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1. Introduction 
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Merits of Our Transmutation Method 

Y. Iwamura et.al, J. Appl. Phys. 41, 4642-4648 (2002) 

Requires a large 
apparatus such as 
an accelerator and 
a nuclear reactor 

D2 gas
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Cs,Ba, etc.
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Nuclear Transmutation can be 
induced only by deuterium 
permeation through our original 
nano-structured Pd multilayer 
film 

Conventional 
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60-80 C 
~1atm 

Low Energy 

Compact 
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Features of the Mitsubishi Method 

D2 gas permeation through nano-structured Pd complex 
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Transmutation of Cs into Pr 
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Reactions observed so far in MHI 
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Key factors in Permeation Experiments 

Key factors based on 
experimental results 

Local Deuteron 
Density 

Electronic 
Structure 

Hypothesis Electrochemical 
Permeation  
(since ICCF17) 

Electron Rich 

High Density 

- ICCF18 - 

1. Transmutation products 
confirmed by XPS 

2. Observation of g-ray peaks 
supposed to be induced by the 
increase of transmutation 
products 
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2. Increase of Transmutation Products 
induced by the Increase of Deuteron 
Density 
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Pr Dependence on D2 gas pressure 
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Gas Permeation Electrochemical Permeation 
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Experimental Apparatus aiming Increase of D Density 
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3. Observation of g-ray peaks supposed 
to be induced by the increase of 
transmutation products 
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Introduce a Gamma-ray Detector 

Ge Detector for g-
ray measurement 

Reactor Cell 

Pb Shield 
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Example of Gamma-Ray Detection; E16 
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D Permeation 
rate  is 
proportional to 
this pressure  

0 2 4 6 8 10 12 

3 

4 

5 

Ap
pl

ie
d 

Vo
lta

ge
(V

) 

Period 1 Period 2 Period 3 Background 

10days 

Pd/Y2O3/Pd multilayer film 

0.5MCsNO3-D2O Solution 

Cs 

Y2O3 



TECHNOLOGY & INNOVATION HEADQUARTERS 

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 14 

Gamma-ray Measurement (period 1 ) 

Live time = 233,425sec 
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Gamma-ray Measurement (period 2 ) 

Live time=574,586sec 
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Gamma-ray Measurement (period 3 ) 

Live time=71,826sec 
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E16 Gamma-ray Measurement Summary 

Time Gamma-ray 
Period 1 609.5keV gamma-ray detected 

No 511keV detected 
Period 2  511.5keV gamma-ray detected 

No 609.5keV detected 

Period 3 511.5keV gamma-ray detected 
No 609.5keV detected 
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Pr detected by XPS from the center of E16 sample 
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E28 

Pd/CaO/Pd multilayer film 

0.1MCsNO3-D2O Solution 

Period 1 Background Period 2 21days 
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CaO 
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Discussion on emitted g-ray during E28 period1 
Unstable nuclei that emit g-ray ranging from 1444.5 to 1445.5keV 

Energy(keV) cps
1445 3.50E-03
1109 1.00E-03
1745 3.00E-04

507.4 5.00E-04

578.9 1.00E-04

605 5.00E-04

Detected g-ray energy 

We have not succeed to find a 
nucleus fit for the observed g-
ray energies.  

Further Study! 
1)Replication experiments 
2)Build a physical model 

・g-rays from unstable nuclei 
・g-rays from excited nuclei 
・Thermal neutron capture g-rays 
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4. Analysis using ICP-MS, SIMS and 
XPS 
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SIMS Analysis; E006 Wide Spectra 

Mass Number 
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SIMS Analysis; E006 
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ICP-MS Analysis; E006 

SIMS (point) and ICP-MS (all surface) gave similar results 
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Confirmation of the products by XPS 
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Increase of Products by Electrochemical Permeation  

Applied an 
electrochemical method 
to increase deuteron 
density near the surface 
of the Pd multilayer film 

Transmutation products; 
Increased 
Gamma-rays 
Occasionally detected 

Gas Permeation 

Electrochemical 
 Permeation 

Electrochemical 
 Permeation 
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Concluding Remarks 

Low energy nuclear transmutations from Cs into Pr, Sr 
into Mo, Ba into Sm and Ca into Ti have been observed in 
the Pd complexes, which are composed of Pd and CaO 
thin film and Pd substrate, induced by D2 gas permeation. 

1. 

2. An electrochemical method was applied to increase the 
local deuteron density near the surface of the nano-
structured Pd multilayer film. Transmutation products 
were increased up to ~1mg/cm2 by this approach.  

Statistically significant g-rays which have clear energy 
spectra were detected.  These emissions were supposed to 
be caused by the increase of transmutation products. At 
present, we have limited examples. Further study is 
necessary. 
 

3. 
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Back Up Slides 



Replication at Toyota Central R&D Lab. – Results - 

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

Independently Replicated Transmutation Experiments of Cs into 
Pr Presented at ICCF17, Aug.12-17, 2012, Deajon, Korea. 

Naoko Takahashi et.al, 
“Detection of Pr in Cs 
Ion-Implanted Pd/CaO 
Multilayer Complexes 
with and 
without D2 Gas 
Permeation”, The 
Preprint of the ICCF-17 
Proceedings, August 
12~17, 2012 DCC 
Korea, Daejeon, South 
Korea 
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Discussion on Elemental Analysis 

Non Uniformity of Products 

3D Elemental Analysis is Preferable! 
Surface and Depth distribution analysis 
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1.Fabrication 

Cs 

Cs+ 

2.Cs+ Ion implantation 

Cs+ Ion Implantation to Pd/CaO/Pd film 

(20kV,1E16 ions/cm2) 

3.D Permeation 

D 

Pd multilayer film 

Pd Pd/CaO 

1) Give Cs for transmutation  
2) Decrease of work function of surface layer 
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Increase of D Pressure based on Pd-H system 
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Experimental Facts using 
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137Ba(11.2%)D 
133 Cs (100%)6Li (7.6%) 110Pd 29Si(4.7%) 

106Pd 33Si(0.8%) 104Pd 35Cl(75.8%) 102Pd 37Cl(24.2%) 
110Pd 27Al(100%)D 106Pd 31P(100%)D 105Pd 32S (94.9%)D 
104Pd 33Si(0.8%)D 105Pd 32Si(94.9%)D 102Pd 35Cl(75.8%)D 
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Consideration on Compound Species 

138Ba(71.7%)D 
133 Cs (100%)7Li (92.4%) 110Pd 30Si(3.1%) 

106Pd 34Si(4.3%) 109Ag(48.1%) 31P(100%) 104Pd 36Ar(0.33%) 
102Pd 38Ar(0.06%) 110Pd 28Si(92.3%)D 108Pd 30Si(3.1%)D 
105Pd 33Si(0.8%)D 102Pd 36Si(0.02%)D 102Pd 36Ar(0.3%)D 

Possible compounds for mass 140 

Not explained consistently by these compounds 

Possible compounds for mass 139 
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Gamma-ray Estimation 
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Uranium Series (4n+2) 

Start from  
Uranium-238 

214Bi 

214Pb 

Seems to be detected 
 in E16 period 1 
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ICP-MS Analysis; E006    Wide Spectra 
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Effect of Intermediate Layer 

Pd 40nm
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Pd 0.1mm

Cs

Pd 40nm

MgO/Pd
100nm

25mm 25mm
Pd 0.1mm

Cs

Pd 40nm

CaO/Pd
100nm

25mm 25mm
Pd 0.1mm

Cs

Pd 40nm

CaO/Pd
100nm

25mm 25mm
Pd 0.1mm

Cs

NO Pr detected 

Pr detected ! 

MgO;3.3eV 

CaO;1.6eV 

Work Function 

3 cases 

Many cases 

Work function of the 
intermediate layer seems 
to be important. 

Y2O3;2.2eV Pr detected ! 
Many cases 

Assumption :Electron 
rich state is important 
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Detection of Localized Pr 
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Depth Profile of Cs and Pr by XPS 
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Fabrication of Nano-structured Pd Multilayer Film 

Pd 40nm 
CaO/Pd 
100nm 

25mm 25mm 

900  C 10H Annealing under Vacuum  
Condition (< 10  Torr) 

 
-6 

Washing a Palladium Sample with Acetone 

Washing the Sample with Aqua Regia (100sec)   

5 times Alternatingly Sputtering of 
CaO (2nm) and Pd (18nm) 

Ion Beam Sputtering of Pd only (40nm ) 

Pd 0.1mm 
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E28 ;1200-1600keV with sigma 
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