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Abstract: The present paper describes the solvent extraction behaviors and the mutual separation of Am and Eu by sulphur bearing Cyanex 301
acidic extractant in sodium nitrate solutions. Original Cyanex 301 was not able to separate the Am and Eu becausc of their similar extraction
behaviors. The saponification of commercial Cyanex 301 was performed by small amounts of 8 M NaOH solutions and saponified Cyanex 301 was
able to separate of Am from Eu with high selectivity in sodium nitrate aqueous solution. The separation factors (SFamzs) were increased with
saponified ratio of commercial Cyanex 301, pH of sodium nitrate solution and initial concentration of Eu. To obtain thc homogeneous saponified
Cyanex 301, heterogeneous saponified Cyanex 301 was treated with addition of octyl alcohol or filtration. The observed SFama was 32.3 for the
former and 930 for the latter. Finally, the stripping behaviors of Am and Eu were similar and stripping yields showed 96.1% for the 1 M NaNOz
(pH=1.3) and 99% for the mixture solution of 0.05 M DTPA and 1.5 M lactic acid.
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g% A3ged H4F 5 e A
| HASB(Hard-Soft Acid-Base) g2jo 9stgd 7%
28 4714 FEAS BeAel Ao 3 o
7 Aol dgate dElEHIL
A FEAZ AEE F 2] ol
A9+4E 29 O>N>Sol2g 08 43
F2A7 7 234 FEAE A Qo 3719
RE Am(ll) 23222 38 2ol 78 Egrle
ZA2 0 FALAE TR F71U4 ALY F24]
FEELL BrE Am(D? 22 dEFEZE9L9
A85& o & ¥Aste ZA3AY DTPA (diethylene triamine
pentaacetic acid)E AH&3te] dE|EES Y4 deEdrs A5 H
Zlote WEolth3-5l. o9t 22 WdF &4 HDEHP(di—(
ethyl hexyl) phosphoric acid)$} #3}#19) DTPAES A28 A
FEEU 29 Fu(e} Am(I9) 43 ¥2)74 (separation factor:
SF)E SFammu= ~100 BEO[A S, 23 AN H 7| & wAlko] 2
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O FHIAE 58 71U ALY %54 HoE %3
92 SoF Nt 22 US43 3247 deEda
GEFEULY Amol g HeAo] ATtE Apde] v
o meA S N3t 2e Q&E §88 22A9 Cyanex 301
(bis(2,4,4-trimethyl pentyl) dithiophosphinic acid), TPTZ(246~tri
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2.1. A| ot

FZA Cyanex 3012 £X7} 85%¢] Fluck Al+g AAstA @
o AMEstgen I8l n-dodecane, NaOH, HNOs= Merck Al
¥, Eu(NOy)s, Nd(NOs);, DTPAE Aldrich A%, lactic acids
Showa A& SFA%E A4sAnt. “Eu, ¥Am 994
o]=9] IPL(Isotope Product Laboratories)ol A 793ttt

2.2. Cyanex 3019 &3}
Cyanex 3014 ®]¥3} w82 EFaZ2drid IR Cyanex
3018 FAF 5 AFzxA “JraP d4ze 8 M NaOH &g #
7t F ukgo] YAHTE FEE EEo Frh olu dojA=
Cyanex 301<& —‘?—E—’i’."i 3t Cyanex 3010 3450 =
%"Hi HRSE S 4~20%2 WIAAE o bREee Fr))
Hote] ETYT nPHE AABRE %7}3}" B7Y (hetero-
geneous)¥ &7l dojHc EAYF FEAE FY (homo-
geneous)¥t FEAZ W] Y3ty e e F
2 dAzstd dge AHgsid AA, BaYY FEAd g
3 22 2RA dIEE WY W JojAE FUG 240
€ A0l AHgee S8L WP, B4, 20U 2348
BA (Whatman 42)2 ojs}sle} 2e 7Y 2402 A5
AHgehe dabtyelnt vpalaled THE Cyanex 3012 dutAel
BulFE Aol AHLstE 2249 FYS whho T Ay
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9402 ZAstgth ‘%”Po %%%iﬁ’l 152Eu, HAme AN A
7] (liquid scintillation analyzer; Packard 2@ 2500TR/AB)Z.
Ak IR 242382 H94 237 (Nicolet, FT-IR model
800), UV-visible 2MEHL 297}l ¥37] (Shimadzy,
model UV-160)2 ZA & s3th

2.4, dguy

Am, Eu % Npd PuiAls ZA4¢L 4324 de Az
=HZE (n-dodecane)ell #4171 Cyanex 301 —’F%%“H«] F71%
I Eu % NaNOs 99 849 2307} 1:10] HEE §3)4
7} (viaDol #Hstxn d7)e] AR (racer) FE9 Y= WY
FA42, PEu 2 PAm 2 718 ¥ A2 Agsed 23

Tdash A108 A1 I, 1999

g0l %ol il 02D 33
3 g4l BePEs @
HNOE e T%M HE
"740}9&5} ]:aZE m Z-HAm HoL %
4B Al AAYRAST2 S

w

2o g 2@
3.1. Cyanex 3019 AHEY =X
3.1.1. IR 2HEY

TE7t %Y A4 A Cyanex 3017 NdE %3 Nd-
Cyanex 301 &&9 §7]8ME ZA% IR 2MEH A= Cyanex
301 FEANM 2 £ 3E 488 cm ' 2431 em'olA419) P-S-H
Holzs} 830 cmle) P=S golaz} Aleldl AmEo] AolAT}

pis

3.1.2. UV-visible AHE

1 M NaNOzel ¢l Nd(NOs); =89 1 M Cyanex301~0.1 M
[Ndlog, 1 M Cyanex 301~005 M [Ndlug 5714 ©isl UV-
visible 2HEHS A Az Nd §99 AHERGAE 576
nmell Al Hapde] gelart yeloy Cyanex 301 f7]4o) =
¥ Nd 29EgME Holazt 2 10 nm HAol¥ 576 nmol A
dojzih. olet Ze dide £849 Nd FERUE Cyanex
301-Nd #29 FRZ2EAH o 2 olf "Eolztn Ardrio].

3.2. Cyanex 3018 Am, Eu &

83} (saponification) ¥ AAS 2L Axg2
A% Cyanex 301€ = dizbol HAAA %= 1 M Cyanex 301
FEAE AHEEY 1 M NaNOs9 pHE 11914 44744 A 71
ZZA FAZ (tracer) F=9 v Am¥ Eud) &8¢ =
4% 23+ Figure 13 20} Figure 19 272 B pH<2 9
HAAE pH7E F7bell wlalsted Am3} Eudl $&&0] Z7sius)
2<pH<4 4FAME FE8°] 9% ol YA A "t pH<2
FGellA FE8ol FAA el F4S Cyanex 3019 pK.7}
26 o|22 44 FEAME Cyanex 3010] FLole HZuks
EoE A (U3 22 442 H7 (protonation) ¥HEe] o # o
i) oz Hekglrig],

= oro
oZ T

(Cyanex', Na)og + H = (Cyanex)og + Na' (1)
22 w3l e Ao 72 AAYsA %e Cyanex 301
l"é A8t Am3 Eudl % 2 4322 pH 9o o
%71501 o FAbe FAHE BolmE Am3} Eu«] A+
B7hsstth oled FAe 44 Cyanex 019 =4
4, tnmethvl penty! dithiophosphinic acid ¢]o] <& 7}« &
o XFH UEH olE EEEF YR A¥o] Am Eud 4
R #HHoz F4ahed A8y B i) o]¢} pe
A4de 4E& Cyanex 3012 AAste 4¥d %= Am# Eu
Bz RAAF7E e Ao A2 JZEd1] 23y ZA
A 82 4% Cyanex 3015 AHEste] Am¥} Euel 43230
A&7l AdAE Cyanex 3018 g7lElE Hsle] FaAH =
7bFstttn gEA YoHil
H¥st ddels 517 22 Cyanex 301 2242 Am¥ Fud
F2¥ ZA9oc Am¥ Fud A32es A=Y vjstd u)rs
AAYE & Cyanex 301 FZAZ Am¥ Eug 338 49 ug
Ut Am3 Eu®l 4327t 7bsd 4823 (Figure 2, 3)9 1)
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Figure 1. Extraction yield of Am and Eu with 0.8 M Cyanex 301
as a function of pH Aqueous phase: [NaNOs;] =1 M, [Am] = [Eu] =
tracer.
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Figure 2. Dependence of Am and Eu extraction yield with 0.8
M Cyanex 301 acid. Aqueous phase: [NaNOs1=1 M, [Eul =012 M.

Aes & F gk o9 2L Aol vehtE gede s 337
349 w73l 9ol tha) 71£8 ule}h o] Cyanex 3019 Nash
Am*' 3} Eu¥7e] Hshirgo] AAHoT dojy wf Am o]&o]
Eu"BThes Cyanex 301% o Ad&dog wesly) Eoz g

3.3. o4z MA2|st H|F& Cyanex 3019 Am, Eu £&
Cyanex 3012 Am% Eug F£% 23oA Cyanex 3019 H%
}&S 4~20%7A HIAAS W AmH Fud 28 wWi:
Figure 29} 2t Figure 29) 484#E BY v|%3}80] 8% o
StllME Am# Eudl 28] wj¢ Aot 8~16% WejolA
T T7HY Amd] F£&& uvElgd vdsid 243 =8
o] Eud) 582 A9 W3} gloemg AmP Fud 43 B
JAF £ A4 Foletd zelu vlrslgol 16% ol At
A Am3 Eu®) $%2&9 st A9 9ok T892 2 Cyanex
3019 W¥3hE2 16%7t AdzAeE AdAh 283 Figure 2
oA vlFalgo] 091 7499 pH & 15999 Am3} Euel =3¢
2 2~3%E v Bge) o9 2L APAAE Figure 19 28
Anet vwste 1o FHAEEe Amd Eug 328 ASdE
FE8o] ®A YEIAT (Figure 1) 24012, Fu 357} 012
M2 Z7t5® Eu 2% olys} ¥ 93t ¢l Am9 2585

Extraction yield,%
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Figure 3. Dependence of Am and Eu extraction yield with
saponification ratio of Cyanex 301 acid. Aqueous phase: [NaNQs)
=1 M, [Eu]=012 M, Organic phase=08 M Cyanex 301/
dodecane, octanol = 6.7%.

T ety d4e B9Fn ok 08 M Cyanex 3019 H¥F
3}&0] 16%°]1 1 M NaNOs, pHE 4, Am¥} Eu:s %3z &,
FEIE 20 TY 2294 SFame.E Hd) 9300130} ol9} 2o
2827 E 349 SEEE HME Cyanex 018 A3t 2y
AM 7 SFame. =323 vldte] Am3} Eud) 4% 2aA4: &
AstA 5712 A& ¢ F Ak HFIA Cyanex 301¢ A2
e Wiol wel Am¥ Eudl 43 BEA$7) Aolus o4 £
S} Cyanex 3019 FH50f A& f718¢E] H%3 FAd)
Boq=o] APHEE o|F W o] AYHEL AR Z dF3l= B
Bl AAE7] gFolzn HoAk Modolo S0 RES A8
[8lell 2lgtd A A Cyanex 3012 Am(e] tist M=o njs
ade ALY ol 22 2L Az B 4 lon &%
of F&d g U7y A7 Besdn g

Figure 2914 7} 393 ZA3E Cyanex 3018 H¥3xg 3
A Am3 Eud %3¢ Tt Ruldsd syt 471N o
da7te ARt sbssite Aol olg ze dHare
Cyanex 301 &9 EAst= g FAYLAY “S"E Eu()ol H)
ste] Am(ID#e] FHAEAl A Yerds] §Zo| Am()ol
@ deEAe]l A dets Aoz sidstn Jo3] a2z 4+
£49 [NOs] &ole ¥%7F 02~2 MY 2AoA EuZ 228
¥l [NOsTol di& g3fo] YeUA FPOEBE Ey 239
[NOs] Solee #4537 g Aoz Bely)

3.4 2Et2H7} MA2l3 v]F3 Cyanex 3019 Am, Eu &
3.4.1. b7 g%

HRshtg Ao AME DEAYES §43 Cyanex 30100
LEAFY d3E VL I A3 79 AH9) Cyanex
301 &9E 2& F Y old uF3go] 16%2 Cyanex 301
oA F7tHe $829 4& RIHE 2~10%7HA BaA7 A
6% ol 2 Ao sgoz BAHAL W FAS Agq
Cyanex 301 W& €& 4 AUk 2z urslge] 16%<
Cyanex 3019 #7}sl= S&h2o] %42 2~10%71A wWsAz =
A2 FH4 $5Q vFe AmF Eug 353 Z3 AnEs=
S22 ¢Fe FBA AmI Euol BF 99% ol =39
%4 28Y Eu §57H 012 M, 1 M NaNOs;, %2 713 67%
Q1 A H¥rehE Walo] g Am# Eue) %238 ws
Figure 33 Zo] Cyanex 3019 ¥]%3-&o] vldstd Ame &
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Figure 4. Extraction yield of Am and Eu with Cyanex 301 acid
as a function of Eu concentration (Aqueous phase: [Am] = [Eu] =
tracer, [NaNOs]=1 M, Organic phase: 16% saponified 0.8 M
Cyanex 301/dodecane; Octanol = 6.7%).
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3.4.2. Eu sk ¥
ZEE o] 6.7%012 16% 5342 08 M Cyanex 3012
1 M NdNog,} F&4 FHE Fu 52 005~02 M7HA ¥}
< 9 Am¥} Eud #&& %E}% igure 491 YEMISIT. Am
-‘—} Eua 2% W 382 57449 Eu 357 F1845E 7
Ashed Ame 98%A 91.9%E F2&9 At AA Yehy
€ W Eus 99.6%°0A 328%2 F&go] 43 72319
metd Am¥ Eud] A3 EIAFE FE49 FaEdarg 5%
7t #4595 o 2A Jehdd 2831 Am, Eud) 43 B4
% Cyanex 3019] Hl*F8t&of nlaste] 22004 32372 A3t
F7tshe A7E JEhiTh

3.4.3. Cyanex 301 s& A3

BAm, WEye 243} %’-E 12 Cyanex 301 %
02 MZH WA S b * Am, PEue) Z%%e— 99% ol4 5%
o1 Cyanex 301 FE¥abo] g Q&S w2 gl 13y )
FHAA e Cyanex 01 FFAE Eug 28 49o) 234
Eu2 [Eu] & [Cyanex 30115 Z%%9 HZ ZA&% Figure 5
s} gl oldl Figure 59 718718 AMstd ulrad Cyanex
N1 EFE9 130 st ok 2 Agddn: g
4944 La, Ey, Dy, Erdl EHEHHE Hgdrty g »} °"3}[5]

5E 002 MEH

3.4.4. pH ¥&

£ TEHE 8~20%7t4 ¥F3A71 08 M Cyanex 301(SE-g
W74, 67 vol. %)% AHES] 1 M NaNO; sh2el A w2 5=
9 Am3#% 012 M Eug 20 TN %% § 4842 pHst Am
3% Eu #vA+E 543 A9EAE log D Ul pHol sl =

Fhssh A0 A 1%, 199
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Figure 5. Variation of the concentration of initially neutralized
Cyanex 301 with that of europium(Ill) extracted in the organic
phase at equilibrium.
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Figure 6. Distribution coefficients of Am and Eu as a function
of pH on the Am/0.12 M Eu-0.8 M Cyanex 301 system. Aqueous
phase: [NaNOs] =1 M, Organic phase: octanol = 6.7%.

Ast3 Figure 67 Zth % 899 pH7l 29~38 EolA
Am, Eu9] log D3tel pH 7ol wldlslel F718td.on Euoll bl
atod Am®) BEujAS7 o 222 § gdad AsRas) sbsdhe
HojFa gich olw pH Wle] ) Am»} Eudl 7]1€71& 73}
W 77} 0559 0857F Hlow o] gtEL Cyanex 3012 2%z}
F=9 Am¥ Eug 2% o dojxe 71 £7] 350t IR g
oH[3] ol Cyanex 3019 ®IF3t9 Hstgh Sehe 2 By 3&
o g Btk Yo HR3AZ Cyanex 3019 <3
FHo| 2 FEM)E T AT 2o] YEFH X3t So)
AR Gojri{9].

3(Cyanex , Na'uz + M — (M(Cyanex)s)og + 3Na' 2)

a8 F499 pH W37l Am, Eu % nx:= e
Cyanex 3019 HF3l&0] Am, Eu #%d "X dgk3} vj23
F4E Holn glom oy AnE 2 (1), (29 45 A
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345 HF&E

Cyanex 301t 2% Am¥ Eu9 ¥€5%42 Amd 3£ #A|
HHo] &olF NaNOs& AMEste] AF&sc. pHY} 1.3~49 1
M NaNO; $922 13 93%39¢ 4 Am? Eud E32/%
o] wf$ fAkst) FYF AFE &L HYen, Amd} Eud 9%
Z8&2 pH 139 @ %1%, pH 209 w 270%, pH 259 u
58%, pH 309 9 37%, pH 40¥¢ @ 23%%t}. 282 = ¢
dEEA2 DTPAS AASA=d DTPAE AHBdAE dF8
uo} o] SElEE A4S AE2E o B Al A3AAZA Eu
of vste] Amel dis] Uehts MEd d3E Q3] ol &3t
o Amf 95%7 dEo Am¢ AALAE 7IdetHA 005 M
DTPA/15 M Lactic acid (pH=1~4) £gg¢dor A¥s Az
A& goo pH Walel F#AsHA AmIY Eue d3ze
9% o1 HAt 2y EPSFAE Ame HFELe 2 9
U 71dst e Ame Aed A3 &0 9§ AAEHE 2 A

=4
AolMe dehtA ggken o 4ol g 2y 279
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4.2 E

1) AMsA F& 44 Cyanex 3018 AHgdte pH7 1~491
NaNO; 844 Am# Eug FET 0, 0|5 F 949 %37
Fol W9 FAIER Am¥ Eud] A3 E Ersadnh 29
v 598 Adza4d4 AAYWPeE Cyanex 3012 BlFEA
A 2% 29 AmT Eud] Bzt 7hssin) vysa st
o 42 BEFYF Cyanex 3018 74T Auiz 7] 9T o7
Ag AHgste oAU aEAge gn89 SuLe At
WS AgE
2) S9& HA7PEE 08M Cyanex 3019 Bl¥380] 16%0]1
SeE FEo] 67%, 1 M NaNOs, Ame 3z 5%, Eu £%
02 M, pHE 4, $%2% 20 T9 ZZAdA Am# Eud 4323
A%, SFame.E 32.301th

3) e A9 0.8M Cyanex 301 H)¥F3H80} 16%0l1 1
M NaNOs, pHE 4, Ame F32 5% Eu ¥% 02 M, $%LE5
20 T 2PN SFamess At 9300]4 )

4) #8749 pH7t 29~4% 99FoA pH7} F71442 Am#
Eudj #2¢& 2 d3EdAses 25 Z7rekgh

5 Eu v=7t FMEE SAse 228AT Am¥ Eud
BzEAAFE F7eg e, Ewt BEez 2% o Amol o
g AdH FZ40] W 3ot

6) Cyanex 301°} %% Am¥} Eud pH’F 1391 1 M NaNOs
£ s 961%, 282 005 M DTPA/1.5 M Lactic acid £%
L] o3 99% ol4 FxZ Tk
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