BEES 19

RS - iAo 4 BRREZ AT 28 kEES TR 4 RHRIE
DYERL & D R

BIRRBIZEE - WE K (LR RZLFEREALCEISER)
EEMFFEE - FEXR (UPRELFRIGC AL TSR
EEBIFEE - EAAS (LR RELFERISAEE TSR

(&S]

AW TlE, BEIZS UTH - BKENZLTHN-A Y 7o 7 7 Y u7 2 K (NTPAA)
ZRY =T a— (PVA) FIZBWTCinsitu EBEE LRV ~—, ROKRU T U AT 3
> (PAAm) 7 L2 RT3 252 CTHAEBAMBEELERIE., ZbDRY v —l Kk
BELE 2% Z & CTROB - BKMEOHIED FTaE 7RIS B MR A A R A ERL L 72,
Z LTRSS « it 7T =4 O—fFl& UTBKRMERRE S B D81 4, 7 vk A
D ZORRIZIIT L BRI, TR RE & KM & ORRERRET LT,

[5r]
<IREJLEVER Y ~—DEA >PVA O DMSO ¥AHKIZ NIPAA E / v — % FTE B AL, EAHLE
FlE UCBREED Y U Lxk ATz, 30 ST I HTATART Y 7 L, ZOREE
40°C. 20 B¥fE] 7in situEBEE LT,
<BUEE> insituEBRICEVEONTEARY ~—L PVA, AU T U T I HEREE (PAAm) DR Y
~—BRAE T T A v —LIZF ¥ A Mg, 160°C. 20 DB L, FLZ LT ILF e RE
RaRAWTEET 2 Z & CIREREMERRA A R (FRL L7z,
<A FEE FE O > UEHE A KCl I CREEN 2 |45 2 & CIEAMTESE 2R L,
<FBWFEER> 2 SOV NVOBICIRE A, FrERED NaNOs, NaF {EAVARZ AV Chdig 1 4
v T oAb A A OFWIER ATV, OPEFE — B AR S B iRk A B L7,
(KR & EE]

ZOBEOEKET BCOHEN 0CEY bEWEL R L, ZHIEERIZEEND
poly (NIPAAm) @ LCST X W KIRAAITIX poly NIPAAm) OBKMENE L 720 | BEEMAITITEL 7
LI ThD, Fio, BREIX Cup BEMT D0 T, 15CTIFEML., 50CTHEED L
oo WHEEA A2 & 7 oAbt A F L DO REMRE D (Kyp/ KD VX Cyppy DHEINT 212250 T, 15C
TIEEA L, 50CTITBI LT, ZDIDEEEA 4 & 7 v {bA F o OBIRFE B (P P
IE Copy DIEINT 2125 T 15 CTIEREA L, 50CTITEM L7z, Lo T, E2EOFKMZ
BE LR ~—fUC KV HIET 2 2 & T FRFS « FElEA A o OZIF M3 H4# 7T /e
ERD T EDRERTE T,

WSROI TIL L2 25 2 L T Py/POENENL LTZ & OBENMTHIR TV DA,
AMETHRT L OICRES, R ~v—lEEZ D2 LT PyW/b %10 E (FEEEA 4 3R
ZEME) 6. 1 DT (7 v A F o @ERER M) ICTRESHIFECE 2T EERESN
TRV, RBFFECIXMEEEA A4 & 7 v (kA 4 v OBIFEBIEIC OV TRET L7223, AHF
FEDERR T IEIIM O RHF S - FffigkA 4> M ORBREEBIEEZH T2 A 4 L SHREDOBIFIC
IGHTAIRECH D EEZ BN D,






0410

NIPAAM

1

3-7)

8-11)

12-15)

PVA
PAAM

16)

- 155 -

2)

N-

in situ



PVA [Aldrich Chemical Co.] DMSO NIPAAmM[ ]
30
40°C 20 in situ 80°C
NIPAAmM
in situ PVA
(PAAM)
20
(H) Dw [g]
Wwilg] (1)
= Ww Dw)/1.0
- (Ww Dw)1.0 +(Dw/1.3)
1.0 13
100 ml  1.0x10°M NaF-NaNO,
NaF-NaNO; 15 h
25°C  1.0x10° M Na,SO, 30 ml 15h
Ki 2 3
C.
K, ==t
Ci
— VxC
C =
W, —
2 Ci [mol dm®] Ci
dm™] (3) 1.0 Ca
F NO; [moldm®] V  Na,SO,
[9] Dw [9]
KClI

- 156 -

50°C

160°C

(1)

1h

NOs’

)

)

[mol

[ml] Ww



KCI

Teorell-Meyer and Sievers 17-18)
Fig. 1
10°C 50°C Cell 1x107°M
NaF-NaNO; 400 ml  Cell 1x10™“M NaF-NaNO; 100 ml
Cell F NO;’
Pi [m*s™] 4
p = V,d AC/ @
T (C,, C,) S At
vV Cell [m®] d [m] C- CP Cell Cell
[mol dm?®] S [m*] AC, /At [mol dm™ 5]
(a) ) F (Pr) NOs (Pno3)
P
o= NO3 (5)
PF
Membrane
| |
Cell Cell
NaF  1X10%M NaF  1x10°M
NaNO; 1 X 10 M NaNO; 1 X 10% M
Magnetic
Stirrer Magnetic
_ ST
Water bath (Temp.=10°C and 50°C)
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Temperature-responsive Anion-exchange Membranes Prepared by Graft Polymerization
of N-isopropylacrylamide and Poly(vinyl alcohol)

Mitsuru Higa, Kenji Hori and Akio Kamimura

Department of Applied Chemistry and Chemical Engineering, Yamaguchi University

Summary

We describe design and preparation of temperature responsive anion-exchange membranes,
which can control the permselectivity between anions with same sign and same valence in
response to temperature changes.

A temperature-responsive polymer was prepared by in situ polymerization of
N-isopropylacrylamide in poly (vinyl alcohol) (PVA). Poly(NIPAAmM) chains in the membranes
give the membranes high water content at temperatures below their lower critical solution
temperature (LCST) (32 °C), and low water content at temperatures above the LCST. A mixture of
dimethyl sulfoxide solution of the polymer obtained, poly(allylamine) (PAAmM) and PVA was cast
on teflon plate. The membrane obtained was crosslinked in an aqueous solution of
glutaraldehyde at 25 °C for 24 h. The water content was obtained from the weights in the dry state
and in the wet state. The charge density at various temperatures was estimated by measuring
membrane potential across the membrane. Permeation experiments at 15 and 50 °C were
performed, using an acrylic plastic cell of two parts separated by the membrane to investigate the
permselectivity between fluoride and nitrate ions.

The water content of the membrane decreases with increasing temperature because the
hydrophilicity of the poly(NIPAAmM) chains decreases. The water content decreases with
poly(NIPAAmM) content, Cypa, at 15 °C and increases at 50 °C. The charge density at 50 °C is
larger than that at 15 °C because the water content at 50 °C is lower than that at 15 °C. The ratio of
the partition coefficient between nitrate and fluoride ions (Kynoa/Kg) decreases with Cypa at 10 °C
and increases at 50 °C. The permselectivity, which is defined as the division of permeation
coefficient of NOs ion to that of F ion, increases at 50 °C, but decreases at 15 °C with increasing
poly(NIPAAmM) content because of the change of the membrane hydrophilicity. This indicates that
the permselectivity between the ions through the membrane can be controlled by changing the
temperature and the poly(NIPAAm) content. The membranes have permselectivity for fluoride
ions under the conditions at temperatures below the LCST and Cpya = 85 wt %, and for nitrate ions
under the other conditions. These results indicate that the permselectivity between anions with same
sign and same valence through the temperature-responsive anion-exchange membranes can be

controlled by changing the hydrophilicity of the membrane.
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