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Abstract: Poly(St-co-DVB) crosslinked polymer was synthesized by suspension polymerization as a base material for
boron adsorption in order to apply to the water treatment system. Poly(St-co-DVB) crosslinked polymer was subjected
to chloromethylation reaction to synthesize various chelate resins having glucamine groups, as porous spherical particles
of an average size of 500 um. The chelate resins were synthesized by the simplified reaction of chloromethylation and
glucamine substitution without phase separation by applying mixed solvent and compatibilizing solvent. Chelate resins
with the new structure were synthesized using low molecular weight amino alcohol containing a hydroxyl group in order
to solve the steric hindrance problem among glucamine groups in the substitution reaction. As a result, the new structure
of chelate resin enabled the adsorption of boron ion to be improved more than 30% higher. Boron removal characteristics
of chelate resins were evaluated depending on crosslinking agent content and introduction of both glucamine and ami-

noalcohol groups.

Keywords: chelate resin, boron adsorption, glucamine, amino alcohol, water treatment.

x
ri

Sol&BOH))e F 7K Felw EAlshet], 5 1

2

=

=Ao] QT AAke] =77} njA|Ete] Eefe] vy

a4 grshs Ut A7, 395 59 EvEe] gy A7} o]g7] wiiol, AutH oz HE 3 3~6 pmeL a4
o] & ATFEHE BEES AASIY 854 Ve = o] g3l ol sl el EAlshs ZE L] 60~70%
2 08T F UEE k= FAoIth! 53] sl ol g TXF A AR ey o)A AelE A5
54 F HEL H2HB(OH))H BlEZISlo| =21 8 O]E = FU 85 T4 715! 1 ppm ¥ ofyg} SA| 17

FHWHO)S] A 712221 0.5 ppmeS 23] 8
s SEAIIA T

.__Q_"\ T2

"To whom correspondence should be addressed. 1 ] P
hikim@cnu.ac.kr, GRCID®0000-0001-6975-1126 H, FE7RV7E A efolE FA = BE o2
©2020 The Polymer Society of Korea. All rights reserved. sl wl-¢- e A FF T8-S Bolv M ks &

334



fo
o
oo
=2
=2
o,
ot
rd
e
b
=
oo
N
&3
e
r 3
off
N

e NE FE £AE 2E AN S85 Az T 5
243t AN GO BE AAZ A3 S S92

Ao o4 ol EAlsH: HES AA) SlaiA
HE FEg Tesl] B o] A8 Atk AFE
o HEZ Ff3ke S ol emBA, JAHFE, BoE
)5 pH Wk 50 WES ol8s) RES AAE M 1
P} wEme] HES FhIE i FoerY NES &

¢

},
By
=
lo
=
f
r
o
£
i
o
iy
oo
i)
kd
%0,
ui
N
=)
o
m
},

al the Aol At

wEhA] 2 A= 7|80 AREEEY] e FE 4
£ 718 AR ] 7A1H B WskE FAslelHAE B
E AA BAL 7] fEiA 54 EF8E AMSEt
o A5 G807 WA Wk o} Wk TAE
TIAA BHE SV FFII7E 7] 9] UlRt
A Fw3] =Y9E 7 UEF ST ol& flske] Ad A+
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o At st R8-S 91814 chloromethyl methyl ether
(CMME, technical grade, Aldrich) ¥ zinc chloride(ZnCl,
>98%, AldrichyE A&t th A o|E 3|0 FF7117]
& =45 #1814 N-methyl-D-glucamine(N-MDG, >99.0%,

(I

Q) ZelolE X9 M B wE FHEY P 335

Aldrich)& AFH&-3l . €Wl 2 methyl ethyl ketone(MEK,
99.0%, Aldrich), 1,2-dichloroethane(DCE, >99.8%, Aldrich),
2837 tetrahydrofuran(THE, 99.9%, AldrichyS AR&-&131.0m
ojuf M-EEETS] T3 S fg 83t ujEE o
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£ =93] 98141 diethanolamine(DEA, >98.0%, Aldrich),
N-methylethanolamine(MEA, >99.0%, Aldrich)E& AM-319iT}.
wgt Zhzbe] wkgAg oA AlFHS Q8] w-2(99.5%,
Samchun), oe- 2 3%} S/TE ARSI AE 2
O|E Ao HE o] FAEA HIE fEiM BE g
(1000 ppm, Kanto)y2 AR&-EFAT}.

BE SEE HO|E X Y. BE 38 ZHyolE
TAI= 427 vR-S AA 33Tt AHA ©Al= poly(St-
co-DVB) 7Ful52] 9] G4, FHA ©Al= 7t Aol ik
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CHFA| 2] et Ak whe-gol o] Fiks WA st
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S e

Table 19 YERA Aol ma}t ek (St), 7 Al(DVB),
Z7NAA (BPO), 7138 A1 A (isooctane) E3H=-2 40°C &
chafel] 30 F<F A7kt FSE Eabde FAEK o]
T, 40 °CAAFE 47kl AA 1A 02 10°CH F
2A171H 80°Coll =2 wj7tA] deFs A7,
80°Cel et & F7H= 1247 59t TES HYAI A
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of st $E 7Tl SRT vEES A
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FTHAE 70°CS] g 22elM 12417k o) ZI]F 7ZsI3iT.
Table 1. Reactant Composition for Synthesis of Poly(St-co-

DVB) Crosslinked Resin with Isooctane as Pore Forming
Agent

(unit: mole)
DVB content (wt% to monomer content)
Component
5 7.5 10 15
St 1.309 1.244 1.178 1.047
DVB 0.105 0.157 0.209 0314
BPO 0.006 0.006 0.006 0.006
Isooctane 0.889 0.884 0.879 0.869
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Table 2. Reactant Mixture Composition for Glucamine
Substitution of Chloromethylated Poly(St-co-DVB) Crosslinked
Resin

Component Content (g)
N-MDG 50
Ethanol 58

D.I. water 200

MEK 300

Table 3. Elemental Analysis Results of Various Poly(St-co-
DVB) Chelate Resins for Boron Adsorption

Amino Element (%)
lcohol Total
alcono C H N 0O
Type-1 - 61.6 73 2.9 28.2 100.0
Type-IT DEA 64.7 7.6 3.2 24.5 100.0
Type-lll  MEA 64.7 7.7 3.5 24.1 100.0
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Figure 1. Variation of swelling ratio of chloromethylated poly(St-
co-DVB) crosslinked resin depending on crosslinking agent content.

Table 4. Polarity, Solubility and Boiling Point of Various
Solvents and Compatibilizing Solvents

Polarity Solubility in  Boiling
Solvent index water (%) point (°C)
MEK 4.70 24 79.64
Acetone 5.10 100 56.00
Solvent
THF 4.00 100 66.00
DCE 3.50 0.81 83.47
Methanol 5.10 100 64.70
Compatibilizing gy o1 500 100 7837
solvent
IPA 3.90 100 82.50
EJAZ LYol E A& ST o =T e EY
Whgo] ghusl UeolE +A% deew ANG 7, 34 =
252 oy W AFEsle HEHoz HE T8 JyolE
FAE FHRA o @A Axd NE FHE Lol
Aol el FiatAl S Bt AAadEs FAste] Table 3
o] YERA AT
7tmol| mE WRE FH. 7turA| Y] BEEE Has]

Yate] 7hawA] Sk 5.0, 7.5, 10.0 2 15.0 wi%] 27 )A
S E A Es)l kA 10 mLol MEK €71 30 mL %
3 15A7F H S7HE B39E S5 Figure 19 UeRH
nie} 7ro] 7hwA| shefo] GolA4E {7 SIS
gk o Wislel] whE TR WEE HlE Hwsh]
$ste] Exte] 31 &ujol MEK, o4&, DCE 2 THF2}

&3t 8 E ARSsle] EtEmE xho} it 383 &
2= S 8o FHHS st et g

9 AF&-eITHTable 4). ) SRl W FlwsA o] Be

8 Isl7) A1 S Tk 10mLo] He



rd

=grfol] 2 Test W 7t

=y

Table 5. Variation of Swelling Ratio of Chloromethylated
Poly(St-co-DVB) Crosslinked Resin with 5.0 wt% Crosslinking
Agent

Solvent Volulpe before Volume after Swel}ing
swelling (mL)  swelling (mL) ratio
MEK 10.0 19.0 1.90
Acetone 10.0 19.0 1.90
THF 10.0 19.5 1.95
DCE 10.0 21.0 2.10
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Scheme 1. Schematic synthetic routes for preparation of poly(St-co-
DVB) chelate resin.
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Figure 2. Variation of (a) surface area; (b) intrusion volume of
poly(St-co-DVB) chelate resins depending on crosslinking agent
content.
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Figure 3. IR spectra of (a) poly(St-co-DVB); (b) chloromethylated
poly(St-co-DVB); (c) glucamine-containing poly(St-co-DVB); (d)
DEA-glucamine-containing poly(St-co-DVB); (¢) MEA-glucamine-
containing poly(St-co-DVB).
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Figure 4. Solid state *C NMR spectra of (a) poly(St-co-DVB); (b)
chloromethylated poly(St-co-DVB); (c) glucamine-containing poly
(St-co-DVB); (d) DEA-glucamine-containing poly(St-co-DVB); (e)
MEA-glucamine-containing poly(St-co-DVB).
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Figure 5. Boron ion adsorption characteristics of poly(St-co-DVB)
chelate resin depending on crosslinking agent content.
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Figure 6. Boron ion adsorption characteristics of various poly(St-
co-DVB) chelate resins.
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Figure 7. Schematic presentation of coordination complex forming
between boron ion and various chelate resins (Type I, II, and III).

Table 6. Boron Ion Adsorption Characteristics of Various
Poly(St-co-DVB) Chelate Resins

Blank Type-1 Type-I  Type-III
Boron ion (ppm) 5.04 0.1 N.D N.D
Adsorption of
boron ion(%) 98.16 >99.0 >99.0
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Figure 8. Variations in magnetic stress of commercial sample
(CRBO03), glucamine-containing chelate resin (Type-I), DEA-glu-
camine-containing chelate resin (Type-II), and MEA-glucamine-
containing chelate resin (Type-III).
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