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U, Pu and Np Co-recovery in Simplified Solvent Extraction Process

— Extraction Behavior of Np Using High HNO; Concentration at Extraction Section—
Masaumi NAKAHARA, Yuichi SANO and Tsutomu KOIZUMI
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Tokai Research and Development Center
Japan Atomic Energy Agency
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Concerning the advanced aqueous reprocessing system, we have been investigating a simplified
solvent extraction process using TBP as an extractant for U, Pu and Np co-recovery. In this study,
the counter current experiment was carried out with low HNO; concentration in the feed solution
and high HNO; concentration in the scrubbing solution, which was expected to bring a high HNOs
concentration into the extraction section and the efficient Np oxidation and extraction in this
section. This experiment had been conducted with the dissolver solution of “JOYO” Mk-I and
MEk-II irradiated MOX fuel at CPF from 5™ September to 4™ October 2007. The Pu valence was
adjusted to Pu(IV) by bubbling NOx gas into the feed solution. It was attempted to oxidize Np(V)
to Np(VI) in the extraction section by adjusting HNO; concentration of the feed and scrubbing
solutions to about 3.9M and 10M, respectively. After operation, the Np leakage to the raffinate
could be kept under about 6.3%. The decontamination factor of total-y was 5.1x10* in this
experiment, which meant that U and Pu product solution could be decontaminated as good as the
previous work. The stage efficiencies for these elements were estimated by fitting the
concentration profiles calculated by MIXSET-X into the experimental ones. The stage efficiencies
of U, Pu and Np were evaluated as 98.5%, 100% and 78% in the extraction section, 96%, 100%,

94.5% in the stripping section, respectively.

Keywords : NEXT Process, Neptunium, Simplified Solvent Extraction Process, Stage Efficiency,
MIXSET-X, Centrifugal Contactor
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1%, AR 6—8 B H R ORI DB W TR FERIERTE CTh-oTz,

4.5 HNO; IZ&% Np OEE{LEUG

Np (%, HNO; A 128V T Np(IV), Np(V), Np(VI) D F 725 JH Al 23V TIEIET D, 209
B, TBP (2% LT Np(IV), Np(VI)IZHHHPETHY, Np(V)iFEEhH T 5, (B b h Hik
WZEBWTIEL Np & U, Pu EHZENXT 572 Np OJFE iz 30 vol%TBP/#-DD (ZfiH AT GEZR
Np(VDIZFH#E T2, HNOs VA% 123 T Np 1 FRRo U220 Np(V)E Np(VD) D A BELR 23 ik
AVAS RN

2NpO; + NO; +3H" < 2NpO2" + HNO, + H,0 4)
F7o, ZORISHEEL, HNO; 2 J OV HNO, IR TEL, FRioRUCKEHEENS[6],
_d[Np(V)] _ 1.8x10”°[H']*[NO;'[HNO, ][Np(V)]
dt [HNO, ]+[Np(V)]
(5)=E, HNO; 2 K OVHNO, B E 3 @< 725, HNO3 (252 Np(V)DERAL SR E N EH-35
ZEERLTWD, — 57, HNO; 2 K TN HNO, IR 1X(6) D SIS T 31T 2 i E 5o b 8%
FAFET, (H)RDHDNT OFHEFHNLIZ OO Y Np(V), Np(VDIREEIZEVEL T O LIk
ESND[T],
_ INp(VD)L[NO,
™ [Np(V)]-[HNO,
Gourisse DBFZE[8ICEDE, HNOs IREZ 1M 72D 4M I LA SEDEHNT O EEL Kopp 13
3.2x10 735 9.3x10 T INT A ZENIES LTV S, £77, & HNO, JE TIE @)=\ KOs
AN HE TR, Np(V)DERLSUS 3 I S b,

ARIEERFH AR 120 212128V T, Np DT 74 R —hDU—27 TN 4.8% Th o7, Yelitik
Z 10M HNO; & L7272, flitHER/KFE 4—7 Bt B 1235175 HNOs IR FE 13549 7.5M (2R s, filit
BB T Np(VDELEIG 2T LIz b g, 370bb, 74— REER DK HNO;
BEALIZB W TH YR O E HNO; 12 EA LI L@ O 2N T(5) TR L= Np Dbk
FED A _E R OGN CRUTZBBIL S DET RN =b o B 265,

& HNO; S 7 4 — RIS O AT, B O HNOs I 1K) 5.5M THY, 77 4% —h~
D Np V=213 1%IZIMZ 5 TND, A RIORERTIE, B D HNO; 2 EITK 7.5M ([ZiFHES
NI=b DD Np V—2713 4.8% CThho7c, 74— RO 5 HNOs IR EEAL D F7 73, HiH B HNO; i
13K 5.5M Thh-oTh, 74— RIERNIZ T2 B b TVDTed, Np DU—703Z 5
NTND, ZHDHFFEIZEY, Np DEIUZEAL T, 74— REEIKRIZH T D HNO; IELOf
D IRE T,
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4.6 Np [T HNO, D 54
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HNO, R EEAENNT 2L Np(V)D AL UGN S D, A7 m—3—NMZIB1F 5 HNO, IR EE D5
BEFTHIT 2720, 74— REERP O HNO JREZ /T A—Z LU TMIXSET-X IRV EHRZ T o7,
ZOFFESE A Figure 15 (R $, £72, HERO726 HNOs 12 5.2M O 7 4 —Riak A LT=7
2—3— b 2RI DFEE RO ORT, fi7a—2—R T, 74—REIET O HNO, JRJE
DEINTBIZHEN, Np DT T 42— "DV — T FNENNT 5 LRS-, ik, @Rk
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HNO, JRIE D53 HTaAT 72728, HNO, (XD BA G 272D I E BT — X D H /e HHfG
DLEETIHD,
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Sl HHE e QN R L2 331 D0 T B L0 55407 U, Pu, Np X ONHNOs R EE 7' 07 7 A LD,
AFRERIZ IV D Hh S M O S D B h =8 % MIXSET-X O FHRAE LD i s fAgb -7z,
72, VEVEBHZ BT DRI, 2005 FOREBRICB W THELN B ROMEE H e, ERR &L
OFHRE LA ST R K O BRI 23817 % U, Pu, Np & ONFP O 7 "1 7 7 A /L% Figure
6—13 ITRL TS,
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110.0%, Np (2B T 91.2% Tdh-7=, U K Pu I, 1FE 70 Zh P ~[EILEH, Np 1 6.3%
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30 vol%TBP/n -DD Feed 10M HNO;
231% ¢ 1% 1.03*

Raffinate < 1| 2|3 4|5]6|7]8]9[10]11|12]13]14]15]16

n-DD i  3MHNO, 0.02M HNO,
0.07* % ¥ V0.24* 431* {
. Spent
UPuNp | 1[2]3]4]5[6|7]8]9[10ft1]12]13|14[15]16] ~solvent
product

*Feed rate, relative

Figure 2 Flow sheet
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900

T T T

- U(VI) -

Pu(IV)

i Pu(IV) i

- Pu(IV) -
Am(IIT) Pu(IV) Pu(IV) Pu(IV)
1 | | |

400 500 600 700 800
Wavelength (nm)
Figure 5 Absorption spectrum of the feed solution after adjusting Pu valence



JAEA-Research 2008-078

30 vol%TBP/n-DD Feed 10M HNO;
231% J 1+ 1.03* §

___>L0aded
11213141516 7]|8]9]|10]11}12|13]14|15]16 solvent

Raffinate <

[HNO,] (M), [U] (g/L)

—— HNO, Aq. Calc.
--O--- HNO, Org. Calc.

—&— U Aq. Calc.
---4--- U Org. Calc.

4 HNO, Aq. Exp.

I N N N ><| lleql'EXP' 1

| | 1
1 23 456 78 910111213141516
Stage number (—)

Figure 6 Concentration profiles of U in the extraction section and scrubbing section
(Calculation was carried out with 98.5% and 100% stage efficiency, respectively)

Loaded
n-DD solyent 3M HNO, 0.02M HNO;,
007*¢ & y0.24* 431% S
..»> Spent
UPuNp _ Iy|2]3|4]s|6|7]8|9]10f11]12)13]14]15|16] ~ solvent
product
10° T T T

I T T T T I
—@— HNO, Aq. Calc.
105 ™ -0 HNO, Org. Calc:

—&— U Aq. Calc.

1()1 --4--- U Org. Cale.
i HNO3 Aq. Exp.
10° N HNO, Org. Exp.
X U Aq. Exp.
107 + U Org. Exp.

[HNO,] (M), [U] (g/L)
=

| | | | | | | | | | | | 4
1 23456 7 8 910111213141516
Stage number (—)

Figure 7 Concentration profiles of U in the stripping section
(Calculation was carried out with 96% stage efficiency)
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30 vol%TBP/n -DD Feed 10M HNO,
231% ¢ J1* 1.03* { Loaded
1]2]3]4]s]|6|7]8]9|toft1f12f13]14]15]16] " solvent

Raffinate €<—

e Ny
2 5 O,.orrrorrorrorrorrono o
= 10
&
2 2
< 10
=
N—
o 107
Z
B4
10 —@— HNO_ Aq. Cale.
) O~ HNO, Org. Cale.
107 : o
—&— Pu Aq. Calc.
* - Pu Org. Calc.
10 @ HNO, Aq. Exp.
A
o7 LA | X, PuAg Exp.
1 23 4

56 7 8 9101112131415 16
Stage number (—)

Figure 8 Concentration profiles of Pu in the extraction section and scrubbing section
(Calculation was carried out with 100% and 100% stage efficiency, respectively)

Loaded
n-DD solvent 3M HNO; 0.02M HNO;
0.07%¢ y 0.24% 431* |
. Spent
UPuNp _ I|2]3|4]s5]|6]|7]8|9]10f11]12)13]14]15|16]  solvent
product

103;|||||||

T T T T 1
—@— HNO, Aq. Calc.
10° £ +--O--- HNO, Org. Calc.

—&— Pu Aq. Calc.
---4s--- Pu Org. Calc.

....... "] HNO_ Aq. Exp.
= 10° N HNO, Org. Exp.
B X PuAq. Exp.
= 10" +  PuOrg. Exp.
=
&

- 2
< 10
=
om 10-3
=T
10°
10
107 AR R S N N TR S N T

| 1 1
1 23 456 78 910111213141516
Stage number (—)

Figure 9 Concentration profiles of Pu in the stripping section
(Calculation was carried out with 100% stage efficiency)
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30 vol%TBP/n -DD Feed 10M HNO;
231% J1 1.03 ‘1'___>Loaded
Raffinate < L[ 213 [4]5]6[7]8]9|10]11f12]13[14f15]16[ ™ sotvent

[HNO,] (M), [Np] (g/L)

10 —— HNO, Ag. Calc.
-0+~ HNO, Org. Calc.

—&— Np Aq. Calc.
6 ---x--- Np Org. Calc.
10 4 HNO, Aq. Exp.
X Np Ag. Exp.
R R TR Ll Lol

| 1 1
1 23456728 910111213141516
Stage number (—)

107

Figure 10 Concentration profiles of Np in the extraction section and scrubbing section
(Calculation was carried out with 78% and 98.5% stage efficiency, respectively)

Loaded
n-DD solvent 3M HNO; 0.02M HNO;
007* &  0.24x 431* | S
U/PUN "> e
WNp 112]13]4]5]16]7]|8]9]10j11)12]13]14]15]16] solvent
product
10° T T T T T T T T T T 1
—— HNO, Aq. Calc.
10° ~--O--- HNO, Org. Calc:
—&— Np Agq. Calc.
101 ---4x--- Np Org. Calc.
d HNO3 Aq. Exp.
100 N HNO3 Org. Exp.
X Np Aq. Exp.
10-1 +  NpOrg. Exp.

[HNO,] (M), [Np] (g/L)

1 23456 78 910111213141516
Stage number (—)

Figure 11 Concentration profiles of Np in the stripping section
(Calculation was carried out with 94.5% stage efficiency)
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30 vol%TBP/n -DD Feed 10M HNO,
* G *
231% J1 1.03* { _ Loaded

112]13]4]5]16]7]8]9(|10]11]12]13]114|15J16]  solvent

Raffinate <—

103 L T T T T T 1

—@— Zr Aq. Calc.
---O--- Zr Org. Calc.
—&— Tc Aq. Calc.
---x--- Te Org. Calc.
lO1 —l— Ru Aq. Calc.
---{J--- Ru Org. Calc.
0 —&— Cs Aq. Calc.
10 —O— Cs Org. Calc.
—¥— Gd Agq. Calc.
---N--- Gd Org. Calc.

[Metal] (g/L)

TR RS\ SR | .. T SR B

6 7 8 910111213 141516

—
\S]

[
NG
=

Stage number (—)

Figure 12 Concentration profiles of FPs in the extraction section and scrubbing section
(Calculation was carried out with 100% and 100% stage efficiency, respectively)

Loaded
n-DD solvent 3M HNO, 0.02M HNO,
007*y ¢ y_0.24* 431%
.. Spent
UPuNp _fyl2f3la]ls|e]|7|s8]9liolt1]12|13]14]15]16] ~ solvent
product )
10 T T T T T T T H T 4

i 1 3
—— Tc Aq. Calc. 3
5 Te Org. Cale ]

[Metal] (g/L)

Lo N

[ L1
1 23456 7 8 910111213141516

Stage number (—)

Figure 13 Concentration profiles of FPs in the stripping section
(Calculation was carried out with 100% stage efficiency)
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Figure 14 Temperature profiles in the centrifugal contactor
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Figure 15 Leakage ratio of Np to the raffinate with HNO, concentration in the feed solution



Table 1 Composition of the irradiated MOX fuel
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Experiment Reprocessing experiment in 2007
Fucl “JOYO” Mk-I core fuel “JOYO” MK-II core fuel
ue
(FPPJX173) (FPFD209)
g Pu (g) ~22 ~22
§ 2 ~ *1 *
3 3 Enriched U (g) ~103[23.6""] ~57 8.1
c Z *1
5 i Depleted U (g) ~166[0.4 '] ~4
= Natural U (g) - -
238 0.0 (0.0) 0.7 (0.77)
Pu 239 76.7 (79.17%) 68.4 (67.6 )
~ *3 *3
) 240 19.4 (19.*6 ) 21.6 (26.? )
= 241 3.3(0.87) 6.8(2.6°)
é 242 0.6 (0.57) 25(3.17)
o * *
o 234 0.0 (0.0) 0.1(0.27)
%‘ u 235 8.9 (8.2 134 (11.07)
= (%) 236 0.0 (0.2 0.1 (0.87)
238 91.1 (91.67) 86.4 (88.07)
U enrichment
23 13.4
— Initial value—(core, w/0)
Pu enrichment
18 29.1
— Initial value —(core, w/0)
Burn up (MWd/t) Ave. 13000 Ave. 54700
Cooling time (day)™* 9813 6818
Amount of radioactivity (TBq) 1.64 3.11

*1 : Weight of 2°U

*2 : Analysis value in fuel fabrication

*3 : Calculated value by ORIGEN2.1 after the cooling time

*4 . At May 7, 2007
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Table 2 Composition of the feed solution (calculated value)

Element Con(z;r/l]ir)ation Nuclide Con(g;l/tia)tion Element Concz;r/l]tr)ation Nuclide Con((;;‘rll/tlrde;tion
Ge 4.04x107° U 1.48x10°
As 1.25%107 Np 147x1072  ®'Np 3.83x10°
Se 1.59x107° Pu 1.33x10"
Br 5.83x107* Am 3.51x107!
Rb 9.79x107* Cm 4.74x107°
St 2.29x10~2 *Sr 3.88x101"

Y 1.18x1072 Y 3.88x10'0
oy 0.00x10°
Zr 1.02x10™" *Zr 0.00%10°
Nb 2.73x1077 *Nb 0.00x10°
Mo 9.64x107*
Tc 2.44x102 *Te 1.53x10’
Ru 7.05%10~2 '%Ru 5.78x10°
Rh 2.22x1072 '“Rh 5.78x10°
Pd 4.35x1072
Ag 4.30x10~3 1mA 3.54x10°
Cd 3.99x107°
In 531x107*
Sn 475%107° #sn 1.75x10~7
Sb 1.13x107 #sb 9.70x107
Te 1.76x10~>  P"Te 2.37x10
#'Te 6.38x107"
G 6.51x1071°
Cs 9.65x107> *Cs 1.63x10’
¥Cs 6.44x10'°
Ba 5.41x1072
La 3.57x107?
Ce 6.60x10~2 *Ce 1.67x10*
Pr 3.39x10~2 Ppr 1.67x10*
Nd 1.13x107"
Pm 247x10°  Pm 8.46x10°
Sm 3.01x1072 !Sm 3.20x10°
Eu 2.81x10> "**Eu 1.46x10°
"**Eu 5.14x10°
Gd 2.30x107°
Tb 144x10~*
Dy 8.19x107°
Ho 3.14x107°
Er 3.16x107°
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Table 3 Analysis plan

Pu
Sampling Concentration
valence
Process Point Sample No. U Pu HNO; o 7*4 HNO, Pu(lV)
Before
Pu(IV) Dissolver solution 19-F1-00-01A O @) O O O
adjustment
Aftér PuV) Feed solution 19-F1-00-02A O O O o? 0 O O
adjustment
Spent solvent 19-B16-120-010 O O O o® O
Product 19-B1-120-01A O O O o O O
Raffinate 19-A1-120-01A O O O o? O O
Stripping section 9" stage/Org.  19-B9-120-010 O O O o® 0O
. Stripping section 8" stage/Org.  19-B8-120-010 O O O o® O
120 min after
starting hot  Stripping section 7" stage/Org. ~ 19-B7-120-010 O O O o® 0O
tion"! .
operation Stripping section 6" stage/Org.  19-B6-120-010 O O O o® 0O
Extraction section 4" stage/Aq.  19-A4-120-01A O O @) o® 0 @)
Extraction section 5" stage/Aq.  19-A5-120-01A O O O o® O O
Extraction section 6" stage/Aq.  19-A6-120-01A O O O o® O O
Extraction section 7" stage/Aq.  19-A7-120-01A O O O o® O O
Raffinate 19-A1-SB-02A O O O o? O
After Product (1) 19-B1-SB-02A1 O O O o? 0O
operation Product (2)" 19-B1-SB-02A2 O O O o? 0 O
Spent solvent 19-B16-SB-0201 O O O o® 0O

*1 Sampled in descending order

9 237Np

#3 29pu+2*%py, 8 pyu+2*' Am and 237Np

*4 Total-y

*5 (1)Acid equilibrium, (2)Hot operation and after operation
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Table 5 Mass balances of actinide elements and FPs

U Pll 237Np 137Cs 154Eu 155Eu

Process Point
(%) (%) (%) (%) (%) (%)
Before operation ~ Feed solution 1.00x10° 1.00x10? 1.00x10° 1.00%10° 1.00x10? 1.00x10°
Raffinate <3.59x10° 2" 4.68x107°  4.75x10° 1.14x10? 1.27%10? 1.07%10°

120min after

starting hot Product 1.15x10° 1.04x10°  7.43x10'  1.12x107° <2.49x1072"7 <1.40x107*"
operation . . . .
Spent solvent  <3.55x10 2" 2.23x10* <5.80x10 ' 1.10x10 * <2.43x10 *7 <1.37x10 *7
Raffinate <5.29x1072"" 7.97x107°  6.25%10° 9.19x10" 8.26x10" 1.26%10°
After Product 1.09x10? 1.10x10? 9.12x10"  7.83x107° <3.98x107>7 <2.24x107 "
operation

Spent solvent  <5.82x107 %" 1.81x10° <9.50x10 ' 3.97x10™* <1.99x10 *"

<1.12x10727

*1: Under the analytical lower limit (<0.03g/L)
*2: Under the analytical lower limit (<7.4Bg/mL)
*3: Under the analytical lower limit (<37Bqg/mL)

Table 6 Abundance ratios of actinide elements and FPs

U Pu 237Np 137CS 154Eu 155Eu
Process Point
(%) (%) (%) (%) (%) (%)
Raffinate <3.13x107%" 4.49x107°  5.96x10° 9.99x10" 9.99x10" 9.99x10"

120min after
starting hot Product 9.99x10" 9.99x10" 9.33x10"  9.82x10°* <1.95x10 2"

operation

Spent solvent ~ <3.10x10 2" 2.15x10 % <7.28x10 ' 9.72x107° <1.90x10 "

<1.31x10 2"

<1.28x10 2"

Raffinate <4.87x107%" 7.25x107°  6.35x10° 9.99x10" 9.99x10"

After

: Product 9.99x10" 9.99x10" 9.27x10"  8.52x10° <4.81x107 "
operation

Spentsolvent  <5.35x107 %" 1.64x10° <9.66x10"'"? 4.32x107* <2.41x10 *"

9.99x10"
<1.78x107 2"

<8.92x107 3"

*1: Under the analytical lower limit (<0.03g/L)
*2: Under the analytical lower limit (<7.4Bq/mL)
*3: Under the analytical lower limit (<37Bg/mL)

Table 7 Decontamination factors of FPs and total-y for U and Pu product

B7Cs gy gy Total-y

Decontamination factor 5.0x10* >2.8x10° >4.9%x10° 5.1x10%
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