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Table 1. Change in apparent diffusion coefficient of hydrochloric acid by form-
ation of polyaniline and polypyrrole in anion exchange membrane.

Membrane Treatment® Diffusion coefficient® Ratio (Dyiw/ D.,mm,;)
- 1.72x10-¢ 1

AM-1 Polypyrrole 0.91x10-° 5.29x10~*
Polyaniline 0.64x10-¢ 0.37
- 1.10x10-¢ 1

AM-2 Polypyrrole 0.69x 10~ 6.27x10-°
Polyaniline 0.97x10-7 0.088
- 0.50x10-¢ 1

AM-3 Polypyrrole 0.3510=1% 7.00%x10-8
Polyaniline 0.99x 107 0.198

“After membranes had been immersed in an aqueous 0.5 mol/l pyrrole solution for 97 hr, the membranes were immersed in
an aqueous 0.370 mol/l ferric chloride solution for 22 hr.
®Measured with 6.0 N HCl/pure water, for 2 hr, at room temperature.
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Figure 1. Apparent diffusion coefficient of neutral molecules through composite
membranes composed of NEOSEPTA AM-2 and polypyrrole.
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Tab]'.e 2. Results of electrodialysis of hydrochloric acid solution and electric
resistance of composite membranes.:?

Membrane species Without polypyrrole With polypyrrole

current® electric® current® electric®

efficiency resist. efficiency resist.

(%) (3-cm®) (%) (£2-cm?)
AM-1 —553.9 1.34 48.1 2.03
AM-2 —336.4 2.04 57.7 2.10
AM-3 -229.6 3.30 51.4 2.80
ACS —547.9 1.19 45.6 1.65
ACM -97.3 3.26 39.7 0.87

°After membranes had been immersed in an aqueous pyrrole solution for 16 hr, the membranes were immersed in an aqueous

0.111 mol/! ferric chloride solution for 4 hr.
®Measured in 6.0 N HC1/0.5 Ni:HC); for 90 min electrodialysis; at room temperature.
“Electric resistance of membranes was measured with 1000 cycle a.c. at 25.0°C after the membranes had been equilibrated

with 0.5 N hydrochloric acid solution.
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Fig. 2. Microscopic photograph of cross-section of compos-  Fig. 3. Microscopic photograph of cross-section of compos-
ite membréne (Nepsepta AM-2 and polypyrrole) prepared  ite membrane (Neosepta AM-2 and polypyrrole) prepared
by the ferric chloride solution. by the ammonium peroxodisulfate.
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Figure 4. Change in voltage drop across the anion exchange membrane NEOSEPTA
AM-1 and the composite membrane prepared from NEOSEPTA AM-1 and polypyrrole
during electrodialysis ( in the presence of sodium n-dodecyl sulfate ).
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Fig. 5 Change in conductivity of composite membranes
prepared from Fe(lll) form cation exchange membranes
and polypyrrole with immersion period in an aqueous Fig 6. Change in burst strength of composite membranes
pyrrole solution. Dotted line shows the composite mem- with polymerization period.
brane with a single polypyrrole layer.
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Figure 7. Change in electrical potential(emf) with discharge period ( composite
membrane of 4 hr polymerization ).

1 : load resistance was 2 M  ; 2 : load resistance was 400 KQ ; 3 : load
resistance was 67.0 K ¢ ; U4 : load resistance was 9.95 K Q.
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Figure 8. Relative transport numbers ( P.,N°?® ) of anion exchange membranes
( NEOSEPTA AM-1 ) with and without anionic polyelectrolyte layer.
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Figure 9. Relative transport numbers ( P ., F ) of anion exchange membranes
( NEOSEPTA AM-1 ) with and without anionic polyelectrolyte layer.
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Table 4. Change in P ., B of anion exchange membrane by modification

P c Br
without modification 1.68
with modification 2.06

A 1:1 mixed salt solution (0.04 N) of NaCl and NaBr was electrodialized.
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Table 5. Properties of anion exchange membranes having various anion exchange
groups ’

Name M-1 M-2 M-3 M-4
Anion Exchange trimethy! triethyl tri-n-propyl tri-n-butyl
Groups - benzyl benzyl benzyl benzyl
Electric
1.49 2. 68 6. 38 15.17
Resist. (€ -cm?) ’ ’
Transport'? >0.98 >0.98 > 0. 98 >0.98
fon Exchange
Capacity "’ I. 84 .29 1. 07 1. 06
Water Content”* 0. 24 0.21 0.16 0.13
Thickness (mm) 0.130 0. 137 0. 138 0. 140
Noy
ar- 1.6 1.9 4.0 1.3
P 0.7 0.6 0.02 0.01

*1. Q cm’ . measured with 1000 11z A C at 25.0 T after equilibrated with 0.500 N-NaCl.
*2. Measured by electradialysis with 0.50 N-NaCl at 2 A/dm’ .

*3. Meq./g-dry membrane ( Cl form )

*4. g-H, O/g-dry membrane

*5. measured with the 1:1 mixed salt solution(0.04 N) of each salt.
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Studies on ion exchange membranes having permselectivity for specific ions

( in connection with membrane structure )

Toshikatsu Sata and Koji Matsusaki
Faculty of Engineering, Yamaguchi University

Summary

Three trials to prepare ion exchange membranes with specific properties were
made : 1) preparation of composite membranes composed of ion exchange membranes
and conducting polymers ( polypyrrole, polyaniline ), 2) surface modification of
anion exchange membranes by anionic polyelectrolytes and 3) preparation of anion
exchange membranes having various anion exchange groups.

1) The composite membrane prepared from anion exchange membrane and polypyrrole
shows interesting properties in electrodialysis : high acid retention in elec-
trodialysis of hydrochloric acid solution and anti-organic fouling properties in
the presence of anionic surface active agents. Especially, when anion exchange
membranes of which pyrrole had been impregnated were immersed in an aqueous fer-
ric chloride solution, current efficiency of hydrochloric acid increased marked-
ly without increase in electric resistance of the membrane. This is due to form-
ation of rigid and weakly basic anion exchangable layers on the anion exchange
membrane.

The composite membrane prepared from Fe®* form cation exchange membrane and
pyrrole gives conducting film with high mechanical strength. When a Fe?' form
cation exchange membrane and the composite membrane was clamped between two
platinum plates, Fe?* - Fel* coupling redox battery was formed.

2) It is well known that surface-modified-anion exchange membrane with anionic
polyelectrolytes permeates chloride ions against sulfate ions selectively in e-
lectrodialysis. It is confirmed that this membrane also shows improved permsele-
ctivity for nitrate ions, fluoride ions and bromide ions against chloride ions
compared with corresponding membrane. The layer provides properties of selective
permeation of ions with larger hydrated ionic diameter to the membrane.

3) Anion exchange membranes having various anion exchange groups, trimethylben-
zyl, triethylbenzyl, tri-n-propylbenzyl and tri-n-butylbenzyl, were prepared.
Though electric resistance of the membranes increases with increasing alkyl
chain length bonded to ammonium groups, nitrate ions permeate selectively to
chloride ions with increasing chain length. Permselectivity of sulfate ions to
chloride ions decreased with increasing the chain length.

New functions can be imparted to ion exchange membranes by making the membrane
to the composite with conducting polymers, by modification of membrane surface
and changing anion exchange groups, etc.
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