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1. Introduction
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Merits of Our Transmutation Method A mirsueisw

Conventional Permeation Induced
/Transmutation \ / Transmutation \

Nuclear Transmutation can be
Induced by deuterium permeation
through our original nano-
structured Pd multilayer film

D, gas
D Permeation

Compact [CsBa et Jools | 60-80 C
~Jatm

Requires a large
apparatus such as
an accelerator and

a nuclear reactor

Low Energy D Flux

Vacuum

Y. lwamura et.al, J. Appl. Phys. 41, 4642-4648 (2002)
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Features of the Mitsubishi Method A mirsusisi

D, gas permeation through nano-structured Pd complex
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Reactions observed so far in MHI| A mirsumisi

- 4d (205)141
ITROEAHE
A LA RV A RYLA TYA YIILA e lIE NE WEIYE  VIBIVIE! O 5 53CS 9 5 9 Pr
a8 4d (2a) 06
CullZn 64 (3a)
138 150
S'f"g 56 Ba % 62 Sm
6d (3
137Ba L)a)1498m
56 62
- 2d ()
- T BT 44 4G
g sCa — 3Ti
& .
a0
1)Alkali metals; Electron Emitter 74 4d(2a7)6
2)2d, 4d, 6d; a capture reactions 183y, 190py

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 4



Potential Applications

1) Nuclear Transmutation
of Radioactive Waste

Radioactive Waste

U

Cs Separation
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2) Production of
Rare Metals
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2. Original Experimental Method
and Results
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Fabrication of Nano-structured Pd Multilayer Film (KR

[ Washing a Palladium Sample with Acetone ]

L |

900 C 10H Anneallng under Vacuum
Condition (< 10 Torr)
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[Washing the Sample with Agua Regia (1005ec)]
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1 25mm X 25mm

‘ lon Beam Sputtering of Pd only (40nm) l
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Experimental apparatus with XPS . mirsymis

HEAVY INDUS
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Transmutation of Cs into Pr A mirsusishy

133 141 Atomic Number +4
CS — Pr Mass Number +8

16— | | T ' T ' T ' —ll = g ]St
e ™~ | © —@ — Pr Ist
s 14'_ - - 0. Cs2nd

+ O+ Pr2nd

CS-»;E

4
.
.
R (@)
' +
m ’ .
LAY
. . ®
\‘ d
. A
.‘
.

0 20 40 60 8 100 120
Time (h)

of

o
Number of atoms (/10**/cm°)
=
oo O DN

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.



Control Experiments A —

—
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Transmutation of Ba into Sm A mirsueisw
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Mass Number Correlation between Ba and Sm p—
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3. In-situ Measurement of Transmutation
of Cs into Pr
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Photo of the in-situ Experimental Setup FAp—

i

SOR X-ray

Experimental setup for in-situ measurement at SPring-8,which is one of the largest
synchrotron radiation facilities. This setup enables us to observe elemental changes
during D2 gas permeation by XRF (X-ray fluorescence spectrometry). _

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.



In-situ Measurement Set-up at Spring-8 g ——
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Confirmation of Pr by In-situ measurement raT—
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4. Depth and Surface distribution of
Transmuted Products
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Experimental Setup for Surface Distribution of Pr A mirsusism
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Detection of Localized Pr A mirsueisw
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Further smaller beam analysis of Pr N r—

100 um beam;SP-24 50 um beam;SP-24

VY INDUST!
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under detection limit

Smaller X-ray
beam provides
more localized
Pr distribution.

Existence of hot spots?
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Depth Profile of Cs and Pr by XPS A mrsymsm
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5. Role of CaO
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D* lon Bombardment Experiment Performed at Tohoku Uni A mivsusisw

D* lon beam bombardment| | Experimental Apparatus
on metal target

d
d d Metal

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.



Deuterium Density measured by D* lon Bombardment T o—
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Density of Pd
complex(Pd/CaO)
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Effect of Intermediate Layer
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Cs MgO/Pd \Work Function

4O m— " Mg0;3.3¢V ® | NO Pr detected

a 100nm
25mm X 25mm
Cs CaO/Pd
100nm
Pd 40nM [ l ....... —

Pd 0.1mm
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Y,0,,2.2eV ™ |Pr detected !

Work function of the
intermediate layer seems ‘

ca0:1.2¢v m |Prdetected !

3 cases

Many cases

Many cases

- to be iImportant.
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6. Transmutation of W into Pt or Os

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 26



Experimental Procedure
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Pd/Ca0  __Pd

A AT 1 I

S

Pd multilayer film

2.W lon implantation

W+

3.D, Peameation

(63kV,2.5E14 ions/cm2)

WD2

¢

Pd multilayer film

Pd multilayer film
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Transmutation of W into Pt or Os
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/. Increase of Products using
an Electrochemical Method
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Pr Dependence on D, gas pressure

2 MmiTSuBISHI
HEAVY INDUSTRIES, LTD.

- 141
50 Cs—:
€ 50°C LP

I Red: High Pressure ¢ 50°C HP
& 40 A 60°C LP
& ! A 60°C HP
% ] Blue: ° W 70°C LP
£ 3% LowPressure ¢ u70°C HP
_ ® 30°C LP
al ® 30°C HP
S 20 90°C LP
+ ® X 90°C HP
c ® L -
S 1 ™ -
£ om LP: 120~130kPa
< . HP: 180~230 kPa

0 A
0 20 40 60 80 100

Conversion Rate(%o)

Pressure| | =p Pr'

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.

30



Experimental Apparatus aiming Increase of D Density
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Cs* lon Implantation to Pd/CaO/Pd film
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Pd/Ca0  __Pd

s 2.Cs* lon implantation

Cs*

Pd multilayer film

3.D Peameation

~

1) Give Cs for transmutation
2) Decrease of work function of surface layer

(20kV,1E16 ions/cm?)

CSD
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SIMS Analysis; EO06 Wide Spectra
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SIMS Analysis; E006 r—
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|ICP-MS Analysis; EO06 Wide Spectra Y —
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|CP-MS Analysis; E006 r——

10000 -
—=— Cs Inplantation; E006
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SIMS (point) and ICP-MS (all surface) gave similar results

Different Tendency from D, gas permeation
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Consideration on Compound Species
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Possible compounds for mass 140

138Ba(71.7%)D 133 Cs (100%)7Li (92.4%) | 11°Pd 30Si(3.1%)
106Pq 34Si(4.3%) 109Ag(48.1%) 31P(100%) | 194Pd 35Ar(0.33%)
102p( 38Ar(0.06%) 110p(d 285j(92.3%)D 108pd 30Si(3.1%)D
105pq 33Si(0.8%)D 102pq 36Si(0.02%)D 102pd 36Ar(0.3%)D

Possible compounds for mass 139
137Ba(11.2%)D 133 Cs (100%)6Li (7.6%) | 1°Pd 29Si(4.7%)
106pq 33Si(0.8%) 104pd 35C|(75.8%) 102pd 37CI(24.2%)
110pPd 27A|(100%)D | 106Pd 31P(100%)D 105pq 325 (94.9%)D
104pd 33Si(0.8%)D 105pq 325i(94.9%)D 102pq 35C|(75.8%)D

> Not explained consistently by these compounds
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8. Replication Experiments
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Replication at Toyota Central R&D Lab. — Setups - A mirsusism

Scroll dry pump (oil free) <::I1
Insert D, gas > mp

Up stream
chamber

N

Vacuum D, gas
(Turbo molecular pump)

Down stream
chamber

Presented at 17th International Conference on Condensed Matter Nuclear Science,
Aug.12-17, 2012, Deajon, Korea
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Replication at Toyota Central R&D Lab. — Results - A mirsusism
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| |
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Cs deposition

I - I
Cs lon implantation Mo Cs deposition

Presented at 17th International Conference on Condensed Matter Nuclear Science,
Aug.12-17, 2012, Deajon, Korea

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.




Concluding Remarks
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Low energy nuclear transmutations from Cs into Pr, Ba
Into Sm and W into Pt or Os have been observed in the Pd
complexes, which are composed of Pd and CaO thin film
and Pd substrate, induced by D, gas permeation.

Experimental data that indicates the presence of
transmutation have been accumulated and experimental
conditions for inducing low energy transmutation
reactions are gradually becoming clear, although
systematic experimental study is still insufficient.

Replication experiments have been performed by some
researchers and similar results have been obtained.
Potential applications would be expected for innovative
nuclear transmutation method of radioactive waste and a
New energy source.
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