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Adv.-ORIENT Cyclein Historical View

on Actinide Recycle
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Spent Fuel, as Artificial Ore

Rare metal| Ru Ph Pd Tc Te Se Note

Weight FBR,
(Kg/ngMt) 13 3.8 12 3.5 3 0.2 150GWdlt, 5 years cooling
RMFP(FBR)ga.47Kg/tHM (Se, Mo, Tc, Ru, Rh, Pd, Ag, Te)
(PWR [4.5%,45,000MWND/t,4 years] ca.12kg)
Dissolver Solution of
Spent Fuel from
CLS Experimental Fast
Nd  Reactor, JOYO
= 15000 | Mo gy
) Zr
= — Pd
= __
o)) Ce
‘o 10000 f i
=
Ba
La
i — Pr Sm
5000 Tc | |rn
Sr v H
KrRb Ag Cd g, H £y Cd
Sh Pm |EY
0 BI"|—|‘|_|‘ \|_|\ \Nb\ I \l_lwl_” \l_lu—n |_| Il \|_|\|_|\Tb\Dy
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How to Utilize RMFP ?

' Ni ; reference

i eleCtrOde for E Ll 215 1 1 i |¥ 1 1 [(4101_ 1 1415-:-. 1 i 5;0 Il 1 (( L l ?15 1t i 1 enol H Il

. commercial TV GrMFeCoMi CuZnGaGe  MNoMo ERuRhRIAGCdIn SnSaTe T WReOsir PtAutg T!Pb Bi

. electrolytic H., | e 5679

: . 2 BP23IS55678K20NI0I0 4445578 KNOCOOOIO S4 345679 LR0OCOKO

i production | A4s22 122221222 S5s 112110122222 6s222221 12222

"""""""""" ' ap 1 2 Sep i 234 ep 123
4th 5th 6th

Periodicity of Hydrogen Overpotential (Acidic Solution,
Ic :1mA/cm?) (Ref.) H.Kita, et al. Denkikagaku, 38,17 (1970)



How much Radioactivity of RMFP at Use?

LE+12

1.EH09

1.E+03

1.E+00

Specific Activity (Bg/g
=
+

1E-03 !

Ru—106 TECDOC-855/IEA

T X

——RuU

1 10 100
Time after separation (year)

Time Dependency of Specific Activities of RMFP Sepatad from

the FBR Spent Fuels cooled for 4 years

“Clearance levels” are proposed by IAEA"TECDOC-855" from 10! to 10° Bqg/g, for
instance, 0.=Ru-106 <1Q 100=Tc-99<1000 ( as for reference, 74 Bg/g , Japan

domestic legal index).
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Howto Separate RMFP ?

A n;o de

R eference Elctrode Power Supply
Ag/AgC n I
50cc cathb df’,vl\lanrr € Bm p
<
10"q:m :|
Catholytes ; Cathode con | L.
S HLLW < 40mm !
for
electrolytic
extraction
tests,
NaOH or Sea
Waterin the
case of H
production
tests

Electrolytic Cell for Separation of RMFP from Simulated HLLW
and for Generation of Hydrogen by Electrolysis

Anode Cel




Deposition yield (%)

Fundamental Electro-deposition Behavior of RMFP in HLLW
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i~ - Rh¥Rh A% 0758
! Te0,/TeO, 0.738

! /~ = ReO,/Re0, —— 0.51
“/ — —. Ru*/Ru ——0.46

ReO, Re —— 0.26
Rudt/Ru* 0.249

H/H, ——0

100 200 300
Time (min)

Separation of RMFP from Simulated HLLW

Galvanostatic Electrolysis ; 500mA/cm (Cathode), Room temp. Cathode; Pt-Ti,
20cn?, S/V: 1/15cmt, Pc?* Addition; Continuously (2.53gPd**/hr), Pd_44.dRU=3.6,



Deposition yield [%]
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How to I mprove the Deposition of Ru, Reand Tc?

Bach-wise Pd?* addition @ Pd (Initial:750ppm)

(0.11g x 3) —&— Ru (Initial:1200ppm
—a— Re (Initial:500ppm)
100 = — o
L pe ® °
. -
B . Ru (Divided Pd?* addition) -
I
/
S Ru (Pd?* addition) ]
/
’/ Re (Divided Pd?* addition)
L il
N/
/i
|
¥ A
| Re (Pd?* addition)
———————————————————————————— Ru (without Pd%)
, = - =-—-—-—"—-"—-"-"-"-"-" - - -"-" - "~ -~ -~ -~ “-~"“~"“-"“-~" -~ - - === - Re (without Pd?*)
PR | | | | | | - )
0 50 100 150 200 250 300 350
Time [min]

Electrolytic Extraction of RUNO3* and ReOy

CEE Effect by Addition of Pd?+ Electrolysis condition ;
H*:2.5M, Temp.:50C, CD :500mA/cn¥, Pt cathode



Systematic Electrolysis Runs

Reducton rato )

No. System
Pd Ru Rh Re Te
1 Pd >99 - - - -
2 Ru - 14 - - -
o Rh - - >99 - -
4 Re . - - 16 -
5 Tc = - - - 1.7
6 Rd-Ru 99.3 60.9 - - -
7 Rd kb 99 - 84.7 - =
8 Pd-Re 99.4 oz e 10 —
9 Ru-Rh o ba 2l - -
10 Ru-Re - 145 - 185 -
1l Rh-Re - . 10 43 -
i PdRuBRhRc 111 ab. 46 45 19 -
13 Pd-Ru-Rh-Re@.5411) 99 11.8 2.1 a3 -~
14 Pd-RuRh-Re@541:1)x1 947 16.5 26.6 55.3
15 PR Bh Rall 111) 90 545 g 20 -
16  Pd Ry Bh Re@ildd Rl 50 32 7 12 -
17 PdRuBhReBi111%kl 60.9 548 198 12.8
18 Pd-Ru-Rh-Re(3:11) 12 13 0 5
19 PdRuBRh ReldB5i11) i 10.7 0 0 .
20 Pd Ru Rh Rell311) 863 6.8 136 9.9 —
21 PdRu-Rh-Rell 131) 96.1 391 i 16.2
522 Pd Ru Rh Rell151) 93.8 411 6.0 9.9
20 PdRuRhE-Rell 113 93.2 36.5 6.1 9.8 -
24 Pd R Eh Rell 115 93.2 324 o 7.9 -
25 Pd-Ru-Rh-Tcl1105) 86.3 41.1 124 - 2.5

*1 Pd dwvided addition

CEE conditions;

- Smooth Pt
cathode(2ch)

- Catholyte: 0.5MHNQ

- 50°C

- Ic (Run12-25): 2.5mA
[cmé (1hr) — 25(2hr)
—50(2hr)—100 (2hr)

10



Acceleration of Deposit ; CEE (Catalytic Electrolytic Extraction) Effect
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Proposed CEE Model

. Ru/Rh/Pd/Re in Solid Solution
Interaction

ReQ, in Island State

Mediator “'/
/
/

No interaction

Promoter

1dand State”

/ / / / / / / Pt (cathode/)/ / / I;t (cathode/)/ / /

(a) Rh3* as Mediator (b) Pd,ystom @S Promoter
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Electrochemical Data on RMFP electrodesin 1M NaOH Soln.

Current/ mA

° Pt

®* Ru

140

,,,,,,,,,,,,,,,,

Currents
- 10¢ Corresponding to
Hydrogen
Evolution at
¢ -1.25V

-16 -14 -12 -1
Potential/ V vsAg/AgC1

-08

The Initial
Hydrogen
Evolution
Potentials
at lc=0

-U.0

Pd:Ru:Rh:Re=3.54:1:1 *1 — Pd:Ru:Rh:Re=1:1:1:1
~ PdRuRh:Re=3.54:1:11 *2 — Pd

—Rh — Pd-Ru
— Pd-Rh — Pd-Re
—_Ru-Rh

Fig. CV on each deposit
electrode in 1M NaOH.

Cathodic Polarization Curves of Pd, Ru, Rh, Re and Tdeposit Pt Electrodes
(left), and CV (right) *Soln. Composition : 3.5:4:1:1, PdDivided Addition
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Electro catalytic Reactivity of RMFP-deposit Pt Electrodesfor H,

Production
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Adv. ORIENT Cycle

Adv anced O ptimization by R_ecycling | nstructive E_lement s Cycle
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Conclusions

- Trinitarian research, Adv.ORIENT cycle, program was st forth
on separation, transmutation and utilization of ingructive
materials.

- Enhanced element separation of An, LLFP, RMFP and
exothermic nuclides is in the duty. Isotope sepati@an of LLFP Is
also in the scope.

- Open up a new forefront field on the chemical / rasdbchemical
utilization of RMFP, Exothermic nuclides, Ln, etcin the industry.

- Based on Adv.ORIENT cycle, symbiotic, environment&y-friendly
energy system by FBR (Pu) and Hcan be proposed.

. CEE process canirecover Ru;, I'c and Re asiwell as; gad R
iiemmitre acid and simulated  HIELEVW: Viax:. separation raties ef
RIVIEPAWErRe;, >99% o) Paland R, 60% e Ruj, S5%eRe ane
256 0IIIG; reSpECHVElN: EXPECngdramatc Increae in
IyarechioHc acIc medie:

* Quaternany (Ru,Rh,Pd,Re) deposit Pt elecirede showdawice: as
Righreactvity. Vs, smoeth P electrode oniine eleoiviic 16
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Table 6-8, 6-9 in the KRI Final Report 2005



