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ABSTRACT

A large data base now exists to support the claim for nuclear reactions, including fusion, being
initiated in solid environments at modest temperatures.  This phenomenon is called Chemically
Assisted Nuclear Reactions (CANR) or Low Energy Nuclear Reactions (LENR) or “cold
fusion”.  Detailed information supporting the claims can be obtained from the website
(http://home.netcom.com/~storms2/index.html) as well as from any scientific data base. These
claims provide the incentive for this study.  In this work, methods to produce anomalous energy
are studied using electrolytic loading in D2O of various materials (the Pons-Fleischmann
method). Past work has concentrated on using palladium as the active material.  This paper will
demonstrate that energy-producing reactions can be made to occur in materials other than
palladium. A unique method is proposed to explore many of the variables associated with the
phenomenon.

INTRODUCTION

The so-called “Cold Fusion” nuclear reaction has now been studied for 12 years in eight coun-
tries resulting in over 3000 papers, many peer reviewed.  An increasing number of techniques
have been used to initiate the effect as shown in the Table 1.  Gradually, more and more of these
methods have produced anomalous results during independent duplication, as indicated in red.
Of these, the first one has been duplicated hundreds of times in dozens of independent
laboratories, including in this study.  Nevertheless, duplication is difficult and frequently fails.
Why is this the case? The most obvious answer, besides error,  is that the unique condition
required to initiate the effect is not always produced.  The problem then is to identify this unique
condition and to find ways to create it on demand.  That is the goal of this study.

We now know for CANR to occur, very special conditions must be created within a solid.  These
conditions are required to bring the hydrogen or deuterium atom next to the target nucleus and
then lower the coulomb barrier to allow nuclear interaction. This process must also carry away
the energy produced.  A number of theories have been proposed to explain how this barrier low-
ering is accomplished.  Unfortunately, few of these models address how to produce the required
environment.  Two models have suggested characteristics that can be tested.  These are the
Chubb model[1] which focuses on a unique size for the active domain,  and the Hora-Miley
model[2] which focuses on the interface between two materials having different Fermi energies.
Testing these models has been difficult because the required conditions are hard to achieve.  I
would like to describe a method that I have developed to make this test and show some of the
results.

Past work has shown excess power production by electrodes other than palladium[3].  In addi-
tion, examination of such electrodes after energy production reveals areas in which molten metal
was produced.  In addition, a published examination by an imaging IR detector[4] while energy
was generated showed many small regions of higher than ambient temperature.  These observa-
tions suggest that the active regions are not in bulk metal, but are special regions that have grown
or have been deposited on the surface of the cathode.  This possibility is explored here.
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_____________________________________________________________________________
TABLE 1

METHODS CLAIMED TO PRODUCE 
CANR or LENR

(Methods independently duplicated are shown in red )

1. Electrolysis of D2O-based electrolyte using a Pd or Pt cathode
2. Electrolysis of H2O-based electrolyte using a Ni cathode 
3. Electrolysis of KCl-LiCl, D electrolyte using a Pd anode 
4. Electrolysis of various solid compounds in D2  (Proton conduction)
5. Gas discharge (low energy ions) using Pd electrodes in hydrogen.
6. Gas discharge  (low energy ions) using Pd electrodes in deuterium.
7 Ion bombardment (high energy ions) of various metals by D+.
8. Gas reaction (H2) with Ni under special conditions
9. Cavitation reaction involving D2O and various metals using an acoustic field
10. Cavitation reaction in H2O using microbubble formation 
11. Reaction of finely divided palladium with pressurized deuterium gas
12. Plasma discharge under D2O or H2O
13. Biological Systems

_________________________________________________

METHOD

Of the several techniques used successfully, the electrolytic method of Pons and Fleischmann[5]
has achieved the greatest understanding.  This method is used here with excess energy produc-
tion being the criteria of success.  Two types of calorimeters have been employed;  a flow-type
and a Seebeck type[6].  An electrolyte consisting of 0.25 g Li2O + 50 ml D2O is used. The elec-
trolyte was in contact with only Pyrex, Teflon, and Pt, besides the cathode material.

Calorimetry: A picture of the flow-type calorimeter is shown in the Fig. 1.  The jacketed cell
is contained in a Dewar flask and this assembly is contained in a box held at 20±0.02° C, a tem-
perature equal to the input water temperature at the jacket.  The cell is stirred at constant rate
using a magnetic stirrer.  When fully assembled, the Dewar is raised and the stirrer is slipped
underneath. An insulated lid covers the Dewar.  In this way, any energy that leaves the cell
through its Teflon lid is contained in the Dewar where it can be captured by water flowing
through the cell jacket. The characteristics of this apparatus are listed in Table 2.  Error values
noted in the table are based on the calibration equations listed in Table 3.  These calibrations
were made periodically during the study.

A picture of the Seebeck is shown in Fig. 2.  Seen in the picture are the computer and the oil res-
ervoir that seals the cell from the atmosphere.  Oil leaves or enters the reservoir in response to
changes in pressure within the cell. A change in weight of oil provides a means to monitor the
amount of gas within the cell and the effectiveness of the recombiner.  A picture of this device as
used on the flow-type calorimeter can be seen on the web site noted above. The Seebeck enve-
lope is water cooled at 20±0.02° C and contained in a box held at 20±0.02°C.  A picture of the
cell is shown in Fig. 3. The upper metallic region is designed to prevent electrolytic spray from
attacking the Pt-carbon-based recombiner contained therein.  This picture shows a cell to which
cooling tubes are attached.  Most of the work, to which the listed errors and equations apply, was
based on a similar cell without these tubes.
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FIGURE 1.  Picture of open flow-type calorimeter

Both calorimeters were calibrated by using a clean Pt cathode or by using an internal Joule
heater. Typical calibrations are shown in Fig. 4.  The main difference between the two calorime-
ters is the temperature that the cell achieves as applied current is increased, with the Seebeck cell
being forced to a much higher temperature. In all cases, excess power is the difference between
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FIGURE 2. Picture of Seebeck calorimeter. A MacII fx computer is used while running Lab-
view.

applied electrical power (V x A) and the resulting calculated heat based on the calibration equa-
tion.

Sample Preparation: When a material is electroplated, any particle of foreign material floating
next to the cathode can be captured by the growing layer.  Consequently, any type of insoluble,
inert powder can be incorporated into the deposited metal.  This material can then be subjected to
high hydrogen or deuterium activity when the cathode is subsequently used in a Pons-Fleis-
chmann electrolytic cell.  Aside from providing a way to study materials that can not be fabri-
cated into a coherent structure, suitable for a cathode, the process might also operate by chance
in “normal” Pons-Fleischmann cells and be the source of active sites on the otherwise inert palla-
dium cathode.  In this case,  slow deposition of Pt and Li would capture particles of PtO flaked
from the anode or particles derived from the Pyrex, for example.

Samples were prepared by co-plating various powders along with palladium onto clean platinum
or silver coupons (1 cm x 2 cm).  The plating solution is one that is used in the jewelry trade and
is based on an organic palladium compound (pH=5.6).
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FIGURE 3. Picture of Seebeck cell with cooling tubes
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_______________________________________________________________________
TABLE 2

CHARACTERISTICS OF CALORIMETERS

FLOW-TYPE
[Original design]

Pt-carbon-based recombiner
Sealed with oil reservoir
Pt mesh anode
Average scatter within each data set = ±0.054 W
Average uncertainty at 3 A between calibrations =

±0.08 W (0.4% at 20 watts)
Average uncertainty in flow measurement =

 ±0.05 g/min
Fraction of heat capture = 0.986

SEEBECK-TYPE
[Thermonetics Corp.]

Pt-carbon-based recombiner
Sealed with oil reservoir
Pt mesh anode
Average scatter within each data set = ±0.030 W
Average uncertainty at 3 A between calibrations =

±0.10 W (±0.5% at 20 watts)
Average uncertainty using heater calibration = 

±0.04 W (±0.2% at 20 watts)

  ___________________________________________________________________________

RESULTS

A variety of materials were studied with some producing excess energy, but with most being
dead.  Even this method is not completely reproducible, although better than many.

TiO2 + Pd   TiO2 power (20 µm) was mixed with the Pd solution and plating was done at 14.5
mA for 2 hr onto a standard Pt coupon, with stirring.  This process caused a weight increase of
0.032 g.  After being placed in the Seebeck calorimeter, current was first increased (then
decreased) in steps.  Data shown in Fig. 5 were taken 90 min after each current change to insure
thermal equilibrium.   Calibration was done just before and just after the run using the electro-
lytic method and then the internal heater method. The plotted data are based on the internal
heater calibration. Note that the electrolytic current is plotted for the sample, but the heater cur-
rent is used for the calibration.  Both produced about the same applied power at 3 A. The data
suggest an increase in excess power as current is increased, as indicated by the sloping line.
After the run, the sample was placed on Type 57 high-speed Polaroid film for 8 days.  No expo-
sure was seen.

Carbon + Pd      Carbon (0.4 µm dia. threads) was mixed with Pd plating solution and two sam-
ples were made.  The first was a Pt coupon plated at 0.1 A for 10 min with stirring, but not
heated.  This treatment produced a weight gain of 0.00536 g. The second Pt coupon was plated at
0.1 A for 18 min while being stirred and heated to over 50°C.  A weight gain of 0.0262 g was
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measured.  The first sample was placed in the flow-type calorimeter and studied by the usual step
method with a delay of 60 min after the current change before data were taken.  This sample was
removed and replaced by the second sample, which was studied in the same manner.  After this
run, the sample was removed and replaced by a clean Pt cathode, and calibration was done in the
same manner.  Next, the second sample was returned to the flow-type calorimeter and rerun.   All
of the measurements are plotted in Fig. 6.  Apparently, similar excess power was produced by
the two samples and it increased with applied current.

___________________________________________________________________________
TABLE 3

Coefficients in Calibration Equations

FLOW-TYPE CALORIMETER
Coefficients in the Equation

Watt = A + B*(∆J*F)
                                                          A                      B                Flow Rate (F)
                                                                                                            (g/min)

-0.0032 0.07090 29.22
0.0033 0.07090 29.30

-0.0150 0.07051 29.30
-0.0140 0.07042 29.30
0.0590 0.07079 24.30
0.0746 0.07040 24.50
0.0530 0.07090 24.50

AVERAGE= 0.0225 0.07069
STANDARD DEVIATION= ±0.0382 ±0.00020
 (∆J = temperature of water between inlet and outlet of jacket)

SEEBECK CALORIMETER
Coefficients in the Equation

Watt = A + B*(Seebeck Volt)
                                                         A                     B                     Method

0.139 178.16 E
0.178 177.42 H
0.134 179.81 E
0.132 178.97 E
0.108 179.30 H
0.133 178.74 E
0.138 178.78 H

AVERAGE= 0.137 178.74
STANDARD DEVIATION= ±0.021 ±0.77
  (H = internal Joule heater; E = electrolysis using clean Pt cathode)
____________________________________________________________________________

Sterling Silver + CO2   A coupon of Sterling silver was electrolyzed at 7-20 mA for 24 hr as the
cathode in a cell containing a saturated solution of CO2 in distilled water.  A weight gain of
0.00049 g was measured and the sample was observed to have acquired a yellow-gray coating.
This sample was placed in the flow-type calorimeter and run in the usual manner, followed by
calibration. The result is shown in Fig. 6. Higher apparent excess power was seen as the current
was decreased compared to when it was increased during the initial steps.  In addition, holding
the current at 2 A caused a steady decrease in excess power, as shown in Fig. 7.  Allowing the
sample to remain in the electrolyte without applied current caused a loss of silver from the sur-
face and a complete loss of excess power. Following this run, the previously clean Pt calibration
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FIGURE 4.  Graphs of typical calibrations for the flow-type and Seebeck calorimeters.
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FIGURE 5.  Effect of applied current on excess power production using a cathode made from     
                      TiO2 co-deposited with Pd.

cathode was found to have acquired a surface coating of Ag and to have produced apparent
excess power, although not as much as the Ag sample.

CeO2 + Pd     Powdered CeO2 (0.8 µm) was mixed with the plating solution and two samples
were made.  The first (C#6) was made by plating on a Pt coupon at 50 mA for 6 min, with stir-
ring and heating.  A weight gain of 0.00625 g was produced.  The second sample (F#1) was
plated at 20 mA for 109 min, with stirring and heating, and showed a weight gain of 0.04208 g.
Both samples were studied in the Seebeck calorimeter with the result plotted in Fig. 8.   Next,
sample F#1 was transferred to the flow-type calorimeter and studied in the usual manner.  As can
be seen in Fig. 8, sample F#1 produced similar, although small amounts of excess energy in both
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calorimeters.  In addition, the effect of applied current was similar, even to the extent that the
same currents produced the same behavior. Note the abrupt rise above 2.0 A and the drop at 3.0
A in both cases,  in spite of different temperatures being applied and use of entirely different data
acquisition systems.  Sample C#6 was essentially dead in the Seebeck calorimeter.

FIGURE 6. Effect of applied current on excess power production using a cathode made by co-   
                     plating carbon with palladium.

DISCUSSION

Skeptics have previously concluded that any claim for excess power under these conditions must
be caused by ignored errors in calorimetry.  This study has used two different types of calorime-
ter and found excess power that lies outside of a careful evaluation of random errors in both
instruments.  In addition, samples made using the same technique were found, on occasion, to
give similar values for excess energy.  While the results might be caused by random error, the
pattern of behavior is consistent with previous reported studies and with the assumption that the
nature of the material is the main variable
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FIGURE 7. Effect of applied current on excess power production using a cathode made by         
                     depositing carbon from CO2+H2O solution onto sterling silver.

affecting apparent excess energy production.  Once error is no longer a viable explanation, a
problem remains to understand what about the sample causes the effect.  This study can not fully
answer the question at this time.  It can only show that by co-plating finely divided materials of
various kinds, excess energy can be produced more frequently than was previously possible.  An
interpretation of the behavior must await use of proper diagnostic tools to see just how the small
grains of material are situated within the palladium layer.  For example, one might speculate that
the grains of oxide, being completely surrounded by palladium, are prevented from losing oxy-
gen as they would on the surface.  Consequently, they can be exposed to a higher deuterium
activity without being changed, thereby producing unexpected behavior.  Grains of carbon, on
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FIGURE 8. Effect of time at 2 A on excess power production using the Ag+C cathode.

the other hand, can have a physical form that is not possible under equilibrium conditions within
bulk palladium metal.  In addition, such grains can not be made into a coherent structure suitable
for use as a cathode, hence this method is the only one available for their study.  After being
incorporated within Pd, the carbon grains could then absorb deuterium at very high activity from
the surrounding Pd and obtain a deuterium content not possible under any other condition.  Intro-
duction of various powdered metals would allow the model of Hora-Miley to be tested without
layer separation normally experienced in past attempts.  The Chubb model could be easily tested
by incorporating particles of different sizes, something that is not possible to do in normal bulk
palladium.  While this study focused on palladium, the method can also use any metal that can be
plated from solution.  The number of available possibilities is much greater than the resources
presently available to the author for their exploration.  An additional advantage of the method is
production of excess energy without delay, in contrast to the usual experience when the Pons-
Fleischmann method is used.

Production of excess power from Pd in contact with various oxides is unexpected.  Such materi-
als are good insulators without an occupied Fermi band and do not take up much hydrogen
within their structure.  It would seem that they qualify as suitable materials for neither the Chubb
nor the Hora-Miley models.

This study is unique in using two different types of calorimeter to test the same sample.
Although the amount of excess energy is small, it is outside of expected random error.  More
interesting is the observation that excess power, in both cases, shows the same complex relation-
ship to applied current, even at two different temperatures.  Eagleton and Bush[7] found a similar
fine-structure when studying cells containing H2O with a Ni cathode.  Swartz[8] also reported a
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similar fine-structure he attributes to an optimum operating point (OOP), although in this case
the fine structure was seen in the applied power vs excess power fraction relationship. 

FIGURE 9. Effect of applied current on excess power production using a cathode made by co-   
                     plating CeO2 and Pd on Pt. Also shown is a comparison between excess power
                     production using the same sample in the flow-type and the Seebeck calorimeters.

CONCLUSION 

1. Co-plating with various finely divided suspensions makes possible a unique exploration of
many variables associated with the Pons-Fleischmann effect  and shows a reproducibility greater
than has been obtained in the past.

2. This study has produce anomalous power on several occasions using different calorimeters
and materials.  The amount of material being used is too small to offer a conventional chemical
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explanation.  
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