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ABSTRACT
Conditions required for producing excess energy in PdD created in an electro-

lytic cell are described and reasons for their importance are discussed.  This

difficult to accept effect can now be produced with a high probability for suc-

cess using the described procedures. 

I.  INTRODUCTION

Over five years ago, Drs. Pons and Fleischmann[1] proposed that excess energy could be

created by electrolyzing palladium as the cathode in D2O containing 0.1-1.0 M LiOD.  They

continued to demonstrate how this amazing effect could be accomplished in subsequent papers

[2] and patent applications.[3]  Considerable skepticism resulted because the effect could not be

easily replicated by a few, well known laboratories[4; 5; 6]; because the effect could not be ex-

plained by conventional theory; and because positive results were largely ignored in several pop-

ular descriptions of the field[7; 8] as well as by the media in general.  Thanks to a few deter-

mined scientists, the important variables are now sufficiently well understood to greatly improve

reproducibility.  In addition, many reasons for past failures are now understood.  Skeptics can, if

they wish,  demonstrate for themselves the reality of the effect.

The claimed effects appear to occur in special environments.  For lack of a better designa-

tion, these environments will be described as a special condition of matter (SCM), perhaps simi-

lar in some respects to the superconducting state.  A variety of products have been produced in-

cluding excess energy, tritium, helium, X-rays, γ-rays, neutrons, high-energy particles of various

types and energies, and various  elements, both radioactive and stable.  Apparently, a variety of

nuclear reactions can be made to occur.  A better term for the effect might be “Chemically As-

sisted Nuclear Reactions”[9].  Energy production when deuterium is present appears to be ac-
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companied by the formation of 4He in quantities almost sufficient to account for all of the mea-

sured energy [10; 11; 12]. When tritium is occasionally formed, it is accompanied by a few neu-

trons[13].  With these exceptions, each product seems to be produced independently and by

slightly different conditions.  This paper will describe only the conditions that produce excess

energy in D2O-based electrolytic cells .  

Obviously, the environments in which nuclear reactions can be initiated are unique and diffi-

cult to create.  One such proposed SCM can be formed after β-PdD (face-centered-cubic struc-

ture) has achieved a sufficiently high deuterium content.  Once this essential requirement has

been achieved, several other conditions are required to form the SCM.  These conditions include

the presence of certain impurities in the palladium and the application of various forms of ener-

gy.  Once a stable and sufficiently high D/Pd ratio has been produced, excess energy production

starts after many additional hours of electrolysis.  The delay time is variable and is proposed to

result from slow electrodeposition of the required impurities[14] followed by formation of the

SCM[15].  Other changes not yet known may also be required before heat production can start.   

The known conditions will be described in sufficient detail so that a careful experimenter

would have a good chance of achieving success.  However, before attempting to produce the

phenomenon, you must realize that considerable skill is required.  Information given here can not

overcome limitations imposed by poor technique or by inadequate application of the required

procedures.  Even now, all of the variables are not known.  Some must be explored by trial and

error.  Therefore, do not be disappointed if you are initially unable to produce large amounts of

excess energy.  Success usually requires patience and several failures.  Fortunately, the failure

rate can be reduced to acceptable levels.  

Of course, a good calorimeter is also required. Suitable designs and required precautions can

be obtained from the literature.[13; 16; 17] Although certain precautions are required, success

has 

been achieved using a variety of designs of the so-called open and closed type1.   By using proce-

dures described here, sufficient excess heat can be produced to overshadow normal errors in cal-

orimetry.

Excess power levels below 20% are routine while values above 100% are still rare.  The

highest reported excess power is 1500% [18] using palladium deuteride made in a fused-salt

electrolytic cell at 450°C.  Generally, the higher the temperature, the higher the heat production

1. "Closed” cells contain a catalyst that recombines the D2 and O2 so that no energy or material leaves the cell.

An “open” cell allows the gases to leave, and corrections must be made for this energy loss.  Such cells have

been criticized because the amount of gas that does not leave the cell may be unknown because some unexpect-

ed recombination might have taken place.  Most such cells are monitored to correct for this problem if it should

occur. 
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rate. Although the phenomenon can be demonstrated, levels of heat production required for a

practical device are still difficult to achieve.   More recently, a variety of other methods and ma-

terials involving deuterium have been found to produce the effect.[12; 19; 20; 21; 22] These will

not be discussed here. 

  

II.  CRITICAL DEUTERIUM CONTENT

The first and most important requirement is to achieve the necessary deuterium content in

the palladium.  An average stoichiometry greater than PdD0.84-0.90 is required.  The exact value

for this critical composition depends to some extent on the method used to measure the deuteri-

um concentration and the nature of the palladium.  The average composition is created by com-

petition between gain at the surface, caused by electrolysis, and loss of deuterium caused by sev-

eral conditions.  These two processes combine to produce a concentration gradient within the

palladium with the highest concentration at the surface.  The magnitude and extent of a critical

concentration region, starting at the surface, is proposed to determine the amount of generated

energy.  Because the critical region is near the surface,  a rectilinear-shape (plate) with its higher

surface area is a better choice than is a cylindrical-shape (wire).

Gain of deuterium is improved by using a sufficiently high electrolytic current density and

thin layers of certain impurities on the surface.  The loss rate is reduced by using crack-free2,

high-strength palladium combined with certain surface modifications.   These factors interact so

that reduction of one can be partially offset by the increased presence of another.  Unfortunately,

crack-free palladium is rare and difficult to obtain with consistent properties.  Failure to use ap-

propriate palladium appears to be the most likely reason for not producing excess energy.

  

II.1 Uptake Rate

 

The rate of deuterium uptake is determined by the current density and chemical conditions at

the surface. A minimum current current density between  0.10 A/cm2 and 0.15 A/cm2 is fre-

quently required[23; 14; 24; 25; 26; 27; 28] to initiate heat production.  Occasionally, much

higher current densities are necessary.   For example, the data of Pons and Fleischmann[3] show

an onset near 0.4 A/cm2, and Storms[29], on one occasion, reports an onset above 0.35A/cm2.

2. A crack is a void space containing D2 gas that, when it extends to the surface, allows
deuterium to move quickly from the interior to the surface as high pressure gas, thereby re-
ducing the interior composition.  In contrast, a dislocation is a position in the solid lattice
where the atoms do not occupy uniform, periodic positions.  These regions tend to trap deute-
rium atoms, thereby increasing the local composition.
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This current should be uniformly distributed over the entire surface of the sample. Failure to

apply sufficient current is one of the reasons why excess heat is not observed.  Several studies

showing this effect are compared in Fig. 1.  Differences are caused mainly by uncertainties in

cathode area, by nonuniform current distribution, and by different changes in cathode tempera-

ture produced by the current.  Once production starts, the higher the applied current density

above the onset 

FIGURE 1.  Relationship between excess power density and current density.

value, the greater the excess power.  

An average D/Pd ratio between 0.84-0.90 is frequently observed when excess power produc-

tion first starts.[24; 14; 25; 26]  Average values above PdD1.0 are occasionally reported.[30; 14]

The actual deuterium content of the SCM is still unknown, but clearly above PdD0.84 and possi-

bly much higher than PdD1.0.  

In addition to applying a current density above the onset value, the presence of certain impu-

rities on the palladium surface are required.  These effect deuterium uptake and retention.  Such

impurities can come from the anode, the electrolyte, or the container. Very careful work done at

SRI (Stanford Research International)[14] demonstrates how several impurities, including alumi-

num and silicon, produce beneficial results.  These two impurities occur naturally when Pyrex
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glass is used as the container.  Aluminum metal (2-20 ppm) added to the electrolyte after the pal-

ladium has achieved its maximum deuterium content is sometimes useful in initiating excess heat

production.[14; 27]  Thiourea also has been used with limited success.[31]  Preoxidizing the sur-

face at 600-750°C in air improves the loading rate[32; 33] because the very thin layer of oxide is

quickly reduced to a pure, very chemically active layer of palladium once electrolysis starts. Ab-

sence of certain surface impurities such as copper, lead or silver (from solder) is also important.

However, a thin film of gold (≈7000 Å) on the palladium surface can increase the limiting D/Pd

ratio.[34]  The benefits of lithium and platinum, two impurities normally observed on and within

the surface region, are still unknown.  Other impurities not yet studied may have both good and

bad effects.[35]

  Because of impurity electrodeposition from the electrolyte and electromigration within the

palladium, the chemical purity of the surface is a complex function of time, integrated current,

temperature, and purity of the cell environment.  Therefore, the chemical composition of the

SCM is unknown and probably much different from bulk material.

Regions of stress and dislocations are known to concentrate hydrogen.  Dislocations can be

created at the surface by polishing and within the bulk material by rolling, drawing, or hammer-

ing.   Although such methods are not required, their use has produced success.  However, initial

dislocation and stress are probably overshadowed by that produced during the hydriding pro-

cess.[36]  Unfortunately,  stress and dislocation concentration are difficult to measure and are not

reported by workers in the field.  

Stress can be removed by annealing.  Both annealed and unannealed material have produced

excess energy.  Therefore,  initial stress is not  required.  On the other hand, annealing creates a

complicated result.  The process can deposit impurities on the surface from the ambient gas, can

diffuse surface impurities into the metal, and can cause crystal growth and vapor etching at the

surface if done at a sufficiently high temperature.  In addition, annealing does not change void

and crack concentrations, and may not change the number of dislocations.  These consequences

make the annealing process unattractive unless considerable care is taken.

     

 II.2   Necessary Characteristic of  Palladium

  

The nature of the palladium cathode is very important.  Various types of palladium having

purity in the 99.9+% range and obtained from various sources have worked while material of the

same purity and obtained from the same source has failed to work.  Although the influence of pu-

rity is not yet understood, the absence of cracks and voids is critical.  Most palladium forms mi-

crocracks, voids and dislocations when it is converted to the hydride.[37; 38; 39]  Only very un-

usual palladium is relatively crack-free after hydriding and, consequently, will made excess ener-
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gy.   Pretesting can be used to separate “good” material from “bad”.  Because this property is

very nonuniform,  material from a “bad” batch may occasionally produce heat while some

material from a “good” batch may fail.  Therefore, testing of each piece is recommended.

Pretesting can be done using two methods as follows:

1. The volume of the palladium is measured using the physical dimensions, and the weight is re-

corded to ±0.1 mg.  The piece is electrolyzed as the cathode in a D2O-LiOD electrolyte until

weight increase indicates an average composition higher than PdD0.75 .  By combining the initial

volume (IV) and final volume (FV) with the D/Pd ratio, calculated from the weight change,  ex-

cess volume fraction can be determined using the equation:

Excess volume fraction =((FV-IV)/IV)-(0.0172+0.14125 D/Pd).

The second term in the equation corrects for the volume change caused by formation of the deu-

teride.  Excess volume is caused by cracks and voids generated within the palladium by hydride

formation.  If the value is greater than 0.02, the palladium should not be used.  Limited experi-

ence indicates that a lower excess volume will give greater heat production.  More detail is given

about this procedure by Storms and Talcott-Storms.[39]

2. Another, less quantitative method is based on observing bubble formation on the surface dur-

ing electrolysis.  “Good” palladium shows no D2 bubbles until the composition exceeds about

PdD0.65.  Further loading produces a very uniform production of small bubbles.[40]  The same

pattern continues at a reduced rate should the current be turned off.  Production of large bubbles

in a few spots indicates “bad” palladium.  A successful cathode also shows a higher overvoltage

than does “bad” material[41; 42], in part,  because a higher surface composition has been

achieved. 

 Crack formation can be reduced if the initial loading rate and temperature are both kept low

during the initial loading process.  Initial current densities below 20 mA/cm2 are suggested.

Once an average composition above PdD0.75  is achieved, the current  and temperature may be

increased.  Many additional hours of charging are normally required to produce excess energy.

Various initiating methods (Section III) can reduce this time. 

Improved success has been claimed when the palladium has been polished[40], or when it

has been cold-worked to achieve an unusually large hardness[43; 44].   Thin films (5-20 µm) of

palladium formed on a silver substrate by electrodeposition[45] or an alloy of 0.9 Pd + 0.1

Ag[46; 47].  also gave good success rates.  Sintered powder has been used to produce excess en-

ergy.[28]  In this case, positive results will be very sensitive to the presence of D-D recombina-

tion inhibitors coating each particle.  
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Successful palladium has been found to produce excess energy even after it has been deload-

ed and reloaded, after it has been kept in liquid nitrogen before being re-electrolyzed, and when

heated to 100° C [46; 48; 40] during electrolysis.  Bad palladium may occasionally work for

brief periods producing low-power, but it can not be relied on to produce significant results re-

gardless of treatment.

II.3  Sources of Unwanted Impurities

Very small amounts of certain impurities can have a very large effect on the results because

only a few atomic layers deposited on the cathode surface can significantly affect the limiting

D/Pd ratio.  Therefore, all sources of chemical contamination in the cell design need to be care-

fully considered.

Heavy-water sometimes contains impurities that will inhibit the effect.[13; 36]  Therefore,

the D2O should be distilled or purified before use. In addition, heavy-water easily picks up

normal water from the atmosphere.  Excess heat production is significantly reduced when the

normal water content is only slightly increased.  Therefore, the cell must be isolated from the at-

mosphere.

The electrolyte is normally made by dissolving lithium metal in heavy-water.  Mineral oil

used to protect the lithium can be removed by washing the lithium with methanol.  Because both

reactions make deuterium gas -- although at a slow and controlled rate-- some care must be used

to prevent ignition.  Electrolyte compositions in the high end of the 0.1-1.0 M LiOD range ap-

pear to work better than do compositions in the low end.     

Spot welding is sometimes used to attach wires to the cell electrodes.  Although this method

is effective, it can transfer copper metal from the spot-welding electrodes to the weld. When this

metal is redeposited on the cathode surface,  heat production is reduced or prevented.  This prob-

lem can be eliminated by using spot-welding electrodes made of tungsten.  Solder of any type,

including gold, will dissolve in the electrolyte and be deposited on the cathode.

Use of very pure platinum or palladium for the anode is important because many of the me-

tallic contaminates  contained therein will eventually electroplate onto the cathode.  Although a

slight darkening of the cathode surface will be observed as impurities are deposited, this layer is

best kept to a minimum.   

A useful method to prepurify the cell is to first electrolyze using a dummy cathode.  After

several days of electrolysis, this cathode is removed, along with the impurities, and replaced by

the cathode to be studied.

The electrolytic current should be uniformly distributed over all regions of the electrode sur-

face.  Although a few studies have been successful when electrolyzing only one side of a palladi-
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um sheet, this method is not recommended unless the nonelectrolyzed side is coated with a diffu-

sion barrier such as gold.

III.  INITIATING METHODS

Application of nonequilibrium conditions can initiate the effect.  Very successful results

have been reported after using pulsed(1 µsec) high voltages with a resulting high current (up to

100 A)[43],  current switched or ramped between two extreme values [40; 29; 49; 50; 51], and

MHz frequencies of particular values (81.9 MHz or several other frequencies) superimposed on

the electrolysis current or inductively coupled to the cathode.[41]  Power levels below 30 mW

have been found to initiate heat production.  Larger values are expected to be more effective. The

reason for this effect is not known with certainty.

Acoustic energy has been used to trigger local, high-energy regions at the cathode surface.

These regions result from the collapse of small bubbles created when the acoustic wave passes

from the electrolyte to the palladium metal.[12]  Excess heat production is reported to be very re-

producible .

Excess heat production increases when the temperature is increased.[27]  Indeed, significant

heat has been produced at 100°C [48] as well as after electrolysis stopped because the electrolyte

boiled off.[46]  Increasing the temperature after excess heat has been produced can increase the

magnitude of the effect.  Some caution is needed because this process might become self-feed-

ing. 

Bubble formation creates micro regions of current and voltage variations that may produce

the required frequencies and local heating in the absence of externally applied energy.  This ener-

gy source alone appears sufficient to initiate the effect once other necessary conditions have been

achieved.  However, because the best conditions are seldom present over the entire surface or in

a brief time, additional energy is beneficial.

IV. SUGGESTED PROCEDURE

This procedure requires knowledge of the cited literature and some experience constructing

and using electrolytic cells of this type. 

1. Polish the palladium surface to a mirror finish and wash with acetone. Do not touch with 

fingers or tissue paper after this step.

Purpose:  To remove impurities,  to produce a uniform surface, and to create a

     dislocation layer.

2. Heat in air at 600-700° C until the surface oxidizes to a uniform blue color.  This 
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operation is best done in a small furnace.  If the color is not uniform, repeat step 1.

Purpose: To remove impurities, to demonstrate uniform chemical activity of the 

    surface,  and to produce a layer of pure palladium on the surface.

3. Weigh (±0.0001 g) and measure dimensions (±0.001 cm).

4. Electrolyze as the cathode in  0.3-0.5 M LiOD electrolyte at 20 mA/cm2 until weight 

increase indicates a composition greater than PdD0.75.  

5. Remeasure dimensions and calculate excess volume.  Discard if excess volume is greater 

than 2%. “Good” material may be stored in a sealed container below  0°C indefinitely.

Purpose: To eliminate palladium having excess cracks and voids after hydriding, 

6. If excess volume is less than 2%, place the palladium in a prepurified cell and place this 

cell in a calorimeter.  Electrolyze the cell at  200-500 mA/cm2.   If excess energy is not

produced within 300 hours,  start initiation procedures.

7. The following initiation procedures can be applied in sequence or at the same time:

a. Add 10 ppm of aluminum metal to the electrolyte. Electrolyze for an additional 100 

    hrs.

Purpose: To create a barrier to reduce deuterium loss.

b. Switch electrolytic current between 20 mA/cm2 and 500 mA/cm2.  The switch rate 

can be between 1/sec and 1/min.  Continue switching for an additional 100 hrs. Test for 

excess energy while the current is fixed at 500 mA/cm2.

Purpose: To create a variable flux of diffusing deuterium and other undefined

    conditions, some of which are known to initiate SCM formation.  

c. Increase the temperature to at least 50°C and continue to electrolyze at 200-500 

mA/cm2.  This step is best done after heat production starts.

Purpose: To increase heat production rate.

d. Inductively couple an RF frequency of 81.9 MHz to the cell through a surrounding 

coil.  Power levels below 30 mW have been found to work well but values up to 1 W can

be used.  If excess energy is to be produced, it will appear immediately.  

If none of these techniques work, repeat the process using a new piece of pretested palladi-

um.

 

V.  CONCLUSION

Four major factors are important to achieve excess power using palladium electrolyzed in

heavy-water.  These factors are: an average D/Pd ratio above a critical value; a cell current densi-

ty above a critical value; the presence of certain impurities in the surface region of the palladium
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cathode; and the application of externally generated energy.  The closer the chemical conditions

are to the ideal condition, the less external energy is required to initiate excess energy produc-

tion.  When a proper mixture of these independent conditions is achieved, a transformation is

proposed to take place in the palladium deuteride that produces a special condition of matter

(SCM) in which the heat producing reaction occurs.  It is unlikely that the resulting SCM is sim-

ply another lattice structure in the pure Pd-D system.  However, whatever structure the SCM is

found to have, its chemical and mechanical properties will be very unique.

Various nuclear reactions can be initiated in the SCM depending on several additional vari-

ables.  Because these variables are still not understood, some of the nuclear reactions have been

more difficult to replicate than others.  For example, tritium is produced only occasionally and

with difficulty in “normal” cells.  Tritium is seldom found in cells producing excess heat.

In contrast to statements made by some skeptics, a person does not have to be a believer to

produce positive results.  On the other hand,  positive results will certainly produce a believer.

Anyone reporting negative results should at least show that attempts were made to create and to

measure the critical conditions described in this paper before dismissing the phenomenon.

VI.  REFERENCES
  
[1] M. Fleischmann and S. Pons, “Electrochemically Induced Nuclear Fusion of Deuterium”,

J. Electroanal. Chem., 261, 301 (1989).

[2] M. Fleischmann, S. Pons, M. Anderson, L. J. Li, and M. Hawkins, “Calorimetry of Palla-

dium-Heavy Water Systems”,  J. Electroanal. Chem., 287,  293 (1990); S. Pons and M.

Fleischmann, “The Calorimetry of Electrode Reactions and Measurements of Excess En-

thalpy Generation in the Electrolysis of D2O Using Pd-Based Cathodes”, The Science of

Cold Fusion,  Vol. 33 (T. Bressani, E. Del Giudice and G. Preparata, eds) Proc. of the

Second Annual Conference on Cold Fusion, Como, Italy, June 29--July 4, 1991 (Pub-

lished by Societa Italiana di Fisica), p. 349; M. Fleischmann and S. Pons, “Calorimetry of

the Pd-D2O System: From Simplicity via Complications to Simplicity”,  Phys. Lett. A,

176, 118 (1993). 

[3] S. Pons,  M. Fleischmann, C. Walling, and J. Simons,”Method and Apparatus for Power

Generation”,  International Publication Number WO 90/10935, Sept. 20, 1990 and the

following U. S. patent applications:

1. “Heat-Generating Method and Apparatus, # 323, 513,  March 13, 1989

2. “Neutron-Beam Method and Apparatus, # 326, 693, March 21, 1989

3. “Heat Generating Method and Apparatus, #335, 233, April 10, 1989

4. “Heat Generating Method and Apparatus, #338, 879, April 14, 1989

10                                    



5. “Power Generating Method and Apparatus, #339, 646, April 18, 1989

6. “Power Generating Method and Apparatus, #346, 079, May 2, 1989

7. “Power Generating Method and Apparatus, #352, 478, May 16, 1989

[4] D. E. Williams et al., “Upper Bounds on ‘Cold Fusion’ in Electrolytic Cells”, Nature,

342, 375 (1989). See critique: M. Miles, B. F. Bush and D. E. Stilwell, “Calorimetric

Principles and Problems in Measurements of Excess Power during Pd-D2O Electrolysis”,

Proceedings of the Third International Conference on Cold Fusion, October 21-25, 1992,

Nagoya Japan, Frontiers of Cold Fusion, (H. Ikegami, ed), p. 113, Universal Academy

Press, Inc., Tokyo, Japan; and M. R. Swartz, “A Method to Improve Algorithms Used to

Detect Steady State Excess Enthalpy”,  Fourth International Conference on Cold Fusion,

Lahaina, Maui, Dec. 6-9, 1993.

[5] N. S. Lewis et al., “Searches for Low-Temperature Nuclear Fusion of Deuterium in Palla-

dium”, Nature, 340,  525 (1989).  See critique: M. Miles, B. F. Bush and D. E. Stilwell,

“Calorimetric Principles and Problems in Measurements of Excess Power during Pd-D2O

Electrolysis”, Proceedings of the Third International Conference on Cold Fusion, October

21-25, 1992, Nagoya Japan, Frontiers of Cold Fusion, (H. Ikegami, ed),  p. 113, Univer-

sal Academy Press, Inc., Tokyo, Japan; and Noninski, V. C. and C. I. Noninski, "Notes

on Two Papers Claiming No Evidence for the Existence of Excess Energy During the

Electrolysis of 0.1 M LiOD/D2O with Palladium Cathodes", Fusion Technol. 23 (1993)

474.

[6] D. Albagli, R. Ballinger, V. Cammarata, X. Chen, R. M. Crooks, C. Fiore, M. P. J. Gaud-

reau, I. Hwang, C. K. Li, P. Linsay, S. C. Luckhardt, R. R. Parker, R. D. Petrasso, M.O.

Schloh, K. W. Wensel, M. S. Wrighton, “Measurement and Analysis of Neutron and

Gamma-Ray Emission Rates, and other Fusion Products, and Power in Electrochemical

Cells Having Pd Cathodes”, J. of Fusion Energy, 9,  133 (1990). See critique: M. Hecht,

“MIT and Cold Fusion: A Case Study of Fudging”, 21st Century Sci. and Technol., Fall

1991, p. 54; and M. R. Swartz, “Some Lessons from Optical Examination of the PFC

Phase-II Calorimetric Curves”,  Fourth International Conference on Cold Fusion, Lahai-

na, Maui, Dec. 6-9, 1993. 

[7] G. Taubes, Bad Science, The Short Life and Weird Times of Cold Fusion, Random

House, N.Y., 1993, 503 pages.

[8] J. R. Huizenga, Cold Fusion: Scientific Fiasco of the Century, Univ. of Rochester Press,

NY, 1992, 259 pages.

[9] E. Storms, “Chemically-assisted Nuclear Reactions: The Cold Fusion Effect”, Cold Fu-

sion 1, #3, 42 (1994).

[10] M. H. Miles, B. F. Bush, G. S. Ostrom, and J. J. Logowski, “Heat and Helium Production

11                                    



in Cold Fusion Experiments”, The Science of Cold Fusion,  Vol. 33 (T. Bressani, E. Del

Giudice and G. Preparata, eds) Proc. of the Second Annual Conference on Cold Fusion,

Como, Italy, June 29--July 4, 1991 (Published by Societa Italiana di Fisica), p. 363; M.

H. Miles and B. F. Bush, “Heat and Helium Measurements in Deuterated Palladium”,

Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993.  See

also: M. H. Miles, et al. J. Electroanal. Chem, 346,  99 (1993);  M. H. Miles and B. F.

Bush, in Frontiers of Cold Fusion, (H. Ikegami, ed) Universal Academy Press, Tokyo,

1993, p. 189.  M. H. Miles, B. F. Bush and J. J. Lagowski, “Anomalous Effects Involving

Excess Power, Radiation, and Helium Production During D2O Electrolysis Using Palladi-

um Cathodes”, Fusion Technol., 25,  478 (1994).

[11] Gozzi, D., R. Caputo, P. L. Cignini, M. Tomellini, G. Gigli, G. Balducci, E. Cisbani, S.

Frullani, F. Garibaldi, M. Jodice, and Urciuoli, "Helium-4 Quantitative Measurements in

the Gas Phase of Cold Fusion Electrochemical Cells", Proc. Fourth International

Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V1

(1994), published by Electric Power Research Institute 3412 Hillview Ave., Palo Alto,

CA 94304, Vol. 1, p. 6.

[12] R. Stringham, “Cavitation Induced Micro-Fusion”, Fourth International Conference on

Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. Information can be obtained from E-Quest-

Sciences, P.O. Box 60642, Palo Alto, CA 94306.

[13] E. Storms, “Review of Experimental Observations About the Cold Fusion Effect”, Fusion

Technol., 20,  433 (1991).

[14] M. C. H. McKubre, S. Crouch-Baker, A. M. Riley, S. I. Smedley and F. L. Tanzella, “Ex-

cess Power Observations in Electrochemical Studies of the D/Pd System; The Influence

of Loading”, Proceedings of the Third International Conference on Cold Fusion, October

21-25, 1992, Nagoya Japan, Frontiers of Cold Fusion , (H. Ikegami, ed), Universal Acad-

emy Press, Inc., Tokyo, Japan. p. 5.

[15] E. Storms, “Chemically-Assisted Nuclear Reactions; The Cold Fusion Effect”, Cold Fu-

sion 1, #3, 42 (1994), and E. Storms, “Warming Up to Cold Fusion”, Technol. Rev.

May/June, 20 (1994).

[16] W. Hemminger and G. Hohne, “Calorimetry, Fundamentals and Practice”, Verlag Che-

mie, Florida (1984).

[17] M. Miles, B. F. Bush and D. E. Stilwell, “Calorimetric Principles and Problems in Mea-

surements of Excess Power during Pd-D2O Electrolysis”, Proceedings of the Third Inter-

national Conference on Cold Fusion, October 21-25, 1992, Nagoya Japan, Frontiers of

Cold Fusion, (H. Ikegami, ed),  p. 113, Universal Academy Press, Inc., Tokyo, Japan; M.

E. Melich and W. N. Hansen, “Some Lessons from 3 Years of Electrochemical Calorime-

12                                    



try”, ibid, p. 397;  Hansen, W. N., and M. E. Melich, "Pd/D Calorimetry- The Key to the

F/P Effect and a Challenge to Science", Proc. Fourth International Conference on Cold

Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V2 (1994), published by

Electric Power Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 2, p.

11; and M. R. Swartz, “A Method to Improve Algorithms Used to Detect Steady State

Excess Enthalpy”,  Proc. Fourth International Conference on Cold Fusion, Lahaina,

Maui, Dec. 6-9, 1993. EPRI TR-104188-V2 (1994) Vol. 2, p. 16.

[18] B. Y. Liaw, P. -L. Tao, and B. E. Liebert, Recent Progress on Cold Fusion Research

Using Molton Salt Techniques”, The Science of Cold Fusion,  Vol. 33 (T. Bressani, E.

Del Giudice and G. Preparata, eds) Proc. of the Second Annual Conference on Cold Fu-

sion, Como, Italy, June 29--July 4, 1991 (Published by Societa Italiana di Fisica), p. 55.

See also: B. Y. Liaw, P. -L. Tao, P. Turner, and B. E. Liebert, “Elevated-Temperature

Excess Heat Production in a Pd+D System”, J. Electroanal. Chem., 319, 161 (1991).

[19] T. Mizuno, M. Enyo, T. Akimoto and K. Azumi, “Anomalous Heat Evolution from

SrCeO3-Type Proton Conductors during Absorption/Desorption of Deuterium in Alter-

nate Electric Field”, Proc. Fourth International Conference on Cold Fusion, Lahaina,

Maui, Dec. 6-9, 1993. EPRI TR-104188-V2 (1994), published by Electric Power

Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 2, p. 14.

[20] Jin, S., F. Zhan, and Y. Liu, "Deuterium Absorbability and Anomalous Nuclear Effect of

YBCO High Temperature Superconductor", Proc. Fourth International Conference on

Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V3 (1994), published by

Electric Power Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 3, p. 4.

[21] A. C. Lipson, D. M. Sakov and B. V. Derjaguin, “Generation of Cold Fusion Products in

Deuterated High Tc Superconductors Upon the Phase Transition to Superconducting

State”,  Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993.

Not in Proceedings.

[22] J. Dufour, J. Foos and J. P. Millot, “Cold Fusion by Sparking in Hydrogen Isotopes, En-

ergy Balances and Search For Fusion By-products”, Proc. Fourth International

Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V1

(1994), published by Electric Power Research Institute 3412 Hillview Ave., Palo Alto,

CA 94304, Vol. 1, p. 9.

[23] R. C. Kainthla, O. Velev, L. Kaba, G.H. Lin, N. Packham, J. Bockris, M. Szklarczyk and

J. Wass “Sporadic Observation of the Fleischmann-Pons Effect”, Electrochim. Acta. 34,

1315 (1989).

[24] K. Kunimatsu, N. Hasegawa, A. Kubota, N. Imai, M. Ishikawa, H. Akita and Y. Tsuchi-

da, “Deuterium Loading Ratio and Excess Heat Generation during Electrolysis of Heavy

13                                    



Water by a Palladium Cathode in a Closed Cell Using a Partially Immersed Fuel Cell

Anode”, Proceedings of the Third International Conference on Cold Fusion, October

21-25, 1992, Nagoya Japan, Frontiers of Cold Fusion , (H. Ikegami, ed), Universal Acad-

emy Press, Inc., Tokyo, Japan. p. 31.

[25] N. Hasegawa, K. Kunimatsu, T. Ohi,  and T. Terasawa, “Observation of Excess Heat dur-

ing Electrolysis of 1M LiOD in a Fuel Cell Type Closed Cell”, Proceedings of the Third

International Conference on Cold Fusion, October 21-25, 1992, Nagoya Japan, Frontiers

of Cold Fusion, (H. Ikegami, ed), Universal Academy Press, Inc., Tokyo, Japan. p. 377.

[26] T. Mizuno, T. Akimoto, and K. Azumi, “Cold Fusion Reaction Products and Behavior of

Deuterium Absorption in Pd Electrode”, Proceedings of the Third International Confer-

ence on Cold Fusion, October 21-25, 1992, Nagoya Japan, Frontiers of Cold Fusion, (H.

Ikegami, ed), Universal Academy Press, Inc., Tokyo, Japan. p. 373.

[27] E. Storms, “Some Characteristics of Heat Production Using the ‘Cold Fusion’ Effect”,

Proc. Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993.

EPRI TR-104188-V2 (1994), published by Electric Power Research Institute 3412

Hillview Ave., Palo Alto, CA 94304, Vol. 2, p. 4.

[28] D. Gozzi, P. L. Cignini, and M. Tomellini, “Multicell Experiments for Searching Time-

Related Events in Cold Fusion”, The Science of Cold Fusion,  Vol. 33 (T. Bressani, E.

Del Giudice and G. Preparata, eds) Proc. of the Second Annual Conference on Cold Fu-

sion, Como, Italy, June 29--July 4, 1991 (Published by Societa Italiana di Fisica), p. 21.

[29] E. Storms, “Measurement of Excess Heat from a Pons-Fleischmann Type Electrolytic

Cell”, Proceedings of the Third International Conference on Cold Fusion, October 21-25,

1992, Nagoya Japan, Frontiers of Cold Fusion, (H. Ikegami, ed), Universal Academy

Press, Inc., Tokyo, Japan. p. 21. See also: Fusion Technol., 23, 230 (1993).

[30] H. Ikegami, “Cold Fusion Researches in Japan”, The Science of Cold Fusion,  Vol. 33 (T.

Bressani, E. Del Giudice and G. Preparata, eds) Proc. of the Second Annual Conference

on Cold Fusion, Como, Italy, June 29--July 4, 1991 (Published by Societa Italiana di Fisi-

ca), p. 297.

[31] N, Hasegawa, N. Hayakawa, Y. Yamamoto, and K. Kunimatsu, “Observation of Excess

Heat During Electrolysis of 1 M LiOD in a Fuel Cell Type Closed Cell”,  Proc. Fourth

International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI

TR-104188-V1 (1994), published by Electric Power Research Institute 3412 Hillview

Ave., Palo Alto, CA 94304, Vol.1, p. 3.

[32] H. Uchikawa and K. Sato, “New Techniques of Activating Palladium Surface for Ab-

sorption of Hydrogen or Deuterium”, Japan J. Appl. Phys., Part I, 32, 5095 (1993).

[33] F. Celani, A. Spallone, P. Tripodi, A. Petrocchi, D. Di Gioacchino, M. Bouter, P. Marini,

14                                    



V. Di Stefano, “D/Pd Loading Ratio up to 1.2:1 By High Power  µS Pulsed Electrolysis

in PdD Plates”, “Cold Fusion Source Book”, International Sym. on Cold Fusion, Belaru-

sian State Univ., Minsk, Belarus, May 24-26, 1994 (Pub. by Fusion Information Center,

Univ. Utah Res. Park, P. O. Box 58639, Salt Lake City, UT, 84158)

[34] H. Akita, Y. Tsuchida, T. Nakata, A. Kubota, M. Kobayashi, Y. Yamamoto, N.

Hasegawa, N. Hayakawa, and K. Kunimatsu, "Electrolytic Hydrogen/Deuterium

Absorption into Pd, Pd-Rh, and Pd-Ag Alloys in Fuel Cell Type Closed Cell", Proc.

Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI

TR-104188-V1 (1994), published by Electric Power Research Institute 3412 Hillview

Ave., Palo Alto, CA 94304, Vol. 1, p. 21.

[35] R. T. Bush, “Impurity Promotion and Inhibition of the Excess Heat Effects of Cold Fu-

sion”, Cold Fusion Source Book, Fusion Facts, 6, 4 (1994) .

[36] L. Schlapbach, “Hydrogen and its Isotopes in and on Metals”, The Science of Cold Fu-

sion,  Vol. 33 (T. Bressani, E. Del Giudice and G. Preparata, eds) Proc. of the Second

Annual Conference on Cold Fusion, Como, Italy, June 29--July 4, 1991 (Published by

Societa Italiana di Fisica), p. 409.

[37] Robert Huggins, “Some Materials Aspects of the Electrochemical Insertion of Hydrogen

and Deuterium into Metals”, Proc. Fourth International Conference on Cold Fusion,

Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V2 (1994), published by Electric

Power Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 2, p. 26.

[38] R. A. Oriani, “Physical and Metallurgical Aspects of Entry of Hydrogen into Metals”,

Proc. Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993.

EPRI TR-104188-V1 (1994), published by Electric Power Research Institute 3412

Hillview Ave., Palo Alto, CA 94304, Vol. 1, p. 18.

[39] E.  Storms and C. Talcott-Storms, “The Effect of Hydriding on the Physical Structure of

Palladium and on the Release of Contained Tritium”, Fusion Technol., 20,  246 (1991).

[40] D. Cravens, “Factors Effecting the Success Rate of Heat Generation in CF Cells”,  Proc.

Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI

TR-104188-V2(1994), published by Electric Power Research Institute 3412 Hillview

Ave., Palo Alto, CA 94304, Vol. 2, p. 18.

[41] J. O’M. Bockris, R. Sundaresan, D. Letts and Z. S. Minevski, “Triggering of Heat and

Sub-Surface Changes in Pd-D Systems”,  Proc. Fourth International Conference on Cold

Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI TR-104188-V2 (1994), published by

Electric Power Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 2, p. 1.

[42] M. Okamoto, Y. Yoshinaga, M. Aida, and T. Kusunoki, “Excess Heat Generation,

Voltage Deviation, and Neutron Emission in D2O-LiOD Systems”, Proc. Fourth

15                                    



International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. EPRI

TR-104188-V2 (1994), published by Electric Power Research Institute 3412 Hillview

Ave., Palo Alto, CA 94304, Vol. 2, p. 3.

[43] F. Celani, A. Spallone, P. Tripodi, A. Nuvoli, A. Petrocchi, D. Di Gioacchino, M. Boutet,

P. Marini, and V. Di Stefano, “High Power µs Pulsed Electrolysis for Large Deuterium

Loading on Pd Plates”, Proc. Fourth International Conference on Cold Fusion, Lahaina,

Maui, Dec. 6-9, 1993. EPRI TR-104188-V1 (1994), published by Electric Power

Research Institute 3412 Hillview Ave., Palo Alto, CA 94304, Vol. 1, p. 22.

[44] M. Schreiber, T. M. Gur, G. Lucier, J. A. Ferrante, J. Chao, and R. A. Huggins,  “Recent

Measurements of Excess Energy Production in Electrochemical Cells Containing Heavy

Water and Palladium”, Proc. 1st Annual Conf. Cold Fusion, Salt Lake City, UT, March

28-31, 1990, p. 44. See also: Proc. Cold Fusion Symp., 8th World Hydrogen Energy

Conf., Honolulu, HI, July 22-27, 1990, p. 71.

[45] R. Bush and R. Eagleton, “A Calorimetric Study of the Excess Heat Effect in Thin Films

of Palladium”, Presented at the Second Annual Conference on Cold Fusion, Como, Italy,

June 29--July 4, 1991.

[46] S. Pons and M. Fleischmann, “Heat after Death”,  Fourth International Conference on

Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. See also:  M. Fleischmann and S. Pons,

“Calorimetry of the Pd-D2O System: From Simplicity via Complications to Simplicity”,

Phys. Lett. A, 176, 118 (1993). 

[47] K. Ota, M. Kuratsuka, K. Ando, Y. Iida, H. Yoshitake and N. Kamiya, “Heat Production

at the Heavy Water Electrolysis Using Machanically Treated Pd Cathode”, Proceedings

of the Third International Conference on Cold Fusion, October 21-25, 1992, Nagoya

Japan, Frontiers of Cold Fusion, (H. Ikegami, ed), Universal Academy Press, Inc.,

Tokyo, Japan., p 71.

[48] M. C. H. McKubre, B. Bush, S. Crouch-Baker, A. Hauser, N. Jevtic, T. Passell, S. Smed-

ley, F. Tanzella, M. Williams, and S. Wang, “Calorimetry Studies of the D/Pd System”,

Fourth International Conference on Cold Fusion, Lahaina, Maui, Dec. 6-9, 1993. See

also: M. McKubre, “SRI Experiments Explore Excess Heat”, 21st Century Sci. & Tech-

nol. Spring 1994, p. 76.

[49] A. Takahashi, A. Mega, T. Takeuchi, H. Miyamaru and T. Iida, “Anomalous Excess Heat

by D2O/Pd Cell under L-H Mode Electrolysis”, Proceedings of the Third International

Conference on Cold Fusion, October 21-25, 1992, Nagoya Japan, Frontiers of Cold Fu-

sion, (H. Ikegami, ed), Universal Academy Press, Inc., Tokyo, Japan, p. 79. See also:  A.

Takahashi,  J. Appl. Electromag. Mater., 106,  1 (1992).

[50] L. Bertalot, L. Bettinali, F. DeMarco, V. Violante, P. DeLogu, T. D. Makris, and A La-

16                                    



Barbera, “Analysis of Tritium and Heat Excess in Electrochemical Cells with Pd Cath-

odes”, The Science of Cold Fusion,  Vol. 33 (T. Bressani, E. Del Giudice and G. Prepara-

ta, eds) Proc. of the Second Annual Conference on Cold Fusion, Como, Italy, June 29--

July 4, 1991 (Published by Societa Italiana di Fisica), p. 3. 

[51] J. O’M. Bockris, D. Hodko, and Z. Minevski, “The Mechanism of Deuterium Evolution

on Palladium: Relation to Heat Bursts Provoked by Fluxing Deuterium Across the Inter-

face”, The Science of Cold Fusion,  Vol. 33 (T. Bressani, E. Del Giudice and G. Prepara-

ta, eds) Proc. of the Second Annual Conference on Cold Fusion, Como, Italy, June 29--

July 4, 1991 (Published by Societa Italiana di Fisica), p. 337.

17                                    


