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INTRODUCTION 
 

* Since 2003, we suspected and later get evidence that 

nanostructures (or fractals) at the surface of Pd make a key 

role in obtaining anomalous effects in Pd-D system, both of 

nuclear (like transmutations) and/or thermal origin. 

 

* We presented several papers, at JCF, Asti and ICCF 

Conferences which aim was to explore the role of nanometric 

Palladium. We developed a (complex) procedure to oxidise-

produce fractals/holes at Pd wire surface, during electrolysis. 

 

* Up to April 2006 we studied mainly thin (50μm) and long 

(60-100cm) Pd wires, both in electrolytic and gaseous 

environments. 

 

* We developed a new type of colloidal silica, nanometric size 

(3nm), that was “painted” on the thin Pd wire or added to our 

specific electrolytes solutions (C2H5OD 90%, D2O 10%; salts 

of Th, Hg, Sr at micromolar concentration). 
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NEW APPROACH 
 

Following the very interesting experimental results shown by 

Yoshiaki Arata (Osaka University) at ICCF12 (November 

2005, Yokohama), about very large (over 10 °C) temperature 

“gain” at high temperature (180°C) in a nano-particles (ZrO2-

Pd) Deuterium gas system, we tried to produce similar results 

using Pd with “our” colloidal silica. Moreover, some tests were 

made using commercial Pd-black. 

 

We anticipate that, very recently, Prof. Arata got a 

temperature gain as large as 40 °C, at a remarkable  

temperature of 210 °C. 
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LNF Experimental activity 
 

In order to develop the fabrication procedure with powders 

we made the following steps: 

 

a) Studies, as references, on the gas loading of the wires 

(just cleaned and stress released; oxidised; oxidised and 

colloidal silica painted) using a Sievert apparatus (moles 

of D2 absorbed) at NTP. Experiments performed at 

INFN-Univ. Perugia. Comparison with Baranowsky 

curve.  

 

b) Production (home made) of micro-granules (diameter 

10-100μm, length 0.5-1mm) of Pd. Oxidation by air in 

quartz furnace at 750 °C; reduction by fast cooling from 

800°C. Further characterization of oxygen intake by 

TGA and TDA (CSM, Castel Romano, Italy). 

Composition by XRPD (INFN-LNF). Size by optical 

microscope. 

 

c) Production of new compounds by heating at 750 °C the 

micro-granules with colloidal silica. Analysis by XRPD 

and SEM (CSM). 
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d) Studies of Hydrogen, Deuterium absorption by a new 

“multifunction” Sievert apparatus (HPT reactor #1, SS 

reaction chamber with a length of 40cm and internal 

diameter 10mm), build at LNF, that can operate also as 

a thermal reactor (14W Joule heater installed), between: 

77 to 630 K, vacuum to 200 bar.  
Heat losses: 4W at ~ 140 °C; 6W at ~ 190°C; 12 W at ~ 300°C. 

 

e) Studies of particle sizes by proper mixing Pd-black and 

colloidal silica. The compound underwent proper high 

temperature cycles. Analysis by XRPD, SEM, HPT 

reactor (thermal anomalies, if any). 

 

f) Studies, by HPT reactor, of Pd-black from the point of 

view of H, D absorption and some thermal anomaly. 

Measurement, before and after Deuterium absorption, of 

particle dimensions by SEM. 

 

g) Work in progress…… 
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Experimental Procedures 
 

* The wire, before painting, underwent proper several high 

temperature cycles (by Joule heating) in order to get a fractal 

surface due to oxidations  reductions thermal quenching of 

Pd surface. 

As shown in Fig. 1(1), a very interesting property of Pd is the 

relationship between the Temperature and the Oxidation 

state. In fact, during the heating cycle, a growing Oxidation 

state (PdO) can be observed from ~ 700 K to a critical 

temperature Td, which depends on partial Oxygen pressure as 

shown in Fig. 2(1). 

When temperature is larger than critical value Td, a very fast 

reduction is observed. Carrying back temperature to ~ 700 K, 

if the process is controlled and not too fast, a new Oxidation 

can be observed, following the same curve of Fig. 1 to the 

opposite direction. Moreover, if a very fast cooling (quenching 

to room temperature) is performed, the oxidation can be 

strongly reduced. 

Making a lot of cycles, fractals on surface could be created, 

according to our conjecture. 

                                                 
(1) Journal of Phase Equilibria Vol. 23 No. 3 pag. 246-248 (2002) 
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Fig. 1 TGA results for the Pd and PdO samples under air using a scan 

rate of 20 K/min (right arrows indicate heating directions and left arrows 

indicate cooling direction). 

 
Fig. 2 Decomposition Temperature of PdO against oxygen partial 

pressure in oxygen and nitrogen total pressure of 1 atm for the PdO and 

Pd powder samples. 
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 After such thermal treatments, the colloidal silica was gently 

painted (or immersed in a proper glass) on Pd wire surface 

and again the Pd wire got others proper high temperature 

cycles in order to stabilise the new “compound” obtained (like 

Palladium silicate and/or Palladium – Silica glass. 

* The results, about speed of Hydrogen/Deuterium Loading, 

and the maximum value of D/Pd ratio (measured by the R/Ro 

value, the so called “Baranowsky curve”) both in electrolytic 

(Fig. 3) and gaseous environment (Fig. 4-5), were really 

“good” as shown in the following graphics. 

Fig. 3 shows experimental results of H/Pd ratio for 

Pd/PdO/PdO+Colloidal Silica in electrolyte environment. The 

loading speed is extremely large (less than 100 sec to get a 

R/Ro value from 1 to 1.9). 

The maximum value of R/Ro is 1.9 instead of 1.8 due to effect 

of stress induced by H absorption. 
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Fig. 3(2) As standard in our procedure from about 2 years, we cyclically inject 
electromigration current (square wave, 10 KHz) with low (about 10-15 mW) and high 
power (700-800 mW) in order to calculate the Resistive Thermal Coefficient versus 
D/Pd ratio. This graphic shows the behaviour of R/Ro and AC power in the wire 
oxidised and painted by colloidal Silica. The time to reach R/Ro=1.90, from the 
beginning of experiment, was less than 100 seconds. 

                                                 
(2) Presented at ICCF12, Yokohama November 28 – December 4, 2005 
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Fig. 4(3) Loading characteristic of a virgin Palladium wire loaded at room temperature with 1 
bar of deuterium gas. In order to “activate” the Pd surface, it was made a preloading cycle 
(from time 0 to 60000s) with D2 gas, 293 K, 1 bar and later allowed to decrease, very slowly, 
the Deuterium content in the cell. Even neglecting the activation time, the time needed to 
reach the thermodynamic limit of R/Ro=1.82 is as large as 220000s. Such values (i.e. R/Ro 
and time) are in agreement with data usually reported in literature. Wire, before use, was 
cleaned according to the procedure: Acetone Water HNO3 65%, 3min Water 

 
Fig. 5(4) H/Pd ratio, at T=22°C, 1 bar pressure, for thin wires (ø=50 μm, l=100cm, weight 
22mg) of a) pure Pd heated in air at about 450 °C; b) PdO at ~ 700°C, c) PdO, oxidized at 
high temperature, treated with many heating cycles of heating at high temperature and 
quenching, and for each cycle painted with nanometric colloidal silica 3-5nm (cycles 
PdO Pd PdO). All the 3 Wires, before use, were cleaned according to the procedure: 
Acetone Water HNO3 65%, 3min Water. 

                                                 
(3) Presented at ICCF12, Yokohama November 28 – December 4, 2005, Publishing by World Scientific 2006. 
(4) Presented at Italian Physical Society Annual Meeting, Turin - September 18-23, 2006. 
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* Moreover, several times were detected specific new elements 
that depend on the kind of salt added to the electrolyte (e.g. 
Sr Mo, Th Hg, almost always detected Cu and Zn). In some 
aspects, the results were similar to what found by Yasuhiro 
Iwamura (Mitsubishi Heavy Industries, Yokohama, Japan) 
that used nanometric multilayer of Pd/CaO/Pd structures in 
gaseous Deuterium. These results are shown in the following 
Figures. 
 

 
Fig. 6 Details of Pd wire after Anodic-Cathodic electrolysis. By SEM, it is visible the 
fractal surface and deposits of salts 



 12

 
Fig. 7 Other details of the wire shown in Fig.6 

 
Fig. 8 Other details of the wire shown in Fig.6 
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Fig. 9 SEM elemental analysis of one of “white” area as shown in Fig.5. The, 
unwanted, large deposition of Pt at Pd surface is clearly detected. Moreover, also Zn 
and Cu, detected by ICP-MS analysis, are reconfirmed. 

 

Since in a lot of cases new elements has been detected, two 

experiments were made to remove doubts concerning 

contaminations: the first using light ethyl alcohol-water 

(C2H5OH 90%, H2O 10%) as electrolyte, the second using 

heavy ethyl alcohol-water (C2H5OD 90%, D2O 10%). 

The interesting result is that, when heavy solution was used, 

the new elements were detected in larger amount as shown in 

the following Tab. 1. 
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Tab.1 
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Pd Needles 
Pursuant to the thin-wire studies, we began to study 

properties of Pd needles. 

First, we heated Pd needle for 25 min at 700°C and then we 

heated it for 50 min at 800°C, as shown in Fig.10 and Fig.11. 

According to Fig. 1 and Fig. 2, a peak of PdO can be observed 

for T< limit temperature TL, then a reduction is observed. 

Fig. 12 shows thermogravimetry on Pd needle. 
 

 
Fig. 10 Palladium powder heated for 25 min at 700°C by furnace tube in quartz 
crucible and tube (XRPD plot). 
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Fig. 11 Palladium powder heated for 50 min at 800°C (XRPD Plot) 

 
Fig. 12 Thermogravimetry on Pd needle. The abrupt loss weight at 800°C is 
observed, confirming the reaction PdO Pd 
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Afterwards, we “mixed” Colloidal Silica with Pd needle and 

even with Pd black, trying to make the amorphous Silica on 

the Pd surface after proper thermal treatments. In fact, as 

shown in Fig. 13 (Pd Black+Colloidal Silica), we detected no 

crystalline Silica, but only amorphous Silica. 

 

 
Fig. 13 Pd Needle+Colloidal Silica: no crystalline Silica detected 
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The following Figures show the set up of our experiments with 

high pressure and temperature gas (HPT chamber): 

 

 
Fig. 14 Chambers of our experiments. V1 is the reference chamber, where the H2, D2, 
N1 moles are stored.  
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 with R (gas molar constant) equal to 8.314 J mol-1 K-1. 

In V1 only the T1 chamber temperature is measured. 

V2 is the reaction chamber, provided of heater and, a part T2 

chamber thermometer, 2 extra thermometer are used: on SS 

wall and on heater. 

The absorption of H2, D2 in the PdXX sample is calculated by 

mass loss procedure: 

Phase 1: V1 filled with N1 moles of H2, D2, 4He, Ar 

  V2 vacuum 

Phase 2: V1 and V2 are connected. 

At equilibrium: ( )1 2

1 2

2

F
F

P V V
N

T TR

⋅ +
=

+⎛ ⎞⋅⎜ ⎟
⎝ ⎠

. 

If there is absorption N1>NF , calling ΔN=N1-NF; considering 

the moles of Pd involved (weight in g/106.4, where 106.4 is the 

molecular weight of Pd), we get:  

H,D/Pd=2 ΔN/Pd. 
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Fig. 15 Detail of Fig. 14: Reaction chamber V2 
 



 21

 
Fig. 16 Experimental set up with the two chambers, pressure gauges (both high 
resolution electronics (0.25% FS) and analogical mechanical manometer) and 
thermometers (thermocouples type K). 
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Fig. 17 Detail of Stainless Steel Dewar used as reaction chamber (-196°C≤T≤+350°C). 
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Fig. 18 Detail of hot finger put inside the crucible of chamber V2. The thermocouple 
is located in the middle of the copper section of hot finger. 
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Fig. 19 Detail of the multilayer reaction chamber V2 during assembling. 
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Prof. ARATA Experimental activity 
 

In order to better understand Prof. Arata experimental 

activities, we give you as attachment to this file his article 

“Development of "DS-Reactor" as a practical reactor of "Cold 

Fusion" based on the "DS-cell" with "DS-Cathode" – Presented 

at ICCF12 Conference (Yokohama, Nov 28÷Dec 4, 2005) printing by 

World Scientific (2006). 
 

In order to give the idea of the importance of nano-particles 

structures, we suggest to download the article of Arata from 

“Il Nuovo Saggiatore” at  

http://www2.sif.it/riviste/nsag/nsag-2004-05-06/07.pdf 

(pages 66-71) 

 
 





Development of  "DS-Reactor" as a practical
reactor of  "Cold Fusion" based on
the "DS-cell" with "DS-Cathode"


Yoshiaki Arata, M.J.A. Yue-Chang Zhang
Center for Advanced Science and Innovation, Osaka University.


2-1 Yamadaoka, Suita, Osaka 667-0871 Japan
(e-mail: arata@casi.osaka-u.ac.jp)


ICCF12
12th International Conference


on Cold Fusion
(Nov. 27-Dec. 2, 2005 Yokohama, Japan)
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Reaction between the patent of producing ultrahigh pressure and 
"DS-Cathode"


This is US-patented method of producing ultrahigh pressure; i t is realized by 
extremely pure deuterium with ultra-high pressure (over ten thousand atmopheres) 
using electrolytic method. 50 years ago, in 1933, for the first time in Japan, we 
started the thermonuclear fusion experiment by generating several million centigrade 
degree with a current of several million Ampere, which were the highest current and 
temperature in the world at that time. But Japanese could not buy deuterium gas in the 
market place at that time. We generated deuterium gas by the same system of 
this device, which I made by myself. This event was described in detail in a US
magazine, 21st Century Science and Technology. I thought this device could be


used for cold fusion, and I named it "DS-cathode"/"DS-cell." You can easily


understand relation between this US patent and "DS-cathode" from this figure.
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1. Principle of "DS-Reactor" (Relation between "DS-cathode" 
and two types of "DS-Reactors")


It is well known that "DS-cell" with the "DS-cathode" established completely the 
evidence on the existence of solid-state nuclear fusion ("cold fusion") through the 
generation of reaction products (helium and excess energy).
In this case, however, the excess energy could not exceed the input energy to the 
DS cell, so that it is difficult to be used as practical reactor; that is, it has very  
poor efficiency as a reactor.
Consequently, because we had an idea that most of the input energy was consumed 
inside the electrolyte as energy loss, we proposed a new concept which is a new DS-
cell with no electrolyte.
We call this new type DS-cell with no electrolyte as "DS-Reactor". But the principle 
is the same as shown in Fig. 1. "DS-Reactor" exhibited nice results as we expected.
Two types of  "DS-Reactors" as shown in Fig.1, are invented from "DS-cell". Upper 
side figure shows the usual "DS-cell" and the lower side describes A-type (left 
side) and B-type (right side) of "DS-Reactors". Both "DS-Reactor" are constructed 
with stainless vessel as outside vessel and Pd vessel as inside vessel as shown in the 
lower-side diagram.
D2/H2 gas is supplied to the blue zone space with high vacuum conditions as indicated 
in A-type/B-type DS-Reactors and kept to pressure (P [atom]) and Temperature (T 
[℃]), that is, (Pout, Tout) in A type Reactor and (Pin, Tin) in B type Reactor. Samples 
are set to in the white color zone space in both reactors, and after that, the samples 
and white space are kept in high vacuum condition with the same condition in white 
zone of DS-Cell (upper-side diagram).
Recently, we performed four kinds of experiments using the A type "DS-Reactor". I 
will explain the detail of these experiments now. We changed experimental conditions 
by setting different samples in the inside vessel with white zone and different gases in 
the outside vessel with blue zone.
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2. "Experiment-1" ([A]: no sample+D2)


This is the first set of the experiment. "Experiment-1"; (A). In this case, inside the Pd 
vessel (white zone) is vacant and D2 gas filling up with 40 [atom] as that Pout outside 
Pd vessel (blue zone) as the set-conditions before the experiment.
When D2 gas under Pout of 40[atom] is heated to 140[℃] as the giving temperature 
(Tout=140℃), Pd vessel is heated by such D2 gas. Accordingly, temperature of Pd 
vessel never goes higher than the D2 gas. When Pd vessel reaches to 70℃～100℃, D2 
molecules passing through the wall of Pd vessel as D+ and enter inside the Pd vessel 
as D atom and becomes to mixed gas (D+D2(=D+D)) as time passes.
As a final result, inner temperature of Pd vessel (white zone), Tin, never exceed the 
temperature outside of the Pd vessel (blue zone), Tout, that is Tout＞Tin. These results 
were exactly confirmed by the experiment shown in Fig [2], Namely. experimental 
results A0 upper side in Fig [2] indicates that relation between D2 gas pressure 
(Pout=40[atom]) and temperature (Tout=140℃) which were supplied into the outside


Pd-vessel with blue zone and the penetrated inner D (D 2) gas pressure (Pin) and 
temperature (Tin) inside the Pd vessel with (white zone), In other words, (Pin, Tin) 
never exceeds (Pout, Tout): Pin＜Pout and Tin＜Tout.
In the lower side  A1 , only the scale of the temperature axis    A0  shown in upper 
side is enlarged to give distinct difference between Tout and Tin.
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3. "Experiment-2" ([B]: sample+H2)
 (Pd black)


This is the second set-condition, "Experiment-2"; (B).
This means Pd black is set as a sample inside the Pd vessel (white zone) and kept 
under high vacuum condition, and H2 gas filling up with 40 [atom] as the Pout outside 
the Pd vessel (blue zone) as the set-conditions before experiment.
The experiment was performed under the same process of  "Experiment-1"; (A).
When H2 gas is given with Pout of 40 [atom] and Tout of 140℃ inside the blue 
zone, H atoms penetrated into the Pd vessel are absorbed inside the Pd black, and at 
this time, temperature difference ΔT as Tout-Tin becomes a little smaller than that in 
"Experiment-1"; (A) as shown in experimental date compared the relation between 
date  A1  and  B1  in diagram Fig. [3].
As a result, inner temperature Tin was always lower than given temperatue Tout;
Tout＞Tin.
And both temperatures were never reverted. This result is extremely important.


4. "Experiment-3"([C]: sample+D2) and "Experiment-4"([D]: sample+D2)
 (Pd black) (nano-Pd)


This is the third set-condition, "Experiment-4" ; (D), with sample Pd black+D2.
This means D2 gas is used instead of H2 gas under the same condition as 
"Experiment-2"; (B).
As a result, wonderful phenomena were produced that temperature inside Pd vessel 
(Tin*) becomes higher than the giving temperature, Tout, when the D2 gas supplied 
into the blue zone (outside of Pd vessel), that is;


T*＞Tout.
Experiment's data can be compared with  C1  in "Experiment-3"; (C) and  B1  in 
"Experiment-2"; (B). That is, compared with the functions of H2 gas, D2 gas 
induced "temperature inversion" inside the Pd vessel (white zone) against the giving 
temperature (Tout) when the D2 gas supplied to outside Pd vessel (blue zone). This 
result means generation of "pycnodeuterium nuclear reaction" inside Pd vessel (white 
zone).
This is the forth-set condition, "Experiment-4"; (D) with Sample of "nano Pd"+D2.
We have already reported that D2/H2 gas can be much more absorbed inside nano Pd 
than Pd black and innumerable "pycnodeutrium" can be included inside nano Pd.
We have expected that nano Pd is better than Pd black as a sample because we have 
obtained that nano Pd generated excess heat with much higher rate than that of Pd 
black using "DS-cell" with "DS-cathode". Experimented date can be compared 
with D1  in "Experiment-4"; (D) and  C1  in "Experiment-3"; (C), and Tin becomes 
considerable higher than Tout in case of  D1  experiment against  C1  experiment.
It is concluded that "DS-Reactor" will be workable as a "practical reactor".
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5. Fudamental Characteristics between (Tin, Tout) and (Pin, Pout)


This is the summary of the experimental data of the temperatures and the pressures 
demonstrated through "Experiments-1, 2, 3, and 4".


Without D2 or without sample such as Pd fine powder, Tin never went higher 
than the given temperature Tout. On the other hand, when the samples absorbed 
pycnodeuterium, then Tin was always higher than Tout, that is temperature inversion.
It is also noted that the degree of this excess of temprature depends on the type of the 
host material; that is whether the host materials can absorb much pycnodeuterium or 
not. In other words, "DS-Reactor" certainly displayed the same basic characteristics 
as "DS-Cell" but it gave the excellent characteristics as the fusion reactor much more 
clearly.
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6. "Conclusion"


This is conclusion of the experiments already described, and demonstrates the present 
situation of "DS-Reactor" as the practical reactor of "Cold-Fusion". From the left 
side, these dots correspond to "Experiments-1, 2, 3 and 4" on the horizontal line.
The vertical axis represents the Tin, which is inner temperature in the blue zone of the 
DS-reactor.
For "Experiments 1 and 2", Tin's are lower than Tout, that is, the efficiencies were 
always negative.
For "Experiments 3 and 4", Tin*'s are higher than the given temperature Tout.
This means that efficiency was always positive because almost of the input energy 
was collectable.
It is emphasized that Tin for Experiments 1 and 2 are lower than Tout and higher for 
"Experiments 3 and 4". The excess energy obtained with the experiments 3 and 4 
should come from deuterium nuclear fusion reaction.
I would like to ask you;
Other than fusion, what else explanation would you think of this result?
I my self conclude that this should be from fusion. And I think the "DS-Reactor" 
demonstrated to reach the practical level with high efficiency.


Principles of the DS-Reactor is the same as that of DS-cell with "DS-cathode". In DS-
cell, electrolyte is used essentially then most of the input energy is absorbed inside 
the electrolyte itself. Consequently, "DS-cell" is an excellent system to demonstrate 
exactly the existence of cold fusion but gives a bad "efficiency" as a reactor and "DS-
Reactor" which is "DS-cell" with no electrolyte will be utilized as a practical reactor, 
I hope. Thank you!





