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Effective membrane area : 10 cm’ (2.0cmx 5.0cm).
Capacity of each compartment : 100 ml.

Electrodes : Ag-AgCl ; C: calion exchange membrane ;
A : anion exchange membrane to be measured.

X =S0./7,NO; ,F . Br.
Fig.l Apparatus to measure relative transport number.
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Fig.2 Preparation of Anion Exchange Membranes
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Table.1 Characteristics of Anion Exchange Membranes used in this Study

Name M-1 M-2 M-3 M-4 M-5
Anion exchange trimethyl  triethyl (ri-n-propyl tri-n-butyl  tri-n-pentyl
groups benzyl benzyl benzyl benzyl benzyl
Blectric 1.1 2.6 7.9 12.2 143
Resist.
Transport No.?’ >0.98 >0.98 >0.98 >0.98 >0.98
O change 220 162 L1411l 0.70
Walter Content *’ 0.28 0.23 0.13 0.08 0.07
Thickness (mm) 0.136 0.130 0.137 0.138 0.110
Reinforcing PVC PVC PVC PVC PVC




( After further amination with trimethylamine )

Name M'-1 M'-2 M'-3 M'-4 M'-5

trimethyl  triethyl tri-n-propyl tri-n-butyl  tri-n-pentyl

Anion exchange benzyl benzyl  benzyl  benzyl benzyl

groups + trimethylbenzyl
Electric

Resist.!’ 1.1 2.5 4.1 6.7 13.1
Transport No.*’ >0.98 >0.98 >0.98 >0.98 >0.98
Ton Exch

Capacity 5 220 188 161 151 1.58
Water Content *' 0.28 0.25 0.26 0.22 0.18
Thickness (mm) 0.136 0.145 0.143 0.141 0.118
Reinforcing PVC = PVC PVC PVC PVC

1) Q-cm’ ;| measured with 1000 Hz AC at 25.0T after equilibrated with
0.500 M sodium chloride solution.

2) Measured by electrodialysis with 0.50 M sodium chloride solution at 2 A/dm? .
3) meq./g-dry membrane in C1~ form.

4) g- H, O/g- CI” form dry membrane.
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Table.2 Characteristics of Ion Exchange Membranes used in this Study.

Composite membrane

Name NEOSEPTA AM-1 Immersed in HCI solution in NH; solution

Electri

Resic! 1.42 0.75 2.9
Transport No.”'  >0.98 >0.98 >0.98
Ton Exchange

Capasity’ 225 2.12 1.85
Water Content'’  0.31 0.27 0.23
Thickness (mm)  0.13 0.140 0.137

1) Q- em’ ; mecasured with 1000 Hz AC at 25.0C after cquilibration with
0.500 M sodium chloride solution.
2) Measured by electrodialysis with 0.50 M sodium chloride solution at 2 A/dm?,

3) meq./g-dry membrane in CI" form.
4) g- H, O/g- CI" form dry membrane.
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Table.3 Effect of Anion Exchange Groups to P&i™.

Relative Transport number
of SCN to CI.

2.6

Membrane

Aminated with trimethylamine.
( M-1 membrane )

Aminated with tri-n-butylamine. 5.6
( M-4 membrane )
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Table.4 Electrical resistance of membranes measured in aqueous sodium chloride
or sodium fluoride solution.

Solution( 0.5N )

Membrane NaCl NaF
AM-I 1.2 1.2
Commposite membrane 2.2 3.1
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Table.5 Change in P%'’ of Composite Membrane by Pretreatment

Membrane Py P& P& P&
NEOSEPTA AM-1 0.9 14 0.1 1.5
HCI solution®’ 0.5 2.5 0.35 1.1
NH; solution®’ 0.7 2.2 0.3 1.0

1) Measured by electrodialysis with 0.04 N mixed salt solution at 10 mA/dm’.
2) After immersing the membrane in M - HCI solution for 2 hr.
3) After immersing the membrane in 0.5M - NH; solution for 1 hr.
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t : Dialysis period Water Solution of Neutral material
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Fig.6 Dialysis cell
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Table.6 Diffusion of Neutral Solute ( Urea)

*Membrane with various anion exchange groups. .
ge group *Composite Membrane

Membrane D/J (x10°) Membrane D/& (x10°) (NEOSEPTA AM-1 and polypyrrole )

Pretreatment D/§ (x10°)

M-1(C)"  14.0 M-1(C)" 140

M-2 (C2) 9.1 M'-2(Cy) 12.5 HCI solution"”’ 8.0

M-3 (Cs) 3.0 M3 (Cs) 8 1 NH; solution™’ 5.8

M-4 (C.) 0.7 M'-4 (C.) 53 1) Immersed in IM-TICI solution for 2 hr.
M-5(Cs) 0.5 M'-5 (Cs ) 4.1 2) Immersed in 0.5M-NII, solution for thr.

1) Carbon number of alkyl chain bonded to ammonium groups.
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Structural Modification of Ion Exchange Membranes and‘Relative Transport

Number Between Ions with Same Charge in Electrodialysis

Toshikatsu Sata and Koji Matsusaki

Faculty of Engineering, Yamaguchi University

Summary

Two methods were examined to prepare an anion exchange membrane with permse-
lectivity to specific anions : 1) anion exchange membranes having various anion
exchange groups with different hydrophobicity and 2) composite membrane prepar-
ed from an anion exchange membrane and polypyrrole. )

1) The anion exchange membranes having various anion exchange groups were pre-
pared by reaction of a membranous copolymer composed of chloromethylstyrene and
divinylbenzene with various amines : trimethylamine, triethylamine, tri-n-pro-
pylamine, tri-n-butylamine and tri-n-pentylamine. The larger the molecular wei-
ght of the amines, the lower the ion exchange capacity of the membrane. Thus,
the anion exchange membranes with various anion exchange groups were aminated
further with trimethylamine.

The relative transport number of each membrane was measured in the systems :
S0s?  and C1- , NO; -~ and C1- , Br~ and C1- and F -~ and Cl- .The relative trans-
port numbers of nitrate ions and bromide ions against chloride ions increased
markedly with increasing chain length of alkyl groups bonded to ammonium groups
and the transport numbers of sulfate ions and fluoride ions against chloride
ions decreased remarkably with increasing chain length of alkyl groups. After
the membranes reacted with trimethylamine further, the remarkable change in the
relative transport number weakened. There was strong interrelation between the
degree of hydration of anions and the degree of hydrophobicity of the anion ex-
change groups of the membrane. Namely. the less hydrated anions compared with
chloride ions permeated selectively through the membranes with the hydrophobic
‘anion exchange groups, vice versa. This is a new method to control the relative
transport number between anions.

Polypyrrole ( one of conducting polymers ) is doped or dedoped by immersing
the polymer into the acid or alkali solution and changes the hydrophobicity.
And as reported in the previous year, the anion exchange membrane have strong
affinity for pyrrole. The relative transport number between various anions to
chloride ions was evaluated using the composite membrane prepared from the an-
ion exchange membrane and polypyrrole. However, the remarkable change in the
relative transport number was not observed in doping or dedoping because the
anion exchange membrane is basically hydrophilic. Several interesting results
were observed in the composite membrane : enhancement of nitrate ion permselec-
tivity against chloride ions, increase in the permeation of fluoride ions and

decrease in the permeation of bromide ions.
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