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Cold Fusion

• 1989

• Pons, Fleischmann, and Hawkins (PFH)

• Electrolysis of Heavy Water

• Tabletop $500 Apparatus

• Claimed to Achieve Thermonuclear Fusion

• Potential for Limitless Cheap Energy

• How???
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Electrolysis of Heavy Water
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Electrolysis of Heavy Water

Pd Cathode:   4 D2O + 4 e- =  2 D2(gas) + 4 OD-  

Pt Anode:                  4 OD- =  4 e- + 2 D2O  + O2(gas) 

Overall:    2 D2O(liquid)  →  2 D2(gas) + O2(gas)  

                 Decomposition of Heavy Water 
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Cold Fusion

PFH Hypothesis

• Kinetic Overpotential is Predominant

• And Large

• Desorption of Deuterium from Palladium 

• Is Slow and Rate Limiting
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Cold Fusion

PFH Hypothesis

• 0.8 eV Overpotential

• Causes a High Thermodynamic Activity of 
Deuterium, of approximately 1026 atm

• Within Palladium Lattice

• Allows Atoms to Overcome Electrostatic 
Repulsions, and Fuse

2D + 2D → 3T (1.01 MeV) + 1H (3.02 MeV)
2D + 2D → 3He (0.82 MeV) + n (2.45 MeV)
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Potential Origin of High Deuterium Activities

Kinetic Overpotential

• Slow Desorption of D2 from Pd 

• Butler-Volmer Equation 
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Potential Origin of High Deuterium Activities

Concentration Overpotential
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Cold Fusion

PFH Experimental Proof

• Primarily Through Calorimetry

• Measured the Temperature

• Observed Significant Heat

• In Their Electrolysis of Heavy Water

• Also Observed Neutrons, Tritium, and Helium
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Cold Fusion and Open Cells 

PFH Calorimeter is Poor

• Open Cells

• Allow Heat & Gases to Escape

• Stirring Affects Thermal Mixing

• If Not Adequate – Hot Spots Within Cell

• Batch Operation

• Losses of Heavy Water Periodically Replaced

• Complicate Heat Balance
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Cold Fusion

Origin of Heat

• Where is it Coming From?

• Open to Debate – Chemical vs. Nuclear 

• Both Palladium & Platinum are 

• Terrific Oxidation Catalysts For

 D2(gas) + ½ O2(gas) → D2O(liquid) ∆H298K = -286 kJ/mol
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Cold Fusion

Where are The Nuclear Fusion Products?

• Helium

• Tritium

• Neutrons

• Are They Found in the Correct Proportions?

                                 Stoichiometry 
2D + 2D → 3T (1.01 MeV) + 1H (3.02 MeV)

2D + 2D → 3He (0.82 MeV) + n (2.45 MeV)
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University of Rochester 1989

• March 1989 PF Announcement

• Great Excitement in Rochester & Around World

• Jacob Jorne Presents Lecture April 1989

• Packed Auditorium

• Evan Granite – Graduate Student

• Working in Decrepit Lab

• Solid Electrolyte Cells and Catalysis 

• Suggested Using Closed Solid Electrolyte Cells & 
Electrochemical Pumping

• Embarked Upon a One Month Side Project 
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Solid Electrolyte Cell
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Solid Electrolyte Cell
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Improved Solid Electrolyte Cell
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Results

• Electrochemically Pump D+ to/from Pd 

• Closed Cells, Thermocouple Touching Pd Film

• No Thermal Evidence of LENR

• Calorimetry Substantially Improved vs. PFH Cell

• Mass Spectrometer – Searching for Helium

• Neutron Detectors – “Spikes” - Likely Noise
• A Novel Method for Studying Electrochemically Induced “Cold Fusion” Using a Deuteron Conducting 

Solid Electrolyte, Evan Granite and Jacob Jorne, Talk Presented at 2nd Annual Conference on Cold 
Fusion, Como, Italy, June 1991.

• A Novel Method for Studying Electrochemically Induced “Cold Fusion” Using a Deuteron Conducting 
Solid Electrolyte, Evan Granite and Jacob Jorne, Journal of Electroanalytical Chemistry and Interfacial 
Electrochemistry, vol. 317, p.285-290, November 12, 1991.

• Solid Electrolyte Aided Studies of Oxide Catalyzed Oxidation of Hydrocarbons, Evan Granite, PhD 
Thesis in Chemical Engineering, The University of Rochester, Rochester, New York, May 1994. 
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Cold Fusion

Epilogue: Part I

• Martin Fleischmann Passed Away in 2012

• Expressed Regret Over March 1989 Press Conference

• To Announce Results to the World

• University Pressured P&F to Call Press Conference

• Worried about IP Royalties & Being “Scooped”

• Groups Today Working on Cold Fusion and LENR

• John Huizenga, University of Rochester, Book 1992

• DOE Reports in 1989, 2004

• Bubble Fusion and Recent Google Efforts

• ARPA-E Meetings 2021 and Today
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Cold Fusion

Epilogue: Part II
• Highly Imaginative Idea

• Using ChE Mass & Kinetic Resistance Concepts 

• Granite Employs as Lesson in Graduate Catalysis Course 

• To Be Applauded

                                         Lessons
1. Reproducibility

2. Calorimetry and Open Cells

3. Interpretation of Data – Nuclear vs Chemical Reactions

4. Venues for Reporting Results – Journals, Conferences, etc   - 
Not Press Conferences

5. Civil Discourse in Science

6. Never Inhibit Imagination and Creative Efforts
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Future Research Opportunities           

1. Other Mass or Kinetic Transfer Limited Systems

• Catalysts

• Sorbents

• Electrochemical Cells

• Many Elements “Love” Hydrogen & Deuterium

• Nickel, Rhodium, Platinum, Iridium - Catalysts

• Hydride Forming Pollutants

• Hg, As, Se, and P – Catalysis Poisons - “Skid Row”

• “Promoted” Pd using Hydride Forming Poisons

• Screen Pd-Alloys using Composition Spread Films 
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Future Research Opportunities           

2. Meaning & Origin of High Deuterium Activities

• Thermodynamic Activity of Deuterium

• Monotonic Function of Concentration

                        

                          Possible Origins

• Slow Desorption of Deuterium from Pd 

• Concentration Overpotential 

• Sticky Bubbles 
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Disclaimer

• This paper/information was prepared as an account of work 

sponsored by an agency of the United States Government. Neither 

the United States Government nor any agency thereof, nor any of 

their employees, makes any warranty, express or implied, or 

assumes any legal liability or responsibility for the accuracy, 

completeness, or usefulness of any information, apparatus, product, 

or process disclosed, or represents that its use would not infringe 

privately owned rights. Reference herein to any specific commercial 

product, process, or service by trade name, trademark, 

manufacturer, or otherwise does not necessarily constitute or imply 

its endorsement, recommendation, or favoring by the United States 

Government or any agency thereof. The views and opinions of 

authors expressed herein do not necessarily state or reflect those of 

the United States Government or any agency thereof. 
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Palladium Sorbents and Catalysts           

Critical Review: Survey of Catalysts for Oxidation of Mercury in Flue Gas, Albert A. Presto and Evan J. Granite, Environmental Science & 
Technology, 40(18), 5601-5609, September 2006. 

Sorbents for Mercury Capture from Fuel Gas with Application to Gasification Systems,  Evan J. Granite, Christina R. Myers, William P. 
King, Dennis Stanko, Henry W. Pennline,   Industrial & Engineering Chemistry Research, 45(13), 4844-4848, June 2006. 

Metal Sorbents for High Temperature Mercury Capture from Fuel Gas, Stephen Poulston, Evan J. Granite, Henry W. Pennline, Christina R. 
Myers, Dennis P. Stanko, Hugh Hamilton, Liz Rowsell, Andrew W. J. Smith, Thomas Ilkenhans, and Wilson Chu, Fuel, 86(14), 2201-2203, 
September 2007. 

Noble Metal Catalysts for Mercury Oxidation in Utility Flue Gas, Albert A. Presto and Evan J. Granite, invited paper for Platinum Metals 
Review, 52(3), 144-154, July 2008. 

Surface Characterization of Pd/Al2O3 Sorbents for Mercury Adsorption from Fuel Gas, John P. Baltrus, Evan J. Granite Henry W. Pennline, 
and Dennis C. Stanko, Main Group Chemistry, 7(3), 217-225, September 2008. 

Surface Characterization of Palladium-Alumina Sorbents for High Temperature Capture of Mercury and Arsenic from Fuel Gas, John P. 
Baltrus, Evan J. Granite Henry W. Pennline, Dennis C. Stanko, Hugh Hamilton, Stephen Poulston, Liz Rowsell, Andrew Smith, Wilson Chu, 
Fuel, 89(6), 1323-1325, June 2010. 

Effect of Dispersion on the Capture of Toxic Elements from Fuel Gas by Palladium-Alumina Sorbents, John P. Baltrus, Evan J. Granite, Erik 
C. Rupp, Dennis C. Stanko, Bret Howard, Henry W. Pennline, Fuel, 90, 1992-1998, May 2011. 

Palladium Based Sorbents for High Temperature Arsine Removal from Fuel Gas, Stephen Poulston, Evan J. Granite, Henry Pennline, Hugh 
Hamilton, Andrew W.J. Smith,  Fuel, 90, 3118-3121, October 2011. 

Catalytic Formation of Carbonyl Sulfide during Warm Gas Clean-Up of Simulated Coal-Derived Fuel Gas with Palladium Sorbents, Erik C. 
Rupp, Evan J. Granite, Dennis C. Stanko, Fuel, 92, 211-215, February 2012.
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Palladium Sorbents and Catalysts

Laboratory Scale Studies of Pd-Al2O3 Sorbents for the Removal of Trace Contaminants from Coal-Derived Fuel Gas at Elevated 
Temperatures, Erik C. Rupp, Evan J. Granite, Dennis C. Stanko, Fuel, 108, 131-136, June 2013. 

Evaluation of Palladium-Based Sorbents for Trace Mercury Removal in Electricity Generation, Christopher Munson, Pradeep Indrakanti, 
Massood Ramezan, Evan Granite, Jenny Tennant, International Journal of Clean Coal and Energy, 3, 65-76, November 2014.

Arsenic Adsorption on Palladium-Copper Alloy Films, Karen Uffalussy, James Miller, Bret Howard, Dennis Stanko, Evan Granite, 
Industrial & Engineering Chemistry Research, 53(18), 7821-7827, 2014.

Chapter 22, “Sorbents for Gasification Processes”, p. 357-374, Henry W. Pennline and Evan J. Granite in “Mercury Control for Coal-
Derived Gas Streams”, Wiley-VCH, January 2015.

Method for High Temperature Mercury Capture from Gas Streams, Evan J. Granite and Henry W. Pennline, U.S. Patent 7,033,419; April 
25, 2006. 

Catalysts for Oxidation of Mercury in Flue Gas, Evan J. Granite and Henry W. Pennline, U.S. Patent 7,776,780; August 17, 2010. 
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Appendix
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I. Seven Sacred Steps in a Catalytic Reaction 

• 1. Mass Transfer (Diffusion) of Reactants from Bulk 
Fluid to Surface of the Catalyst Pellet  (External MT)

• 2. Diffusion of Reactant from Pore Mouth through 
Catalyst Pores to Immediate Vicinity of Internal 
Catalyst Surface          (Internal MT)

• 3. Adsorption of Reactant(s) onto Surface

• 4. Reaction on Surface of Catalyst
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I. Seven Sacred Steps in a Catalytic Reaction 

• 5. Desorption of Product(s) from Surface

• 6. Diffusion of Product(s) from the Interior of Pellet to 
the Pore Mouth at External Surface

• 7.  Mass Transfer of Product(s) from External Pellet 
Surface to the Bulk Fluid

                                  Courtesy of Fogler
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I. Seven Sacred Steps in a Catalytic Reaction 

“The Seven Commandments”

• Analogous Steps for Other Reactor Systems

• Sorbent Packed Bed Reactors 

• Electrochemical Systems (Electrolysis, Fuel Cells) 

• Bioreactors (Immobilized Enzymes)
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Introduction to Electrochemical Reactors 

A Beautiful & Electrifying Subject

• Batteries

• Fuel Cells

• Electrolysis

• Electroplating

• Electrochemical Separations

• Electrochemical Sensors

• NEMCA Effect & Catalysis

• Cold Fusion and LENR
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Introduction to Electrochemical Reactors 

A Beautiful & Electrifying Subject

• Batteries – Electrochemical Batch Reactors

• Fuel Cells – Electrochemical Flow Reactors

• Electrolysis – Electrochemical Decomposition

• Electroplating – For Appearance & Corrosion 

• Electrochemical Separations – Pumping

• Electrochemical Sensors – Concentration Cells

• NEMCA Effect & Catalysis – Spillover of Ions

• Cold Fusion and LENR – Limits of Imagination 
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Introduction to Electrochemical Reactors 

Beauty of Electrochemistry

• Extraordinary Energy Efficiencies

• High Selectivity for Separations

• A Wide Array of Selective Sensors

• Can be Relatively Simple & Cheap! (At Lab-Scale)
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Introduction to Electrochemical Reactors 

Beauty of Electrochemistry

• Extraordinary Energy Efficiencies

• Relationship Between EMF & ΔGreaction

                    ΔGreaction  = -nFEtherm

Where: n is the number of electrons transferred

 F is Faraday’s constant   96,487 coulomb/equivalent

 E is the EMF (volts, or joules/coulomb) from thermo
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Introduction to Electrochemical Reactors 

Beauty of Electrochemistry

• Extraordinary Energy Efficiency

                    ΔGreaction  = -nFEtherm

• Can Attain 80% Energy Efficiency by Electrochemistry

                                 By Comparison

• Coal-Burning Power Plant: 33% Thermal Efficiency

• Automobile – 20% Thermal Efficiency ?

         → Batteries & Fuel Cells are Magical Devices 
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Introduction to Electrochemical Reactors 

Beauty of Electrochemistry

• Extraordinary Separations

• Ionic Conductors: Ions Carry Charge

• Examples: YSZ, CSZ, BaCeO3, AgI…….

• Exclusive Ionic Conductors

• Near 100% Selectivity for Separation
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YSZ Solid Electrolyte
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Oxygen Anion Solid Electrolytes
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Proton Conducting Solid Electrolytes
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Sodium Ion Conducting Solid Electrolytes 
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Electrolysis

Electrochemical Decomposition

• Through Electrical Energy

• Most Famous Example: Electrolysis of Water

• ΔGreaction  = -nFEtherm

• From Thermodynamics – Require 1.23 Volts

• EMF Calculated from Thermo at Room Temperature
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Electrolysis: Non-Idealities

Will 1.23 Volts Be Sufficient to Decompose Water?
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Electrolysis: Non-Idealities

•  No!

• Why?
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Overpotentials

In Order to Pass Current & Continually Evolve Oxygen 
and Deuterium Gas, Must Overcome The Following 
Resistances:

                        1. Kinetic Resistances

                       Kinetic Overpotential

• Adsorption

• Electron Transfer

• Desorption

• On Electrode Surfaces
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Overpotentials

In Order to Pass Current & Continually Evolve Oxygen 
and Deuterium Gas, Must Overcome The Following 
Resistances:

                    2. External Mass Transfer 

      External Mass Transfer Overpotential

• Diffusion of Reactants and Products

• Through the Boundary Layer of Electrodes

• Even Have to Account for Gas Bubbles

• That Like to Stick on Electrode Surfaces in Solution
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Overpotentials

In Order to Pass Current & Continually Evolve Oxygen 
and Deuterium Gas, Must Overcome The Following 
Resistances:

                    3. Internal Mass Transfer 

      Internal Mass Transfer Overpotential

• Diffusion of Reactants and Products

• Through  Porous Electrodes
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Overpotentials

In Order to Pass Current & Continually Evolve Oxygen 
and Deuterium Gas, Must Overcome The Following 
Resistances:

                    4. Electrical Resistance 

      IR Drop Overpotential

• Electrical Resistance of Solution

• To Pass Current

• IR Drop
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Overpotentials

Total Overpotential is Sum of All of These  Resistances:

Kinetic Resistances + External Mass Transfer +Internal 
Mass Transfer + Electrical Resistance

                    op = Eapplied - Etherm

      with: 

 op = opkinetics + opext mass transfer + opinternal mass transfer + 

opIR Drop

So we typically need 1.5 - 2 volts to decompose water

               (op between 0.3 and 0.8 volts)
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Overpotentials

Sound Familiar?

• Our Model from Heterogeneous Catalysis!!

• Provides a Sound Framework

• To Understand Numerous Physical Processes

• Sorbents, Electrochemistry, Supported Enzymes

• To Better The World!              
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