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Abstract

Thermodynamic network analysis was applied to stbdyelectrolyte
permeation across a heterogeneous cation-exchaongygmpr membrane.
The network of local flows and the mathematicalcdpon was used to
evaluate the diffusion coefficient of KNi@ the internal solution of Nafion
membrane

1. INTRODUCTION

The permeation of free electrolytes (electrolytekéegge) across a
cation-exchange polymer membrane (CEM) is assatiatgh similar
physicochemical phenomena as the sorption of elgttrdescribed in the
preceding Part 4. Additionally, some simplifyingsasiption could be
made to formulate a simple model in the framework rn@twork
thermodynamic analysis [1]i)(the cation exchange sites are fully loaded
with the same counter-ion as the one present irexternal feed solution
(f), (i.e. no ion-exchange reaction in the systemd, @) osmotic transport
of water between the feed) (and stripping solutions| across the
membraner() can be ignored. The model needytlfe reliable description
of the membrane structurai)(description of local diffusion phenomena,
(i) description of non-exchange sorption and desomptdf co-ions
(electrolyte) at th@m anmis interface, respectively.

2. THEORY

The full description of electrolyte permeation inetsystem: feed
solution |CEM| stripping solution can be achieved & respective
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modification of the model presented in the PartThe scheme of the
corresponding compartmental model is presentedignl Fi.e. the feed

solution contains the electrolytd& *"A™, which can permeate to the
stripping solution according to the following seqoe of phenomena:
diffusion at thef|m interface — sorption to the membrane internaltmiu-
diffusion in the internal membrane solution — desion from the
membrane to the stripping solution — diffusion e tstripping solution at
the mjs interface. To apply the network method of modeliting diffusion
layers in external solutions and the membrane \aeditionally divided
into n', n® andn™ sub-layers.

sorption (R) desorption (R

—pdiffusion———» || —»-diffusion—— & pdiffusion————p

mn'“ -1 mn”‘ %. e SnS -1 SnS SD

Fig. 1. Compartmental model for permeation of etdgte in the system: feed
solution | cation exchange membrane | strippingtisol

The electrolyteK *A™ permeates between the indicated sub-layers,
and at the respective interfaces is sortiith{) or desorbedn{"s;) into or
from the membrane phase. The overall permeatiorceps can be
represented by a series of the accumulation-ddfugiraphs. Also, for a
bond-graph description, it was assumed that thptisor and desorption
processes can be represented by the graphs of ale¢mar reversible
reactions:

(Ka}!, - R - {KA}" @

(KA. - R, - {KA}! @

Consequently, each local flow and accumulationhef électrolyte
in the sub-layers is represented by the diffusioil aorption graphs
connected by “0” junctions. The corresponding Imeetwork of the
electrolyte permeation from the feed to the stngpisolution with
mediating non-exchange sorption/desorption of thetmlyte is presented
in Fig. 2.
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3. CALCULATIONS

The mathematical model for permeation of the ebéytie according to
the network in Fig.2 is presented in Tab.1. The @h@églcomposed of a set
of differential equations describing the capacitafioxes as dependent on
the local input and output diffusion fluxes. The dabcan be used for
simulation of the process when all the physicocleah@onstants (diffusion
coefficients, interfacial permeability coefficieptsmembrane structural
parametersz( t, k, Vi), boundary and initial conditions for all the \adyies
appearing in the model, and operational condit{@okime, thickness, etc.)
are known. For such data, the model can be solwddtaan generate the
guantities which are commonly observed in this tgpexperiments.

KALD (KA}D  (KAFD (KA, KA} {KTA} o
R— 0—D;,—0— ... —0—D;,—0— ...—0—D,, -0—>R,
o—{KA} () {KA} ) +—0

D!, Dga
t g ¥
o—{KA} (| {KA} 5} «—o0
o—{KA} {) {KA} & <_i>

DéA Dia
0—{KA} (¥ {KA} () <o
%)—»{KA} () {KA} &, <—i>

Dyy+— 04— D —{KA} (5} {KA} 5} +—D5, «—0<-Dg,

KA} () KA} @,

Fig. 2. Network model for permeation of electrolgteAa™ across a cation-
exchange membrane
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Tab. 1. Mathematical descriptions of permeatiot-afelectrolyte across ion-
exchange polymer membrane

Local flows (N ) [mol/s]
N " = Dy x2x Al L x[KAL] —[ KA/)
N¢a " = Do Al L x([KA[ -[ KA{,)

Feed solution membrane \n -m _ n -

| N = ki ot x Ax ([ KA, KA?/al)

Feed solutionf}

interface {| m) A(W
CEM () Ng,~ ™ = Dy x AL L x ([KA ™[ KA.T)
Membrane  |strip  solution N n -5 = ki Ty Ax (a KAl /a;ir(lvﬁ -[ KA

interface | s) KA, eff
Nga ™ = Deax AL X (KA -[ KAZ)

N ® = DX 2x A/ LT x ([KALS -[ KA

Stripping solution )

Capacitance fluxes [mol/cis]

d[KA] /dt=-N& "/
Feed solutionf} d[KA]f [dt= (N5t = Nio )/
d[KA] / dt= (NG " = Ny ") 1
d[KA! /dt=(NL " = NG™) /Y
d[ KA/ dt= (NG, "™ = N ™)/ ¢
d[KA]"/ dt= NS ™ = N3~ ™/ "
d[KA], /dt= Ng. ™™ = N~/ "
d[KA];/ dt=(Ng, "% = N& )/ P
Stripping solution §) d[KA] [dt= (N3~ % - NKSAQ B1) [ \f

d[ KA, 7 dt= (N = N~ ®) /e

d[KA] /dt==N,"*/

CEM (m)

A- contact area between membrane and electrolyn?];[(kQ et and k” -m - the effective

permeability coefficient (mas transfer constant) fA- at thefim and mif interface
respectively, [cm/s]'am; oY and , 4 the distribution coefficient ofA™ co-ions at the
n'jm, andn™s, interface, respectlverDKA, D, Dg,- the diffusion coefficient ofk * A~
in the feed, stripping solution and membrane Fsin L, L*,Lr- distance forK ™A~

diffusion between the adjacent sub-layers in them festripping solution and membrane,
[em]; Vif , Vis, V,™- volume ofi sublayer of the feed, stripping solution and meanbr,

[cm?).
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3.1. PROBLEM TO SOLVE

A fundamental problem in the studies of membramenpability is the
information on the exact value of the diffusion #iocgents in the internal
membrane solutiom™ . Most frequently, this quantity is estimated as th

KA,0 "
diffusion coefficient in aqueous media additionatlyrrected with the use
of the so called tortuosity factor. On the othendiathe experimental
quantity commonly determined from the studies oniagtdragm
permeability” is the permeability coefficient (eftfeve diffusion

coefficient, mass transfer coefficient?f‘s. Its value can be calculated
from the time dependence of the concentration aohpating species in the
feed and stripping solution:

a f s
_(ﬁmx(l/vbf +1/v;)] xIn M = Rl t ®)
L [KA]b(t=0) _[ KN b(t=0)

In Eq.(3):[KA]g, [KAS, [KA]é(t=ow[KA]E(t=O) denote the concentrations of the

electrolyte in the bulk phase of the feed (f) atngbping (s) solution at time
t and t=0, respectively. The permeability coefficierg!s can be

A, calc
calculated as the slope of the corresponding linegression function using
simulated concentrations of*A™ - in the bulk external solutions. After a
comparison of theg/° = coefficients, as calculated for a series of assume

Dp,, Values, with the experimenta/) ,coefficient, the proper value of

A, ex|

unknown D, |

Pt = f(Diyo)dependence. In this way, the values pf,, can be

Acalc —

can be evaluated by the standard analysis of

adjusted to the real behavior of the system. Toifwethe model
applicability, the calculations were carried outr fthe Nafion-120
membrane in contact with KNQsolution as the feed phase. All other
characteristics necessary for calculations (Beykeldadonna v. 08)
correspondng with the experimental system weresétme as described in
Part 4. Additionally, it was assumed that the dffec permeability

constants of KN@at the interfaces arleggéf‘leﬁzk;@fif 6.74x10° [cm/s]

the value of which was evaluated after calculatiofisthe electrolyte
sorption according to the model described in Part 4
The results of calculations are presented in Fag3the plot of

f‘s m . . .
Pevo,, cae VS Ding 0+ AS it is seen, the experimental value of the aNer

KNO; permeability corresponds withy, , value equal to 7.98x1cnf/s.
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Fig. 3. Dependence between overall permeabilityfioient p&ialcand the diffusion
coefficient in the internal electrolyte of cationehangé membrane
(K*A =KkNO)-
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