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A charged mosaic membrane with a parallel array of different negative and positive charges was prepared
from inicrosphere gels. Several characteristics on the novel membrane wcre investigated through experiments
concerning transport studies and membrane potentials. From analysis of the volume flux and salt flux based on
irreversible thermodynamics. the reflection coefficients, os values wcrc less thatnunity and preferential salt
Iransport across the charged mosaic membrane was suggested. Membrane potential did not indicate a constant
value but the absolute value decreased rapidly in a short time. The time dependence of the membrane potential
supported the interpretation of a salt flow in transpoa studies. From potential measurcment. cationic and anionic
1ransport numbers in the membrane were determined to bet, (1.41 andi = 0.59. similar to the values in solution.

LINTRODUCTION the membrane application to various field. In fact.
since Sollner's foresighted study about the mosaic

Our goal is to materialize salt enrichment from menibranel 1-4]. several in estigations have been
sea water at low energy costs. In Japan consisting of presented by many scientists but unfortunately the
islands. we have no natural resources except for salts practical application has r been attained to ip
I sea water. The effective production of salts from now|5-191.
the ocean is one of the expected technological devel- Recently Nakamura et. at developed the novel
opnenms in Japan. Theconventioialtechiniques using charged mosaic neiibrane using incrosphere
membmnes such as electrodialysis methods shouldbe gels|120.211 Before practical application. the
improved to become more effective because the fundamental properties of the membranes have to be
present systems can not provide a highly concenmtraed characterized. In this study, the transpo rt plicnomena
Salt solution. This is mainly caused by the membrane across the membrane and membrane potential were
performance. As one of the potential lechniques, a examtined to understand he transport mechanism of
pressure dialysis using a charged mosaic membrane is salts from a fundamental point of view 221.
proposed. The charged mosaic membrane is well
known as the membrane containing two different 2.EXPERIMENTAL
charges within the matrix[l-4|. The two kinds of
charges. anion and cation exchange groups arc 2.1.Membrane preparation
arranged parallel to each other in the mleTbrane and Firstly eationic incrosphere gel4VP DVB ) and
the array of charged groups links continuously from anionic microspliere gcl(SSNaDVB) wcre dispersed
one membrane surface to the other surface. The In N-metyll-2-pyrrolidone and the matrix resin
charge distribution is supposed to induce concurrent (polysulfonc resin(80Wt%)/polyurethane (20W1%))
nigratioms of cations and anions along the respective was dispersed in the same orgamc solvent. Secondl .

fixed charges(ion exchange sites) and to reject the the Imixed organic so]utions were cast and thirdly the
nonelectrolyte. Then. preferential salt fluxes and the pyridine groups of 4VP wcre quaternarised to bear
resultant separation between electrolyte and calionic charges[20,2 In lii preparation of the
nonelectrolItewillbeexpected Sucliacli erislic iieibrmic. theoretically identical (luamiics of
fe'mure of the mosaic membrane is ery ttractive il positne and ne imne chartes wer ntiodced Inuo



654

ie mniibrane mirtix b tut ihe absolute alues ere ni g cii at each subscript. one cai oblaii the ncmtbanc
Neif ied Net cxperimtental I I at present Tie incibraie parameters cperimana Ills and discuss I he mc mboine
thickness was sl) I.m and the water content was perfornanceshirough thcse pa raiclers|123-261. That
I 7-22%. The membranes were stored in l0 moldm> is. Lp represents the water transport index across
KCI solution before experimental use ncmmbra ne, o. the separation index between

water(sovent) and solute by the membrane and N.
2.2.Transport studies the solute transport index across the membrane

The experimenial cell consisted of two half glass Before transport studs first of all. the separation
ceils and the charged mosaic membrane was tightl potential of the charged mosaic membrane for elec-
elamuped between the two cells Temperature was trolyte / noneiccirohle was exainied. The result in
kept at 250C by constantly circulating water around Fig I indicated that the separation in a ixed solution
lie tw o glass cells during the experiment. Mainly two of glucose / KCI was satisfying and the glucose

kinds of measurements. volume change and salt molecules are almost rejected by the meibranc
coIciuraltion change werC measured as fnctions of
tic by using a graduated capillan and an electrode
it pc conductive meter. respectivcly[23-261

0.02

2.3.Membarane potential
Fh cell for membrane potential mocasurcmncit is

-0.01essentially the same one as the one for transport /-I .._ I
m1 idIes except for the insertion of a capillar, or -e-

conductive meter. Instead of this, a pair of KCl agar
bridges wcre put into the glass cells. The ncmbranc 0 -

0 10 20 30
potcntialsina tenfoldconcentration differenceofKCI At hr
across the charged mosaic membrane wcrc measured Fig. Separation pohmtial ofa mixed solution
bts digil potentiometer connected to colomel elec- of KCI ad ulucose. Am s. At in wale
tiodes through agarbridges|27.28|- mixed solution if KCI and glcose; teum.

Mea.ing of each symhol is ssigned in liguir.

3.RESULTS and DISCUSSION

Based on the above fact. a saccharose can be
According to irreversible thernody nainics easily rejected by the mCinbranc because lie

concerning transport phenomena. the characteristic molecule is larger lhan glucose and it is capable to
parameters of a nebrane such as its filtration produce sufficient osmotic pressure i the water
coefficient. Lp. reflection coefficient. o. solute
permueability o can be deined as follows[22].

Lp = (Jy/Ars)AP ce- (I) -
6

I Lp)(JV/Ans) (2)

(JS/AUS), (3) 2
<2

where Js and Js are voIime flux and salt flux which -
cinn be obtai ned from volume changes in time and salt 020 40 o00 4
con, cntration changes in timle respectivcly, and A t mm in.

mborCover, Anis is the osmotic pressure calculated
fron the concentration differences of salt or Fig.2. Typical example of volume changes

saccharose across membane. It should be noticed across charged mosaic membrane.

tiat h has lida atl e i i f he11 iaport direction AV vs. At in water / 0.5 moldm
3

froiti pure -ater to so-ion tjidcI Ili condition saccbatose system.



655

snccharose si stem. W ien 05 mo Id sacchaurose is
Tal h.lprndeiec ilioLp amid go'. Kl conctenitmtioi,nserted into one side of cell sysicm as typa I c -

ample. tie volune Change driven by the osmnotic K

pressure can be plotted as a function of time in Fig.2 ... l.i.si N v
where the decreased volume changes were taken as
the positive values. The relation turned out to be 0.10 -1.0 -0.17

linear within the mnge of time examined and was os U'68 0.12
suggested to reflect the steady state. Accordingly the 0.25 1.( 0.17
volume flux. JN was deduced from lhe slope of the
linear relation by taking into account the effective 0.s is 0.26
membrane area. 3.14 x 10 nil 1819]. In addition. 063 1.69 0.29

experiments in a simlar system u hich contained an
identical amount of KCI in both solutions across the
membrane. were carried out in order to know the 0.4
influence on the volume flux in presence of electro-
lytes. Inserting the volume flux into Eq.(1), one can
obtain the filtration coefficient. Lp whicli mean 0a-
solvent(water) penneabilty through the membrane.
Lp-s %aluies in the presence of KCI were depicted in
Fig) As seen in Fig.3. the valies were almost

-0.4-

10 -- I I 1 0 0.2 04 0.6

S8 2 0.1 / mcii dm3

- 6Fig.4. Dependence of oon KCI concentration.
E a is reflection coefficient and calculated

= 4 -frm Eq.(2).

2
the increase of KCI flux means that the separation

0 ' ' .4 '. index. o becomes less than unity. Using Eq.(2). oLp
0 0.2 0.4 0.6-. can be obtained from the volume fluxes in water /
Cxc, / imol dm KM systeu and lie values are given in Table I It

Fig.3. Dependence of Lp on KCI concentration, should be noticed that oLp turns out to become
Ip N filtration coefficient and calculated negative with decreasing KCI concentration in the
fron Eq.(1). system. Provided that the water pcnncability would

be constant. independent of the presence of KCl. and
independemin of [lhe KCI concentrat jons in ranges from equal to 59 x W0 ni3N s 1. a can be estimated to be
'cro0 o. noldm' li tlus case, the presence of KCI as given in Fig.4. The values were also smmarized
gave no effect for wvater permeability through the for several KC concentrations together with oLp in
membrane and .9 x 10)< m'N's' for Lp was deter- Table I. As expected from the values of KCI fluxes.
ined asanaveragevalue. hithesystem whereonly a negative value of li appears as the KCI

KCI instead of saccharose was inserted into the half concentrations decrease
cell. the KCI flow due to the concenration gradient In a compartive study with the ordinarx charged
takes place across the membrane. Occurrence ofKC membrane. the filtration coefficient. Lp. in the
low means Ihe reduction of KCI concentrationdiffer- present charged mosaic membrane was almost of the
ence across the membrane and the osimotic pressure same order as those of ion cxchange
dne to KCI concentration difference decreases. As a memnbranes17.19.23-261. Interestingly the reflection
resuilt.voIlme flx ofsolvent was reduced From the coefficient. o has a relal ivel low %-aluc, although
iewooint of separmtion between soltle antd solvent. general al is elose o unit iI the ordinan ion ex-
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cIallg e ..mIImrItIIc. Fuitieri,ro. the deptnd ceii of imI ranI Ii1 ic p1 otenitial reflcect Iihe reI atII C IoII
"on ite electroh te conceiImton uns obnously nIaspa lhrouhi the chiargId membrne hm ii
reognuiied and in case of lie dilute electrolyte nionotoiic ion exclhane groups. II oiier ua
co nccntration. it became negative. It was suggested measurement of the membrane potential gijes us ih.
according to irreversible thernodynamics that the transport number ofthe counterion within lie charged
salts can be preferentially transferred across the membrane. In case ofthe charged mosaic membrane
m.emibrane[22J . having two differeni ion exchange groups. the

As mentioned above, the fact that a in water I membrane potential would be certainly influenced by
KCI s stem becomes less than unity is attributed to the transport of cation and anion in the membrane. If
the generation of a salt flux across the nenbrane. the exchange capacities of cation and anion in the
The solite fluxes in ssteis with several KCl membrane are equal and the syiietrical salt like
concentrations were obsened experimentally and the KCI is also used as electrolyte solution. it is predicted
r,,lts indicated that KC coTIccntratiotns in Ithe water that the ienibrane potential would be zero because
phase increased linearly against the elapsed times. both ionic transport numbers are almost 05. Figure 6
The solute flux. Js was calculated from the slope of
the stiaight line in the same mianner as the volume - -- -

Iluix. Futthiermore. the salt penncabiliy coefficient 10
I was obtained in ternis of Eq. (3). The values of o-

were miven as a function of KCI concentrations in 9
Fi 5. The solute perneabilitics. o-s increased with

5 7
0 20 410 61)

4 t/min.

3 - Fig.6. Diffusion potential,E ts.etapsedtimei

in 0.05 ml di I K(l / 0.5 ma dn IK I
2 ssen.

UKi ' ' ' shows tpical membrane potentials in a f05miiol.m iii
0 0.2 0.4 0.6 KC[ membtrane / 0 mol/dmn3 KCl systemt as n

Cren moldim-3 function of tunie. i contrast to the ordinary charged
membrane, the potential of the system largely varied

Fi, m C concentration. wissalt permeability with the elapsed time as seen in Fig 6 The rapid

reduction of potential means that the KCI flow take
place across the charged mosaic membrane and it can

the decrease of KCl concentrations and the result be said that the fact is consisten with the lou I, or
coimasiled with the decrease of ,. Both o) and , increase of m indicated before. Accordingly tlie
ob iusly confirun the existejice of KCl transport potential - time dependence may be considered as a
Il rLIg the charged mosaic membrane. The o s diffusion potential rather than the steady membioniie
, a]ics reflecting KC1 transport were a 1 fold more potential Thus, in this case it would be suitable to ime

tlinthat ofthe trmnspor throughthe ordinary charged Henderson s eqnation for diffusion potential as
iemibraic{7] and the result supported the above follows.
Imtei])retation ofo. These thermnody naminic paraieters
mceh as I and o in this study. indicate that the E, = RT/F(t/z+ + t-iz- In C'/C" 41

ippicadion of the charged mosaic membnue will be
proising inenrichmentof the salt or getning the pure Before inserting the potential valetis nuo lhe
u ae r from the ocean. equation. Ihe potential valie: wcre extrapolated to t -

It is interesting to view the charged structure in 0 to obtain the initial diffisionpotential Cationic and
mem. ... bmne from a different aspect In general the nionic 1transport innumbers in tie ciared nosaic
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