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OUTLINE 

 

1) Introduction. 

2) Previous experimental set-up:  

a. Importance of knots as non-equilibrium areas to enhance Anomalous Heat Effects (AHE) in 

Constantan wires exposed to Deuterium or Hydrogen atmosphere. 

3) The “Capuchin knot” geometry: 

a. Capuchin knot as an improved version of single knot1.  

b. A new geometry capable of developing large thermal gradients2.  

4) Preparation of knots. 

a. An overview of technical limitations in the current experimental setup3. 

b. Early evaluations and current work. 

5) Conclusions 

a. Occurrence of a magnetically confined plasma. 

b. Interactions of a non-neutral electron-rich plasma with nanostructured materials. 

  

                                                             
1 Presented at ICCF21 on 3-8 June 2018, Colorado State University-USA. 
2 A delta T of 400 °C was measured in a 6 loops Capuchin Knot when heating it in air. 
3 Issues arising from the current borosilicate glass reactor. 
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Introduction 

 Along the last 8 years, our group observed Anomalous Heat Effects (AHE) in wires of Cu55Ni44Mn1 

(Constantan) exposed to H2 and D2. 

 

 Constantan is a cheap alloy, providing 1.56-3.164 eV for the dissociation of molecular Hydrogen and 

Deuterium, whereas the more studied and expensive Pd can only deliver 0.424 eV. Furthermore, 

Constantan can absorb a significant amount of hydrogen5. 

 

 Improvements in the magnitude and reproducibility of AHE were reported by the Authors of the present 

work in the past and related to wire preparation and reactor design. 

 

 In facts, an oxidation of the wires by pulses of electrical current in air creates a rough surface featuring a 

sub-micrometric texture particularly effective at inducing thermal anomalies when temperature exceeds 

300-400 °C and local non-equilibrium conditions are promoted. 

 

                                                             
4 As shown by Romanowski (Langmuir 1999,  15, 18, 5773-5780), Nickel-Copper Alloys may provide ~3eV for a 
wide range of Ni/Cu ratios. 
5 This was observed by W. Brückner et al. (Thin Solid Films Volume 258, Issues 1–2, 15 March 1995, Pages 252-
259) and later confirmed by our group. 

https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fla981339q
https://www.sciencedirect.com/science/article/pii/0040609094063583#!
https://www.sciencedirect.com/science/journal/00406090
https://www.sciencedirect.com/science/journal/00406090/258/1
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 AHE appears also to be increased substantially when deposing segments of the wire with a series of 

elements (such as Fe, Mn, Sr, K, via thermal decomposition of their nitrates, applied from a diluted acidic 

heavy-water solution). 

 

 Interestingly, the magnetic properties of constantan wires change dramatically after they are coated 

with mixed oxides comprising Iron6.  In facts, the coating turns the wire from a-magnetic to 

ferromagnetic.  

 

 Our group has speculated also that the coil geometry of Capuchin Knot may further increase the 

observed magnetism arising from Iron Oxides containing coating7. 

 

 Remarkably, an increase of AHE was observed also after introducing the treated wires inside a sheath 

made of borosilicate glass (Si-B-Ca; BSC), and even more after impregnating the sheath with the same 

elements used to coat the wires (nitrates impregnated sheaths were first dried and later heated to 

promote the formation oxides8). 

 

                                                             
6 Obtained decomposing the corresponding nitrates 
7 this strong magnetism may also arise from the small dimensions of the crystallites 
8 Decomposition of Nitrates is carried out at ~400 °C 
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 Eventually, AHE was augmented after introducing equally spaced knots9 to induce thermal gradients 

along the wire (knots indeed, become very hot spots when a current is passed along the wire). 

 

 Interestingly, the coating appears to be nearly insulating and it is deemed being composed of mixed 

oxides of the corresponding elements (mostly FeOx, SrO). 

 

 After having observed a degradation of the BSC fibers at high temperature, an extra sheath made of 

quartz fibers was used to prevent the fall of degraded fibers from the first sheath10. Recently the 2 

coaxial sheaths assembly has been replaced with a hybrid single sheath developed, in a collaboration 

between SIGI-Favier11 and an Italian Metallurgical Company12. 

 

  The treated wire, comprising knots and sheaths, was then wound around a SS316 tube13 and inserted 

inside a thick glass reactor. The reactor operates via direct current heating of the treated wire, while 

exposing it to a 5-2000 mBar of D2 or H2 and their mixtures with a noble gas (in these conditions 

electromigration phenomena are supposed to occur). 

                                                             
9 The knots were locally coated with the mixture of Fe, Mn, Sr, K 
10 The extra quartz sheath was added in a coaxial arrangement. Despite being useful at containing the dispersion 
of fragments of the first sheath, this approach increases the diameter of the assembly. 
11 SIGI-Favier developed a sheath comprising glass and quartz fibers. The Italian Metallurgical Company provided 
financial support and repeated our experiments at various occasions. 
12 We must thank the “Metallurgical Company” also for the support in overcoming practical issues. 
13 SS316 tube was flame treated to remover traces of Sulfur. 
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Richardson law 

 

 In 2014, the Authors introduced a second independent wire in the reactor design and observed a weak 

electrical current flowing in it while power was supplied to the first.  

 This current proved to be strongly related to the temperature of the first wire and clearly turned to be 

the consequence of his Thermionic Emission (where the treated wire represents a Cathode and the 

second wire an Anode), in close accordance with the Richardson law. 

 Also, It must be highlighted that the key parameter of thermionic emission is the Work Function (); this 

is usually  comprised between 1.5 and 5 eV, and refers to the energy required for the electron emission 

from a surface:  

        J=AgT
2exp(-/KBT) 

 

 where: 
 

o J=emission current density [A/m2]; 

o Ag= RA0 ; R is a correction factor depending on the material (0.5—1); 

o A0=(4qemekB
2)/(h3)=1.2·106 [A/m2K2], Richardson constant 

o qe=1.6·10-19
 C, electron charge;  

o me=5.11·105 eV, electron mass; 
o kB=8.617·10-5 eV/K, Boltzmann constant. 
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Dependence of electron emission on Temperature (300-1300 K) and Work Function (1-2.75 eV) 
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 The presence of the thermionic effect and a spontaneous tension between the two wires did strongly 

associate to AHE. 

 

 Interestingly this thermionic effect can be enhanced, by the deposition of Low Working Function 

materials (LWFm, like SrO14), at the surface of the Constantan wire. 

 

 All these observations were reported at various Conferences, and tentative explanations for the 

observed effects were provided.  

 

 The presence of thermal and chemical gradients has been stressed as being particularly relevant, 

especially when considering the large effect of knots on AHE. 

 

 ICCF21 Conference held on June 2018 marked a turning point, and the scientific community did show a 

notable interest on the effects of knots and wire treatments, further increasing the confidence on the 

described approach.  

                                                             
14 In 1996 Yasuhiro Iwamura at Mitsubishi Heavy Industries (Yokohama-Japan) introduced LFWm in the 

Cold Fusion-LENR-AHE studies. Since then, he used CaO and Y2O3, both in electrolytic and gas diffusion 

experiments at mild (<80 °C) temperatures. 
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The “Capuchin knot” geometry 

 After ICCF21, attempts to further increase AHE focused on the introduction of different types of knots, 

leading eventually to select the “Capuchin” type (see fig. 1). 

 

  This knot design leads indeed to very hot spots along the wire and features three areas characterized by 

a temperature delta up to several hundred degrees. The temperature delta between the external spires 

of the knot and the internal straight segments may induce also a significant tension15 (V). 

 

 In other words, we believe that a significant tension arises between the relatively cold spires and the 

internal wire segments (up to 300-400 °C hotter than the spires).  

 

 Taking into consideration this difference of potential, and the emitted electrons from the warmer 

segments of the wire, we believe that the knot behaves as a diode. 

 

 Based on these observations, efforts have been made to better understand the thermionic effect of the 

wire, and the spontaneous tension that arises when a second wire is introduced close by (anode).  

 

                                                             
15

 This tension arises from an ohmic drop along the wire, and from the different temperature between the inner 
part of the knot and the external spires. 
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 It is very important to highlight that a large AHE rise was noticed when introducing an extra tension 

between the active wire (cathode) and the second wire (anode) through an external power supply. This 

is a truly remarkable effect, despite his short duration due to the wire failure (attributed to an AHE 

runaway able to melt it). This effect occurred with 100 m thick wires16. 

 

 Eventually the authors have observed a stunning similarity of the best performing reactor design and a 

thermionic diode where the active wire represents the cathode and the second wire the anode, whereas 

the electrodes are separated by fibrous layers impregnated with mixed oxides comprising Iron and 

alkaline metals. 

 

 In short, preliminary measurements, at reduced pressure, show a current dependence as V1.5, like the 

Child-Langmuir law for current emission inside a vacuum diode. 

 

  The whole of the observations allows to speculate on a thermionic power converter able to generate 

electricity through the thermionic emission of a cathode, heated by AHE, and collected by an anode 

(colder and/or featuring a different work function with respect to the cathode). 

 

 The presentation reports the latest AHE results obtained from a new reactor design comprising capuchin 

knots and hybrid sheaths manufactured for the purpose. 

                                                             
16

  where the Voltage drop along the wire may reach 100 V and it is larger with respect to the 200 µm wires. 
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This work is still in progress 

 

 

Fig. 1 Picture, an 8 loops knot heated in air with a direct current (I=1900 mA). If we estimate the temperature 

using color, the dark area is likely to be at temperature < 600 °C, the external spires at about 800 °C, while the 

inmost straight section, may reach 1000 °C. 
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Preparation of Knots 
 

A) The Knot preparation17 starts from a wire of a Constantan variant (Cu55 Ni45) free of Manganese (Mn), the 

wire comprises also a PTFE coating (Fig 1A, it is yellow material). The diameter of Constantan wire as 

declared from the supplier is 193 m (we measured 197±3), whereas the external diameter including PTFE 

is 730 (±5) m. (Fig. 1A at the top)  

B) Decomposition of PTFE sheath is carried out at 550 °C in air flow and at 0.15 Bar for 10 ks. Warning: a 

“water vacuum pump” was used to vent traces of hydrofluoric acid from the decomposition of PTFE. 

C) The wires were then dipped in 8% HNO3 for 5 minutes and rinsed in distilled water. (Fig. 1A middle wire).  

D) Several cycles (5-10) of deposition of diluted solution of nitrates of Fe, Sr, K, Mn and high temperature 

decomposition (500-800 °C) to oxides.  

E) A typical procedure starts with a ~200 cm wire. After preparing the knots (14 knots of 8 loops each) the 

apparent length is ~130 cm (Fig. 1A at the bottom). 

 

 

                                                             
17 A 205 cm wire segment (2.23 g) is heated at 550 °C under reduced pressure air flow (0.15 Bar) for about 3 
hours. After PTFE removal the wire appears grey, it is then dipped in an 8% solution of HNO3 for 5 minutes and 
rinsed in distilled water. After this treatment, the wire weights 531 mg. Knots are then coated with a solution of 
nitrates comprising Fe, Sr, Mn, K and later decomposed at 500-800 C. The coating treatment is repeated several 
times, in a typical procedure the weight of the wire increases to 573 mg. 
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Fig. 1A. Photo of a typical coil just assembled (top), after PTFE destruction (middle), after nitrate addition and 

decomposition to oxides (bottom) 
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Reactor Assembly 

 

 

A) The reactor consists of a borosilicate glass tube (= 33-40 mm, L=400 mm). A central support is used to 

hold in place wires and their sheaths. (Picture in Fig. 2, 3) 

 

B) Measures of thermal power were executed using an air-flow calorimetry while a calibration was made 

using an internal Tungsten lamp. (Pictures in Fig 4, 5).  

 

C) Details on the adopted calorimetric technique can be found in the ICCF21 presentation. 
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Fig. 2. Supports for the wires with knots geometry. 
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Fig. 3. Reactor core, comprising wires and developmental sheaths made of quartz and borosilicate fibers. This 

“hybrid” sheath was manufactures for the purpose by SIGI-Favier with the support of an Metallurgical 

Company. 
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Fig. 4. Picture of the air flow calorimeter with both reactor (top) and calibration lamp (bottom) 
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Fig. 5. Picture of the reactor including a safety net. 
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Preliminary results 

 

A) After a calibration with W lamp (10, 30, 50, 70, 90, 100, 110, 120 W), the mean heat exhange constant in 

the power range of immediate interest (90-110W) was 0.200±0.005 °C/W. 

 

B) The heat exchange constant when powering a Constantan wire comprising 14 knots (8 loops), has been 

0.242±0.005 °C/W. This value was obtained at 2 Bar of deuterium. When the pressure is reduced to 

about 0.1 bar a significant increase of the constant was measured. 

 

C) Just before IWAHLM-13 we activated the second type of wire inside the reactor (4 loops, 32 knots). The 

results were similar to 8 loops-14 knots altough needed longer time to reach values comparable about 

AHE anomalies. 

 

D) As a comparison, previous experiments18 reported at ICCF21, gave a stable excess power of 6-7 W with 

an input power of 100-120 W19. With the new knot design the excess reaches 20-25 W at similar input 

power.  

 

  

                                                             
18 Set of experiments with 200µm wires and single knots. 
19 In this case a Xe-D2 atmosphere and reduced pressure were needed to reach this modest value. 
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Speculations around the current experiment:  

 

 If we take into consideration: 

 

o A) the current20 path in the Capuchin knot; 

o B) the small size of the knot (few mm); 

o C) the large “magnetism” of the wire induced by the multilayer coating of FeOx and SrO; 

o D) the “boil-off” of electrons at the inner area of the knot21; 

 

 We may speculate that, when in operation, a magnetically confined plasma22 may arise inside the knot.  

 Indeed, the “boil-off” of electrons, due to the Low Working Function of the coating, may lead to a 

localized non-neutral plasma. The interaction of this non-neutral plasma with the nanostructures on the 

wires and sheaths will be object of deep investigations. 

 

 Future work will address the features and ways to control this electron-rich non-neutral plasma23. 

                                                             
20 The current may reach 2 Amperes 
21 The linear inner wires in the knot may reach up to 1100 °C 
22 A Tokamak, for reference, is one of the well-known devices featuring a magnetically confined plasma. 
23 Our group believes in the formation of a negatively charged non-neutral plasma arising from the interaction of 
the thermionic emitted electrons and atomic or molecular Hydrogen or Deuterium. 


