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g} 1 g/Le] NHVO, A8A7 27H 7$E Np(V)7h Np(VDE Ao} 2M Aol of 75%7F &=t 2
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2 2% fo] 2259 75% Bt ¢ 13-15% AE ZVEE A% S Holx gtk U Zol 3 TE3E e
7% w8 7o) ol A Fdo] giRen, Ud FE Sl Wil :&80] ZAsATh U =71 5g/L olallxe
7ol 93 s FFAE 88:2%7F &3 o), U9 EE7t 10 glolMe Zol 93 A% a9 U 55 F7i wE
2 E3o) oF 82x1%7t F2HUT viAYe s odEA MY Np B U] F32EL 77 89%, BRRIL 718 Zr,
Fe, Mo, Nd, Y, Cs ¥ Sr 52 ¢ 5% v|tte] F&HAUc)

EF53} ukso) oA < 56%7F FEHUTH

Abstract — The extraction yields of Np(E,,) by solvent extraction with tributyl phosphate in n-dodecane(TBP/NDD)
increased with concentration of HNO, regardless of oxidant. Without oxidant, E,,, was about 12% at 2 M HNO; and increased
to 56% at 4 M HNO; due to the disproportionation of Np(V) to Np(VI) and Np(IV). Adding the NH,VO; of 1 g/L, as a oxi-
dant, E, was about 75% at 2 M HNO,. This was attributable to the oxidation of Np(V) to Np(VI). In the presence of U or Zr,
ENp decreased with concentration of U and was about 66.3% at U of 10 g/L. On the other hand, ENP had no effect with con-
centration of Zr and was in the range of 88+2%. It was found that E,, adding Zr was more enhanced about 13-15% than that of
Np only. In the presence of both U and Zr, By, also had no effect with concentration of Zr and slightly decreased with con-
centration of U. When U was less than 5 g/L, E,, was in the range of 88+2% by the synergetic effect of Zr only. At U of 10 g/
L, however, Ey, was 82+1% by the synergetic effect of Zr and decreasing effect of U. In the 9 components system containing
the NH,VO; of 1 g/L, the extraction yields of Np and U were about 89% and 93%, respectively, and those of Fe, Mo, Zr, Y, Cs
and Sr were below 5%. Therefore, Np and U could be effectively co-separated from the simulated HLW solution by control-
ling the oxidation state of Np.
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a9 AEE, Yo7t HLWY A2 3 AAE 7&23de &
QoA FE-2] /2B (partitioning and transmutation)ol] 3+ Q¢
7t AEATE FAHOE S FHHIL UL, 2). ° 5 &+
T8 HLWel 58 MY 8-S 318t Ao AR dE7
&, A HZFF(long-lived nuclides: Am, Cm, Np, Tc &), 2%
A AFZ(Cs, Sr), WEFEAA(Pd, Ry, Rhyiz 2 7|8} d4zos 1}
o] EElske Aot

371 458 AEF FAAME Np(neptuniumye HAM] SA4o] =
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Z, o A4 #BE Am(americium), Cm(curium)Erh 2|3}l 42l
)% o) % (migration)°] #=7] & ANL(annual limit of intake) 7}
@o] £9% ICRP(international commission on radiation protection)
300 oA $dHoz Rasjor & YFoF ANHT T3]
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3 golsle ol ¥ BT £ i wE /pEHez EEjsfok
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H3 YT}H4-6].

TBP(tri-butyl phosphate)o] 2|3t Np2l F&%-2 Np(VD>Np(IV)
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24< INI17] YEME V(V), CedV), KMnO,, K,Cr,0, 5
AbsbAlvt HAN(hydroxyl amine nitrate), UIV) ferrous sulfamate %
o] UAE Hrtstd F2Ao] L Np(VDH Np(IV)E At} 44
HE WsAA szl a8y 2" A48 (KMnO,, K,Cr,0,
Ce(IV) £)° A% Npe 2% Np(VDE 3MAA §713ez 2%
223 £ QoY ol FEIe H dae FF}E A 5 3%,
E3] Ru(ruthenium)& &5 RuO,E AHsPA|A FdslAl i) o
ez §7140 2 F2H Np(VDE Np(V)E T Bedde] o5&
e dE EAEE oINg 5 Utk 2EEE £ AFlAE A
AZ NpHe TBP F&40] AlY 2 Np(VDE A3A713, 718t
daoe 8 FFL vARA e V(V)E AF3IATH?T, 8).

A 27X TBPell 23 Np2| E2le Uuranium)®] =7} %2 49
€k 0.1M °)’d)ellA Npel Ut §7) el 352 (co-extraction)
i, VHRAE 24 (raffinate)ol] BujEo] EAI3L US02 olF
AAsRE &, UY FAEE PTIAIE AdolM F2 AF7 9
HYe B, B AFAS} o] yo] AHo e A ek 107
M A EAisks A9olide A7 S vujst A4 o &
3 B d7"e] IHAHoz gAste Sl Y= Fig 1% 22
ZET FANE B A7 AR dHo. = A ¥

Tentative partitioning process I

Nodified partitioning process

Fig. 1. Partitioning process of long-lived radionuclides which was es-
tablished in this study.
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AoXE Np°l TBP ¥ DEHPA[di-(2-ethylhexyl) phosphoric acid]
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2-1. 2ol 2 M=

molgele B Aol ] that A<l Npdt miEre] Udl, Asbt
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Y(yttrium), 428 F£9] Cs(cesium), €48 EFE2] Sr(strontium),
8|3 fuiEE A EA AFo 2 831 Qe Zr(zirconium),
Mo(molybdenum) 2 Fe(iron) 5°] #-FH = F HEAZ 74
sk £ Az A" ZE AYMoE A9dlie BF g
Hel) 2 Npo) AR 0]83F NH, VO3 K Cr,0c BF 57 Al
ko2 ekl AA #A glo] A AMESHATE. old UMerk Ab=t
Mo(Junsei AHE A9&f3E BF Aldrich AF AlFo1H, Np2 53¢
AEA technologyrl A&Fe] HAMY F9 940 Np-237& 73k
ARgEl) 2olgol U 7 9] 318k 24 2 FEE Table 13
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Table 1. Chemical composition and concentration of the simulated HLW

Concentration, (M)
Estimate HLW [11] Simulated HLW

Element Compound

Np  Np-237 0.0015 Tracer
U UO,(NO,), 6H,0 0.0076 0.008
Zr ZrO(NO,), 2H,0 0.069 0.066
Mo  (NH,¢Mo,0,,4H,0 0.069 0.069
Fe Fe(NO;); 9H,0 0.038 0.038
Nd  Nd(NO,), 6H,0 0.0434 0.043
Y Y(NO5); 5SH,0 0.0084 0.008
Cs Cs(NO5) 0.0371 0.037
Sr Sr(NO3), 0.0165 0.017
H* HNO, 2.0 20
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Table 2. Concentration of nitric acid in 30% TBP/dodecane

Concentration of HNO; in the aqueous phase,

Initial concentration of M]
HNO;, [M]
* @
1 0.83 0.96
2 1.68 1.96
3 2.54 2.96
4 342 3.94

(1)*: Equilibration between fresh aqueous and fresh organic phase
(2)**: Equilibration between fresh aqueous and once-equilibrated organic
phase
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2-3. AELy

RE HFL 7zt A¥zxel o] Bejgdut &8 |
2 Az, oA EAe 2 T3 ”‘]'5} Al 20 ml &
F vialo] 283} ABAE ABF HI T, & AIHLE A5t
¥ Zmojgdsl FZAQ TBP/n-dodecane(®]3- TBPE 7]3)5 O/A
713 7483 Fp=1E e &, 2% ¢ A 2FPL R
ZE 7718 o8 7 3087 1Bt &xdd] HFP o] o]Foix]
T8 gvh O3 oS f718F £ E EeEsk 7840 EA)
FTEE EAE st olwl U4l de
FEo| 2o Frv EF £ s ALttt

2-4. B4

8239 U, Zr, Mo, Nd 2 Y =% ICP(inductive coupled plasma
spectrophotometer, Model : Jobinyvon JY 38 Plus)el]l 2}s, 7]€} Fe,
Cs ¥ Sr®] F%+ A.A(atomic adsorption spectrophotometer, Perkin
Elmer, Model: 3100y ©]&-3l, WA F9 949 Np-2372 LSC
(liquid scintillation analyzer, Packard, Model : 2500TR/AB)E ©|&
st} B4kt aEl 84 Wl Zat B2 #4& 0.1N NaOH
g AA 8do= olg3ld zHE FAH EA7|(Model : Metrohm 716
DMS Txtnno)i Zkzke] 4 o] 2(HY) FEE 45k sl
St FZEE(extraction yieldre §714 2 84 &5ty U=
7 S4& Y2 vEE B thE A o8 AtEidh

FZE(%)=100XRD/(1+RD)

&7]4} R : O/A(volume of organic phase/volume of aqueous phase)¥]
D : v Al <r(distribution coefficient : Cy,,, /C,, )
Cop: 7178049 7+ 92 FE(mol/L)
Cyp: T8NX 9] 7t A4 FE(mol/L)

3. Alggn ¥ Eo

Table 3. Standard reduction potentials for V, Cr, Np and U

—e— Np (NHNVO)
o U(NHVOy
—a— Np (K,Cr,0)
—&— U (K,Cr,0;)

Extraction yields of Np and U, [%]

0 " s n n
0.000 0.005 0.010 0.015 0.020 0.025

Concentrations of NH VO, and K,Cr,0,, [mol/L]

Fig. 2. Extraction yields of U and Np with concentration of NH,VO,
and K,Cr,0, at 2 M HNO, and 30% TBP.

3-1. BRIMEA [Np(or U)-HNO,}

3-1-1. A3HA| G

Fig.2¢1= 2M HNO, 2 30% TBP°1V~1 A8 K,Cr,0; 2 NH,-
V0,9 ¥& W3l mEs Np—‘+ U9 F&go] 22 veRt o
U9 3282 A 27 2 = d3lel wel A o] glo]
°F 92% @57} FZHAck ol Uol ZAt 8994 TBPo s 5
Zo] & UV &, U0OFE  SAlshad], 223 A7 Arksle
749 Table 354 70 V(V) 2 Cr(VDY] EFFUA 9 (standard re-
duction potential)7} U(VIU(IV) Xt} 7, U] 4ksl7t Aeirt ¥Hst
3R 943l U(VDE EAjsk=d] 7IQ1gth

wHHel] Np2 A7 A7EA]) & 749 oF 12% A=7F F2HA

th ol 2M9] ikl Np(Vy7F &F 90% A= EA)3cHs Tanaka)
AF1419F FAE AFOZ, Np(V)el BEulAlS7 001328 &
1%) =YL T wj[4-6] B DFoA ARSE Npel Aksl7} Abe)
= Np(V)7t 88%, 7IE} Np(VD) 2 Np(VIl 12% AL &=
WS & F Aok TEE K,Cr0,4 A$ NHVO0,9 Hrh oF
10-20% HE Npo #2852 Z7M71Z 319, K,Cr,0,7} ®tt 7
23 S & F AUk E3 A FE) FUMERE
K2Cr207 —°r‘ 89%N4 92%=, NH,VO,2| 2% 70%04 80%=
Np®| F&80] thh F7iehe 23 BoFa ot o= Np#t 2
*PEMVM A 2 vheAezRE dYd & ok K,Cr0,
2 NH,VO,°l 93 Npo| 4k} whe-e ztzh 2] (1)@ (3)o=Z, ol
<] [NpO3'V/[NpO31¢] ] 2, Np(VDINp(VHIE 4 2) ¥ )2
ERd 4 6]

<K,Cr,0, 73$>
NpO; +1/6 Cr,03” +14/6 H*—-NpO3* +1/3 Cr*+7/6 H,0 (1)
[NpO3*1/[NpO;] =K[Cr,02 1 [H']"“S/[Cr**)?; K=7.74X 10 (2)

<NH,VO, %>

Element REDOX couple Reduction-Oxidation system Standard potential[12,13]
v Vv VO3+2H* +e— VO* + H,0 .00V
Cr Cri/cr? Cr,07 + 14H' +6¢ — 2Cr* + TH,0 138V
Np Np*/Np* NpOj+4 H* +e” — Np** + 2 H,0 0.68 V
Np*S/Np* NpO3*+4H* +2¢& — Np* +2H,0 092V
Np*/Np** NpO3#*+ e”— NpO; 115V
U utut UO'+4H +2e - U*+2H,0 033V
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NpO; +VO; +2 H' > NpOF*+VO0?** +H,0 3
[NpOZ*] /[NpO3] =K[ VO; I[H'T/[VO*]; K=2.91X 107 o)

a7)1A K= Aksl wh2-o] H3AFF(equilibrium constant)EA], Table
3] FEFIAAZREY AXEUCE A3E NpOZ* Z, Np(VD2

TBPY] et 22482 4 (5)9} 2ol dEA Jem[4-6], ZuiAlIF
(distribution coefficient), Dy, A (62 EdHn

NpO3*+2 NOj +2 TBP->NpO,(NO,), 2TBP s)
Dy,wp=k [NO; * [TBPP ©6)

A7 ke F2 Wk BY ot} A7) A 225 E Np(V) 4
sl= AEAle] 3= 2 H F59, 43 Np(VIe] 52 NO; &
=9} TBP 5ol G2 3 US4 & Uh. olde] AR2RE
Npite] 288 Z7M717] fsiMe KCr,08 e A= e 2
AE olgdh= o] Bt} gRFo|A|u, g A5A|9) o8- F
F31= B 94 92 vA § itk &, Rud EF Ru0OE 4
3AA FEsA =3, Ce(cerium)yE TBPY| F&4do] wf§- 2
Ce(lDE FZA0] L Ce(V)E AsIA =ol{15], Uz Np T
FREeta 7)E Qi 2F 2] AEses B 979 &
< TEAINA Bal Yok o)Yex AR RAEAY HLW Wl
Hsalpe] 7t 2l {f7142E 2" Np(VDE A Np(V)E
gt gREseds BARS opNE £ vk a¥EE B
APl HE A3 DojAX| T Npehe AHSIA7] 718k d4
i ¥ FE¢L WA &= V(V) &, NH,VO,E AsiA= A3}
Hem, o] A 1g/L oldolME A9 FE2E2 sy} 2o 5=
£ 1g/L(0.0085 M)E LAzt FaPsigict.

3-122. FEAL 9%

Fig. 3l& 1gL9 NH,VO,;, 2M HNO; ¥ 30% TBPolA 4t3}
AZHE F2AZMe 30808 T4 F2A7HEH A7 20
o2 40 Wgld wE2e Npol 5L Yehlith. 45 A1z
2 108 2ol Npol F280) ¢ 75% Axeld A
9] YAAL ¢ F Utk ole NpY A R FE 42 A7k
2}z 20%, 108 A=rt 2898 9ulshs AoXRE B dAFoMe

| B =23) gsted 23l 2 2 A7k BE 30202

tlo rlo

2

3-1-3. A4t B, TBP 5% %L 0/AH]9) 9%
Fig. 4= 30% TBPolA 2 5% W3l m2Z= Npol F2524
AsA|e] Ht AR BA glo] A Fo] wel &g SV}
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Contacting time of oxidation and extraction, (min)
Fig. 3. Extraction yields of Np with contacting time of oxidation and
extraction at 1 g/ NH,VO;, 2 M HNO; and 30% TBP.
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Fig, 4. Extraction yields of Np with concentration of HNO; at 30%
TBP.
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Slope = 1.91
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0.5 1
Concentration of free TBP, [mol/l.]

Fig. 5. Distribution coefficients and extraction yields of Np with con-

centration of free TBP at 1 g/l. NH,VO;, 2M HNO; and 30%
TBP.
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t}H4, 5.

L

2 NpOj +4 H*-Np*+NpOZ* +2 H,0 0

Fig. 52 1gL NH,VO; 2 2M HNO,IM A TBP % w3}
o W& Npo| FZ2E ¥ BuiAFLEA A TBP B= F7M wet
FEE°] 37K, 127M&E7] TBPY F% 50%)2 7% °F 90%
A=t 2EHJSH AH TBP TEe FE4R3] Fodsiz] 4=
TBP9] F=%, [TBP]=[TBP]-[HNO,Jl| oj8] #l2bgc). «17]14 [TBP],
+ Z7] TBP FE& 30% TBPS] 7% 1.1 Mo|t}h 3 Npol &ujA
T G A+ TBP 9 19150 vldsl=t] Npo| F&o] A&
TBP T=9] 250l vlEsks 2] (6)2 A9 TEA7Z glen, ol
AS7A] 2 FAAs dx8k7 Urh4-6].

Fig. 69l 1g/L NH,VO,, 2M HNO, ¥ 30% TBPoI|A] O/AH|
S @2 Np & U9 &80 Yeh itk 0/a8] S71 wet
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87%% Np °F 98%°] Uo| Z7} &= 3t). ol O/AY] F7pd
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Fig. 6. Extraction yields of Np and U with O/A ratio at 1g/L NH,VO,,
2 M HNO; and 30% TBP.
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Fig. 7. Extraction yields of Np with concentration of each element in Np-
x element-2 M HNO, system at 1 g/L. NH,VO; and 30% TBP.
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10 gLAAE 038 Mol olE U F%(0.1M o) F7tel w2t
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b8 228 molx o, Zre] Al ¥ Npol F2 458
Sh(synergetic effec)Z A& A & 5 Aok o= 2M At
o4 TBPel W& Np(vhel BulAF7E 10 B=GFEE oF 91%)Y
o 7HEse 2 w[4,5 18], A AF[0PIAN Hol A =, Re
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Fig. 8. Extraction yields of Np with concentartion of U in Np-x U-y Zr-
2 M HNO; system at 1 g/L. NH,VO; and 30% TBP.
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Table 4. Extraction yields of Np in various system containing the NH,VO,

Np-Ulor Zr)-HNO; system Np-U-Zr-HNO; system
Concentration, [¢/L] Extraction yield| Concentration, [¢/L] Extraction yield

U 7r of Np, [%] U Zr of Np, [%]

0 0 75.0 1 1 90.4

2 1 89.5

5 1 87.1

1 - 76.8 10 1 81.3

2 - 75.8 1 2 91.2

5 - 743 2 2 90.4

10 - 66.3 5 2 87.5

10 2 833

1 4 91.0

2 4 879

- 1 89.3 5 4 85.9

- 2 90.1 10 4 827

- 4 89.1 1 6 89.8

- 6 87.7 2 6 87.4

5 6 86.7

10 6 81.8

100

Extraction yields of each element, [%]

P T
T y y T T T T

Np v) 2r Mo Fe Cs Sr Nd Y
Element

Fig. 9. Extraction yields of each element in 9 components-2 M HNO,
system at 1 g/L. NH,VO; and 30% TBP.
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