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Transport of Zinc lon in a Contained Liquid Membrane
Permeator with Two Micro-Porous Films

Chang-5ik Ju, Seok-Hea Lee, Min-Gyu Lee, Seong-Sac Hong,
Hong-Doo Ha, and Suk-Ki Jeong
Dept. of Chem. Eng. Pukvong Nafional Universily
(Manuscrip! received 11 December, 1999)

For the pwpose of development of a liguid membrane permeator which separates metal jons from agueocus
solutions continucusly and effeclively, a continuous membrane permeator with the membrane solution trapped
between extraction and slripping phases hy two mcro—porous hydrophilic films was manulactured.

Expenmental researches on the separation of zinc ion [rom agueous solutions were performed in the liqud
membrane permeator with 30 vol % IxEHPA solution in kerosme as liquid membrane. As resulls, the liquid
membrane permeator separales zinc won from aqueous sclubions continuously and effectively in the wide range of
operating conditions. A simple mass transfer rate model using equlibrium constant of the exiraction reaction [or
the system used were proposed, and the model was compared with expenimental results of separation of zinc 1wn

in the permeator. And the effecls of operating factors, such as

space lme, pH of extraction solution, extraction

temperalure, on the separation rate of zinc 1on in the permeator were expenmentally examined
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Fig. 1. The schemalic diagram of contained ligud membrane permeator with two muicro-porous films.

1. extraction solution reservoir
2. stirrer

3. drain tap

4. liquid merhrane reservorr
9. stripping solution reservoir
6 extraction phase
7 liqwd membrane
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8. slripmg phase
9, feeding tap
10, teflon cell

11. teflon seal

12 memhrane filter
13 peristaltic pump

o, #&7] 27 ATe] ug FEAW HF4Y BE
W2 FAAE ANEE fel Fig 2 GEY
T Fig 28 B9 $%0 AZH] U Age] 34y
dAxE 337 23 Azre] AW 2349 obd
FEE FERT AFHE old FEE FreTL o
A A7l AT FEe] AAgHG] mEse 7 4

B A2 9 Auth

22 274 E 5 FE7 747 gades
£7T 5P okl vEIL 9% fAdLE o
F&4 24 obg ol ol A%t Fo| FHEE /WL
Bhit Acs B 4 gk 3% 238 e A g
10 - 15 Aol AdEta FE7)7F A 295
wo
—m— 5T =571|n1]
= 8T =364 (ar)
— b —m— 3T =282 |hr|
E L =3 ST =113y
20 /’ .
£ i v -
E ED qu
g [ =7 e
£ . AT I 0 g ///.o—o
E a0 [ «cyo» Ealhe
v T mmm B wm -
Vv;/r-:'(-:rw - [
A " el
W.t:,'PJ"--'—-—-_-ﬁ.... -
o
1

2 H 10 3 a0

Cperating Time [hr]

35

kg, 2. The representative concentration profile of
Zinc 10n in extraction and stnpping solutions
wilh operating time ar vanous space times.
[T=30C, Crna = 00Incl/ £, Crrgo, = Lmol/ €]



T,
¥
)

ol
o, i

O]

rd o
il
) ¥
nf
e
) o
Mir ok ol 1o G5 ok or

oo
‘i

v oy

iy
it
3

ol
EA
o

i)

2k |o
e . K
o B ool o
o
Ny
w7y
3]

o M1 32 o

2

£,

fel d

1=
el
4 5

o

dol TAE 28l

b7 szl el

S
=
1

-
1Y)
o
o
oA
of

(il 12 N0 cfr rif ol 7l
=

> 2
P = e

hu
N
1

hald
ol w2 ofd o]2 2] ¥
= Fig. 3& 21, #7710
Z4 ofd 7] &7 7

- Boeli gt} o

uu}

ol

o
o
>
[
H'

15
o

|

© gy
ofil kT

B
—_

ol
-

rir

L v e

A LI Tt
e 2 4 L iy

|
A

[
n

o
—_

2"

il

o
0

o of
F1
ot
rle

i Corfe o N o RO
Book
1!'.‘1_‘
D_w.
o,
e e ol
>
Ao
o 2 oor o PYoax o %o 2 g ofy ofw e D

L

ik

>
= oo
_Dl_\i‘
Er 2

B
n
2

_“ng
2 e

=1

_C‘)L
=

"

Mom
=

o JF
HES

s
‘512_'.
£
E

.

=

s

T

=k

im

19 ox

I
)
=

4
2

o
i

= g op

9
2
o2
o
ok
=

=
bt
uel

pa

lo

tu

=0

o

cn M
N

ik

i

Basractien Elciency [%]

e
T
-~
e

.
30 -
0 ~ 063 meut
—&— 00§ mollL
¥

-~ 0005 molL
—m- 000153 mold

a ' 2 k] 1 5 5 ?

Space Time [hr]

Fig. 3. The effect of space time and wmtial zinc
concentration of feed solutions on the exira-
ction efficiency of zine ion in the permeator.
(dotted line is i balch permeator at the
same conditions)

e L,
FEELE

A5} %z

ra
L
o
=2
ol

182

=

$4 4 7)

—e— D03 Rl
—h D00 ol
—m— 1008 sl
—¥ DONIEIna,

S

o 2 E] a 5 [ 1

Flus J pmal Frr]

Space Time [hr]

Fig 4. The influence of space time on the zine [Tux
at varous

extraction solutions

mitial concentration of zinc

=
. 2

5
dk o

it
i

ol
o s
O 1

arol

-
off
H1
N
sk
ol
St
e}
of

ot
5=

L

HalA, fluxd

3] & oy et
#yl Fro &

Z uEd Aol Fip. 59]h Fig. b
o & glth ZEu, ol d o]
Feg s dA&ae Fu

ol £e] FA A

TN L w7 MR Ehe] ofel o
T o

o ¥y ¥ we g Ae flux
sle ofel ol2e §Y Frol Wi
- 2 obEbE flud] F0F Fx0t AA g
H9 557 2 AN (s
28 HE w27 2 4949
Azte] g ol Fiha|le] Fxhu

]

AE flux?t #

[5]

I

o]
=

FE fluxrt G2ets Aoz velgdrl

a3 3k HAgL 2FAH AAE ol R &2 B
a2 dogg = 9tk

B odpea] AAIS ofd o) Fx mddA FHY
2] o}l o] HFY FE7 W EE FAL=E flux [
{(13) A3 Zo] 5] fluxr} oled o2 W Fioo Al
g Aoz ez gtk o] o] wEAEE /R, =
D2 3348 #addg D8 F24 A9 F
#A 4,9 ¥ 2 et B Aelsde mdke] dEn %
oA AdEn Adotn 7pAEY o F gEL 47



ARGE olgahe oo FE
SEE fuxrt obddele WY wEe wel FAsoz
Frrete AE dEbA Ak o] W, o] F g ul=
Fig. 5914 34 Rae] 7lgne & 4 yo
75
20 T
—
/A/ri
T [
rE' 18 J //A/// -
& ‘/‘/ Py . .
s / -
I
3 10 '
) /' - -
T ’(/// =
I —#~— Space Time = | ar
o —k— Spaca Time =2 hr
08 = Space Tune =1 hr
v Epere Dime =4 br
—%— Spaul Thra =5 hr
—+ Space Tire =3 he
ang

000 o 1} 13 04

Equilibrium Zn®" Concentration [nd/ 1 ]

Ig. 5 The comelation of zinc flux to the equil-
ihrium  concentration of zinc solutions  at
VAroUs space time.

ol o] e HY FEIl L
B vhg) o] olel o) 24 fuxr}

2 ¥y,

ey

]*;u

g Addes 7
HHL 7’ L8 93
=7 003 ml/ ¢ = 7t
[(Zn*loofl Am=]  rhapsd,
[Zn" Lol 2 2A slelvhs Aoz ehdoh

;‘:J..

163

&7 Wl ot ol o) F

\

- on Rl
L
E09S mat
= 10015 main

J—

Ecuutrium 2t oncentrasan maln |

'—~___‘_‘___'i—__*_ﬁ_'

o f 6 '

Space Time [hr)

The concentration prolles of zine ion m the
permealor with space lme at different 1mtial
concentrabions of zine ion.

o] &2 FLEZL 100ppme H(o}ld o
PR gR Head 2% &x) 25
Yeblx 9l Fig. 7 B, 2%

b Qi
& Muxe 79 3

3
&

=

o

P
o fo rie

N
o
o rle 82 orlo

=
-

URL:
-

e o,

rir i — J

o]

re

el oel & Nuxr}

e,

{13)

A
N

oli

Flux o [m ol

Temperature [T]

Fig 7. The ellect ol extraction temperalure on the
zime 1on flux in the permeator at space ume

of 8 hr

FE/0 R BRd £5) 257 Je 2%

of gH7 okl o) &9 #&e] e §3& ez
Sle Fig. 82 W, 2599 pHA 374852 oba of
& F% Nuot A2 27he o] 2 olF

Ae Ao vehn gf aehd, FE92 piHst 3
FFUEE obd ol FE fuxe] B7HE] WaIE
2 % F Atk olE H¥A AYelA) 2ol HY o
e Qe pHA R 2 §3E uAAY,



B pllrh DA gk olde] 59 A< g TAR &
£ 2

010 -

.

Flux, ! [mn]?rﬂlr]
S
2

02390 4
o 1 2 El 1

Equilibrmmm pH

Fig. 8. The effect of equlibrinm pH of exiracton
phase on the zine ion flux in the permea- Lor
at the space time of 8 hr.

5.4 &2
489 £9 Froles FHHeln A4Foz 1o
U s A9 2713 AU SA0d ¥ e 4
c

g
|
E

aq P 2 oa-;LoM

04% + ich

D E Gl Ags AAEE odste €54 o
g H2E7E 4 A F diA 10 - 15 Azde] FHE
W &F AR wmEEgen, B89 F2EE FUAT
o] Frlees aga o}d olg 2|FEV} HrET
2 E7letdn,

) ol el & FE fluxE ot o] 22 B F=T

a

g e Ffole oy ol BY wke my FHY
Hog FrpakAul ofdd ol #9 WY ¥R SrhEhE
g A gadte] ofdd o8] TR vt 2 9
defl A ok o2 WY Fhol FAsA dAW @&
1 QEME}

) oled ol &a HE wEx FA viel A4
gF_ zhaabd, 27] ol &t BETE HHo| &7

sEd 2Asg,

164

R A I R
4) okel ool HAAE FF luxt FF 22X uf
gt AdxEer Zrlelan, 299 pHe "Mz F71

- 2
A " mass transler area D
d ¢ thickness

] ¢ sleady state zinc flux
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