fig. 10. A correlation between B and CB for cutting
oil emulsion in one-shaft RDM at 25C.
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# A

B Coefficient of eqn.(20)

Cy  Bulk concentration of the rejected solutef % ]
J Permeate flux[kg/m?*-s]

m Mass of particle[kg]

AP Operating pressure( Pa ]

AP, Effective transmembrane pressure[ Pa]
P,.  Pressure drop of centrifugal force[ Pa ]
Py, Pressure drop of slip flow[Pa]

P.. Net pressure drop by rotating speed{ Pa]
r Radius of rotary disc membrane[m ]

R Resistance of membrane separation[m/s



1

Ay

R.  Resistance of membrane[m/s]

R;  Resistance of fouling[m/s]

R,  Resistance of gel and concentration polariza-
tion[m/s]

az2|oja X}

o, f y Values of eqn.(16)

o
w

4.

Coefficient of eqn.(11)[m/s-Pa]
Angular velocity[rad/s]
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