(convection)

0

nm

membrane)

»

(cell membrane)

m

(porojs wall)

(diffusion)

(cation

exchange



(anion exchange membrane) $

2.1.1 (colloidal)

" #
2.1.2 (homogeneous)
2.1.3 (heterogeneous)

Vifimunuiu rt) Unubi!
MU !



2.2

)

Ag | AgCl  KCl CEM

lou t+ c1"
() (D
K+
’ t+ 1 cr

ty+t =1

lou 3

[9,10]

KCL  AgCl | Ag

(transport number)

()

K+

(Faraday)

(2)

2)



t cL 1
1 cr Ag+ AgCl
cl" 1-t t+ Kt 1
0 0 t+
KCl 0 t+
0 cI"
t cr
1 ACl  Agt  Cl
cr 0 1 =1 t+ K+
t+ KCL 0 t+
KCL t+
0 0 |
(transference numter) KCl
(tko1)
2.3
3 12]
2.3.1 - (Nersnst-Planck flux
equation) (classical thermodynamics)

(isothermal system)



2.3.2

thermodynamics)

2.3.2

process)

2.4 m

1

equation) [71

10

(irreversible

)

(theory of rate

, (irreversible thermodynamics)

(nonequilibium) f]

(phenomenological

(entropy) (dS)
(dSa)

dS  dSil + as
ds- =

0
as' > 0



(dissipated energy per unit volume per unit time)

Te = - Vin T (dg/dt) - Vf (dQ/dt) -T L V(p.T)<dn:ldt)
..... <2.4.1)
(2.4.1)
Te
Vin T, Vi, T VO UT) 1
dg/dt , dQIdt |
dnldt A
Te ()X( ) - (2.4.2)
( ip )
3

(the postulates of irriversible thermodymics)
3 ,



2.4.1 ,
(thermodynamics state function)
2.4.2 no(J) 0 (homogeneous
linear function) (X1)
Jo= 2. L.x e (2.4.3)
L1
2.4.3 A (2.4.2) ,
L-. (2.4.3)
L. = L.1I I (2.4.4)

(Onsager reciprocal relation)

2.5
1965 [61

(viscous force)

I (entropy production ;e)

- Te = JBgrad T+z._+.10J. grad ii; - (2.5.1)



Pj = p;+ ZF* (2.5.2)
T =
Ja A (total entropy flux)
J. ' (absolute mass flux)
pf. (electro  chemical potential)
P. = (chemicalpotential)
Z = | (valence of component i)
F o= (Faraday contant)
x

(subscribt) +,-,0
(&5 )
(dissipated energy per unit volume
per unit time) « !
grad T Jm
grad p. h J.
(25.1) |
(2.5.2)
h
grad p.
I ' grad p.
(grad P.)T o [31

(2.5.1)



(2.5.1) EJm J;
(phenomenological
coefficient)

(phenomenological equation)

- ) = Lgg AT 4z, Lmb AP (2.5.3)
- ). = Ly AT+z- L. AP, (2.5.4)
[— \

AP _ ag tZFAL - (2.5.5)

(phenomenological

coefficient) 0, (absolute constant) 0

(membrane electrolyte systems)
' ik

I | Z4FJ) 0o - (2.5.6)

12



Z.Z. 1"13L:0F

(2.5.5) (2.5.4)
(2.5.6)
| =Z; z-F (-LiaAT - z3 LIa APQ) (2.5.7)
0 - Z: ZFLIBAT-Z.ZjZFFL;0AL (2.5.8)
0 =-Z. ZjFL.bAT-Z.ZjZ.FL..0 ( AP. +ZjFAt ) (2.5.9)
0 = 21ZFLUAT-ZZ3ZFL1 APO- z2.Z,Z.FIL. At
—(2.5.10)
2Z2-7.21% . A¥ =7, ZFL.AT + Z12) Z,FL14 AP]
1 (25.11)
A
At = z; Z.FLIWAT + Z.Z: ZFLL. Ap. —(2.5.12)
Z72:7.71L..
At = Z, ZFL, AT+ 2vZ; ZFL. AP —-(2.5.13)
2.1. 1,13 % 3 2.1. Z.7.F%Q
At = n AT + Z. TLAP. —(2.5.14)
0 = 2170k —(2.5.15)

13



T.= 1,71 —(2. .16)
E1] ZjZjL §F

(pure thermoelectric potential coefficient) Ti

I I" (reduced transport number

of species i)
WNINLY = L !
@-ynoro~ o0 0 - (2.5.17)
At (1) =t At (2) = t+At
AT (1) =T AT (2) = T+AT
AP (1) =p. AP (2) = P.+AP.
1 (1) mi (2)
2.5.1
1} 2.5.1 [111
2 1 M
AP. = (AP)t - I(DAT - (2.5.18)
[121

—~
—
SN—
1
1]
~o
=3
fab)
O
—
SN—
1]
o
—
VAN
o,
=
fab)
g
o
—
N—
>
.I
:
|
—
NS
133
i
«©
N—

14



1 (partial molar entropy)

I° « (standard partial molar entropy)
al (activity)
R
(2.5.18) (2.5.14)
At = AT +E . ¢ (AP)t- .(DAT} (2.5.20)
At = AT +Z. 1 (AP)M- E1 . (T)AT - (2.5.21)

At = { -Z Tj (T)>AT +Z. 1 (AP)r——(2.5.22)

At = {9-z. TS(T) >AT + Z. -RT Ina;[m12) TH
adm (1), T
----- (2.5.23)
(2.5.23)

- At = (2t+-1) RT In ia+(2)L + (2t+-1) R AT In a+(2)
F o Cat(1)1 F
+ TORT In a0<2) + o RAT In aQ(2)

ao(l)
tot+{ -(+°/F+ 00} +t+4{ + ( O/F-700°)ID AT
----- (2.5.24)
t. = <ZFl/)iT10” 100 — <2.5.25»
= 110 —  <2-5-26>

015301



t.1
m. ' (molality)
(2.5.23)
[131 -At/AT
-AAT = - 1 T..{ .0- R Ina«T) - RT (din a./dT)* }
----- (2.5.27)
-AUAT o - Z0 2 r-RiInaymy}y 0 - (2.5.28)
(transport entropies ; . )
( the entropy of transport)
(De Groot) g (Maur)
/)
#
L.m= 2z LY (2.5.29
(2.5.29) (2.5.15)
= 2,2, 7,L.Sy =217 - (2.5.30
Ll z.zLVv¥

(2.5.28) (2.5.30)
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AXAT a I 7. ;-2;TL{ 0-RIna(T) > -—(2.5.31)

AVIAT » I T {Sj- :° +RIna(T) > —(2.5.32)

(counterion)

(25.28)  (25.32) C143
AWAT = (RIZF) In a+(T) + o+ —(2.5.33)
HAHAT = (RIZF) Tn a (T) + o —(2.5.34)
a; = - (JLIZF)-To 0 ----(2.5.35)

a; = (UZF)(. - 0)+T0(0- 0) — (2.536)

(2533)  (25.34) ¢
HAWAT RIZF

(2.5.24) 0 (partial
derivative) Me
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0 =an.°/[dT —(2. .37)

AT 0 (2.5.23)

-AT = <2t+- 1) RT In a+(2) + <2t+ - 1) RAT In a+(2)
F F
+ (t+er +t a ) AT —(2. .38)

- ATIAT = 2.303 (2t+ - 1) (RIZF) log a+(2) +t+a+t +t a_
—(2. .39)

(2t+ - 1) LATIAT log a+(2)
C 2303 (RIZF) Cl43
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