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WA DB X 2o B R ELWR DT AT 7T
5,

AWFFRIL, REZ DA NER RSN DOS L ENE
DR AN FEBLDS B TODIRIFENZ LD E Sy e T i
HICHTESED LI ZOWIEIZIY 447 J7 T nR
— ML OiaEIfEE A T D003 E O P AR ARk 0 A H
BBAT BT S KPR O BB LA "I EEIC
T5HDThHDH, AR O TICEVEOILHH RIX,
DIREORIZED H 725 | R LB IRRE ORI
HEKT 2D THD,

AN TIE, PARRIBRET O RELZBEL, &
WIBIETE R A ST HZ NI SND , T AR
23K 60°C IZBlZE 415, poly(2-ethylhexyl acrylate) (
P2EHA) &V &5 F BRI A Rl L | & 5 13l s
DB EAE OEIN 21T o7,

2. % B
2.1 P2EHA D%

2EHA @ H A 1% . 2,2’-azobis(2-methylpropionitrile)
(AIBN) Z A BHARAN AW 2@ E OF PV ER D
TNZ, benzyl 2-bromo-2-methylpropionate/CuBr Z£¢H L
TR RBENT U HVES (ATRP) XV To72, bl
P2EHA OFFPEMEAT L THOF A5+ 8 4y B i fs
B ATAEBREZR 1 ITEED TR,
2.2 BNFRURIREORS

oy PRI 100.0 mg @ P2EHA & 2.5 mg, 5.0
mg., 7.5 mg @ DBI8C6 % 1.0 cm® ® CHCl; (Z¥AfiEL7-
VA% 48 mm NEEDL Y — LA AL, ZHUC PTEE %
FLI% (Omnipore Membrane Filter (Millipore Corporation) ;

1. @50 FHEEIRIESERS (P2EHA) ORFIEAFHT

10° M, M,/ M, T,/ °C
P2EHA-1? 19.8 2.86 -60.5
P2EHA-2° 9.8 1.20 -63.2
P2EHA-3° 7.9 1.19 -65.8

? Prepared by using AIBN as an initiator
® Prepared by ATRP
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B, 47 mm; FLEE, 0.10 um; ZEFR=R, 0.80; JBUE, 80 um)
BIRIELZ, 2OV —L&ET U —HIC A, — BT
FTHZEIZIY, HESEIZ CHCL RO EREAT -T2, Wit
1% 25°C 12T 5 B, S512 40°C 12T 24 Bz td 52
LICIVERELEZ (K 2),

2 hr— UL, 100.0 mg @ P2EHA % 1.0 cm® @
CHCL; (ZHfRL . ZAV% 59 BP0 Fi B & [F AR D
FIEIZEVER L,

2. 3 [EEIEEER

3 IR LTz D7 Mt JEBR 2L E C o THERE R
ZAT o7, 2R A E B U A IIEEREIL 2.4 cm® Tho
770 BILOEFEIL. FHFH 40 cm® T 7=, L-side |ZfT
TEWREE D KCl KR ZHAG L | R-side IZITMIAK A AL
72 MG 5 F BRI 40°C (313 K) | 30°C (303 K) | 20°C
(293 K) DZENENDWRERIFITTHT T2, ENEND
WIRII~ T R T A I AR —TF— X > TR LT, Bl
{fI] (R-side) ® KCI #E1E Kohlrausch 7'V ko Tl
TESNDIRPUEL E HSNAREE T > CREL T,
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JfE—C‘-); o/ﬁ

E:O | \i/O O\ \
C“”"z /\O O/ =
CH=CHzCHzCHzCHj,
J‘:Hg K/OJ
CH,

P2EHA DB18Cé6

X2. fEZFE (P2EHA) L FF /L hTF o AR —4— (DB18C6)
Db A%

PPLM

l Kohlrausch Bridge I

L-side R-side

s !

[€— Water bath

Pt electrodes

B4 3. [k SEBRAEE DA

3. BREER
3. 1 KCl DiR#iE DEREL

K412, ENEND5 T &% D P2EHA 2~ v
ALLTH T D5 FHRIDIRIEIZ 22 KCl kD 40°C (2
BUIHREFEAE R LT, T ENDBERRE 7% EFIR
ReL R7e Uz, 2 b — VI35 T KCl Ok 2381

(a)
5
L]
£ 4
Q
[e
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~— ©, 244 W%
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g 2 @, 698wt %
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- 1
O 1 1 1 1 1
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Time /h
(b)
4
e
[SI
Ie]
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~ o O, control
:c: 0,245 W%
E B, 468 wt%
S ® 698 wt%
o 1
0 L L
0 50 100 150 200
Time/h
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1.2
]
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o 08
£
e
O
X, 04 .
v , control
e ©. 245 Wt.%
@ 476 wt.%
® 718 w%
0

0 2(I)0 4(I)0 6(I)0 800
Time/h

4. JEEE DRI, (a) M=7.9 x 10%; (b) M,=9.8 x

10°%; (c) My=1.98 x 10 (BRIDETREE, 40°C)
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w5, WibidA, Arthenius 7 ay BB ZEICED, K
DGR D BT OTEHAL =RV —ZF T 528N
Hisks, ZO# A XY, 7'my U7z Arrhenius 77 M2 X 8
({29, P2EHA LOAIRRS = im0y T-BPiiEo K
5D BT OTEMEAL T L —1% 33.2 kJ mol! LR 7E
iz, HBTAEBIRE D) -10°C D poly(2-ethylhexyl
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CNOOEVEREA LT 272010, HALBEE | BAALRT
PARN—H R BALEE IR LD T SRA IO R E

(a)

10®
@, transport via transpoter
O, control membrane
= 107 b Mp=198x10°
o DB18C6, 2.45 wt.%
e (6.13 x 10 mol cm®)
O Experimental temp., 40°C
= 8 L
5 10
[=]
£
o 10° r
-
10—10 \
10° 10 10
[KCl]o / mol cm™
106
@, transport via transpoter
— O, control membrane
= 407 L
oy 10 My =1.98 x 10*
DB18CS§, 4.68 wt.%
£
I (1.17 x 10 mol em™®)
Experimental temp., 40°C
£ 108 77 '
1]
©
£
il 9 L
¢ 10
-
10»10 1
10°® 104 103
[KCI]y / mol cm®
(c)
106
@, transport via transpoter
— O, control membrane
< 107 F M,=198x10*
o DB18CS, 6.98 Wt.%
e (1.75x 10" mol cm™®)
O Experimental temp., 40°C
e -8 L
5 10
Ie]
e
- 9 L
I 10
-
10-10 L
105 104 10°

[KCI]o / mol cm™

6. KCI It R FE (KC) I BEARAFE, (a) M,=7.9%
10%; (b) M,=9.8 x 10%; (c) M,=1.98 x 10* (#51EEE, 40°C)

F2IZELOTRT, AT TEIZESNLZ K Ot
FITIRIER & 3/ FTAIE ALV & OME Th -
77

T T AEERBIRE D -65°C LOBIRW &4 T4 82 &5y
FHEEEO B~ )y 7 AL TERATHZEICEY, &5
IZEWERE 5 2 D@50 TR A S 952 &vA]
fE&72 59, F12, DBI8C6 DDV, HORFEDEIEA
o w BRI AN AR — 2 — 2R AT 5

LI AR OE R A A & BRI IE% 5 5 8 5y
TR DO FEAT N AT REL 72 D,

1.2
e
) 09
[+
£
- 06
= @ 313K
g S, 303K
— ), 293K
“~> 03}
~— M, = 1.98 x 10*
") [KCllp = 1.0x 10* mol ecm®
[DB18CE] = 6.13 x 10°° mol cm™?
0 c#% . :
0 500 1000 1500 2000
Time /h
7. FREEIZI1T D KCl IRHGE DR 2t

T/K

320 315 310 305 300 295 290

'192 T T T T T T T
T_C -19.4 |
o
E -196 |
Q
g -19.8 |
o]
é -20.0
=
< -20.2 |

-204 1 1 1

31 3.2 3.3 3.4 35
10871 /KT
X 8. KCI ik DI K AT, M= 1.98 x 10*; [DB18C6]

=6.13 x 10° mol cm™
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& 2. fliz DIFRFEEORRIMERED Lk

J (normalized flux of K
membrane (mol cm cm™ h™) flux ratio Operating temp. / °C T,/°C
(mol em™) (mol em™)?
P2EHA-1/DB18C6 * 5.88 x 10° 35 40 -60.5
P2EHA-2/DB18C6 ° 6.58 x 10* 390 40 -63.2
P2EHA-3/DB18C6 ° 133 x 10° 800 40 -65.8
P2EHMA/DB18C6 6.20 x 10° 37 40 -14.3
CHCIDBISC6®  le7x1* 1 » -
PIM/DC18C6 * 2.37 x 107 1.4 25 —

* Present study; M, of P2EHA = 1.98 x 10*

® Present study; M, of P2EHA = 9.80 x 10

¢ Present study; M, of P2EHA =7.90 x 10

¢ Cited from ref. 8; M, of P2EHMA =2.50 x 107
¢ Cited from ref. 14

f Cited from ref. 15

4. %8

B RN | BRI T T AR EE 2
7% poly(2-ethylhexyl acrylate) (P2EHA) % A&~k
7 AZ., dibenzo-18-crown-6 (DB18C6) % h7 2 AR — 4 —
ETHZEIZIVAIKR LT, KCl 2T VIE LU TERAT
DT TOIEMERER M 2T o 72, AMFFEIZIS W THIRS
NIz R L KCl Z st Uiz, KT Opiaix,
JERNDRZ AR —2— R EEIZ B | F, AL T
DOIEEREDZED " FlZHFILT-, ZOZEED, FxUF¥
— JE A I Lo TIRERE M T O QDD S iR S LT,
Moo 105 168 P28 1 v 0 F- BRI IR N A AR R - D IR AL D 431
BIEAFL ., RS CThD P2EHA D4 T REODIKT
PR, RN B R U7, 7, et (T R B LK
FEL, BEEAREE 0> BT HE, WRAIEEIL 72,

IHIT, @V E 522 5 TR IR IR BIRL T 5
ZEIZED AR E ISR L TS A e Bz Rl
T, DUKMEAR S~ &4y FHHLIRIE O 73 rl aE & 72
596

i 5
Dca = diffusion coefficient of the free solute [cm® ']
Dcr = diffusion coefficient of the complexed solute
[em’s™]

Jo= total flux of the diffusing solute, K', across the

membrane per unit membrane thickness [Jo = O X
Je,obsa; Mol cm cm? h']

Jeobsa = observed total flux of the diffusing solute, K7,
across the membrane [mol cm™ h™']

k = partition coefficient of the solute between water and
the organic membrane [mol™ cm’]

K = equilibrium constant for the association [mol” cm’]

J= membrane thickness [cm]

[DB18C6] = total concentration of complexed and
uncomplexed transporter, DB18C6 in the membrane
[mol cm™]

[K']= concentration of the diffusing solutes, K, in the

source phase [mol cm™]
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Summary

Separation of mixtures with similar or same molecular dimensions will be attained by using a membrane
bearing molecular recognition compounds or functional moieties, expressing molecular recognition ability toward
the target substrate. In such a case, there are a couple of membrane systems, such as a liquid membrane and a
fixed-carrier membrane, in which molecular recognition materials or functional moieties working as molecular
recognition sites are attached to polymeric membranes via covalent bond. A liquid membrane with a transporter
for a target molecule will directly reflect the affinity between the transporter and a given target substrate.
Construction of liquid membrane is easier than that of fixed-carrier membrane, in other words, a liquid membrane
would be constructed by one easy operation, dissolution of transporter into solvent. However, liquid membrane
has drawback in long-term stability, such as the evaporation of the membrane solution and “wash-out” of the
transporter and/or transporter/target molecule complex during the operation. Overcoming those drawbacks
mentioned above, liquid membranes would be a promising and mighty method to separate a target substrate from a
mixture containing compounds with similar or same molecular dimensions and showing similar or same chemical
and/or physical properties. A polymeric pseudo-liquid membrane is expected to give durable liquid membrane
systems.

Novel liquid membrane system, which has been named polymeric pseudo-liquid membrane, were constructed
from poly(2-ethylhexyl acrylate) (P2EHA), which showed rubbery state under operating conditions, as a
membrane matrix and dibenzo-18-crown-6 (DB18C6) as a model transporter. The membrane performance was
studied, adopting KCI as a model substrate. The present polymeric pseudo-liquid membranes transported KCI.
The transport rate of K was dependent on the concentration of transporter within the membrane and on the square
of the concentration difference across the membrane, implying that the membrane transport was attained by
carrier-diffusion mechanism. The membrane transport ability was greatly affected by molecular weight of
membrane matrix. The K' flux was increased with the decrease in molecular weight of membrane matrix,
P2EHA. The flux was also dependent on the operating temperature; the transport rate of K™ was increased with
rise in the operating temperature. The present study revealed that polymeric pseudo-liquid membranes are
applicable to membrane separation as one of liquid membrane transport systems for the recovery of marine metal

resources.
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