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<Background>

Partitioning of An(l11) and Ln(l11)
(* An(l11): trivalent actinides, Ln(l11): lanthanides)

~ What is the An and the Ln?? Where are they in the periodic table??~
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They are not separated in reprocessing process.
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<Background>

~ Why is the partitioning of An(l11) and Ln(l11) required??~

Transmutation strategy for reducing high-level wastes (HLW)
(Targets: *°Tc, 1271, 13°5Cs, 2*1Am, ?Cm...... )

mmd) The transmutation of Am & Cm requires;

Separation of An(l11) from Ln(l11) (Intergroup separation)
&
Individual separation of An(l11) (Intragroup separation).

BB

Chromatographic separation technique using a tertiary pyridine resin
(Liquid-Solid extraction chromatography)
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<Experimental>
~Apparatus~

‘ ) Tertiary pyridine resin (60 ¢ m
H Resin column: 1 cm-@ x 10 cm

| A or1cm-@ x50 cm
o - and Y -ray spectroscopy
>l or
ICP-AES
Solvent composition:
3 Sample = Eluent

Sample: An(I1D/Ln(I11) mixture
in HCI(HNO,)/Alcohol
Eluent: HCI(HNO,)/Alcohol
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~Materials~

<Experimental>

Tertiary pyridine resin impregnated in silica beads

—CH;CH—CH; CH—
Impregnated

N

—CH;CH—
<Tertiary pyridine resin>

S (] OV x1. 5K I30BmEa.
R ]

<Silica beads (60 u m)>

» Soft-donor type extractant
(Effective for An/Ln separation)
 High acid-resistance
» High radiation-resistance

e Structurally strong
(No swelling and shrinking)
 High acid-resistance
 High radiation-resistance

II‘ Favorable for practical uses!!
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<Results (Chloride system)>
~Intergroup separation of An(l11) and Ln(l11)~
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Typical chromatogram of An(l11) and Ln(l11) Typical chromatogram of An(l11) and Ln(l11)
by using anion exchange resin (Dowex 1X8) by using tertiary pyridine resin
Solvent: conc.HCI : MeOH =7 : 3 Solvent: conc.HCI : MeOH =7 : 3
Size of resin column: 1 cm@ X 10 cm Size of resin column: 1 cm@ X 10 cm

The pyridine resin adsorbs An(l11) far more strongly than Ln(l11) in HCI/MeOH system,

mmmmdp AN(I11) are separated from Ln(111)!!
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<Results (Chloride system)>
~Effect of alcohol content in solvent~
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Adding alcohols in solvent promotes;
1. adsorption of An(l11) and Ln(l11) in pyridine resin,
2. separation between An(l11) and Ln(l11).
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<Results (Chloride system)>
~Intragroup separation of An(l11) and Ln(l11)~
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Typical chromatogram of An(l11) Typical chromatogram of Ln(l11)
by using tertiary pyridine resin by using tertiary pyridine resin
Solvent: conc.HCIl : MeOH =7 : 3 Solvent: conc.HCI : MeOH =5:5
Size of resin column: 1 cm@ X 10 cm Size of resin column: 1 cm@ X 100 cm

Although each elution peak is separated individually,
It appears that individual separation is difficult in the chloride system.
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<Results (Nitrate system)>
~Intergroup separation of An(l11) and Ln(I11)~
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applicable to An(l11)/Ln(l11) separation. Effective fonc radius* /nm

(* R. D. Shannon, Acta Cryst., A32, 751 (1976))
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Concentration / Arb. unit
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~Intragroup separation of An(l11) and Ln(l11)~

conc. HNO3 : HZO : MeOH =

<Results (Nitrate system)>
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by using tertiary pyridine resin

[ Solvent: conc.HNO, : MeOH =4 : 6

Size of resin column: 1 cm@ X 10 cm
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The nitric acid system is useful for

the individual separation of An(l11) and Ln(l11)!!
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<Results (Effect of acid concentration)>

Solvent: conc. HCI : HZO :MeOH=6:0:4 Solvent: conc. HCI : HZO :MeOH=5:1:4
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g e ! Decreasing tendencies of K; &
8 1} \ 70 vol9%-MeOH y HCI system >> HNO, system
“g 6—.\ .% _ =
2 sl ° ]
5 \.\:\. 50 vo19%-MEOH] Efficient separation requires
5 L[ ® ] : :
S [ FovoleMeoH \'\\F%. || higher concentration of HCI (HNO,).
T 2r ® .
Zl L (lower water activity)
[HCI] / mol/dm®
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Step 1 Step Step 3
HLW =" S A, Lo f] Anq) s Am
..... » Cm
' T . - » Cf
U, Np, Pu x :
FPs1 FPs2
Ln I I I .......... > Lnl
<HCI system> s N2
..... > Ln3
Step 1: Separation of An(111) & Ln(lI11) :
from other An and FPs <HNOQO, system>

(U~Pu can be separated from An(l11) & Ln(l11).)
Step 2 & 3: Inter- and Intragroup separation of An(l11) and Ln(l11) (This work)

Transmutation
or
Recycling

Recycling
or
Disposal

Problems to be solved: Separation of FPs from An and Ln(l11)!!

TR L ELE e
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<Summary>

» A novel chromatographic separation technique using a
tertiary pyridine resin is effective for the partitioning of
An(ll)

and Ln(l11).

» The separation technique is applicable both to the intergroup

separation of An(l11) and Ln(lll) and to the intragroup
separation of these elements by using several solvent systems.

» The intergroup separation of An(l11) and Ln(l1l) can be
achieved in HCl/alcohol system and their intragroup separation
can be roughly achieved in HNO,/alcohol system.

»Adding alcohols in solvent improves the efficiency of
separation.

> Effective separation requires hiqh acld concentration.
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Distribution coefficients Kd
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Temperature / K

Variation in distribution coefficients of Ln(I11)
against temperature
( Solvent: conc.HNO, : H,0 : MeOH=3:5: 2]

.

For efficient separation;
Lower temperature is required.
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Variation in distribution coefficients of Ln(l11)
against flow rate
( Solvent: conc.HNO, : H,0 : MeOH=3:5: 2]

.

Flow rates have almost no effect.
=) Rapid operation is possible.
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<Advantages & disadvantages>

Advantages Disadvantages

® Simple apparatus ® High acid concentration

® Mixture of acidic solutions

® Simple separation procedure
P P P and alcohols

® Simple solvents ® Combination with PUREX
(HCI, HNO,, Alcohols) ——
® Simple extractant e[ gatie Em gam
(Pyridine resin: C, H, N, Si0,)| s~y g™ '_
® Recyclable extractant P
® Effective for An(111)/Ln(111) Sl _;
Separation 0'0(; - 100 0 ' S(I)O ' 4(|)0 500 6-00

Effluent Volume / cm®

(Size of resin column: 1 cm-@ X 50 cm)
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<Lithium Chloride System>

LiCl/ MeOH mixture —
—— H,0
10 B ! | ! | ! | ! | " I 7
= Am | Solvent: p
2 gl © . Cm | | 70v0l%-11.7 mol/dm3-LiCl
> s _ / 30 vol%-MeOH
f% wl 2 14708 | \Resin column: 1cm@ X 10 cm
= ¢ “'Nd
s |
E 04 AAAMA |
3 ApA AAA S ‘ Distribution coefficient:
§ 0.2 o ”’A A&A i LiCl solvent >> HCI solvent
00 %‘ wdhetiibted?’ XN
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H

CH,

CH—

CH, <Possible mechanism??>
<Covalent interaction>
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<Calculation>

Dead VVolume

V

M

Vy Kg=(Vm—Vg) I Vi

Concentration

a g = Ky(A) I Ky(B)

Effluent Volume
(V, : Volume of Resin in Column)
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<Gadolinium-L,,, EXAFS>

25 : T u T u T u T u T T u T z T U T ]
Rav,vgec,tra
| el FEFF-Fitting
=~ _ conc.HCI:MeOH water
R =5:5 °
4 o
2
5
0 - Bl Pyridine resin § ]
‘ (conc.HCI:MeOH =5 : 5) E conc.HCI : MeOH
i [ =50
2 él‘r l (15 8 10 12
k/A*
. Pyridine resin
<k3-weighted EXAFS spectra> (concHCI : MeOH =59
<Structural parameters> o 1 2 3 4 5
N, ..:85-92@ 242 A R/AY
. water t & H CI /M OH (* Phase shifts are not corrected.)
(m HAELEL € ) <Corresponding fourier transforms>

(All spectra were collected at BL-27B@PF-KEK.)
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