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ar8-2 A3 Al poly(1-alkyl-4-vinylpyridinium iodide) (alkyl: methyl, butyl, heptyl) & o]4-8}e] 414 ofo]-&-
aghate)] FAA|A ARG F, Ao d7|siEty S Nat o Ca?t o] He] 54& nassich AAqte

Aol whe} o] 2w LY, Frg, AVIHEEE Yl vd BT} FadsS
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e}, A7 AEES) ol FHit Zrstdrh Na'sh Cav o AUEE 24719 sl F71e5s
Zrbsig e, ARetel Na- 9} Ca- ol W7l4eule dgeelss 484 v #4F vehigich

Abstract—Commercial cation exchange membrane was modified using poly(1-alkyl-4-vinylpyridinium io-
dide) as polyelectrolyte. And the electrochemical properties and permselectivity between Ca?* and Na™ of
the modified membrane were investigated. lon exchange capacity, water content and specific conductivity
of the modified membrane was lower than the original membrane (CL-25T). The smaller the molecular weight
of polyelectrolyte was, the larger the adsorbed amounts were for same dipping time. As the adsorbed amounts
were larger, permselectivity was increased, but specific conductance and ion flux were decreased. Permselec-
tivity was also increased with the formular wight of alkyl group, and specific resistance of Na*, Ca** was

proportional to permselectivity.
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Table 1. Properties of modified membrane(Dipping time: 30 h)

Type of M, Water content(W) Ion exchange capacity(Ag) Ay =Ap/W
polycation (g/mol) (gH,0/dry membrane) (meq/g dry membrane) (mg/gH,0)
MeVpl 423%104 0.30 18 6.0
1.23x 10 0.27 1.7 6.3
7.23X10° 0.24 1.7 7.1
135X 10° 0.26 1.6 6.2
BuVpl 4.23x10* 0.26 1.7 6.5
1.23Xx 10 0.30 15 5.0
7.23X10° 0.29 15 5.2
135X 10° 0.27 14 5.2
HeVpl 4.23Xx10* 0.23 15 6.5
1.23% 10 0.28 1.5 54
7.23X10% 0.29 1.3 45
1.35 % 10° 0.27 1.2 44
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Alek o & 2] 4-vinylpyridine (Aldrich Chemical Co.) &
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(ay CL-25T (b) modified with MeVpI(M,=4.23X10*)  (c) modified with MeVpI(M,=7.42X 103
Fig. 1. SEM photograph of the surface region.
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%3%Hg poly(4-vinylpyridine) 2] 5418 <7] $]3}o]
GPCE o] &8l &A3tglon, o] of FAFFd LA
M) FHFE2 M, 2402 AH(4-vinylpyri-
dinium) 2] o] Z71E4E Frlshe AEE e
oo, A1z £ (M/M,) = 34-982 A EAZISE
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ridinium cation) & #4l3}7] ¢3te] FT-IR, H-NMR-%
E3) ¥xslgion], FT-IR ¥z A9+ 1600 cm!
Zuboll A pyridine Z28] & #% 4 9lsdvh H-NMR9|
A3 (717 E4d: TMS, £7: CDCl3) 4-vinylpyridine-&
7.0-9.2 ppmell A #Ad & o, o]2] A<l A
AHS E3) kA o] wighe) e} AR Ak S8}
Aol A& ol 4 oAk dA3E 3 o) A
oF 0.8 ppmol| A methyl7], butyl7] & & = sl
o o] & %3 d3le] AEE A4 F gt Fig 1
2 &35 MeVplel Akl w}E wte] E4HS, Fig. 2
£ Faekol ubg gbe] S 74zt w8 10000, 3200
o| 4 33k SEM AMAl A#AE FE31%c)

Fig. 3ol A= 82} dajzo) 3 F3A7Hg A3t
7] 9% AR=2 gFA7Re] 3047 o] Felle AT
3¢S Holoh

(o]

(b) dipping time: 30 hour(MeVpl)
Fig. 2. SEM photograph of the cross section.
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Table 1o& Alet x4l uhe} R oo HAay
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(Ap), Aol F%(Ap) el W&t 7|&3iedch ol Fahyl izt dsfalel ofo] Yutol wiE
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Fig. 4. Relation between ion exchange capacity and water
content of modified membrane.
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Fig. 5. Relation between molecular weight and fixed ion
concentration of modified membrane.
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MeVplell tal 4] &&= Wslel] b2 F3 of wiHEE
o] Aldgaghe Jehd o2 R Frlel tiE)
Na‘ol| i3t AExE 7 Wb gdeov Ca 9
AL e Rajee] dexrl W4 @A Jepytod
25 F7H] Frbske S Gehich

Fig. 7(a), (b)& 30C A o) 447 FFol Wi ¥
28} o) ke S#% 710 Nat o] o] &rr) Ca¥t
2] o] &9 77t " =, Ca' 9] o]l sl He-
Vplo] A7t 5 o 7 sddeh & 2AEFe] odgke]
Achs 7S sk
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el
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Table 2. Specific conductivity of modified membrane in 0.5N NaCl solution(Dipping time: 30 h)

Type M Specific conductivity(Q2 ™! cm™ Apparent activation energy
of (g/A’mnol) in 0.5 NaCl solution (—E)
polycation 30C 45T 60T (kJ/mol)
MeVpl 423x10* 28X10°3 52X107* 7.2X107% 265
1.23x10* 2.7%10* 48X%107° 70X10°3 26.7
7.23X10° 3.1x10°3 49X1073 6.8x10°° 220
1.35x10? 25X10 3 50X1074 6.7X10°3 279
BuVpl 4.23%10* 25X107° 50X10 6.5x10°° 269
1.23x10* 2.8X10 3 48%x1074 6.8x10°° 249
7.23X10° 28X10°° 48X%10°3 6.7X10°° 244
1.35X10° 24%X10 * 46X107¢ 65%10 *° 28.0
HeVpl 4.23%10* 3.1Xx10 3 52X107¢ 7.0X10°3 229
1.23X10* 3.0x10°° 49X%10 4 6.3x10 3 20.9
7.23X10° 24X10 3 4.8X107% 6.2X1073 270
135X 10° 26X10 * 50x1073 64x10°° 254
Neosepta CL-25T 3.0x10 3 53x10°% 7.1x1073 242

Table 3. Specific conductivity of modified membrane in 0.5 N CaCl, solution(Dipping time: 30 h)

Type

Specific conductivity(Q™! em™ Y

Apparent activation energy

of ( g/l\rl::ol) in 0.5 NaCl solution i (—E)
polycation 30T 45T 60T (kJ/mol)
MeVpl 4.23X10% 1.0Xx10 1.8x10°3 3.2X1079 325
1.23X10* 94X10 4 1.7X10° 3 29X107% 315
7.23X10° 84X1074 14X1073 2.8x107% 336
1.35%10° 44x10°% 76X10°¢ 1.4Xx107% 32.3
BuVpl 4.23X10* 9.8x10 4 1.7X1073 3.0x10°* 31.3
1.23x10* 9.1x10 1.6X10°° 28%1073 314
7.23X10° 7.7%X10°4 1.3X10"* 24X10°3 31.8
1.35%10* 42X104 7.2X10°¢ 1.3x10°° 31.6
HeVpl 4.23X10* 95x1074 1.6X10° 29%x10°* 31.2
1.23x10* 95X 1074 1.5%10 ¢ 2.7X10°% 29.1
7.23%10° 59X10* 1.0X10°* 1.8X10 * 31.2
1.35X%10° 3.3X107% 57X10 ¢ 1.0x10* 310
Neosepta CL-25T 24X10°° 36%10° 42x10° 28.2

o2 Zrlelgeh. Ealeel A& FE Ca*t o F5ol
o)l Fo) A o 5 dden, o HEAFATE
31 4]

Fipo] FUsHA o] FlHEE 2u| ¥t
Zte] ol el whe} AdFe|rx g
Na', Ca®* 7te] vl M3hu)e} Aefiejn vle] Ao
AL el gled, olF HA4 xgatd
ok 7k MeVplel 7%+ P=0.014R+1.55 Bu-
Vple] A4S+ P=0.014R+ 156, HeVple] 4$-oli= P=
0.012R+ 1592 7}rz}te] correlation coefficient+ 0.83,
09, 0742 vebgdch #312 Sata[13]7} 287 3
212 polvethylene imine % o] 8-3}od ofe]-&mzhH(CL-
25T) ol &34417 Na of g Ca® o) A=l es 3

He Atz #elmsl 06247449 $3E ¥k
Ael He) % (permselectivity) &= th&3} 7ro] F3ck

T(_'u/ T,\u
Ceu/Cra

Ca
Pu=

Aol Ce®t Cooz S
2 Na* 9] F2olx, Te9 Tyas Ca® % Na'el ¢

o},

+

7 E 0] gl kel Ca?
1)

ok-)

32-2, Eelre] B4

7L7l—g} 7H z,‘v_r,t] rJL_
o] A7k o =X WHIE
Ca’ o} 5% 35 ol o

A8 -, o] & F37 Na’, Ca*”
Fig. 12, 13 el gick Na”,

12 4] o] whE-g o % Sle,

=1z
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Fig. 6. Effect of temperature on specific conductivity.
(@) in 0.5 N NaCl solution(MeVpl), (b) in 0.5 N
CaCl, solution(MeVpI)
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vlE A S Jehd s o+ Uk
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Lt w32 1S 19944 28

Fig. 7. Relation between molecular weight and specific re-
sistance of polycation at 30°C.
(a) in 0.5 N NaCl solution, (b) in 0.5 N CaCl, solu-
tion
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(1) MAE gte A4 el wef o] 2wdt 438
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95X1073(N"-em D) .02 Aol vl $49] EAA)
A e S o 7 Atk
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Table 4. Initial flux of Na*, Cal* through modified mem-
brane(Dipping time: 30 h)

Kind of alkyl Initial flux Initial flux
groups of Na* of Ca?*
CL-25 T 83%x1073 6.7X1073
-CHal 7.7X1073 45X1073
-CH3(CHy)sl 7.7X10°3 39x107°
-CH3(CHa)el 69%x10°° 39x10°*

(2) 3B Baiege] H&4% FAR B A2
A4 H we ol FAHem, AHY A ATl
2 ¥ 248 AdRE 27l FAE Ho)
o, B RERS) o)e Eeak asisich

(3) Na“o} Ca*'e] delme asle] shatalepo)
F1e4% 2olskalnh

(4) AAetel Na's} Ca~ o] &) w0714 u](R)
= AduznP)sh 48 ud BAE el
o]+ MeVplE 7R A3 H-$ P=0.014R+1559] o=
248 4 elsieh

z A

B AL 190295 SEAEAe] AT w A
sl o Fesodeich AR )
=3k

ARBT|Z

Ax  :ion exchange capacity [meq/g dry membrane]
Ay :fixed ion concentration [mg/g H,O]

DMF : dimethylformamide

k : specific conductivity [ '-cm ']

M, :weight average molecular weight [g/mol]

315128 M323 M13 19944 23

EX)

M, :number average molecular weight [g/mol]

M./M, : molecular weight distribution

Re.  : specific resistance of Ca?* [Q-cm]

Ry, :specific resistance of Na* [Q-cm]

T : absolute temperature [K]
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