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2 ok M4A DA glycidylmethacrylate (GMA)e] 7EAQ divinylbenzene (DVB)H A3 44AQ 2.24-trimethylpentane (TMP) %<& 242 0~10
mol %3 0~100 vol %2 HeAA BLFEE OS2 macroreticular (MR)E GMA-DVB ¥%@4 (RG2S 3¢ &A&A olg 33FAS WA &
stel A oAtz QAMgAlA Qa7 2 ZtE AU A Yol R#FA (macroreticular type cation exchange resins containing phosphoric acid groups,
RGPS AZaAon, oE +xd e 4T $ehrel F45e 1289t RGPFAES 24 AN 7tz SMAZ det FFol UNon,
$dEe FAES 7}_u_£ agdakel A9 RGP-10(50) = RGP-1(50) > RGP-2(50) > RGP- 5(50 ) > RGP-0G0)el™, sAAge] dg9 7= RGP-2(100) >
RGP-2(75) > RGP-2(50) > RGP-2(30) > RGP-2(0)2°19it}. RGP A1E9 4% St F4%oA 7tnsel 48 2% RGP #A9 AZTZ, o
o e £ 9 Peuo) oEaiu], s AL G AL ol BH SFETHE BEAHY AFTRA o Gl UM

Abstract: The macroreticular (MR) type glycidvlmethacrylate (GMA)-divinylbenzene (DVB) copolymer (polyglycidylmethacrylate) beads (RG) were
prepared by a suspension polymerization using 0~100 vol % of 2,24-trimethylpentane (TMP) as a diluent. Macroreticular type cation exchange resins
containing phosphoric acid groups (RGP) were prepared by the reaction of GMA-DVB copolymer and poly (glycidyl methacrylate} bead (RG) with
phosphoric acid in the presence of benzene. In this study, the effect of degree of crosslinking and the amount of the diluent on physical properties and
adsorbability of uranium of RGP resins were investigated respectively. The chemical and physical properties of RGP resins were affected by both of the
amount of the diluent and the degree of crosslinking. The effect of degree of crosslinking on the adsorbed amount of uranium for RGP resins were
decreased in the order of RGP-10(50) = RGP-1(50) > RGP-2(50) > RGP-5(50) > RGP-0. The effect of the diluent amount were as follows RGP-2(100)
> RGP-2(75) > RGP-2(50) > RGP-2(30) > RGP-2(0). The crosslinking degree effect on uranium adsorbability depended on pore structure, cation exchange
capability and swelling ratio. On the other hand, the effect of the diluent amount were relied on surface area and pore structure raher than cation
exchange capability.
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tetraethyleneglycoldimethylacrylate( TEGDM)$}  acrylonitrile(AN)
3} FFEAE FA4std  hydroxylamine®E  amidoximed}E
amidoxime® FX& Azde $elgo v F2 ¥ 2%
A g Bto] Aol ST Bt of FALEE WEH ol
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acid2 o8 79 #7] & dolA Q7 E =Qiste A
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Egawa $[14]& I44 Exw9l glycidylmethacrylate (GMA)
9} DVB&tY F5 @A S Ak phosphorous oxychloride® 14+
3 uhg o2 QUVIE Ze Ad %4y %ol 2#4A (macro-
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7YaA DVB (Wako. Pure Chem. Ind, Ltd, 55%)3 GMA
(Fluka, GR) ol E#s0| sle FEIAAE A Ast 4
M 5% NaOHF&4L 2 3] Nt b o] ngsR

53 AHF & B CaChE Fvleld 3F #E& AANTZ
AF Z7319 A1 231t} Polyvinylalcohol (PVA, Junsei Chem
Co., 1td), benzoylperoxide (BPO, Hayash; Pure Chem. Ind., Ltd),
TMP (Junsei Chem. Co., Ltd) $& 13 o449 A& AAlglol
ag2 Agstgch

2.2. DVB-GMA 3382 58

DVB-GMASY Z5&4Z /A4 BPOS AR PVAE A&
del, w7, £xA, A4 FUT, W47 Fol FAE wi7E
Aol 22 oA 88 FPPo2 st 4]

DVB-GMA FZ¥Ae AbF Eehzae] PVA 05 g€ o2 &
4 350 mLoy 7heha, @Al GMASH 7h Al DVBS &3
of TMP 100 mLZ 34|21 o] BPO 04 g& §3AA 71d &
o A4 7t2g FYEA, 250 rpmel A 1417 B¢ mkate, 9
29 2717k ¢dEE U F 80 CAA 64 T A2
o 90 CollA 2/ B F88t] 739 TFEANE Az

Fito] 4AHY 40 T FHTE T3 Ao PVAE AA
Al713, ofME SR 12A17F soxhlet M e dte] o Eq Fof 80 Tol
A 2AAE EF AZAZL thE, 80~100 mesh® &5t T4
FFYA (RGZ A2 A3

Ztnze G nAsy] st ATYEHAL TMPE 50 vol
%2 4AsA F1 DVBY #%FE 0~10 mol %%, MFEEAY
e nAs7] YA E JIEE 2 mol %olA TMPHE 0~100
vol %2 WstAA DVB-GMA FFHAE FAsHA ojuf dof
A 7 taAgs A3PL4AFE2 2k RG-0(50), RG-1(50),
RG-2(50), RG-5(50), RG-10(50), RG-2(0), RG-2(30), RG-2(75) &
RG-2(100)e12 3w, RG] <AE 7tasg, 23e 24
© /1334 A vol %E e

20|22 u# £X| (RGP)Q M=
ko] W £ AzE GMA-DVB 3%
A 80~100 mesh 5 goll 24t 40 mL9} benzene 100 mLE &%
ate] 80 CeollA 3AZHE WD O, JAEE $A8 o83 &
ado] FAol @ WA FFFE AFHs 50 TollA 2447 &
F AZAA FAAZ Ao, old Ad4rE 2= MRY ¢
o]l 2 & RGP 319 Z 7lu =9} A AP E RGP-0(50),
RGP-1(50), RGP-2(50), RGP-5(30), RGP-10(50), RGP-2(0),
RGP-2(30) RGP-2(75) 2 RGP-2(100)¢12} A3}l

2.4. 358He 84 £

GMA-DVB 3749} 97|17t E9€ MRE %ol ng3)
(RGP)®] #+%& #912 FT-IR Spectrophotometer [Model IFS-45
Bruker Co.]2, H]|EHZ (BETEHZ) 23-& RGPFAE 50 Tl
A 02T A A=A Fol HEHAE 22X [Micrometrics
Co. Accusorb 2100E1E AHE-3o] -1%6 TollAM 24 Exdoz =
Aegen 2Ry UEs HAYE AT BT NZ L£3e
Mercury porosimetry [Model MVP-1, Quantuchrome Col& A&
o & AYHe Aoy HF ATWA (1)L vEY
H(S) R AT 87 (V)& A8 1= Zfe e Ausigiiall
FAZAY 29840 B3 F2F A4 ZHANH(VaE 10
mL W&AAYe 28 F3A d9FFFe) JHez 2759
o AFE ()& FAY AFTEE (V)H ZEILE (p,)2
2 g9 2 ol &3t Aot
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ZgA 9l 384 (swelling ratio ; SR)E A
mL W2 Adde Yol Zur] AL FAHG hE, £
dioxaned 18I A4AI7 Aol HX st FEE ARS &
o g9 A& o] &ty T
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F71FAA G £A9 2H7] AH

&l (SR) =

2.5. 0|2 ¥ 339 &H

RGPFA9 ol n¥ &% %Zé—?: FAE 50 CAA 2AZL &
¢t 2% Az AA, 100 mL % Feh=Ae] RGP 025 g% 0.1 M
NaOH-0.1 M NaCl €%} 50 mL& %3, 25 TAlA 104 5
A%d Fo] 01 M HCI$ 402 NaOHY) 358 33 ¥4goz
ZR e rH14l

|

2.6. fetss 3= Y

RGP #Ad W& $etEe] & ‘% ’;‘_v‘%‘% 3¢ dEYP o RGP
-’FZ]OOSgi—rEH?'ﬂ% pm, 100 mLE 250 mL &%

o] AzrEgtAzd ¥ B C°ﬂ/ﬂ 247* 17t AGAZ & &9F 2
""'15} SebFe ¥EE A BIARICYA A dya 599
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[CECIL, CE5%4]E o] €3td A&t & AZ&% 50 mLol &
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Z4stn Axg A AP Haste F=E5 FASACL
T3 et F2F g (mg/g)e B Aoz Tt
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datich ZtEsE 2 mol % 4 HHAE AHEEHA &2 RG-2(0)
A Bfole FHE 74 FEAR JAAY 4E& 75 vol %olde
2 AHG¥ RG-2(T5)$F RG-2(100) Z9& 2% 448ee F8A
2 yrz $3RAEL MRE 74 448 ¢ + dh B2
°‘*‘°i g A2 02 $3¢AE} vh7HA 2 80~100 meshE
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Scheme 1. Preparation of macroreticular type cation exchange
resin containing phosphoric acid group.
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Figure 1. Infrared spectra of RG-0(50) (a) and RG-2(50) (b).

Scheme 1914 RGUlel &3 H38}edo] 73t epoxide”] 7t &4}
2 913, RGel Q4o 4st A7l RGP 4 WelAe $es
ol &9 F& #HA FEete 4717t 7 spacer armuel e A
og Hol Sty FF59 AA 4TS v ALE AR,

3.2. GMA-DVB 354 (RG) ¥ RGP £Xl9] Txgol
MRE ¢ol& u& £AE 4487 HAste] 934 GMA 7t
A, DVBt 44 TMPZHE w3 A dgFddezs #A4%

PGMA (polyglycidylmethacrylate)$t RGE 4to 2 QlakaiAjzl

RGPel 72& #317] 935t Figure 1(a)ol 7FZAE A}&31A]

%+ PGMARG-0(60), (el 7HaAl 2 mol %% RG-2(30),

Figure 2 (a)°] RG-260)2 94to 2 Q14tslet RGP-2(50)¢F (b)oll

RGP-260)& A% $otF $8922 F3FAZ RGP-250)-Ud

A Ad EX4E 3% 274E 242 Jehigioh
Figure 19} uepd vis} o] 7taAE AHEeHA] & RG-0(50)
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9 (b)9) 73% 1259, 1450, 3003 cm ' 294 DVBY| <& 7tm7t

Yok &g HAF F Qlov (a), (b) EFIA 847, 9083 993

cm’ “'201]*1 GMAUl S1= epoxide 54718 898 = &),

epoxide £417]% acetone, tetrahydrofuran, dimethylformamide &

# 22 M ST ol HEoMe 44 A

oz ole;‘;q ol\:}_.

Figure 1A RG-260)% H9$ epoxide?]7} EAAsA|
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Table 1. Effect of Degree of Crosslinking and Amount of Diluent on RGP Resins
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Resin S LA Py Pa T & Ce Va SR. Resin
abbreviation (m’/g) m/g) | (@em) | (g/lemd) (A) ) (meq/g) (cm®) ) type
RGP-0(50) 1250 0.243 1.069 1414 3888 0.255 2.76 2.00 1.30 M
RGP-1(50) 20.00 0649 0.737 1414 649.00 0478 262 2.60 1.69 M
RGP-2(50) 4170 0.408 0.759 1490 171.07 0.379 258 260 141 M
RGP-5(50) 56.10 0.39% 0.881 1.387 141.18 0.355 244 2.88 1.32 M
RGP-10(50) 4760 0.261 1.088 1472 109.66 0229 284 2.28 2.01 M
RGP-2(0) - 0.044 1.408 1472 - 0.061 268 1.60 125 G
RGP-2(30) 2332 0.106 1.302 1456 90.91 0134 259 164 1.36 M
RGP-2(50) 4770 0.400 0.8381 1491 171.08 0379 258 2.60 141 M
RGP-2(75) 5720 0949 0592 1.391 331.82 0.569 222 296 1.49 P
RGP-2(100) 84.10 0.980 0517 1.352 233.06 0.569 2.08 320 1.87 P
M ! Macroreticular bead type, G : Gel type, P : Powder type
RGP-5(50)¢! 2% MR 224 BlEWA 2u7] AZo] 713
w0 A& ¢ F e, ol Egawalldl7t ¥l sAA%S o
E FA o sl 50 vol %E AHEF A7 MRELZA Ho vlFgd
§ 5 Hg et 3 FE 2 dX83 gl
L A , S G AaE SRl e wERAS AR A
E 2 ! Aol o] =2 F ZAade olfE MRY #A9 FHA
& Y [ J oz b A 2% 271 @3, tnA R 9447 s 2Es
z I A B AATE FEo] AYPHAA Exjgo] oj §Ald) E2sle], HAA
I g of o8 dsAoz Ao Best $£us7] BB A BajF
. - | of o= @A olgez FAE £ glol MEWHe FHAT
100 3500 3000 2500 2000 1500 1000 500

Wavenumbers(cm™)

Figure 2. Infrared spectra of RG-2(50) copolymer (a) and after
uranium adsorption (b).

22 A 4zt P-O, C-OH, P-H F4ui7 veht ¢iasizt 59
&2 B & it

Figure 2.(b)£ RGP-200)F Ao $elg & T4 A$2 2361
em'ol AlebR WA 932 cm'¥29) 0-U-0 F5ue g 4
slod opezrE $ehyel FAHUGE A 43T 4 Ao
[24,25].

3.3. RGP £xI9] MIBZ (porosity)

7t 9 S HAFL WA A A% RGPFA tigh v gEm 3
(S), B2 AFHA (1), ATEF (V,), 287 AF (v,), 21
71 AE (p), BAUE (o), B ATE (5) 5 23
Table 19 Yehigich

Table 1414 RGP o tg 7taxe] G3kolA vl E@=(S)3}
2RI AF (V,)e 37 1250~56.10 mYg? 2.00~288 cm’2. 2
4] RGP-0(50)91 4] RGP-5(50)7+7] Bl BE® &3} ZB7] AH o] 27}
st oA Zaste =3 tuA S A88A %L RGP-0(50)9)
A$E 02 RGPHANTE WERHTA Zuslgde] e o
F ok H4ARe ol vEUAT 2wy AR 47
23.32~8410 m”/g 160~320 cm®* 224 HNAE Aax @
RGP-2(0) A%+ AdozA HEANHE 243 4+ ¢g& ud
02 RGPEAEL 4AY ol Z7hdel mel vEH} 2
7l AF L 71 & & e ok vEEAY 2Hy] HF
T A2 43 A ULE 398 £ gk

Fhde Aoz AR FAAZe] Ggkol A FAA 9 Fo] 75
vol % °1844d A% n¥A FH47e) 7turt H4Ad i FEe
AA A £}y WEo] MRES Hoju BaAe] 28 oA §
=, ol 7t2EE ¥A oM nER FH3 B8 slus
Azl MRE FAEHZ AHAZ ¢+ & Ao oAAY
[24,25].

Ztnze] JEgA ZH7] AR (p,)9 HADE (o) AS
27t 1387~14%0 g/em’# 0.737~1.088 g/em’C.2X Zurs dx
T 7tiE ¥l mel B EHAQ we wane = AREst 37}
Sol wat F71EE 4 3, S B E B uEe
o} Hagxs 77} 1.352~14913 0517~1.408 g/cm’ e 84 34
A o] F7Hge| wel gAE 4TS & $ Yok

tnxe] G AFEH (V,), IF AFWE (N AF
% (&) 727 0243~0649 cm’g, 10966~64900 A, 0.229~
0478 (-)oI™ RGP-150)¥ o HFLA, FF ATNATS AES
o] Z+z} 0649 m'/g, 6490 A, 0478(-)2AH Hdige Ve o%
Y= SVl wEt A4 AT € AF3eL 7Ade
4 £ Uk &= MR T JFoM MFLEATF AFEL 0
4~098 cm/g? 0.061~0569(-)2H FHAAZo| F7}3te]
TEAF AT F/EE ¢ £ Jon va gF A3
9091~23306 A2ZA RGP-2AB)AA Z7tsittsl oAl
B FE ole AYAZEL 5% o4 @A AL RGPEA =
2 FHZE W] WEcs 44Ew, JF ATl 9091~
6490 AS2A macropored 7HE Ad BA3E o] 2F5AY
& 898 £ 3ok

w2t RGPHA| AZA Fhaxe 44 ue} wgd, 2
HY] AF, 2Ry 9x, 4a9s Q343 A3 ATe 59
A F&E vX T3 JF AFuAo] 9091~64.00 ACTA
macropores 7HAE Ad 448 o] TFTAE FAY 4 e

T
o o <
mgrlogg
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3.4. RGP #X|9] HRT

YREE MRE FETAY #AE LFAcEE AFHE RE
FFEFHE 840 glol oL W] YFE viX] WEA
njE B& @ FHdAH 2AVNES =9shed, old ARAE, &
A719 A8 uhg 9 o] | Z23 43g v
duido e Flusst ¥i AF ZAA L TFe] 258 Hgol &
Jdojuttn <A A5l ¥ ArME 2% ARTY Agst
2 A5 SFAY GMAES AHEst] 4% RGPFAC di4)
dioxaneC.2 HeAA 43 BEH(SR)E Table 1o VFERARIC

Table 1914 RGP Aol dig 7tz JFoA Fau= 1.30
~201(-)2A4 RGP-1G0)¥ w AFysjel upd7tA2 B{u)7h
169 (= Husl @ F staxst $71ge vt F&ulst 24ast
th7b RGP-1060)4 Z7ketg e, RGP-0(G0R1 B¢+ &
RGP #ARGE A5y Pgu7t 25¢ & 5 dch FAA
2o] gt WEHE 1.5~187(-)2A BMA] 9 o] F7H5h
o wt AFEde Biule SIS ¢ 5 ded o FAA
o] gako] F7hstel mwel £ W AFo] ol FAHAA o
719 Eoj7te dioxaned] %ol F7H3l7] WEolet Azdn)

=3 RGP-0 (50)& RGP-2(0% A$-E dlzsd A FeA
RGP-2(0)7} RGP-0(50)R.ttT g9} AFRa7t of ¥A Ye
we o & Aok

nebd slnsel 8MA9 3l uie} RGP4A Y HEuld 2
A AL vy 53 PFeng ATEA M2 A3 BAN 9
2 EE Ge tankdAE =@ 94729 macropore’t A
o} 7taAle 2% At AeE WA IIEA macropored] ¥
Aol 432 v, ¥ 7Rz e 7t =7t & microporeZt
457 gFo stuAe 25 Ay A= Wste F&d A
Qe nalE Aoy LA YoH5-7). ¥ A A= macropore
B} micropore’t U H&lo] FA JEAE e AoZ HAX
2 9dedl, 2 olfE RGP #AUW 2% Aol 21 AFeA @F
AU GMAR F5F Hol 7] dielzta ARG

oo
oft
olft

o

3.5. RGPFX|9| o2 nEaa

Table 1914 RGPFAo] g 7tus Ggolr Fole usae
244~284 meg/g L EAE JtaE7}t 713l wet %ol mEF &
o] Zrastt}rt RGP-1060)904 %ol ¥ &3] 234 mey/g
Z Hurt 28 ¢ 4 ged oY@ olfE epoxiderl #FFT
g fEolgln dAAY14]. F 7tREst S me) o)
B F E epoxidedFol HaHo A3 € o whgo] ofF
A AYH7] G dol& wF Lol 74 Ao A
RGP-105008! 74 $-& #&u7F 2 7tuzdA 2oz A7) dE
of gol& wE o] E AoR Almdrh

XA oA ool uP §FL 208~268 meg/g2E
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Figure 3. Effect of degree of cross-linking on the specific
surface area and the adsorptivity of uranium.
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Figure 4. Effect of degree of cross-linking on the pore radius
area and the adsorptivity of uranium.
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Figure 5. Effect of degree of cross-linking on the void fraction
of porous and the adsorptivity of uranium.
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Figure 6. Effect of degree of cross-linking on the cation
exchange capacity and the adsorptivity of uranium.
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Figure 7. Effect of degree of cross-linking on the swelling ratio
and adsorptivity of uranium.
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Figure 8. Effect of amount of diluent on the specific surface
area and adsorptivity of uranium.
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Figure 9. Effect of amount of diluent on the mean pore radius
and adsorptivity of uranium.
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Figure 10. Effect of amount of diluent on the void fraction of
porous and adsorptivity of uranium.
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Figure 11. Effect of amount of diluent on the cation exchange
capacity and d adsorptivity of uranium.
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Figure 12. Effect of amount of diluent on the swelling ratio and
adsorptivity of uranium.
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