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One of the Essential Issues on the 
Practicability of Fuel Cell is Cost 
Minimization by Decreasing 
Consumption of Platinum 
Element Catalysts; News , 27
July., 2001.

Introduction-3

Fuel Cell

Russia extracted Re (ReS2?) 
from Volcano gas of Kudryavy
at Etorohu Island. Annually 
500 kg (possible max.20 ton) of 
Re will be produced;
News , 11 Sep., 2003.

Re Resource
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RMFP in SNF-1

Spent Nuclear Fuel, 
As an Artificial Ore
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Rare metal Ru Rh Pd Tc Te Se Note

Amount
(kg/HMt) 12.5 3.6 11.1 3.3 2.7 0.2 FBR-SF;150,000MWd/t,

Cooled 4 years.

Rare metal Ru Rh Pd Tc Te Se Note

Amount
(kg/HMt) 12.5 3.6 11.1 3.3 2.7 0.2 FBR-SF;150,000MWd/t,

Cooled 4 years.

Rare metalRare metal RuRu RhRh PdPd TcTc TeTe SeSe NoteNote

Amount
(kg/HMt)
Amount

(kg/HMt) 12.512.5 3.63.6 11.111.1 3.33.3 2.72.7 0.20.2 FBR-SF;150,000MWd/t,
Cooled 4 years.
FBR-SF;150,000MWd/t,
Cooled 4 years.
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Toxicity（Hazard 
Index）of RMFP 
in FR Spent Fuel after 
4 years cooling.

RMFP in SNF-2
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Fig. III-1 Time Dependency of Specific Activities of Fission Rare 

Fig.  Time Dependency of 
Specific Activities of RMFP
Separated from the FBR  Spent  
Fuels  cooled for 4 years
“Clearance levels” are proposed by 
IAEA”TECDOC-855” from 10-1 to 103 Bq/g,
for instance,
0.1≦Ru-106  <10、100≦Tc-99<1000 ( as for 
reference, 74 Bq/g , Japan domestic legal  
index).
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Fig. Catalytic Electrolytic Extraction of RMFP from Simulated HLLW
Galvanostatic Electrolysis ; 500mA/cm2 (Cathode), Room temp. Cathode; Pt-Ti, 20cm2, S/V: 1/15cm-1, 
Pd2+ Addition; Continuously (2.53gPd2+/hr), Pdadded/Ru=3.6, Pdadded/Rh=16.0, Pdadded/Re=9.1
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■ - 0.1 g/l Tc, pH=4 (1st run)
□ - 0.1 g/l Tc, 0.5 M HNO3 (2nd run)
● - 0.1 g/l Tc, 2.0 M HNO3, 0,5 g/l Pd (3rd run) ▼-0.25g/lRu, 2.5MHNO3

Effect of CEE (II) ; Tc

TcO4
- + 3Had + H+→ TcO2・2H2O

Sptn. of RMFP-3

HNO3
Effect (－)

Had Effect( +)

Pdad
Effect (++)

Fig.  Acceleration of Electro-deposition of TcO4
- by Addition of Pd2+

Data obtained by KRI through JNC-KRI Collaboration 2003
10



Pd Pd Pd Pd Pd Pd

TcO２ReO3

ReO4
-

Pd Ru Pd Pd Ru Pd PdPd

RuPd Pd Ru Pd Pd PdRuReO3

Pd2+

Interaction

- O

Pd2+RuNO3+

No interaction

- NO

Pt (cathode)Pt (cathode)

Deposition of Deposition of ＴｃＴｃ or Re with Pdor Re with Pd Deposition of Ru with PdDeposition of Ru with Pd

Fig. Model of Catalytic Electrolytic Extraction

TcO4
-

“Island state”

“Solid solution”

• Interaction between TcO4
- or ReO4

- and Pd2+

in the  bulk solution 
• Deposition of ReO3 and Pd on the cathode 
• No change of the deposition potential for

Re from the mono ionic solution of Re

• No interaction between RuNO3+ and Pd2+ in the 
bulk solution 

• Deposition of Ru-Pd alloy on the cathode 
• Decrease of the deposition potential for Ru

comparing to that in the mono ionic solution of Ru

Struc tural  Param ete rs from EXAFS Curve  Fitti ng

r (Å) coordi nati on no.
Calc ulat ion wi th
m etall ic bondin g

radi us (Å)
Pd - Pd 2.7 7 7 2.7 6
Pd - Ru 2.7 4 5 2.7 1
Ru - Pd 10
Ru - Ru 2.6 9 2 2.6 6

TcO２

- ２O

Sptn. of RMFP-4
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Utilization -1
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Fig.  Experimental Cell
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Utilization -2

Table   Reduction Ratios by Catalytic Electrolytic Extraction

Systeｍ Reduction ratio / %
Pd Ru Rh Re Tc

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(1:1:1:1) 95.7 46.0 14.5 19.0 - Pd≒Ru≒Rh＞Re
Pd-Ru-Rh-Re(3.5:4:1:1)* 99.0 11.8 2.10 33.4 - Pd≒Ru≒Rh＞Re
Pd-Ru-Rh-Re(3.5:4:1:1)* 94.7 16.5 26.6 55.3 - Pd≒Ru≒Rh＞Re
*1：Pd block addition
*2：Pd 5 divided additon

Composion on
electrode Surface
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（×２０００）

Average diameter of 
individual particle
ca.φ1000nm

Pd L20 µm

Ru L20 µmRh L20 µm

Re M20 µm

IMG1 20 µm

Rh Ru

Pd

Re

Utilization -3

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 
Pd2+ 14
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1M NaOH 1M NaOH
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Electrolytic H2 Production (RMFP-Pｔ)

Less 
Active

Active !

Fig.  Relation between Cathodic Current Corresponds to Hydrogen Evolution at -1.25V and
Initial Hydrogen Evolution Potential (fHinit.) 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(Pd2+ bloc addition), *3, 

Pd:Ru:Rh:Re= 3.5:4:1:1(Pd2+ divided addition) 16



希少元素ＦＰ（模擬）析出電極の水素発生反応に関する電力消費

0.6

0.7

0.8

0.9

1.0

1.1

1.2

-2 -1.5 -1 -0.5 0

見掛けの水素発生電位　[ V ]

水
素
発
生
電
力
ｴ
ﾈ
ﾙ
ｷ
ﾞｰ
消
費
量
比

(カ
ソ
ー
ド
電
圧
で
代
表
)

Ni

Ptﾜｲﾔ束

Ti

Ru-Ti

Rh-Ti

Pd-Ti

Re-Ti

Ru+Re-Ti

Pd+Rh-Ti

Pd+Rh+Ru+Re-
Ti

見掛けの水素発生開始電位 （ V vs. Ag/AgCl）

電
力
源
単
位

(Ｎ
ｉ電
極
基
準
、
カ
ソ
ー
ド

)

希少元素ＦＰ（Ｒｕ，Ｒｈ，Ｐｄ）及びＲｅの混合析出触媒に、Niあるいは
平滑Ｐｔに優る 電解水素製造活性を認めた（特許出願中）

Fig.  Energy Consumption for Electrolysis of 1M NaOH,
in the case of RMFP deposit Ti Electrodes
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Electrolytic H2 Production (RMFP-Ti)
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＊ “Joyo”Mox SF (143.8 GWd/t,    
2.23x1027(n/cm2)(E≧0.1MeV)) ：
1.27g/30ml

Pre-
Separation 
of RMFP 
by IX

PtG(Ru106,etc) & 
Tc99-Product

RMFP-free 
Dissolver solution

Diluted HCl
（Elute Ｉ）

MA
Separation
by IXDiluted HCl

（Elute III）

Ln、FP(Cs137, etc) Waste

MA

Re-Dissolution（HNO3)
Addition of CH3OH

HNO3:Me=2:3
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（Elute ＩＶ） Cm-Product
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（Elute ＩＩ）

Evaporation / 
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Split・
Dosimetry

Re-Dissolution 
(dilute HCl)

Gelated Tertiary 
Pyridine Resin

Alkali-Rinsing  
NaOH

U、Pu、Np-Product

Slica-supported Tertiary 
Pyridine Resin

Am / Cm 
Separation 
by IX

Evaporation / 
Solidification

Slica-supported Tertiary 
Pyridine Resin

Step I-A

Step II

Step III

Catalytic 
Electrolytic 
Extraction 
of RMFP

Step I-B
Re-Dissolution
（conc.HCl)

Evaporation / 
Solidification

Utilization

SF*-
Dissolver 
Solution 
(HNO3)

Total 
Actinides 
Recycling

Direction -1

Fig.  Total Separation 
Flow Diagram to 
Recover RMFP, 
Pu+U+Np ,Cm and 
Am Products  by IX 
with CEE Method
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SF Dissolver 
Solution
0.5M HCl

H2O Rinsing

1M NaOH Rinsing

Am 241 4.77E+1 0.05

Eu 155 2.59E-1 0.00

Ce 144 - 0.00

Sb 125 4.26E-2 0.00

Ru 106 - 0.00
Cs 137 3.27E+2 0.05

Am 241 7.16E+0 0.01

Eu 155 3.28E+0 0.01

Ce 144 1.70E+1 0.01

Sb 125 1.17E+3 10.9

Ru 106 5.51E+2 2.00
Cs 137 1.19E+1 0.00

Am 241 - -

Eu 155 - -

Ce 144 - -

Sb 125 9.86E-5 0.00

Ru 106 - -
Cs 137 - -

Am 241 2.76E+0 0.00

Eu 155 - 0.00

Ce 144 - 0.00

Sb 125 1.45E-1 0.00

Ru 106 - 0.00
Cs 137 - 0.00

(%)

Pre-Filtration

Gelated Tertiary 
Pyridine Resin

（Water-rinsed 
Resin ）

（Alkaline soln.- rinsed Resin)
Ru106- free Feed D.S.＊

Am 241 9.88E+4 100

Eu 155 6.10E+4 100

Ce 144 1.24E+5 100

Sb 125 1.07E+4 100

Ru 106 2.76E+4 100
Cs 137 7.18E+5 100

Direction -2 (Bq)

Am 241 7.28E+2 ≫0.74

Eu 155 3.16E+4 ＞51.8

Ce 144 5.36E+4 ＞43.2

Sb 125 3.57E+2 ＞3.34

Ru 106 - 0.00
Cs 137 5.01E+5 ＞69.8

＊ “Joyo”Mox SF
(143.8 GWd/t,    
2.23x1027(n/cm2)(E
≧0.1MeV)) ：
1.27g/30ml

20＊∑γ(FP,Pu fractions, excluding ＭＡ fraction)



Fig. New Back-End Concept ; Fission-Energy Cycle and Fission-Product Cycle
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Spent Fuel
(Dissolver solution, HLLW)

TcO4
-, RuNO3+, Rh3+, Pd2+, Ag+,

Te4+, Se4+

Principles of
Salt-Free 
Concept

LLFP Tc-99, Pd-107*,Se-
79*
*With  isotope separation

Industrial Utilization

Electrolysis
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Fig.  Symbiotic Energy System by Hydrogen and Nuclear, Bridging by RMFP
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・Abundance of  RMFP (Ru, Rh, Pd, Tc, Se, Te) in Spent Fuel
・Applicable of Catalytic Electrolytic Extraction (CEE) Method

・ Symbiotic Energy System by hydrogen and Nuclear, bridging by 
RMFP
・ New Distribution of Precious Rare Metal

Natural RM ⇒ “Noble” Use, RMFP ⇒ Industrial Use
・ New Back-End Fuel Cycle

Fission-Energy cycle and Fission-Product cycle

■ Separation and Fabrication

■ Utilization
・RMFP as Catalysts of H2 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 99Tc and Re in this direction of Utilization

■ Strategic View

Conclusions
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Utilization -5
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■

99Ｔｃ－Ｐｔ in 1M NaOH

■

99Tc-Pt in Artificial Sea Water

Utilization -6
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