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Abstract : This study was carried out to elucidate the chemical characteristics of mutual separation for Am and Eu, which were
selected as a stand-in for minor actinide and rare earth elements, by solvent extraction with di-(2-ethylhexyl)phosphoric acid containing
zirconium at batch system. As results, 92.3% of Am and 99.1% of Eu were coextracted with 1 M DEHPA /n-dodecane containing
zirconium (Zr concentration =87g/{) at 0.5M HNOs in the extraction step. The extraction yields of Am and Eu were proportionally
increased with the concentration of Zr in Zr salt of 1 M DEHPA / n-dodecane having the synergistic effect. In the 1st stripping step for
the selective separation of Am, 381% of Am and 3% of Eu were stripped with the mixed solution of 0.05M DTPA and 1M lactic acid
adjusted pH of 3.0. At that time, the separation factor calculated from the distribution coefficients of Am and Eu was 14.2. In the 2nd
Stripping step to remove the Eu remained the organic phase after the Ist stripping step, 94.4% of Eu was stripped into aqueous phase
with 6 M HNOs. ’
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2.1 A &

DEHPA$} n-dodecane2 Merck #1%, zirconium sulphate$}
DTPA(di-ethylene triamine pentaacetic acid)= Aldrich A E,
283 A4 2 A actic acid)® Showa A1k, CMPO: ELF
Atomic North America A|9g =83 HAHA o] 202
A AT 59494 Yamy PRus o329 IPL(Isotope

Product Laboratories)At A%, *'Np¥ 43¢ AFA technology
Co. AEE AHE3IEH

—’f—%"a‘ﬁ‘% 2% 3 AEAe| 7}5d M8 7)(dry air bath
shaker, A 78, 29; 36-s5in-100)S AM&3}4ich Zr, Fe, Y,
Mo 9 Nd9 #=E84e §E2424% =at2r 237 (Jobin-
yvon model JY 38 plus), Cs & Sr¢] =EEAL Az E3EA
7(Varian model B470)%, IR AWEZL HoMEZy)
(Beckman model IR-4200), g}t 2" EH L T2 27| (Spex,
model 1403), €49 pHE pH &4 7)(Orion model Y40)Z 7}
7+ Z2A5 AT WA E99a ”41Am Bpy 2 ?3/Np o] gk
& A3 A 47](Packard model 2500TR/AB)Z £33 o).
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o] 3?’30] °]T°]X‘ “}177}1] =3 og %A F7
F714E 05Me) AAL
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3.1. Zr-DEHPAZS| EAM

Zr-DEHPA A %A A48 1M S0, % 2 05M HNO; &
& W9 Zr X8 EAslol DEHPAY £%% 7r ¥52 74
Abgk A3 (7r]:[DEHPA)=1:78% W, Zr %57} 01458 M
(Zr=133g/2)°] &9 Zr-1M DEHPA / n-dodecane®] TS
oJZth. Fig. 1 2 Table 12 Zr-DEHPA £0]& Ho| M 237
2 g RA7N2 BAY AgEA, $M HoM AdEHS B
W DEHPA /n—dodecaneA 1230em™ oA Yt PO §4
w7t Zrg #%3% DEHPA/n-dodecaned] AMEZoA: 4
S F3e 2 Aol(shift)7} ¥o] DEHPA /n-dodecane® P—
O} Zrol 2=} gL ¢ 5 A o)9) 2o ARNAH=
20CIA 1M DEHPAZ 1M 8899 0167M Zirconium
sulphateg #&¢ 77149 [R. 2FEHL 1230cm ‘A P—
O A%ZF, 26803 2350 cm ™ol A} o] %) (dimer) 9] 442 o)
4% OH 94, 1030cm oA [P-0]-C A%AF zex
1200~1175cm ™ol A Z#o]E¥ DEHPA o] &4 So]&o] p—s
O-Zr Z%e] Yl Sato[14]19] 279 DEHPAS ®7}x)
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Table 1. LR. and Raman Spectra Data for DEHPA and Metal Salts of DEHPA
1 2 3 4 5 [15] 6 7 (18] 8 [15]
DEHPA 7Zr-DEHAP 7r-DEHAP Eu,Zr-DEHAP [ZrOo5(NOXDEHPA):In | Zr-DEHPA DEHPA assignments
(raman) (raman) (raman) (raman) IR LR (I. R
710 720 P-O stretching
780 780 780
842 845 340 845 .
CH3 wagging
869 869 870 869 _
8% 835
891 892 891 892
962(vw) 963 956 960
_ 1050 1040 P-O stretching
1035 1029 1032 .
1060 (anti sym.)
1063 1063 1063 1062 109
1089 1080 i(l)% 1079 1100 1B
1120 C-O stretching
1133 1131
1161 1151 E;g ﬂgg 1150
1230 1250 1225
1302 1298 1275 1284 1210 C-C-C antl sym
1302 1302 stretching
- 1386 1377 1385
— f ™
1439 1437 1439 O-H deformation
1245‘3 1442 122; 1449 1462 1460 1470
1553 1680 CHs sym. deformation
27%0 2730 2730 9730 2750 O-H deformation
2854 2857 284 2854 B 272 2810
2875 2876 2876 2875
2894 2902 2897 2%
2936 2936 2034 2037 234 2924 - O-H defo}:n;atxon
2863 2960 2962 2960 methy’,
methylate
C-H stretching

. DEHPA : Di-(2-ethylhexy!) phosphoric acid

. Zr-DEHPA :

Di-(2-ethylhexly) phosphoric acid containing of zirconium
crud type of di-(2-ethylhexyl) phosphoric acid containing of zirconium

. Bu, Zr-DEHPA : Eu extracted with di~(2-ethylhexyl) phosphoric acid containing of zirconium
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Absorption

| ! | | I
900 1000 1100 1200 1300

Wavenumber, Cm’
Fig. 1. Infrared spectra of 1M DEHPA/dodecane (a) and Zr-
1M DEHPA/dodecane (b).

Table 2. Variation of Zr and Y Concentration in the Aqueous
Phase after Extraction by Zr-1M DEHPA/n-dodecane

‘ii’iﬁ? i r:zc; Temp. | [HNO (ugl/l;nk) (ugjmf)

Feed solution 13,300 1,015
Exp # 1 1:1 25C | 05M 0.12 0.14
Exp # 2 1:2 g g 0.05 26
Exp # 3 1:3 ! 0.04 49
Exp # 4 1:4 ! ! 0.03 89
Exp #5 1:5 " g 0.04 130
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Table 3. The Degradation of Zr Salt in the Zr-1M DEHPA/n-
dodecane with pH of Stripping Solution of 0.05M
DTPA and 1M Lactic Acid
(initial Zr concentration ; 13,300 xg/mé)

1 2 3 4 5 6

pH 30 32 34 36 38 40
Zr(pg/mb) 768 82 943 1,249 | 1,535 | 1,790

Degradation(%)! 538 64 71 94 115 135

3.2.3. Am %F=H 4

Zr-1 M DEHPA/n-dodecane 2.2 2AXbe]|dojx 32
7 Eus A3EEd7] 93ix DTPASE #HAake] &
AmyHS x{;ﬂxq oz _1;31;\10; odzngh:} M lor:L:j} 1
1 RN pHE 3, 2% 25T ZA0M DTPAY =¥
Btoll gt Zr-1M DEHPA/n-dodecane®] 44 DTPA &
7 F/HEZD 015M)sE A$e= Zr-1M  DEHPA/
n-dodecane W Zr@o] EdlHo FEF0T AFSHEr F
ZdgtE A9 g 28y Z@ibszg pHe k) a4
T HE B AT 4 FEo] o] FoIAAE gkgror} A
%9 pH7F 3712 % Zr-1M DEHPA/n-dodecane W Zr
ol BalEo] #2402 dEFEHe FAZ Zr Fo) 7t}
%t} Table 3& Zr(13.3 g/ £ )-1 M DEHPA/n-dodecanedl| o3}
o] 0.05M DTPA% 1M Zate] E§gde pHE A dxy
o} 2 30~ 407hA WA w2k 58%~135%9) Zro] E&
= Ach

3.2.4. SOHRYMH At

fjFZel AMstn 2AE Zr(FXE:133g/0) - 1M DEHPA/
n-dodecane®] #4371 3] 0.05M (NH;)}C0:¢ 1 M (CHOH),
(CHOH),& 1:1 ®oju2 18 AH3 At 8647%9) Zro) &
4402 JFEHY g AL £ulE Aedato] A
4371 Aol DEHPA #&4 5% 9 Zr ¥%52 AZA(make
up)she FHo] Hasich

3.3. Amz} Euql &5 22|
3.3.1. Am, Eu F&
3.3.1.1. Zr s &%

%A Zr-DEHPAZ 05M 7‘“‘]’”}]7‘]«] Am¥} Eu¢ &8
W Zr-DEHPA®] $Hi-=lof 9 Zr 559 982 Fig. 29 2
Y Zr ¥57} 87 g/ L A E 7r OLOH 1] 7| 5} Aml—} Eud
FEE] FUtETt Zr 5571 87¢/1 ol 3HW 938 Am
# Eudl #&80] 2289t 05M HNOsol A Zrg (Zr 5%
:87¢/¢) 1M DEHPA/n-dodecane®] 98 Am 2 Eu 2%$&
S 47 923%% 991% olyoem ZZx 1M DEHPA/n-
dodecaned #FH Zr Fxol vl#dste] Am¥} Eud 2&&o
F7behe S A synergistic effect)® YEN) T DEHPA
(HA)el EA5h= Zr 571 371842 Amd Eusl 3% &)
F7Fete @42 Am, Fu7t Zr-DEHPASH &3 Z£380] 3
gslol Af714el Fusted 7198k Aoz wold. ag

2 54940 gieiAE FEurthks Ame Z7F Zo] 34 Ue
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Fig. 2. Extraction yields of Am and Eu with Zr Concen-
tration in the organic phase at 0.5M HNO; and M
DEHPA.
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W7 S0] Zr: A=1:49 ZrAd Am, Euol & vf3k(solvation)
Ho] 225E w7ZEo] AAHL e o F9ol ZrAe
A= NOy 9 Asso] ZrA,e ¥ 57 24822 Am¥ Eud
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Fig. 3. Extraction yields of Am with nitric acid concentration
in several extractants.
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Table 4. Extraction Yields of Several Elements by Zr-1M
DEHPA/n-dodecane as a Function of Nitric Acid

Concentration
[HNO:} Extraction vield, (%)

Element 0.1M 05M 1.0M 1.5M
Am 9.6 %4 8.6 66.6
Np 63.5 65.2 66.6 624
Eu 100 989 9.7 894
Cs 0 0 0 0
Sr 80.7 0 0 0
Fe 80.1 294 233 240
7r 99.9 999 99.8 94
Mo 99.9 999 999 9.8
Pd 131 31 38 88
Nd 94 93.1 844 539

100

i ® :Am
B Eu

80 |-
x L
g
o)
S, 60 -
c
.0
"6 »
s
3 40 |-
X
3]
©
2 L

20

0 _./?/T/.i
0 0.05 0.1 0.15

[DTPA], M

Fig. 4. Effect of DTPA concentration on the back extraction
yields of Am and Eu.

3.3.2. Am AFZ(H1cHAD
Zr-1M DEHPA/n-dodecane®] #7422 $%9 Am¥% Eu

S 4FEAU DTPA B 34 £ 402 Am ¥

o2 ARFay] A% 210¢ g

3.3.2.1. DTPA =% 3
Fig. 4= 1M 24 pH=30, 5T|A DTPA%SE @3l o
8 Am®] 93%8S Ul Rog DIPARE/} 271842
Am¥# Eud] 4F282 71904 olE9 435 ReAss
dFE&7e w2 gasgt DTPARE7 0.05MYUY

100
L ® :Am
m :Eu
80
S L
k]
2 60|
c
Rl
5 i
i
s 40|
X
[3]
©
3 L
20 |-
0 .__.l/./r/./ll
2.8 3.2 3.6 4.0

Fig. 5. Effect of pH of the mixed solution of 0.05M DTPA
and 1.5M lactic acid on the back extraction yields
for Am and Eu.
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3.3.2.2. pH 4%

Fig. 5+ DTPA %8 006ME 2ARA %A
30~400% WHlstg S W Am¥ Fud) 9%%¢¢ Y
°]‘:‘r Fig. 5% B4 pH7} 718 Wl Am 2 Eu

&o| Z7tath pH 30914 Am3 Eue 9%%
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