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foned 7+ 2 AISH(CPSHR ¥, gol&dl tiaf Aol ale Ao &l pyridinium Fole¢ TYULAZ T poly-
(1-alkyl-4-vinylpyridinium iodide-co-divinylbenzene) (MeVpl-DVB)& ¥43t%, o5& YT 2¥4 22 Az#
o E48 @ &, ot dHEA ¢ EE4g nAstoch CPSe} MeVpl-DVBe| o2 £4 W AAEe] obd
blend7} B AE/gl oo, MeVpl-DVBo) thal CPSfe] §afol B &4 % dAIARI $5%E & & AUD, YARE 7
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(meq/g HO) 8] #95 Bk (I o) 2 wste CPSIgao]l $48 F7hte A%S etk

Abstract: In this study, polysulfone was carboxylated(CPSf), as a method of introducing carboxyl group to polymer
main chain using direct lithiation reaction. Then, poly(1-alkyl-4-vinylpyridinium iodide-co-divinylbenzene) (MeVpl-
DVB) containing pyridinium cation which has an anion selectivity as a fixed carrier was synthesized. And polymer mem-
branes were prepared by mixing CPSf and MeVpl-DVB. Charac*~ristics and permeation of membranes were investigat-
ed. As a result of synthesizing CPSf/MeVpl-DVB, blend was formed, not new copolymer. As the content of CPSf
amount increasing, thermal stability of membranes was increasing. lon exchange capacity was 1.0~1.8(meq/g dry
mem.) and water content was 0.16~0.26(g H:0/g dry mem.) and fixed ion concentration was 6.4~7.3(meq/g H,0) in
synthetic membranes. The C1” flux showed an increase due to the increase of CPSf content.

LME 22 2eote] @ FFH oleTBIE YREAT
golgolt Folge] o TRl Ay2H uHY 7

go] 7lEA J)e pel @ F5oRM, F2 7 2% AT Qo] 239 AelAE 2 5 gde 5
A9 Rapolt oztel ofs Hajle £S5, 7] A AL oo, 1 F VAT AoRE ol
Axate) 27l g BAAEA BelvHe e AduERAE F F ok olaig olengete 47|
Rol wpolci[1-4]. &, ¥e) 4452 U T S4, A T4, dudAe) 3 So ol 4R} =,

26



Carboxylated Polysulione/MeVpl-DVB 22| 3 Ze E Ao 33§ o33 37

upgrE e 54 Q¥ 259 Az, 99 AY F
de4 2 FEFY AR =33 HeA, A
T 9 oobkE ¥4 FellM ZYA AHEET Yt @
9, AR ZAA FEE FEA717] A poly-
sulfone, polyethvlene, polystyrene, poly(vinylchlo-
ride), polypropylene 54 d7t44 X8 wdd2
443715 @, polysulfoned WA, HEEA,
W7 AdE 7hAE |2 pHY Sl Mg &
gl A7taATAZHA TteEae) Abstel] A Ay
25% 71AR AAH AAAERE JPRe Rd &
FAFAel7] BEo} FAR FAFES H3}4A)7)
A BGL5]). ol EAREL Haso] Al ¥
‘T—*}—’:"‘I ATANE st Ades 4, AL
g 2o 29¢ A A4 E =dae 2

TeAet 254 TEAE EUE o2y

4% Fole W o4l St olUel:
2 A4 F4E 9 T2 YT £E5 3
T 5% H¢7 AR oJguged, Hzds
Himeshima®} Kurihara %o] acetylatlon»} bromo-
form W] 25hA TAe ¥ D44 22
gAY AZE A7 2 6 ‘}JB}[5 6]

¥ dFeME polysulfoned] A¢AL 7] A4
A 2§35 WS o83 polysulfoned 7t2 %
At F, Solo ds Ad™Ae) 9l Aoz o
24l pyridinium foj&¢ TAHAIAE ¥ poly(i-
alkyl-4-vinyl- pyridinium iodide-co-divinylbenzene)
{MeVpl-DVB)& #4333, olES Es 187
peug Azsiel £438 @ ¥ % 54 ¥ T35
A& nassdd.

2 4B 2 Yy

2.0 28X HE
2. 1. 1. Carboxylated Polysuifone(CPSf)

A AbEAe 120 24417 B AEF
Polysulfone(Ultrason 3010, BASF)& AR8-3}eix,
&l THF(tetrahydrofuran)® &tgdel. =& &
3 uhgdlA  n-butyllithium(anhydrous)s} dry-
iceE oj gt AYL o2 sk~ F3l79 me
chanical stirrer & Zx& 1i S}z« s}
4z, 2lE3 ¥eL dry-ice/alcohol bathslAl —50
C7A) J7r Aol A o] T 7], Fig. 1o A
H A g el gct

®:0

ORI
1
1. Argon tank 5. 2-Branch pirex flask
2. Regulator (1L)
3. Motor 6. Teflon stirrer

4. Dry-ice/alcohol both 7. Micropump

Fig. 1. Schematic diagram of carboxylation appara-
tus.

Carboxylated Polysulfone 0.88[0.88: BuLi/PS{9)
Eul]

THF 500mlell PST 50g(0.1lmol)& 59 £4&
dry-ice/alcohol bathell4l —50°C7HA] WzA}l7l %
n-butyllithium  10mi(0.1lmol} & syringe pump®
30ml/he] £ 2 Fostgiet. E¢Eo] 27lddE =¥
Ho 2 wsin, Yol Aol by H2AE o
H4 w7l Z27b8Qn. n-butyllithum 7} & &
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£l ]

THF 500mie] PSf 40g(0.09mol) & 39l £
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THF st o] mEate] Ldlc ofFof oebg o4l
ol T 2L E X3t Table 1ol 7224
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Table 1. The Condition of Carboxylation Reaction

Molar Ration ~ Buli  PSf
__ Buli/PSf  (meh  (mo)
0.88 0.1 0.113

22l 0.2 _ G0

Temperature: —50°C (in dry-ice/alcchol bath)
Solvent: THF
Buli injection rate: 30ml/h

ghol whe24E vehdgct
2. 1. 2. Poiy({ 1-methyl-4-vinylpyridnium  iodide-co-divi-
nylbenzene) 2| ®Z=[8, 10]

o3 poly(4-vinylpyridine-co-divinylbenzene) 2
AzxF ¥, o]F t44] iodomethanes} ¥-$-AA poly
{1-methyl-4-vinyl-pyridinium iodide-co-divinylben-
zene) B 2rg A Zsledch Ao R4 4-vinylpyri-
dine(4-Vp) { Aldrich Chemical Co.)-& HFZF(65T/
15mmHg)stey AAstgz, divinyl-benzene(DVB)
(Aldrich Chemical Co.)& E3=le] gle ethyl
styleneste] 287} oz Aggo] Houg gt
& A4ksted AHgstgdch. DVBe 95 4-Vpdl o
s 8mol% 2 TAAIZ F, A E97] stell4 BPO
(benzoylperoxide) & 37§ A1H 2 344 al decaline
Za0stel] 5838ty poly(4-vinylpyridine-co-divinyl-
benzene) (Vp-DVB)& A x&tdct. ojde] Fihd
EE 80T, FYAILLE 1241722 dgic). thgdlls
alkylation TR 24 F3d 2 EAE 50% FEEY
iodemethanee] £o19]% DMF(dimethylformamide)
(20g/70m]) &koll Jo} Az E517] sholl 4 24217
A B4 HSAHES ADEE AT
% 30CelA AFAZs poly(l-methyl-4-vinyl-
pyridinium  iodide-co-divinylbenzene)  (MeVpl-

DVB)S Al zsheict.

2. 1.3. CPSfet MeVpi-DVBE| &3 9/ gtAstel ®=x

7422482 7) polysulfoned AAZ Lo (DMF)
of 4aAl7l F Lt FYuY MeVpl-DVBE ¥
o] 80Tl 12417 Fot mubstdich o] EYIES
castingdt & vaccum dry ovenolA 60CE 947}
2ol 4ol S FUAAH MeVpl-DVB/CPSf 9hg A2
s}odch(Table 2).

degal, A5 13, 1995
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Table 2. Condition of Preparation of MeVpl-DVB/
CPSf Membrane

"CPSf  MeVpl-DVB CPSI

_ Concentration (@) (&)
40 wt. % 3.0 2.0
70 wt. % 1.5 35
100wt. % 0.0 5.0

Selvent: DMF
Casting Volume: 10cm’
Temperature: 80°C
Reaction Time: 12h

2.2. CPSt & MeVPI-DVBE| 2% 4 B4 £XH
2.2.1. CPSfe) £4

CPSfe] 7tz 2471% selshr] 95k FT-R(BIO-
RAD, FTS-65)& At&3tddx, dAHdAY4 H5tE
2lgtod TGA (thermogravimetric analyzer, Shimadzu)
2 2Astydc}. =gk, PSfe} CPSie) Rajst a8
95t} GPC(Gel Permeation Chromatography, Wa-
ters 150C) & AL82-3}eirt.

2.2.2. MeVol-DVBe| EA

wx F3H MeVpl-DVBY 72 9 4% 42w
£ Hr}str) 9sted IR(JAS. Co IR-810)% A1&-3)
of EAMsbeith Bk MeVpl-DVBY |izpzr] o
¥ ¥ particle analyzer(Horiba CAPA-300 parti-
cle analyzer) & o]-&&}o] &X3loic}.

2.3. TMote| EA
231 goue #xEN Y IN Y
gaatel FzE adetnrl d# FT-IR(BIO-
RAD, FTS-65)% Ahg3te] E43tien, 41 %
o] #¥wW& SEM(scanning electron microscope,
AKASHI DS-130) *ale s Adrstc. =3
g mro] oA okl A (thermal stability}-2 TGA
(thermogravimetric analyzer, Shimadzu)E 30~
700Ce £x¥edlM $E4EE 10C/minE 3
2 xjsoich.

2.3.2. BtMBiol RM7ISIEE 4o
o} -3 g-g-9]
rgute) ol ERBEAL 3T 2ol AT

A A% 3 2M NaNO, &
AAsta, 2M NaCl Sl
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2.3.3. #49el £otdH
*‘f;i‘}*'ﬁ%}i]

B A e §7] Sol2d C e 3 545
polymethylmethacrlylatei s Endz Aty
oof, Ad@ate] BE AFL 30CsAA Fs i
A9 % Bu: 150cm’ld, 2o FawAe 8.
O4cm’olc}. Ale] wiehe s Asiodon, 2}
Yiut7|E o|43le 500rpme 2 fA4E F¥5 o
WAl Yo o8 F=TE AAs A

Y2 B4 AY

Clrele] ZdA: % Ade FHTE
Z Aol 0.1mol/f 9 NaClg o &Hslgct.
ok ol ML ML & 273 (Suntex, Model Sc
-17A)R d4Hoz EAdgct. foid] HEEE
ol&5 5o wlasleg HxT Fold ulet Iml4
A" A7k} o} F Ao A A|R4AE HHEA o]
9 =52 ZAsigon, Clr o229 42 argento-

metric method & AR&-8}9ch.

3. Nz Y 2%

3.1. CPSt & MeVpi-DVBS E4N
3.1.1. CPSte E4

CPSfe) 712847 & 95t FT-IRE §3
of FA4% H3E Fig. 20 ebiiglc). Fig. 204
1740cm™" 28}e] 3=a= C=0 streching vibration
o2, CPSf 0.88) ulafl CPSf 2.219] 74$7F & ¢
3 g 4 A, ol2RE FgE T
o sl=BAE #d¥ 4 s Fig. 3qle
CPSf 0.88, CPSf 2.21 ¥ PSfe] TGA ZAAE e}
Witk PSfeli= we] CPSfe] TGA curved|= 2%
A degradatione] yebded], o&F 100C FZoll4
#aes AHA degradationg ¥HE-3H FHREAY
o) gl 2gk FA AR HoAld, ol PSfuc
= &*§ thermal degradation &ArS Hof odzql
Ao 9lo] FeobHo] glomB oA Z2HE 2
dte o wbS oM AHgeo] SolalA] Yol AR
o} Fig. 4= GPCE FAg Ex3F FEXT2AH,
CPSf PSfe} wlisted TRAq £2lek £xo| o
3te dsld
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Fig. 2. FT-IR spectroscopy of PSf and CPSf. (a)
PSI (b) CPSf 0.88 (¢) CPSf 2.21
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Fig. 4. Molecular weight distribution of PSf and
CPSf.

3.1.2. MeVpl-DVBS| &4

%" MeVpl-DVB2 432 2 ¥ (pyridinium
cation)& #9l5l7] ¢35t FT-IRS X3l 4%
%35 Fig. 5ol Jelvigidh. Fig. 59 FT-IR 3=
7} Vp-DVBe #$9 = 2g akylation®d 79=
1640cm™' el M 42 2 FS <2jg 22z &
d& = slsdeh Atel Abgstr] g R
MeVpl-DVBEate] edab=7) 2 225 particle an-
alyzer§ o]43tod &g ZE Table 33 Fig. 6

dryal, As5Y A1F, 1995

P
o,

PN
of
2

!
1

i T T T

2000 1800 1600 1400 1200 1000
Wave Number(cm ')
Fig. 5. Infra-red spectra of poly(4-vinylpyridine-co

-divinylbenzene) and  poly(1-methyl-4-
vinylpyridinium iodide-co-divinylbenzene).

-~~poly(4-vinylpyridine-co-divinylbenzene)
——poly(1-methyl-4-vinylpyridinium iodide-

co-divinylbenzene)

Table 3. Particle Size Distribution of MeVpl-DVB
Copolymer Powder

8mol% DVB
_ D(pm) F(%) R(%)
70.00< 0.0 0.0
70.00~65.00 0.2 0.2
65.00~60.00 2.1 23
60.00~55.00 0.0 2.3
55.00~50.00 0.0 23
50.060~45.00 35 5.8
45.00~40.00 4.8 10.6
40.00~35.00 2.6 13.2
35.00~30.00 0.0 13.2
30.00~25.00 5.1 18.3
25.00~20.00 13.2 315
20.00~15.00 25.1 56.6
15.00~10.00 9.8 66.4
10.00~ 0.00 33.6 100.0
D(median) 16.32(m)
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Fig. 6. Particle size distribution of MeVpl-DVB co-
polymer.
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Fig. 7. FT-IR spectroscopy of CPSf/MeVpl-DVB.
(a) CPSf 0.88 (b) CPSf 2.21
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Fig. 8. SEM photograph of the surface region of MceVp-DVBI/CPSE. (a) CPSI 2.21/MeVpl-DVB 30%
(b) CPSf 2.21/MeVpl-DVB 6G% (c¢) CPS[ 0.88/MeVpl-DVB 30% (d) CPSf 0.88/MeVpl-DVB 60%
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Fig. 9. TGA thermodiagram of CPSf (.88, MeVpl-DVB.
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Fig. 10. TGA thermodiagram of CPSf 2.21/MeVpl-
DVB.

Table 4. Properties of MeVpl-DVB/CPSf Mem-

brane

Membrane Type Thick- Water Ton Aw/AW
PSf EVpI- ness content exchange {meq/g
Type DVB (mm) (W) capacity H.0)
wt.% (gHO/g  (AD
dry mem-  (meg/g
brane) dry mem

brane)
0 0.23 0.09 0.1 1.1
PSf 30 0.24 0.16 1.0 6.3
60 0.26 0.20 1.3 6.5
. X . 6.

CPSi 0 0.21 0.22 1.4 i
30 0.23 0.24 1.6 6.7

0.88
60 0.23 0.25 1.7 6.8
0 0.24 0.23 15 6.5

P

(; Zslf 30 0.22 0.25 1.7 6.8
’ 60 0.26 0.26 1.9 7.3

Table 5. Initial Flux of Cl" through MeVpi-DVB/
CPSf Membrane

Membrane Type Initial Flux of Cl”

[mol/em? - h]
CPSf 0.88/MeVpl-DVB 30% 4.2x107°
CPSf 0.88/MeVpl-DVB 60% 45x%x10?
CPSf 2.21/MeVpl-DVB 30% 4.6%x107?
CPSf 2.21/MeVpl-DVB 60% 49x%x107?

el A zoh K4 A AT 33
0.8
= A CPSf 0.88/MeVpl-DVB
o .
L: 06l « CPSi 2.21/MeVpl-DVB
£
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=
[
e
S o4} Aw=64—2>>
S oz} P L
& N Aw=73
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L 1 1 i e
0 1 2 3

lon Exchange Capacity(meq/g dry Membrane)

Fig. 11. Relation between ion exchange capacity
and water content of MeVpI-DVB/CPSf

membrane.
0.10

.

; {1 e CPS{0.88/MeVpl-DVB 30%
008 | NaCl |y | CPST088/MeVpl-DVB 60%

b foan T | a CPSf2.21/MeVpl-DVB 30%

¥ CPSf 2.21/MeVpl-DVB 60%

0.06

Ct Concentration in the Cell H (mol#)

Time(h)

Fig. 12. Time transport curve for Cl” ion through
MeVpl-DVB/CPSf membrane.

231542 vl A3 curve fitting 8+ & dy/dt | ..=b
238 Fatgdoh. 4.2X1073~4.9%x 107 [mol/cm? - h]
o] wz}E Holo] sl2 B Al ulgo] FL A
of 7] £¥27t w2y ge] F& 4 5 Uk
Ao 27] FY2rt & WshE Bolx File
olfre ¥ ol TAH Sl st2EAI) 7}
B2 Aolg Holx Fde o2 AEHM. o=
SEM Apzlell4 & 5 glFo] ZAldee 2z
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