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Pd-Ce/D2O electrolysis experiment

Analysis of Distribution of D density near the surface
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Excess heat  ×

Nuclear reaction in solid

Closed type D2O / Pd electrolysis

D+D→t(1.01MeV) + p(3.02MeV)   ～ 0.5
D+D→3He(0.82MeV) + n(2.45MeV)   ～ 0.5
D+D→4He(76keV) + γ(23.8MeV)   ～ 10-7

?



･ In some experiments,significant amount of 4He（～  1016
） was 

  detected in the gas released from the electrolyzed Palladium 
  cathode coated with metal layer. Some nuclear reaction may
  take place during electrolysis, because contamination from air 
  into mass analysis system was little.
 

･It seemed that there was no correlation between 4He generation
 and the neutron emission.
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Possibility of NRS near the surface
coated with metal layer

Analysis of  PdDx coated with metal layer
by NRA

Distribution of D-density near the surface

The metal layer could block diffusion of D ?

the activation energy of 4He atoms for 
migration of interstitial site was so high.

Heating temperature ; 350℃



NRA (Nuclear Reaction Analysis)

ψ

θ

proton

triton

Incident particle
           D+

Target nucleus
         D+



surface

Si-SSD

proton

Screen foil 
Al: 3μm

Injection angle   45 degree
detection angle   90 degree

Incident particle
            D+　( 300keV )

D(d,p)T

x1
x2



( ) ( )
e

It

d

d
xNEpY DW

W
=

s
1

( )
It

d

d
eEpY

xN
DW

W

=
s

)( 1

N(x1) ;  D density (cm-2)

ΔΩ ; Solid angle ( sr ) 

I = Ion beam current ( A )

Y(Ep) ; Proton yield

 dσ/dΩ ; Differential cross-section ( cm2/sr ) 

 t = Irradiation time ( s ) 

 e ; 1.602×10-19 ( c-1 )



Sample

Sample ; A PdDx

Sample ; B PdDx coated with Cu ( 0.5μm )

Size ;              25mm×25mm×1mm



Liquefied
nitrogen cooling 

Aperture
φ1mm

Al  3µm

Si-SSD
at  90deg
50mm2

Sample
PdDx plate

Thermocouple

A

Deuteron  beam

Linear Amp

MCA

Pre Amp

Beam energy : 300keV
Beam current : 1µA

Sample : PdDx coated with Cu
Thickness : Pd:1mm, Cu:0.5µm

Schematic view of the experimental setup under D+ beam implantation
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Summary

D density near the surface in PdDx coated with Cu was
higher than PdDx.

It seemed that the metal layer could block diffusion 
of D near the surface.



Pd-Ce/D2O electrolysis experiment
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cathode

NE213

He-3 counter

    Electrolysis system

Thermometer

Thermostat bath

Measurement 
Modules

Recombiner

　　　　 Cathode             Pd-Ce

Anode               Pt‐wire

Electrolyte          0.2M  LiOD

Current mode     step-up mode

Cell　　　　        Open type
　

Insulation

Cross check

Energy spectrum Counting rate

　

Coolant water

pump

Thermometer

Q[g/s]

Tin（℃）

Input (W)　 =　V×I
　

Output (W)　＝　 4.1816×Q×（Tout-Tin)

Excess heat (W) = Output－ （α×Input　）

Tout（℃）



TMP

Heating chamberReleased gas sampling

   ΔM=0.02
High-Resolution
Q-mass

Sorb-ac pump (D2 was removed)

D2

4He

Thermometer

Pd cathode

Mass analysis system

D.C　supply
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Summary

In this experiment,there was no correlation between 4He
, neutron and excess heat.

There was possibility that 4He was trapped at deeper site
from the surface.



Future

・It was necessary to change ratio ; Ce/Pd and rise the heating
temperature.

Pd-Ce/D2O electrolysis experiment

・It was necessary to investigate the correlation between
  distribution of D-density and the thickness of metal layer.

・It was important to investigate the distribution of D-density
 around the deep area in PdDx coated with Cu.

NRA


