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Abstract. A substantial neutron flux generated by plasma excitation at the tungsten cathode of an 

electrolytic cell with alkaline solution is reported. A method based on a CR-39 nuclear track 

detector coupled to a boron converter was used to detect the neutrons. This method is insensitive to 

the strong plasma-generated electromagnetic noise that made inconclusive all the previous attempts 

to identify neutrons in electrolytic plasma environment by means of electric detection techniques. 

Introduction 

Extensive experimental studies on different unexpected phenomena occurring in electrolytic 

plasma cells with alkaline water solutions have been conducted by Mizuno et al. starting from 1997 

[1-2], followed by other researchers working on Mizuno-type electrolytic cells [3-6]. It has been 

reported that plasma generated under high voltage electrolysis (generally above 120 V, depending 

on electrolyte density and temperature) and confined on the cathode (e.g. tungsten, platinum) 

produces:  

1. a large amount of heat that seems to exceed the input electric power [1-6]; 

2. new chemical elements on the cathode surface and/or in the electrolyte, which cannot be 

considered contaminants because their isotopic distribution is drastically different from 

the natural one [1,2,6].  

The theoretical interpretation of the physical mechanism responsible for the unusual phenomena 

developed in electrolytic plasma cells is discussed by us in another presentation at this conference 

[7]. Up to date, even without a clear understanding of the physics behind the generation of new 

chemical elements an important role was intuitively recognized to the thermal neutrons. In fact, it is 

well known that thermal neutrons can destabilize the equilibrium of the atomic nuclei, because they 

can easily join the nucleus without suffering a Coulomb repulsion. Several measurements of 

neutron flux near plasma discharge were attempted using electrical detectors (BF3, He3), but the 

strong plasma-generated electromagnetic noise made them inconclusive [1]. Therefore, up to date 

no clear evidence of neutron generation has been reported and there is no understanding of the 

mechanism by which new chemical elements are generated during plasma discharge.  

In this paper, experimental evidence of neutrons generation by a plasma discharge in an 

electrolytic cell is reported. The neutrons detection method is based on the use of a CR-39 nuclear 

track detector coupled to a boron converter, which is unaffected by artifacts derived from plasma-

generated electromagnetic noise that made questionable previous attempts to detect neutrons in 

electrolytic plasma environment.  
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Experimental set-up  

A modified Mizuno-type electrolytic plasma cell was used for the experiments. The schematic of 

the experimental set-up is shown in Fig. 1. The cell consists of a double wall Pyrex vessel of 100 

mm internal diameter and 220 mm height. The vessel was closed by a polytetrafluoroethylene, 

PTFE (Teflon®), cover provided with three main holes, two for the electrodes and one for the 

thermocouple, and some venting outlets. The cathode was a tungsten rod (Goodfellow, 99.95% 

purity) of 3 mm diameter and 200 mm length, partially covered at the upper extremity by a ceramic 

casing (Al2O3) which allows the control of the electrode length exposed to electrolysis. The anode 

was a steel mesh (0.8 mm wire diameter, 2 × 2 mm
2
 mesh surface) rounded in cylindrical shape (40 

mm height, 220 mm length) wrapped around the cathode. The electrolytic solution was made of 0.5 

M analytical-grade (Farmalabor) potassium carbonate, K2CO3, in 700 ml of double-distilled water 

(solution pH > 10). The cell was DC powered and the input electric power was measured by an 

energy analyzer (Elcontrol VIP System) connected to a power regulating system. An electronic 

interface system and a versatile LabVIEW
TM

 software were specifically developed for data 

acquisition and online monitoring of the experimental parameters: voltage and current in the cell 

(measured and stored with 20 kHz sampling frequency), temperature and water flux in the cooling 

equipment. 

 

 
Fig.1 Experimental set-up for the generation of a plasma discharge in an electrolytic cell.  

 

The method used to identify the plasma generated neutrons was based on a CR-39 nuclear track 

film-shaped detector coupled to a boron converter. The CR-39 (allyl diglycol carbonate) detector 

(10 × 10 × 1 mm
3
 active volume) was inserted into a polystyrene cylinder (hermetically sealed) 

which was covered by analytical-grade boric acid grains, H3BO3, (Farmalabor, 99.9% purity, 0.5 

mm average grains size), used as neutron converter (Fig. 2). The detector was positioned into the 

electrolyte, in proximity of the plasma discharge. Through the 
10

B(n,α)
7
Li nuclear reaction [9-12], 

the neutron flux is converted by H3BO3 into α particles detectable by the CR-39 sample.  

The detector was calibrated by exposure to a reference, certified neutron flux generated by an Am-

Be neutron source under metrology laboratory conditions. 20 detector samples were exposed to the 

known flux of thermal neutrons (120 n⋅s
-1
⋅mm

-2
) for different exposure times: 1 min., 5 min., 20 

min., 40 min., 60 min., and 0 min. (blank sample). All the samples were analyzed by an optical 

digital microscope and 10 digital images were recorded for each detector. A dedicated software was 
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used to count the tracks from the recorded images and to calculate the average number of tracks for 

the same exposure time. The calibration curve of the CR-39 detector - tracks density vs. exposure 

time to the thermal neutron flux - was determined.  

          

 
Fig. 2 Neutron detector scheme (left) and photo (right).  

Experimental results 

The CR-39 detectors exposed to the plasma discharge recorded a significant number of tracks, 

while the ‘blank detector samples’, positioned far from the cell activity (> 5 m), but in the same 

room, did not detect any relevant tracks. The values of the track density measured after detector’s 

exposure to two plasma discharges under 290 V and 2.5 A, for 500 s, are similar to the density 

value measured after 50 min. exposure to the calibration flux of thermal neutrons (Fig. 3). From the 

calibration curve, an average thermal neutron flux of 720 n⋅s
-1
⋅mm

-2
 generated by the plasma 

discharge was estimated in the region of the CR-39 detector. 

 
Fig. 3  Track density vs. exposure time for the calibrated CR-39 detector and for the plasma 

exposed CR-39 Sample1 and CR39 Sample2. 
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Conclusions 

A neutron detection method based on a CR-39 nuclear track detector coupled to a boron 

converter was successfully employed to show neutron generation by plasma discharge in an 

electrolytic cell with alkaline solution. An average of 720 n⋅s
-1
⋅mm

-2
 thermal neutron flux was 

estimated in the proximity of the plasma discharge, at the tungsten cathode of the electrolytic cell, 

while the blank detector sample shows no tracks. This method can give only a rough estimation of 

the plasma generated neutron flux, owing to the reduced cross section of the sequential events 

required to produce a track on the CR-39 detector. Nevertheless, the proposed method clearly 

evidences a thermal neutron flux generation in this low energy system.   

Acknowledgements 

We are extremely grateful to Stefano Loreti for the CR-39 detector calibration at the Italian 

Metrology Institute of Ionizing Radiations (INMRI-ENEA, Casaccia Research Center, Rome, Italy). 

Many thanks to Vincenzo Iorio for the important contribution to the basic experimental set-up of 

the electrolytic cell. Sincere thanks to Gianfranco Lovisolo for his technical contribution. Thanks 

are also due to Cornelia Hison for her valuable advice. 

References 

[1]  T. Ohmori and T. Mizuno: Proc. 7th Int. Conf. on Cold Fusion, Vancouver, Canada (1998), 

p.279 

[2]  T. Mizuno, T. Ohmori and T. Akimoto: Proc. 10th Int. Conf. on Cold Fusion, Cambridge, MA, 

Lenr-Canr.org, (2003) 

[3]  J.F. Fauvarque, P.P. Clauzon and G.J.M. Lallevé: CNAM - Laboratoire des Electrochimie – 

Paris, Proc. 15th Int. Conf. on Condensed Matter Nuclear Science, Roma, Italy (2009) 

[4]  L. Kowalski, G. Luce, S. Little and R. Slaughter: Proc. 12th Int. Conf. on Cold Fusion, 2005, 

Yokohama, Japan, in Condensed Matter Nuclear Science, (2006) p. 171 

[5]  T. Benson and T. O. Passell: Proc. 11th Int. Conf. on Cold Fusion, 2004, Marseille, France, 

Jean-Paul Biberian (Ed.), World Scientific, (2006) p. 147  

[6]  D. Cirillo and V. Iorio: Proc. 11th Int. Conf. on Cold Fusion, 2004, Marseille, France, Jean-

Paul Biberian (Ed.), World Scientific, (2006) p. 492  

[7] D. Cirillo, E. Del Giudice, R. Germano, S. Sivasubramanian, Y. N. Srivastava, G. Vitiello, V. 

Tontodonato and A. Widom, “Water Plasma Modes and Nuclear Transmutations on the 

Metallic Cathode of an Electrochemical Cell”, These Proceedings. 

[9]  H. Park: thesis of Bachelor of Arts, Harvard University, Department of Physics, (1996). 

[10]  R. V. Griffith, D. E. Hankins, L. Tommasino and M. A. M. Gomaa, U.S. Patent 4,381,454. 

(1983) 

[11]  E. U. Khan, et al.: Radiat. Meas. Vol. 4 (2–6) (2005), p. 583 

[12] M. Izerrouken, J. Skvarc and R. Ilic: Radiat. Meas. Vol. 37 (2003), p. 21 

Key Engineering Materials Vol. 495 107



Materials and Applications for Sensors and Transducers 
10.4028/www.scientific.net/KEM.495 
 
 
Experimental Evidence of a Neutron Flux Generation in a Plasma Discharge Electrolytic Cell 
10.4028/www.scientific.net/KEM.495.104 
 

DOI References

[11] E. U. Khan, et al.: Radiat. Meas. Vol. 4 (2–6) (2005), p.583.

http://dx.doi.org/10.1016/j.radmeas.2005.02.016 
[12] M. Izerrouken, J. Skvarc and R. Ilic: Radiat. Meas. Vol. 37 (2003), p.21.

http://dx.doi.org/10.1016/S1350-4487(02)00131-2 

http://dx.doi.org/www.scientific.net/KEM.495
http://dx.doi.org/www.scientific.net/KEM.495.104
http://dx.doi.org/http://dx.doi.org/10.1016/j.radmeas.2005.02.016
http://dx.doi.org/http://dx.doi.org/10.1016/S1350-4487(02)00131-2

