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Abstract 

Water transference coefficients, water permeabilities and ionic transference numbers were investigated for the cation 
exchange membrane CR61 AZL389. The membranes were equilibrated with aqueous solutions of NaC1 (KC1) and SrCI 2 of 
various compositions. No chloride ions were detected in the membranes. The water transference coefficients and the water 
permeabilities were determined from streaming potential measurements, whereas the ionic transference numbers were 
determined by a new emf method. When the membrane was in the pure KM, NaM or SrM 2 form, the water transference 
coefficients were close to 11, 14 and 20, respectively. The water permeability is about two times larger in NaM than in 
SrM 2. The water transference coefficient is not a linear function of the transference number of Na + (K +) in the membrane, 
as found earlier. The results are explained by a variation in the membrane polymer cross-binding caused by Sr2+-binding to 
ionic membrane site(s). The transport behaviors in the mixture of NaM(KM) and SrM 2 can all be understood by the Sr 2+ 
ion's strong interaction with the polymer membrane. 
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1. In t roduc t ion  model case [1]. For this system we found that the 
number of water molecules accompanying each 

We have recently reported a new analytical proce- cation through the membrane could be taken as 
dure for the accurate evaluation of water transference constant. More complicated monovalent-divalent  
coefficients from streaming potential measurements cation systems have not yet been investigated. In this 
[1]. A cation exchange membrane equilibrated with paper, we report results for water transference coeffi- 
an aqueous solution of HCI and KC1 was used as a cients in the same cation exchange membranes equi- 

librated with mixtures of monovalent-divalent  cation 

systems, using the technique previously reported. 

* Corresponding author. The same technique also provide information on 
Present address: Norzink AS, N-5750 Odda, Norway. water permeabilities. We also report ionic transfer- 
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ence numbers of the ions using another newly devel- A + is either Na + or K +, SrCI2 and water, may be 
oped technique [2]. The combined set of data can be written [6]: 

used to gain insight into structure and behavior of JACI---- - L I I V / / ' I -  L I 2 ~ 7 / z 2 -  L I 3 V / d ' 3 -  Li4Vcb (1) 
binary cationic mixtures of different valencies in the 
membrane. JsrCl 2 = -L:IVIx I - L22~7~2 - L23~7/* 3 - L24~749 (2) 

The polymer electrolyte fuel cell, which uses a 
Jw = - L31~7/t/'l - L32~7~2 - L33V~3  - L34~7~ (3) 

cation exchange membrane, is predicted to be of 
practical importance for zero-emission vehicles [3]. j =  -L41~7/tZl- L42~71./~2- L43~7~3- L44~7t~ (4) 

One major difficulty in the operation of this cell, is The coefficients, L~j, are phenomenological coef- 
the membrane water management [4]. The water ficients and we have L~j = Lj~ (Onsager reciprocal 
content at a given location is a function of the relations). The components of the solution, ACI, 
electro-osmotic flux of water, the diffusion of water SrCI 2 and H 2 0  are numbered 1, 2 and 3 respec- 
and water supply to the membrane from the gas tively. Their chemical potential gradients are V/.q 
phase. Quantitative information on the electro- (i = 1, 2, 3). All transport occurs in the x-direction, 
osmotic water transport, and water permeabilities, is so V means d / d  x. The gradient in electric potential 
essential to control the operation of this fuel cell [4]. is V~b = lim (Aqb/Ax) for Ax --~ 0. The /i~ is de- 
Fuel cell membranes may contain contaminations of fined for AglAgCl electrodes and j is the electric 
divalent cations from the production process or from current density. The dimensions of /i~b and j are J 
the surroundings. The effect of these ions on mem- F -  m and F m-  2 s- ~, respectively. The unit F means 
brane operation is unknown. It may be expected that one mole of elementary electric charges (or 96 500 C 
the conductivity as well as the electro-osmotic water tool-l) .  When a pressure difference is maintained 
transfer can change by introduction of such ions into across the membrane the observed electric potential 
the membrane. A~bob s is related to Ath in Eqs. (1)-(4) by 

Information on water transport in the membrane 
has been obtained for ion exchange membranes with A~bob s = Aqb - / iVel/ ip (5) 

monovalent cations and a varying water content [5], where / i V e l  = VAg - -  VAgCI is the volume change due 
but membranes with a mixture of cations have not to the electrode reaction, and VAg, VAgC~ are molar 
been studied systematically. In this work, the cation volumes of Ag and AgCl. We have A~bob s = EF, 
exchange membranes with monovalent/divalent where E is given in volts. 
cation systems are investigated in order to establish a The composition anywhere in the membrane has a 
method for measuring and analyzing ion and water corresponding equilibrium solution with a given ACI, 
transport in such systems, and to compare the result SrCI 2 and HzO composition. This means that one 
wi th  p r e v i o u s  r e s u l t s  o b t a i n e d  f o r  membrane component can be chosen as the reference 
monovalent/monovalent cation systems. Two kinds for the fluxes without changing Eqs. (1)-(4) (see [6] 
of systems KM/SrM 2 and NaM/SrM2, where M- for further details). Also, integration across the mere- 
denotes a cation site in the membrane, are studied, brane can be carried out over the solutions in equi- 
The results from this work may contribute to the librium with the membrane, over V~ (the Scatchard 
systematic knowledge which gives a better back- assumption). The chemical potential gradient of 
ground for fuel cell operation, component i in an isothermal system; 

V/z i = V/xi(c ) + V~Vp (6) 

2. Irreversible thermodynamic theory has two parts, the concentration dependent part, 
V/xi(c), and the pressure dependent part, ViV p, where 

The theoretical background for the experimental p is the hydrostatic pressure and V~ is the partial 
procedure has been reported previously [1,2,6]. Here molar volume. For the strong electrolyte, SrCI 2, we 
only the main points will be repeated. The flux have; 
equations of an electrochemical cell holding a mem- 
brane which allows transport of the salts AC1, where /z 2 (c )  = /z~(c)  + RTln( Ysrc,~ Csr~+ c~- )  (7) 
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p.~(c) is the chemical potential of the standard state, A ÷ and Sr 2÷, respectively. The transference number 
Ysrc~2 is the activity coefficient of SrCI 2, Csr2., cct- of the cation A ÷ in the membrane is then: 
are concentrations of the cation and anion, respec- 
tively, tA*(m) = [2(d~b/dP'2) + 1] x t (11) 

In practice, the gradient between the half cells of 

2.1. Transference numbers from emfmeasurements cell (a) can be maintained by using a stack of 
membranes. The composition on the left side of the 
cell can be kept constant, while the composition on 

The equations for determination of transference the right side, the test solution, is varied. The emf is 
numbers in the membrane with monovalent/divalent measured for different test solutions. The change in 
cation systems are presented here. The transference /z 2 between two separate experiments is then equal 
coefficient, t i, of ACI, SrC12, or H20,  is defined to the change in /z 2 in the test solution alone. By 
from the flux equations by t i = ( J i / / J ) ~ c  = 0 = t i 4 / / L 4 4  • plotting the emf as a function o f /x  2 , we can find the 
The transference coefficients for ACI and SrCI 2 are derivative (d qb/d/z 2) of Eq. (11), and thus the trans- 
related to the transference numbers of the cations ference number tA+(m) as a function of composition 
[2,6]. For the AglAgCI electrodes we have: in the water solution. 

1 
tAC l = tA* and ts~cl 2 = "~tsr2* (8) 2.2. Streaming potential measurements 

In the solution t A ÷ + tsr2+ +tc t -  = 1, so that tAC t + The streaming potential measurements are per- 
2ts~c~ 2 < 1. We have chosen experimental conditions formed with the isothermal cell, applying a pressure 
so that the membrane is cation selective, tA+ + tSr~÷ difference over the membrane: 
= 1. The membrane transference numbers will be 
denoted tA+(m) and ts?+(m) from now on. Transfer- Ag(s)IAgCI(s)[ACI( xl),SrCl2( Xz),plCJ 

ence numbers of the ions can be obtained from cell X ACI( x t),SrC12(x2) ,p + AplAgCl(s)JAg(s) 

(a): (b) 

Ag(s)lAgCl(s)JACl(xt.~),SrC12(x2.~)lcJ The streaming potential, defined by E F / A p  = 
Athobs/Ap, is obtained by integrating Eq. (4) for 

X ACI(x t . . ) ,SrCI2(x2 ,H)IAgCI(s ) IAg(s  ) (a) Vtxi = V~ Vp,  i.e. with identical solutions on both 

where ICl denotes the cation exchange membrane sides of the membrane. By introducing Eq. (5) we 
CR61 AZL 389 from Ionics, and x t and x 2 are obtain: 
equivalent fractions of the salts. For an infinitesimal EF 3 

= ~ t iV i - AVel (12) change in emf in an isopiestic cell (d/x 3 0), we Ap i= 1 
have from Eqs. (4) and (8) for j = 0: 

When the transference numbers and the partial 
1 molar volumes of components are known, and the 

d t~obs dth = ~ / A + ~ m ~ d ~ l  
- t ~2ts~2+~mjd/x2 (9) streaming potential has been determined from the 

extrapolated emf (see below), the transference coeffi- 
We may integrate this equation across solutions in 

cient for water, tw, can be calculated from Eq. (12). 
equilibrium with the membrane at each location, and 

The solution composition in the two half cells are 
take advantage of known thermodynamic data for the 

identical only in the start of the experiment, at time 
water solution. The Gibbs-Duhem's  equation for the equal to zero. Application of a pressure difference 
water phase with the condition dtz 3 = 0 is: leads to a volume flux across the membrane. The 

1 volume flux consists mainly of water (the current 
Xld/.t ,  l d - - ~ x 2 d / d ,  2 = 0 (10) density j is negligible), so a dilution of the salt 

solution occurs on the right side and a corresponding 
where x t and x 2 are equivalent fractions of the ions concentration occurs on the left side, if the pressure 
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is higher on the left side (Ap  < 0). This concentra- membrane are: specific resistance 250 ohm cm, ion 
tion polarization can be corrected for as described in exchange capacity 2.6 mequiv/dry g resin, water 
detail in our previous work [1]. We obtain content 48% of wet resin, thickness 1.2 ram. Chemi- 

( t,~ 1 ) cals were analytical grade from Wako Pure Chemical 
EF = - t;V i -AVel z i p -  A f /  (13) Industries, Tokyo, Kanto Chemical Co., Tokyo, or 

"= Merck, Darmstadt, Germany. 
Here A is a function of zlp, and remains constant Circular pieces of membrane were equilibrated 
with time if Ap is constant. The emf can be plotted with aqueous solutions of KCI-SrCI 2 or NaCI-SrC12 
as a function of q~, and the time zero value is with the following equivalent fractions of alkali 
obtained by extrapolation. It is the irreversible char- metal: 0, 0.158, 0.333, 0.529, 0.75, 0.871, 0.934, 
acter of the phenomena which predicts this plot, and 0.967, 0.985, 0.99 and 1. The solution concentration 
A is directly proportional to the volume flux, Jv. The was adjusted so that the total concentration of ions 
time variation of the emf with an applied pressure, was 0.06 kmol m -3. This means that the concentra- 
can be used to find the water permeability of the tion was 0.02 kmol m -3 with pure SrCI 2, and 0.03 
membrane for the condition that (1) the pressure kmol m -3 with pure KC1. Solution mixtures of 
difference does not cause any salt transport in the NaC1-SrCI 2 with chloride concentration of 0.01 to 
membrane, (2) the diffusion constants of the salts in 0.0133 kmol m -3 were also used. Membranes were 
the solution are known and (3) the coupling between soaked in their equilibrium solutions for 4 -5  months. 
transports of salts in the solution is so weak that it During the equilibration period, solutions were re- 
can be ignored. These conditions are reliable for placed several times. Insufficient equilibration of the 
solutions of one salt. The water permeability, Lp, membranes resulted in errors both in the water trans- 
with pure solutions on both sides of the membrane is ference coefficients and ionic transference numbers. 
then Five SrM2-membranes, equilibrated in 1.88 10- 2 

Jv A kmol m -3 SrCI 2 for several weeks, were put into 
Lp zip f A p  (14) 0.1 kmol m -3 NaNO 3 to check for presence of 

chloride ions. No trace of chloride was detected by 
where f is given below. For ACI and SrC12 solu- ion chromatography after one week. 
tions we have, using the similar procedure as re- The water content of the membranes was obtained 
ported before in a monovalent/monovalent system from the weight difference between the wet and the 
[1]: dry states of the membranes in the whole composi- 

tion range for KC1-SrC12 and NaC1-SrC12 systems. 
~/  1 The wet state membranes were weighed after they 

f =  -8RTtcj- "TTDAcI (15) were removed from the solution and quickly wiped 

with filter paper. The dry state membranes were 

f =  -6RTtcl- (16) weighed after drying in a vacuum oven at 100°C for 
~-Dsrcl 2 12 h. 

where DAC l and Ds~c~ 2 are diffusion coefficients of 3.2. Apparatuses, procedures 
AC1 and SrC12 in the solution, respectively. 

The apparatus for the determination of ionic trans- 
ference numbers and the streaming potentials were 

3. Experimental  described previously [1,2,5]. The potential between 
the AglAgC1 electrodes was no more than 20 /xV in 

3.1. Membrane preparations a HCl-solution. The test solutions were bubbled with 
nitrogen gas for 2-3  h prior to the experiment to 

The cation exchange membrane CR61 AZL389 protect the electrodes from CO 2 and 02 dissolved in 
from Ionics, Watertown, Massachusetts, was used as the solution. All measurements were carried out at 
our model membrane. Basic specifications of the 25°C. 
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The emf of the concentration cell (a) was mea- 3.0 , , , , , , , 
sured with the reference membrane which was equi- 7 
librated with the solution at fixed equivalent fraction ~ x  

of XAC l = 0.529 (A += Na + or K+). A steady state ~ 2.0 " ~  N~t ' l -  
value was reached within 1-3 h. To obtain good ~ SrC12 
streaming potential measurements, a pressure con- ~ t~..., k , , ~ <  
troller, type 250C Baratron from MKS Instruments, ~ 1.0 
Massachusetts, with a pressure transducer and a con- o g~ 

trol valve, was installed in the nitrogen gas line. 
With cell (b), the emf was recorded (by using a PC) o.~ 0 
every second until steady state was obtained after o 
60-100 s. 

- 1 . 0  i i I i i i , 

-45 -40 -35 -30 -25 
4 .  R e s u l t s  

Chemical potential of SrC12/KJ m o l e  -~ 

4.1. Ionic transference numbers Fig. 2. The emf of cell (a) as a function of the chemical potential 

of SrCI 2 in the test solution for the KCI-SrCI 2 system, and the 

The emf of cell (a) is plotted against the equiva- NaCI-SrCI 2 system. 
lent fraction of NaC1 in the NaC1-SrC12 solution in 
Fig. 1, and against the chemical potential of SrCI 2 in 
Fig. 2. The corresponding results for KC1 are also obtained from the slopes of Fig. 2. A polynomial of 
shown in these figures. Note that the reference mem- degree 3 was used to find the derivative in the 
brane is selected for the solution composition XKC ~ equation. It turned out that the value of the derivative 
or x NaCI = 0.529 in every measurement, so that the was not sensitive to the model chosen for salt activ- 
curves in Fig. 1 pass through emf = 0 at this compo- ity coefficients. The transference numbers are shown 
sition, as a function of the equivalent fraction XKC ] or XNaCJ 

Using Eq. ( l l ) ,  the transference numbers of Na + in the solution in Fig. 3. 
and K + as a function of solution composition were 

30 . . . .  ~ 1 . 0  , , . . . . . . .  L 
2S ...~ 

0.8 

Z0 NaC1-SrC12 ! ~ 0.4 K ~  / o6 

" 

t.., a - r 2 

- 1 0  t I t 1 ~"~ 0 
b~ 0.2 0.4 0.6 0.8 1.0 

o 02 0.4 o.s o.s t Solution composition X r c  t , XN=C~ 
Solution composition x r a  , X#oc~ 

Fig. 3. Transference numbers of monovalent cations plotted versus 
Fig. 1. The emf of cell (a) as a function of equivalent fraction of equivalent fractions of monovalent salt in the solution for the 
KCI or NaC1 in the test solution. KCI-SrCI 2 system, and the NaC1-SrCI 2 system. 
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2 4 -  30 , , ~ , 
o "fi 

o ~ 25 - • ~ 23 NaC1-SrC12 

8 22 i 20 
e~ 

KCI-SrC12 21 o ° = 15 

2 0  o 
= 10 

5 
0 0.005 0.01 0.015 0.02 ~: 

Solution concentration Cs, c J k m o l e  m -3 
I I I I 

Fig. 4. Water transference coefficients in the membrane in equilib- 0 0 . 2  0 . 4  0 . 6  0 . 8  1 .0  
rium with solutions of SrCI 2 of different concentrations. 

Solution composition xKa , Xuact 

4.2. W a t e r  t rans f e rence  coef f ic ients  Fig. 5. Water transference coefficients as a function of the equilib- 
rium solution composition for the KCI-SrCI 2 system and the 
NaCI-SrC12 system. The dashed line represents the result for 

Typical plots of  zero time-emf vs. applied pres- diluted solutions of NaCI-SrC12 system with chloride concentra- 
sure difference have been shown before [ 1 ]. T h e  tions of 0.01 to 0.0133 kmol m -  3. 

water transference coefficients were calculated from 
Eq. (13) using such plots. The uncertainties in the 
streaming potentials, EF/zap ,  and in the water trans- 30 i ~ , , 
ference coefficients were 2% for both binary sys- 
tems, but 10% for pure SrM 2 when the solution 
concentration was less than 0.005 kmol m-3.  =~ 25 - L-.-- '-- l - v - v - ~  NaCl-SrC1--z 

Fig. 4 shows t w in SrM 2 as a function of  concen- "o '~7~"~_ "~ 
tration of  pure SrC12 solution. Results for t w in ~ 20 

o binary mixtures were plotted vs. composition of  the o 
solution as solid lines in Fig. 5, and vs. the ionic 

15 
transference numbers in Fig. 6. 

A special feature of  the Na M-SrM 2 system is the 
maximum in the curve in Figs. 5 and 6 around ~ 10 
tNa + =  0.6 corresponding to an equivalent fraction 
XNa+ = 0.93. To further test the significance of  this ~ 

5 
observation, the measurements were repeated with ~: 
the membrane equilibrated in more dilute solutions 
of  NaCl-SrCl  2. The total chloride ion concentration I I I I 
was then between 0.01 and 0.0133 kmol m -3. These 0 0.2 0.4 0.6 0.8 1.0 

are shown by the dashed line, and for solutions with Transference number tr÷(m ) , tNa.(m ) 
0.01 kmol m-3  total chloride concentration, as closed 
triangles in Fig. 5. The water transference coefficient Fig. 6. Water transference coefficients as a function of the trans- 

ference number of the monovalent cation in the membrane for the 
was shifted to higher values, in agreement with Fig. KCI-SrCI 2 system and the NaCl-SrC12 system. The dashed line 
4, but a maximum was still regained, represents the result for diluted solutions of NaCl-SrCl 2 system 

The water permeability was calculated for mem- with chloride concentrations of 0.01 to 0.0133 kmol m - 3 .  
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branes equ!librated in 0.0150 kmol m -3 NaCI and in XAC 1 the water transference coefficient decreases 
0.0075 kmol m -3 SrCI 2 from Eqs. (14)-(16) utiliz- rapidly. The constant level can be explained by a 
ing the slope of the emf vs. square root of time membrane composition dominated by SrM 2. In the 
curve. The results were Lp,NaO=2.4+0.5 I0 -j4 HM-KM and HM-NaM systems [1,2], the water 
m 2 s kg- l  and Lp,  SrCI 2 ~-" 0.9 + 0.7 10-14 m 2 s transference coefficient was a linear function of the 
kg -1. The water content in the membrane was mea- ionic transference number. Such a relationship does 
sured to be in the range 39-43%, and did not change not apply here (see Fig. 6). A pressure build up in 
appreciably with the membrane composition, both in the membrane may then occur during electroosmosis 
KCI-SrC12 and NaC1-SrC12 systems. [11]. 

The maximum observed in t w for NaM-SrM 2 is 
the most intriguing result obtained in this investiga- 

5. Discussion tion (Fig. 6). McHardy et al. [13] found a similar 
maximum in the Zeo-Karb 315 membrane in equilib- 

5.1. Ionic transference numbers rium with a solution of NaBr and SrBr 2. 
One possible explanation of this result is that 

We have previously reported that the equilibrium chloride ions enter the membrane, when the relative 
constant for the exchange reaction SrCl2(a q) + 2KM amount of SrM 2 increases. The membrane may then 
= 2KCl(aq) + SrM 2 is g t h  = 5.6, for a similar Ion- allow SrCI + to enter. We did not find significant 
ics type membrane (CR61 AZL386) [7]. The equilib- amounts of chloride in the membrane, however. 
rium constant for the reaction NaCl(aq)+ KM = The presence of divalent metal ions in polymer 
KCl(aq) + NaM is g t h  = 0.54 [8,9], in agreement membranes may increase the cross-binding of poly- 
with Kontturi and Ojala [10]. On this background we mers [14]. The water permeability was 2.4 10-14 m 2 
expected a preference for Sr 2÷ in both membrane s kg -~ in NaM and 0.9 10 -14  m 2 s kg -~ in SrM 2. 
systems, and a stronger preference for Sr 2÷ in the McHardy et al. [13] report a ratio of permeabilities of 
NaM-SrM 2 system than in the KM-SrM 2 system, more than 2. These data support an explanation of a 

The transference number of K ÷ in the membrane tighter network in SrM 2 than in NaM. The increase 
is higher than that of Na ÷ for all external salt in the water activity of the solution and a parallel 
mixture compositions (Fig. 3). This is in agreement increase of the water activity in the membrane may 
with the equilibrium data and the mobility data [11], explain that t w for CSrCl 2 = 0.01 kmol m -3 is larger 
which indicated that K ÷ will move more freely than than t w for Cs~c~ ~ = 0.02 kmol m -3. The maximum 
Na ÷ in a membrane with Sr 2+. Kontturi et al. [12] may be masked in the KM-SrM 2 system, because 
found a higher mobility of K ÷ than of Na ÷ in a the difference between the transference coefficients 
membrane with protons, for water in the monovalent and divalent cations are 

larger in this system. The amount of water in the 
5.2. Water transference coefficients membrane did not change significantly in both 

KC1-SrC12 and NaCI-SrC12 systems, however. This 
The water transference coefficients in the mem- altogether indicates that a tighter network in the 

branes equilibrated with single salt solutions agree SrM 2, compared with other cationic forms, might be 
qualitatively with the values reported by others [5]. connected with a reduction of polymer chain move- 
For the SrM 2 membrane, the value of t w increases ment rather than polymer network shrinkage. 
to 23 as the solution concentration decreases to 0.005 
kmol m-3 (Fig. 4). Due to unstable electrodes at low 5.3. Friction electricity 
salt concentrations, an increase beyond this number 
cannot be concluded from Fig. 4. The values for t w The water transference coefficient t w in a cation 
in NaM and KM are 14.3 and 10.7. exchange membrane has been interpreted as the 

In the membranes consisting of the mixture of number of water molecules transported by the ions 
KM (NaM) and SrM 2, the change in tw with XAC I is through the membrane [1]. NMR studies of Na + ions 
small for XAC ~ < 0.93 (Fig. 5). For larger values of in a Nafion 117 membrane show, however, that the 
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value of the water transference coefficient was dif- D~ diffusion coefficient of i (m 2 
ferent from the number of nearest neighbors of Na + s- 1 ) 
[15]. The streaming potential experiment may thus be E measured emf (volts) 
seen from another perspective. F Faraday constant (96487 C 

In this experiment, the water is forced through equiv -1) 
membrane pores by a pressure gradient. Ionic move- f factor correlating the water per- 
ment is required to create electric work. A larger meability Lp and A (J s 1/2 
momentum is required to move an ion which is mol-1 m -  ,) 
strongly bound than one which is loosely bound, j electric current density (A 
Then on the average relatively more water molecules cm -2) 
must pass, to take a strongly bound ion from one site JAc] flux of the salt ACI (mol m -2 
to the next, thus the relative magnitude of the coeffi- s-  1 ) 
cients tw(SrM 2) > tw(NaM)> tw(KM) [16]. Jw water flux (tool m -2 s-1) 

Jv volume flux (m s -1) 
L~j phenomenological coefficients 

6. Conclusions Lp water permeability (m 4 J -  1 s -  1) 
p hydrostatic pressure (J m-3)  
R gas constant (8.314 J K -1 

The water transport properties reported here allow mol- 1 ) 
us to conclude that Sr 2÷ interacts strongly with the 

T temperature (K) polymer membrane which contains sulfonic groups. 
It is likely that Sr 2÷ ion binds strongly to one site, ti transference coefficient of com- 

but also that it promotes polymer cross-binding and ponent i 
that this affects the water transport. In a membrane t~+(m) transference number of ionic 
with two cations present, the water flow may there- species i ÷ in the membrane 
fore vary with composition across the membrane. Vi molar volume of component i 

(m 3 mol - i )  
Such knowledge may be of practical importance, not AV,~ volume change the elec- 
only in separation technology, but also in fuel cell = VAg- VAgCI due to 
operation, trode reaction (m 3 mol- t) 

These results were obtained by application of new xi equivalent fraction of ionic 
emf methods for determination of water and ionic species i + in the solution 
transference coefficients. The usefulness of the meth- Y~ activity coefficient of i 
ods were thus further demonstrated. V/x~ chemical potential gradient of i 

across the membrane (J m -1) 
In the polymer electrolyte fuel cell, a small water V/xi(c ) concentration dependent part of 

transference coefficient, but a high water permeabil- 
the chemical potential gradient ity may be a preferred combination. The streaming (j m_t)  

potential method may be particularly useful to find 
out more about these phenomena, as the accuracy of V~b electrical potential gradient 

across the membrane (J fara- this method is higher, than that given, for example, 
by electroosmotic experiments, day- 1 m-  J ) 
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