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Abstract: Poly(St-co-DVB) crosslinked polymer, poly(St-co-MMA-co-DVB) crosslinked copolymer, and poly(St-co-
GMA-co-DVB) crosslinked copolymer were synthesized by suspension polymerization in order to apply these to the
water treatment system. These crosslinked polymers were subjected to the subsequent chloromethylation reaction to pre-
pare chelate resins having glucamine groups and the boron removal characteristics of chelate resins were evaluated
depending on their structural differences. Each of chelate resins exhibited porous spherical particle shape having an aver-
age particle size of 500 nm. Poly(St-co-MMA-co-DVB) and poly(St-co-GMA-co-DVB) based chelate resins showed
both larger specific surface area and pore volume than poly(St-co-DVB) based chelate resin. The adsorption amounts of
boron ions on these three different chelate resins were 6.9, 6.7, and 10.2 mg/g-resin, respectively. Therefore, poly(St-co-
GMA-co-DVB) based chelate resin showed the best boron removal characteristics.

Keywords: chelate resin, glucamine, boron removal, water treatment, ion exchange.

N B AA BHow 2 Bare] 2l BEHL Y .

Yoz gol ol EAske RES A om Slai =

I/ A QeolE Sl HEole] g A wEkwe] weld tard wio] A8EI ATkt 10meL

97 Faso] S 2 54 HolAw 7 S84e] ATE  olst A¥Ee HES I 8ol olLmIGH, o4t
NI B ATE T2 WA Btk Teht SR Ax R, gole] EEA, 94s 24t el pH Ws 24 5

P wS FaF AARA B BE FE FES 2 o WS 088 RES AAVLS Teh} wEwe) BE

Ao S55E L A5 Frsh AYASHIM HE S SRS Sl thelME AW ol mBAS 3

"To whom correspondence should be addressed.
hikim@cnu.ac.kr, ORC 0000-0001-6975-1126
©2018 The Polymer Society of Korea. All rights reserved.

409

A7 Lol wakrR|e] xgo) o3k Z2PHolL styrene
3} divinylbenzene T—%‘EL(poly(St-co -DVB)) T34 714
o N-methylglucamine 52 ZAAIZ] AH|E A9 9|t
Sl A8 FF7Mlo] Agte Y olE A&



410 g - egd

13 - 99

A zsl= W ole 2-ethyl-1,3-hexanediol 871 ©]-83l =
FIMIE A= W 9 N-methyl-pyrrolidonedl] <57+
1S B3IXA sk G TRt W Ee] delA itk 2
A= poly(St-co-DVB) 7t Ao E22WE7|S &=
YAZ & Bl oHIZE WESAIT) AL, o] 3HS 1A XSt
Soll e £XF o220z HAFAZ F, N-methyl-D-
glucamines 7Fste] S F711717F 330" A es
st 2571 2R8717F AgE e olE FA= BE
o|o gk Aed Fa5o] m¢ =AM, thE BEAA W
W t=2A AL ARg-o] ThsstE

 AgelMe 712l AdshE 52 Ao Z1A1A B4
HSES HaslebHA BHEAA SAS AT S &
Sl oall FaA e 318 25 MAATIAL olg
ZA Ao mE BEe] F& A WskE 2AkekLA sl
t}. o]& 913t 71Eel 2-8EH poly(St-co-DVB) 7}l5A]
Rt ofugl ol Al THEFAIQ] methyl methacrylate(MMA)
2 olycidyl methacrylate(GMA)YS ZH2} 5% 35A1Z1 71l
FAE WAsIT ol g 2 TRl s x|k
g HAS Ball SFIVE E=Yct] JiE Yol &
A g AZSIAL, o]52] T4 Aold & 24 B HE

hl

B4 9% WsE AT

NI

M2 H Al thd v= Feje] deolE #2115
3l7] 95t SEA R styrene(St, 99%, Aldrich), 7w A &
divinylbenzene(DVB, 55%, Aldrich), 7HAIA 2 benzoyl
peroxide(BPO, Aldrich), 713842 2,2 4-trimethylpentane
(isooctane, 99.8%, Aldrich), 35 3A T4 s IHHA
Z methyl methacrylatea(MMA, 99%, Aldrich) 2 glycidyl
methacrylate(GMA, >97.0%, Aldrich), 28] 3 £2FHd 814
X hydroxypropyl methylcelluloseHPMC, 2% in H,O,
Aldrich)E A3ttt S22 93H(CM) HH-S 918iA
chloromethyl methyl ether(CMME, technical grade, Aldrich),
dimethyl sulfide(DMS, >99.0%, Aldrich), 1,2-dichloroethane
(DCE, 299.8%, Aldrich) ¥ zinc chloride(ZnCl,, >98%,
Aldrichys ARg-3I3iTE ZHo|E x| SF7117]15 E9)6t
7] 913141 N-methyl-D-glucamine(N-MDG, =99.0%, Aldrich)
2 o ER2(95.0%, Samchun)yS ARSI T} ZHzte] whe-31
o ML 218l WEke-(99.5%, Samchun), ek, A2HHCI,
37%, Aldrich), 43R4 (H,0,, >30%, Aldrich) 2 3%} &
T8 ARSIt AlxE ZHolE FAo] HEole FA
£ H71E $EiM BE HF89(1000 ppm, Kanto)yS A
sisint.

Poly(St-co-DVB) Ztu==X| &. Poly(St-co-DVB) 7}w/4
A& s Y3 we71= 2E]E 47 viEE o]5AHl Wt

Zan, 44298 A35, 20183

Colell - HRE - AP

71E Mg W] Sl SUS AjFe] wu|E A
2 g2 17ole We FUME Ax)sle] vk 8-
TS AT AR S HPMC 0.1%7F 83l
Al 7F wdtsted 838 Al Z T 0.1% HPMCE <
71o] YL 140~150 rpm o2 WHE7|E 3]
LEE 40°CE ZH3rh

Table 10 YebA 2ol we} S=FA(St), 7HLA)(DVB),
FTEHHA(MMA, GMA), TJ7WAIA(BPO), 7133 A
(isooctane) S-39-S 40 °C E2Hujol] 30% 52t A 7F5ke]
org 3l Habds AT o] F, 40°ColA FE 4x] 7k
A AZF 702 10°CH 5241719 80 °Coll =2
7HA] FEETS AYPA 7, 80°Co EE3 F FIIE 12
A7F Bt 98 AP Z. e 98T dAE Tk
FHAE 250 um A E o]-&3t Tttt FEE TaF
e SFT WS ARl S539] AlFsle] EvE
< AASA AL, AR 7t A= 70 °Co] Z13 2Bl A
6A17F o] 7t =3It

7| 38N % JtaM §EF 2[As) 22 AASeE Ad
sk uEHA, AE-84 2 7AR AEE 2 3R] poly(St-
co-DVB) 7t A1E /d3817] 918t 7153 /3A19} kA
S "7 HA WE 24 SIS FHE V)
A TS F3517] 181 Table 19 YERA v} o]

St BRSE Z 7hA] THES 10 wt%E A3 Aol 7]
FgA o] e oAl 3HEF tiH] 60~100 vol%=E HESHA|

STt w8 HA 7twA e 8] flske
Table 2 YERA vlo} ho] 23 W& & 713394 &
2 80 vol%= sk Aol 7kAle] S 10~30 wi%

N oA Lo do
=3
o
(RN
olo

A
i
r
=)

2 off of{ o

Table 1. Reactant Composition for Synthesis of Poly(St-co-
DVB) Crosslinked Resin with Fixed Content of DVB 10 wt%

Diluent content (vol% to monomer content)

Component  Unit

70 80 90 100
St 1.178  1.178 1178  1.178 1.178
DVB 0209 0209 0.209 0.209 0.209
BPO mel 0.006  0.006 0.006 0.006 0.006
Isooctane 0.586  0.684  0.781 0.879 0.977

Table 2. Reactant Composition for Synthesis of Poly(St-co-
DVB) Crosslinked Resin with Fixed Content of Diluent
80 vol%

DVB content (wt% to monomer content)

Component  Unit

10 15 20 25 30
St 1.178 1.047 0917 0.786  0.655
DVB 0209 0314 0419 0.524 0.628
BPO mel 0.006 0.006 0.006 0.006 0.006
Isooctane 0.781 0.772 0.763  0.754  0.745
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Table 3. Reactant Composition for Synthesis of Poly(St-co-
DVB), Poly(St-co-MMA-co-DVB), and Poly(St-co-GMA-co-DVB)
Crosslinked Resins with Fixed Content of DVB 20 wt% and
Diluent 80 vol%

Reactant composition

Component  Unit Poly Poly(St-co- Poly(St-co-
(St-co-DVB) MMA-co-DVB) GMA-co-DVB)

St 0917 0.844 0.844

DVB 0.419 0.419 0.419
MMA - 0.075 -

mol

GMA - - 0.053

BPO 0.006 0.006 0.006

Isooctane 0.763 0.762 0.757
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Scheme 1. Schematic synthetic routes for preparation of chelate resins.
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Figure 1. Variation of (a) surface area; (b) intrusion volume of poly(St-co-DVB) resin cosslinked with 10 wt% DVB depending on diluents

content.
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ing on crosslinking agent content.
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Table 4. Variation of Surface Area and Intrusion Volume of
Various Crosslinked Resins Prepared with 80 vol% Isooctrane
and 20 wt% DVB

Properties
Matrix resins Surface area  Intrusion volume
(m’/g) (mL/g)
Poly(St-co-DVB) 65.6 2.08
Poly(St-co-MMA-co-DVB) 68.7 2.24
Poly(St-co-GMA-co-DVB) 65.5 2.21
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Figure 3. Surface and cross sectional morphology of various crosslinked resins: (a) poly(St-co-DVB); (b) poly(St-co-MMA-co-DVB); (c)
poly(St-co-GMA-co-DVB).

Surface

X 10,000 (b)

Surface X 10,000 (¢) 4 a X 100,000 “ross X 10,000 (c) £4% X 100,000 (c)

Figure 4. Surface and cross sectional morphology of various chelate resins: (a) poly(St-co-DVB) chelate; (b) poly(St-co-MMA-co-DVB) che-
late; (c) poly(St-co-GMA-co-DVB) chelate.
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Figure 5. IR spectra of (a) poly(St-co-MMA-co-DVB) crosslinked
resin; (b) chloromethylated poly(St-co-MMA-co-DVB); (c) dimethyl
sulfide salt poly(St-co-MMA-co-DVB); (d) glucamine-containing
poly(St-co-MMA-co-DVB) chelate resin.
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Figure 6. Boron ion adsorption characteristics of (a) poly(St-co-
DVB) chelate resin; (b) poly(St-co-MMA-co-DVB) chelate resin;
(c) poly(St-co-GMA-co-DVB) chelate resin.
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Figure 7. Variation of boron ion adsorption characteristics of
poly(St-co-GMA-co-DVB) chelate resin depending on pH.
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