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Abstract

This study was performed to evaluate the co- and sequential separation of Tc, Np and U from
the simulated multi-component HLW solution by a TBP (tributyl phosphate)-TOA (tri- octyl
amine)/NDD (n-dodecane)-HNO, extraction system. An optimal condition of (30 % TBP- 0.5 %
TOA)/NDD-I M HNO, was selected by taking account of a prevention of the 3rd phase and effects
of concentration of TBP, TOA and nitric acid on the co-extraction of Tc, Np and U. In that
condition, the extraction yields were 81 % (Tc), 85 % (Np), less than 9 % (Am and RE elements),
about 8 % (Pd), and less than 5 % (other elements) so that the system developed for the co-
extraction of Tc, Np and U was proved to be available. For that, however, more than 99 % of Zr was
found to be pre-removed. The co-extracted Tc, Np and U were sequentially separated in order of Tc
(stripping agent : 5 M HNO,) — Np by reductive stripping (reductive-stripping agent : 0.1 M AHA)
— U (stripping agent : 0.01 M HNO,), and then their separation factors were evaluated. At these
conditions, 95 % of Tc, 98 %of Np and 99 % of U could be recovered in each step.

Keywords : Tc, Np, U, TBP, TOA, Solvent extraction, REDOX, Selective stripping.
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%), Am/RE 92~ (9 % ©]3}) Pd (¢F 8 %), ZIE} Y& (5% ©|3HE Tc, Np 2 U9] F-&&5= vi-¢
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Table 1. Chemical composition of simulated multi-component
HLW solution

o]
z4e

Simulated HLW [M] | JAERT's HLW [M]
U U 8.28 x 10° 760 x 10°
*Np 1.54 x 10° 150 x 10°
MA T A 1.21 x 10° 1.20 x 10°
La 1.30 x 10° 147 % 10°
Ce 3.05 x 10° 3.30 x 10°
o N 358 x 10° 434 x 10°
Sm 747 x 10° 860 x 10°
Eu* 153 x 10° 190 x 10°
Y 6.98 x 10° 840 x 10°
Cs 3.20 x 10° 3.71 x 10°
Cssrz| S 152 x 10° 1.65 x 10°
Ba 1.82 x 10° 207 x 107
*Te 148 x 10° 150 x 10°
- Re 1.13 x 10*
Ru 2.20 x 10° 3.40 x 10°
Pd 137 x 10° 1.80 x 10°
Na 6.57 x 10 760 x 10°
Ni 542 x 10° 6.00 x 10°
Ael Fe 355 x 10° 3.80 x 10°
Ll BEEVA 364 x 10° 690 x 10°
Zr 243 x 10° 6.90 x 10°

* Eu : Eu(1,53 X 10° M)9} Eu(2,02% 10° M) & z+Z 43}
o FZ B,
* (TBP-TOA)/NDD 2}-4- A] Zr 0} ¥3},
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2500TR/AB)E °}83t Z4zbel w2 & 433,
Cs®] 5=+ A.A (Atomic Absorption spectrophoto-
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Plasma spectrophotometer, Model : ISA Jobinyvon
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g4 U 22 F5E 0.1 N NaOHE g3 g0
ol-g3td g HA £47] (model : Metrohm 716

DMS Titrino)= #4383t 38 &8 2 933
£ A7 2 F&4 EA U= 4 34
49 FEE HA5ld v 2o o3 Aatatgde}.
229 (%) = 100X D/(1+D)
9—1%‘%‘% (%) =100 - _7_’5_%,‘% (%) ............ (1)
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coefficien) 2 C,, /C,, ¢l B2 UEhl™ G,
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=
=

u. A3 23 9 2%

7} A 3 ¥4

Table 25 (30 % TBP-x % TOA)/NDD-1 M HNO:
AelA zr F= Wl o2& A 33 4 72
Seto 2 BEst ARE, 00 EA S o] Al 34
o] A dHolt} (30 % TBP 0,5 % TOA)/NDD-
1 MHNO, 719] 3% 78] FEE ~10° M 0]3} &2 =
Astodof givt, AA HLW W Zrd] %7} ~10° M
AL st B w99 % o]iFo] A A ojok & A
Table 2. Formation conditions of the 3rd phase with

concentration of Zr in (30 % TBP-x % TOA)/NDD-1M
HNO,; system

TOA {%] 0 0.1 0.3 05 1
1.0 x 10° X X X X O

Zr |10 x 10* X X X &} O
M} (1.0 x 10° X X 0O 0 0
1.0 x 10* X O O O (e}

Z}, ¥hol] 30 % TBP/NDD-1 M HNO, AlolA&
W3t A 3= AR gt

Y. 2t &

Fig, 12 (30 % TBP-x % TOA)/NDD A oA =&
d W 27 A s dstd o {1 e A
I EEEA A B STt webd &) F)
8k3L gk, ol TBP B TOAd ofg 2%}

=

FZ0|
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Fig. 1. Nitric acid concentration of organic phase in (30 %
TBP-x % TOA)/NDD system.
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Fig. 2-(a). Extraction yields of each element with concentration
of nitric acid in 30 % TBP/NDD-x M HNO, system.
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Fig. 2-(b). Extraction yields of each element with concentration
of nitric acid in (30 % TBP- 0.5 % TOA)/NDD-x M HNO,
system.
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Fig. 4% (x % TBP-0.5 % TOA)/NDD-1 M HNO,

AlolA TBP F= #Malol k2= ZF Yae] FE80)

Vol. 5(2), p.133-143, June 2007.

t}. Tc, Np 2 U9] B4 2% TBP ¥ 7}l w2}
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Fig. 3. Extraction vields of each el t with concentration
of TOA in (30 % TBP-x % TOA)/NDD-1 M HNO;, system.
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Fig. 4. Extraction yields of each el t with concentration
of TBP in (x % TBP-0.5 % TOA)/NDD-1 M HNO, system.
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Fig. 5. Extraction yields of each element in 30 % TBP/NDD-
1 M HNOQ;, and (30 % TBP-0.5 % TOA)/NDD-1 M HNO,
system.
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Table 3. Precipitation conditions of aqueous phase with
concentration of Na,CO, after extraction of (30 % TBP-x %
TOA)/NDD-1 M HNO, system

[ TOA (% 0 01 | 03 05 1 1
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020] X 0 0 0 0
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Stripping yiekis of each element {%]

0.05 0.10 0.15

Concentration of nitric acid {M]

1d.
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Fig. 8. Stripping yi
of weakly nitric acid.
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Table 4. Separation factor of each element with respect to
Tc, Npand U

Separation

Factor SF=Dmea/Drc | SF=Dimett/Drp | SF=Drmea/Du
Stripping agent | 5 M HNO; 0.1MAHA | 0.01 MHNO;
U U 1,095 105 1
“"Np 670 1 1
TRU [~
Am 0.02 0.4 6.1
La 04 0.1 58
Ce 0.4 0.4 3.6
Nd 0.2 04 6.1
RE o 0.1 0.1 6.9
2Ry 0.1 0.1 0.1
Y 0.1 0.1 0.1
Cs 3,728 5,784 0.1
CoSr| St 139 666 0.1
Ba 842 4,622 0.1
PTc 1 1,046 3,712
Re 11 480 2,882
Pt | Ru 43 494 317
Pd 04 94 79
Na 223 1,070 13
- Ni 8,574 4,084 0.1
Fe 3,419 3,851 0.1
Mo 191 1,317 1,411

gAFE|t) 4 5 M Fibdl 48] Tcg dgFH o
2 93F @ o 2AF SHINE U, NpS £F
Aol mE davh d BAVT ¢lg Ao Bt o
TR o] 325 AFS FEv i 817] Hete] Hrigt
Re (B4 Tco] & Ao 2 AL89)9 Z¢ 2l
& (SFpen 7t 1~1.1 AER Tede E2)7t 715
3}AIgk A HLWolA &= Reo] A<} EAJ3}A] go}
(1-2] o] =& EAHA & A2 Ahdr}, shaA
4r8}7} m7ke] Am3t RE 9o tid BelAse 7
A4 oA v2A Jeplle EEAre] &
ofof whg} v A o gh-E 2 ot HARE
Fig. 63} Zro] Ae| 57} Tt T
Aok, 23y b 3% Am/RES]
Fig. 59} o] A1l o] A=+ AL oL
HEZ o AA A 433 AA7} 7FsIER
olol thgt A= §lg A2 ®Hlh

202+ 0.1 M AHAY 9J8 Npo] ¢ 9%
Z22A EAS SHAA E o Tcd] 359 7ol

A

-141-

Am7} RES] thgh s 7hgs £AHS Alstas
Ao A7 & AL R Bt} Jey Fig. 794
Hi ule} o] Uo] A H FHFE =He A& 7t
< & gtk 2828 Teo] 39558 vl #A
317] sl ME Npgl Eeloll A Teg vl 28t
o} 22la Ue] B$E AHAE B Fole Ao o}
el ve] d&% =X g Hdg Hee] A &
Aol Fojr Npe] F FEE I3 Zol da
A=

ahAEr e 2 0,01 Me] it o3 U] dFE A
T2 B Npoll g F2AF7E ok 1= o]
o £l AHIY BV, Tcd] A At s
= 0.01 MolA U8 ¥FZ0] 99.6 % (D=0,004)0]
™, Tc 97.7 % (D=0.024) 2 Z&AF7} 6 AxE
A= o] v g gholut, o] B9 EF Fig,
8ollA] B uie} o] F vt FFE He AL
& 71 glok. o] & FEE] YA dFE g5
U} O/A H1E F7MA71E o= A RV} 7hsd
T & Aoz Hol hHg AL HA E3}
o thekel 23} H71E9 WAlS St Jag
FFH9 A egE Uy EElo &AM Tc} Np
&g 28 F HEHog Uug s vlsd
Aoz wEc) ool Ax2 Ry EejAls gt
o2 23X 94 (Tc, Np, U $)d] thet Ah 9]
ol Az g AAske A v g Aes &
ligl= o

v. 2 &

2 Y 0] 2147 A 2] HLW £-94-& g4
© 2 (TBP-TOA)/NDD &% % Aol 2| Tc, Np
2 U9 ¢aHEE 71E A4S Hrisknh 30 %
TBP/NDD-1 M HNO»] % Te F%89°] 50 %
A2 v F3HAR U, Np2 22t 94 %, 83 %= &
333 53] zro] §f ofFoll @Al Al 374]
PYAHA ke FAE 2R Qi) vk (30 %
TBP-0.5 % TOA)/NDD-1 M HNO:&] 79+ Tc, Np
g2l Uo] 74z} 81 %, 85 %, 93 % FEFHo] FE& =
HollM = vfg- £2 AAE Ao, zr $Hol o}



J. Kor. Rad. Waste Soc.

& A 34 Aoz zrol A AA7F Bes) o
21 7Je 9AEL BF 10 % o|8tE F2 50 T,
Np @ Uvhs AE 3

o2 FZA YrAle BF
Fg4 o @A stele B A7 548 OEA7n
At

Tc, Np 2 U9 &3} #ele 94 5M Fo 2 Te

£ 95F&% o2, 22+ 0.1 M AHAS Npg
9 dF&Esta, mixwe 2 0.01 M HNO:E US
HEZE o] APAo|}, 7] oA IdFEL 1
& 712 Tc 95 %, Np2 98 %, UL 99 % 35T 4
A}t

axe 2

2 A7E 78 71eR7) Faeks 9AE $37)

A7 ABo 2 59 Ut

nz:.

&Y

[1] M. Takayanagi, S. Fujine, S. Muraoka, M,
Kubota, T. Adachi, T. Sato, Y. Miyoshi, T
Banba, T. Ohnuki and A, Maeda, "Safety
research and development of base technology
on nuclear fuel cycle", JAERI-Conf 99-
004(1999),

[2] C. Medic, M,J, Hudson, R, Nannicini, A,
Facchini, Z, Kolarik, R. Odoj, J.P. Glatz, and
J.O. Liljenzin, "New partitioning techniques for
minor actinides", EUR-19149(2000),

[31 E.H. Lee, S.H. Kim, K. W. Kim, S.G. Kwon and
W.H. Kim, "Enhancement of Tc extraction and
selective co-extraction of Tc, Np, and U by
adding a small amount of TOA in 30 %
TBP/NDD-HNO, system", ], Korean Ind, Eng.
Chem. 12(8), pp. 883-889 (2001).

[4] G.F. Vandegrift, M.C. Regalbuto, M A, Clark,
T.J. Battisti, J. Bymes, S. Aase, A, Bakel, D. G,
Cumming, J.W. Emery and A.V. Gelis,
"Designing and demonstration of the UREX+

-142-

Vol. 5(2), p.133-143, June 2007.

process using spent nuclear fuel", ATALANTE
2004, 012-01, Nimes, France, (2004),

[5] W.W. Schultz, L.L. Burger, ]J.D, Navratil and
K.P. Bender, "Science and technology of TBP",
CRS Press, Florida, USA, (1990).

(6] D.J. Pruett,
heptavalent Tc and Re by TBP", ORNL/TM-
8668 (1984).

[7] Z. Kolarik and P, Dressler, "Extraction and co-
extraction of Tc(VID), Zr(IV), Np(IV,VI), Pa(V)
and Nb(V ) with TBP from nitric acid

"The solvent extraction of

solutions", Solvent. Extr. Ton Exch,, 7(4), pp.
625-644(1989).

{81 T.N, Jassim, G. Persson and J.O. Lljenzin, "Co-
extraction of pertechnetate with Zr(IV) in the
TBP-nitric acid system", Solvent Extr. Ion
Exch., 2(7), pp. 1079-1092(1984).

[9] E.H. Lee, S.H. Kim, K, W, Kim, S.G, Kwon and
W.H. Kim, "A separation of Tc, Np, and U
from the simulated radwaste solution by an
extraction and a stripping using 30 % TBP -0.5
% TOA/n-dedecane", J, Korean Ind, Eng,
Chem. 14(4), pp. 403-410(2003).

[10] G.E. Boyd and Q.V. Larson, "Solvent
extraction of heptavalent Tc", J. Phys. Chem.,
64, pp. 988-996(1960),

[11] C. Tanaka, S. Nemoto, T, Tsubota and T,
Hoshimo, "Analytical chemistry of Np", PNCT-
841-71-35(1971),

{12] W E. Keder, J.C. Sheppard and A.S, Wilson,
"The extraction of actinide elements from nitric
acid solutions by TOA", J. Inorg. Nucl, Chem,
12, pp. 327-335(1960).

[13] A.J. Bard, R, Parsons and ], Jordan, "Standard
potentials in aqueous solution", Marcell
Dekker, Inc,, NY(1985).

[14] W.J. Maeck, G.L. Booman, M.E, Kussy and J.E.
Rein, "Extraction of the elements as quaternary

amine complexes", Anal. Chem., 33, pp. 1775-



Evaluation of co- and sequential separation for Tc, Npand U by .-

1780(1961).

[15] C. Apostolidis, J.P. Glatz and R, Molinet,
"Recovery of MA from irradiated SUPERFACT
fuels", Global 1995, France, 2, pp. 1207-
1214(1995).

[16] S. Sinkov and G. Choppin, "Acetohydroxamic
acid complexes with trivalent f-block metal
cations", J, Nucl. Sci. Tech. Suppl. 3, pp.359-
362(2002),

-143-



