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Table 1. Swelling Ratio of Gel Type and Macro-
porous Type Polystyrene Resin Matrix
in Toluene
Resin type
Crosslinking (%) Gel Macroporous
DVB 2 2.84 10. 54
5 1.98 4.25
8 1.65 3.26
10 1.47 2.43
12 1.19 2.32
EGD 2 3.32 15.26
5 2.18 5.38
8 1.84 3.76
12 1.69 3.18

Z2| #1098 #1735 19864 124
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Table 2. Swelling Ratio of Macroreticular Type

Polystyrene Resin Matrix in Toluene

Diluent (% volume about

Sample (’Tro.ss- Crosslinking styrene and crossinking Dry Swe?l'!g
linking volume  ratio
M B COnTONET)_ ) i aene
DVB EGD TMP dodecane toluene

1 8 v 120 2.45 28
2 0 v ” 340 LS8
3 5 v 4 3% L4
4 20 v ” 52 118
5 0 v 100 220 209
] "oV 120 340 159
7 ooV 140 360 28
8 0 Vv 160 840 142
9 5 Vv 60 L% 283
10 .V 90 L8 27
1l oV 110 200 305
12 5 v 60 60 200 48
13 .V " 9 18 566
1 L 4 120 180 611
15 0 v 90 60 19 316
16 LA ” 100 18 311
7 noV ” 120 165 36
18 " v ” 0 170 3N
19 v v 140 80 210 300
20 ” v " » 19 3.16
21 5V 120 30 146
2 L 180 10.00 14
3 0 v %0 3.30 L7
24 n v 120 370 157
25 “w oV 140 82 12
% 15 v % L2029
2 noV 120 330 18
28 15 v 140 350 L4
2 10 v 9% 20 18
30 " v 120 37 L7
ki ” v 140 420 145
32 15 v 9 320 LS
B " v 120 KR I 1)
i ” v 140 42 182
KL v % 270 141
36 n v 120 30 138
k1j " v 140 3% L83
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e
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o] 213 =] = 4] non-solventdl] 2]si 4 34 3}5 =
A sy gad 4ol ksl 7l wlFoll o}-&2| Fig.1
of vebdl wpel ZH2 FFel FAE o] WEHAL
ol 2A velvtzl Al ek =g Aol 28
A ZFFo] A=~ °F4 macroporous type
resinol] sl#l A EadHo] 253 Welfe] T
St} olA 7=l macroreticular type resin?| %
Aol sl A =3tdEdl ANt 2943 poro-

sity7h ZgAbbg4ell olxle 9L Z4bshil

ol

macroporous type resinoll u}s 4 Abwt3)

2181 4 macroreticular type resin®} macropo-
rous type resin®| 27}2] type resing chloro-
methylation4] 22wl resin matrix Wl =U=
chlorine %8¢ Table 3o Al 4|3}l c}.

3| chlorine 3§%-& H{ 2~4A)zkuke] E&
=0l macroporous type resinol] 4+ 2F 16%,
macroreticular type resindl] 4+ 2F 11.5% 24

)

macroporous type resin2| 3L8k-g¢-4 & 3hqlar

<.

Fig. 1. Diagrammatic representation of a pore or
void in a macroreticular type resin.’ highly
crosslinked precipitated chains.{from “Polymer
Supported Reactions in Organic Synthesis”,
P. Hodge, D. C. Sherrington)
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Table 3. Chloromethylation Result of Macroporous
Type Resin and Macroreticular Type
Resin

Reaction
time (hr)
\ 1 2 4 8 23
Resin\ Crossli

type '\ -king (%)

macropo- DVB 8 |13.63 16.04 15.94 15.13 12.%4
rous” DVB 12 |15.90 16.35 15.50 13.46 13.03
MACTOTEl  DVB 10 |9.17 11.51 11.52 10.42 12.00
ticular

*: toluene 100% dilution
** . TMP (trimethyl pentane) 120% dilution

chlorine content : %

2lc}. macroporous type resinol 4 24|7F o]%
chlorine §gko| 23s}étE= AL resin matrix W
Holl o]l AHE2] chloromethylz|7} =5 =
molecular chainZk2] interactiond] g+ =57}
ol 71elste Hog vy set®d wkd macro-
reticular type resind] 4= 2047k o]4ko] Zz}
= o] % chlorine &eF8] W37t A9 glof A 25
7kmel 2|3t chlorine?] 45+ ¢t Table 34
EaA
o] Wi porosity7} Zzuk LE=puk-gA o] ol
X ™S A H"Heb =3 $2}b chainZke] in-
ks ] e AAT AT E
AV ALl Sk

1980w ©|% A3 wk3 9+ macroreticular
type resm0] e odglshx) Bolgk 4As 1
wkA o] F83) A4lsglez]el Werh

4 B.Z o] macroreticular type resin&

teractiono] A<

Macro-
reticular type resin®| 2|33} uranium ionel of
s312] FAE AR AFMAAA AL A
s Egawat Fig2¢l 2% 2% + dgealld
| 2F non-solventsl TMP 2| oko] F34lell 100
% #A7b=s A HolFAgFo] veptL
oF 2 olr}. A% macroreticular type resin?|
porosity9l Ew o] F itk =g dgkE 7l

A "o 444 o 4 o) tl&2 macro-

&l _‘9'_;(\—

0l o o
AT =

reticular type resin matrix?| 7t %7} UO;*

E2|0 #1037 A 735 1986 129

0.5

Metal ion adsorbed (mmol /g-R)

0 N L .
0 20 40 60 80 100 120 140
2,2,4-trimethylpentane (voi%)

Fig. 2. Effect of porosity on the adsorption of var-
jous metal ions ; resin, RSP (DVB 10 mole%),
O(UO,*? pH 3.3), ® (Fe*® pH 2.4), © (Ca*?,
pH 5.6)

1t \\\“

Metal ion adsorbed (mmol /g-R)
[

0 " R
0 10 20 30 40
DVB (mol%)

Fig. 3. Effect of crosslinking on the adsorption of
various metal ions ; resin, RCSP,
O (UO,*?,pH 3.3), ® (Fe** pH 2.4),
®(Ca*?,pH 5.6)

jon ¥ 23 @rbx] F& ion?] F gl vlAle
A3k Fig.30 Al43tiEdl 9 DVB 10% 7+

ol 4 oo Fateko]l viehi ek
DVB 10% o|4+¢] 7tmell 4 &-2-5ol] 2élsl+=
olfrE ezt 2 Adud = Ak AAE 7t
257} ArExlo 24 S-Ro| Asts 7] wFo|=
s pore radius7t 445 AsksNztr
203 Azsch A3 AL resin®| macropore
ZAshokrt #7

0

chelate resin®] 354 #4442 4+ UdE A

(*3

2]

Ia
e

2} micropore?| Z7|E A3
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o| A7} =] ol-2- g

resinol| illo} 4

Table 4. Adsorption of Uranium from Sea Water by

sholedl IS
L*iuramumlonﬂ el A FAHES Al Hog

ol %= 712 functional group- Table 4 4

A 4] sk e,

3= polystyreneA| chelate

skl 9o

o whal 7

Table 49l ] <] 5l functional groupE-&-
nium ionel] sy 4 ExH-S-

77|.;<] M 5o 3+

ura-
A= Aoz 2B
F7] et Egawarzt 2 Zabk
dsbolch, Table 4ol 4l 45l ofe] resin

Batch Methods

Kinds Symbol  Functional group Type Form U i(\ds)o rbed
“g
Cl 0.4
RST @—CH (NHC,H,) ,NH, MR OH 0
—~CH,—C (CH,)—O0H
RGT YN MR <l 0.3
0=C—0—CH,—CH—CH,— (NHC,H,) ,NH, 0.4
_ H 0
RSS CH,SH MR Na 0
—CH,—C (CH,)—OH H 0
RCS | N MR N 0
0=C—0—CH,—CH—CH,SH a
—CH,—C (CH,)—OH H 0
RGS-1 l N MR N 0
Chelac 0=C~0—CH,—CH—CH,0COCH,SH &
elating —CH,—C (CH,)—SH b
resin RGS-2 | N MR N 0
0=C~—0—CH,—CH—CH,SH a
—CH,~C (CH,)—
RMH T MR ng 8%
CONHNH, .
—CH,—CH— al
1.8
RNH é/NOH MR OH 18
~NH,
—CH,—C (CH,)—OH 0 H 0
RGP r \ I MR N 0.3
— 0=C—0—CH,—CH—CH,—0—P (OH), 4 :
CH,COOH
cr-10  CF—cHN MR Na 0.8
CH,COOH .
H 0
IR- 1208 @»sozwa Gel N 0
Callon DU
exchange ZOOC @’ SOZNB. MR Il:IIa 8
resin
—CH,—C (CH,)— u L8
WK-10 (]]OOH Porous Na 0.7
—
) . ) Cl 0
o RAZ200 C3—CHN'— (CH).X Gel s g
exchange _ _ Cl 0.3
e IR-45  RNHC,H,NHC,H,NH Gel OH 0
wA-20 £ 3—CH,NH (CH,CH,NH), CH,CH,NH, Porous S 03

a) Batch method : Resin 0. 1g. Sea water1£{Containing about 348 of uranium), K Room temp. 96h.
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boxylic acid#|-%, amidoxime#|-% 2| chelate re-
sin ol 4 amidoxime type-2- uranium ionel| ti
gk §-zbgo] Hofud #ul ofv]e} acrylonitrile 4
fa2z el 44 AEY 4 ok WS A
|3 2l 7] wl el 1970w o Fuk-¥-€] & Furanium
FZof| 7}4 §-2|8l chelate resin2.2 gl 45
ol olo olel 4 ppd AF7b o] Fojxir Q)
ch. A28 w23 AAl ATl A= 8 Furanium
= Eiks !
polystyrenes| resins} amidoxime type chelate
resin 27} 2| uk-8 A 2] Adzstn & 8o Ami-

gAshe A =

Y'

FE5 2|gt F714 chelate resino|g}al

doxime type chelate resing %

Boalel ubwl & 83 7o},

CH=CH CH,=CH suspension ~CH,—CH—CH, CHN\
|+

|  polymerization |
CN @ diluent
I

CH=CH, ~CH—CHp
RN
~CH,—CH—CH, CHM
NH,0OH /NH
medium C\N -OH
|
~CH—CHp
RNH

# Zx ol chelate resin RNH¥ 4§42 poly-
acrylonitrile¢l RN=#} hydroxylamine-3&- 4 & Hk
A AA Axd = U] el AR A
Feral e odakslA =l 2]y amidoxime type
chelate resin& t}-&3 2 FA AL = gl
c}.

1) Resin matrix2 T3 4] 7tax|2 4 DVB7}F
AR5 =l styrened o Fol 4ok el stag
sh7b A vhebbA) orich DVBF @7 15~20
% ol A7bs|ofokul bz ubFol shag 3ot
Vel Al ®let. 4]aks]= DVB+ oz DVBE| &

Eo | A10" 4735 19864 124

gko| 55%0o]al Yol 2| 45%+ ethylstyreneqldl
Alz=l&= DVBE 29 7taA2 4§34 =4
acrylonitrile (AN) 3= A A o] t}2 ethylstyre-
neo| Z%3% = 224 amidoxime resin matrix
o] s} amidoxime group®] 747} fats
o},

2) RNz} hydroxylamine§ A2 u8E-SA]H A
amidoxime chelate resin(RNH)-% #Z&= ub
2271 (pH, €%, mole ratio) o] =w}el4] £ 4§
A== resin®| T4 o] F4s stz wl ol
DVB7}a2 RNz} hydroxylaminesl 2] 423} o
dedA Fol g odFb FukEojol YRR
A4 7= e},

3) 7}2A| & DVB7} 285 7% Eol ozt
23 o] ZH45 7] wl-Fo DVB o] )2 7haA|ql
EGD, BDD, tetraethyleneglycol dimethacrylate
ol Ab&5a oy stad syt Eefsle] 2o

Hog olyat +£25 A E resin matrixs ¢

2 4 g

ol#f gt o skAl vtA-E AT —’?‘ de olE
Al AT7} o] FolMol Ao E AY2sln. o
£ Kumamoto] 2| Egawa+ 1956 Wolzf 1986

s A 7% 307 714 chelate resin$- o]&
3led & T~ uranium$ A FH sl = AT AL
olth2~2 7% amidoxime type chelate resin
2| A 234l 4 macroreticular type resin®]| 2|
L] = uranium iond] W&t & 252 resin®| vlF
Azt t]Eo] £ 3 chelate A4 719 ofoll 2|3l
A Z2A] J5g &AL 18t RN} hydro-
1}-2-Z 7, macroreticular type re-
sin A} £4] diluent® 2A}-£5]= non-solvent2] &
2o} "l ZhaA| o] okt F
Sof Asled Fug AEE 25k 941 RN
H

Aol 4FE5] & Gohol

xylamine®} 2] ¥
25 Apgs]
1_

3} hydroxylamine} 2]
dshel Qe

o]# 72| H,O, alcohol, DMF, DMSO7} 1k-g-
a2 AgehebE Aol Q1450 215k uranium
rA el AA4e g Bl HO
Agebe Aol AR A

o] B.abs3 resin ¥

\:!
= methanol &4 &

679



2.2 Azbslch, RN3k hydroxylamine ~£°83}9)
k5ol QoA E Hdb2 0 2 4 hydroxamic acid
o] gAo] wAHL Ql=lul Felo] AT AR Y
e hydroxylamine?] ¥ 55 3 4 gl& 3 A4
7|3 uk-g2 A% pH7, 60T, 5~74] 7}, =i 80T,
1~247k0.2 shad B2 o] zsho] AAEE A
22 el glrl. Methanol €8 W 4| RN}
hydroxylaminez} ¢] dk-g-o] 2lo4 2 ub22 A o)
uranium ion A 5ol v|z|& ofgkS AEg Al
7} Fig.4oll Al4]5]e] 9},

Fig.4¢| A3t 2¥%-¢] RN3} hydroxylamine, me-
thanol -&-°§3}¢] ul-goll 4+ hydroxylamine ¥ %
2~5% £°88 RN2| CN groupd] =&l 4 1~15
8 (mole) 7} 4 60T oll 4 3~54]7} == 80T ol
A 1~2A1 7 ubgAl 7= Ae| gt AoR st 5
ole}, =3} amidoxime chelate resindl] 4 £ resin 2}
c}F 4 o] uranium ion?| F25ol] 2 d3FS w2 Al

o

_ 00
35' 80| 04—0—9_0- g 80 O OOt
H g sof
o
§ LY (A) § “or (B)
2 -
4 0 Ao b 1) i
01 2 3 4 0 1 2
Conc. of NH.OH (% NH,OH/CN
_ 100 _100
§ F] 8 §wh.m—=p
5wl 5 uf
[
§ wf © ng ©)
a0 < 20F
[} S S T N 0 IS S S S §
0 0.5 1.0 1.5 01 2 3 4 5 &
NaOH/NHOH -HC! Reaction time (h)

Fig. 4. Reaction of macroreticular acrylonitrile-
divinylbenzene copolymer beads with hydro-
xylamine in methanol.

(A) NH,OH/CN® : 1.5, 80C, 2h

(B) Conc. of NH,0H : 3 %, 80C, 2h

(C) Conc. of NH,OH-HC! : 2%, 80T, 2h,
NH,OH-HCI/CN : 1.5

(D) Conc. of NH,OH : 3%, ,NH,OH/CN : 1.5

O 1 60T, @ : 80T, © : 100C
Divinylbenzene content of monomer : 16.2
mol%, Adsorption of U : Resin 0.1g, Sea

water 25ml (25048 of U was added in it),
Shaking 30T, 1h

@) Nitrile group in copolymer
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== resin®] t}EA-S uranium ion?| FAEE T o
A d3kE v|A]7] wfell DVB2| ghake] 4

RN 2 X g AlZ% RNHo| w3sted 10ppm ura-
nium #H7} |+ &3t FASEE JEF R
5t7} Fig.50leh. DVB%Heko] 32 RNO.2 Mg
d o] Al resin-e amidoximer] &| EQlgko] At}
Aol A glo] FabEErk 2Forxak DVBe| ¢
gk 10~16mole% 2 A7}% RN 2 Hel odojal
RNHE %358 Fa45E Jeblgicl,  olgfdl
HAE £49% amidoxime”] 8] AFAJo] W] o
ol ol s 4 445+ microporest 2o}
A2 DVB2| ghgko] wobd FelAql

HE 4ol

100

80

-]
=3

Adsorption (%)

Time (h)

Fig.5. Effect of crosslinking on the adsorption rate

of uranium.

DVB(mole %) : ® 2.6,® 5.3,0 10.7,
® 16.2, ¢ 21.9
3.0
2.0 >
5
$ 2o ‘s
3 1
§ §
T o °
> g
£
[+) 1 1 1 i 0

0 20 40 60 80 100 120
Toluene /Manomer (vol%)
Fig. 6. Effect of toluene during the preparation of
chelating resin on the adsorption of uranium.
DVB : 16. 2mol%, Reaction . 3% NH,0OH
CH,O0H, 80T, 2h
O : U adsorbed, ® : Exchange capacity
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%2 RNHell 4+ 2557 £ si424%¢ ura-
nium ion2| resin WX-2 2] state] L gz
2.2 47zslc) Chelate resin matrix 2|
& RN2| A2 4] A48 = diluent?| F5F9} ok
o whel4 W= slas 24 DVBS o
16.2mole% 2 LA 3l3 diluentE 4 2| toluene -
AN wheFaloll olal 4 20~120% 2 W34 A b
4 ode{al RNH7F sl 288 Fabel= uranium
8| ok FA4do Fig6oll =413-5 e},

AN cleFaloll o3t toluene ] oko] Zr}af 7ol
w2} 4 uranium ion?] §a%o] Erls)ejzhg wt
A% 4 ek of2igt 842 RNo| hydroxyl-
amine | methanol £4<&ol] 4 s§§4o] Yyl o &
ol toluene$- ol 4}-g-dke] dojzl 12 9| Be|Aq)
34 & AU+ RNel A& CN groupo @ =g
amidoxime groupl & ¢| 3Y z}ub-S-o] £o|z}A
AP 7] gFo2 Azl Toluened 80~100
% (vol.) Ab-8-3le] §48 RNo 2 M qlojzl R-
NH7t ok% &t uranium F3ekal Se)xq 752
YebW = toluene 20%(vol.) = A3 RNz
¥ do]Al RNHE uranium &4 A2 Je}
Wz Al b o]4Abe] Ast2 Y el RNH7L e}
W= uranium AR 2] 9] o}Z Al 28 4
A JFE WAEE & F Uk dHERYEH o
3.3 uranium §&5& A& amidoxime type
chelate resing 7] ¢lsi A& stz A 24 DVB
£ 10~16% (mole) A% A1-&3}= 4 diluentE 4
toluene, xylene-3 AN whekalol] o) 4] 80~100
% (vol.) A7bslwl sk pFAHoR A HFANET
47 160~220A, wEA 100~130m¥/g, AT
44 0.4~0.7ml/g AEE AL P4 TE34
7b Hesieba B assict,

2o 4™ &8

Uranium ionoll 3l Z-a50] 5 o]} poly-
styrene#] chelate resin3} amidoxime chelate
resin®] AL Aol 4 o}F FHZo| o]F|A Hrt
2wy g 4748k}

1) Glycidyl methacrylate-DVB copolymer

71

/N #1049 A 735 1986 124

(RG)2} poly(glycidyl methacrylate) bead & phos-
phoric acid ¥+ phosphorous oxychloride 2}
8k-§-A} 71 2 2 4 phosphoric acid groupg | v|&=
macroreticular type cation exchange resin(R-

GP) & chg3t Zo| MAsHct?B.

CH,
CH,=CH : |
CH,=C
O + (
I C—O—CH,CH<§:H,
CH=CH, d 0
DVB GMA
CH,

[
~CH;—CH—CH,~C
|
C—O0—CH,CH—CH,
I \/

' ]
~CH—CH 0 0
RG
H,PO,
RG+ -
or PCl,
o
~CHy=CHenCH,—C OH
| |
© C~0—CH,CH—CH,—0~P=0
|
]
~CH—CH O OH OH
RGP

RG l;ead9—l phosphorylation-® 85% phospho-
ric acidot 80T ol 4 34|zt w4zl o2 s 917
A1Zie}. glycidyl methacrylate-DVB (2% mole)
copolymer®2 H-8| ¢lojx RGP Cu*} Zn*?,

Ni*%, Cd**, Ca*’, Ag*oll st} Hoju} a5
€ Yebd 29 poly (glycidyl methacrylate) 28
Bl dojal RGP& Al*Y, Fe*®, UO;? Sol s A
+452 Vel el

2) AE7t2 amidoxime type chelate resin--
polyacrylonitrile3} hydroxylamine& Hk-2-<}# 4
A= Zo] dubAolgicl. = amidoxime type che-
late resin®] matrixE polyacrylonitrile o] gc}.
L2 2|+ c}gak 2ol dicyanoethylated poly-
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styrene<! poly {1,4— (2, 2-dicyanoethyl phenyl)

ethylene} (2)F phase transfer catalyst &35}
of 44 hydroxylamine3} 4F-24] % © 2 4 2702 ami-

polystyrene#| amidoxi-
shedet®.

doxime group& 2|4
me chelate resing A%

~CH;~CH~ CH, CHy(CN), ~CH,~CH~~ NHOH ~~€H,~Chi~

l TKOH élc
CH,CI H,CH(CN),
(1)
/CH\
NaCN HO-N=C~  ~C=N-OH
| |
' NH, NH, 0O
~CH~CH ~CH~CHm
@ NH,0H @
"CHCN CH,
) (5)

HN-C=y.yo
Styrene 5F9l% 27 ¢| amidoxime group2 X
(BRCE resm(3)—c resm(5 ol @l A a < uranium
2 53] 4319} Resin(3)
2] Holut uranium FAAFL 2749
group©| 17 2] styrene unitel] £x35}w 4] ura-
niumoll el 4 F 3k ol wf A8 o] 56}
Fog Azbsc),
3) Acryl 4
o] A,

MCHZ_

amidoxime

q72 MAel] 28 uranium. FZHA|

(liHM NH,O0H MCH:“"CI:HM
CN PN
HN" “N-OH

M
g7z

A&

Acryl fiberol hydroxylamineL
4 A f-4toll amidoxime group2- uranium
Zalxy o] izt 9lgleu acryl fiber& hydro-
xylamine &2 z{2|&a] kS F A wla}s] odof
2] += Amidoxime fiber (A-0Q) ¢} A& o] FgF&
Al =tk acryl fiber & methanol -£-o4 o] 4
A b ZFabed wbg A7 E dojAl 44
brittlegt 4f7F 5o Halch 2ely 42

WHAZE Fk A A2 ek Ahadehd 4

3
I

RS

X oo M onT

2
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- Aok olg A sle] odejx A-O
= ] 2 ok alkali4do] 5
i ammonia ”é‘é'% Fubshe WAdo| olabslel 2
HFoll 4 dxel (A-0-1),
1mole/dm? 03‘& o} Foll 4 el (A-O-H), lmole
/dm® NaOH 8o} 4ol 4] ] 2](A:O-OH)g+ sam-
pledl] 3} uranium ion?| FA%& FA)}gk A
k3] (A-0-H), alkalizjz] (A-O-OH)ell 2Ja4]
shat gl W Aol ks x|k o]ol] A glo] # o]
= 5l et
cyandiamide 2| #F&-¢ll 2|s}ed diaminotriazine--
H Ak dhZol 2holsbed ohg Ll

< acryl fibero] H-£3}¢] diaminotriazine fiber

y & Aol &k amino groupt di-

s zol of

~CH,~CHn
~CH,~CH~ HN—C—N-HCN |
|+ [ —  C
CN NH 7N\
N N
N’
N—¢ @
/A
NH, NH,

Z Ak urany! £f
uranium ion$ 5 2s}xul uranium
Hr7b ol a2 BEE A uraniumiond &3
el 28y A-O fiber+ uranium # 7}

ol Fsl 48 H-Eel % uranium ion$ E 25} o},

4) Hydroxamic acid group-% 2| |+ dihydro-
xamic acidA| chelate resin?] #| %,

Macroreticular type chloromethylpolystyrene
o es Eshol
hydroxamic acid group 2| U] chelate resin
& Az g,

resin matrix& A Fsla c}-&

~CH,—CH
—~COOEt_ NaH
@ +CH:_ 0B in DMF, 70C
CHQI
~CH,—CH~ 2NH,0H ~CH,—CH™
Na in MeOH at 70T,
- COOEt _CONH-OH
CHCH
CHCR Coome *"~CONH-0H
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-
Q3% B4 hydroxamic acid group % & carbon
718 2 7E odah ' atel]l Aghs]|of
4 250 Agztgoe OJE}OﬁI dihydroxamic

uranium ion &-Z*hgFol| &1z}

Dihydroxamic acid chelate resin2|

2l

acid chelate resin®

3 3 35 Jebd Al st kel ol gk sl ARe
ook Qe upe} o] B2 wizls} TH

Ao ZAjEl 7L jonst A4
7} A W 3LE 7] w) F-olc), &abso
H
'

lene — FFweljol 4k F55ta2

ool g A4

isobuty -

mO

] %3] mo-
nocarbon4k chelate resin %2 monohydroxamic
acid chelate resin®} ®laldtal] & T 59w
o %),

5) 2|3} hydroxy <QF+4l3F4F amided chelate

resing| A%

Salicylaldehydehydrazone resinol] w3t oi-
ol 4 resino] 42 Rel uranium-E F g
4] polymer®] #44o] &F2lekd] #ctel HF
2 Agavis 440l welHeh AF4el ¥&
polyethyleneimine-2 s polymer® 3}o] uj$]
249) hydroxime ckAlapabe] HEAE ALAA
F s} polymerd| F-=hA| <3

7} 74+ =l chelate resing
| &abg, 55l vl gl =bek °I
o]

A £3%}ed 3l Furanium £ =
ZFALs]| of =l o

uranium 3-z2Fo]| o] 2l = o gko|
% ch gt 22

> 5& 9] chelate resino] Al x

~CH,— MCHZ~CH1TIM

C=0

lOH
o

CHN~
|
C=0

@OH

1. 2-hydroxybenzamide

type
. 2, 4-dihydroxy-
benzamide type
~CH,—CHN~~ MCH,—CHITM
|
cC=0 C=0

|

@OH

IV. 2-hydroxy-5-nitro
-benzamide type

OH
SN

. 2-hydroxy-3-nitro
-benzamide type

O,N

Eo | 109 A 75 19861 12%

Sge},

~~CH,;~CHN~
|
C=0

! NO,

OH
V. 4-hydroxy-3-nitro-benzamide type

2ol A &l 5% 9] chelate resin %ol 4] 2, 4-
dihydroxy <F#13k4F amided resin®| uranium
+46k%ch. 2-hyd-

o 9] 2pgk-S- A

u

“ =
jon B-2Fo] A EN Ao 4

Ear A3} qhr|zbe| A %% 3mole% ©| i1}
< @RebE A, AoI7kells So) ekl e
12 A FAAZE Ahgte] wa ek et

polyethyleneimine beadE- polyethylene glycolx]

2lof] oaf 4 clgAdog Wy Sa FAeko]
s aredeh,

6) Polyethyleneimine® Fs|&2 &l Zs)q
thiazol W T ortho $|z|o| qkAlgkAle| Qv +
ZA 0 2 chelate resin A5 A4A Y7 =jE

ol} poly {N-[3-carboxy-4- (2-thiazolazo) ami-
lino ethyl] maleimide} [ (poly-CTAAMM) )2 &
A 8}ed chelates2 &3 o]—°i =] poly-CTAAMM
of Mz chgst 2o

~nCH —CHimn COOH  ~HC—CHen
~HC—CHe o | |
|| €O HN- 0C €O
oc co HHO, R\ U T Ny
\/ N N
N | |
H Cty CH,
OH -
|
N, ~HC~CH
AN
(ema
S 0c €O COOH
— Y COOH
L N~
CH,—NH—{(O)—N-N I
~g-

Poly-CTAAMM chelate resin& Pb*? Cu*?,
Ni*%, Co*?, U0 st} Fal5&
3} poly(2-(2-thiazolazo)-4-vinylphenol)ol] u]sl

A FA5) Fionol] olah Aol 4o| graps|glck,

244 A
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7) N-(8-quinol) -p-styrene sulfonamide che-
late resin®| 34,

S0, Cl;3} amine (RNH,) 2] dk-goll 4 Jdojx]&
sulfonamide (—SO,NHR) & Z<iondl] )&k A=
A Ait5o] F o]zl chelate reagent® 4 ¥
& st glgdeh At 2gat AL
o] stel] REF AT ] U3} o 24 sulfonamide
8} quinoline3te] AAE v =}E d= 2L}
FalE FAdstd 1 'é“il % Fionol| ok Ale)
4yo] z4b=|9ich.  p-Styrenesulfonyl chloride
(PSSC) 2] 42 chgoll MAS upeb 2e}dl,

CH,=CH CH,=CH CH,=CH
$0,Cl, @
DMF l NH,
SO,Na S0,Cl SO,NH

N-
od
QSSA m.p, 117~118C

QSSAs} 159 &4l sl 4 chelateAdS- £

Abshged] Cu*? Co** Pb*% Hg*™ Zn*? Ag*'9
6% uto] chelate & 3 451%le}. Chelate 2] 24L&
Zionoll wsle] wi$|=} 298] ®]Folglel. QSSA
£ 558 obvel AF 2] vinyl shEFalet
5% 2 F+ o™ poly-QSSA+ wheFasl F
93 chelate ¥ 45< Zerh
8) A+A 7tm ]—E— A3l polystyrene

chelate resin®| A4 A5,

Polystyrene] chelate resindl A& 7}E AR
DVB7} A}-&5 =6} 7taAd]E& DVB2 4-¢
A o] ol45]le 7baLA 9l triethyleneglycol bis
(vinylbenzyl) ether (EGV]$} hydroquinone bis
(vinylbenzyl) ether(HQV]E Alstd slanl2
AF4-5H0 2 4 chelate resin®] A4 A4S #3)
dtd olelgt A5 DVBolo 8] 244 7haA
g apgaete B4 el gde dolnt
CH,=CH

Als

CH=CH,
XO)~CH,0 (CH,CH,0) CH;

EGV

CH=C -
D oo-@-0on @ T ey

. 684

Amidoxime type chelate A Zol] 4
tetraethyleneglycol dimethacrylateS 7z}aa g
Ab-&5tel A 4J o] 3FALE] o] uranium ionel] =gt
Fats o] Assgdue Bt Yoo, o] stn
U7 el AbA g
o] 2|%k chelate resin®| &3k, Azt 4 s}
T8 2 g Aol U7l ajfol WrbpEa Aol
)% 3t ether group g vt A4 sl
EGVel HQVE gAsle A83toas 2 st
€ ZE34+9 vl chloromethylpolystyrene ol 4
275t dihydroxamic acid type chelate resin
ol Al EGVeF HQV el & 3t7b 2A vepbz o
2+ N, N-dimethylacrylamideo] ZA3}+ dihy-
droxamic acid type chelate resind] 4= uranium
ionell gt F2bFe Fuls) A g}

9) Sulfonamide group-2 =+ polystyrene
bead&-

Polystyrene bead2 -] t}S3 7| sulfon-
amide 7] € U+ FHAE AZE3l 212 ura-
nium §2h5 3} uranium F2t3FA ol 4 Gof Lol
FEstt ion?] S zapapsin®,
~CH,—CH~ ~~CH,—CH~ MCH,—(P:H-—-

—_—

resing|

A= ester groupe A i

Al Z38}o] 3 Suranium ion?| F25 &4

—_—

S0,Cl SO,N \g,

Table 59 &4 9= sulfonamide] 3 #A9}
2.¢] uranium §2gk-g Aelshcl
Pst-Imi, Pst-Ala, Pst-Gly, Pst-Sar % car-

boxyl group- % U]+ polystyrene sulfonamide

Table 5. Preparation of Polystyrene Beads Having
Sulfonamide Group

Absorbent Uranium

adsorbed (mg/g)
Pst-Imi, R=R’=CH,COO0H 3.6
Pst-Ala, R=H, R’=CH,CH,COOH 3.4
Pst-Gly, R=H, R’=CH,CO0H 2.4
Pst-Sar, R=CH, R’=CH,COOH 2.2
Pst-A R=R’'= 0.04
Pst-DEA R=R’=CH,CH,OH 0.04
Pst-AP  R=H, R’=CH,CH(CH,) -OH 0
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Table 6. Adsorbent Prepared from Maleic Anhy-
dride Copolymers and Extraction of Ura-

nium from Sea Water

Adsorber Ligand Uranium Recovery
t
roen e adsorbed (xg/g) (%)
-CH-COOH
1 | : 14 5
Py - _CH COOH R e i i T e e
I -gH -CONH-OH 2 .
—CH-CONH—
I | @ 0.1 0.1
—CH-CONH—o N
\ | @ 0.1 0.1
O COOH
—CH-CONH-N=CH—
\l | @ 43 9
—CH-COOH
. ~CHOONH N~ C(CH)— Lo '3 )
—CH-COOH
Ti0, 5.8

7} uranium @7} ol Zsl 42 el uranium iong
—?,’—ﬂé]-‘}iﬁ]- Pst-Imi%| uranium ion &2hll4 F

. L e o
Mg”, Ca*? 10n% uranium 1on9l Zakg

=
7) w) Holl chg3h o] P T4 Q4
Z4 A2 §43sted uranium iondl] 3 FA
ZALS ]-;35}34 Table 6ol] o]So] A %3 T2
# QA FEFg A2 frES = chelate resin
3} 19| uranium &25% At

Table 60| A2} Zt¢| hydrazide ®fZFal VI,

Wol wreat FZolaw #5d FA5E A
nodes ¥+ ek
Aol A QFR AFolslel AT 4oz A

s}=l 3 94 chelate resind thg3k 2 ol
e,

;O

E2|0f #1104 A 7% 19864 129

1) Amino-acetate type

~CH,—CH~

S-

~CH,—COOH..

CHNZ cy.—coon~M
2) Amino-phosphoric type
I
R—CH,—NH—CH,—P—ONa+M*?
f
ONa
I
CH,—P—0°
7 |

R—CH,—NH 0°®

3) Picotylamine type

<N| ‘N @\

CH N CH CH, N CH, CH CH,
-M‘ \-.""M“’"'""OH
XFS—4195 XFS—43034
4) Carbamate type 5) Isothiouronium type
S NH
7z 7
—NH—=C —CH,—S—C
N\ N
SH NH,

oA 742] &) Furanium #H L ¢|5te] Walx o]
2 {717 chelate resin®] A& 7lels] AAsn
UL, I FAM A3 BslEoforyt HEE AEd
et 8l Furanium A F ol o] 8" F gle &
2] chelate resinT 953 A2 0] W25l ura-
nium ionof] &) 4 R3}H S functional
group® WO A4 4¥sirle goh HuE
8- #astr] wpekel

4 £
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