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Effective membrane area : 10 cm® (2.0cmx 5.0 cm ).
Capacity of each compartment : 100 ml.
Electrodes : Ag-AgCl ; C: cation exchange membrane ;
A : anion exchange membrane to be measured.
X =S0/7,NO5 ,F~, Br.
Fig.l Apparatus to measure relative transport number.
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Table 1. Characteristics of Anion Exchange Membranes

Name M-4V-1 M-4V-2 M-4V-3 M-4V-6 M-4V-2C
Base Membrane 4VP-DVB  4VP-DVB  4VP-DVB  4VP-DVB  4VP-DVB
Alkyl Agent CH, I C, H; Br C; He Br CsHis Br CyHe¢Bn
Electrica Resist®’ 1.4 1.1 1.3 3.3 2.1
Transport NO.*’ >0.98 >0.98 >0.98 >0.98 >0.98
Ion Exchange Capacity®’ 3.33 3.31 3.14 2.84 3.29
Water Content®” 0.48 0.47 0.46 0.25 0.34
Thickness(mm) 0.151 0.156 0.154 0.152 0.140
Quaternary*’ 0.99 0.95 095 094 091
Reinforcing PVC PVC pPVC PVC PVC

a)Q -em’ ; After immersing the membrane into NH; solution.

b)Measured by electrodialysis with 0.50M sodium chloride solution at 2A/dm’.
c)meq./g-dry memblane in CI" form. '

d)g-H. O/g-Cl form dry membrane.

e)Quaternary ammonium/total Ion exchange Capacity.
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Table 2. Characteristics of Anion Exchange Membranes

Name M-4V-2V-1  M-4V-2V-2  M-4V-2V-3  M-4V-2V-6  M-4V-2V-2C
Base Membrane © 4VP-DVB  4VP-DVB 4VP-DVB  4VP-DVB 4VP-DVB
Alkyl Agent CH, I C, Hs Br CiHeBr  GCsHiaBr Cy He Br:
Electrica Resist*’ LS 2.1 2.1 4l 2.6
Transport NO."’ >0.98 >0.98 " >098 >0.98 >0.98

Ion Exchange Capacity®’ 3.33 © 3431 3.14 2.84 3.29
Water Content® ’_ . 0.46 0.46 0.44 0.31 0.31
Thickness(mm) 0.141 ©0.148 0.147 0.149 0.142
Quaternary*’ 0.95 . 0.54 0.51 0.51 0.62
Reinforcing PVC PVC PVC pPVC PVC

a)Q -cm® ; Afller immersing the membrane into NH; solution.

b)Measured by electrodialysis with 0.50M sodium chloride solution at 2A/dm? .
c)meq./g-dry memblane in CI" form.

d)g-H: O/g-Cl form dry membrane.

e)Quaternary ammonium/total Ion exchange Capacity.
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Table 3. Characteristics of Anion Exchange Membranes

Name M-2V-1 M-2V-2 M-2V-3 M-2V-6 M-2V-2C
Base Membrane 2VP-DVB 2VP-DVB 2VP-DVB 2VP-DVB 2VP-DVB
Alkyl Agent CH, I Cy Hs Br C; He¢ Br CsHis Br C; He B
Electrica Resist*’ 2.0 160 320 360 5.0
Transport NO."’ >0.98 >0.98 >0.98 >0.98 >O‘.98
Ton Exchange Capacity®’ 2.88 2.99 2.60 3.20 2.86
Water Content*’ 0.41 0.40 - 0.40 0.33 0.38
Thickness(mm) 0.138 0.133 0.136 0.135 0.139
Quaternary®’ 0.81 0.08 0.07 0.05 0.27
Reinforcing PVC PVC PVC PVC PVC

a)Q -cm? ; After immersing the membrane into NH; solution.
b)Measured by electrodialysis with 0.50M sodium chloride solution at 2A/dm*.

c)meq./g-dry memblane in CI' form.
d)g-H; O/g-CI form dry membrane.

e)Quaternary ammonium/total Ion exchange Capacity.
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Table &4. Characteristics of Anion Exchange Membranes used in this Study

Name M-EPy-2

M-EPy-3 M-EPy-4

M-Py

Pyrdine Derivatives 2-Ethyl pyridine 3-Ethyl pyridine 4-Ethyl pyridine

pyridine

Electric Resist." 13.4
Transport No.” - >0.98
Ton Exchange Capacity » 1.00
Water Content” . . 12.2
Thickness  (-mm ) 0.117
Reinforcing rPvC

1.9 2.6
>0.98 >0.98
1.72 1.70
278 27.9
0.136 0.135
PVC . PVC

1.0

>0.98
1.87
315
0.132

rPvC

1) Q - o ; After immersing the memb:;anc into NaCl solution.
2) Measured by electrodialysis with 0.5M sodium chloride solution at 2A/dm’.

3) Meq./g-Cl form dry membrane.
4) g-H,0/g-Cl' form dry membrane.
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Table 5. Characteristics of Anion Exchange Menbranes used in this Study

Name M-PyM-2 M-PyM-3 M-PyM-4
Pyridine Derivatives 2- Pyridine Methanol 3-Pyridine Methanol  4-Pyridine Methanol
Electric Resist.” 7.0 2.1 6.6
Transport No.” 50.98 : >0.98 >0.98

Ton Exchange Capacity” 1.03 ' 1.89 " 1.58

Water Content” 21.7 24.5 20.8
Thickness !ﬁmml)r o 0.121 0.132 0.128
Reinforcing PVC pPvcC . PVC

1) Q - aw; After immersing the membrane into NaCl solution.

2) Measured by electrodialysis with 0.5M sodium chloride solution at 2A/dm>.
3) Mea./g-Cl form dry membrane. ’

4) g-H,0/g-Cl form dry membrane.
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Table 6. Characteristics of Anion Exchange Menbranes used in this Study

Name M-MPy-4 M-EPy-4 M-EPy-4
Pyridine Derivatives 4-Methyl Pyridine 4-Ethyl Pyridine 4-leri-3uthyl Pyridine
Electric Resist.” 2.4 2.6 3.7
Transport No.? >0.98 >0.98 >0.98

Ton Exchange Capacity” 1.80 1.70 - ‘1.49
Water Content” ‘ _ 127.4 27.9 ' 19.3

.. Thickness"' (mm) 0.137 0.135 © 0134

. Reinforcing - PVC PVC PVC

1) Q - a; After imrﬁcrsing the membrane into NaCl solution.

2) Measured by electro_dialysis with 0.5M sodium chioride solution at 2A/dm’.
3) Mea./g-Cl form dry membrane. »

4) g-H,0/g-ClI form dry membrane.
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Fig.2 Effect of vinylpyridines of P CI""
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Species of Alkyl Agents
QO : membrane M-4V-1 ~ M-4V-6
[] : membrane M-4V-2V-1 ~ M-4V-2V-6
/\ : membrane M-2V-1 ~ M-2V-6
Concentration of mixed salt solution : 0.04 N

Fig.3 Effect of species of alkyl agents to pyridine unite on P ,Br
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0.5 .

Pé

0 1 | l I
CH,I CH;sBr C:H+Br CsHuBr
Species of Alkyl Agents
O : membrane M-4V-1 ~ M-4V-6
[J : membrane M-4V-2V-1 ~ M-4V-2V-6
/\ : membrane M-2V-1 ~ M-2V-6
Concentration of mixed salt solution.‘: 0.04 N

Fig.4 Effect of species of alkyl agents to pyridine unite on P¢,F
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Concentration of mixed salt solutions: 0.04 N.

Fig.5 Effect of crosslinkage on relative transport number
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Fig. 6 Effect of concentration of solution on P ,Br
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Fig. T Effect of 2-,3-,U4-pyridine derivatives on P, B
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Concentration of mixed salt solution: 0.04 N.

Fig. 8 Effect of 2-,3-,4-pyridine derivatives on Pc, T
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Fig. 9 Effect of carbon number of alkyl groups bonded to U-position of
pyridine on relative transport number between two anions.
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Fig. 10 Effect of ion exchange capacity on relative transport number
between two anions (reacted with ethyl pyridines).
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Fig. 11. Change in relative transport number of bromide ions to chlo-
ride ions by adding diethylene glycol in desalting side solution.

A 1:1 mixed salt solution of sodium bromide and sodium chloride was
electrodialyzed (concentration of sodium ions: 0.4 N).

Anion exchange membrane (NEOSEPTA AM-1) had been equilibrated with
ethylene glycol, electrodialysis was carried out using the membrane
in the presence of various concentrations of diethylene glycol in
the desalting side solution.

4. 5BoOBHE

oy v A4 CHOSEEN R BIELZHIE L —ooaRRB o, B Y VBRI
EONOF A4 EOMEEMZDFLAEY U UBREOHEOHE/ER =T 5
CERBEL L ERE, W3R A A v AZHE RO O SIS A Bk I g i e o A
T HEE U TKRIE Db Bk A UBr 3EE LEEC L KA DS Wk A
v HBERLERE, ARFEEZEBLEVS (A4 LV OIESBEREICT 5121
JEN K TR A A AR DO FSREPASHES - T 50 ENRH L L. TDLILE
REZERT 5 ENNETH 5, FBYA A4 L OERZHIEST 270 bRED
CEMBADe o THIEDZAF VY- SEZAMRVE VR THEBLRNVEVBEESER
W L WIRERHE W CBIIEd 2 08N D 5,

SETHA ARATE/IoNOT VA4 VEIOREOTFRD S BT, Hl2icRY Eo—)L&
Bt LcR 1 A VBB ORINE (EHEEHE) 2R LT0EY, BRIV Y A
FIVT BT LIERE A4 VAZBRET BELZH VTV S, CL iZxtd 5Br oZE#
PEIEAREMIZ o TW05d, Y EO—LREELR) ~—ChDHEHBICESLD

_6 9_



MEYEO— IV ERBRESHEERET 1200400 50, BEECL kB L TERLEW
I, Br A%4EBTALIICTAIERVARESALENF 284S0 LHT
ZCEIAROHEHIIIHES ZETHVAEETHH0EALB V. I, Br OREA%ZIIA
22 EREELV, MIHOHNE L TBREDOTROE A 4 U ZHBEDO P, " & 1.6~2.0 T
. ChEI/N0CTHEEHNE LTHEDINEETH -/, LOLYZFL VTS
A a—VEBA A VRBRERICEEIE 5 2 EIick > THEIY A 4 ik L TR A
L OBEBYEL L Utc Z & id (P e = 0.78) | BL{bMA A L EEBBIEE W5 T LTI
BAL Tl RXMEMKDD L EES, FELSINE. ThEBERICMICEET 20T
b, -EHHABEMSETOBES WS totaldpkfed D H5 & SR BEAICS CEBA
ThiZ. BEKENEZ . DAKBEN ENSTVEVWOBELEL M bRNKE L, T
NBEARORT v TOWRBE LWL B,

5. 3k

VA mRIERE. BEIFEA. FHINER, FHETE. #hE®R.  H{tiE 1983, 875 (1983)

2.T. Sata, T. Yamaguchi and Matsusaki, J. Phys. Chem., 99, 12875 (1995)

BOlBEE., MEEE. AEER. BARLFES. hEME - AMEBERARS @D
CERTAEI0H 21, 22H)

25 : .
A .
15 F \
e
=5 p—"
1.0 ' | O 97
1.5 1.7 2.0 2.3

Ion exchange capacity’ ( meq/g-dry membrane )

[]J: NEOSEPTA membranes; (O: composite membranes prepared by immers-
ing anion exchange membranes equilibrated with FeCls; solution in
pyrrole solution; A: composite membranes prepared by immersing the
membranes equilibrated with pyrrole solution in FeCls solution.

Ton exchange capacity shows values of anion exchange membranes used
in this work; concentration of the mixed salt solution: 0.0} N.

Fig. 11 Effect of ion exchange capacity of anion exchange membranes on
PciPr. :
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Studies on Anion Exchange Membranes having Permselectivity between
Halogen Ions

Toshikatsu Sata and Koji Matsusaki
Faculty of Engineering, Yamaguchi University,

Summary

One of the unsolved problems in ion exchange membranes is a lack of perm-
selectivity of a specific ion though ions with different valence can be se-
parated to some extent. In recent years, requirements for ion exchange mem-
branes to separate ions with the same sign and same valence have been in-
creasing: removal of nitrate ions from groundwater, decreasing pevrmeation
of bromide ions through the anion exchange membrane in sea water concentra-
tion, etc. In this work, trials to change permselectivity between halogen
ions through the anion exchange membranes from their intrinsic values were
made because most of anion exchange membranes selectively permeate bromide
ions compared with chloride ions and fluoride ions are difficult to permeate
through the membranes.

Though anion exchange groups of conventional anion exchange membranes are
mainly benzyltrimethyl ammonium groups or N-methyl-pyridinium groups. Pyri-
dinium groups are expected to make specific interaction between halogen
ions. Thus, permselectivity between bromide ions and fluoride ions relative
to chloride ions was examined by following membranes: 1) copolymer membranes
of vinylpyridines-divinylbenzene (2-vinylpyridine-divinylbenzene, 2-vinylpy-
ridine~U-vinylpyridine-divinylbenzene, U-vinylpyridine-divinylbenzene) which
were alkylated with different alkyl halides, and 2) copolymer membranes of
chloromethylstyrene and divinylbenzene whjich reacted with pyridine deriva-
tives such as ethylpyridines, pyridine methanols and Y4-alkyl pyridines.

The anion exchange membrane from 4-vinylpyridine-divinylbenzene alkylat-
ed with methyl iodide showed the lowest permeation of bromide ions and the
highest for fluoride ions among the anion exchange membranes of vinylpyri-
dines—-divinylbenzene. As the alkyl agent of pyridinium groups became hydro-
phobic, bromide ions easily permeated through the membranes. Crosslinking
between pyridine unites with propyl dibromide did not decrease permeation
of bromide ions.

The anion exchange membranes prepared from a membranous copolymer of chlo-—
romethylstyrene and divinylbenzene, and pyridine derivatives revealed that
when hydrophilic groups such as methanol groups existed near pyridinium
groups, fluoride .ions easily permeated through the membranes compared with
the membrane of which methanol groups existed in N-position of pyridine,
and bromide ions selectively permeated through the membranes in which hydro-
phobic groups such as ethyl groups existed near pyridinium groups.

From above results, permeation of anions through the anion exchange mem-—
branes was mainly controlled by balance of hydrophobicity and hydrophilici-
ty of the ion exchange membranes with hydration of anions. To permeate se-
lectively fluoride ions and bromide ions through the anion exchange mem-
branes compared with chloride ions, the membrane should be strongly hydro-
philic.

It is concluded that a new hydrophilic material except styrene-divinylben-—
zene copolymers should be explored for the matrix of the anion exchange mem-
brane to achieve these selectivity.
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