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Table 1. The properties of ion-exchange membranes® .

Membrane Thickness Transport lon-exchange DVB water content
(mm) number of  capacipty content (g Ho0/g dry
Cl ions™! (mmol/g dry (%) Cl-membr*?)
Cl-membr™*?®)
A-201 0.24 0.98 1.38 - 0.39
STA-1 0.10 0.98 0.31 4 0.06
STA-2 0.10 0.99 1.13 4 0.14
STA-3 0.12 0.98 1.78 4 0.23
STA-4 0.09 0.98 1.09 8 0.10
STA-5 0.10 0.99 1.05 16 0.11
SA-10 0.51 0.91%¢ - - 0.27
SA-15 0.41 0.89%% - - 0.73
*1 calculated from the membrane potential for 0.1//0.2 mol/kg KCl solutions

*2 oalculated from the membrane potential for 0.01//0.02 mol/kg KC1 solutions
*3 ¢ dry membrane with Cl -form without counterions.
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Fig. 1. Thermal membrane potential cell. & is the membrane thickness and &

is the apparent membrane thickness.
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Fig. 2. The dependence of solution flow rate on the thermal membrane poten-

tial for various cells with the different apparent membrane thicknesses.
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Fig. 3. Thermal membrane potential AY across membrane STA-2 against tempera-
ture difference AT in KF solution. Molalities(mol/kg): (O)0.001, (@)0.003,

(@®)0.01, (®)0.03, (@)0.1.
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Fig. 4. Thermal membrane potential AY across membrane STA-3 against tempera-

ture difference AT in KF solution. Molalities(mol/kg): (O)0.001, (@)0.003
(P)0.01, (®)0.03, (@)0.1.

-108—



-0.2

=
z -0.4
M~
- _O 6 ® ST
§ . & STA-3
= [ © STA-4
@ STA-5
-0.87
r Lleclrolyte soln.: KF
-1.0 ' |
3 -2 -1

log 4,

Fig. 5. Temperature coefficients of the membrane potential Ap/AT for mem-—

branes STA-2~5.
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Fig. 6. Temperature coefficients of the membrane potential A®/AT for membrane

STA-3 in various electrolytes. Counterions: (@)F~, (&)I10s7, (@)CH:C00",
(@)C1 .
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Table 2. The values of F(A®/AT), Fro, -(S0 - So), (5- - s-), S- and water
ontent at 0.1 mol/kg KF solution for Aciplex test membrane STA-1~05.

membrane F(A¥/AT) Fro -(50 - so) (5- - s2) st water

(J K™' mol™?h) (JK*mol™) (J K ' mol™®) (J K* mol™') content*®
STA-1 - -19.5 -1.20 - - 0.08
STA-2 ‘ -22.1 -27.5 1.00 5.4 17.1 0.23
STA-3 -26.1 -34.5 1. 21 15.6 . 27.3 0.46
STA-4 =-25.2 -23.0 0.56 -12.3 -0.6 0.20
STA=% -15.0 -23.4 0.96 7.8 19.2 0.20

*1 calculated from the values of s-° based on s-°(H') = 0.

*¢ g Ho0/g dry membrane without counterions

Table 3. The values of F(A/AT), Fro, -(50 - so0), (5- - s-), 5- and water

content at 0.1 mol/kg electrolyte solutions for Aciplex test membrane STA-3.

counter- F(AY/AT) Fro -(50 - so) (5- - s-) 5.4 water
ions (J K ' mol™h) (JK'mol™) (J XK' mol™®) (JK*'mol!') content™®
CH5C00 "~ -25.6 -31.3 1.01 6.0 - 0.40
F~ -26.1 -34.5 1.21 15.6 27.3 0.46
105~ -36.3 -37.% 1.30 12.6 -82.9 0.36
cl1- -55.5 -12.7  -0.10 -56.8 -90.3 0.23

|
(=}

*1 calculated from the values of §-° based on s-°(H') =

*2 g Ho0/g dry membrane without counterions.

=110-



M6 i3 STA-3 K2 W T A+ v 2L XL &0 MW/AT OERGEHEEZRLTWS, M
/AT OiEiER, KEPICEHEKBOBD K-> THRDTZEBMERLTWVWS, CN5
DIHRDPSEIICRLABIBEBLARBOER» S/IKOHZELSE, /1A vDT Y
FoE—3%(5. - s)% 0.1mol/kg KO WTRD B ELKID5FEDOL I T B, HE
FAAVEEEFAA YOI v brE—~OFSFBEMIcRERTER VWS, KELIT
i, GkBoELEEbicz v baE—ZbEAL, BRREYA 4 VIREOSWVWET ¥ b
DE—MNEDPLEELTWSE I EER/bLE 5,

3. 2. BEEEN

(MR TRENZBEABEBREAVACESICHME SN 2BAE MWopll RIEEL Aby
CEBER Me PEaFTH, INIBEREZRTHAFAYET A vOEE t, &t &
3 LRABELSN B,

-Mbos
ty/t-

(M + B0e) = 2, (RT/F)Ina,"/ay ) + Tobio (6)
(2/3) (Le/12)(PX/ce' ) + 1o/ 1- (at high concentrations) )

HF A EHE SA-10 iToWT, €l & LiCl AR TO(MROMEERT IR &
EAKTRESEGRICE-THY, VFEARIPOAFAVYET =4 VOBHEDLL
1./ EHNEHEE X 2RKRDBIEBTE S, COLIICLTRDIENEK 4 IR
ENTW5Bo K, Na, Li EHBICLEB-T ¢ ODEOKELCIL>TWVWE, DI &I,
KC1, NaCl, LiCl DK SEBETREEFHESREC B> T2 HIEL TV 5,
G)RTREN2 10 A VEBREAVEESCAESN 2EME WMol BIEEM My
LKMEL MWL BEEN B, IKBIEALIC > W TIE Henderson OXEAWVWTRES D =
LBl&, BEMZERD . BEBKRTIZ(B)XMPKILYT 5o

- (89w - Tobro) = (RI/F)(¢X/2)[(c"/c") - 11/¢”
+ (RT/F)[(l+ = 1-)/(ls + 1)]In(c"/¢c") (8)

)R DED -(hy - Tobro) ZBEDOHEHK K LTT oy bF B ik, RIE(R
EHRAEFAVWABALERICLT ¢ & 1/l 2RDHIENPTESL, TOXKIIILT
KD ERGEAIRTLTH B, K01 OBAREHMEBEMLOWHES VSRV DY, &5
LO0BBAEAVWTOLIVW—HEMBRE SN, L L, NaCl & LiCl OFERF, = A
BHRERAVEEAR, BEAKRTORMBEMOWMECKRENS 200, & bIREZIHH
TEHE»LRTH, BELMREBEAVWLIBE ERT -7

-111—



Memorane : SA-10
O:Ag/AgCl o
1.sle:Ag/AgCl(neglected
for TOAuo)

0.9¢ Soln. KC1

0 5 10

1/e',

Fig. 7. The relationship between t:/t-

high concentrations of KCl and LiCl solutions

Table 4. The values of 1+/1- and ¢X

Memorane : SA-10 /
O:.Ag/AgCl /
® Ag/AgCl(neglected
/

for TOAuO)

and

Soln. LiCl
5 10
dm3/mol
1/¢’ with membrane SA-10 at

at high concentrations.

membrane electrode li/1- éX(mol/dm%)
KC1 NaCl LiCl KC1 NaCl LiCl
SA-10 calomel 0.972 0.785 0.695 0.072 0.072 0.075
Ag/AgCl 0.955 0.640 0.4438 0.078 0.132 0.221
SA-15 calomel 0.940 0.774 0.622 0.043 0.046 0.043
Ag/AgCl 0.932 0.638 0.435 0.048 0.061 0.1217
(at infite dilution) 0.96 0.65 0.50
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THE DEPENDENCE OF THERMAL AND CONCENTRATION MEMBRANE POTENTIALS
ON THE EXTERNAL SALT CONCENTRATION

Masayasu TASAKA and Ryotaroc KIYONQO
Department of Chemistry and Material Engineering

Faculty of Engineering, Shinshu University

Summary

(1) Thermal membrane potential is interesting because the
quantities of the entropy of matter transported can be
estimated from the experimental data. However, the heat flux
across the membrane is so high that it is difficult to get
reproducible experimental data. Then, we tried to make an
improved cell for thermal membrane potential measurements. In
the new cell the membrane was used as a ribbon with the two
contacts to the external solutions on opposite sides and sepa-
rated by 0 to 10 mm. Thermal membrane potential across
anion-exchange Aciplex test membranes STA-1 to 5, of which the
thickness is about 0.1 mm, was measured using the new cell.
Thermal membrane potentials across STA-2 to 5 were nearly equal
to each other regardless of the differences in the water
content, the ion- exchange capacity and the DVB content.
However, the difference between the transported entropy of
counterions and the partial molar entropy of the ions in the
external solutions, which corresponds to the stability of
counterions 1in the membrane, decreases roughly with the
decrease of water content or molality of fixed charges in the
membrane. The absolute values of thermal membrane potentials
across STA-3 increased in the order CH=CO0~, F~, I0s~, Cl~ for
counterions.

(2) Concentration membrane potential across two cation-
exchange membranes was‘measured at high concentrations of KC1,
NaCl and LiCl with silver/silver chloride and calomel elec-
trodes and the effective concentration of fixed charges and the

mobility ratio of cations and anions were determined.
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