i3 7" International Symposium
@ vv| on Technetium and Rhenium
[ Science and Utilization

ISTR, Retrospectives and Prospects
- In view points of Nuclear Fuel Cycle -

Plenary Lecture

Masaki Ozawa

Tokyo Institute of Technology

JAPAN

History of Technetium Symposium
Tc 1993 — Topical Symposium on the Behavior and Utilization of Technetium
(Sendai, Japan, March 18-20, 1993)
Tc 1996 — Russian-Japanese Seminar on Technetium (Moscow, Russia, July
1-5, 1996)
Tc 1999 — 2nd Japan - Russian Joint Seminar on Technetium (Shizuoka, Japan
Nov.29 - Dec.2 1999)
Tc 2002 - 3rd Russian - Japanese Seminar on Technetium (Dubna, Russia,
June 23 - July 1, 2002)
IST 2005 — International Symposium on Technetium — Science and Utilization
(Oarai, Ibaraki, Japan, May 24-27, 2005)
IST 2008 — 6th International Symposium on Technetium and Rhenium -
Science and Utilization ( ,
October 7-10, 2008) . The 6 delegates honored Prof.Yoshihara
for his pioneering role in the Tc chemistry.
ISTR 2011 - 7th International Symposium on Technetium and
Rhenium — Science and Utilization (Moscow, Russia - July 4-8,
2011)
ISTR2014 -8 (USA)

Prof. kenji Yoshihara2




International Symposium on
Technetium
- Science and Utilization -
Caral, Japan
May 24 - 27, 2005
ium Topics
* Physics and Chemistry of Group 7 Elements

- Coordination and Organometallic Chemistry of Tc and Re

+ Tc and Re in Radiopharmaceuticals and Nuclear Medicine
+ Environmental Behavior of Tc and Re

+ Cosmo- and Geosciences of Tc and Re

+ Nuclear Fuel Repr sing

« Partitioning and Transmutation of Te

« Other Toplcs

[

TSUNAMI at O-arai,
2011.3.11
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JAEA Chirdren’s Science Center, O-arai, was attacked
by TSUNAMI. Re-opened on 19t April, 2011

Tc notes

1.Resources
2.Environmental Impact
* Chernobyl and Fukushima
3.  Nuclear Fuel Cycle
- Reprocessing and Vitrification
4. Utilization
- Catalyst




Will Ic itself be a Rare Metals, or a substitute for Re ?

«Natural fossil fuels (Oil, Gas) and U
are limited in 40-80 years. Rare metals

0 50 100 150 200 250 and coal are limited to around 200
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Re --Mo - ——1 73 years, at 2005 «In turn, PGM seems to be rather
P2 — T | | abundant, however its resource is
Ag B4 ! ! extremely localized. Strategy of
To [ : : — producing countries will strongly affect

the stable supply and prices.

. . . . *Rare earth resource is also world-
R/P Ratio (year) at 2004 on Estimated Available Time  idely localized. About 1% of national

GDP will drop if ca.20% of those

* Re is the rarest element in the earth and the supply decreased.

universe, and will probably be deficient within

a 100 years together with Mo. @ Urban Mine, Nuclear Ore
« On the contrary, Tc is rather rich in the spent

nuclear fuel.

Natural Ore and Nuclear Ore
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Fukushima NPP crisis

Nuclear Power Plants in Japan

rmewElumm- m&m (Commercial plants, as of January 31, 2009)
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Global Rad. Contamination 10
Monthly Fallout in Tokyo/Japan Since 1955

Fallout(Bg/m?2)
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Tc released by Chernobyl

Radionuclide released during the Cherncbyl Accident
Gore inventory on 26 April 1886 | | °tl release during the
y Contamination of a returned Japanese traveler
N - . noti from Kiev
. . ctivity ercent o ctivity
Nuclide Half-life (PBa) inventory (PBa)
HPROMGENEN & Total 57.1nCi
33Xe 53d 5500 100 6500
1311 8.0d 3200 50 - 60 1760
134Cs 2.0 180 20 - 40 54 1311 16 mC) 28 (%)
137Cs 30.0 v 280 20 — 40 85
132Te 780 h 2700 25 - 60 1150 95Z1r-95Nb 8 14
89Sr 520d 2300 6 115 .
e 250 o0 G . 103Ru-103mRh 6.5 114
140Ba 128d 4800 5] 240 141Ce 6.0 10.5
95Zr 1.4h 92600 196 -
S5oMo 370 h 2800 - 168 144Ce-144Pr 5.4 9.5
103Ru 396 d 4800 4 168 140Ba-140La 5.0 8.8
106Ru 1.0 2100 4 73
141Ce 330d 5600 2 195 132Te-1321 25 44
144Ce 28504d 3300 4 116
239N 244 27000 a 55 239Np 25 44
238Pu 86.0 v 1 4 0.035
239Pu 24 4000y 0.85 4 003 137Cs-137mBa 0.7 1.2
240Pu 6 580.0 1.2 4 0.042 134Cs 0.4 0.7
241Pu 13.2 170 4 [
242Cm 1630d 26 4 09 E:> 99Mo-99mT 02 0.4
total 73559 total 10933 15% released
7.3E19Bq 1.09E19Bq

from Chernobyl: Assessment of Radiological and Health Impact. Chapter 2,
The release dispersion and deposition of radionuclides,
2002 update of Chernobyl: Ten years on

http:/ /www oecd—nea org/rp/chernobyl /c02 html

conversion: 10E15 petabecquerel PBq
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Tc released by Fukushima
Water Atmosphere
*Analysis of contaminated water
at TB of Fukushima 1 y- Spectrum of samples at Tokyo
— 11 13 Dayair *No 241Am (?41Pu) and ®“Mo detected at Tokyo
Ba/ec Percent of
Nuglides [:t.;;;{ﬂ) Core Inventory :c‘l:::‘;lud Te_lfi |_/131 Co1a7 Csl34 Dust(3.15)
p— 1 05_ / / Te-132 -> I-132 ]
Co—60 7. 0DE#02
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4 5. 4TE+06 1. 21E+09 0. 453% 1076(1'.2 Bq/l )
LCs 3. 206406 2. 416408 1. 329% . o ‘
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Nuclear Fuel Cycle (¢

Reprocessing, Vitrification)

Pu parification cycle

* to HLLW
Te Balance at the Tokai-Reprocessing Plant, Te2002, Paper No.2514{Dubna)

PGM elements, especially RuO, particle will
increase viscosity of melted glass, and might

must also investigated in this point of view.
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be precipitated at the bottom of melter. (1) St s o e
RuO, also will cause troubles by increasing
of electrical conductivity of melted glass. Precioitati
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Behavior of other PGM , Zr, Mo and TcO, Coaling o
(Alr or Water)
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Tc prospects ,beyond the catastrophe (Conclusion)

1 Separation ( Nuclear Fuel Cycle )
- Environmental (land, sea) contamination and remediation, Bioaccumulation
- Reprocessing scheme, especially undissolved residue
- Vitrification behavior; prior separation of PGM, Tc, Mo?
2 Utilization
+ Catalyst ( Hydrogen production, Fuel-cell ,etc )
- Material ( Anti-corrosive, Heat-resistant alloy ) , Re substitute
- 9mT¢ generation (?**Ufission, Mo(n,y ),(n,2n) ) for medical use
- [ source radioisotope micro battery ?, like ®Ni , 14’Pm (Cornell Univ.,etc)
3 Transmutation T Battery
-+ ”"Raw element” for precious metal production IPC- RAS

E (electrical field)
Emitted electrons | p—

A type pr-junction R — -
radioisotope device Paype Ir)q:llctlwlI Netype
region  region region

. : o Figure 1. Betavoltaic effect a) Schematic diagram of betavoltaic
Nikkei Business Publications  battery ~b) Potential diagram of a betavoltaic effect




Tc in Nuclear Ore ( g/tHM ) | SF-LWR and SF-FBR

FBR MOX, Inner core, 150GWd', cooled 5 years
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(M.Bourgeais, Retraitement du combustible, 1994)

LWR-Reprocessing plant 800 t /y, when recovery ratios will be
80 %,

Annual output of NRM will be, Tc: 0.64t, PGM: 2.56t, Lns: 6.4t, M0:1.92t, etc

Micro NRM Deposits by CEE of S-HLLW, vy 5oy

SEM/EDS Analysis

Mixture of Dendrite and
Coagulated fine sphere
particles

PGM,Tc, Re co-deposit
electrodes showed higher
catalytic activity than Pt-
black on H, production.

Tc showed the same or
higher reactivity than that _ o

. . B Metal ; Ru,Pd,Rh, Oxide ; ReO,, TcO,, MoO,
of Re in these co-deposit B Ru, Rh, Re > Pd. Mo
systems.

—e—t 30 pm
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