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The Synergistic Effect of Complex Ligands for Radioactive Metal

Salts Decontamination in Supercritical CO-

A, 9, A, 135
74 8| o) &} 2L

7= E20A 71ES AAL
9 o]:

WAL edES AEsy] fd =dA olAkstErAu]l organophosphorus 9
dithiocarbamate A€ ¢ =& Al&ste] 57 } 2 F4(Cd”, Co*, Cu”, Pb*, Zn*)e *
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Abstract

The organophosphorus and dithiocarbamate ligands were used to extract five metal
ions (Cd*, Co*, Cu®, Pb*", Zn*") in supercritical CO, so as to decontaminate the
radioactive contaminants. The experiments confirmed that the ligands mixed together
in a variety of the mixing ratios efficiently extracted all metal ions by more than
90% due to 1its synergistic effect. The UV-Vis spectrometer installed in a
high-pressurized cell showed that the NaDDC was decomposed in supercritical CO.
containing the water. It also proved that the synergistic effect improved the
deprotonation of the organophosphorus ligand when NaDDC was used together with.
In addition, we mixed organophosphorus ligand together with diethylamine, the
decomposed NaDDC, to obtain the same extraction result of more than 90% as with
NaDDC. The enhanced extraction efficiency shows the synergistic effect that is
produced by combining two ligands together.
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EH dE CoPF FEsE ATE Fd35t9] HFAcACE Td 90%04e #&58<
A A THA]

ul=ro] Idaho Wge] & Wai dg4e F45FF0 @i B2 A+E YA
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B A U0, FZ35t9 & 58S A}l T3, lanthanidesE 3=%3}7] 93 TBP9}
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< FE&°] eSS 93 t8].
v]=2] Los Alamos National Laboratory oA+ <14l (reverse micell)3} w] Ao H A,
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& FEHS 9% == bis(2,44-trimethylpentyl)monophosphonic acid(Cyanex
302)9} bis(2,4,4-trimethylpentyl) phosphinic acid(Cyanex 272)+= Cytec IndustriesA},
sodium diethyldithiocarbamate(NaDDC)+= Alfa Aesa’}, bis-ethylhexyl phosphite=
Fluka A}, triethyl amine, pyridine, N,N-Diisopropylethylamine, morpholine,
1sopropylamine, diethylamine, dibuthylamine, dipropylamine, bis—ethylhexyl phosphatex<
Aldrich AFe] A|FS Ab&etgla, AGNFES 5709 FEHEEA(C”, Cd*, Zn”, Pb”,
Co’He AAsG o™, 1,000 ppme A.A.S(Atomic Adsorption Spectroscopy) &S A}
39T F28 F502e LAY 98l 12 AR Agddon, oF CPE ol
shel] ¥4 shgch
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B4
(99.98%)= 71 Z(syringe pump, ISCO, model 260D, Lincoln, NB)E o]&a|A 1198
7ol FaEn 14&7lE Hies &7Vl 98 vhE8-7]1(19 mL, LD. 25mm, O.D.
80mm, Length 55mm, NEXT instruments, Korea)®t & 5—7—% F=3}17 71(5
mL, 3/8 tubing)E AM&sIATH 22 HE F2XE H=
o]-§ste] Y= gF wwtstth A¥Ee GAFEY sAHAFES SR 7]

sl mp Bl RAFE S ddsA

—pl— ok
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2) 24A olitster A FEFEA A
Al REES AR 98] UV-Vis S4AE ARt 1d 2).

a9y 2 EFEAEA (Dolikstera £7]; (2)7F
FH Z; (3)Viewcell; (4)Fiber Optics; (5)UV-Vis
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o & 30~40%
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Extraction rate / %

1 None
N\\N
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H3C——CH, i

N/ NS oNat o+ H*+HCO;y

HaC——CH,
HaC——CH, s
V4
ES NH + C + HCO; + Na*
\\\ 3
HaC——CH, S

a9 5 2YA olatstE ] NaDDC 2 8f k&
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NaDDC7} 27 olAkster Aol A e+ Zs #zsl7] HOH UV-Vis A& o]
L3l AFsFt. 29A o|Aste A A E(10 ) ¥ iA NaDDCE Y A
Zboll W2 UV-Vis 3 3E #2#Asgh ¥H8 7|9 = NaDDC7F 270nmel A 337} =
satA ERH R, Akl Aol mhel (5)9] W AH Y NaDDC7F HalEwA 927} A}
G @ 5 9

[Case 1] - Very weak
o) 0 0 0
|}l oH * }l OH |P|—O + |p|—o- + H
R/\ R/\ R/ R/ ’
R R R R
[Case 2] - Weak
o] o o] o
ﬂ - |P| OH =/ |Il—0‘ + u
o7 R/\ R Ho o
R R
[Case 3] - Strong
HasC——CHj o HsC——CH; 1
NH + u = N /ﬂ\
H3C——CH, '0/ \OH H3C——CH, HO OH
HaC——CH, ﬁ ﬁ HpC——CHs
+ - - N
R/P OH R/P\ o +
HsC——CH, R R HoC——CHs,
(R:(CH3)3CCH2-CH(CH3)'CH2-)
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NaDDC7} ReNH# CS: 0.2 el i, ojuf ol e A HAE eAika) vkgsto] g
Abo] o] 28hH 3 o] 3H¥ BAS Cyanex272E o] £81& AAM o235 FHw Wit
ol# A o]&&¥ Cyanex2727} w&F = ol & &S Uehde Aolth wahA
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NaDDCQ‘r Cyanex272E Zo W o7 NaDDC thalo] 2-&) & e
A diethylamines ©]&3t9 & A¥ S Tt oddd AN =2 diethylamineS
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S FEES Yy o7 E npR7FAl & pyridineo] HFAS] o] &35 A 7)== 93
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XY Cyanex272(300mg)
I DEA(11.1mg)+Cyanex272(300mg)

s 100

~ 4

(]

+= 80

S

c

L2 60+

L

3] )

©

S 404

x

m <4

20
0

Cd Co
Metal ions

8 NaDDC &l & ef<l diethylamineg o] &3 &%+

v
folr o,

a9 89 AyE wiE o R H| =3 amine FEHIY Z|F=9} Cyanex2729] 3 E| <} H] =3t
organophosphorus #t=E o] &3l A& 5Pt amine FEHl= triethylamine,
pyridine, N,N-Diisopropylethylamine, morpholine, isopropylamine, dibuthylamine,
dipropylamine & AF83+$3l, organophosphorus#+  bis(2,4,4-trimethylpentyl)

monophosphonic acid(Cyanex 302), bis—ethylhexyl phosphite, bis—ethylhexyl phosphate
52 A8



¥ 1 amine /9 FF=E o] &3 AFdEs
Amine Cyanex272 extraction efficiency (%)
17.6x10° mol () Co Cu Zn cd Pb

diethylamine 220 100+1 96+1 90+8 78+8 98+1

triethylamine 220 100+1 96+1 99+1 98+1 98+1

pyridine 220 99+1 98+1 94+4 90+3 95+3

N,N-Diisopropylethyl 98+1 99+1 99+1 90+5 1001

amine

morpholine 220 100+1 100+1 99+1 97+2 100+1

1sopropylamine 220 95+5 98+4 98+2 73£5 92+6

dibuthylamine 220 9045 91+4 93+6 372 55+5

dipropylamine 220 8318 92+1 90+3 3443 5016

blank 0 0 0 0 0

¥ 2 organophosphorus Z|tE /9 ZIE=E o] &3t Ada s

organophosphorus # diethylamine extraction efficiency (%)

6.9x10* mol (1) Co Cu Zn cd Pb

Cyanex272 16 100+1 96+1 90+8 T8+8 98+1

Cyanex302 16 99+1 100+1 97+1 96+4 99+1

bis-ethylhexyl 16 10041 98+1 100£1  79+13 99+1

phosphite

bis-ethylhexyl 16 82410 10041 100+l 40£7 1001

phosphate

blank 0 0 0 0 0

AL-8¥ aminef el R+ BIHETF oz AEEHAS e 20~30%9 W2 &S

B o} Cyanex2729F 3H7 A€ %S wjE= NaDDC® #& AyA ay=a <g) =&
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AdFE AFdago] Bojx= AS KRt} organophosphorusio] 2 FE% AU A g3
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ZYA olatstet Aol NaDDC$} Cyanex272E5 o]-&3to] 57FA 9] F&o tiaf F&
AEE FdstAn. gt G502 747 AMESEE S wl, NaDDC+= Cu®l 4% 70%
of FEES HAM, UM A = 30~50%9 FEE&S UEINRTE Cyanex272+ EE %
of i3l 20%m| Rk wrE FEES YERRTH v A AR S A fole T o=
o] AlyR g2 Qld] 90%0]de] ¥ a8S HAth o= NaDDC7F =4 A o] 2k3}er
oA Eo] &g uf Eajxo] CS, ¥ NHR, HE|Z T o] NHR2©|] Cyanex2729] o]
235 E9A FEEES FHAIZIA H7] welth olE tuldl UV-Vis SAHGAE
o] &3te] Felsttl. NaDDC7)F #3& = ¥hs-2S 593l NaDDC thAl dietylamine
S ARgete] 22 Ads A% A% sdI AUA 2HRE AT 5 AT T oA

= =2 T
523t amine 9 #7F=9} organophosphorus #FEE o] &3t AUA &S FH3A

2 2
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