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Extraction behaviour of Tc, Np and U by 30% TBP/dodecane

containing a small amount of TOA
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Abstract

In other to enhance extraction yield of Tc, the extraction of Tc in a simulated solution by
means of adding a small amount of tri-n-octylamine in the 30% tributyl phosphate/n—
dodecane(hereafter described 30% TBP/x% TOA) was investigated, and effects of nitric acid
and TOA concentration for the selective co—extraction of Tc, Np and U were studied. The
extraction of Tc(Dre tsp) with 30% TBP occurred by competing reaction between H' ion
concentration in aqueous phase and free TBP concentration at less than 0.8M HNOs. Above

1M HNO3, however, Drc-rp depended on only the free TBP concentration. On the other hand,



the extraction of Tc(Dre te/roa) with 30% TBP/x% TOA occurred through a simple anion
exchange mechanism between TcOs in aqueous phase and NO; ion in organic phase at
nitrate concentration of less than 2M in aqueous phase. KoCro:O7; was a effective oxidant of
Np at IM HNOs At IM HNOs 0.0001M KoCr:O7 and 30% TBP/ 05% TOA, the extraction
yields of Tc, Np and U were 81.9%, 86%, 89.2%, respectively and those of Am, Eu, Nd, Mo
and Fe were below 5%. It was found that the system of 30% TBP/x% TOA was more
effective than any other extraction systems for enhancement of Tc extraction and the other
elements, except for Tc, were extracted mainly by TBP. Coexisting elements such as Eu, Nd,
Mo and Fe have not been found to affect the extraction yields of Tc. When the 30%

TBP/x% TOA system was used, Zr had to be pre-removed to prevent the formation of 3rd

phase.
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Table 1. Chemical compositions of the simulated HLW

Compound Concentration Compound Concentration
Tc |Tc-99 5x10 “M Nd  |Nd(NOs); 9H20 0.043 M
Np |Np-237 Tracer 7Zr | ZrO(NQOs)2 2H20 0.066 M
U |UOx(NO3)2 6H20 0.008 M Mo | (NH4)sMo07021 4H20 0.069 M
Am |Am-241 Tracer Fe |Fe(NO3)3 9H.0 0.038 M
Eu |Eu-152 Tracer
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FE8(%)= 100 x RD/(1+RD)

714 R @ O/A BI(F717¢ §-39/487% F9))
D : ¥} Al 4= (distribution coefficient : Corg./Caq. )

Corg, Caa. = 42 77178 2 8309 2k 94 F=(mol/L)
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U-TBP 4% 27 2(1), 2)3 #2& Fol wnkgo] o3 H7h4d
29t Teol #AES Pt FEHY URTE Zr 37 A 2 58S Hv+ Kolarik 2
Jassim®] Aol FARG Aol A7|AM "EES F7IAES ondig. o]fld = Zr-TBP+ L4t
Z=(BM o’ AAEAE e ® Tes 3lFsteis e oW 5 A= 7 2344
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Zr(NO3)4s(HNO3)x 2TBP + TcOs © Zr(NO3)s(TcO4)(HNO3y)x 2TBP + NOs (1)
UO:(NO3)2 2TBP + TcOs & UQONOs(TcO4q) 2TBP + NOs (2)

3t TBPo] CMPO7F #7FE & A9 ([CMPOJITBPle & =% H]=0.018)¢ Tc F
TBPS A2l fAkskH, CMPO 93k Tceol FFo| aexo TBP @59 7% Hu 3
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Dre toa/tee =  Kreproa [HNO3z TOAL/[NO3 | (1D)
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Table 25 AXAlE % 1M, 30% TBP/x% TOA ACA Zr % W3lo] w2+ A 34 84 %
2 Bzxzog #}AI Aot} o7 S&9go] So] Y BB A 340 FAHE gAdot) o
A2 HE 30% TBP/0.5% TOAS FEA1& AFEsl7] YA+ Zrs 99% ol mlg] Al AAIA
of s+S5 & & 9tk

Table 2. Formation conditions of 3rd phase in the interface at 25C

TOA, [%] 0 0.1 0.3 05 1.0
6 x 10° 6 x 10° 6 x 10° 6 x 10° 6 x 10°

7r IM] 6 x 10° 6 x 10° 6 x 10° 6 x 10° 6 x 10°
’ -4 4 4 4 4

6 x 10 6 x 10 6 x 10 6 x 10 6 x 10

6 x 10° 6 x 10° 6 x 10° 6 x 10° 6 x 10°

6 x 10~ 6 x 10° 6 x 10° 6 x 10° 6 x 10°
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1. 30% TBP/dodecaneZAl & <3to =& 3lo] Tco FE&S FFAI71&= HHS TBPO amine
ALl FEA TOAE H7bske WRiol 7HE E33 otk

2. 30% TBPd| 9Jgt Tc &9 4 dibs5E 08M o]t A= G40l TBPY 5%
ol AAREEom IM ol el TBPO Afrs=oldh ofEsto] F&dh vk 30% TBP/
x% TOA® 45 &% Wl NO; s%=7F 2M ©]&tell A= TOA Wl FHr¥o] = NOs 3 8%
W TcOs o @3t So]2 wEhgkgo o3 FEHth Teol F& 0SS AT HA do=zs
AAEx 1M, 30% TBP/0.5% TOA/docecane $32.9 o|lu] Tce FE&2 °F 81%°|t}.

3. A% IMolA Npeol 4Fahal 2 KoCr070] &34 oty IM HNOs; 2 0.00IM KoCr:O7
oA 30% TBP/0.5% TOA® <g Np, U9 F&&2 1@ 7|+ 717t 86%, 89.2% $ow 7|E
Am, Nd, Mo, Fe & 5% o]3l7} &5 o], Tes AlQg 7|gf 4o F5& TBPo 93 +=

=)
A=

o

o

d o A AEFE A A A O/A Hl= 2 oM EdFe] EE&Aolt ¥
30% TBP/x% TOA AH& Al zrel 4 AA7F 22389 U, Mo, Fe € Nd 59 947t &8t

A& Al FELRTE Tedl F20l vA= dF2 flvh
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Fig. 1. Extraction yields of Tc with concentration of nitric acid in various

extractant systems.
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Fig. 2. Distribution coefficients of nitric acid with concentration of initial nitric

acid at 30% TBP/x% TOA/dodecane system.
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Fig. 3. Distribution coefficients of Tc with concentration of nitric acid at

Concentration of nitric acid in aqueous phase, [M]

30% TBP/x% TOA/dodecane system.
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Fig. 5. Distribution coefficients of Tc with concentration of TOA at 30% TBP
/x% TOA/dodecane system.
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Fig. 7. Extraction yields of Np in different oxidations with concentration of
TOA at 1M HNO, and 30% TBP/x% TOA/dodecane system.
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Fig. 8. Extracion yields of U, Am, Eu, Nd, Mo and Fe with concentration of
TOA at 1M HNO, and 30%TBP/x% TOA/dodecane system.
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Fig. 9. Extraction yields of each element with O/A ratio at 1M HNO, and
30% TBP/0.5% TOA/dodecane system.
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Fig. 10. Extraction yields of Tc with concentration of adding elements at
1M HNO, and 30% TBP/0.5% TOA/dodecane system.
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