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Development of Partitioning Method:
Behaviors of Elements in HLW in the Separation Process
for Transuranic Elements based on DIDPA Extraction
and Oxalic Acid Stripping

(Experiments. on Counter-Current Continuous Process)
) *
Shyunji TANI , Yasuji MORITA and Masumitsu KUBOTA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

‘

(Received September 3, 1990)

_ Experiments on continuous extraction using simulated high-level
liquid waste were carried out to examine behaviors of some elements in
the separation process of extracting the transuranic elements (Am, Cm,
Np, Pu) with DIDPA from high-level liquid waste generated from the re-
processiﬁg of spent nuclear fuel, This separation process consists of
three steps; extracting the transuranic elements and rare earths simul-
taneously with DIDPA, stripping Am, Cm and the rare earths with 4M nitric
acid, and stripping Np, Pu with oxalic acid.

In the experiment on continuous extraction, scrubbing and stripping
with 4M nitric acid at 45°C, it was found that more than 99.99% of Nd,
which shows the *same behavior as Am and Cm, was extracted with DIDPA.
Although 99.9% of Fe, 6.5% of Ru and 11.7% of Rh were extracted, the
other elements including Cs and Sr, which account for most of radio-
activity in high-level waste, were not extracted with DIDPA. It was
found that Fe, Ru and Rh were the elements which remained in DIDPA
solvent after stripping Nd with 4M nitric acid.

In the experiment on continuous stripping, more than 99% of Rh,

% Japan Nuclear Fuel Conversion Co., Ltd.
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about 97% of Fe and about 20% of Ru could be stripped from DIDPA with
0.8M oxalic acid. It was found that about 3% of Fe and 4% of Ru in the
simulated high-level liquid waste were remained in the DIDPA solvent
after continuous stripping. However, these remaining elements are not
considered to have an influence on the recycle use of the DIDPA sclvent,
because the concentrations of these elements in the solvent are very low
and less than 1/1000 of DIDPA concentration.

Consequently, it was found that the separation by the extraction
process with DIDPA was sufficient and therefore it was confirmed that

this process was effective method of separating the transuranic elements.
Keywords: Partitioning, High-Level Liquid Waste, Solvent Extraction,

Stripping, Continuous Extraction, Mixer-settler, DIDPA,

Oxalic Acid
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Table 1 Composition of the simulated high-level liquid waste
and analytical method
Feed ¥ave length
Component Concentration Analytical (nm)
(M) method!? Aqueous phase Organic phase
Nd (I 0.0635 ICP 401.225 401.225
Fe (M) 0.019 ICP 259.940 259,840
Ru () 0.017 ICP 267.876 267.878
Rh _([ﬂ) 0.004 ICP 343.489 249.077
Pd (II) 0.009 ICP 340. 458 NAZ)
Na (I) 0.038 ICP 588.995 NA
Cr (I 0.00455 ICP 26_7.716 NA
Ni () 0.003 ICP 221.647 NA
Cs (I) 0.0188 FAE §52.1 NA
Ba (II) 0.0104 ICP 455, 403 NA
Sr (ID 0.00825 I1CP 407.771 NA
Rb (I) 0.0037 AAS 780.0 NA
H* 0.5 Titration - -
1) ICP: Inductively Coupled Plasma Atomic Emission Spectroscopy
FAE: Flame Photometry
AAS: Atomic Absorption Spectrophotometry
2) Not apalyzed
Table 2 Extraction, scrubbing and stripping
behaviors of each element
Extraction | Scrubbing| Stripping Stripping
Component | behavior behavior behavior behavior
(4K HNO3) | (0.8M HaCa04)
Nd ) X O -
Fe O X X O
Ru A A A A
Rh A X X C
N a, P d
C I, N i X - - -
Cs, Ba
Sr, Rb

QO:Extracted, Scrubbed, Stripped
Atk littie Extracted,Scrubbed, Stripped
X :Not Extracted,Scrubbed, Stripped

~— Unknown
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Table 3 Behavior of each element in the continuous
counter—-current extraction and stripping

Extraction Aqueous Aqueous Organic Aquesous _ Organic
Temperature Component | Feed | Raffinate | Productl Fraction Productll | Raffinate
Nd 100 <0.01 99.4 0.6 - —-
Fe 100 13.1 0.3 86.6 - -
_2 5C
Ru 100 96. 1 2.5 1.4 - -
Rh 100 84.9 2.3 12.8 - -
Nd 100 <0.01 >99.99 <0.01 - -
} Fe 100 g.1 0.1 89.8 96.9 2.9
45°C .
Ru 100 93.b 1.0 5.5 1.1 4.4
Rh 100 88.3 1.9 9.8 9.7 0.1
*Feed = Aqueous Aqueous Organic  _jgg
Raffinate * Product I Fraction
Organic Aqueous Organic

Fraction - Productll Raffinate

Table 5 Decontamination factor in extraction,
scrubbing and stripping section

Decontamination factor for Nd
Extraction Scrubbed

Temperature Component | Extraction | Scrubbing | Stripping
section section section

Fe 1.19 0.82 268
25T Ru 21.3 1.23 1.30
Rh 6.14 C.8% 5.90

Fe 1.02 0.89 819
45°C Ru 10.5 1.21 7.38
Rh 11.4 0.88 4,71
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Table 4 Overall decontamination factor for Nd

Extraction Temperature
Component

25T 45°C
Fe 2.8%10? 7.5X102
Ru 3.4X10 9.4X10
Rh 3.1X10 4.8X10
Pd 1.3%X 102 2.3X10°
Na 2.5X102 2.9X102
Cr 9.8X10 2.2X102
N i 2.3X10? 2.5X102
Cs | >uzxice >3.5X 102
Ba 1.8X10° 3.5X 103
Sr 2.3X10% 2.2X10°
Rb >5.3X102 >5.9%108
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Fig. 1 Flow-sheet of the transuranium separation process
by extraction with DIDPA
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Fig. 2 Operating condition for the mixer-settler
in continuous counter-current extraction
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Fig. 3 Operating condition for the mixer-settler
in continuocus counter-current stripping
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Fig. 4 Concentration profiles of Neodymium and Irom
in the mixer-settler
Temperature: 25°C
O: Nd, A: Fe
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Fig. 5 Concentration profiles of Ruthenium and Rhodium
in the mixer-settler
Temperature: 25°C
O: Ru, A: Rh



(M)

Concentration

JAERI-M 90-168

1.0E-01 T T T T T T 1

1.0E-02 +

1.0E~03

v

1.0E-04 u E“R\hhﬂ}_v -
1.0E-05 - -
. A _
\ .
1.0E-0B - -

1.0E- ' U T N SUES SO N AN NN SV SN N N N

E-07 1 2 3 45 6 7 8 8 1011121314158
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Sodium, Palladium,

Chromium and Nickel in the Aqueous phase

Temperature: 25°C
v: Na, ©O: Pd,

A: Cr, [O: Ni
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Concentration profiles of Caesium, Barium,
Strontium and Rubidium in the Aqueocus phase
Temperature: 25°C
¥: Cs, A: Ba,

O: Sr, 0O: Eb
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Fig. 8 Concentration profiles of Neodymium and Iron
in the mixer-settler
Temperature: 45°C
O: Nd, 4A: Fe
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Fig. 9 Concentration profiles of Ruthenium and Rhodium
in the mixer-settler
Temperature: - 45°C
O: Ru, A: Rh
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Fig. 10 Concentration profiles of Sodium, Palladium,
Chromium and Nickel in the Aqueous phase
Temperature: 45°C
y: Na, ©: Pd, A: Cr, O: Ni



(M)

Concentration

JAERI-M 90-168

1-0E_01 1 T I T I T ¥ I 1 1 1 I T T I 1

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

1 |3 i i

1 i | 1 1
8 9 101112131415186

1.0E-07 :

N-
w b
~k
o
» b
<

Stage No.

Fig. 11 Concentration profiles of Caesium, Barium,
Strontium and Rubidium in the Aqueous phase
Temperature: 45°C
v: Cs, A: Ba, ©O: Sr, 0O: Rb
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Fig. 12 Concentration profiles of Trom, Ruthenium and Rhodium
in the counter—-current stripping with oxalic acid

Temperature: 25°C
O: Fe, A: Ru, O: Rh
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Fig. 13 Concentration profile of Iron in the Aqueous phase
in the counter-current stripping with oxalic acid
Temperature: 25°C
O: Observed, ++: Calculated
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Fig. 14 Concentration profile of Iron in the Organic phase

in the counter-current stripping with oxalic acid

Temperature: 25°C
O: Observed,

+: Calculated
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' *kkX  FelfHHBE Y 2T 2 fkkx

Y e notation -----

"XCi)LY (i) @ Aa..Org. phase concentration (M)

"' D{i) : Fa distributien coefficient (=)

YACIL,i).B()  Constants of J stage mass balance equation

OPTION BASE O
N=186 "t Total stage No.
DEFDBL A-H.0-Z2 : DEFINT I|-L

DIM X(N+{),Y(N+1),A(N+l;N+I),B(N+I),D(N+l)

FA=307 .5 " : Strip flow rate (ml/h}

F0=300.58 ' ! QOrganic Fraction flow rate {ml/h)
FEF=.00561 ' : Fe concentration in Organic Fraction (M)
E=23 ' ¢ Murphree efficiency based on QOrganic phase (%)
X(N+12)=C ' : Fe concentration in Strip (M)

E=E/100 : R=FO/FA

D(t)y=_17 1 DCOY=0 : DI(N+1)=1D+16
FOR 1=2 TO N

DC1y=,13

NEXT |

' FLEITPITPIIF PP PETirriviitry
BC1)=(R+1/DC1}Y/E-1/DC(1))%FEF
FOR =2 TO N
BC1)=0
NEXT |

FOR J=1 TO N
FOR 1=0 TO N
Al 1)=0
IF {=J THEN ACJ, 1)=R+1/DCH/E+T1/DCJ+1)/E-T1/0CT+1)
1F d=Jd+1 THEN A{J,[)==1/D{(J+1)/E
IF I=J-1 THEN A{(J,1)=-R=-(C1/DCJ)FE-1/D(I))
A(S.C)=0
IF J=N AND i=N THEN ACJ,1)=R+1/0¢J)/E
NEXT 1
NEXT J
! ¥kKkkK Gauss elimination method kokdokxk
+++++++ Y, [(Felorg. cal. ++++++++
FOR K=1 TO N-1
FOR J=K+1 TO N
AK,J)=AK. J) /AK.K)
NEXT J
BIK)=B(K)/A(K.K)
FOR [=K+1 TO N
FOR J=K+| TO N
AU JYy=AC1,JY-ACI, KI)XA (K., J)
NEXT J
BCIU)=BC(I)-ACl.K)XB({K)
NEXT |
NEXT K
Y{N)=B(NY/A(N.N)
FOR K=N-1 TO 1 STEP -1
Y (K)=B(K)
FOR J=K+1 TQO N
YK) =Y (K)~A{K.,J)XY (J}

v

+++++++ X,[Felag. cal. +H+++++ 4+
FCR I=1 TO N
XCI)=1/DCI) ZEXY (1) =Y (=1 y %1 /DCIY/E-T1/DC1))
NEXT |

X{1)=X(2)-RXxY (1) +R*FEF

' XX%k¥ Caluculatien end KKK

FOR |=1 TO N

PRINT USING " X{HBL)=RE B A (M) Y(HBY =88 #8222 (M) " XY

NEXT |
END

1Y



