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ABSTRACT : Three kinds of macro-reticular bead-typed chelating resins having thiol groups were obtained
from basic resins like poly(styrene-co-divinylbenzene) (PSD) and poly(styrene-co-methyl methacrylate-co-
divinylbenzene) (PSMD): the chelating resin (I) was prepared by chloromethylation of phenyl rings of PSD
followed by thiolation using thiourea. The chelating resin (II) was designed to provide enough space to chelate
heavy metal ions; one chloromethyl group was obtained by chlorination of hydroxymethyl group provided by
reduction of carboxylic ester group of PSMD and another chloromethyl group was obtained by direct chloro-
methylation of pendent phenyl group using chloromethyl methyl ether. Both of chloromethyl groups were
thiolated by using thiourea. The chelating resin (III) was prepared by chlorosulfonation of phenyl rings of PSD
followed by thiolation using sodium hydrosulfide. The adsorbtivity toward heavy metal ions was evaluated. The
hydrophobic chelating resin (I) with thiol groups showed highly selective adsorption capacity for mercury ions.
However, the chelating resin (I) with thiol groups showed more effective adsorption capacity toward mercury
ions than chelating resin (I) with thiol groups, and showed some adsorption capacity for other heavy metal ions
like Cu*, Pb*", Cd**and Cr’*. On the other hand, the chelating resin (IIT) which have hydrophilic thiosulfonic
acid groups was found to be effective adsorbents for some heavy metal ions such as Hg*", Cu*", Ni*", Co*", Cr**
and especially Cd** and Pb*".

Keywords ' chelating resin, thiol group, poly(styrene-co-divinylbenzene), poly(styrene-co-methyl methacrylate-
co-divinylbenzene), heavy metal ions.
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2. A
Aok, 7] &0 Ao ARg-E ~ElEl (So HE
Hejola L g|o L (MMA)®] T 52 Aldrich Chemical

ARe] 15 AlekE, HB]dulAl (DVB) 7k A= Tokyo
Kasei A}9] 155 A|9kS AR89y, HlxelHLA= (BPO)
?:}7]1/‘]3]1“ AcrosAke] 157 AekS, EZaln} o]
e 59 715 AdAe} ]‘:i/‘]ﬂl%“a‘%ﬂi (Aldnch,
50 cp) wAF QI A= Aldrich Ao 15 AlkS AA QL
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o] Z¥z} ARSIt 7| A] 9] FHRES-5 $18F NaBH,
¢ Qa2 AES} S §13 FEedELo
g2 (CMME), ZnClL, ¥ S22 AEA} (CSA) 5 Junsei
Chemical A2 153 A2k AAISHA] o /\]-—9—6'}93\1:]-' ®
gk E]l23tA1¢l gle$-glo} (TU) 2 NaSH 5% Aldrich
ARl 1 Aok AASEA] ¢k AREElich zhﬂ, 1,2-H]

SRR, HEHS| Z2F3 (THF), NN-HHHoHE
opi] =, Jﬂ, 14-0154F 5] Whe-gvlie} 7lefe] vk

Aok Acros A2l EPH AloFE o]&3tglon, A=
ZAYo|E 20 Fa& o] g 255 HUs)
= T35 3LEEE= lead () nitrite, mercury (II)
acetate, cadmium (II) nitrate, copper (II) chloride, nickel (II)
chloride, cobalt (II) nitrate, cromium (II) nitrate 5 Aldrich
A 19 AlYFER, 94 FE0 &S vhEo] AR
skt

4.

Z¥(St-co-DVB)g} Z8](St-co-MMA-co-DVB)<]
7185 AZE ia](St-co DVB)2} Z2](St-co-MMA-co-
DVB)®] 2 F72] 7|2FA1F 27] A%t 02 wi%]
S| gAY AE iéﬂ L= FAE 30 ]
Ay wnkste] b3k FAMFS WS, St (19.97 g, 0.192
mol), DVB (3.51 g, 0.027 mol)&} St (16.02 g, 0.154 mol),
MMA (3.96 g, 0.039 mol), DVB (3.51 g, 0.027 mol)2] z}z}
9] Z3FE-¢)l BPO (0.23 g, 0.001 mol), ©]A=e (7]33
A, AREE = A Tl ko] 100 vol%) T=
217y A7) o) (a=1.8)F 4A3] 3 AejelA 2
F3HES oF 30+ oA wHE BARAIZL 3, 80 TollA] 8
A|ZHE 90 CollA 2412F HEe3AIAl & iS5 5
T2t eEE ARRSEY $E3] AlFSY EeEs
AABFL 60 T2 AFeZol|A 2442F o] 4f AxAR]
o2 AL 7| BFAE A7 23.08 ¢ (Table 1 run
1; 58 1 98.30 wt%) X 23.18 g (Table 1, run 3;

98.70 wt%)= At

Z32) (St-co-DVB) $x]¢] 2z zmeds}e}?? €23}
(D702 A7) dellA] AL 80~120 mesh 99 (St
co-DVB) 54| (10.02 g)= 1.2-t]ZZ 2 J& (100 mL)o]]
309 5¢F FEA)7) 3, ZnCl, (5.02 g, 0.037 mol)e] EAs}k
oA F= w2 (9.98 g, 0.123 mol)S X 3]
AstAIZ]L F, 70 CTollA 12417F 59k #-8-A1Zle) vk
TR F vgks, & 2 delgduzR F38] Al
F, 60 T2 AF2EeA 24417k o]} kA 3] 7 x3)
o FE2Evdsls AYAE 1254 g (Table 2, run 3; I
ek 144 wi%) = At

A7)0l FR2r|e3lE £ (St-co-DVB) $4] (10.02
gl 1,4-5154F (60 mL), B].2-5-#lo} (5.62 g, 0.074 mol)
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28 5, 60 C A3 oTollA] 24A17F o] $kA3] 7]
3l €& 28715 7R Zgo]E 44 (1) 993 ¢
(Table 2, run 3 ; F-33H=F 8.6 wt% ; AZHE : 664%)S A
At

Z32)(St-co-MMA-co-DVB) FA9] 539 g
327} d=E7]e) ¥E7] =4 :

1) Z2)(St-co-MMA-co-DVB) Ao &3 9
2E]7]9] Q7 Z2)(St-co-MMA-co-DVB) 7] 5%
(Table 1, run 3, 20.00 g)°ll THF (120 mL), NaBH, (5.0 g,
0.132 mol)¥} ZnCl, (8.0 g, 0.058 mol)= i, °F 30&-7+
wHF 3 NN-t]E|EolA|Eolu| = (4.5 g, 0.051 mol)S
A3 Al £, 80 CollA 42t o] HEg-A]Z]c) vk
& o5 T g5 FEHL, 5 wind] F& G4t
<+
8

(

P

X 82 e

Ng HAH3 71 o mekEa 22 F33] AlF
g HollA] 24A17F Ft AE] Az
7 S =EAWEEE 4] 19.20 g (A 62.0%)= 4
o
%S

2) 3=FAMWEsEl E=](St-co-MMA-co-DVB)
FA9 - sidae)e] g3l s =ZA)e) ¢
2307 9 &3 v I A 1) FellA de
7] (15.03 g)°ll ZnCl, (7.53 g, 0.055 mol), 1.2-t|FE2 =
of[gk (150 mL)S ¥ 30+ 5 H&A7]| 2, =224
el o H 2 (15.03 g, 0.187 mo) =S 3] Hs}E, 70 C
oA 12417F 5t d4st vhe-E AFh Bk B $
Heks, = 2 degeH=R $83] AlFEE & 60 C
g2 Bl A 2447 o] AF $kA3] Axdle] HdE s}
Zz2ueste 2] YAE 18.07 g (Table 3, run 3; 4
23EF 123 wi%)s Aok

oloA|, |7} FrEMEsE A7) 2)3e] $4]
(15.02 g)oll #MAl (60 mL)S Y12, AA7])F3lA 2F 30
ok H{AA, vEd (13 g 0.164 mol)S 2L, E]
edF=22o]= (10 g 0.084 mol)E YE-xoA oF 10%
off Ax A A3 Aslsle, o]F 2417k FF d43) b
-5 Atk HEEE 3 AR SFF oME, o
o2 AlF F, 60 T2 AFEolr 2447k
o|Ab Azxsle] QA3tEl 2] 18.72 g (Table 3, run 3, &
23HF 142 wt%) S 2 ch

Hdele} o 2El7)e] FF BE5Ut SRR}
= £|(St-co-MMA-co-DVB) %] (10.02 g)°ll 14-t]5

Si
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AF (60 mL), E]2-$-2lo} (6.17 g, 0.081 mol) 5= Yz,
85 TollAl 1417+ <t oAU HES T, ©
AL Zod e oA HWERE 40 mL, IN-NaOH 3~8-<H
mLE A3l 304 5t Akt o] F AN
28}, 1.5N-HCl 89 35 mLE o] 50 ColA]

i+ B¢k TEE AAH RS Blglc) o]o] 7= 1
F=5 veks, & 2 velEoH=R T8 A-e &,
60 C Zl-geor 2447k oA} kA3 7Ax3)e E
< 28715 7R A e]E $24] (1) 9.93 g (Table 3,
run 3; 331 8.3 wt%; 381642 %) S Atk
Z8(St-co-DVB) 429 EeAEANSZ® 1 :
7] FollA a2 E2|(St-co-DVB) F#](10.01 g)= 1.2-
F22oek (40 mL)ol| 30% F<F WEAF 2, 1.2-H
FE 28 20 mL)el 3|4 FEEAEAF (1235 g,
0.091 mol)y& 3| A3}3lar, 60 CollA] 447k F<F vhe-
AlZle). o] %, uhg- E3h=ol #=Fe] NaSH (4.14 g, 0.074
mol)E ¥, 80 CollA] 8AIZF &<t RESAI7| Hehas)
=2 T3 AH F 60 T ZlgeollA 24417k o]
3] AxAA ElRAEAE S8 4] (D) 16.67
g (Table 4, run 3; 7332k 26.0 wt%; 35 : 89.6%)S
AR

M3

i o ox

4.

RAry) Ws 9 BgHle] 347 Auy) dx
=34 KSA 06029 W< A= shar, A
A QAF] FAE 870l 93 55 A4 HE FAA]
7 v, 2RV 84S 53 SAsaL, 1 =
skt

g, 4R 10 mL | 2ARIEE o], 0.1~05 g
o] AEFAE B A F, 2R At ¥
(emE ¢, AHA FA] Folur} Al =7 SR
B F, AeolA 2417 AR o] F &R
Al ] ww A (em)yE o] o Al <) A
shich

R ot

I

B2, deEe] (em)

exa
AzA, Aehze] (cm)

AR

Tz U R PHY IFPN +AE Axs, 1
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Q23 2, B85 0 9 B9 AES) 1S5S ]
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HA 2 Aol #AE dded, o] u, Lol 2

FHEANNE o183, 4 FEEA 2HEAL 9
S 2 kg AFe] RS Z4L shglon, okee
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X A2 FisonsAhY 1108 2dl IAEA7|ZE C, H,
0,S 59 ¥&3F #4445 Haysisick

FEEole] 457 94, H7E=A pH 5 (1E
o A} 15 RAYEF 8o s xA)olA
AEEA = 7 o]2E59] $3l=E Feksle] PbY,
Hg*', Cu®', Cd*', Co*" (ZF 1,000 ppm), Ni** (750 ppm), Cr**
(500 ppm) 5] EEEAE W=} TES ol2s
F2s AlES A= AEle|lE4A] (I, O, 1) 7 02
g

T FeE ol £ (20 mLyE F]I3L, 25 TolA 24
A2k Eek AAE) wkstEA FAA F, FAS

NG 2% o] FEAe|E olgsle] o] Homy

T =
e A3 F7HAF (spacer) s ZE-3l] 1 2}
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Z2|(St-co-DVB)A| 7| 27215 FACE &
=93k, 2 JAFEE FolAY HE 28]
1 JAA wE 55 A3} 34} Scheme 13} 2
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4 BaA 7AA AEE ZHe MR
go] 74 E2|(St-co-DVB) A& FAst= 7594
Al §lo] DVB s WH3pA7|HA 358 i< 3}
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Aol o)Fe] AANGA Bagal (120222
olighell vg AEET} GoluA 7] $1E 9@
g AEe] BEA L e FoEGe Fgo] Hh
Hg17)el, olFollm, AReAE ARA, Tk g
15 wis Wel7h HAzA 2E WA o] Tl
A BFE NEoR TIEATY vENAL U8 =
A 37) g13ke] BFA o]k o] 2 4A] F1EHA
A FgA Fepel vhste] 5~120 volv W7HA 2
7} A galx] 2] U 1S Figwe 1o LrEbigle.

=

CH;, CH, ?ﬂa
g=0 CH, _CMME O (‘:H2
- ‘ _ovve
OO CH3 Reduction O OH OH
CHy
Cl

socl,

D000 Q0
CH, ¢H,
Cl SH
CSA
A0 . OO0
0-5-0 0-5-0| 0=5=0
Cl S OH
III

Scheme 1. Preparation of chelating resins containing thiol
groups.

0.8 |-

T (@

0.4

03 (b)

Apparent density (g/cm?)

02| 1 1 1 1 1 1
0 20 40 60 80 100 120

Ratio of diluent to monomer (v/v%)

Figure 1. Effect of apparent bead density upon the quantity of
diluent in the copolymerization of styrene and DVB at 80 C
for 10 hrs. (a) Toluene and (b) Isooctane.
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Figure 104 B= nle} Zro] EZe|2Ejlel] oF8wldl &
FolE 7S B AAE AR A, A H9jel AA 7]
+X7F gdPlon, 2 AREERe] SUEsSs 7AE
9] AR7] "ot A} vol ok wbd, Hlgwlel o]
258 7B AAIR ARShE FEA kel dist
o] 50 vol% 7HA1= Az} ZAasichr), o] oA ARy
o] Wsh= §43] AstE o, o]F= W& <
o] Wolx|HA F53F HAolA AN EA AE (UEh
o] o]Fofx|aL, thA| SkutslA| wrolF Tt o] wf, o] &5
o] AREEFO] 120 vol% ool WEE A 7]
A =7t 254 AskeE Zo] AT o7)4,
715 A0 AR SRl kel skl 100
vol%® A A}

te ghder, EF9 o|&agw 5 VFEFHAA
AREEFE FAEFAl el diske 100 vol%® 3har
7haA e W37 ZAR7] dEe] HEkE A
=+ A= ol Figure 29 ZEStt). Figure 20014 B
ue}p Fro] 79l 71FF A A= E2|2ER
gk kgE FEg WEAFe A Tlankg-e] ZlE)
), ZhaA ko] 25 wi% o AZA= 1 ARERFe]
FEds=E EARRE 2-40] AdsiAHA AAp 2R
et Frkskieh 23y, oS TS5 A A
= ZT2EEle] gk gl R ARl SHiEs
= AEart AL AdeelA s Lt 7tanke-S o]
2o 2x, A= G 25 wi% o|A7IAE AR
werh e8] Aak gAastGieh o714, ThaA] AR
| 25 wi%E 97 H9H Beo] A gl o3 A7
=t

Figure 1 & 2°] A 25¥, 23 (S1), #E d|eto}t
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Figure 2. Effect of apparent bead density upon the quantity

of crosslinking agent in the copolymerization of styrene and
DVB at 80 C for 10 hrs. (a) Toluene and (b) Isooctane.
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A °)|E (MMA), t=] 283l (DVB) 5 &zl AR
He T sty 7F3AAR oAt
vol%, 7taAZ oudulAlE 15 winZ =4, ¥+
HES-5 3} Table 194 B wvle} e 7|E4x] &
< oA H9v} 21 A7} Table 19]4 2= nvle} o] A
A%l & 59 AolEo] A gk, E, FTH vk
A%, st YE 7He) AaAdEo] sEpHske] Ao
7} vl A Yelgtch 1 F9ke] A7 AAEENE X~
27 oudulAl Alo]e] FFEAdL v kwslgle
, 7t e @5l Aol glo] vlwA gk
FEE A& F S B UM, A= S
o AREF Akl Ae deddlAla e o]zkg-7]

Z-2|(St-co-MMA-co-DVB) 25384 7|82 €&
718 T9lsly] 93le] MA|, ulekE Ao WM F2 e

12|

=

3= 3 3 = EAEEEE AWE AR 94

Table 1. Copolymer Beads Obtained from Polymeri-
zation of Styrene, Methyl Methacrylate and Divinyl-
benzene

an _ feed pFoduct
composition(mol) oxyger; yield composition(mol)  oxygen
St MMA DVB® "g‘;ﬁﬁ‘:; (W%) St MMA DVB’ C?QE;‘;
1 1000 - ((1)513(1)) 000 9830 1.000 - ((1)513% 0.00
21000 0.115 ((1)51(5)1) 270 9847 1.000 0.115 ((1)51% 2.70
3 1.000 0.257 ((1)41;8) 539 9870 1.000 0257 ((1)51;3) 540
4 1.000 0432 ((1)523(1)) 798 9839 1.000 0432 ((1)52(5)2) 793
5 1.000 0.683 ((1)5233) 1078 98.63 1.000 0.683 ((1)52;‘3) 10.71
6 1.000 1.002 ((1)5232) 1334 98.65 1.000 1.002 ((1)5222) 1325
7 1000 1551 ((1)533%) 1628 9783 1.000 1551 ((1)532% 1621
8 1000 2333 ((1)54(5)3) 1881 97.82 1.000 2333 ((1)54‘73) 18.72
9 1.000 4.307 ((1)57(3);) 2190 9765 1.000 4307 ((1)572(1)) 2177
10 1.000 9.107 (}533;) 2440 9752 1.000 9.107 (}5333) 2433

“Calculated from feed composition. "Measured by elemental analysis.

‘DVB content calculated from feed composition.

‘DVB content existed in the resin, which was calculated from the
difference in weight before and after the reaction(wt% is given in
brackets).
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T

WS- M| =tk o] w, Jeo = HhEA|7|H ol
A A A Lewis AFEw] EA)3}o|4] S22WE
Ho) AriHow ol o), A sanls
|FoA A\ A A}7] Scheme 12] 118 $22]9] whg-4=
o] &A% A3l3lA| =t} E2(St-co-MMA-co-DVB)
Z3HA| 71 252] ol MMAS] o ~E] Ao] 9lo
£2](St-co-DVB) FA]°l W]ste] w|edal A-g7ha v
S Whelele] FREwds) eSS Eo)|x s
JigAe) 2R eesiAe] g 2AsAYY
A=) ZAsto) A ZEu2 d3A1E 3o AE)
A2AE ARgsle] FREdEs) wheo] ARES Eo|
7]_1;__ 11_1—4_'3637

upks ARl Zz2uelsle}l FAdA=

>
ol
(<3

(o]
rﬂL o F-lﬁ

°1°rE°lﬂﬂ4°£i°.l£i°#

N

=7(St-

co-DVB)®] F53A 72545 Figure 3014 B u}
oF 2ol 1.2- ﬂiiioﬂ o7 A{FAA FrEvLs}
(F4&3h = Azled, o 7*17“] Zl‘%ﬂ wPE} ¢

e s Soie Feles
o, olAe FEedds) weAel sdaee rE
A ATk whgel o) dageel 4%

7} Zolsd
ofpul AR FoEA HYrhn B 4 ek welA,
2 37 Qe 5 gt AZelA o Aas) urg

o

fl
>

Y

o] Bashgir} E3, Figure 4ol4
: <t A U3 (2908

1__-/] bﬁ:@]’% R a-”]’ Z‘EE ]
E‘ﬁ}ﬂl‘” %ﬂﬂl%ﬂl%ﬂlﬁﬂi-‘ﬂ Bl (57 C) o)l
HEY F57} ol Tl 22A Bt B dx

%1—31:_9] /RB/G”% Or_ﬂ_é _/’: 0104

o} g =, Figure 594 B vle} 22 12-tF

)
o
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N o% rlr
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Figure 3. Dependence of chlorine content upon reaction
time in the chloromethylation of poly(St-co-DVB) [Table 1,
run 3] at 70 C for 24 hrs.
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Figure 4. Dependence of chlorine content upon reaction
temperature in the chloromethylation poly(St-co-DVB) [Table
1, run 3] for 12 hrs.
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Figure 6. IR spectra of chelating resins with thiol groups. (a)
Poly(St-co-DVB) bead, (b) Chloromethylated (a), (c) Thio-
lated (b) [I : Table 2, run 3], and (d) Thiosulfonated (a) [III :
Table 4, run 3].
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Figure 7. IR spectrum of a chelating resin with thiol groups.
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(e) Thiolated (d) [II : Table 3, run 3].
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Table 2. Adsorption Ability for Heavy Metal Ions of
Poly(St-co-DVB)-based Chelating Resins Containing
Thiol Groups

chelating resin o .
n composifion_content eling adsorbed capacity” (mg/g-resin)
type_ (mol) (Wt%) . T T T T Ty
S VB S ratio  Hg™ Cu™ Pb™ Cd™ Ni” Co™ Cr
1 [1] 1.000 &0;9% 474 9.09 18.19 0.00 0.00 0.00 0.00 0.00 0.00
2 117 1.000 (2%'06819) 481 8.89 18.98 0.00 0.00 0.00 0.00 0.00 0.00
3 117 1.000 ((1)'3133) 485 8.63 21,23 0.00 0.00 0.00 0.00 0.00 0.00
4 [17 1.000 ((1)'51?3)) 493 848 21.42 0,00 0.00 0.00 0.00 0.00 0.00
5 11] 1.000 ((1)728;) 5.00 831 21.70 0.00 0.00 0.00 0.00 0.00 0.00
6 [1] 1.000 ((1)922?) 509 8.14 20.38 0.00 0.00 0.00 0.00 0.00 0.00
7 117 1.000 ((2).1233) 5.14 796 18.78 0.00 0.00 0.00 0.00 0.00 0.00
0.305
8 [1] 1.000 (2400) 5.13 7.66 16.88 0.00 0.00 0.00 0.00 0.00 0.00
0352
9 [1] 1.000 (2664 514 743 15.45 0.00 0.00 0.00 0.00 0.00 0.00
0.386
10 [1] 1.000 (28.46) 514 7.19 13.60 0.00 0.00 0.00 0.00 0.00 0.00

“Resin 0.2 g, 20 mL of each metal solution (pH 5), room temp. 24 hrs.

’DVB content existed in the resin, which was calculated from the
difference in weight before and after the reaction (wt% is given in
brackets).
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Table 3. Adsorption Ability for Heavy Metal Ions of
Poly(St-co-MMA-co-DVB)-based Chelating Resins
Containing Thiol Groups

run compoZi?(l)z:mg resiréomem . adsorbed capacity” (mg/g-resin)
type (mol) oy SVelling e

SO VMA DV LS ratio  Hg™ Cu” Pb™ Cd™ Ni™ Co™ Cr
1 [11] 1.000 ((1)1123) 4.858.63 21.23 0.00 0.00 0.00 0.00 0.00 0.00
2 [11] 1.000 0.115 ((1)213) 489841 1.01 27.371.824.221.540.710.00 1.52
3 [11] 1.000 0.257 ((1)21;;1) 498829 1.02 30.11 1.924.891.720.930.02 2.15
4 [117 1.000 0.432 ((1)32(3)2) 508814 1.03 32.90 2.116.40 1.850.98 0.052.27
5 [11] 1.000 0.683 ((1)3233) 519802 1.03 3377215577 1.811.010.04238
6 [11] 1.000 1.002 ((1)4232) 529791 1.04 32.412.015241.730.940.02249
7 [11] 1.000 1.551 ((1)4323) 5397.80 1.04 30.14 1.904.66 1.60 0.79 0.03 2.20
8 [11] 1.000 2.333 ((1)543) 5507.69 1.05 8 1.833.64 1.520.67 0.01 1.99
9 [11] 1.000 4.307 ((1)6725) 5607.57 1.06 26,02 1.723.451.410.550.00 1.78
10 [11] 1.000 9.107 (16332) 571746 1.08 24.53 1453.171.26 046 0.00 1.59

“Resin 0.2 g, 20 mL of each metal solution (pH 5), room temp. 24 hrs.
*DVB content existed in the resin, which was calculated from the
difference in weight before and after the reaction (wt% is given in
brackets).
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Table 4. Adsorption Ability for Heavy Metal Ions of
Chelating Resins Containing Thiolsulfonic Acid Gro-
ups

chelating resin

un composition  content
type  (mol) (wt%)
st [pv” 0 ]s

1 1] 1.000 (030320) 12972421 110 41.1443.1240.4557.20 30.77 37.31 37.70

2 [ 1.000 ?5'09879) 139526.04 112 43.4758.0874.5260.6237.8251.76 41.57

3 [ 1.000 2)81;?) 13.9926.04 1.14 45.0059.8483.1972.61 43.60 53.83 44.35

4 [l 1.000 ((1)611(2)) 14.0026.13 115 50.2261.9287.7079.9245.92 55.74 46.92

5[] 1.000 ((1)'222;) 13.1524.55 116 51.84 58.6387.0782.8043.3552.04 47.01

6 1] 1.000 ((1);12;2) 12702370 1.17  48.8752.6281.4079.2241.6547.9744.35

7 [l 1.000 (?62?2) 123923.13 115 47.1651.5862.9775.34 40.08 44.79 42.87

§ [l 1.000 ((1).8333) 11902321 114 45.1845.5044.84 67.22 36.87 39.67 39.56

9 [ 1.000 (20333) 115621.58 113 42.5741.3835.6357.7533.8335.56 37.67

10 [111] 1.000 (22322) 10.8120.18 112 37.5336.2528.9848.9928.98 31.4234.77
0.342

11 [ 1.000 0.%8) 208213.88 121 1824 3.72 5230 15.1248.26 8.72 53.64

“Resin 0.2 g, 20 mL of each metal solution (pH 5), room temp. 24 hrs.

’DVB content existed in the resin, which was calculated from the
difference in weight before and after the reaction (wt% is given in
brackets). ‘A chelating resin with sulfonic acid groups.

adsorbed capacity” (mg/g-resin)

swelling
ntio  Hg™ Cu™ Pb™ Cd Ni¥° Co™ Cr

338 wld &

¢

(
-

Polymer (Korea), Vol. 27, No. 4, 2003

t}. &, &2 (St-co-DVB) %519 sde]e] v

7 93}t Scheme 12] 13 £x]¢= &g, o
275 EloAZEATZ nlFol A A4S A
My A9 Fa o]l et F255 vl - 3

7Rt 23, A4 Sk 4 AE] AR Qs

E2 O, PbY, CdF, NiZt, Co*" O 59 =3%

oleEelE FEP FATE ehygiek

References

1.

11.

12.

13.

14.

1.

16.
17.

18.
19.

20.

21.

B. S. Chokina, L. N. Prodius, and E. E. Ergozhin, Izv. Akad.
Nauk Kaz. USSR, Ser: Khim., 5, 71 (1988), Chem. Abstr., 110
(1988) 58237p.

. M. Sakamoto, S. Tomita, Y. Takashima and H. Koga, PCT Int.

Appl. WO 2001040176 A1 (2001), Chem. Abstr., 135 (2001)
19546k.

. H. Maeda and H. Egawa, Nippon Kagaku Kaishi, 4, 578

(1983).

. K. Mori, N. Asabe, and Y. Nakamura, J. Polym. Sci., Polym.

Lett. Ed., 20,321 (1982).

. M. Tomoi, O. Abe, N. Takasu, and H. Kakiuchi, Makromol.

Chem., 184, 2431 (1983).

. H. Maeda and H. Egawa, Anal. Chim. Acta, 162, 339 (1984).
. T. Nonaka, Y. Uemura, K. Enishi, and S. Kurihara, J. Appl.

Polym. Sci., 62, 1651 (1996).

. H. Egawa, Y. Jogo, and H. Maeda, Nippon Kagaku Kaishi, 12,

1760 (1979).

. R.J. Phillips and J. S. Fritz, Anal. Chem., 50, 1504 (1978).
10.

E. M. Moyers and J. S. Fritz, Anal. Chem., 48, 1117 (1976).
B. A. Utkelov, E. E. Ergozhin, and R. K. Ashkeeva, React.
Polym., 14, 187 (1991).

N. Bicak, G. Koza, and Y. Yusuf, J. Polym. Mater., 8, 189
(1991).

S. Tamura, K. Takase, and H. Hisayama, Japan. Kokai JP
52121692 (1977), Chem. Abstr., 88 (1977) 90444s.

J. M. Frechet, M. D. De Smet, and M. J. Farall, Polymer, 20,
675 (1979).

L. V. Dunkerton and B. C. Barot, J. Hetrocycl. Chem., 24, 749
(1987).

Y. Gao and K. B. Sharpless, J. Org. Chem., 53, 4114 (1988).
E. W. Collington and A. I. Meyers, J. Org. Chem., 36, 3044
(1971).

T. Fujisawa, 1. Sachio, and T. Sato, Chem. Lett, 1173 (1984).
H. U. Blank, Ger. Offen. DE 2635281 (1978), Chem. Abstr.,
88(1978) 152242k.

M. Date and 1. Tanaka, Jpn. Kokai Tokkyo Koho JP
10182688 (1988), Chem. Abstr:, 110 (1988) 105960y.

K. Morimoto, T. Sato, S. Yamamoto, and H. Takeuchi, J.

Ee2|H, A27¢@ A4%, 2003



Polymer (Korea), Vol. 27, No. 4, 2003

22.

23.

24.

25.

26.
217.

28.

29.

30.

3L

32.

33.

Heterocycl. Chem., 34, 537 (1997).

T. Matsuo and Y. Kizaki, Jpn. Kokai Tokkyo Koho JP
2000273179 (2000), Chem. Abstr., 133 (2000) 252904u.

E. Santaniello and P. Ferraboschi, J. Org. Chem., 46, 4584
(1981).

H. C. Brown, Y. M. Choi, and S. Narasimhan, J. Org. Chem.,
47,3153 (1982).

Y. Kamitori, M. Hojo, R. Masuda, T. Inoue, and T. Izumi,
Tetrahedron Lett., 24,2575 (1983).

D. J. Cram, J. Am. Chem. Soc., 75, 332 (1953).

H. Egawa, T. Nonaka, and M. Ikari, J. Appl. Polym. Sci., 29,
2045 (1984).

S. Savaskan, N. Besirli, and B. Hazer, J. Appl. Polym. Sci., 59,
1515 (1996).

I. H. Park, J. C. Jung, S. C. Hwang, and J. O. Joo, Angew.
Makromol. Chem., 197, 117 (1992).

I. H. Park and J. M. Suh, Angew. Makromol. Chem., 239, 121
(1996).

1. H. Park, J. M. Rhee, and Y. S. Jung, Angew. Makromol.
Chem., 267,27 (1999).

N. Daniel and A. K. Srivastava, J. Macromol. Sci., Pure Appl.
Chem., A38, 1059 (2001).

Y. Shimano, K. Sato, D. FuKui, Y. Onodera, and Y. Kimura,
Polym. J., 31,296 (1999).

E2|H, A27¢@ A4%, 2003

34

3s.

36.

37.

38.
39.

40.

41.

42.

43,
44,

Thiolated Chelating Resin 339

K. S. Kim, D. W. Jeon, and K. H. Park, J. Kor. Pharm., 18, 69
(1988).

G. S. Bylina and T. A. Nikolaeva, Vysokomol. Soedin., Ser: A
Ser. B, 39, 1392 (1997).

L. Feistel and G. Popov, G. Schwachula, Plaste Kautsch., 30,
548 (1983).

Y. V. Svetkin, M. V. Burmistr, A. N. Talanov, O. E. Degtyarev,
V. E. Zak, and N. S. Malovichko, Khim. Tekhnol.(Kiev), 3, 58
(1980), Chem. Abstr., 98 (1980) 115294m.

D. W. Jeon and H. J. Lee, J. Korean Fiber Soc., 24, 8 (1987).
M. Camps, M. Chatzopoulos, J. M. Camps, and J. E. Mon-
theard, J. Macromol Sci., Rev. Macromol. Chem. Phys., C27,
505 (1987).

F. Abassi, P. Hodge, and E. Khoshdel, Polym. Commun.,
29(12), 368 (1988), Chem. Abstr., 110 (1988) 76229s.

N. Kabay, M. Demircioglu, H. Ekinci, M. Yueksel, M. Meh-
met, M. Akcay, and M. Streat, Ind. Eng. Chem. Res., 37,2541
(1998).

A. Spiro, C. A. Shelley, E. P. Horitz, R. Chiarizia, J. Michael,
and X. Xue, PCT Int. Appl.WO 2000001458 Al (2000),
Chem. Abstr., 132 (2000) 95997m.

A. Deratani and B. Sebille, Anal. Chem., 53, 1742 (1981).

B. Saha, M. Iglesias, I. W. Cumming, and M. Streat, Solvent
Extr. Ion Exch., 18, 133 (2000), Chem. Abstr., 132 (2000)
227943c.



