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with Styrene Hazardous Material

Joon-Tae Kim

Department of Chemistry, Chosun University, Gwangju 501-759, Korea
(Received September 21, 2011; Revised September 29, 2011; Accepted October 21, 2011)

Eda=t—y

ZHEK), MFENE) T4 )25 F3 54

1%, 2%, 5% 2 15%°] 7t s & 713 S22 dEsts ~eto]dl-1, 4-tju]dwlAle] OenNdien-Hy 71t 28] &
FEIS o7 AFAA o2 w3 £AZ T8t EHEUO0),
< o7 7FA] A3 skl A ARSI o] $/AdFA Y] ERle A4 T g4 4 I8 R-AFEHO R

stglom, FAe] gk 54 o] 250 FAe] WA= pH, AZF 1# 3 FA 9 shke] W FFES FANE A3

ek ol pH 3 o]delA E FHES BYlor, 55 o5 FF FI2 2 h AT &, vigEg oA
FA] gt F2 A $EHEU0) > ZEK) > UILBEN) ol201a, T4 o]0 FHE L 1%, 2%, 5%

2 15%2] 7taE o]t

Ion exchange resins have been synthesized from chloromethylated styrene-1,4-divinylbenzene (DVB) with 1%, 2%, 5% and
15%-crosslinkage and macrocyclic ligand of OenNdien-Hs by copolymerization. The adsorption characteristics of uranium
(UO,™), potassium (K") and neodymium (Nd*") metallic ions have been investigated. The synthesis of these resins was con-
firmed by content of chlorine, element analysis, and IR-spectrum. The effects of pH, time, and crosslinkage on adsorption
of metallic ions were also studied. The uranium ion showed the fast adsorption on the resins above pH 3. The optimum
equilibrium time for the adsorption of metallic ions was about two hours. The adsorption selectivity determined in methanol
solution was in increasing order uranium (UO,”") > potassium (K') > neodymium (Nd**) ion. Moreover, the adsorption was
increased with the crosslinkage concentration in order of 1%, 2%, 5% and 15%-crosslinkage resin.
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2.1. Alef & 7|7

Salicylaldehyde, 1,2-dibromoethane, 2,2-diethyltriamine ClCHzOCH},
uranium (VI) nitrate, neodymium (IIT) nitrate 5= AldrichA} A&
sodium borohydride, borax, anhyolrons Na,SO; 5~ Wako S5 A|9FS
AASHA] ek o= ARE-SFA AL, styrened} divinyl benzene (55%)-
7 3 #%1e] AleFolr, potassium nitrate, benzoyl peroxide 5 T
doll ARE-SE 7]EFS] Aleke ul AlekS TR AMEERAATH

=702 Yamato melting point apparatus model MP=, 2] 2] AH)
Ef2 KBr 93]S 0|48t ShimadzuAl IDP-440A %, 94 412
Carlo-ErbarK(Italy)2] Model 11082 AR-31313L, pH 5742 Tokyo
electric3]AFS] potentiotitrator 6252 Z24 F2] Z2FIAIS A5}
Fom, Az} dAn7 AP Hitachi S-48003 AH&-8l3l, H]3EHEA
(BET)2 v|&l] SI*KKorea)2] Nanoporosity-XQE AFHE5F1 o, 4

o] k2 orionAlJapan)d] 94 AEA =S AT 18] aL

S, ZF 2 Ul2F ©]&5< Inductively Coupled Plasma Atomic
Emission Spectrometer (ICP-AES) (AglientA}, U.S.A) Lab-test 7105
Apgatol 717k S9a9c,

2.2. OenNdien-2E[O|ZH-DVD £X| &Y
2.2.1. OenNdien-Hs [3,4:9,10-dibenzo-1,12,15-triaza-5,8-diazacyclo-
heptadecane (CaoHasN30,)] &+

A2 Hslo] = 0.4 molS 40 mL HlEkEo] gaiA7| 7 FASRY
E# 04 molS 80 mLe| S/l £allAZ] 8of| 7}t v A
Z1A EoA 40 CE 7FD HESA|7)2 o] flo] 12-T]|HZEH o
0.2 mol& 60 mL Wgh&e] 531 88 AA3] 7etal, A7 |AE
FHAIZIEA 79 TollA 44 h <t FF-A v §HS YA
AAR PAES oJHely SERIECE =91 1S odoHEr
NAEAA Oens ATk

Oen 0.04 mol& MEREe] 521 -4} 22-t]o [ Eg]olrl 0.04 mol&
80 mL2| W|ghEol 591 f-HE Z335tar 78 CellA] 3 h o) $Hdt
o5 WA W 34 JAES o9stal EEREEE/OHER
AAYAAH OenNdien (AFAe] olE&@l 17, Aol 2= 271 A3h
< Ik

OenNdien 0.04 mol- MI&HE 60 mLol| £-3lA17]1 12

_t“_mmrml-

017] 2,2-Helld
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Ezjoll 0.04 molS 80 mL2] HgkEof Kl g8 &3+slal 78 T
ol 3 h o] B3k U2 B & (Na,B,O; + 10H,0) 0.08 molS ¥l
1 h 1% 2574171 3 NaBH, 0.1 molS 7F5kal 2 h M35t 85
AlZ NS T SFAIA W AR GA & o, 0= WA A
80 mLo| FHRSE W/IEla 24 h o4k 0 TR AR ¥ AAES
ol3} Bl5=slo] thA] SR EEF/CH =R AFYAIA 42] OenNdien-

HE 230tk

222. 2AEO|#-DVD &5 &4
2EROJADVB 35 dAE $AsH] A AX 2 d5 W]
SEAE A3 1000 mLe] ZekATol] DAk ET-S d4ds)
_EV_B

ok
(S

IF £55 o = 9l w]E ARSI
ol9} 22 Ao 100 mLe] FH5E 718t 49| 7t eef uhet

1% (DVB2] ¥=h 2] 739+ 2Eloldl 99 mL/DVB 1.82 mL, 2% 73-%-
= AElo]dl 98 mL/DVB 3.64 mL, 5% 7= ~Elo]@l 95 mL/DVB
9.10 mLg 7Fetal, 15% 739+ 2Efo]dl 85 mL/DVB 27.3 mL& 7f
sl om, AMAIARZ 1 g MEUT A=, PIAIZ 20 g9] A3ht
ER, 05 g9 Akel 2 15 g olgu]o} IHEE 7K 5 1500 rppmOE
WRIEPAA 85 TollA 6 h WEEA|A WZA]7] Tt} AH5os 7]-8-
W3 100 mLe] HlgES 71ste] 35S AAskalct 22
Mo Weg® o WHEste] A & FHFZ o8 A A
A Heke g2 Al-atdnt 7tasrl 15%91 A= vaAl 57
S 2 3] SleiA 145 mLe) ey 58 mLe) &
S 35 o Hrlste] WRSAIFTL
o9} o] F/Jst AE]A-DVB FEHAE 110 CollA] 24 h &3¢
AZAIZ) TS 114 g& F381o] 250 mLe) ZakA=e] ¥ 100 mLe)
FZ2ZHZE 7lsle] A4 3 h ¢ HEAZ] v 50 mLo)
SEEHZ0) 4 g°] GlotAE HolA] Eukel 7hskal, WA
T A5 NS 718094 WA 100 mLe] to]SARSFHE(70 : 30)1
7kste] 30 min WRESHFAA] FFHAE Aottt 22 HoR
ofe] ¥ Al ot ths s} viRke = MlEskal 1x7]elA 50 T2
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223. SS9 253 BS

222.904 F22HE3IA] 1%, 2%, 5% 1B 15%2] 7tnES
714 Aeto]dl-DVB F58A] 17 g¥oll 100 mLY] AAS ZkzF Yo
HE 2504 2 h 9t wHt 53] aAlzl % S
weh WETh o716l 100 mLe] 7 1.5 g Q=g T=|1
OenNdien-H, 6.8 g& 7}8}3 A 2704 55 CT& 20 h 27} Wk
FFslo] Agea W & ojgsla 2 M g4l SHT, 1 M Ak
UEE, S5 £o2 2 AA3 v FF2oR vekez oz i
AFsto] 7] FolA AFRAA EL 1%, 2%, 5% 1L 15%2] 7}
WEE 72 OenNdien-~EF]#-DVB 4]+ 300~400 mesh3ith

2.3. 24
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g3t Pl Auy A ALgate] dae) HFS 293,
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Scheme 1. Reaction progress of Oen.
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3.1. OenNdien-2EP|ZH-DVB $X[2| EY

OenNdien-Hsi= Schemes 1~33} 72 whe A of wka} Adjg]
s AP oM, HEde 148 Tolla TAUE2 46.8%0]
Sitk A OenNdien-Hs B 94 2418 A= C : 704%, H : 8.02%,
N : 123%% O|ZZHC : 704%, H : 7.9%, N : 12.3%)3} 2 A=]311Tk
23 AAAES] 1S $13] KBr g3 o A2 OenNdien-H, 2]
R-2HEHE Figure 10 JERIIET, 3400 cm' ol N-HE| 3=
9} 3050~3150 cm™ ol A HFEES C-H, 2850~2980 cm oA W=
C-H, 72]1 1050~1150 cm™ oA C-0-C%} C-N-C&| HA = z}z} &
2 ot

Avag] ghghEe] 2447 C—’%%‘E sk 7419 $dL TNk
Lol ot o2 Al 7R YE 5 itk S Adlag] sEE
29719 F3, vjdr|E 71l 7M11PA 3523 DVBY ¥, 1
g ZEEddss Agleld-DvBe Aday 3eEe] 28-S
of o& FdHct.

E Aol A= Scheme 48} 12 WS- Ao W} RIS A %S
SATH13].

2Bl A-DVB AT 712 3 o]2ndl A2 FAel
wo] AMgsHE MY HEA| 25 AAAR Sk g A
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oAl fekn FF<lo] whA Vg0 24 F3A 9] Fsol Y
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Figure 1. IR-spectrum of OenNdien-Hs.
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Scheme 4. Reaction progress of OenNdien-styrene-DVB resin.
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Figure 2. IR-spectrum of 1% crosslinked chloromethylated styrene-
DVB copolymer.
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Figure 3. IR-spectrum of 1% crosslinked OenNdien-styrene-DVB
resin.
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Figure 3 KBr 9¥H o2 U2 1% 7t EE 7 OenNdien-/~
Elo]A-DVB 4|2 IR-AFHEHS 3= YeRfglch o7l e}
kel o] SR ZMEslE ~El]A-DVB 3E Tl OenNdien-Ha
Adiag] =S A7 700 em’! F-ZellA C-Cl1e T 9=
9} 3400 cm™ 9] N-H 357} Bo]x] 5= 21 © & Ko} OenNdien©] X
359l em, OenNdiend] ECE 1050~1150 cm'e] Zélal L&
C-0-C8} C-N-C9] F=7} vebgeh 283l of7]el] JehfiA] o2
2%, 5%, 15% FAEE BT 22 54 YERIITth

hA, A 0= 1% 35 FAL 1% A0l st A=} dn|A4
< Figures 48} 5l A=t Figure 42] AR 598 o] FaL §loLt
Figure 5] AF2 #7812 gejldl o) Adjag] 2t=9] 4
7 2Epoldll 28] GagAkst 23S O T|HA YRR
AIHRAS & 5 Utk 281 SR2HE3} 3o SR REHE
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35kt Nl 22 3 Hl 6%, 2011
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Figure 4. SEM photograph of 1% crosslinked chloromethylated styrene-
DVB copolymer.
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Figure 5. SEM photograph of 1% crosslinked OenNdien-styrene-DVB
resin.

Table 1. Contents of Chlorine in Copolymer (3-Chloromethyl-Styrene-
DVB)

Degree of crosslinking (%)

Percent of chlorine

1 12.35
2 11.86
5 10.21
15 10.02
© 2xevdsAel o] s ik T AlE FRREHE
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2o

o g8 AA BEEH, 22t 1%2) 2%
S o wlo) X0k 5%9) 15%2] FETA| H$-= v
W},

T 4 TEEEsAIA e
ol Helyd A=
L slnErt 3o 42

Table 2014 7} %7} S7)8kol wke} =
5 A o)9f e A= rlu ) Sl wel x|kt
FollA ikl AAE 28t o] Aol X|gE= Adla
Tofl e mxA A IAE THSSS o Utk

A=l 54 22 F9 sl gy EE dofry] 93| B

F5A712 sk
Table 1] AN

o
F

=

Z_|

ool



Aefoldl YHES ¥ 83 OenNdien 4]l ]t

Table 2. Composition of Resin of OenNdien-H; Type with Various
Crosslinked

Degree of crosslinking (%) C (%) H (%) N (%) O (%)

1 73.05 7.74 8.97 10.24
2 73.36 7.85 8.54 10.25
5 74.03 8.02 7.68 10.27
15 74.36 8.10 6.85 10.69

Table 3. Surface Area Characteristic of OenNdien-Styrene-DVB Resin
with Various Crosslinked

Degree of crosslinking BET surface area Pore volume

(%) (m’/g) (em’/g)
1 14.61 0.0244
2 12.94 0.0195
5 9.015 0.0137
15 6.925 0.0070

HAE 4310 Table 3 eI =], # AFRelA 44 1%,
2%, 5% W 15%2] 7tuEE 7} OenNdlen-/\E]rOHﬂ DVB A&
150 ColA 30 min 7 AFRAIZ F v EAA 2472 AMgato]
-196 CellA A7k~ F2AR o= BET BH4S S4% 49, 7l s
7} S7VEgE v AS AAaEe e B ©]& Howdle
F15]18 AN E BauEglon Vg Fu hdke AdE o
EpLTY.

o

3.2. 250|129 &5 84
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Fol2] FakE Wallsta, SHMI(pH > 3) GNOE ArE 3 o]
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Figure 6. Amount of (a) Uo, (b) K, (c) Nd&** adsorbed on 1%
crosslinked OenNdien-styrene-DVB resin with various pH in methanol
solution (concentration : 3.0 mM, time : 2 h).

90
/—0\,—__4‘4>
80 F
~ 10
&
5 60 [
] W
g 50
k=)
c
2 40
=3
2
2 30 f |
'GC: ‘M
§ a0 | v
——K
10
—a—Nd
0
1 2 3 4 5 B
Time (h)

Figure 7. Adsorption rate of (a) UO,”, (b) K', (c) N’ on 1%
crosslinked OenNdien-styrene-DVB resin with various time in methanol
solution (concentration : 3.0 mM, pH : 6.0).
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Figure 8. Adsorption rate of UO,* on (a) 1% crosslinked, (b) 2%
crosslinked, (¢) 5% crosslinked, and (d) 15% crosslinked OenNdien-
styrene-DVB resin in methanol solution (time : 2 h, pH : 6.0).
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