Separation of Rare Metal Fission Products
IN Radioactive Wastes in New Directions
of Their Utilization
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RMFP in SNF-1

Remetd RU Rl M To T Not

Amourt FBR-SF:150 000MWal
llHM) SRR (ool 4 s

Spent Nuclear Fuel,
As an Artificial Ore

a. Elements in the FBR-S.F. (g/t), 3: Elements in the Earth Crust (g/t)



RMFP in SNF-2
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Sptn. of RMFP-1 100
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Fig. Catalytic Electrolytic Extraction of RMFP from Simulated HLLW

Galvanostatic Electrolysis ; 500mA/cm? (Cathode), Room temp. Cathode; Pt-Ti, 20cm?, S/V: 1/15cm-1,
Pd2* Addition; Continuously (2.53gPd?*/hr), Pd_,.,/Ru=3.6, Pd_,.//Rh=16.0, Pd_,.,/Re=9.1






Sptn. of RMFP-3

Effect of CEE (II) ; Tc

(&) [ 120
= TcO, + 3H,, + H* - TcO, 2H,0 /4 A’-\
© / 0
A el \
25 - Hyy Effect(+) | 4 80! 1 HNO,
Qo | [.-H | aﬂ(”  Effect( )i
o< ouT el S .
E R A
=) Pdad [ 40|
5K . Effect (+4) / / %I/ - \
o2 ]\20\ —
W |
v - \ U \
0.9 0.7 0.5 0.3 0.1 -0.1 -0.3 -0.5
E,V( .NHE)

m - 0.1 g/l Tc, pH=4 (1st run)

[1-0.19g/l Tc, 0.5 M HNO; (2nd run)

® -0.19g/l Tc, 2.0 M HNO,, 0,5 g/l Pd (3rd run) v -0.25¢g/IRu, 2.5MHNO,

Fig. Acceleration of Electro-deposition of TcO, by Addition of Pd?*
Data obtained by KRI through JNC-KRI Collaboration 2003
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Sptn. of RMFP-4

Deposition of  or Re with Pd Deposition of Ru with Pd
* Interaction between TcO, or ReO, and Pd?* * No interaction between RuNO3* and Pd?* in the
in the bulk solution bulk solution
« Deposition of ReO, and Pd on the cathode » Deposition of Ru-Pd alloy on the cathode
* No change of the deposition potential for  Decrease of the deposition potential for Ru
Re from the mono ionic solution of Re comparing to that in the mono ionic solution of Ru

. . ) ) Structural Param eters from EXAFS Curve Fitting
Mediator Interaction No interaction

Calculation with
r (A) coordination no.ff metall ic bonding
radi us (A)
277 7 2.76
274 5 271
10
269 2 266

“Solid solution”

/Pt (cathode) /Pt (cathode)

Fig. Model of Catalytic Electrolytic Extraction
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Utilization -1
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Fig. Experimental Cell




Utilization -2

Table Reduction Ratios by Catalytic Electrolytic Extraction

Syste Reduction ratio / % Composion on
Pd Ru Rh Re TC electrode Surface

Pd >99 - - - - -

Ru - 14 - - - -

Rh - - >99 - - -

Re - - - 16 - -

Tc - - - - 1.7 -
Pd-Ru 99.3 60.9 - - - Pd Ru
Pd-Rh 99.0 - 84.7 - - Pd Rh
Pd-Re 99.4 - - 10.0 - Pd Re
Ru-Rh - 58.2 32.5 - - Ru Rh
Ru-Re - 14.5 - 13.5 - Ru Re
Rh-Re - - 10.0 43.0 - Rh Re

Pd Ru Rh Re
Pd Ru Rh Re
Pd Ru Rh Re

Pd-Ru-Rh-Re(1:1:1:1)  95.7 46.0 14.5 19.0
Pd-Ru-Rh-Re(3.5:4:1:1)°  99.0 11.8 2.10 33.4
Pd-Ru-Rh-Re(3.5:4:1:1)°  94.7 16.5 26.6 55.3

*1 Pd block addition
*2 Pd 5 divided additon




Utilization -3

Average diameter of
individual particle (=)
ca.¢@1000nm

Fig. EDS(EPMA) of the deposits on the Pt Electrode from Nitric Acid

Solution ; Soln. Composition : Pd-Ru-Rh-Re(3.5:4:1:1) Divided Addition of

Pd?* 14



Utilization -4
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I . e e 140 | \ 3 3
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} The Initial | | \
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204" Evolution i | oo
_/ Potentials
| Ic=0
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Potential / V vs.Ag/AgCl

Potential / \V vs. Ag/AqCl

Fig. The Cathodic Polarization Curves of Pd, Ru, Rh, Re and Tc deposit Pt
Electrodes and Pt Electrode (left), and Pd-Ru-Rh-Re deposit Pt Electrode*
(right) *Soln. Composition : 3.5:4:1:1, Pd?* Divided Addition
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Utilization -5

200 | .
Electrolytic H, Production (RMFP-P ) | _
§ Active !
I quaternary*2
: Ru quaternary*3
= Rh-Re H
. ° WRurh
> .
Q : W guaternary*1
— [ !
I m Pd-Ru
= |
%; 100 - i
~ | Ru-Re .-
40(:_; | Pd-Re
= T Pd-Rh___ ..
3 L & . ® Tc
3 |
% ~ Less |
O ' E
Active = Pd i
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dninit. (V vs. Ag/AgCI)

Fig. Relation between Cathodic Current Corresponds to Hydrogen Evolution at -1.25V and

Initial Hydrogen Evolution Potential (f.;.;;) on each Deposit Electrode in 1M NaOH.
Deposits from the quaternary ionic solution; *1, Pd:Ru:Rh: Re=1:1:1:1, *2, Pd:Ru:Rh:Re=3.5:4:1:1(Pd?* bloc addition), *3,
Pd:Ru:Rh:Re= 3.5:4:1:1(Pd?* divided addition)



Utilization -6

Electrolytic H, Production (RMFP-Ti)

Relative Energy Consumption

( for Ni electrode)

12

11

10
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Initial Hydrogen Evolution
Potential (V vs. Ag/AgCl)

©® Ni
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X Ru-Ti
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+ Pd-Ti

X Re-Ti

4 Ru+Re-Ti
& Pd+Rh-Ti

[ Pd+Rh+Ru+Re-
Ti

Fig. Energy Consumption for Electrolysis of 1M NaOH,

In the case of RMFP deposit Ti Electrodes







Direction -1

SF (143.8 GWdIt,
Evapratony [l BBE o 2291 %97(n/cm2)(E SRV
.279/3
. | ssolution
(dllute Cl)
Diluted HCI RMFP-free
Elute Dissolver solution — Utilization
I
Gelated Tertiary
pyridine Resin PtG(Ru106.etc) & [~ [
AkalRine Tc99-Product
ali-Rinsing
NaOH Step I-B
Step I-A Re-Dissolution Evaporation /
conc.HClI) Solidification
C d HCI
once.;tl:fge — Ln FP(Cs137, etc) Waste
Slica-supported Tertiary
Pyridine Resin MA
Diluted HCI
Elute 11l - U Pu Np-Product
Step |l
Fig. Total Separation Re-Dissolution HNOy) |
i Addition of CH;OH ¢ Total
Flow Diagram to HNO; Me=2:3 SehaRcation > Actinides
Recover RMFP, HNO, +CH,OH Recycling
—> Cm-Product
Pu+U+Np ,Cm and —SUe__
Slica-supported Tertiary
Am Products by IX Pyridine Resin

with CEE Method

Diluted HNO,
Elute

=» Am-Product

Step Il
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Direction -2 (Bq) (%)
Am 241 | 988E+4 | 100 SF Dissolver £14‘§,?§>@” e >F [ Am241  |477E+1 | 0.05
Eu155 | 6.10E+4 | 100 |---] Solution DA E - [Ei 155 [2850e1 | 0.00
1.27
Ce 144 1.24e+5 | 100 0.5M HCI g/30m Ce 144 0.00
' ]
Sb 125 1.07E+4 | 100 Sb 125 4.26E-2 0.00
Ru 106 | 2.76E+4 | 100 | RU 106 |- 0.00
Cs 137 7.18E+5 | 100 Cs 137 3.27E+2 | 0.05
o Pre-Filtration
HZO RInSIng i Am 241 7.16E+0 0.01
! Al R Eu 155 3.28E+0 | 0.01
Gelate¢l Tertiary | Water-rinsed o 122 5oL
Pyridirie Resin Resin © el B
o E Sb 125 |117E+3 | 10.9
1M NaOH Rinsing
Ru 106 551E+2 | 2.00
. Cs 137 1.19e+1 | 0.00
Alkaline soln.- rinsed Resin) Am 24l |- i
' g Rul06- free Feed D.S. Eu 155 ;
Am 241 | 2.76E+0 | 0.00 AM 241 | 728642 | 0.74
Eu 155 | - 0.00 Ce 144 -
: Eu 155 3.16E+4 51.8
Ce 144 | - 0.00 Sb 125 9.86E-5 0.00
: Ce 144 5.36E+4 43.2 RU 106
Sb 125 | 14561 | 0.00 Sb125 | a57E+2 | 3.34
Ru 106 | - 0.00 Csi37 - i
: Ru 106 | - 0.00
Cs 137 - 0.00 l Cs 137 5.01E+5 69.8 S v(FP,Pu fractions, excluding fraction)
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Direction -3
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Nuclear Industry]

Fig. New Back-End Concept ; Fission-Energy Cycle and Fission-Product Cycle



Direction -4

Spent Fuel
Natural Rare (Dissolver solution, HLLW) P
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L
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Fig. Symbiotic Energy System by Hydrogen and Nuclear, Bridging by RMFP 22




Conclusions

Abundance of RMFP (Ru, Rh, Pd, Tc, Se, Te) in Spent Fuel
Applicable of Catalytic Electrolytic Extraction (CEE) Method

RMFP as Catalysts of H, Production and Fuel Cell

Excellent Ability of Quaternary, Pd-Ru-Rh-Re deposit Pt or Ti electrodes
for Electrolysis of either Alkaline or Sea Water

Expectation of ®*Tc and Re in this direction of Utilization K

Symbiotic Energy System by hydrogen and Nuclear, bridging by
RMFP

New Distribution of Precious Rare Metal i \ "’
Natural RM  “Noble” Use, RMFP  Industrial Use S o
New Back-End Fuel Cycle \ L;\
Fission-Energy cycle and Fission-Product cycle !' :
— \"1' Ca
i . 23






RMFP in SNF-2

100 ,
I O Analysis:LWR-HLLW
~ B Simulated HLLW
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0.0 Bt 1ttt . ] meE iE rEE

0.001 (@It trtrtrtrttmi . ] men iE rElEns
0.0001 *

H+Li B NaAl SiCaCrFeNiZnge Sr Y Zr voI¢RURhPdTeCsBalaCePrNd S Eu U Pu
RMEP Element

Fig. Elemental Composition of High Level Liquid Waste (HLLW)
(H+ : mol/l)



Utilization -5

V vs. Ag/AgCl

Initial Hydrogen Evolution Potential

-12

*1 Pd-Ru-Rh-Re=1-1-1-1 *2 Pd-Ru-Rh-Re=3-4-1-1  /(Ru+Rh+Re)=1.6 Bloc Addition of Pd2+
*3 Pd-Ru-Rh-Re=3-4-1-1 /(Ru+Rh+Re):1.6 Continuous Addition of Pd2+

Fig. The Initial Hydrogen Evolution Potentials
on Various RMFP-deposited Pt Electrodes
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Utilization -6

160
<
£ 140
= 120
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5} 100
= 80
@)
g 60
S 40
20
0

Fig. Cathodic Currents for Hydrogen Evolution of RMFP deposit Pt Electrodes

—o—1 Soln.
—#— Artificial Sea Water

RMFP-deposit Electrodes

*1 block addition of Pd**, *2 divided addition of Pd**

at ¢-1.25V ( vs.Ag/AgCl)) in 1M NaOH and in Artificial Sea Water
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