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

Transmutation Reactions Induced by 

Deuterium Permeation through Nano-structured 

Pd Multilayer Thin Film 

Yasuhiro Iwamura 

  

Advanced Technology Research Center, Mitsubishi Heavy Industries, Ltd., Japan 

 3-3-1, Minatomirai, Nishi-ku, Yokohama 220-0012  

 

2012 ANS Winter Meeting and Nuclear Technology Expo, November 11-15, 2012 , San Diego, USA 



© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 1 

1. Introduction 
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Features of the Mitsubishi Method 

D2 gas permeation through nano-structured Pd complex 
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Reactions observed so far in MHI 
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Potential Applications  
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2. Original Experimental Method  

 and Results 



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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Experimental apparatus with XPS  
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Transmutation of Cs into Pr 
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Control Experiments 
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Transmutation of Ba into Sm 
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Mass Number Correlation between Ba and Sm 
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3. In-situ Measurement of Transmutation 

 of Cs into Pr 



Photo of the in-situ Experimental Setup 

Detector 
SOR X-ray  

Chamber 

BL-37XU 

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). 
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In-situ Measurement Set-up at Spring-8 
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Confirmation of Pr by in-situ measurement 
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4. Depth and Surface distribution of 

 Transmuted Products 



Experimental Setup for Surface Distribution of Pr 
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Detection of Localized Pr 
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Further smaller beam analysis of Pr 
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Depth Profile of Cs and Pr by XPS 
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5. Role of CaO 



D+ Ion Bombardment Experiment Performed at Tohoku Univ. 
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Deuterium Density measured by D+ Ion Bombardment 

Density of  Pd 

complex(Pd/CaO) 

indicated one order 
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Deuteron Density(1022/cm3) 
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Effect of Intermediate Layer 
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6. Transmutation of W into Pt or Os 
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Transmutation of W into Pt or Os 

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

182 184 186 188 190 192 194 196
10

100

1000

10000  No permeated sample

 Permeated sample #1

 Permeated sample #2

C
o
u
n
ts

Mass Number

194Pt： 

32.9% 

195Pt： 

33.8% 196Pt： 

25.3% 

192Pt： 

0.78% 

186W： 

28.6% 

184W： 

30.7% 

183W： 

14.3% 

182W： 

26.3% 

190Pt： 

0.01% 

190Pt or 190Os ? 

189Os： 

16.1% 



© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 29 

7. Increase of Products using  

    an Electrochemical Method 
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Pr Dependence on D2 gas pressure 

0 

10 

20 

30 

40 

50 

0 20 40 60 80 100 

230 kPa 

赤：高圧 

青：低圧 

0 

10 

20 

30 

40 

50 

0 20 40 60 80 100 

５０℃低圧 

５０℃高圧 

６０℃低圧 

60 ℃高圧 

70 ℃低圧 

70 ℃高圧 

80 ℃低圧 

80 ℃高圧 

90 ℃低圧 

90 ℃高圧 

５０℃低圧 

５０℃高圧 

６０℃低圧 

60 ℃高圧 

70 ℃低圧 

70 ℃高圧 

80 ℃低圧 

80 ℃高圧 

90 ℃低圧 

90 ℃高圧 

50℃ LP 

50℃ HP 

60℃ LP 

60 ℃ HP 

70 ℃ LP 

70 ℃ HP 

80 ℃ LP 

80 ℃ HP 

90 ℃ LP 

90 ℃ HP 

120 ～ 130 kPa 
180 ～ 230 kPa 

LP： 120 ～ 130 kPa 
HP： 180 ～ 

230 kPa 

Red: High Pressure 

Blue: 

Low Pressure 

Pr141

59

133

55 Cs

Conversion Rate(%) 

A
m

o
u

n
t 

o
f 

P
r 

(n
g
/c

m
2
) 

Pressure Pr 



© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 31 

Experimental Apparatus aiming Increase of D Density 
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1.Fabrication 
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SIMS Analysis; E006 Wide Spectra 
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SIMS Analysis; E006 

139La? 

140Ce? 

141Pr? 

142Ce? 

130 135 140 145 150 

20000 

40000 

60000 

80000 

100000  E-006 center 

 E-006 corner 

 No Implantation 

 No Implantation: Corner 

S
IM

S
 C

o
u
n
ts

 

Mass Number 

Pd multilayer film 

Center 

Corner 

D permeated 



© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 35 

ICP-MS Analysis; E006    Wide Spectra 
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ICP-MS Analysis; E006 

SIMS (point) and ICP-MS (all surface) gave similar results 
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Consideration on Compound Species 
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8. Replication Experiments 



Replication at Toyota Central R&D Lab. – Setups - 
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Presented at 17th International Conference on Condensed Matter Nuclear Science, 

Aug.12-17, 2012, Deajon, Korea 

 



Replication at Toyota Central R&D Lab. – Results - 
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Presented at 17th International Conference on Condensed Matter Nuclear Science, 

Aug.12-17, 2012, Deajon, Korea 
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Concluding Remarks 

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 D2 gas permeation. 

1. 

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. 

2. 

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. 

. 

3. 
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