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Q9 ofo]l2A 9| quaternary ammonium polysulfoneq] AMPS: 2%bA #A & 3o Azt WA, e
Z ¢ chloromethyl methyl ethere} ZujZ ZnOE A}43}od chloromethylationih-g 28 CMPSE A|Zst= <HAl9} Fujd
CMPSe] triethylamineg ®¥}-$-A1# quaternary ammonium”|& %4 A]7|& amination $AE o]Fo] Rt}

Abstract: This paper was to investigate the preparation of quaternary ammonium polysulfone. The aminated polysul-
fone (AMPS) as quaternary ammonium polysulfone was synthesized by two-step process. The first step involves the
preparation of chloromethylated polysulfone (CMPS) which was produced by the introducion of chloromethyl group into
polysulfone using chloromethyl methyl ether as a chloromethylation agent and zinc oxide as a catalyst. The second step,
amination of CMPS was to give rise to AMPS using triethylamine.

1. M =2 £o] 2-aminobutanol®} chloromethyated polysul-
v fone9] aminationdTo d#%& F 45 #H3F
1952 Jonesel]l &} polystyrene& chloromethy- of AFE 39ri[4-6]. =3F, Boucher: poly(4-
lation %, tertiary amined XA quaternary vinyl pyridine) 2] quaternization¥<t Fx 2 W3 A
ammonium °| X H#FA7} ALEAR[1], 1953 Foll #ate] A3 H[7].
o= Paisley 50][2] styrene2] chloro-methylation Quaternary ammonium?)E 7}X 3 gl& oFol&
of #ste] FusA dFE s9en, 53 A 2R vld @AY S-S oR gAo] 7t
chloromethylation®} 7} Aol st F=dshdct. T FEE AR 48 + ded, TH ¢
1964\dell= Lloyds} Durochere] 2J3te chloro- £l AHEET e S-Sl EHANY F& g
methylated styrene quaternization®] 4 £ &3%ql o gxo3 HotA o 7|&2Y TER} A5 Al
71 H2E A== 3] 1907 A& Kawabe g A7t A8 s gich. Oxy-phenylene W54
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£ /A2 de 2EAE AAAA A AAe] Bo)F
7] w2l chloromethylation®} amidophthalationel]
gt WA FEAE 4d& & UH8] Oxy-
phenylene WHETHE 7HAT Qlow E2) 3EA
Asd WAt dH7l &l $4% polysul-
foneL 7124 #2224 Eelt Ay g2 o4
=2 doH9].

£ dFddMEe PSfE o]43to chloromethylation
3} amination®] FA & FHL AH Fo]A
PSfo] Az} o] F3lo] gholr s}

24 #
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Polysulfone(PSf, Udel P-3500, Amico)2 110C
AT Az eA 283 A2AN T HAYo] A4
sheict,

Chloromethyl methyl ether(CME, %7d¢]3}% )¢}
triethylamine(TEA, F70]33)e EFA)¢e 1
E AH3kqt}. Zine oxide(ZnO, HPCD & A}&-Ad)|
120C AF Az7)olA 44171 ot Azshe] A3
At

N,N-Dimethylformamide(DMF, Aldrich Chemical
Co.)8} 1,2-dichloroethane(DCE, Junsei)& CaH,&
AHEste R AAR ¥, AEFEY 4A mo
lecular sieveso] B A}2-3t4jrd.  Tetrahydro-
furane(THF, Aldrich Chemical Co.), methanols} di-
ethyl etheri= §-3A1ekg 22 Al43} %o}

2. 2. Chioromethylation

U3 gy =& F87], dropping funnel, A%
A 4 #7577 AXH 47 flask Wol 4 PSS
£ DCEol| 217 ¥, Air|FstollA 34z mut
% @4 In0F E3g CMEE AHstA|A uleg 3
HAZck wtgo] FAHY weE S MeOHd A,
oA A& F, 2N HClel A7t} o]ej4) MeOH
2 AE F AT AzAA A =2 29
CMPSE #u}8t4r). Zuj€®l CMPS= THFs} #j&t
&% o]&3teod HAAY 2 YA}

2.3. Amination
4719 5§97 47 flaske] CMPSE DMF 45
AR F, Aa7|FetelA Tt @4 TEAE A3

AlA W& AFAZ u-EEA F diethyl ether
o AHA#H AMPSE Fu|3t 4t}

2.4. 84 &Y
o] 2§83 Fisherd - L[10] o]&3t
of o}ellel 7+ A)(1)& o]t Hxslc),

o] & 842 (megq/g) =

50 X 01 NNaOH -y X 01 NHC]
polymer wt.

(D

o 7] o) A ye 422% HClY < (ml), Ny.one
NaOHY x 29 %%, 283 Ny HCl r2% =
=5 Yepiich

T28¢)& H-NMR(HITACHI NMR R-1200)3
Ao E37)(IR, Digilab FTS-60)& o]&3l9e
o, dx AAe o xx}EA7)(DSC V4.0B DuPont
2000, heat flow rate 20°C/min)& o]-43le A3}
e},

Chloromethylation®} A oj] A A st= a9} 71w
o 23 Bxlek 2o W= gel permeation chro-
matography(GPC, Water 150 C) & o|-&8}o] &qls}
dor, 7|AH EAL Instron(TT-C)& o]83kd
EA3Act. old AlEE FA 35xm, Ho] 50mm
283 £ 15mmel YF& AHLshe] EAstodrt

s Azd AMPSHE gofoll AXA|A A
2ol A 747t v AE ¥ SAE o)

3. Znt o 1%

Fig. 12 chloromethylation¥t-¢-2] PSfe} CME<]
ZH]7} 1:50] 2 uhg-A|7bo] 2417}, wig2-27) 30°C
2 AAE o, 2ojq) Zn02 H7leke) g olen
B8] HEE BoF T Qo). 24 BE uie}
2ol Zn09| ool Z7Hgd g} o) uggefo] £
Mg & F ok o|3e EulE AM4HE Zn09
ko] F7Hgtel we} CMES o] &3}7} 2als o} PSS
o %=l ofo] F7letr] mEold. 2t Zn09
H7tfo] PSfoll thate] 0.28u)dlME o] matgaf
o} F7hEo] Zadtgod, 0388 o4t A
AT & Jehisith FoiQl Zn09) Hrteko] &
7betE wbgFol Raje}l shwnbgo]l dojur, whe
74 F A44% CMPSe| #AZ3te Zn0s 2217
alkylation®+$-& do 7= 7o agAz 9ui[2].
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Fig. 1. Effect of ZnO contents on ion exchange ca-
pacity for CMPS.
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Fig. 2. Effect of CME amount on ilon exchange ca-
pacity for CMPS.
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Fig. 3. Effect of reaction temperature and reaction
time on ion exchange capacity for CMPS.

chloromethylation® 3 H& & 8o3&3 r}. X3
Bke Fof) Zojal ZnOoll 93 dojute Buks& 3
435k, CME7} Ajghab3of vlX& <82 93
A dopw ) 23t CME/ZnO2l Exl= 10/0.1%
dAsA sl ubeEel Hbg-AIZEE 30T, 2412
o2 pAstgrh. 1dx9} o] PSfoll tigk CME
o] Enl7l Z71gte] ape} o] ughgafo] Ao
F7bte AEE HAF ok dhibdeg CME/
PSte] Euj7} 20/1¢) ZAtelle 33| 99% ol
A Agg o 7Axe shEnkgo] dejuA] ke,
PSfel Eul7t AdH oz Frtste 10/1809 A5
ol Hgkgo) oF 75% AP spunk-so] o3
gel-point7} AE= Ao oejx gI[11]. o=}
A B A e RukgS F4dEa HAd o]
T8-4%L 712 CMPSE %] 317) $J3te] CME
/PSfe] En|E 30/12 xAslgdrt.

Fig. 3& PS{/CME/Zn0¢] En|E 1/30/0.302
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Fig. 4. Effect of TEA amount on ion exchange ca-

pacity for AMPS.
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g}o 2 o4 PSf/CME/Zn02] Bu]E 1/30/0.3
SO% 3@, 30CAM 2417 Bk wb2A]H sz
CMPSE Ae3lod aminationo)] ©]&-3}c}.

Fig. 4= aminationdhg-4] Zujg oS4 9
CMPSeltigt TEAS 7}eke] mE ofole we4
o H3E Bo Fu 9o o|m k2|73 uig
<Ev 2417 30CE dAHFA stglct. Ao} 7o
TEAS ofo| F71gdl uig} o] T8hgato] x|
€ 7kt o, Hrlgko] 1.5ml o]t M o]ex
8o F7hEe] FsAh oy d4e o
3 Zo] Ad=o] 7453ttt Amination ¥h3-2 vhed A
X #guk-golma TEA7} CMPSe A#% 4 9l 3
W oo]2a#gake CMPSY oj2wat g3fo s
ZAFH el Fehd FYaelo e At
TEA7} Z3pdej2 CMPSe| 289 #¢ o2 24
of FAIgle] YT Fole wFHgHS JAA g A
o2 A7 gabs £ dFd 4= CMPS?) 1gof
gk TEAS k& 1.5ml2 mAste] AYPL s},

Fig. 5& TEA/CMPS7} 1.5ml/g 4 4% o 82

0.8}

LE.C{meq/g)
o o
s o>
T T

0.2}

0.0 i 1 1 1 L I

Time(hr)
Fig. 5. Effect of reaction temperature and reaction
time on ion exchange capacity for AMPS.
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Fig. 6& CMPS % AMPS9] IR spectra® 24
F3 glh. CMPS spectrumdl] 4 -CCl¢] A peak
 780cm™' ¥-ZA A9 F5 peak?] 7T} PSfe)
Hjete] AdRer 27 #ese BeFa gt
AMPS spectrumol] & 780cm B2 &4 peak
o =7} CMPSel ulste] gasteles, =a),
1640cm™" ¥ A -N*R,9 & peaks w&halA
g 4 gladeH[13].

Fig. 72 PSf, CMPSs} AMPS¢] NMR spectra
olt}. CMPS¢e| spectrumoll 4 -CH,Cl9] E4 peak
€ 4.5ppm ¥-Zod B 4 9lcb. PSfe] chloro-
methylation& %M chejgt Hd) 2709 x@o) B
% glch T} sulfone] ) BEG B4 2o 3%
22 <ol&ted aryl sulfonezelol 4= Xgho] o}
2] ¢ 21, bisphenol A ¥-Eo) w2 384
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Fig. 6. FTIR spectra of (a) PSf, (b) CMPS (0.51 meq/g), and (c) AMPS (0.34 meq/g).
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Fig. 7. H-NMR spectra of PSf, CMPS (0.51 meq/
g), and AMPS (0.34 meq/g).
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-CHCl Hgo] dojnder. Ut -CHLIY o]
ofbd of A%} B4 A4 T ako] Ul
Ao wgE zeld F A4S Aol el
NMR& o|g3t® A#zet X3 A& #IFT
AT, el Aol i oleLaEFe it
27) fe] & AQelAE ARITe HUss
(14]. AMPS<l 7<%, 4.5ppm ¥-2¢ -CHLCl peak
& TEAS) %ol 95t 2astgon, Mo} 15
~2.0ppm %24 -N'(CH,CHy);®] 54 peak¥
gold 4 9t

Table 1& W&ZA o oleLBEF] %2
AMPS®] 4355 S Aot AFsid 2F
A9 $HEE SR 9 olemEgl wet A
B ol X e HHNH TEALY SmAT
ofub 23) S e Buren([12] ABwgel o
aApgel 347 EE nEa Abertel 2E
geo| wst2 28T FFulE(O)F WA Wi
olc}, Foll4 B ule} 7|, chloromethylation}#
ol A Wh&A|7ko] 13417k oAl we} 507 o)Al A
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Table 1. Solubility of AMPS

LE.C" Time® Temp.”? TEA?

DMF NMP DMAc Remarks'
(meg/e) (he) (T) (ml) ¢

014 2 30 1 0 0 o}
034 2 30 15 o] o 0
038 2 30 2.5 X 0 o)
030 4 30 1 o) o] o
035 6 30 1 o] o] o)
0.59 13 30 1 X o) 0
054 6 40 15 X o] O brittle
069 6 50 1.5 X X X brittle
0.77 6 60 1.5 X X X brittle

1) Ion exchange capacity of AMPS.

2) Chloromethylation was carried out PSf/CME/Zn0O
=1/30/0.3 by mole.

3) The added amount to unit CMPS.

4) The behavior at film formation.
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Fig. 8. Evaluation of the Tg of the AMPS versus
ion exchange capacity.
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Fig. 9. GPC chromatograms of (a) PSf and (b)
CMPS (0.51 meq/g).

32 FA4Eol et SaAdo) WstE gL Ak
F3

Fig. 8& o]Zughgakel at& Hejho|2x(Tg)
Z AT Aot 21X BE npgh o] o)
aFgego] Frigel we} Tgrl Frbsle AL o
T Sk PSfel| wlste] Tob @& o]f& chloro-
methylationA] Zvjel Zn0d) 23] TRz} A}& 9]
Ako] odof}r] ffo R YA™. 2133 olex
8ol F7hgtel wet Tyl Fvlete AL iz
FAoll A= FA7)7} Yol A7) wRel] o] gt
TAe] Age] F71sHAl €1 alkylationo] 9]
7haAge] HAE Terl Adyod Eopxe 7
22 AA™[15, 16]. o]F9 Azte Table 19 o]
Lo a2 L3 &2 Fig. 9o PSfe}
CMPS9] GPCE 53t 2t d o2 &ad 4 9o}
Fig. 9¢] GPC z§jell4] B u}e} 7o) CMPSof 4]
© ZEAE S 4@ shouldere} HEA}Z oA ye
+Z9 shoulder’} ¥4 H3SE BoFz 9l
ChloromethylationA] &= -CHCIz} z2x2}7}e)
self alkylationol] 2|gF 7}ubgo] Ao}z, ZEujjal
Zn0°l 93] Fafjubgo] dejduizm Lax ot
[2]). GPCH= w8rddel o2]gt shoulder= 7}
LA g FA=EAT HEA ddg g
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Table 2. Mechanical properties of PSf, CMPS and
AMPS

Strain Force Stress

Pol Displ t
Oymer LISpacement 4y (Kg) (Kg/mm?)

PSf 1.57 3.13 3.11 6.06
CMPS” 1.58 3.16 3.48 6.26
AMPS® 1.51 3.01 3.08 5.92

1) CMPS (0.51 meqg/g) was prepared from PSf/CME
/Zn0 = 1/30/0.3 by mol at 30 °C for 2hrs.
2) lon exchange capacity was 0.34 meq/g.

TE T‘:- 2alloll ogt shouldergtx 47t 4 Slck
12]. =& self alkylationol2]g 7} THl-gRetE ¥
s utk-3-o] c}‘ﬂxmi FATE At 'T”J— ‘ilr%
Table 2= 75_ F-3}of] II}E JAH EAL

5“;’_‘ flo

TZH 71 A A *“‘f’ll °“’J° “11171] "ot 59, 2
Aol 4 40T ol ubeExalM AZE CMPS
o} o] olgste] Fulg AMPSE byE Bge
Az7} Erhsstolch. webd & dFexe 30Tl
A Az¥" CMPS, AMPSY 71Ad A5 & &Astq
ot Adeld RoFE whet o] A" CMPS,
AMPS“ PSfo] u|a}e] 7|AR Axei Z zlo]7}
s ¢ 5 At

1.8 B

1. Chloromethylation@}Hel|4] CMEg} Ze|2 A}
4% Zn09 oko] F7} EFEF o] uHFEHF L FUt
gtodck. 22{u Zn0e| ofo] Z7lgel ule} Fubgal
7hasl Bzt AsteR Ao Abge] 27
o}, wbgA) b Wb x ol @A o] uE-ggol F
7b stgdot, 40T oliel TEelM Az" CMPS
ot o]E o|&sle] Fn|gk AMPS+ o2&t
FAgo) kA= Hefo] TFo] HAHA Fstch

2. AminationA] TEAS} oF3} vk}, We2n
7} Z7ighel we} ol2m3tgsko] Fulsigled,
AMPSE o|2m3tgako] Z7} #4F 4400

g S}t ook

3. AMPSE o2 matg-ato] F7lidel whe}, Tgrt
Z7 sbodeh. o)Ade mEA FA7Y xgde® <
sto] TRl Ab&7be] AgEo] Fristelvl wEol
o}, dbw Fukgol Eafol] 3k EApaFe] b2 PSS

Audel, A6H A23F, 1996

AEE - YT

of wlshed whe Tg gol vehisich o& GPCE ¥
¢ BAFRIY HHE 4T 5 e, AL 3
=& PSf, CMPS, AMPSo| ¢lo} 2 #jol7}h ¢lgich.
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