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Proceedings of the 4th Seminar of R&D on Advanced ORIENT
“Strategy and Technical Requirement for New Resource of Noble Metals in
Advanced Atomic Energy Science”
Swany Hall, Rokkasho-Mura, on July 30", 2010

(Eds.) Yuji SASAKI, Shinichi KOYAMA and Masaki OZAWA

Division of Fuels and Material Engineering
Nuclear Science and Engineering Directorate, Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken
(Received September 28, 2010)

The 4th Seminar of R& D on advanced ORIENT, “Strategy and technical
requirement for new resource of noble metals in advanced atomic energy science” was
held in Swany hall, Rokkasho-Mura, on July 30™ 2010 organized by Japan Atomic Energy Agency.
The first meeting of this seminar was held at Oarai, Ibaraki on May, 2007, the second seminar was
held at Tokai, on November, 2008, and the third seminar was held at Sendai, on October, 2009.
Spent nuclear fuel should be recognized as not only mass of radioactive elements but also potentially
useful materials including platinum metals and rare earth elements.  Taking the cooperation with
universities related companies and research institutes, into consideration, we aimed at expanding and
progressing the basic researches.  In this seminar, there are many poster presentation included, and
the useful discussion with many students are performed.

This report records abstracts and figures submitted from the oral speakers in this seminar.

Keywords: Nuclear Fuel Recycling, Platinum Metal, Rare Earth Elements, Separation, Recovery,

Utility, Radioactive Elements
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Advanced ORIENT Cycle, Spinning A Dream Come True
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It has often proved true that,
the dream of yesterday is the hope of today, and the reality of tomorrow

by Robert Hutchings Goddard
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Scientists are those people who solve the problems which they can solve, and
engineers are the people who solve the problems which have to be solved

by Albert Einstein
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earths B B R B
na. || na ||® | 7X L L L Pooo | L L L L P00y |
| 111 111 111 111 | 111 1 111 L1 111 | 111 L1l 111 L1l
u(vIy Pu(IV) La(liny| | Pray| [N | cd(im|
r r r N r r r r rare [ N - r
L L B L L L L B earths L na || na || na || na.
111 111 L1l 11 1 ﬁ L1l c/x/zly 11 11 1 1 1
V] 3 211oS +1 A v
BHRRTOE DU RBIEDSBA4 0 DRERE

FUIALL—2a  WBTERTER TR |

Am 241 100 ] 0.
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“ Pre-Filtration” / €
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= BB HHR
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Zr

- free Feed D.S
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Eluate by 0.5M HCI
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SERICAVWEREES LAV KA OBK

g/LL g/LL g/L,
Na 22.6 Mo 2.94 Y 0.433
P 0.393 Re* 0.876 La 1.1
Fe 4.34 Ru 1.71 Ce 2.11
Cr 0.205 Rh 0.349 Pr 1.05
Ni 0.55 Pd 0.921 Nd 3.61
Rb 0.311 Ag 0.037 Sm 0.767
Cs 2.14 Cd 0.052 Eu 0.121
Sr 0.769 Sn 0.039 Gd 0.061
Ba 1.34 Se 0.043 [ HNOg3; 2N
Zr 3.29 Te 0.456

*Re: TcORE

B ELANIVEER S OB E R =R
i3
BATRDIRSGFVORET  EEBFE

KECRE
R 2 iR
ik 1 By ]

TEDTIZICP-MSZEFIA

BV :0~6 g (1.24cm3/g)

BIELAJLER: 10mL

:25°C (fERIRZEZFA)
- 150RPM
: 2 ARFFE
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WX ERREIIE AR T M, B OGN TERERZHSICG T2 2R TEDH, ZNEHE
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BEREID T L AR ORIECIRE
FEfEsRE ©: Cs-M(-100M): 1.2 GPa, (Cs,Sr)-AZ>Cs-M>Sr-AZ
BE:. 15~25g/cms (CsSr-AZ = Cs-M > Sr-AZ
W25 v O 2BIBIEND S DCs,SrdEB M
=EE 0.1 MHNOz > 0.1 M NaOH > 0.1 M NaCl > 288K
WEEDRQ
AEBEBICELSIVvIORUBDAH —EMREENRLEET W/ (MmK))

Leached percentage of Cs and Sr in different leachants at 25 and 20°C
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4. Russian Experience on Tc and Re : “Technetium Renaissance 2010”

Konstantin E.German

Laboratory of Radiochemical Researches, Institution of Russian Academy of Sciences

AN. Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow, Russia

Abstract

The principle achievements of recent Russian researches in technetium chemistry, metallurgy, environmental
science, nuclear reprocessing and applications are overviewed. The allied aspects of rhenium chemistry and
applications are compared. The progress in technetium handling during the spent nuclear fuel reprocessing was
based on the fundamental studies of numerous new technetium mono- and polynuclear compounds and species [1-
15]. The previous achievements were reviewed in [16].

In concentrated water solutions Tc(VIl) often forms crystals isomorphous with perchlorates while in
concentrated anhydrous solutions Tc(VI1I) behaviour is more similar to Re(VI1I) compared to CI(VII) [1-5].

Interesting results were obtained with the Tc-DTPA complex formed under advanced PUREX conditions [8].
Great progress have been achieved in the understanding of Tc(VI1) behaviour in acids [9-11, 22] that is important
for explanation and prediction of Tc and Re handling in acids, including the concentrated acid solutions. The
investigation in crystal structures of Tc compounds [2-4] enabled us with direct recommendations for the template
synthesis for Tc and Re sensors [10] that are used in Tc-ion-selective electrodes [23]. The progress in Tc
chloroacetate and carbonyl compounds gave chance for advanced Tc metal and Tc carbide films deposition [14-15,
19]. Technetium and rhenium sulphides, peroxides, nanoclusters and complex organic derivatives were studied
both with respect to medicine and to environmental behaviour of these elements [6-8, 11-13, 24, 28]. Technetium
influenced by extremophilic microorganisms was reported in [25] with respect to technetium behaviour under
extremee environmental conditions (up to 80°C, high pH and salinity). The work on DTPA complexes was
carried in Russia in 2009-2010 within RFBR-09-08000153 [8, 21], while the work on technetium nanomaterials
was fulfilled within RFBR-09-03-00017 [17, 20, 26-31].
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The Fourth Adv.-ORIENT Cycle Seminar
“New Resource Strategy Pioneered by Advanced Nuclear
Science and Technology”
Rokkasho-mura, Aomori, Japan
July 30, 2010

Russian Experience on Tc and Re :
"Technetium Renaissance 2010”

K.E. German

Russian Academy of Sciences

A.N. Frumkin Institute of Physical Chemistry and
Electrochemistry

Plan of the presentation

Tc and Re discovery, their abundance in the Earth crust
The main problems allied with Tc
And its solutions based on the fundamental studies in IPCE RAS

Development of separation technologies
Attempts of application (corrosion, metallurgy, catalysts).
Rise of ecological accent in the investigations.

Discussion: Spent Fuel Storage, Separate long-term storage or
Transmutation

8. Improvements of separation technologies (SPIN-program (France),
Adv.-ORIENT Cycle (Japan), PO Mayak- IPCRAS- Radium institute
Russian program.

9. International collaboration of IPCE RAS with USA, France and
Japan

10. “Renaissance” of Transmutation iroiram
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.Tc” and Re In Earth

crust

Re — the Jowest natural abundance of all stable elements, Tc even less...
Usually we say — no Tc on the Earth, but : 7¢ natural concentration in earth
crust 7108 %

» (Mo, Ru, Nb) cosmic rays — 29Tc (50 ton)

»235.238(J, 232Th (spontaneous fission) — 29Tc (50 ton)

»>Total Tc 100 ton naturally, plus: accumulation 10 ton per year in NPPs

Question arise . who discovered Tc? 1908 .
Prof. Ogawa (Japan)
R ? Nipponium

Confirmation in 1999: K.Yoshihara,

C. Perrier and E. Segre <

1925
V. Noddak , I. Taker, O.Berg
Mazurium (Z = 43) in one (U,Re) ore
X-ray spectral and ICP MS
Confirmation in 1988: P.H.M.Assche
(Molle, Belgium)

Technetium (Z=43)

42MOA (d,n) 4 TcA

Main problems of Tc

e Tc is important item in Nuclear Industry

e Tc redistribution in PUREX produces
flows with long-lived high radioactive
wastes

e Tc interferes at U/Pu separation stage in
PUREX process

e Tc accumulation in High burn-up fuel
together with Mo, Ru, Rh

e Tc Iin nuclear waste vitrification: Tc-Mo-
Ru metal phases, Tc(VIl) volatility
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Typical nuclear spent fuel

reprocessing involving PUREX

EFFLUENTS
1K

® GAS LiUDS o

hio C TREATMENT TREATMENT 3 o
KiXe |
U slorage n ﬂ
"W FUEL STORAGE SHEARING & S0LID HLW S0UDS
,‘3 UNLOADING POOL " #DISSOLUTION i CEMENTING TREATMENT
e
s ’
m PRODUCT C: UfPu SEPARATION C: EXTRACTION
‘f:' g"i" Pu02 FISSION PRODUCTS vital
b PRODUCT <: PuREDUCTION CONCENTRATION & FICATION
o £ INTERIM STORAGE

High level solid Tc wastes :

dissolution and vitrification

Increasing burn-up in the SNF leads to lower oxidative
potential — the metals like Mo, Tc, Ru forming
mutual e-phase (white inclusions) that is insoluble in
nitric acid — formation of HLSW.

In vitrification of HLLW the same metals (Mo, Tc, Ru)
are either volatile (oxic conditions) or forming
metal e-phase dendrites (reducing conditions)
that lead to several furnace problems

Investigation of these phases by means of NMR,

EXAFS and others could help us in handling
them
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Some important features of
liguid waste problems and its

actual or possible solutions

1. Tc redistribution in PUREX 2. Tc interferes at U/Pu
produces flows produces long-lived partitionning stage in
high radioactive wastes PUREX process
feed yreductor
=)
o~ . . . ——P UPY)—] U
9
HLSW HLLW Pu
Ways of improvement: Ways of improvement:
1.Improved PUREX: Additional step 1.Preliminary separation of Tc
inserted at E-P for Tc wash-out with 4M (Cogema, La-Hague)
HNO3 (Fance, UK, Russia, Japan) 2.Acidity control and soft
2.Move from PUREX to UREX (considered reductors (RT-1, Ozersk)
in USA) 3.Complexation of reduced Tc

3.Pyrometallurgycal reprocessing of high  with DTPA or other complex
burn-up fuel (Russia, NIIAR - Dimitrovgrad) forming agent (RT-1, Ozersk)

Some examples of Russian
experience in PUREX

iImprovement (compared to w

FU Mpmii{t = e The first cycle flowsheet of RT-1
o5 £ Weskeagid plant is essentially similar to the
e r"l?r{““_—]t’ THORP flowsheet but is
Fe(I) + - - - - - -
m"_ﬁlj_i‘:lrwos;lr Stonsacid dls_tlngwshed by more reliable joint
TN THTe) stripping of Pu, Np, and Tc due to
_— IJ‘:L:;Er . fairly low acidity.
210, o T ) *This is attained owing to
Mocifiod Puex procss introduction of a special cycle for
VL S S T o A separation of Pu and Np using large
e [P0 e U T0 amounts of Fe(ll);
*As a result, there are serious
s ﬁ& problems with evaporation of the
@ i . T raffinate of Pu-Np purification cyces
and with localization of Tc in the
Su high-level waste.
3 o Do e *[Zilberman,Radiochemistry 2008]
|
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C(Np)=1,6*10" mons/n,
C(Tc)=1,15*10"3 monsb/n,
C(HNO3)=1,67 monb/n,
Co(N,H5NO3)=0,3 monb/n,
t=45°C,|1=1 cm

Reducton of Np(V) by hydrazine
in presence of Tc(VIl) in 1.5 M
HNO; (Tc catalytic effect)

Np (V)+Tc(VII)

Tc(IV)+Tc(X)

) 02 \ v Np (V)
Np (V) 15
01 (} / Np(IV)
__/ pryes

‘0 20 40 6 8 20 400
'[]n‘E,mn ﬁrTE,rTin
Starting up \The end of the process|
.

Tc benefits:
production for medicine

Possible: transmutation into

Three main approaches elaborated,
also having advantages and disadvantages
e HEU irradiation in the nuclear reactors (NR) or ADS
e LEU irradiation in the NR or ADS

Enriched Mo-98 or other isotope irradiation at
accelerators

e Medical Tc-99m application : 800 publications all
over the world per year ! Millions of patients treated.

e Possible conversion of waste Tc-99 into stable noble
metal — monoisotopic Ru-99 in NR or ADS
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Elaboration of separation methods
and extensive fundamental studies

(by 1957 — 1977)

USA, Germany Russia, Czechoslovakia
e Boyd G., Cobble J., e V. Spitsyn, A. Kuzina, F.
Parker G. Tsarenko (extraction with

acetone, ion exchange)
e V. Shvedov, Kotegov,

later - G. Akopov, A.
Krinitsyn (analyt. chem.,

e C. Coleman et all (Oak
Ridge, extraction with
trilaurylamine)

e Rapp A.F. extraction, ion exchange)

e Davison S.A, Trop H., e L. Zaitseva, V. Volk
Cotton F.A. (crystallization and other)

e Schwochau K. e Arapova, Yu. Prokopchuk,

G. Chepurkov (extraction,
ion exchange)

e Macasek F., Kadrabova

Industrial separation

of Tc-99g and Tc-99m

Five main approaches were elaborated,
each one has its advantages and disadvantages

Precipitation \ co-precipitation
(USA, Russia)
Selective gas adsorption
(USA, Kentucky)
Anion exchange (USA, Russia)
Adsorption at carbon  (Japan)
Liquid-Liquid Extraction (USA, Russia, France, Japan)
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Separation of Tc from HAW of

gas-diffusion plant in USA

e Separation of Tc as Airborne radionuclides discharged at

TcFs was made with Portsmouth, 1989-1993 (ORNL-DWG 94M-8261)
MgF, filters at 125°C 10 7
in 1960 - 1963 from v 8 =
HAW of gas-diffusion = 6 = URANIUM —
plant in Kentucky, N & TECHNETIUM —
USA O 9 N L
(Total = 25 kg Tc) O+———— 7= ‘ !
Tomlinson, Judson, 1989 1990 1991 1992 1993
Zahn, ICPUAE, 1964 Year

e Back side : releases of Tc from

decommissioned plant

Development of ion-exchange
technology for Tc separation

in IPCE RAS (1971-1976)

Prof. A.F. Kuzina (Tc Group
leader till 1985 ) presents her
Tc samples prepared in the
Institute from the concentrate
separated from radioactive
wastes generated at
Krasnoyarsk Reprocessing
Plant to

Glean SEABORG (1978)
|
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Separation of macro

amounts of Tc-99g in USSR

v 1 kg of Tc was converted to metal in
hot cell of IPCE RAS and distributed
among different Russian institutes

v In 1971-1976 IPC RAS in collaboration
with Krasnoyarsk Mining Enterprise
has separated from HAW some
kilograms of K®*TcO,

v In 1983 -1986 collaboration of PO
“Mayak”, IPCE RAS and Radium

+ Anna KUZINA and Victor Institute resulted in elaboration of
SPITSYN analyzing the anion-exchange technology for Tc
sample of Tc metal separation and 40 kg of KTcO,. This

work was awarded with the special
Diploma of the Russian authorities

New research options

available for Tc-group in IPCE

e Modern XRD instruments
e Power microscopy
e NMR-Tc-99 spectrometer

e EXAFS (at RRC Kurchatov
Institute)
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Some new Tc(VIlI) compounds

synthesised in IPCE RAS

New compound of Tc or Re Structure C solubility 25° C,
MI/L
1 Tetrapropylammonium pertechnetate P"aﬁlzal;.algé)va)v (8.740.2)x 10 1,26 26 04
c=10.13(4) A
2 Tetrapropylammonium perrhenate Pna2, ﬂfz_lsl-ifzg)(’z)cv E = (8.940.2) x 103 1.57 25 +03
10.107(1) A
3 Anilinium pertechnetate 5_899"2%30)9-13:23223(2) A (7.9+0.2) x 102 2.07 >
4 Anilinium perrhenate 5_9”7221;2) ngégg‘?(S) (8.3+0.2)x 102 2.7 >
5 Tetrahexylammonium perthechnetate - (7.1£05)x 10° 1,07 40 +5
6 Tetrapentylammonium pertechnetate - (8.0+0.2) x 10 1.33 =
7 | Threephenylguanidinium pertechnetate | P-1 9.87(1) 14.09(1) (3.9+0.3)x 102 13 -
99.6 15:24;15).4
8 LiTcO,*3H,0 P6,mc, a=7.8604(1) 5.1
b=5.4164(1) A
9 [(NpO,),(TcO,),*3H,0, P 532209 1303407) 05 4.99

New compounds

(continued)

N New compound of Tc or Re Structure C solubility 25° C, M/L P Kass
11 Tetraphenylphosphonium ;=_11772256<?5)) (4.040.2) x 10 ~1,1 40 +5
pertechnetate ¢=14.239(5)
12 Cetylpyridinium pertechnetate o (3.9+0.3)x 10 ~1,12 @
13 Cetylthreemethylammonium - (6,8+0.5)x 103 ~115 -
pertechnetate
14 Guanidinium pertechnetate a=7,338(2) A (9.7+0.3)x 102 2,30 =
b=7,338(2) A
©=9,022(4) A
1=120°
15 Guanidinium perrhenate 4.9657(4) 7.7187(7) (7+0.5) x 10 3,30
8.4423(7) 0=75.314(4) ©
(3=88.707(5)°
¥=80.985(5) ©
16 Dodecylthreemethylammonium liquide (4.040.2) x 10° ~1,05 -
pertechnetate

_61_



JAEA-Review 2010-057

A few examples of new Tc compound
structures made in IPCE RAS

(K.German, M.Grigoriev, A.Maruk etc.)

[Bu,N]TcO, [Pr,N]JTcO, [GuH]ReO, [AnNH]TcO,

[(AnO,),(MO,),*3H,0],, , : ”
(An=U, Np: M=Tc Re) L[TCACI(TcO,), LiTcO,*3H,0

1gC(KTcO4)

@ - 10°M KTcO, 10°M KCL - 10°M KTcOy,, 10*M KCI
> - 10*M KTcO,, 10°3M KCI - 10°3M KTcOy, 102M KCI
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Top of the fundamental studies on Tc in IPCE RAS pg

10 (!) oxidation states were found for
Tcin HX (X =CI, Br, ) :
7+, 6+, 5+, 4+, 3+, 2.5+, 2+, 1.83+, 1.66+, 1.5+

Each synthesis involve up to 10 g of Tc !
Structures. unique in inorganic chemistry

1. 3-gonal-prismatic Tc chlorides and iodides (2 clusters of Tc(1.83+)
and Tc(1.66+) : (Me4N),[Tcs(m-Cl)Clg]Cl, ) (K.German and others)

2. 4-gonal-prismatic Tc cluster bromide (addition of Tc,X, to (1)
S.Kryutchkov)

3. octahedral Tc cluster bromides and iodides (angular conversion of (1))

Vs Attempts of °°Tc application

in IPC RAS (1975-2009)

- Electric battery based on p-emission of Tc
(1983, O.Balakhovsky - low duty, 2008 —
high duty long trem battery - K.German)

- B - Sources for eyeball medical treatment
and defectoscopy (1983 — 1993, K. Bukov)

» Corrosion protection (1960-1975, Kuzina)

+ Antifouling protection (1975 — 1987,
S.Bagaev, S.Kryutchkov, K.German)

- Tc catalysts at ceramic supports (1975 —
2000, G. Pirogova)

B V. Peretroukhin checks the electric battery
based on pB-emission of technetium-99
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Detectoscopy and defectoscopy

of light materials

e Water signs at ex- * Tec?s;)mtetrlc
USSR banknotes etector

3 ] . 1 v o
True, Forged -
alteration of I gd k’ Painted Same in
nly dar
dark and light stars on Tc p-rays

Environmental Tc (1968-2009)

- Fragmental environmental
Tc studies in 1968-1978
(less 1% of publications)

- Important efforts in environ-
mental Tc studies (5% of
publications) in 1979-83
were reviewed in 1984 at the
Seminar in Cadarache
(34 reports, 419 pages)

- IPCE RAS joined environmental
Tc program in 1989 (sorption on

minerals and lake sediments)
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Main features of Tc

environmental behaviour

Tc(VIl) - most stable under typical
environmental conditions is highly
mobile in the environment

e It could be reduced to Tc(1V) by
some minerals or some
microorganisms and thus
immobilized at the mineral or
organic surfaces

e In IPCERAS we studied the lake
sediment effect on Tc behavior: L.
Navolok, L. Kezadra (Kalininskaya NPP
region), L. Beloe Kosino, L. Torfyanoe
(Peaty) (Moscow region)

e |. Tananaev participated in Tc study in

Mayak region Using a Molchanov-type batometer

for the lake sediment sampling

Tc behavior in different

Lakes and Lake Sediments

100 S =
W * Rovniy S., Ivanov |., Tananaev I.
- S etc. Radiation safety aspects
H o 3(2007)17-27 :
< w0 \ *Area of %*Tc bloom around R-9 within the
» J limits of the intervention level value (220
, \‘\,\ Bg/l) is 11.7 km?, within the boundaries of
om0 a0 om0 om i LAW distribution it is 2.9 km?2.
Time, hours *The area of “Tc bloom around R-17
within the limits of the intervention level
Tc uptake by Lake Sediments: value is 1.2 km2.
O - steril sample; [-Torfyanoe, *99T¢c exists in contaminated underground
V-Beloe; waters in highly mobile forms that are
white points - sedimentation; weakly sorbed by the local grounds.

black points — agitated in overhead
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Tc uptake by Lake Sediments
in Kalininskaya NPP region:

Al - steril sample; K1 - |. Kezadra,
N1- I. Navolok; H1- r. Homutovka

°
- —_— — - .?
=
L — A1
=
= u K1
; L = N1
1
= 05 Voo -+ H1
o [} ] .
g 04 L9 < A3
£ 03 — - A2
bl "
o 0.2 ‘-,_\ v,
= .
01 %
PR - -
D e . —
0 5 10 15 20 25 30
Time, days

Tc interaction with

microorganisms

Most species of Sulphate-reducing
bacteria as well

Anaerobic  hyperthermophilic archaea
Thermococcus pacificus and

Thermoproteus uzoniensis,

anaerobic thermophilic gram-positive
bacteria Thermoterra bacterium
ferrireducens and Tepidibacter
thalassicus

reduced technetium(VIl), supplied as
soluble pertechnetate with molecular
hydrogen or some other reductor as an
electron donor , forming highly insoluble
Tc(lV)-containing grayish-black
precipitate.
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Some important gaps in our knowledge

of Tc chemistry and thermodynamics

1. Tc metal: No heat capacities for 5. Inconsistence of different experimen-
Tc(cr) above 15, thermodyn. tal data on TcO,*nH,O solubility as
stability of the cubic Tc metal at function of pH (colloid speciation)
nano-scale. 6. Poor definition of the protonation

2. No heat capacities and entropies constant for HTcO,
for TcOy(cr) and Tc,O,(cr). 7. Almost no equilibrium complex

3. Poor characterization of TcOg, formation constants between Tc(lll),
Tc,03, Tc,O5 and TcO,*nH,O Tc(IV) and Tc(V) and even most of

4. Poor characterization of Tc the common inorganic anions
sulfides (possible solubility present in groundwater
limiting phases under reducing 8. Inconsistence of stability estimations
conditions) and carbides for Te(1V) and Tc(V) from
(alternative nuclear fuel) environmental and

radiopharmaceutical studies

After J. Rard with some modifications

International collaboration m&
Y

of IPCE RAS with CEA (France)

> Tc studies in frame of SPIN PROGRAM
at MARCOULE (1995-1997):

Analytical and technological Tc control

SOLUBILITY OF TcO; IN
[R;NJNO; SOLUTIONS :

= . in advanced PUREX (extraction

g3 o = separation with additional stripping)
= Pent

= (K. German)

o2

=

[N

» R,NTcO, solubility measurements,
separation methods, conversion to
metal for long-term storage or
transmutation targets preparation

» Electrochemistry of Tc as base for
alternative Tc separation (A.
[R4NINO3, mol /| Maslennikov)

0
0 0,01 0,02 0,03

In 1995-1996, long-term storage was still regarded by HAW-
technologists as preferable policy compared to transmutation
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International collaboration

of IPCE RAS with DOE and mg
‘._.:>’

Nevada University (USA)

» Tcreduction, co-precipitation studies and U-
corrosion studies on decontamination of HAW
tanks at Hanford Site (V. Peretrukhin, K. German
in 1995-2007)

Tc co-precipitation with cancrinite, sodalite,
cryolite, oxalate and brown sludges with respect
to decontamination of HAW tanks at Savannah

X-ray pattern of simulated
Component of brown sludge

of SRS HAW Tanks River Sites. Fe(ll) and Mn(lll) oxides were

effective Tc carriers and underwent chemical
transformations on ageing that increased
leaching resistance to most agents

(K. German, 1999 — 2000, under contract with US

T Cume

- DOE)
®TeNMR shift vs. Tc0; of kTco, ~ AT S and NMR study of Te
in 3 M to 18 M H,SO,. ~ in concentrated acid solutions

» (Nevada Univ.& IPCE, 2010 )

International
collaboration
of IPCE RAS with Japan

» Invited professor in JAERY
(V. Peretrukhin, 1 months in 1997)

» Computing cooperation for Tc quantum

chemical studies with Shizuoka

L University: utilization of non-empirical

et X DV method using DVSCAT code (Yu.
66 atoms (hep) Pfekhanov - R.Sekine, since 1999).

> Results applied to Tc-transmutation
project

» M.Ozawa cooperation with Khlopin
Radium Institute and IPCE RAS

» K.German - today lecture

NER G

55 atoms (fcc, layers),
layers d-contributions
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International collaboration
of IPCE RAS with Japan

(CONTINUED)

Joint Japan-Russian Tc-Seminars on Tc:
1996 - Moscow, Russia

1999 - Shizuoka, Japan

2002 - Dubna, Russia

and International Symposiums on Tc :
1993 - Sendai, Japan

2005 - O-arai, Japan

Next:
2011 , July 4-8 - Moscow, Russia
www.technetium-99.ru
You are welcome to Moscow !!!

YVVVVVYVYVYVYVY

Possible items of Rus-Jap
cooperation

e Tc Iin reprocessing

e Tc application in RECS

e Oftalmoapplicators

e Ru production by transmutation
e Immobilization of Tc wastes

e Tc handling in vitrification of
HAW

CTooon
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Global energy demand

and its filling

A 2000 year’s forcast and it vision today

Nuclear Power development potential
up to 2020
gy strategy of Russ

Global Energy Demand

TWh
30,000 100 T}
dap
22 :‘ ; L
20,0001 -
Committed
Nuclear
Renewables
10,000
0
0
1990 2000 2010 2020 2030 2040 2050 2000 2005 010 2015 2020

The IPCE publications

used Iin the presentation

. The principle achievements of recent Russian researches in technetium chemistry, metallurgy, environmental science, nuclear
reprocessing and applications are overviewed. The allied aspects of rhenium chemistry and apg:llcatlons are compared The
progress in technetium handling during the spent nuclear fuel reprocessing was based on the fundamental studies of numerous
new technetium mono- and polynuclear compounds and species [1-10]. The previous achievements were reviewed in [11].

- In concentrated water solutions Tc(VII) often forms crystals isomorphous with perchlorates while in concentrated unhydrous
solutions Tc(VII) behaviour is more similar to Re(VIl) compared to CI(VII) [4-6].
- Interesting results were obtained with the Tc-DTPA complex formed under advanced PUREX conditions [6-7]. Great progress

have been achieved in the understanding of Tc(VIl) behaviour in acids [8-10] that is important for explanation and prediction of Tc
and Re handling in acids, including the concentrated acld solutlons up to highest. The lnvestdgatlon in crystal structures of Tc
compounds [2] enabled us with direct Re sensors [6]. The progress in Tc
carbonyl compounds gave chance for advanced Tc metal and Tc carbide films deposition [7]. Technetlum sulphide and rhenium
were studied both with respect to medicine and to environmental behaviour of these elements [11]. The work on technetium
nanomaterials was carried in Russia in 2009-2010 within RFBR-09-03-00017, while the work on DTPA complexes with RFBR-09-

08000153.
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The IPCE publications used in

the presentation (continued)
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‘Renaissance” of Tc - Transmutation

program (1992-2005, 2009-2010)

75.00% - Dimitrovgrad
' (Russia) 650,
S IPC RAS - NIIAR °
°. ‘/ Petten (NL)
o 1999 - 2005
=] 1994-1998
= 0 v Konings RIM Kozar AA
5 50,00% - Hanford (USA) Peretroukhine VF
m Franken WMP
o 1989 Conrad P Tarasov VA et al.
oy Wootan W o 34% N
£ Jordheim DP etar
3 25,00% -  Matsumoto WY
= 18%
S Pessimistic
2 6%
= 0,67 % ’_°‘
0,00%
1 2 3 4 5
10.5 days 193 days 579 days 72 days 260 days
Irradiation time, days
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Tc Transmutation experiment

IPC RAS - NIIAR, 1999-2001

In IPC RAS metal disc targets of 0.3 mm and were prepared
and assembled in two batches with total weightup to 5 g

Transmutation experiment was carried out at high flux
SM-3 reactor ( NIIAR, Dimitrovgrad )

2nd batch: F, > 2x 105 cm2s*
1st batch: F;=1.3x 105 cm-2s™*

99T¢c burnups have made:

V4
=8=(0]
S

7

45+6% and 70 + 11 % 7‘
for the 1st and 2nd targets batches
% The 99Tc burnups of 80 % in
further tests and about 5 g of

% L % |7 IS 3 I ‘ Lo
° TN ] | 16
transmutation Ru-99 (stable!) are

accumulated as a result of 2
experiments on reactor SM-3

" These values are much higher of
burnups 6 and 16 % achieved on
HFR in Petten earlier

imiseciatit peryrop

Pie.5. Kaprorpasa peaktopa CM

Preparation of artificial stable
Ruthenium by transmutation of

Y, % Table 2. Content of isotopes in natural and artificial ruthenium (at. %)
100+
Ru from dicated sample
804 Isotope Natural Ru [6]
60 Te-19% Ru Te-45% Ru
"Ru 5.4620.01
401 %R 1.868.40.005
/ “Ru 12.63£0.02 0.06 0.003
201 100Ry 12.53£0.02 98.93£0.02 97.94£0.02
2 IRy 17.0240.03 0.5440.02 1354002
T A e 2Ry 31.6340.06 0.45+0.01 0.7140.01
0 2 4% MKSO g0 100 Ry 18.8740.04 002 0.002
,
e Tc target material: e Rotmanov K. etc. Radiochemistry, 50(2008)408
e Tc metal powder /
Kozar (2008) e New Ruthenium is almost monoisotopic Ru-100
e Tc-C composite o It I_1as dl_fferent spectral properties :
Tc carbide / e Itis available only to several countries that
German (2005) develop nuclear industry
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For conclusion:
OUR MODERN VISION

oF Tc-99 FATE:
Born to Burn

And this fire will give
not ash
but the noble metal

3
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REMEFREREK WIO

industry waste treatment
. 1 2 3 4 5 o 7 b f
b EEEEEEEEE recycling =
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— 2 ¢ 3 P ¥|:3 : T |ef|F
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Fy
5 minin; X, X, B
E \\\\\\\\\&\\ﬁ\\\w'////IIIIIA\\ "
A | waste containers Wy, o W, : e WM: - g s
discarded electrical . ¢ | — . ' ] Q
B A H h ' Wy ] =
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=(C metal scraps 2 gl 6 ) M ] 3 o o
w Y . ¥ M " . D
g n dust ) W ¥ ow . | " -
N " v A 29
E sludge : Wes Wy “IESS 1,_2 wm: : g
W W
F I M N ]
o \\\\\\\\\\\\ LS I\VI o F o Ay, n o
3 Y| landfill volume Lbj— ¥, Emissions
€| carbon dioxide < <, €, €, €5 Ca < Cy Ce E.
< v income ke LA A S L v & LAy
29 Jul “lL employment L L, L, L, L L L, L - 3

Waste |0:
Nakamura & Kondo: JIE6-1,2002

Table | WIO table for Japan, 1995
AGRC MING FOOD WOOD CHEM CMNT METL METP MCHN CNST UTIL SRVC TRNS INCN LNDF SHRD ENLD Total

Interindustry flow of goods* (units: billion yen) 1 1 X
AGRC 1,716 1 7,660 709 142 1 0 0 154 136 0 1,097 21 9 ¢ O 4198 15816
MING 03 0 8 132 607 47 2 2 801 42 1 0 p PO 0 3 1,669
FOOD 1,081 7 7268 123 276 7 1 41 293 202 7 6784 107, O O ol 33773 49,991
WOOD 184 71305 7295 707 247 6 246 1350 4046 130 ogs 74l o0 Ly 3,883 19,938
CHEM 914 31 1,829 1,346 13170 323 337 663 5528 2346 934 8115 3539 o) #Q) 1o 50,485
CMNT 20 0 176 98 207 960 121 127 1002 5610 17 400 3 0 Jep © 985 9108
METL 00 0 0 34 13 1365 4684 215 20 3 0 Y Gege ol 176 6491
METP 23 28 910 45 449 198 4 8818 9612 10369 29 846 1051 L0 L) 3865 35701
MCHN 84 12 175 86 68 6 0 125 40,766 1,837 27 6,638 590 | 2 13 2“| 79,693 130,295
CNST 50 11 138 B30 271 136 55 287 314 225 1142 4643 628 0 1ud 0% 80030 88,277
UTIL 45 787 575 1417 358 323 877 1363 5652304 5899 905 - T4 e 01 7760 23256
SRVC 1,500 207 6907 4038 7740 1423 809 4066 20,113 14,471 3,559 67,128 15028 | 12 2(D 1280205 427,211
TRNS 728 408 1,828 1,308 1481 811 387 1,147 1,785 5108 529 17,123 6443 © U 024533 64,618
Net gprose tien, miyestold | mis b, (0 mafisien mm mm o= - - - - — - — T A A e vl - -
oy I ¢ 0 by U 0 o N 00 gm0 L0002 15,579]
pap 190 18 S0 -1i78 535 92 s 357 103 5 3
pis |1 s 4 30 605 — 14076 bl P (B30
med | i 14 - 54 15 .- 40,147
a oy CEN & N 47
wod | 1,824 ? o v
ash \ - b !
o oW @f waste:: s
ail S50 850 9 289 140 1,365 a0 Q
cons | 30w 43 NS 4 Wi 154
b 1 ; 0 2 i N 0 N
whe | " 0 2 2 5 N L)

. 0 0 o 0, Q a
S S A S e A A e O S R S e el s SR

4 AGRC = agriculture, forestry, and fishery; MING = mining; FOOD = food, feed, and beverage; WOOD = wood, palp, and paper; CHEM = chemical indusery; CMNT =
cement, earthen, and glass METL = basic metals; METP = metal products; MCHN = machinery; CNST = construction and civil engineering UTIL = electricity, gas, and water;

SRVC = service; TRNS = transport and communication; INCN = incineration; LNDF = landfilling; SHRD = shredding; FNLD = final demand.
b = parbage; pap = waste paper and textile; pls = waste plastics; medd = metal scraps; gls = waste glass and ceramics; wod = plant and animal waste; ash = ash, dust, and slag; sig
= sludge; al = waste oil, acid, and alkali; cons = construction debris; bl = bulky waste; vhe = discarded automobiles; dst = shredder dust. 4
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® WIO as an accounting system

Fromn the poan of view of accousting system, WIO can be seen as & variant of NAMEA. A stngsiiding fratwe of W10

nits m ity of mnd waste Frrthermaore, we have ale developed m
sccompanying anahytical model called W10 moded that can be used 23 a Inbod LCA tool of waste management. For
detals of the WIO model. see below.

® Dovwaload and use WIO Table

st (495KH). The laoe epdane: 10, Jmsuary 2010

b1 The bast gt 24, Jube 2003

Please read the “Readme” sheet before using e WIO tables
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Gold and silver sources
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D = procsss E] = primary product D = by-product Hybrid Input-Output Approach to Metal Production and Its
Application to the Introduction of Lead-Free Solders
Shinichira Nakamura, Shinsuke Murakami, Kenichi Nakajima and Tetsuya
Nagasaka
Environ. Sci. Techrol., 2008, 42 (10), pp 3843-1848
Publication Date (Web): April 18, 2008 (Article)
DOI: 10.1021/5702647b
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xRV X ARREE (1865)

William Stanley Jevons

From Wikipedia, the free encyclopedia

William Stanley Jevons (1 September 1840 — 13 August 1882) was a British
economist and logician. Inving Fisher described his book The Theory of Political
Economy (1871) as beginning the mathematical method in economics 11t made
the case that economics as a science concemed with quantities is necessarily
mathematical ! In so doing, it expounded upon the "final” (marginal) utility
theary of value. Jevons' work. along with similar discoveries made by Carl
Menger in Vienna (1871) and by Léon Walras in Switzerland (1874), marked the
opening of a new period in the history of economic thought. Jevons® contribution
ta the marginal revolution in economics in the late 19th century established his
reputation as a leading political economist and logician of the time.

Jevons broke off his studies of the natural sciences in London in 1854 to work as
an assayer in Sydney, where he acquired an interest in political economy.
Returning to the UK in 1859, he published General Mathematical Theory of
Political Economy in 1862, outlining the marginal utility theory of value, and A
Serious Fall in the Value of Gold in 1863. For Jevons, the utility or value to a
consumer of an additional unit of a product is inversely related to the number of
units of that product he already owns, at least beyond some critical quantity.

It was for

he Coal Question (1865), in which he called attention to the gradual

exhaustion of the UK's coal supplies, that he received public recegnition. The
most important of his works on logic and scientific methods is his Prnciples of
Science (1874) ¥l as well as The Theory of Political Economy (1871) and The
State in Relation {e Labour (1882).
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Fig. 4. Life cycle CO; emission factors for different types of power generation systems,
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